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1. AIR FORCE SPACE MISSION REQUIREMENTS
A. Introduction
The basic Air Force space missions are indicated in Table 1, The primary

one, at the present time is "Reconnaissance", both visual and electromagnetic.
The second application for satellite vehicles will be ""Communications", where

~ satellite vehicles can serve as transponders for multiple military purposes. The

third requirement, "Manned Space Flight", is listed as a means of supporting

. the Reconnaissance and Communications missions mentioned previously, and is

a neceu'a.ry step in the development of a future space superiority capability,
The fourth area lists "Technical Development and Experimental Suppart", and
covers the general areas of basic and exploratory research involving space
flight where the Air Force presently has the unique capability to carry on
research, and in the future will hve military need of the knowledge to be
obtained by such sﬁace explorations. A more defailed consideration of each
area in Table 1 is appropriate here.

Table 1. Air Force Space Mission Requirements

. Reconnaissance

Communications

Manned Space Flight

. Technical Development and Experimental Support

W N

B. Reconnaissance

The obvious application of satellites is for reconnaissance, just as it was
the initial obvious application of the airplane. The current Air Force 117-L
program is the first step in this direction, directed at cohtinuouuly obtaining
visual surveillance, and, in later vis_rsions, providing electromagnetic

surveillance on a continuous basis of any desired area in the world,
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Visual reconnaissance, of course,. can best be conducted from low altitude
- satellites. . Besides the direct military value obtained from surveys of ground
installgtions, the weather data obtainable from such continuous mapping ‘of
-world .cloud patterne should prove. of inestimable value from both a military

. and civil standpoint. '

Primary requirements in the reconnaissance area involve. establishing an
initial limited capability as soon as. possible, followed by a later,. lugher
quality system., Special emphasis needs to be. placed on. satellite recovery ‘

. systems,. especially information recovery systems, the means of operatmg at
lower altitudes for better. resolution,. and on the immense problems. of. relaying
“and. properly using the large. quantxtxee of data obtained.

Another a.epect of reconnaissance is the. early warmng capability: that could

~ be obta.med with high altitude. latelhtee. The.promising poaubxhty is the .
stationary, or 24-hour satellite which. goes.around. the earth once per 24-hours,.
or at the same rate aa the earth rotates. Satellites of this type, "if’ placed i in
suitable spots. could. see all of the USSR and,. using an infrared detectmn
scheme, could ascertain whenever a large’ ‘rocket. was launched Further, it

- might,. with suitable. adaptahonl, provide tracking information,, indicate

‘velocitaee gained, trajectories, and even predict impact points. The.use o:
infrared and visual techniques would be perfectly feasible because such. a

' satellite would be operating above the atmosphere where clouds and such

interference would be non-existent. Adequate information on location, observa-

tion, tracking, and warning of such.launchings. could certainly be obtained with

- an automatic system, but the significance of such.early warning data, and the

potential complexity of the equipment, indicate that a manned capability e:deting

" for such a mission is highly desirable. Manned monitoring would. thexi pex‘mit

a check on. any rocket launching of sufficient duration to be an ICBM, . or even

an IRBM. This would make possible some 25 to 30. minutes warmng of ICBM

—CONHDENTIAL
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launchings, ag compared ta the 15 minutes pPromised by presently pProposed
large ground.radars. Such-a_space station could also provide data to aid the

-anti-ICBM problem, since. the conditions at buin-out determine Precisely the

impact position .of an ICBM. Hence, thea.surement of, and transmission of,

. this information to a defénding area would gfoat,lyiacilitate.separation of the
- true nose cone from possible decoys. While adequate tra.cking,would‘require

at least two satellite stations uging an infrared.m.eanl, it would appear that,

. since the base line or separation.between the two.satellites. could be very

large,. accurate, impact prediction is inheréntly possible. In view of the need
for better early warning, the very great difficulties involved in detecting

differences between decoys and true nose cones. after missile burn-out, and

. the impx‘gcticability of obtaining réconnaiudnce data by other. means, it would

appear. that intensive development of Both low and high altitude satellites for

reconnaissance missions is of the greatest importance.

C. Communications

emphasis in thig Plan is. on. space missions, it must not be forgotten that with

-the development of ICBM's and equivalent deterrent systems, the potential

enemy. will likely turn to. limited or small scale Wars to achieve his objelc.tives '

’

and that the Air Force must therefore be ready with aircraft systems capable

- of handling the limited war problem. A Primary i-equirement for both limited

and general war is adequate world-wide communications. At the Present time
such communications.are quite. unsatisfactory,. multiple frequency bands are
required,. atmospheric difficultieg cause serious interference,. and jamming is
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usua.liy not difﬁci.dt. - Investigations*, which will not. be.detailed here, - have
.indica;ted that suitable radio.relay stations placed in-24-hour satellites could
Provide reliable, jam-free communications between the United Stateﬁ and all
other parts of the world, and particularly between the United States and all
-aircraft or space vehicles .in flight. Much of the complication of low altitude
reconnaissance satellites could be eliminated by suitable high altitude
satellite relay stations. Problems of recalling or diverting a St'rategic_.Air
- Command mission once launched, might. be handled through communications
with such a satellite. Conceivably even an ICBM n:i‘n.sion could be set up for
destruction prior to re-entry, if desired. Intercontinental television,
including television from aircraft.or space vehicles in flight. on a real time
basis would be available, With fhe addition of suitable. electronic scrambling,
§ noise and directional techniques already under-'developme_nt,._ effective world-
wide visual and verbal communication could become a reality. The 4space
‘stations would also be.of enormous assistance to aircraft navigation.‘ Intensive
effort is indicated here to develop. the vehicles required for the communication
satellites, providing the guidance system to operate them effectively,. and
finally-to equip them with the payloads that will make possible the achievement
-of the military objectives.

D. Manned Spa.ce-.Flight

At the present time no military space mission can be said to have been
defined which absolutely requiferthe. Presence.of a man for its fulfillment,
In general, the missions outlined previously under reconnaissance and
communications éan, .at least in theory,. be -Temotely-controlled and auto -

‘ . matically operated. However,. as one considers more-advanced -

. A
.Advanced'Military Satellites, GM-TR-59-0000-00604.
-AFDAP Advanced Wea.ponl'Sy-tems Study, Part I
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reconnaissance.and communications missions which-will doubtlessly have to be
conducted in the future, it becomes increasingly apparent that the Presence of
men to repair and maintain the equipment,. to observe and monitor questionable
reluli:q, and to make available the human judgment factor as close a&:poseible
to the data source, will become increagingiy desirable as our space capability
grows. Thus, essentially, while all missions. can in theory be done by -
machines alone, it appears that the time will come when maximum military
effectiveness in space missions will Probably be achievable qﬂy with manned
vehicles. It must be realized that our 'current, view of the utility of space
vehicles and, Particularly of manne& space flight, is necessarily extremely
narrow and limited. It may; by analogy, . be compared with the concept of

the. usefulness of the airplane as a military vehicle in 1907 when Orville
Wright made his first demonstrations at Fort Myers, Virgiizia. At that time

it was conceived that the airplane would'ha.ve great m.ilita.ry value for recon-
naissance, but it was doubted that it would have any other uses. - While
bombing was considered, what were then believed to be Payload limitations,
Precluded its general. recognition as a major aircraft application,. The concept
of an air battle was generally éonce_ived to be ridiculous, with the result that

- aircraft entered World War I completely unarmed. As history has shown, . this
condition lasted for 6n1y_a. few days before weapons appeared.on aircraft of
both sides. It is, of course, debatable as to the validity of the analogy between
the airplane and the Space vehicle, but the many aapectl', of similarity during
‘the initial period of man's venture into space would indicate that we should .
anticipate a need for manned space flight, and should expect new and unforeseen
military exploitations of our space.capability to be invented. While develop-
ments in automation may tend to reduce the number of men. required for space
flight, it must be recognized that automation so far has been most useful when
we know exactly what we want to do, when we want to repeat the same opera-

tions many times, and when nothing unexpected is anticipated. The Air Force

. iy,
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must always be prepared to deal with the unexpected and, while it should be
pPlanned to use automation to the maximum extent possible in dealing with the
routine and expected occurrences, the flexibility of the man may still be the
most advantageous way of handling highly intermittent random or unantici-
Pated operations. In particular,.in considering manned space flight there
exists some small possibility that ent#blichment of retaliatory launching
stations on high altitude satellites might be desirable. Such stations,. if
Placed ét 100, 000 miles altitude, would be at least 24 hours removed from any
earth launched means of destruction. Hence, if they carr.iéd small ballistic
missiles, they would in effect present a launching base system that could not
be destroyed without the launchings against them giving 24 hours' warning of
the imminent attack. Thus, while ICBM's can complete their missions in.30
minutes-and conceivably, if a sufficient number were launched nearly simul-
taneously, they might destroy all United States launching sites in‘this time,
the high altitude satellite vehiclei would still be in place 23 hours later, and
couid launch retaliatory weapons. An enemy therefore would be unable to
condense his war effort into a single half-hour, even theoretically. He would
be forced either to launch an attack againnt the satellites 24 hours before he
launched missiles against the United States, thereby giving away his intent,

-or he would be faced with accepting the consequences of the retaliatory -action
of the space vehicles.. It must be emphasized here that this discussion deals
with high altitude retaliatory satellites which give an additional expansion of
the time dimension to a ballistic missile war. _The low altitude offensive

‘satellite has been set aside in planning this prégram as inferior in most
Tespects to the straight ICBM.

The early accomplishment of manned space flight would,. of course, have
tremendous military prestige value,. and would assist in re -establishing
‘United States technological leadership. While the value. in the Mottt or active




TR-59-0000-27881
o Page 7

‘war sense of this accomplishment in the immediate future tight be minimal,

its value in achieving superiority in the cold war is unquestioned.

In view of the Probable eventual military importance of a manned space
flight capability, it-is urgent that the current ‘Programs directed at soliring )
‘the problems of manned space flight be expanded, and that the development of
vehicles and hardware to make possible extended manned space missions be
expedited. ' |

E. Technical Development and Experimental Support

In order to accofnpiisl; the basic military space missions of thenext

' decade-and to be suitably prepared for the next.level of developments, it is
‘e‘as'entia.l that the Air Force have an adequate program of basic research,
research applications, and technical development in space technology. This
activity must have an adequate experimental Program to support the basic
technical developments. Ag a result of the ICBM and IRBM developments,
the Air Force is equipped with the basic.booster vehicles to make possible
the initial phaseq of Teconnaissance, communications, and.ma.hned space
flight, In addition,. these vehicles can be adapted to explorations 6£ the moon, of

-the nearer planets; and of the sun, The pr@sent military value of such

. explorations of our Planetary system, . except from a prestige standpoint is

not clear. The scientific value, however, is enormous. Any time new

- scientific information is acquired it quickly turns out to have a military

value, usually long before it has significant value to civilian life, Hence,

the Air Force will have the vehicles and technology to make the initial
explérationc of our planetary system, and it is probable that the information.

initially gathered will be of maximum use to the Air Force and the military.

Hence, . the Air Force should devyote a significant portion of its 8space effort

to exploi'ing our solar system and obtaining basic data on the moon, ‘Mars,

Venus, Merxcury, and the sun., The military Prestige of such accomplishments

~ s ez

s bbb
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intensive Program of space technology development, including interplaneta.ry
explorations, should be carried on by the Air Force during the next decade.

F. Technical Approach to Astronautics Development

1) The vehicles for traveling to and from space;
2) The guidance systems for controlling the vehicles;

3) The Payloads carried in the vehicle for either military or
scientific missions; :

4) The plans for using the vehicles.

Using basic sub-system compdnenta from these areas, systems. can be
assembled to handle a wide variety of potential Air Force space missions. In

many respects, the Air Force is well on its way towards having these space
systems. The migsiles Presently in the Air Force ballistic missile programs

stages. In the guidance area, the ballistic missile guidance program can
Provide systems which, in general, can be adapted to the launch phasge of space
missions, and which will pProvide components for the later phases of space
Operation. However, in the cases of mid-course guidance, recovery and
re-entry guidance, satellite positioning guidance, manned flight guidance, and
similar areas, complete new sub-system developments will be required.

Of particular significance in this area will be the requirement for attitude

‘control systems which can operate for many months, and for other auxiliaries,
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such as stabjlization equipment, power supplies, orbital tracking systems, and

satellite Positioning systems, all of which will require new developments.

In:the payload area, very major developments ére.recju.ired.. While some
development with ‘respect to the low altitude-satellites.ha_a,beenconduct'ed under
the 117-L program, and limited thinking has been done,. as indicated under the

. section on Mission Requirements,. on. other applications,. very little really has
been defined in the past in the way of the developments needed to make the Air
Force space vehicles. useful military systems.. In this respect, the present
Program on visual and electromagnetic reconnaissance techniques for low
altitude satellites needs to be greatly expanded. Extensive Programs should be
established for communications systems and early warning systems to operate

"from h.iéh altitude satellites,. and possibly for retaliatory missiles to.operate
from space launchers. The requirements for,. and possibilities of, the anti-
satellite - satellitas: need investigation, and it can be expected that. numerous
other applications. requiring development of special space payloads will be
inyvented when the vehicle systems become available. In .addi.tion to the pay-
loads for the immediate military,a;;plica.tions, development of payloads for -
scientific missions must be undertaken.. Payloads for explorations .of the
moon,. Mars, Venus and the sun must be developed, including means of trans-
mitting the data in suitable form back to earth. Many types of measurements
will have to be made with very little weight for instrumentation, . and trans-
mitfed effectively with low powers over gieatfdistancea. Payloads are not,  as
mentioned,. discussed in this report. Dates are indicated for what are

expected to be thev earliest applications. Formulation of plans for Payloads for

other applications. can be expected as the basic:vehicle and guidance capability

~

comes into existence.
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1. ASTRONAUTICS VEHICLE DEVELOPMENT PLANS

A. Equivalent Velocit& Requirements for Space Vehicles

Figure 1 shows the equivalent velocity fequired for various space missions,
By "equivalent velocity" is meant the velocity that would be achieved by the pay-

possible. In reviewing the figures it will be noted that a.5, 000-mile ICBM must
reach approximately 22,000 ft. /sec., while the most severe mission listed on
the charts is a soft landing on the moon and return to earth, which requires

Trequire velocities of only thirty-five to forty thousand feet pPer second, or a little
more than 50% increase over an ICBM. To reach an ICBM capability, the Air
Force has had to increase flight. speeds from the Mach 2 to 3 range of air-
breathing vehicles and early air-launched rockets to approximately Mach 23, a
gain in velocity of about one order of magnitude, To perform the most difficult

hence, is not nearly the development problem from .the vehicle standpoint it might
initially appear to be. As will be seen from a. later discuuion‘, -this relative .
easing of the development problem is trye only if the space capabili_ty.is derived

B. Space Capabilities of Existing Air Force Boo.sters

x: .
Many of the vehicles discussed in this section are analyzed in detail .in
Appendix A. -
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Thor, the Atlas and the Titan. Each has been studied with added stages and with
modifications of it s existing stages in an attempt to cover the major spectrum
of space potential for these vehicles. The studies for each vehicle have included
combinations with additional stages of gradually improving performance capa- .
bility consistent with availability of the basic vehicle, the development time for
added stages and refinements, and with optimization of the total vehicle system.
The study of Thor capabilities is perhaps most reprélentative of the range
covered, and the results of the study are indicated by Figures 2 and 3, Figure 2
showing the Thor capabilities with added stages of solid pPropellant, while
Figure 3 indicates the capability obtained with liquid propellant added stages.
Nine additional stage combinations have been treated, and the payload versus
equivalent velocity determined, from which the applicability to variaus possible
missions can be readily evaluated. The added stages. considered range from a
single Vanguard third stage solid rocket of the type that exists today, through a
15,000 tb, gross weight pressurized fluorine** stage that would require nearly
20 months for development. A similar chart is shown in Figure 4 for the Atlas.
"Structural limitations Presently preclude more than 9', 300 lbs. in a stage on top
of the Atlas and, hence, the study was limited to this weight. This limit could
be raised most efficiently by changing the t_ank shape from its presen} tapered
nose to a cylindrical nose, which would require new tooling.and delig;n modifica-
tions. Alternatively, the allowable upper stage weight could be increased by

thickening the forward skins and providing for higher pressurization of the LOX
tank,

- Fluorine has been used in this report as a basic high pPerformance oxidizer
to be used with various fuels, Other high performance propellant combina-
tions have been evaluated. Some were not considered satisfactory for

, theoretical reasons and others, including the extremely high performance

‘ l-lz-oz combination, were unsatisfactory for practical reasons, Therefore,

if substantial engineering advances are made, some combinations, may be-
come much more attractive, '
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Figure 5 shows the Titan capability with added stages. The Titan, a two-
stage missile with a very ruggedly designed booster stage, is particularly
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adﬁptabl'e to third stage addition and to second stage modification for space
missions. Two cases shown on Figure 5 are of particular interest. Case 2,
where the Titan is used essentially as is, with a third fluorine stage of 15,000
Ibs. gross weight and 10,000 1b. thrust (identical to the stage mentioned earlier
-for use on Thor), has many attractions. Case 4, in which the booster engine is
uprated to 400,000 1bs., has a second stage adapted to fluorine and uses an
enlarged version of the Thor fluorine stage (stretched to 20,000 1bs.) for

Stage 3. Certain factora need to be discussed with respect to this combination.
First the booster engine, which presently provides 300,000 1bs. thrust, obtained
by two 150,000 1b. units, has already had tests run on a single unit at 194,000
lbs. thrust. A total testing time of 190 seconds at the high thrust level, with one
run of 110 seconds' duration has been accumulated without difficulty. Hence, it
appears that the development of this engine to the 400,000 1b. thrust level could
be readily integrated into the main Titan propulsion development program. The

change-over of the second stage to fluorine is somewhat more of a pProblem.

Two cases have been considered; -

1) Converting the present 80,000 1b. (altitude thrust) engine to fluorine,
and

2) Developing a pressurized second stage operating at low chamber

pressure.

The use of the pressurized stage, while slightly less efficient, avoids the
problems of the turbo-pump system, which are expected to be considerable with
fluorine. In addition, it is anticipated that it would greatly reduce the amount of
testing required to get a suitable unit. The third stage, of 20,000 1bs. weight, is
assumed here to be simply an enlarged version of the 15,000 1b. fluorine stage
proposed for Thor and the unmodified Titan. The size increase would be achieved
by lengthening the cylindrical portion of the Pressurized tanks and increa.aing the
pressure in the helium storage sphere. 'The total vehicle for Case 4 using the
uprated booster, the 110,000 1b. fluorine second stage and the 20,000 1b. fluorine
third stage, is referred to as Super-Titan for convenience. It will be noted from

—CONHDENTIAL
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Figure 5 that Super-Titan has an excellent capability;.it can put approximately
10,000 Ibs. into a low altitude orbit, impact 4,200 Ibs. on the moop and nearly
a8 much on Mars or Venus, and with the iddition' of suitable fourth and fifth
stages it can land sizeable payloads on the moon and .return them to earth.
These payloads are sufficient for most of the military space missions discussed
in Chapter I, and provide a major éapa.bility for exploration of the solar system.

C. Military Space Missions

Tables 2 through 4 and 7 through 11 compare the capabilities of the various
basic booster upper stage combinations for a number of space missions, Where
Figures 2 through 5 pPermit a coniparison of different cases for the.same basic
booster, this set of mission figures permits comparison of booster/upper stage
vehicle combinations for specific missions. The first case, Table 2, is for a
low altitude -satellite, which is suitable for visual and electromagnetic _
reconnaissance. Check marks by the numbers in the left-hand column indicate
the cases which appear to be of Primary inter_eat for a.pplication.»

The first of these is Case 4, which uses the Thor plus a Vanguard second
stage, and would put 600 lbs, in a low-inclination orbit, A loipewhat smaller
payload, about 400 Ilbs., could be put in a polar orbit. This payload is sufficient
to.permit consideration for photo reconnaissance with recovery, tests of re-
entry from satellite orbits, and animal experimentation on space flights with
recovery. The Thor-Vanguard combination, being capable of delivering 1, 300
1b.,. 5,500 nautical miles, is also suitable as detailed elsewhere in this test
Plan for re-entry test vehicles, and as a small ICBM,

The next combination of interest is the Thor with a 15,000 1b. pressurized
fluorine stage. This combination is capable of putting 2, 800 Ibs. into orbit,
The Atlas, with the Presently planned 117-L 9,300 Ib. stage (Case 7 of Figure 7),
can put 3,200 lbs, into orbit, The great potential of using high-energy
propellants in upper stages is indicated here. It should be recalled that an in-
crease of a point of specific impulse in the final stage of a multi-sta_ge vehicle
reduces the launching gross weight for a given pé.yload by the same Percentage as
a point of specific impulse in the booster stage, Hence, in developing space
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area), and ease of hdndling.

Should Case 6 of Table 2 prove feasible, it might very well become more

. attractive than Case 7 for the 117-L mission., The less than 5, 000 (bg . of flu~

orine required for Case 6, even at the current exorbitant $5. 00 pér pound shoyuld

YLR-81 engine, is of inter_est primaril_y beca_use the combination can be a\_railablé
somewhat earlier than the Thor-fluorine combination, Hence, Case 7.will Permit

early development of the full 117-L capability, ‘including radio link transmission
of the data to the ground,

C_ase 9, the Titan essentially as is, byt with a 15, 000 lb, fluorine third stage,
Puts 5,900 1lbs. into low altitude orbit, or over twice the Thbr-ﬂuor.ine. capability.,
Hence, the Titan with its fluorine third stage would appear to be the Preferred
combination for low altitude missions, where Payloads of about 6,000 pounds are

Case 10, the Super-Titan, with fluorine in both the second.and the third
stages, takes maximum advantage of the high energy available with this oxidizer

To Summarize for the low altitude mission, there are five vehicle Combina-

- tions of interest, Two, the Thor Plus Vanguard Second stage and the

ily because of early availabi lity,
The other three, the Thor Plus a fluorine second stage, and the two Titan

combinations, are of interest as giving three different Payload combinations
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respectively of appioxima.tely 3,000, 6,000 and 10,000 1bs, on a later time
scale. The present ICBM guidance is more than adequate with respect to
Performance for these missions, It might be preferable to take. somewhat less
accurate guidance and reduce the weight by eliminating some components of the
Present systems, '

D. High Altitude Satellites

Table 3 shows the capabilities of the basic booster adaptations for high
altitude satellites. Included here at approximately 25, 000-miles altitude is the
24-hour satellite, or satellites which will stand over one point at the equator.

By tilting the orbit, such satellites can be made to oscillate in a north-south
Pattern, retaining essentially their east-west Position, Three cases are of
interest here - the Thor-fluorine combination (Case 1); the Titan Plus a fluorine
third stage (Case 4), and the Super-Titan (Qase 5). Case 1l for the Thor is
Perhaps of marginal interest, having a gross Payload, including guidance, of a
little under 500 lbs, However, the early availability possible for this. combina -
tion makes it of interest for initial exploration of.24-hour satellite problems and.
capabilities. The main reliance later for this mission would tend to .be on either
the Titan combination (Case 4), or the Super-Titan (Case 5). The Super-Titan
with a payload of 2,700 lbs. should make Possible limited manned flight missions
at this altitude, Particular consideration might be given.to the uaevof.the Super-
Titan, manned for 8ervicing or repair of 24-hour satellites. Thus, it would
appear that the full early warning and communication satellite capabilities dig- . .
cussed in the chapter on "Missions" could be realized with the three-stage Titan _
and Super-Titan serving as vehicles, The Present ICBM all in-inertial guidance
system has more than sufficient accuracy to establish the basic orbit, but is
heavigr than would be desired. Also, new guidance systems, will be required to
navigate into the 24-hour orbit and hold the satellite there, Very high impulse
Propulsion systems, Possibly of the ionic type, with wiery low thrust will -also be

needed as part of the payload. The Payload itself is, of course, a major develop-
ment project,

mw
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E. Manned Exploration of Satellite and Re-entry Environment .

Table 4 tabulates the weights of manned satellite re-entry.vehicles which
adaptation of the Atlas and Titan could launch for manned exploration of space
emrirohment.

Figure 6 illustrates the preliminary design concept of a manned Te-entry
test vehicle with a gross weight of approximately 3,000 lbs. The seat is
swiveled mounted so that the man will experience acceleration in the same direc-
tion during the launch period as during the re-entry period. The vehicle is pro-
vided with ejection and de-boost rockets whose Primary function would be to
decelerate the body from the satellite orbit so that it would re-enter the atmos-
phere. The secondary functions of these rockets is emergency escape. Should

difficulty be experienced with the booster during the ignition or early launch

5,000 ft. where the. Tecovery system parachute.could go into action providing
thereby for the occupant's escape, Re-entry from space flight would be initiated
at a very flat angle, Preferably less than 20 in order to hold decelerations down .
to the 15 g or less range tolerable to men. As indicated by Table 4, the r'e_-entry
vehicle could be launched by Atlas alone to velocities that would pei‘mit a number
of minutes of free flight. If full advﬁnta_ge were taken of the earth's rotation
from Cape Canaveral, a few satellite orbits might be made before re-entry,

The capability of Titan without additional stages .is essentially 'the saine as Atlas,
Perhaps slightly better, based on Present performance indications.. Either

Atlas or Titan with an additional stage under the manned vehicle are -capable of
launching much larger payloads into satellite orbits.  The Payloads listed for
Titan in Cases 3 and 4 are essentially those that can be returned to ground, the
weight of the heat-shield for re-entry and its attendant structure having been
sepdrately accounted for. Hence, the Titan of Case 3 would permit manned
flight with at least two men, and the Super-Titan of Case 4 could provide equip-
ment and supplies for explorations extending into durations of months,

In planning boost vehicles to be used in manned exploration of space, the
initial choice is likely to be settled by conditions of availability and booster _




Page 24

TR-59-0000-27881

SY9IM~3IIqI0 Uy WL ‘P
sfep~31qi0 uy ouny ¢
Y811y 9913 Jo shep 03 say ¢,z Lisyeuryxoxdde a18ue Lxywe-oyg -7

Y31y 9947 soInuUTWX G ¢, 7 L193eurixoxdde o18ue Lxyae-oy ‘1 :FION
. oan8y gy o
¢ 9nBid 005,

oﬂ.wuﬂd
: _ . ‘q1 000°00¥%
o3retes €HN - 2g *HN - 23 .91 sv, owesjare
*q1 005‘9  9PMIPTE jwr Op¢ q1 000°02 "I ‘ql 000°0TT “3a I93800q NVIIL ¥
| : Burueyzyis
e311e%es ¢€HN - g yuelxeguy ,;‘sy se, 481 8%, I31800q
‘q1 008°¢  9PMINT® JW OQ¢ *ql 000°ST ‘Im II @3vig NVLIL NVIIL ¢
sjuael :
9311193es ~1edoad (gL2 = 99) uBl 8e, .81 8%, o8eys
‘AT 00S°€  SPMINITE TW 007 9IqeI0I® q] 0OC‘6 ‘Im IoureIsns SY'ILV 1800q SVILV 2
. oes /33 q. . 481 8e, u8] e, 98wvjs
-'q1 000°2 00092 = "A suoN IoureIsns SYILYV 1800Q SYVILV T
. peotleg : : “ .
*ggo1n £zx0309(ex], | IT #8eg IT #8weig I o835

"sjuswmosIAUy A1jue-oy pue 931{1e3eS Jo wonerodxy pouwely ‘§ oiqel



TR-59-0000-27881
Page 25

Figure 6. Manned Re-entry Test n
- Vehicle Capsule.

e
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reliability reached at the time. .Since 'Atlas goes.into test first, it is likely to
have an initial 'reliability lead over Titan. Hence, Atlas may very well be the.
choice for the initial tests without an additional stage. . For those tests requiring
additional stages, however, or needing additional Payload, the Titan might be
better, Accordingly, provisions will be made in Planning on development.
pPrograms for manned space explorations so that either Atlag or Titan may bg
selected for the initia] investigation, with Titan preferred‘for the later tests of
longer duration and larger paylbads.

F. Impact on Moon

moon. The interesting cases are Case 3 for the Thor with. Vangﬁard second and
third stages, Case 5 for the Thor plus the fluorine second stage, and the three-
stage Titan and Super-Titan cases. Investigations made since Figure 2 was

the combination will put approximately 100 lbs. of Payload, above thege guidance
weights, on the moon., The probability of hitting the moon with this guidance
system is greater than 90%. While small, this payload pPermits such experi-

subject of major scientific controversy), flash powder signals upon moon impact,
- ox if safety considerations could be met, the explosion of a small atomic bomb
on the moon's. surface for spectroscopic data, Alternatively, a small TV
camera and transmitter might be sent around the moon, Sucha TV camera .

could also be used to view the earth from space and obtain basic data on atmos-
pheric circulation, cloud patterns, etc.

The next case of interest is Case 5, the Thor-fluorine combination which
could put 650 lbs, on the moon. This is sufficient to use guidance systems

permitting adequate marking of the impact for visual observa.t_ion from earth,
The Titan and Super-Titan three-stage combinationg are able to impact very
large payloads on the moon. Since it is questionable what burpose would be
served by such impact, these Payloads are Perhaps of more interest for the

b Rt
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missions to be discussed later. Table 5 indicates that the Present GE guidance
system would Produce a cep on the ‘moon of approximately 70 miles, and would
do this for a weight.of about 225 1bs Hence, for all cages except the earliest
Thor-Vanguard combinations only a small percentage of the payload would be
needed for guidance. For pPurposes of devélopment’ planning, it would appear
that the use of Case 3, placing an early payload on.the.moon for basic scientific
data and the accompanying international Prestige, should.be -included,
Subsequently Case 5, the Thor-fluorine combination, would serve for more

extensive lunar impact exploration,

G. Circumlunar Flight and Soft Landing on Earth

Table 6 summarizes a number of. cases for circumlunar flight with return

to. earth through aerodynamic re-entry and deceieration. The. accuracy problem
in r.eturxiing to earth.is rather.a‘everbe, particularly if. recovery.is to be assured,
Hence, only cases \ﬁth pPayloads of at least several hundred pounds can be con-
sidered practical, While not included in Table 6, the.Thor-'Vanguaid second and
third stage combinations of Table 5.could take a.75 b, payload around the moon
and back towards earth, The probability of hitting the earthis atmosphere,
however, would be so smail that the circumlunar data might better be transferred
by i_:a.dio, rather than package recovery. Case.2 of Table 6 for the Thor-fluorine
combination would put 400 lbs of payload back on the surface of the earth, These
payloads, while they include final stage guidance, are above and beyond the weight
of the Structure and heat sink to achieve atmospheric re-entry. The present
ICBM radio guidance is adequate to assure hitting the earth on return, although
the use of corrections during the circumlunar phase would greatly facilitate
hitting a particular region on earth, The three-stage Titan could deliver 1, 350
Ibs. back to an earth landing while the Super-Titan could bring back 2, 700 lbs,

The latter would appear to be sufficient to Permit two men to make the five-day
system for a tangential Tre-entry to the atmosphere and Tecovery. Hence, the

Super-Titan has the potential of gratifying the centuries old dream of man of
actually flying. around and looking at the back side of the moon,
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H. Soft Landing on the Moon

Table 7 summarizes payloads for the more difficult case of making a soft
la.nding -on the moon. Since the moon is without any appreciable atmosphere, |
deceleration must be done by retro-rockets carried in the final stage. While the
moon escape velocity .is small (7,800 ft. / sec.) compared to earth's
(36,700 ft. /sec.), it is very expensive in terms of the rocket stage that must be
used to accomplish a smooth landing. It has been.assumed that the landing
deceleration stage would have to use storable Propellants because of the two and

one-half days required to.reach the moon, during which time cryogenic

propellants might boil off. Investigations currently under way indicate.' that it
should be practicable with very small penalties to p_rotecf cryogenic propellants
for. these periods so that the use of fluorine in the final stages might increase
these payloads somewhat. However, for maximum r.eliabi‘lity,‘ particularly for
the first missions, it would appear preferable to.use storable propellants. The
fluorine-Thor vehicle with a third landing stage would deposit 180 lbs. smoothly
on the moon, of which it is estimated pPerhaps 40 Ibs. would have to be sacrificed
for the deceleration guidance system., The landing deceleration stage is com-
Plicated by the problem that the engine must be able to be throttled to. from 20. to
25 per cent of full thrust. This Thor-fluorine payload is sufficient for obtaining
initial data on the nature of the moon's surface. Much more complete results
would be achievable. with the Super-Titan, which could place 1,400 lbs. on the
moon's surface. This would seem to be sufficient to permit télevisioh-carrying
tankettes to crawl around on the surface and to permit sampling of the moon's .
surface and radio relaying of the chemical analysis results. Major data should
be obtainable on the moon using these payloads, and television cameras pointed
at earth could provide significant information on weather patterns. Undoubtedly
many other military uses will be originated for payloads that can be placed on the
moon,

I. Soft Landing on Moon and Return to Earth

Table 8 indicates payloads for a number of vehicle combinations for landing
gently on the moon and subsequently taking off again and returning to earth with

I
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aerodynamic deceleration for the earth landing, Only one caie.uling the present
boosters appears to have sufficient Payload to be of interest, and this is the case
using the Super-Titan which would put 520 1bs. back on the.surface of the earth
above and beyond the weight of the ‘Te-entry vehicle, but including the guidance
necessary in the moon escape stage. The impulse required to first decelerate
onto the moon and subsequently to escape from the moon adds also the the basic
. Tequirements (See Table 1). The payloads, even 'using the Super-Titan, are .
quite small. It will be noted in Table 8 that for the 520 lbs. payload, fluorine
fourth and fifth stages have been assumed. If storable Propellants were used .for
these stages to avoid the problems .of éryogenica, the payload returned to earth
would 'be reduced to 300 Ibs. A payload of 300 to 500 Ibs. back on the earth is
believed to bs sufficient to make poilible the bringing back of moon samples,.
 lunar photographs, etc., and hence to accomplish the initial scientific explora-
tions reqdiring.lunar round trips. The pPayloads of even Super-Titan, -however,
appear to be too small to consider this vehicle for any manned landing on the
moon whatsoever. Manned lunar exploration appears to require a considerably
‘la.rger vehicle than the Super-Titan. '

In the first chaptex; on "Air Force Space Mission Requirements" a number
of missions were indicated which would require a high altitude satellite, .
including the possibility of retaliation, It has also been pointed out that such
missions may reqdire manned vehicles for maximum effectivity, and the payloads
required are likely to mount ag the capabilities become better understood.and
technology advances. Hence,. it wduld appear that basic planning should include
a large military satellite vehicle for high altitude satellite applications . , , one
capable Perhaps of putting 40,000 1bs. into a high altitude orbit and returning to’
earth with perhaps 12, 000 1bs. of it, Such a vehicle would permit the Positioning
of elaborate early warning stations, refaliatory launching stations carrying five
to ten retaliatory missiles or elaborate space communication centers for com-
munications transferring navigational fixes, etc. Since such a large irehicle
would probably be required for these military applications, it is of interest to
see what it might be able to accomplish in the way of lunar explorations.

Mgy O
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Case 5 of Table 8 postulates a large military satellite vehicle of 1,500, 000
Ibs. weight and 2, 000, 000 ‘lbs. thrust in the first stage using LOX and RP. The
second and third stages employ fluorine and would weigh approximately 500, 000
Ibs. and 150, 000 ibs, respectively., With suitable moon landing and escape
stages, this vehicle would be capable of bringing 3, 000.1bs. pPayload back to.
earth, including the terminal guidance system, above and beyond the structure
and heat sink for the re-entry body. This 3,000 lbs. is believed to be sufficient
to permit two men to make the two. and one-haif day trip to the moon, land on the.
- surface and examine the surface for a Pperiod, perhaps walking around.on it, if
the surface proved to beAsuii:able. They could then take off from the moon and
return to earth with a tangential re-entry into the atmosphere to. provide an easy
deceleration, A description of this large military satellite vehicle will be given
Separately in‘a later section of this de-velopment'plan.

J. Intéfplé.netary Missions

The capabilities of a number of vehicle combinations for interplanetary .
missions aregiveh in Table 9. Again, the most attractive cases are checked.
Most Promising are the Thor with the fluorine second stage which is indicated
to. be capable of sending 400 1b, payload probes near Mars or Venus, or of
landing 240 Ibs. on Mars, or 300 lbs. on Venus, including in every case the
weight of the terminali stage guidance and control systems. These Ppayloads appear
to.be sufficient to permit sending probes near Mars or Venus, which would trans-
mit back pPhotographs and facsimiles, and could make measurements of magnetic
fields, reflected illuminations, etc. Assuming light-weight guidance systems,
beacons could be placed on Mars or Venus with instruments for measuring
atmospheric constituents, surface characteristics and perhaps television Cameras
for tranémitting facsimile pictures back to earth. While the Thor-fluorine com-
bination has margina..l payloads, for these more advanced interplanetary missions,
Super-Titan with the ability to put 1,500 Ibs, on Mars, or 1,800 lbs, on Venus,
could certainly carry the necessary midcourse system, power supply, etc., to
place valuable pPayloads on thege Planets, Atmospheric deceleration is postulated
again, as it permits a much more favorable ratio of Payload to initial: entering
weight than any known retro-rocket systems. The payloads for landing on Venus
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are éomewhat greater than those for Mars.because of the very thin M:artia.n
étmosPhere. The thin Mars atmosphere is expected.to Tequire large Parachutes
with attendant complications and weight, The heavier Atmosphere of .V.em_xs
should permit re-entry efficiencies similar to those achievements on earth, ..
barring unusual reactions with different atmospheric components. It is assumed

Perhaps.they could be called atmospherodynamic deceleration.syatem;s, -since
the atmospheres most Probably are not similar to air. . The Super-Titan, it will
be noted, also would pefmit putting a thousand pounds inside the orbit of .
Mercury and,. hence, would j:ermit impacting such payloads on this planet.

Since Mercury's -atmosphere is negligible, landing on Mercury would i'equire ‘
retro-rockets, as on the moon, and, with the relatively largé escape velocity of
14,100 ft. /sec., the payload that could be placed on the surface would be

| negligibly small., The Ppossibility of a Mars. landing and return is listed for
Super-Titan, but the payload and return to earth, including the final guidance, -
would be only 110 Ibs, This small value pPrecludes providing for the elaborate
8ystem and intelligence. necessary to position the. rocket for the return launch,

to determine the optimum launch time, .and to apply the guidance and control.
necessary for the return to earth, The large military satellite vehicle mentioned

earlier could return about 600 lbs, to earth from Mars,

Manned landing on Mars and return would appear to be considerably more
difficult, requiring payloads Perhaps of 10, 000 1bs. With manned control of the
vehicles, however, the pPossibility exists that one. of the small moons of Mars.
could be used as an intermediate satellite station. If this were done, it appears.
barely possible that a scheme might be worked out for a.manned landing on Mars
and return by using two large military satellite vehicles,
"ferry. boat" stage, which would be used for the round trip .
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on the Martian moon for the manned Teturn.trip, The practical details involved
in.carrying out such a jour;xey are very ujany, -and the. difficulties very great.
Further study is needed before. definite conclusions can be reached. It is
Perhaps sufficient for this planning réport to indicate that manned trips to ard
from Mars may be achievable by the use of two or three .of the large military
satellite vehicles Programmed here. Mars with its. two. moons, its.small
escape velocity of 16, 700 ft. /sec., and its atmosphere is especially suited to
this squadron staging type of exploration.. Venus, on the contrary, with its .
complete absence of moons and an escape. velocity of 34, 100 ft, /sec.. (nearly as
large.as ea.rth!s),b poses a much movre -formidable problem. While flight to
Venus and return might be feasible using a fleet of the large.militar.y satellite
vehicles, | it appears difficult; enough, and to require a sufficient -advance in
Space technology so as not to warrant consideration at this time,

To summarize interplanetary missions, initial explorations of Mars and

~ Venus can be made with Thor with the fluorine second stage. Much more .
extensive explorations, still unmanned, can be made with Super-Titan., An
unmanned landing on Mars.with a return to earth might be accomplished with
the large military satellite vehicle, although with all things considered, the
payload is marginal. By using one of the small moons of Mars as an inter-
mediate station, it might prove feasible using two .of the large military satel.ite
vehicles to make a manned landing on Mars with return to earth,
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- III. V’EHICLE DEVELOPMENTS FOR USE WITH PRESENT BOOSTERS

A. Primary Combinations Recommended with Present Boosters

Table 10 shows a Primary combination recommended for use with present
boosters to sei've,as the principal steps for the space missions of the next ten
years. As has been mentioned earlier, some of these may be used with addi-

" tional third, fourtl_:. or fifth stages, depending upon the application. It will be{
noted that two cases are recommended for each &sic booster; Thor, Atlas, /
and Titan, respectively. |

In the case of Thor, the two different cases are recommended primarily
because Case 1 with the Vanguard second stage can be available over a year
before the much inore effective Case 2 with the fluorine aeéond stage.

Atlas is shown programmed‘ with the 117-1, stage because it gives the
earliest possible complete 117-L capability, while Atlas with the 9,300 1b.
Vanguard engine stage has been indicated on the assumption that Atlas wil]
turn out to be the most suitable vehicle for manned re-entry tests. Should the
Titan program pProgress expeditiously, this case might be eliminated in favor
of the Titan with the 15,000 1b. fluorine third stage.

Two Titan cases are included, the basic Titan with a 15,000 1b. fluorine
third stﬁge for work horse missions requiring moderate Payloads, and the
Super-Titan with fluorine in the second and third'stages for those operations
requiring very large payloads and maximum Performance over-all. v

While six vehicle combinatioﬁs are listed, the developments required to

achieve them are very much smaller than might initially appear.

-CWHM
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'B. Family of Additional Stages for Present Boosters

.Table 11 shows the family of additional stages needed with the present
boosters to achieve the vehicle combinations outlined in Table 10. One of the
stages, as will be. noted, is the existing Vanguard second stage with engine and
tanks complete as already developed. The second uses the Vanguard second
stage engine, provides-a redesigned tank system to be suitable for manned
satellite launchings from Atlas. The weight of this stage without its payload
is only 7, 300 1bs., since it uses an existing engine and a simple Pressurized
'systerri, -development effort required is quite small. The third and fourth

" additional. stages are new developments. The first. one, a 15,000 1b. gross
weight fluorine stage, uses a 10, 000 1b. thrust pressure fed engine. This
stage weight is about optimum, . for applicetion as a second stage on Thor and
as a third stage on Titan. Stretching of the cylindrical portions of the tanks to
give a 20, 000 1b, gross weight makes the umt optimum size for the. Super-Titan
configuration. The low thrust of 10, 000 lbs, is acceptable, since the weigh:
saved by reducing the engine weight more than makes up for the small gravity
losses for an upper etage which comes into action with near 'sa.tell‘ite
velocities. Fluorine is an obvious choice for the oxidizer because of its very
bhigh specific impulse which pays tremendous:diwvidends for space missions. _
At the time this study ‘was initiated it:was believed that fluorine-ammonia would
be preferable, but subeequent cooling investigations by both Rocketdyne and
NACA lead to the conclusgion that ﬂuorinedxydrazine will probably be the most
satisfactory propei,la.nt combination. An adva.ixtage of fluorine for this appli-
cation is that it can operate at very low chamber pressures without instability,
Preliminary investigations indicate that a chamber pressure of about 150 psi
to be optimum for a pressure fed system. The sacrifice in payload for this
low chamber pressure: relative to an optimum turbo-pump fed system is quite

'small, being Perhaps 5 to 10 per cent. This ioss is well worthwhile, at least °
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in the small final stage, for the added simplicity-and reliability, together w.ith ‘

. the lower development costs and time that would result with a simple pres- :.
surized system. Since the engine operates only at altitude, the low chambar
pressure does not Gompromise the specific impulse. While it requires a
somewhat larger thrust chamber, this is largely balanced off by the saving-in
turbo-pump weight and gas generator propellant. Fluorine engines of up to

15, 000 1bs, thrust have been run by‘Rockefdyne- ‘The Rockétdyne. engines were.
not regeneratively cooled and independent cooling systems were supplied. The
other new stage postulated is of 110, 000 1b:, nominal gross weight with an

80, 000 1b. thrust engine. In the planning of this program it has been assumed
that this would also be a pressure fed engine, and that the stage would in effect
be a scaled up version of the 15, 000 1b. system. The 15,000 1b. stage, inci-
dentally, requires a thrust chamber of about fhe'pize of that currently in use at
a higher chamber preasﬁre for the Atlas and Titan second stage engines. The
110, 000 1b. stage requires an injector and thrust chamber -about the aiie of that
presently used fbr the 150, 000 1b. booster engines. The latter'thrﬁat chamber
would have to be extended, of course,. .from the present 8:1 to the 25:1 expansion
ratio desired for this -atége.. Alternatively, the 80,000 1b. thrust engine might
be achieved by converting the present 80, 000 1b. LOX-RP ICBM engines to
fluorine. This would introduce the turbo-pump problem with all the attendant
comphca.txonl of gas generator control systems, starting sequence,. etc, While
the exxstence of a LOX- RP engme of about the right size for initial tests might
facilitate a turbo-pump fluorine engine development,. it has been assumed for:the
purposes of this develo'pment pPlan that the pressure fed engine would be pre--
ferred. It is proposed to develop the engine to operate pressurized at the

80, 000 1b. thrust level initially, Later-it would be converted to a turbo-pump
fed engine of 135, 000 1b. thrust to work with an éxtended second stage for Titan

and to serve as a basic propulsion unit for the large military satellite vehicles

- ’
'
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mentioned earlier. The potential cha.ra.é_ter‘iatics of the turbo -pulmpzféed. engines

are also shownin Table 2 for the alternate stage weight of 150, 000 lb’p

C.  Program for Development of Additional Stages

Table 12 details the programs for the development. of the four additional
atages required for addition to the present boosters to achieve the sp?.ce cap-
a.bxhty outlined pravzously.

First, the Vanguaxd stage II takes no development,. and is availaple upon
reorder on 60-days' notice. The second stage shown in Table 12, us}ng the
Vanguard engine would require new tankage, and could be developed in approxi-
mately one year at a.‘ development cost estimated at about $3 million. These
two items relate primé.rily to the inter_im program using.earliest avajlable

hardware on Thor and Atlas, and neéd no. further ‘discussion.

The development program for the 15, 000 1b, fluorine. slta.g,e has heen
.outlined in considerable detail. The first eight months are used prinéarily to
design experimental hardware and conduct tests using existing hardw#re
adapted.for the application. In particular here, the present su:ltaine#'thruat
ch,a.mbers.of the ICBM are of about the right size for conaide,ratibnzfdr this
application and, while probably unduly heavy, could provide-battlesh;é hardware
for experimental work. Tests of these units could be followed with- ekperi-
mental hardware more directly related to the prototype and. subsequently with

prototype engine tests.

Table 12, which has been laid out on the basis of the extensive;e%perience
from the ICBM development, indicates that the 15, 000 1b. fluorine stage couid
be-available for first flight 20 months after initial go-ahead. The fluorine

110, 000 1b. stage, takes three and one-third years for development. to first
flight. This greater time is primarily the result of the requiremlentﬂlfor_ new

facilities in a remote location to permit extended test durations with fluorine.
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The three 'yea.rs indicated from work initiation to PFRT is identical to the time
required for development and PFRT of the second stage engines for the ICBM's,
including the construction of facilities, development of the turbo -puinp system
.and the use of LOX-RP p.ropella.nts in placé of the lower energy combinations
previously used by both engine manufacturers concerned. With large-scale
hardware availgble which would permit initial testing,- the backgraund in large
engine development accumulated during the last three. years, and the absence. of
the turbo-pump, it is believed the time schedule laid out for this stage can be
readily met.

D. Manned Satellite and Re-entry Test Vehicle Development Program

Earlier in this study the capabilities of the ballistic missile boosters for
launching of manned re-entry vehicles were outlined. Figure 6, showing a pre-
liminary design for a manned test vehicle for exploring satellite environments
and re-entry conditions,. was discussed. Figure 7 shows a development
schedule for auéh a vehicle to include 10 ﬁightl with apes and 12 flights of
gradually' increasing duration with men. Thé estimated cosf for the develop-
ment of these vehicles and their fa.bnca.tmn and tests, exclusive of the costs
of the launchmg system is $45 million. ‘Itis expected that the ICBM program
will provide the heat sh:.eld material data, that the recovery system ca.n be-an
‘adaptation of the Cook- system developed for nose cone recovery,. and that the-
contractor would be one involved in the present nose cone programs to use
acquired background to the maximum practical extent. The program outlined
here should be preceded by a program using Thor -Vanguard and 'fhor ~-fluorine
stage.systems to run zero gravity tests on small animals. The three years
allotted for development prior to first flight- éompa res with about two years and
eight months for the present nose cone programs,' and about a year and a half
for improved nose cones presently under development for the IRBM. Hence,

the three-year period is believed to be conservative and to adequately account
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. for the complications introduced by the manned regt;irgmént. The development
schedule indica.t_én ten flights in approximately.a 14-month period for animal re-
entry prior to manned re-entry. Obviously the decision to attempt or not to
attempt manned re-entry will depez:;d upon the.evaluation of many factors at the
time, In particular, the reliability pf the boosters, results of tests ofthe escape
measures,. and the exfent of the success. of tfx_e animal flights will all have ‘to be
considered in determining whether or not to attempt manned re-entry. It
-appears that if the program is. carried out properly, fhe‘. initial risk.can be much
. less than that accepted by the pilot in the firgt supersonic: flight in the X-1 air-
plane. At léa;t fhe vehicles will have been checked for a numiber of times for . .
- the exact sequence and operation it will have to perform with-a man on board.
Ohce manned flight is' successfully achieved, it will of course be desirable. to
make tests with more than one lubjeét. and to gradually increase fhe duration
in the zero gravity field until the human factors informationon. operations in
this environment has been: a.cqmred. The 12 flights:scheduled here are
‘certainly a minimum to obtain this da.ta.,_ However,, it is believed that-it will
be. sufficient to provide the information required .for the des'ig'n of a militarily -

useful manned satellite, if requirements at that time dictate such a development.

- E, Msjggment~ pf Vehicle Combinations to Miuionl

A proposed initial 4au,ignmen_t. of vehicle combinations for the principal
and immediate military missions is shown in Table 13. In addition to the cases
listed, the Thor with the 15,000 1b, fluorine stage might be suitable for the-
117-L mission, and the Super-Titan will very. probably perform an effective
early warning mission.  With respect to Item 4, “Technical Dévelopment and
A Experamental Support,”, the Thor-Yanguard combination is. recommended here
for use as an ICBM re- -entry teat vehicle to explore new hxgh performance nose
cone designs, and for exploring satellite re- entry ‘and. recovery problems. In
addition,. as: mentioned earlier, when the Vanguard third sta.ge is added to it

e
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with a suitable guidance system, it can perform an initial impact on the moon.
The Thor plus the 15, 000 1b. ﬂuorine stage can. serve for considerable initial
lunar and. planetary explorations,. although. the Super-TLtan. 11 the vehicle

Primarily indicated for these missions.

A summary sheet and. the p#yloa.de for various space missions for the

recommepded’-,Thor-Ti;tan combinations is given in Figure 22,
IV. LARGE MILITARY SATELLITE VEHICLE

Mention has been made in.a number. of places earlier in this development .
plan of a possible large rmhtary sateilite vehicle for high. altitude satellite
missions requiring large j:ayloa.dn. These missions rmght mclude early

. warning,. anti-ICBM control, . communications, navigation, and possibly even the
provision for launching retaliatory missiles. The retahatory missiles would
.be an extension in concept of current a,u'-to-ground types, being, in.effect,

- Satellite~to-Surface ballistic xmu:.les. The vehicle postulated here (see
Figure 8) which would. have a gross weight of approximately 15, 000, 000 lbs.
and would be capable of putting 20, 000 lbs. into 2 high altitude orbit, of

which 12, 000 1bs. could. be returned to earth. The first stage .is. concexved

as having a 2, 000, 000 1b. boost system using LOX-RP. probably composed of

. two. 1, 000, 000 1b. thrust chamber units. An alternate possibility would be four

‘half-million Ib, syatema,ohtaxned by the use of large thrust chambers now -
under development by WADC, together with large. turbo-pumps under devel-
opment by AFBMD for use on the Atlas. Based on results of a previous
Rocketdyne large. engine study made for WADC, . and general conudera.tlons-’of
rehab;hty, it would appear that the two I, 000, 000 1b. :thrust units would be
preferable technically, while the four one-half million b, systems.would
probably be somewhat cheaper to develop. ' |
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Before discussing the second stage of this vehicle it would be desirable to
examine the third stage. The engine for this section is conceived to be a
135,000 1b, thrust unit, obtained by adding a turbo~-pump to the 80,000 1b,

- fluorine engine used on Stage 2 of the Super-Titan. The increase in chamber
pressure resulting from a turbo-pump would raise the thrust to 135,000 1b..
while the lower Pressure required in the tanks should achieve a significant
weight saving. ‘The third stage is conceived as having a basic weight of
110,000 1b., which would be topped by a 40,000 1b. payload, to make a total
weight of 150,000 1b. : ’

The second stage has a net weight of 350,.0_00 1b., leading to-a gross _
wéight, when topped by the third stage, of 500,000 1b. The propulsion system
for this stage is conceived as a cluster of three of the 135,000 1b. fluorine
engines mentioned earlier for use on the third stage. The successful develop-
ment of three engine clusters for the Atlas indicates that a three-chamber
system would be feasible, and the high cost of developing large fluorine engines
and the difficulties involved in their teating make it highly advahtageous'to use
this approach.

As indicated in Figure 8, it is estimated that the development of the first
stage engine would take four years‘_,', and cost about $135 million. The third
. stage engine development has likewise been estimated to take four years, and
to cost $50 million above the cost for the development of the pressurized
80,000 1b. engine from which it would be derived. Assembly of three of these
three-stage engines into a system for the second stage is estimated to take an
additional year and another §20 million for system integration. The total
Propulsion development costs, accordingly, for this vehicle are estimated at -
$205 million, and the propulsion development time approximately five
years. The cost for design and development of’the tankage systems, together.
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- with the propulsion: systems, a.nd for the 1mt1a1 prove -in flight.tests could be

- .expected to be:-an- additional 200 to 300 million dollarl. bringing-the total cost

for this development through the initial prove-in flight tests. to. apprdxima;teiy
. 500 milljon dollars. Development in an orderly fashion would result ina
vehicle being available for initial use about 1965, Partlcularly'urgent at the
Present time: is:the initiation of the development. of thrust.chambers:and. turbo-
pumps in the million pound thrust capacity - to- provide the propulaaon'b#ckgromd
and components foxr la.unching this, or. equivalent large future mxh.tary vehicles.
Rocket engines have very long lead times and, if we are to- surpass other
nations in propulsion developments,. it is essential that active hardware pro-
gr\a.ma for high-thrust engines be initiated immediately. The exact definition
of a future large military satellite. vehicle can be an item of study for the next
two years, by which time the,payload,requirementland other desired charact-
-eristics should be much better defined.. Vehicle. development:should be
initiated about 1960, so that the vehicle would be ayailable for- both military
.-and scientific missions’ durmg the. 1965 to. 1970 period.

V. MISCELLANEOUS VEHICLE REQUIREMENTS

. In-addition to the ba.sic:vehicles outlined up to this point, which serve
Primarily to launch bodies into- space, it is obvious from the.previous dis-
‘cussion that developments will have to be planned for propulsion systems to
stabilize and position satellites for vehicles to land on the moon and planets,

.and for launchmg vehicles from these locations. Further nesds include
development: of satellite recovery vehicles,. of instrumentation for ‘recovery
vehicles:and for use in.outer space,. and of a.tmosphenc decelerating ‘systems
suitable for use in other p‘lanetary atmospheres. Many bpecial requirements
-arise for these cases, such ,a._s long dura_txon pPower plants for auxiliary power,
heating-and cooling systems, and of the -auxiliary systems necessary to make
manned flight of long duration feasible. Planning for these developments is not

YR |58
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detailed here, not because this is not an area of major importance, but because
-it is believed initial emphasis should be given to getting launching vehicles
developed w:.thm the required time once the basic launching vehicle program

is firmly estabhlhed.

V1. GUIDANCE SYSTEMS

"Reviews of the gxﬁ&ance requ-iremexitrfor‘e_pa.ce-m.iseions have shown the
need for three general classes of gu.idance,: launch and injection into orbit,
midcourse, and terminal. Analyses of the accuracy requirements of repre-
sentative gpace missions show that the guida._hce systems developed as a result
of the ballistic miasile program are adequate for the laﬁnch Phase of space
missions and with slight modifications meet the injection guidance requ_ifements.
Advarx_ced developments in radio guid,aneeeysteme being carried out by STL
for AFBMD are presently being used for midcourse guid.ance for space missions.
Terminal guidance-systems are under development by Lockheed Aircraft
Company for AFBMD.

A brief discussion of the characteristics.of guidance. syeteml under develop-
ment. for. AFBMD and of the application of these guidance systems to the Air

Force space missions-and to other space missions follows.

.The.Air Force has two radio guidance systems and two inertial guidance
‘systems in production. Two additional iﬁertial, guidance systems, improved
in both.accuracy and weight, are under development. Finally, a study is
continuing of a wide baseline radio guidance system which can be used both
in weapon and space missions. Several attitude control systems-are being

developed by Air Force contractors for space vehicles.

The present Thor missile utilizes the first inertia.l guidance eystem
- (Figure 9) used in-an . operational IRBM. Iti is being built by AC' Spark Plug.

Gyro drifts and accelerometer errors coixple with compiter errors to give

%& o
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' Figure 9. Thor Inertial Guidanc§ Platform,
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errors at burnout of approximately eight .fget per second in velocity’; of 0.02
degrees in flight path angle, and of 0.02 degrees in azimuthal angle . At

1500 nautical miles the CEP of this system is 1.8 nautical miles. The system
iveighs about 807 1b. and occupies about 39 cubic feet. :

In one configuration, the Atlas missile will utilize an inertial guidance
systein (Figure 10) produced by- The Arma-Bosch Corporation. Burnout
accuracies in velocity of approximately 2 feet per second, in flight path angle
of 0.005 degree and azimuthal angle of 0.005 degree are provided by this
éyatem. At 5,500 nautical miles, the CEP of this system is 1.8 nautical
miles. This system weighs about 480 1bs. and occupies about 16 cubic feet.

AC Spark Plug is designing and building a second inertial guidance system
to be used in one configuration of the Titan. Predicted errors at burnout with
this system are: in velocity, 1 foot per second, in flight path angle 0.0025
degree and azimuthal angle, 0.0025 degree. This system will weigh about
165 1bs. -

For the Minuteman, Autonetics Corporation is developing an inertial
guidance system (Figure 11) with a specified CEP at 5,500 nautical miles
of 1.1 nautical mile. In this system, at burnout the expected velocity
accuracy is 1.5 feet per second, flight path angle is 0.004 degree and
agimuthal angle is 0.004 degree. Weight is 232 1bs., volume 25 cubic feet.

The Air Force has three radio guidance systems Presently under
dev&lopment. It should be noted that because radio guidance systems can
use the same equipment for powered flight guidance, for free flight tracking
and for issuing commands to the payload for midcourse or terminal guidance
or for other purposes, they have a general advantage over inertia] guidance
systems. A ' |

It must be noted, of course, that the errors at burnout given for each of
these systems are nominal values and do not represent what would occur
on an actual flight where the apecific trajectory would have a marked

effect on these values.
: , A
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The BTL system (Figure 12), to be used with the other configuration of
the Titan missilé, isa phls_e radar guidance system: the airborne unit
weighs 150 1bs., and occupies a little more than four cubic feet. The system
provides burnout accuracies of 0.5 feet per second in velocity, 0.005 degree
in flight path angle, and 0.005 degree in azimuth. The éuidance contribution
to the CEP on the Titan at 5,500 nautical miles is 1.4 nautical miles. The GE
radio guidance system designed for the Atlas is an interferometric system
obtaining range and position measurements by means of a pulse tracking radar
and velocity and angular rate measurements by means of a doppler radar.
This system weighs 152 1bs. and occupies 4.8 cubic feet. It achieves a 0.5
foot per second error in velocity, 0.005 degree in both flight path angle ‘and
azimuth. CEP for the Atlas at 5,500 nautical miles range with this guidance

system is 0.8 nautical miles.

In addition to the foregoing systems, a wide baseline radio guidance
system is presently under study by STL and is being used on the Able space
missions. This system utilizes three doppler radars with xh.icrowave links

between the outlying stations and central station. The airborne unit weighs

- 8.5 pounds and occupies 0.2 cubic foot. This system, with a baseline of

15,000 feet will provide burnout accuracies of approxiniately 0.1 foot per
second in velocity (exclusive of ionospheric effects) and 0.003 degree in flight
path angle and azimuth. This system is adapted to extremely long-range

guidance having apresent range in excess of 50,000,000 miles, and is thus

suitable for midcourse guidance on lunar and interplanetary probes.
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A terminal guidé.nce. aystem is. being developed by the Lockheed Aircraft
.Company fof. the Discoverer program. Its aécuracy from launch.to. terminal
burnout is. about 5. ft/ s.ec in velocity and ippro:dzhately 0.1 degreeinangle. It
. weighs about 122.1bs. |

A more accurate final guidance system is. being developed by .the Communi-
cation Satellite Program to meet the station keeping requirements. of these

programs.

In Table 14 the burnout accuracies possible v?ith these nine guidance
systems are listed; ‘and Table 15 gives. the approximate. guidance. accuracy
. reqmrement. for several types.of space missions. * These guidance systems
are being applied to four basic missions: reconnaissance and early warning,
communications, navigation and. satellite i-endezv'c_ms. The reconnaissance and
early‘warning satellite system being developed. by AFBMD in the Discoverer,
' Sentry, and Midas programs makes.use of the Lockheed.optical inertial guidance )
and attitude control system for the. injection phase of the launch maneuver, The
- Thor autopilot is used for first stage guidance in the Discoverer program, and
the GE radio system is used for guidance of the Atlas first atage in the
Sentry/Midas programs. The recoverable data gathering pa.ckage of the
Discoverer program is guided by a.combination of radm tracking and command
‘and the optical inertial attitude.control aystem. '

AFBMD's communication satellite program is. divided. mto five parts. Of
these the most difficult guidance problem is encountered in the 24-hour comg
munication satellite. program. This requires developmcnt of a guxdance and
control system capable. of Placing the payload . in a circular equatonal orbit
-at an altitude.of 19, 650 nautical miles. The guidance system pProposed here is

-2 combination of the Sentry/Mldas tracking and command system. an optical

*
Compare Appendixes
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lAppm_oxima,te Burnout Accuracy
Guidance: System Type Velocity | Asimuth | Flight Path Angle
(£t/sec) (deg) (deg)
ACSP (THOR) Inertial 8 0.02 .0.02
Arma (ATLAS) Inertial 2 0.005 10.005
Autonetics {(MM) Inertial 1.5 0.0025 0.0025
ACSP (TITAN) Inertial 1 0.004 0.004
BTL (TITAN) - Radio 0.5 0,005 0.005
GE .(ATLAS) . Radio 0.5 0.005 0.005
2,000 ft base line |
X-Bidnd
AGS | Radio 0.1* 0.003* " 0.003"
15,000 ft base line :
UHF : r'
. H

* n :
“Exclusive of ionospheric effects.
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. -
.Table 15. . Approximate Accuracy Requirements at Burnout.

o Velocity ~ Azimuth  Flight Path Angle
Mission (ft/ sec) (deg) (deg)
Earth satellite in approximate . 250 1 0.6
circular orbit at 1000 nautical
miles altitude. (+100 nautical
miles). Launch guidance. .
Recoverable earth 30 . 10 10
-satellite (accuracies at
reinjection)
Lunar impact 10 0.4 0.2
(or satellite)
Interplanetary probe 10 0.2 0.2
Planetary impact 10 0.2 0.2
(or. satellite) with
midcourse guidance
- Without midcourse 1 0.02 0.02
guidance
Lunar soft landing with 1 0.1 £ 0.06
midcourse and terminal
guidance. Launch guidance.
Terminal guidance 10 0.5 0.5

There are, of course,
to the optimum, i.e.,
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attitude control similar to that used.in the. Sentry vehicle, and an inertial system
based.on either the Autonetics.or AC Spark Plug inertizl platform. The polar
communication satellite program requires. the establishment of a circular orbit
at an aititude_ of 5,000 naatical miles. It will use the General Electric guidange
system for first stage control and a simple inertial guidance system for the

injection maneuver.

The navigation satellite program is.a.joint venture with the payload .supplied
by the Applied Physics Laboratory of J ohns- Hopkins. University and. the vehicle
supplied by AFBMD/STL. The vehicle is a.Thor/Able Star configuration using
the AGS system for launch guidance and a simple inertial guidance system for
injection, .

A program for the development of a satellite interception system is being
prepared. Either radio. or inertial guidance using the present systems appear
to provide adequate accuracy for successful completion of the satellite rendez-
vous maneuver. Terminal guidance is accomplished by existihg homing radar
and infared systems.

In addition to the DOD space flight missions, STL is. studying other space
flight missions.ranging from earth.satellites. with scientific payloads to a lunar
soft landing. For each of these missions. certain common guidaﬁce requirep . .
ments.can be distinguished, while in some cases. special guidance:reqiirements
which require special implementation can be identified. The earth satellite
studies include the highly elliptical earth satellite orbits where the guidance
need be.only a.simple autopilot on both the first and second. stages or -an earth
satellite with a circular orbit which could make use of the BTL guidance system

to. meet the increased accuracy requirement.

Far luiaar.impact-or'.a lunar satellite, first stage guidance may be again a

simple autopilot but for second stage guidance either the BTL, GE, or AGS

_CONHBERTIAL

ST
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system is requ:.red In addition, rmdcourse correction of the velocxty vector

is. necessary. .

Interplanatary probes, if aimed at a particular point, require sophisticated
guidance,. while a_so called "solar probe' can be adequately guided by a.simple
‘autopilot. .

A recoverable earth satellite as exemplified inthe Discoverer program,
regu.u-eo accyrate tracking in orbit and a.command and terminal guidance

system such asis uaod in the Lockheed recovery vehicle.

Interplanetary fhghts which.either impact or orbit about netghbormg p}anets
-require a higher order of accuracy in guidance both during the launch and mid-
 course phase. This. can be achieved with existing radio guidance systems. An
example-is the proposed Venus probé using the Atlas. Able-4 vehicle configur-
ation with a_combination of the GE gmdance of the first stage and AGS guxda.nce
of the second stage and for the fourth. stage midcourse guidance.

Finally the most difficult task of all is encountered.in the lunar soft landing
rmssxon. The accuracies required are such that only a wxdo-base radio guid- .
ance system. will provide adequate launch and midcourse guidance. A study has - -
shown.that the AGS system, with suitable modifications, will serve the functions.

However. the study also shows that a new terminal gv.udance system is required.
VI1I1. OTHER ELECTRONIC REQUIREMENTS

Before proceodmg to the mission. aectxons it might be well to review a few

considerations involved in.other eloctromcs required for astronautics,

Figure 13 indicates schematica.uy some possibilities. for earth to Mars
navigation with midcourse guidance being supplied by signals from four .earth
.satellitesa or, alternatively, from celestial navigation, while solar energy might

power the electronic systems. Infrared, optical, or radar systems would be
used for homing, or other guidance at the Mars terminus,
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‘Figure 14 indicates possibilities for moon exploration by television.

Preliminary studies indicate that as little as one watt radiated power, if suitably
employed, would be lufficient to transmit' television p_ictures from the moon to
earth., Hence, very light payloads could suffice to bring pictures of moon details
back to earth. ’ '

Figure 15 indicates possibilities with respect to Mars exploration where
facsimile pictures could be transmitted to earth from a television camera, using
as little as 10 watts of transmitter power.

Problem areas anticipated in interplanetary exploration are listed in table 16.
VIiII, PLANS FOR VEHICLE USE
A, Introduction
The preceding sections have outlined the principal Air Force space
missions, together with plans for the development of vehicles and.electronic
systems for carrying out these missions, This section will present an over-all
schedule for the various developments, a calendar for the accomplishment of the

major missions, and a suggested allocation of vehicles for astronautics through
1965,

B, Over-all 'Devel.opn'aent Schedule

Figure 16 shows an over-all schédule for the development.and application
of the vehicle combinations incorporated in this development plan. The chart will
be of use principally in indicating the successive phasing of the increasing space
capability, beginning in 1958 with the Vanguard second stage on Thor, and ex-
tending to the availability in 1965 of the large military satellite. Achievement
of the later missions on or about the dates indicated would be feasible only if an
active program such as outlined here is initiated i.mmediately and carried on
vigorously over the next ten years. While such planning must be considered to be
extremely tentative, it is believed desirable to lay out such a calendar from a
number of stahdpoints . In particular, it makes it possible to show fhe very great

potential of the Air Force ballistic missiles for military space ‘vehicles and for
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ized Moon Exploration.

Telev

Figure 14.
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space exploration.v It should also serve to crystallize thinking on astronautics
development and lead to carrying out a sound program to kéep the United States
ahead in this vital area.

C. Supplemental Research Program

The specific nature of the developments required in the way of astronautic
vehicles over the next decade have been laid out in this plan, together with a
somewhat less detailed descriptibn of the guidance, instrumentation and payload
developments for astronautics. It is obvious that to accomplish these develop-

- ments a large supporting research program of basic technology in the areas of
rocket propulsion, rocket vehicle structures, satellite and re-entry vehicles,
nuclear and solar power supplies, electronics in all its aspects, and astro- .
geophysics will be essential, '

D, Conclusions

The preceding sections covering the technical aspects of a development
Plan for astronautics lead to some significant general conclusions. - These may
be summarized as follows:

1. The present Atlas, Titan, -and Thor provide the basic booster capacity
for space missions of pPrimary interest for the next five years. The
. principal investment for first generation ISpa.ce vehicles has been
made already.

2. Development of a few added stages of small size ag "buil_ding blocks"
can in proper combination with the boosters provide vehicles for all

space missions for the next five to seven years,

3. The guidance systems for present and second generation ICBM's are
basically adequate for the launch phase of space missions. Guidance
systems for midcourse, for satellite recovery, and for lunar and
Planetary landings can be developed using presently available
guidance concepts. '




The basic characterutics of "Payloads" for many of the astronautxcs

missions (including "Payloads" for animal and manned experiments)
should be defined unmedlately and development initiated.

Re!earch and technical development requu'ed on critical problems
and on basic. space phenomena can be defined and initiated now for ‘

the second generation of space vehicles and space missions.

The limited investigations. carried out.to date show the military
value of astronautics program to be very great. In addition the
possible return from the scientific aspects of such a program would

produce a further contribution of inestimable value to civilization.
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, The Appendix consists of seven reports. which‘are
reprinted unchanged in content. ¢

Only the pagination has
been altered.

The nnclas‘sifiedportion of the appendix is issued as a
separate document for the convenience of all users.
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ABSTRACT

The payload capabilities of vehicles using Air Force Ballistic
Missile stages are studied with reference to their suitability for space
experiments. Sixteen combinations of 18 separate vehicles are shown
in terms of their payload capabilities for various space flight missions

ranging from a 10 000;-naut-mi ba.llistic missile range to a round trip
from earth to Ma.ra.
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PERFORMANCE ESTIMATES FOR SOME

AIR FORCE BALLISTIC MISSILE STAGE COMBINATIONS

1.0 INTRODUCTION

This report presents the results of a study of the payload capabilities
for space experiments of vehicles using Air Force Ballistic Missiles as stages.
The rocket stages presently being developed as part of IRBM and ICBM programs
are suitable for large-scale space experiments. Other rocket vehicle programs
are producing smaller stages which can be used in combination with IRBM and
ICBM equipment. In addition, advanced high-performance stages are being
conlidered specially for space experimentét.ion.v The combinations of such
stages studied in this report do not represent all feasible possibilities but they
do include a number of arrangements with some very attractive capabilities '
for launching space experiment payloads,

‘ Section 1.0 of this report defines the terminology of the report and
summarizes the possible combinations. Section 2.0 pfesents the physical and
performance characteristics of each stage studied. A standard scale of
1 ft = 100 ft is used for outline drawings of each stage in order to show relative
sizes, Section 3.0 gives a description of the various stage combinations together
with sketches to a scale of 1 ft = 360 ft. Section 4,0 shows the procedures used
in obtaining performance estimates and the requirements for some typical
experiments. Section 5.0 shows curves of payload for each vehicle considered
as a function of equivalent velocity and mission requirements.

The terminology used in this report ie shown in Figure 1-1. Only gross
payloads are described in this report in order to separate comparisons of
vehicle performance from various possible guidance, heat shield, power supply,
and structural weights. The definitions shown for stages, vehicles, and
combinations have been adopted for convenience in referring to equipment
throughout the text of the report. ’

The basic measure of vehicle performance used here is a curire' of
equivalent velocity versus gross payload. Equivalent velocity is the velocity
that a stage combination would impart to a payloa.d if ‘all rocket impulse were

—CﬁNﬁBEﬁT’rNT
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used for acceleration in one direction without gravity loss or drag. Each stage
would impart a velocity increment v

AV = Ig log -‘—N—o—
b

where

1 = specific impulse (lb~sec/1b)
32.2 ft/sec?

L)
it

W_ = initial weight of vehicle

Wb = burnout weight of vehicle.

The total velocity would be the sum of the individual stage velocity increments.

)

In actual space flight, various velocity increments might be used to
accelerate, maneuver, or decelerate, and consequently the total velocity required
need not necessarily equal the equivalent velocity. Designation of performance
by equivalent Qelocity is merely a convenient means for separating vehicle capa-
bilities from specific flight trajectories. It is convenient to include in equivalent
velocity the gravity and drag losses associated with achieving some typical
satellite orbit. A 200-naut-mi altitude circular orbit has been used for this

purpose, Figure l-2showsa summary of equivalent velocity requirements for
some typical space flights.

Table 1-1 shows all the stages and combinations considered in this report.
Data shown for each stage includes weight, thrust, propellants, and development
status (current, product improvement, modification, and new). The stages which
are combined to form the vehicles studied are arranged on the horizontal lines.

The combinations in which each stage is used can be found in the vertical columns.
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A summary of the payload capabilities of the combinations considered
in this report is shown in Table 1-2, Payloads for various satellite, lunar,
and interplanetary experiménts have been collated in this figure from the
general performance curves in Section 5.0 of this report.
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2.0 STAGES FOR SPACE VEHICLES
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2.1 Description of Stages

The various space vehicle systems are illustrated and discussed in this
report. In this section detailed information is presented on the stages which
may be combined in order to complete the various space vehicle assemblies.
Weight and performance data are given for each of the stages listed in Table 1-2.
Note that the over-all length does not include interstage structure.

2.1.1 Booster (2000-1275) Stage

High-velocity missions (such as manned flights to the Moon) required AV
a new class of vehicle combinations comprised of existing ballistic missiles
plus new first-stage boosters. The Titan booster is shown in Figure 2-1,
The propulsion system is composed of two engines of 1 million 1b of thrust
each, and utilizes a Lox-RP propellant combination. The specific impulse
(vacuum) is expected to be 290 sec with an expansion ratio of 8, A,turbopump
feed will be employed.

The maximum diameter of the booster is 22 ft, with a length of 64 ft,
exclusive of the interstage structure. The over-all vehicle (booster plus '
advanced Titan plus terminal vehicle) will be about 200 ft in length.

The full-up weight of this stage is 1.28 million Ib.
2.1.2  Booster (1000-640) Stage

'I:h'ia stage is similar in purpose and design to the Titan booster
described above (see Figure 2-2). The booster has one engine of 1,0 million Ib
‘of thrust, and uses the same Lox-RP propellant combination. The engine is
identical to that employed in the Titan booster.

The weight of this stage is 640, 000 Ib. The maximum diameter is
19 ft, and the over-all length is 60 ft.

2.1.3 Atlas Stages

The standard Atlas (360-265) vehicle is shown in Figure 2-3. The
vehicle is intended for use as is, without any structural modifications. It is.
estimated thata 13,000-1b terminal vehicle could be ca.rned by the Atlas mthout
altering the present structure.
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The Atlas is commonly described as a one and one-half-stage vehicle;
at staging, the two booster enginea (in the outboard pods) are jettisoned f.long
with structural portions of the pods and certain other equipment. ' The central
‘sustainer engine then drives the missile during the next burning period. The
Atlas has but one set of propellant tanks, which supply both the booster and
sustainer engines. The tanks depend upon pressurization for adequate strength
' to meet structural loads. A more detailed description of the Atlas can be
found in reference 1. |

The Atlas (415-262) booster (Figure 2-6) is similar to the standard
stage with the exception that the booster engine thrust is increased from
150, 000 1b to 175,000 1b. The total thrust at take-off is thus uprated to
415, 000 1b (including sustainer). |

2.1.4 Titan I (301-170) Stage

The standard Titan first stage (Figui'e 2-4) employs‘ two engines
giving a combined thrust of about 301,000 Ib. A Lox-RP propellant
combination is employed, with a turbopump propellant feed system. The
total weight of the first stage is about 170,000 1b. The Titan is described in
more detail in reference 2. . »

The standard Titan second stage (Figure 2-7) has one engine wﬁich
produces 81, 000 1b of thrust at start of burning. The engine has an expansion
~ratio of 25 and a chamber pressure of 660 psi, giving a specific impulse
(vacuum) of 310 sec. A Lox~RP propellant combination is used, with a turbo-
pump propellant feed system, The initial weight of the stage is about 44, 500 1b.

Vernier motors are used on the second stage to adjust the cutoff
velocity of the stage to the desired value.

2.1.6  Titan I (400-170) Stage

The improved Titan first stage (Figure 2-5) is identical to the standard .
Titan first stage except for thrust rating, which is increased from a total of
301, 000 1b to 400,000 1b. This thrust uprating is achieved by increasing the .
propellant flow by means of higher turbopump speeds. The engines already

sffacting the- aationa! defense of she United States withi moening of Esplenage Laws,
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have demonstrated this capability, No incregse in propellant storage capacity

+ is envisioned for this stage,

2.1.7 Fluorine ‘135-'100_! St_a‘_gg

The fl_uprine-hydrazine secaond stage for the Titan vehicle is shown in A
Figure 2-8. The stage as ghown has a total weight of 100,000 1b.

Two vergigna of the propulsion system are cdntem_plated for this atage:'
one emplpying_ & PrAfRNrized tank system for propellant feed and producing
81,000 1b of thruat: the second or follow-on version using a turbopump feed
and pPradpcing 135,000 1b of thrust. The pressurized feed system would be used
first becapse of the relatively short development time. Helium would be used as
the working gas and would be stored in the fluorine tank tp reduce the storage
tank weight.

The tyrhopump configuration for a high-altitude stage such as the pfeaent
one is simplified considerably over a sea-level design, by the feasibility of using
low combustign chambey pressuie. The pressure rise, for example, is about
one-tenth that of the psyal propellant feed pump, thus redycing the turbine horse-
Pawer to a very manageahje level. The yse of hydrazine as a monopropellant
provides a rpadily available turbine-drive gas supply. Replacing the Pressurized
gas propellant feed aystpm‘with a turbopump installation should save about 1000 1b
of structural weight, Pravided that low-pressure tanks are installed with the

turbopump. The thrust Yprating would be achieved through increased chamber
pressure, :

The general features of the fluorine-hydrazine second stage are similar
to those of the Fluorine (12-12) stage described later. The motor expansion
ratio is limited to about 18 in order to keep the nozzle exit diameter within the
10 £t outside digmeter limit of the Titan, A specific impulse of 364 sec is
e:_,gzgéte_d for the mptoyr when operated at high altitude. Cylit_xdricgl tanks with
elliptical bulkheads have been used to reduce the over-all length of the vehicle
to a minimum.

2.1.8 Thor (175-107) Stage

The Thor first stage is shown in Figure 2-9. The stage is similar to
the standard Thor vehicle except for two modifications: first, the engine has

This & les Info mnnmmmamwum-m Esplensge Laws, Thie
u,u.s.c.,mmmm.mmm«manu|um-mn-wumumwb§h-.
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been uprated to 175, 000 Ib at la,unch;- and secondly, an additional 2000 Ib of
propellants have been provided. The Thor is described in reference 3.

The stage uses a Lox-RP propellant combipation with a turbopump
propellant feed system. The engine has an expansion ratio of 8, a chamber
pressure of 560 psi, and produces a specific impulse (vacuum) of 290 sec.

No structural madifications to the current Thor are required. The
* vehicle has a maximum diameter of 8 ft, and an over-all length (excluding
" the guidance compartment) of 53 ft.

. 2.1.9  Fluorine (12-12) Stage

A preliminary design has been made an a high performance final power
stage of 12, 000 1b of weight which will fulfill several impartant space flight
missions when used with existing or follow-on ICBM and IRBM boosters, Pay-
load capability extends up to 7000 1b (see Figure 2-10),

The stage utilizes a fluorine-hydrazine propellant cambination, which
gives a specific impulse of about 364 sec at high altitudes. The chamber
pPressure of 150 psia provides near optimum stage performance for the engine
of expansion ratio 18:1, Regenerative cooling of the engine using hydrazine as
coolant appears feasible, with some tilm cooling required ta engure. a.deqﬁate
throat cooling,

The pressurized propellant tanks are separate apheres of approximately
equal volume, connected by a short cylindrical member. A nested tank con-
figuration offers some advantage in reduced weight, but presents the difficult
Problem of intertank insulation needed to pPrevent freezing of the hydrazine by
the low temperatures of the adjacent liquid fluorine.

A helium pressurization system has been used because of the short
development time as compared to ‘a turbopump feed. The helium tank is
stored within the fluorine in order to reduce the size and weight of tank, The
‘ helium is heated to about 400°F by means of a motor heat exchanger before
entering the propellant tanks.

Because of the small angular movements of the engine (+ 4 deg), a
universal flexure has been used for thrust vector control, rather than the

e s

This dacument contains Inlu-dlondhdlummlhhdh“um‘ﬂnﬂhhh-udndlhmun Tivle
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conventional gimbals, which require moving or sliding parts. The flexures
are designed to offer negligible resistance to small angular movements, Small
servoactuators of conventional design are used for control.

A structural weight ratio of about 0. 060 can be expected for thisvtype
of stage,

2.1.10 Fluorine (12-30) Stage

This stage (Figure 2-11) is a modification of the Fluorine (12-12) stage
described above in that the propellant tank capacity has been increased to bring
the over-all stage weight up to 30,000 Ib. The engine and propellant feed system
are the same as in the (12-12) stage. The Fluorine (12-30) stage is intended
for use primarily with the boosted Titan.

2.1.11 Va.ngua.rd Second Stgge

A weight statement and other performance data on the second stage of
the Vanguard are given in Figure 2-12. This stage, with a gross weight of
4232 1b, uses the storable propellants white fuming nitric acid and unsymmetrical
dimethyl-hydrazine .stored in cylindrical tanks. A specific impulse of about
278 sec is obtained from the propellant combination. |

The engine expansion ratio _ of 20:1 is near optimum for the chamber
pressure of 200 psi. Helium pressurization is provided from a storage sphere
loc_ai:ed between the fuel and oxidizer tank. A small solid-propellant gas gen-
erator is used to raise the temperature and add additional charge before entering
the propellant tanks.

The engine is gimbaled for thrust vector control. In the Vanguard
installation, attitude control for the third stage is accomplished by spin

stabilization.

2.1.12 Vanguard II (Modified) Stage

The pertinent design data for the Vanguard second-stage engine adapted
to the Atlas booster is shown in Figure 2-~13. The configuration shown is

designed for a stage weight of 6300 1b with the manned re-entry test vehicle as
the payload.
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In this design the stage is shaped to fit between the Atlas nose .and the
~ re-entry nose cone with a minimum of length. The small Vanguard engine is
located in the ceﬁter, surrounded by toroidal tanks for the WFNA-UDMH pro-
pellants. The specific impulse, chamber pressure, expansion ratio, etc.,
are the same as the second-stage Vanguard engine. In order to reduce.the
volume of the helium pressurization system, .a storage Pressure of 5000 psi
is used in each of two spheres located within the propellant tanks.

2.1.13 Clustered Vanguard III Stage

Four Vanguard III engines can be coupled together to form a final
pPower stage for use in combination with the improved Thor booster. The Van-
guard III units are unmodified. The total width of the package is slightly
less then 40 m.and the length is about 45 in. The assembly band is carried to
the top of the stage to provide support for the Payload. The weight of additional
structure required is estimated at 20 1b (see Figure 2-14), |

2.1.14 XM-34 and Sergeant Stages |

The XM-34 and Sergeant stages have nearly the same external
dimensions, but differ in propellant characteristics, and bence, in thrust output.

The Sergeant stage (Figure 2- 17) uses a T-17E2 propellant which gives
a thrust of 50,000 Ib and a specific impulse of 191 sec. The average chamber
Pressure is 535 psi,

The XM-34 stage (Figure 2-15) has an uprated propellant, TRX-H- 6064,
which yields a fhrust of 62,000 1b and a specific impulse of 226 sec. The average
chamber pressure increases to 616 psi, and the gross weight of the stage to
8635 1b. The motor size also has been increased slightly,

2.1.15 WS 117L (Modified) Final Stage

The WS 117L Modified fina] stage (Figure 2-16) is similar in design to
the Vanguard II modified stage since it is intended for use with the Atlas booster.
The stage plus terminal vehicle is limited in weight to 9,300 1b,

The propellant tanks employed for this stage are identical to those
used on the Vanguard stage, However, a new engine of 15, 000-1b thrust, the
YLR-91, has been used in Place of the Vanguard II engine. The YLR-9!}
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A i

engine/is lohger;!-sa.that the stage.length ig.increased:to -17»3 f6:1, It ienoted
that the:extended :skirt used.on this ‘stage .serves as int;etaug,eset:uctur.e, since
it-couples.directly.onto the mair structural frame. atop:the Atlas booster.

2.1.16 Vanguard:Third Stage.

" Information on the Vangeard third stage engine is presented in
Figute 2418, A solid-propellant rocket with a gross weight of about 435 1b

. provides £350 1b of thrust at altitude. A specific unpulee of about 240 sec is

obtained from the solid propellant. polysulphide-ammomum-perchlorate. The
chamber Pressure operates in the range from 140 pei to 2 maximum of 250 pez |
with a nozzle expansion ratioof 18:1, Two small (1- 1/2 in,OD x 5 in.long)
propellant rocket motors are used to impart the necessary torque for spin-up,

rpr
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J 3 ‘ -
P
60
50 STAGE CHARACT‘ERISTICS
Stage Weight 1.275 million 1b
Burnout Weight - 38,300 1b
Thrust 2.0 million Ib
40 l\ L / Propellants Lox-RP .'
N ~ P s Propellant Feed Turbopump
TTe—— - Maximum Diam 22 ft
Length 64 ft
§ Specific Imnalse 290 sec
30 Total Impulse 3.37 x 10 1b-sec
Expanbion Ratio 8
Chambar Pressure 750 psi
Exit Diam 7.5 ft
zo N ' A
N ya
V) /
N 7N
SRR (N
iy N 7
1o k- [N
/ A . /
Figure 2~1 Booster (2000~1275) Stage.
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VT

STAGE CHARACTERISTICS

Stage Weight 640, 000 1b
Burnout Weight 19,100 1b
Thrust " 1.0 million 1b
——— Propellants Lox-RP
Propellant Feed TurboPump
Maximum Diam 19 ft
Length 60 ft
Specific Impulse 290 sec
Total Impulse 1.8 x10% 1b-sec
Expansion Ratio 8
Chamber Pressure 750 psei
Exit Diam 7.5 ft
\N /7 .
R
(I
- 1
/I)' \
/ \

Figure 2-2. Booster (1000-640) Stage.

s decument contains in information affocting the netiensl defenss Esplonege
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60}
50r- STAGE CHARACTERISTICS
Stage Weight 265, 000 1b
.Burnout Weight 8,300 1b
40}~ h Thrust 360, 000 1b
Propellants Lox-RP
R _ Propellant Feed Turbopump
& '/_’—- - N Maximum Diam 10 £t
' ‘j/ (AL . Length 68 ft
30”—_ Specific Impulse 290 sec
| | Total Impulse - 7.2 x 107 Ib-sec
Expansion Ratio 8 (25) _
Chamber Pressure 530 (650 psi)
. Exit Diam 4 (4) £t
20 . (Sustainer engine)
u ]
N /
AN Ve
107~ \\ 7
40X ]
A
Il n\ II \‘ II. \‘
VARV
o L Y I 1

Figure 2-3. Atlas (360-265) Stage.
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STAGE CHARACTERISTICS

Stage Weight
Burnout Weight
Thrust
Propellants

- Propellant Feed

Maximum Diam
Length

Specific Impulse
Total Impulse
Expansion Ratio

ChamberA Pressure

Exit Diam

Figure 2-4. Titan (301~170) First Stage..

- 170, 000 1b

10, 000 1b
301, 000 1b
Lox-RP .
Turbopump
10 ft

48 ft

290 sec

4,6 x 107 1b-sec
8

560 psi

3.7 ft




TR=-59-0000-27881

Page 101
4
6o M
50.
e
ad STAGE CHARACTERISTICS
Stage Weight ' 170,000 1b
Burnout Weight 10,000 1b
Thrust 400, 000 1b
2 3¢- \\ .~ Propellants Lox-RP
- Propellant Feed Turbopump
)7 Maximum Diam 10 ft
. Length 48 ft
20 Specific Impulse 290 sec 7
, Total Impulse 4,6 x 10’ 1b-sec
Expansion Ratio 8
Chamber Pressure 750 psi
N B MK Exit Diam 3.7ft
LN |
v

Figure 2-5, Titan (400-170) First Stage.
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Stage Weight
Burnout Weight
Thrust
Propellants
Propellant Feed
\ . Maximum Diam
Length

Specific Impulse
Total Impulse
Expansion Ratio
Chamber Pressure
Exit Diam
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Figure 2-6. Atlas (415-262) Stage.
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STAGE CHARACTERISTICS

262,000 1b

8, 300 1b
415, 000 1b
Lox-RP
Turbopump
10 ft

68 ft

290 sec

7.2 x 107 1b-sec
8 (25)

530 (650) psi
4 (4) 1t

(Sustainer engine)

~ mﬁﬁﬁﬂt
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STAGE CHARACTERISTICS

Stage Weight
Burnout Weight
Thrust
Propellants
Propellant Feed
Maximum Diam
Length

Specific Impulse

. Total Impulse

Expansion Ratio
Chamber Pressure

Exit Diam

Figure 2-7. Titan (81-45) Second Stage.

44,500 1b
5,800 1b
80, 800 1b
lox-RP
Turbopump
8 ft

31 ft

310 sec

1.2 x 10 1b sec
25

660 psi

3.9 1t
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40+
AT
30} STAGE CHARACTERISTICS
p ‘ A : '
Ssm==rn Stage Weight 100, 000 1b
P~ N Burnout Weight 6, 600 1b
. | ) Thrust 135, 000 1b
é’ 20" | ' Propellants - F,-N,H 4
’ . Propellant Feed Turbopump
Maximum Diam 10,0 ft
Length 36.0 ft
Specific Impulse = 364 sec
101 Total Impulse 3.4 x10° lb-sec
Expansion Ratio 18 -
Chamber Pressure 150 psi
Exit Diam 7.5 ft
oL

Figure 2-8. Fluorine (135-100) Stage.
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40 Stage Weight
) Burnout Weight
—— , Thrust
T N\ Propellants
2 Propellant Feed
030F Maximum Diam
Length
Specific Impulse
Total Impulse
Expansion Ratio.
20 -
Chamber Pressure
Exit Diam
/
A Ye-m”
10 W,/ RN
W L0
‘\)T ol
vl
1 [N
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oL

Figure 2-9.. Thor (175-107) Stage.

TR -59-0000-27881

Page 105

STAGE CHARACTERISTICS

106, 600 b
10,100 Ib
175,000 1b
Lox-RP
Turbopump
8 ft

53 ft

290 sec

2.9 x'107 lIb-sec
8

560 psi

3.7 ft
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STAGE CHARACTERISTICS

Stage Weight
Burnout Weight
Thrust

. Propéuants
Propellant Feed

. Maximum Diam

Length
Specific Impulsge
Total Impulse
Standard
Scale 7'20
7—.:—\— Expansion Ratio
Chamber Pressure.
115 Exit Diam:
\\_/ .
2 i
103
"y b
15
—Jo

12,000 1b
720 1b
12,000 1b
Fz - Nz Hy

Pressurized
Helium

5.4 ft

19 ft

364 sec

4.1x 108
lb-sec

18:1
150 psia’




Stage Weight
Burnout Weight
Thrust
Propellants
Propellant Feed

Maximum Diam
Length _
Specific Impulse
Total Impulse

Feet

Expansion Ratio
Chamber Pressure
Exit Diam
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STAGE CHARAC TERISTICS

30,000 1b
1,800 1b
12,000 1b

Fp-NyH,

Pressurized
, Helium

7.2 £t
22 it
364 sec

10.3 x10
'lb-sec

20
150 psi:
2.8 ft

6

o — . -
x Standard Standard O
- Scale Scale
Figure 2-11. Fluorine (12-30) Stage.
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STAGE CHARAGTERISTIGS
Stage Weight - 4,232 1b
Burnout Weight 1,037.1b
Thrust 7,700 1b
~ Propellants UDMH- WFNA
Propellant Feed  Pressurized
: Helium
Standard
Scale Maximum Diam 2.7 ft
,r Y .1 15 Length 15,0 £t
. Specific Impulse 278 sec
ORy ~ Total Impulse 8.9 x 10° Ib ~sec
At w Expansion Ratio 20 ‘
‘: Chamber Pressure 200 pai
15 -Exit Diam ° 1.9 ft
4o

Figure 2<12. Vanguard II Second Stage.
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STAGE CHARACTERISTICS

. Stage Weight 6,300 Ib
Lo1- $cale _ Burnout Weight 600 1b
Thrust 7,700 1b
7(\ . Propellants UDMH-WFNA
\\ " o/ Propellant Feed Pressurized
\ / Helium
AN 4 Maximum Diam 6,3 ft
e *':; =S Length . 9 ft
s 1 K | ¢33 / - Specific Impulse 278 sec6
TN A \ . Total Impulse 1.6 x 10° 1b-sec
:,§<.".:__ ::(.".- .,.’:-:\ Expansion Ratio- 20
n’ { // \\,’ ' Chamber Pressure 200 psi
\ ] \ ] Exit Diam 2,04t
M2 E—_q'_—- S s
I
olo

Figure 2-13. Vanguard II (Modified) Stage.
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Standard
~ Scale
5
®
0
b
0
STAGE CHARACTERISTICS
Stage Weight 1,800 1Ib
5 x Standard ge Ve’ y
Scale Burnout Weight 240 Ib
5 _ Thrust 9, 400 Ib
;7 ’n‘\ Pid JL N Propellants Solid
o T N/ \ Maximum Diam 3,1
- Specific Impulse 240 sec
3 Total Impulse 3.7x 105 1b- sec
§ Expansion Ratio 18 B
Py Chamber Pressure 140 psi
.Exit Diam 1.3 £t
1F
ol
Figure 2-14, Four Vanguard III Stage.
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STAGE CHARACTERISTICS
Stage Weight ' 8,635 1
Burnout Weight 1,385 1b
Thrust 62, 000 b
, . Propellants. Solid '
% io N ' Maximum Diam 2.6 ft
& Length 19.3 ft
Specific Impulse 226 sec
| Total Impulse 1.6 x 10° 1b-sec
Standard Expansion Ratio 6.1 o
sc‘h. 20 Chamber Pressure 616 psi
R Exit Diam 1.9 ft
5 11s
L)
- [ ]
10 “0'
‘ -
15
o+ -0

Figure 2-15, XM-34 Stage.
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- STAGE, CHARACTERISTICS

Stage Weight
Burnout Weight
Thrust
Propellants
Maximum Diam
Length

Specific Impulse
Total impu_h_e
-Expansion Ratio

Chamber Pressure

Exit Diam

6, 000 1b
700 1b

15, 000 1b
RFNA-RP
6.3 ft
17.3 ft
270 sec
1.5 x 106 1b+ sec
20

200 pai
2,8 ft

Figure 2-16. "'WS117L (Medified) Final Stage. '
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STAGE CHARACTERISTICS

Stage Weight 8,185 1b

10 ' Burnout Weight 1,145 1b
Thrust 50, 000 1b
Propellants - Solid
Maximum Diam 2.6 ft
Length 19.3 ft

Standard - Specific Impulse 191 sec 6
Scale : Total Impulse 1.3 x 107 Ib-sec
5| s = 15 ' Expansion Ratio 6.1
' Chamber Pressure 535 psi
- Exit Didm 1.9 £t
110 L
RN §
[
] 45 ‘
ol o

Figure 2-17. Sergeant Stage.
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STAGE CHARACTERISTICS

Stage Weight
Burnout Weight
Thrust

Propellants
Maximum Diam
-Jength .
‘Specific Impulse
Total Impulse
Expansion Ratio
Chamber Pressure

" Exit Diam

Figure 2-18, HV'anguard II Third Stage.
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This section contains descriptions and sketches of combinations of the
stages described in Section 2.0. Detailed analyses of interstage structure,
~ staging procedures, or load transmission between stages have not been con-,
ducted comprehensively, Neither has detailed conaiderati_cm been given for all

combinations to location of guidance, autopilot, power supply, and other similar
equipment, ' :

3.0 STAGE COMBINATIONS

The sketches of combinations show configurations with typical interstage
structure and a Payload shape representative of a typical body for re-enfry into
the earth's atmospheie. Vehicle weights shown with the sketches consist of the -
sum of the stage weights Plus the payload weight which the vehicle could put into
& 300-naut-mi altitude circular satellite orbit,

3.1 Description of Space Vehicles.

Most of the space vehicles of the next few years will be built around the
present IRBM and ICBM boosters because the performance of these boosters is
adequate for the requirements of the space flight program, and their production
capacity has already been established. Furthermore, their reliability will have
been developed to an acceptable level by the weapon'syste.m program,

The characteristics of the three weapons systems in their Initial Operational
Capability (IOC)'a.re given in this section. The description of additional stages
which may be combined in various ways with the boosters to provide épace vehiélea
- @re presented in Section 2.0, Sketches of the various vehicles are included with
the descriptive material, along with a brief summary of payload capabilities.

3.1.1 Thor Space Vehicles .

The Thor vehicle is produced and tested in sufficient quantities to ensure _
reliability, low cost, and availability for the space flight program. It is scheduled
for availability on a noninterfex:ence basis after September, 1958, The nominal

thrust of 150,000 1b can be increased to 175,000 1b by July, 1958, by adjustment
of the propellant flow rates,

Many combinations involving the basic Thor stage have been studied. The
most important applications include the Thor plus Yanguard II for low-altitude

This & tains informats aoffecting the netional dufonse of the !ll"lﬁlnlhnnl of the Lews, Tive
19, ¥U.8.C., Section 793 and 794, the trammission or revelotion of whick In herized m law,
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satellite missions, the Thor plus Vanguard II plus Vanguard III for a lunar shot,
and Thotr plus a fluorine final stage for general purposes. In addition, the Thor

| has been studied in combination with several solid stages,

The Thor plus Vanguard Stage 2 can be assembled in a few months with

.available components, for an early operational capability as a low-altitude

satellite with 300 to 400 1b net payload. The standard IOC Thor may be used,
with nose cone and guidance platform removed. The Vanguard Stage 2 is

~ attached to the nose cone ring at Station 50. The 32-in. diameter forward com-

partment of the Vanguard is provided with GE Mod I guidance system and auto-
Pilot, and extended forward to enclose the payload compartment with suitable
nose fairing. Specific trajectories are given in Section 3.0.

Thor plus Vanguard Stage 2 plus Vanguard Stage 3 is capable of sending
a 100-1b payload to the moon in the near future. It can be assembled in the
same manner as the two-stage Thor-Vanguard above, with the addition of a spin
stabilized Sfage 3 mounted on the forward skirt of Stage 2. Stage 3 is designed
to be spun-up by means of small powder charges to about 3 rps before separatibn
from Stage 2 which reduces the 'effect of thrust and mass misalignment of the
final stage firing period to less than 1 deg. The 200-1b guidance system mounted
in Sfage 2 detracts only slightly from the payload of the final stage. After ‘separa-

tion, Stage 3 will maintain its attitude in space, but it needs to be attitude controlled
by stage before spin-up. '

. Thor plus Fluorine (12-12) stage provides a low-altitude satellite payload
from seven to nine times as great as the Thor-Vanguard. The second stage, which
is scheduled for flight readiness in 18 months, consists of two spherical tanks and -
the engine is tandem. A modified adaptor cone, which transmits tli.rust loads to
Stage 2 from the Thor, extends forward from Station 150 to engage the equator of
the rear tank. The two tanks are joined by a short cylinder, from which the nose
shell Projects forward to house the payload compartment. Guidance equipment

weighing 200 1b is carried, in addition to the payloétj of 3240 1b for a 200-stat-mi
orbit. ' '

The performance of the Thor in combination with various solid propellant
stages has also been computed, A list of the combinations is given in Table 1-2.
Sketches of the Thor vehicles are shown in Figure 3-1. '

4
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Combination No. v : 3 4
Stages ist |Thor (175-107)l Thor (175-107) | Thor (175-107)| Thor (175-107)
Empléyeq 2nd |Vanguard I | Fluorine (12-12) Vanguard I |4 Vanguard III'y
G”'Hmw“?‘“ 111, 200 121, 700 107,100 108, 600
- 60~
)
= 40— \g
8 ! A @
g | .
. 20
,_4
0-
I) ( L :‘ }’
{ Y Y
épmbination No| 5 6 7 8
Stages | tst ) Thor (175-107) Thor (175-107) | Thor (1754107) | Thor (175-107)
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Figure 3-1.  Thor Vehicles.
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Combination No. | 9 " 10 . 11
Stages | 10t [Atlas (360-265) | Astas (360-265) Atlas (415-262)
Employed | 24 Vanguard Il (Mod)| WS 117L (Mod) [Fluorine (12-12)
Gross Wedght (Ib) 274,000 274,600 281,700
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Three combinations of Atlas vehicles are described in this section. The
Atlas stages are scheduled for availability by mid-1959, and by that time will
have been tested in sufficient numbers to improve the reliability,

3.1.2  Atlas Vehicles

The first space flight Atlas will have for the final stage the Vanéuard
Stage 2 engine, driving a 9300-1b stage. Because of the large diameter of the
nose cone for this purpose, the final stage is shaped to fit between the Atlas
nose and the re-entry nose cone with a minimum of length. The small Vanguard
engine is placed at the center, surrounded by toroidal tanks for the WFNA-
UDMH propellants. This compact arrangement minimizes the structural.
problems of mounting the long nose on the thin-walled Atlas tanks. The payload

for a 300-naut-mi orbit is 3200 1b in addition to 500 1b of guidance and electronic
gear,

The second final stage considered for use with the Atlas booster is very
ueaﬂy the same as the Vanguard II modification. The only difference is the use
of the slightly larger YLR-91 engine in place of the Vanguard II engine. The
propellant tanks are arranged in toroidal fashion, as before. This latter stage
is designated the WS 117L (modified) stage. B

Also considered is the Atlas (415-262).plus Fluorine (12-12) stage. The

standard Atlas booster thrust has been increased from 150,000 1b per engine to
175,000 1b for this application, . - _ -

Sketches. of the Atlas vehicles are shown in Figure 3-2,
3.1.3 Titan Vehicles

As shown in Figure 3-3, two variations of the Titan are illustrated, the
standard Titan and an .advanced Titan version, Availability of Titans on a
noninterference basis is scheduled for late 1959 with thrust uprated to 400,000 1b.

The standard Titan plus Fluorine final stage is capable of carrying 5900 1b
(plus guidance) in a 300-naut-mi orbit. The Fluorine final stage as illustrated
is the same stage as used on Thor. The alternate shorter arrangement as on

the Atlas could be used if desired. '(See Section 2.0 for description of the final
stages. ) ' '
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Figure 3-3, Titan Vehicles.
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The advanced Titan consists of the standard Titan booster with.a :
fluorine-hydrazine second stage weighing 50,000 1b and a thrust of 135,0001b and -
a ﬂuorine-hydrazine third stage weighing 12,000 1b, the same unit as developed
for the Thor. The advanced Titan could be scheduled for operation after a three~
year development period for the second stage propulsion syltém. The payload of
this combination is about 9800 1b (plus 200-1b guidance) in.a low-altitude orbit.

3.1.4 Boosted Thor and Titan Vehicles
M

The next step in space flight involves the addition of boost stages to the
existing or improved Thor and Titan missiles, The prima.iy use for the boosted
configurations lies in the high velocity missions, such as high-altitude satellite
appl:lcat.‘éna. lunar shots, or interplanetary missions. Payload capabilities for
these applications are sufficient for manned trips to the moon, . For example, in
the case of the 20,000-naut-mi satellite mission, the payload capability of the
10C Titan with the Fluorine final stage is increased from 1000 1b to about 6500 1b
through addition of a 2~million~lb thrust booster stage, as shown in Figure 3-4.

" One combination was studied using.a boosted Thor stage. It consists of
the Booster (1000-640), the Thor (175-107) stage, and the Fluorine (12-12) stage,
One million Ib of thrust is available at sea level to lift a gross weight of
759,000 1b exclusive of payload. : ’

Two combinations using boosted Titan stages were investigated. One
consista of the Booster (2000-1275), with standard Titan first and second
stages, i.e., Titan I (301-170) and Titan II (81-45), The other is the largest
and best perfo’rminé combination studied, consisting of the Booster (2000-1279),
the Titan I (400-170), the Fluorine (135-100) and the Fluorine (12-30) stages. .
These combinations weigh 1-,480,000.113 and 1,575,000 1b, respectively, exclusive
of payload. Two million 1b of sea-level thrust is available at launch.
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-Combination No. 14 15 16
lat Booster Booster Booster.
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Figure 3-4. Boosted Vehicles. -
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4.0 . PERFORMANCE CALCULATION METHOf)S .
4.1 Methods and Assumptions

In pra.ctica.lly all cases, machine computations were available to determ ine
payload capabilities for the various vehicle combinations studied. In the few
remaihing cases, preliminary design methods were used. ,

Trajectory results in reference 5 were of great help in carrying out the
computations. The report contains accurate and detailed calculations of the
ICBM and IRBM missile trajectories for a wide range of payloads and burnout
angles. Many of the performance results of the vehicles reported herein were
obtained simply by adding final power stages to the standard boosters.

An appreciable amount of work has been done to optimize some of the new
ltages usedin various vehicle combinations. Efforts were made to size the stages
for general utility, and to select thrust- ~to-weight ratios that would yield near
maximum payloads. A fairly detailed preliminary design was carried out on the
Fluorine final power stage, for example, as shown in reference 4.

4.1.1 Thor, Atlas, and Titan Performance Computations

Reference 5 presents burnout conditions (i'elocity. altitude and angle) for
the Thor, Atlas, and Titan miseiles for a wide range of payloads and kick angleo.
The trajectories are carried out for the rotating earth case, and take full account
of drag and gravity losses.

The combinations using the above stages as boosters utilized the data in
reference 5 at the appropriate payloa.d weight. ‘A burnout angle of 80 deg was
assumed in all cases.

Final stage(s) performance was computed by ignoring drag and gravitylosses,
which are negligible for near horizontal flight at high altitudes. 'I‘he velocity incre~
ment was computed from the expression for ideal velocity.

" 4.1,2 Boosted Vehicle Performance

‘Trajectories for several combinations mvolving the large booster stages
were computed Since no previous computations had been performed on these
booeters, complete machine solutions were carried out in order to properly
account for drag and gravity losses in the sensible atmosphere. Again final
stage(s) performance was computed from the ideal velocity expression .since
the final stage(s) were fired at high altitudes in near horizontal flight,

 This & i oifecting the nutional defanse of the the United States within the meening of the Espienape Lews, Title
18, V.S.C., hdmm.um.hnm-mlu.mhldwﬂ ich in. any manner 1o on wnaviherized persen is prohibited by tew.




T~ i AR .
TR~-59-0000-27881
Page 124

4.2 Mission Trajectories

4.2.1 Satellite Missions

The optimum manner in which to place a payload in orbit is to burn all
stages consecutively, and then let the payload drift up to apogee altitude. Since
the orbit will be elightly elliptic, another short burning period is required at
apogee to alter the orbit from elliptical fo circular.

An alternate scheme (and isimpler: from an operational standpoint) is to
burnall but the final stage consecutively.. The final power stage then coasts along
with the payload to apogee altitude. Final stage burning is initiateq so that
burnout occurs precisely at the desired apogee altitude, and at circular velocity.

Actually, if gravity losses are ignored, either of the above schemes will give
near maximum velocities,

As mentioned previously, gravity effects were ignored during final
stage burning for the cases reported herein. The equivalent velocities required
to achieve orbital paths at various altitudes are listed in a following section,

4.2.2 Lunar Missions

For hard impact on the moon, the vehicle must be accelerated to escape

- velocity during initial burning as it leaves the earth {theoretical escape velocity
from the surface of the earth is 36,800 ft/ sec). The vehicle will then follow a
near parabolic escape path until the null point is reached (that point between the
earth and moon where the respective gravitational forces are equal). The moon's
gravitational pull then causes the vehicle to impaci on the moon with about

8000 ft/sec, assuming a null velocity of zero. No retrorocket or navigational
corrections are assumed necessary. The vehicle must be steered properly
during initial burning periods to ensure reasonable cep's on the moon,

For a soft landing on the moon, the vehicle must be decelerated by the
application of retrorocket thrﬁst. The velocity increment imparted by the
retrorocket must be equal to or greater than 7900 ft/sec (which occurs when
the null velocity is zero). Specific impulse values range from 250 to 300 sec
for solid propellant and from 250 to 400 sec for liquid propellants. Structural
factors from 0.06 to 0.10 rﬁay be a.t.i:ained.
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R is noted in Figure 4-1, which summarizes the lunar landing case, that
the weight of retrorocket is equal to or greater than the payload for the soft
landing case. For specific impulse of 300 sec and AV = 9000 ft/sec, P = 3;
hence, the retrorocket weight will be 2 times that of the pﬁylo&d. For this

reason, the soft landing mission is a difficult one for a vehicle of limited
'payload.

In establiahi‘ng a lunar satellite, the Alunar vehicle is aimed at a point
ahead of the moon's position at time of arrival, as shown in Figure 4-1, and a

retrorocket is fired to retard the velocity to values required for circular or
elliptical orbits.

The requirements for the retrorocket are less severe for this case
than for the soft landing. " Velocity increments of a few thousand feet per
second normally will be required.‘ Figure 4~1 shows the AV requirements
to produce a moon satellite, with various approach yelocitie s V,.

For example, to establish a satellite orbit at h = 2R, = 2000 miles
above the surface of moon, with anapproach velocity of 6000 ft/sec, a retro-~
rocket weight of about 0.47 of the final payload W; is required. An additional
requirement is attitude control with respect to the moon to ensure that the
retrorocket thrust is applied in the proper direction.

~ In the case of the circumlunar flight with return to earth, the vehicle
is aimed to effect a "near miss® ahead of the lunar position so that the trajec-
tory will be sharply turned by moon's gravitational field, causing it to return
to the vicinity of ea.rth, as shown in Figure 4-1, This mission offers gr'ea.t‘
attraction for exploritory flights, including picture gathering, magnetic field
measurements, and other scientific data of conditions in moon's vicinity,

The velocity requirementa for the circumlunar mission are approxi-
mately the same as/for other missions. Because of the need to clear the
moon at a correct altitude to receive a prescribed turning effect, the timing
error is quite important. Hence, it is desirable to have a slight excess
velocity at the null point, in order to minimize the time errors, . During the
transit, it may be desirable to check the velodty slightly by retrorocket.

For this reason, attitude control wou].d also be desirable, to cause the vehicle
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to have a proper aspect to the moon at all times. After the turn, the accuracy

- problem of returning to earth is rather severe, and some adjustment of velocity
may be desirable to improve the recovery. Terminal guidatice on earth would
be very beneficial to increase the chances of recovery. The problem of re-entry
into the earth's atmosphere with aerodynamic deceleration offers an additional '
‘'requirement, to provide sufficient heat shielding to withstand the hightemperatures.

4.2.3 Interplanetary Missions

- The interplanetary missions considered herein are those involving a
reconnoiter of Venus or Mars, with return to the earth. These two planets lie
close to the earth, and thul are of immediate interest to the space flight
experimental program.

The mission may be stated as follows. A chemically propelled missile
is required to leave earth, travel to Mars or Venus and return to earth. It is
assumed that guidance equipment of infinite accuracy is available, so that no
mid-flight corrective acceleration’ will be required. Aerodynamic braking
may be used in the atmosphérel of both earth.and the ta.rget planet,

It can be shown that the minimum energy transfer mvolves a uemiellipse,
the ellipse being tangent to the earthis orbital path at one apogee. ‘and tangent to

the orbital path of the target planet at the other apogee. This is commonly known
as a Hohmann transfer. '

Some remarks should be made concerning the attainment of transfer
speeds. As mentioned above, the vehicle would leave the earth along an escape
hyperbola and enter the transfer ellipae. Escape speed from the earth is about
36,800 ft/sec. A drag-free vehicle accelerated to this speed at the surface of
the earth would be able to recede to iqfin:lty. but would arrive there with zero

" speed. This follows from the definition of the escape velocity, which involves
a statement of the conservation of energy:
1 2

S S
2 ™% T 2 m?o MeEy o

where the subscript o refers to conditions on the surfiice of the planet and o
. refers to conditions at an infinite distance away from the planet. By setting

Yoo equal to zero, the escape velocity is found to be v /tJZg E, -
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Actually the vehicle must be accelerated beyond the escape speed in order
to have the residual velocity required to fly the interplanetary transfer. This
" additional velocity increment can either be added during the initial burning period,
or at some time later, after escape from the earth has been .achleved. A si_gn.i.ﬂ-
cant advantage is gained by adding the incremental velocity during the initial
burning period, as can be seen from the energy equation.above. For example,
to enter upon.a voyage to Venus would require a characteristic escape velocity
of 36,800 ft/sec, plus an incremental velocity of 8,200 ft/sec to enter upon a
Hohmann transfer to Venus (a total of 45,000 ft/sec). Now, if the total velocity
t is added during the initial burning period the energy equation gives

% m(B,.?.OO)Z = -;- m(vo)z ~mg, T,
1

3 m(v )? - 3 m(36,800)3

v, = 31,700 ft/sec

Hence, ‘amali velocity increments added during initial burnihg periods produce
large residual velocities at infinity. This technique has been used in computing
the required equivalent velocities for flights to Venus and Mars,

4.3 Egquivalent Velocity Requirements

. Several possible space flight missions were singled out for special '
attention. Typical of the missions thus considered are:

Ballistic Missile = 10,000-naut-mi range
Satellite in Circular Orbit

300-naut-mi altitude
1,000-naut-mi altitude
20,000+naut-mi altitude

Hard Lunar Impact

Soft Lunar Landing

Soft Lunar Landing and Return to Earth
Landing on Mars or Venus

Landing on Mars with Reduced Transit Time.
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"The flight trajectories assumed for each of these missions will be described in
- the following section. ’ ‘

- During the climb up through the atmosphere, appreciable amounts of the
rocket thrust of the combination are used in overcaming aerodynamic. drag and
the cognpoixe:it of the gravitational attraction which .acts parallel to the thr'ust_
vector of the rocket engine in the vehicle, However. it will be found that by
the time the vehicle has reached an altitude of 200 miles it is well above the
sensible atmosphere and moving a:hnost'horizonta.ny. Consequently, the need
. for additional allowances for aerodynamic drag and gravitational loss is

eliminated; the fundamental rocket equation
) | | ,Wo
AV = g, In w;

can be used in computing any additional velocity increases which may be needed -
during the early part of the mission. In order to take advantage of this analytical.
limpligicaﬁon, the numerical value used for the apéed ,requ:lremexit, in this study
was selected to be that required'by a vehicle starting at a point 200 naut mi above
the surface of the earth, '

.Tl'xe performance. of the various combinations in approaching the starting
‘ pd:lnt (at 200-naut-mi altitugle) was éomputed on a digital computer. In.all cases

(except ballistic missile missions) an eastward launch from Cape Canaveral was
assumed. Beyond the "starting point® the fundamental rocket equation was used.

4.3.1 Ballistic Missile (10,000-Naut-Mi Range)

For this case the assumption of an ea;twu-d launch from Cape Canaveral,
as used in the other cases, was deemed unduly restricted, and hence uhwarranied} '
a nonrotatix,:'g earth was a.uu:ijied. Under these conditions, the initial speed
required (at 200-naut-mi altitude) for a 10,000-naut-mi range is 25,800 ft/sec,
‘a.uti»mAing a in_inimum' energy trajectory is used, ' o

The curve of initial speed available versus range is quite flat, Essentially

the same initial speed will yield a 10,800-naut~mi ranges i.e., halfway around
the world. - ' : ’
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4, 3 2 Satellite Orbits

‘The orbital speed of & terrestrial satellite moving in a circular orbit -

~ at an altitude of 200 naut mi is 25,214 ft/sec (measured in a nonrotating
coordinate system). In transferring to a circular satellite orbit at any other |
altitude, a Hohmann ellipse should be followed if the total equivalent speed
required is to be minimized. Numerical values are given in Table 4-1.

4.3.3 Lunar Impact

With perfect guidance and starting from the assumed altitude of 200 naut mi,
a total speed‘ of only about 35,000 ft/sec is required for ballistic impact on the
 lunar surface. However, in order to ease the guidance requirements, an addi-
tional allowance of roughly 1000 ft/sec was included, making a total requirement
of 36,000 ft/sec. This value was used in computing payload capability.

4.3.4 Soft Landing on Moon

The velocity of escape from the moon is about 7800 1t/ sec.. If a vehicle
approaches the moon with an initial speed of 2000 ft/sec, the speed of impa.ct ,
will be increased to about 8000 ft/sec. In order to obtain.a soft landing this
approach speed ‘must be checked by rocket deceleration. The total equivalent
wvelocity required for a soft landing is thus the equivalent speed required for
impact plus the 8000 ft/sec required for deceleraﬂon, giving a total of
44,000 ft/sec.

4,3,5 Soft an_a.r Landing and Return to Egrg

To return to earth starting from the lunar surface would require an
initial accelerafi_on equﬂ to the lunar escape velocity, i.e., 8000 ft/sec. If,
as in the soft lunar landing case, an additional allowance of 1000 ft/sec is
allowed for possible mid-course guidance and gravitational losses when
accelerating away from the lunar surface, the total budget will be 44,000 plus
9000 = 53,000 £t/sec.

I unchecked, the returning termina.l vehicle would approa.ch and strike
earth's surface with prohibitive speed. However,. with proper vehicle design
and flight trajectory, the atmosphere can be used as a brake. The aerodynamic

m’w
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forces which act on the terminal vehicle during its rapid flight through the .'
‘ atmosphere can be used to decelerate the vehicle and make possible a non-
destructive landing on the earth's surface,

4.3.6 Landing on Mars or. Venus w:lth Reduced Transit Time (Aero xp_a_x_r_xi

Deceleration)

If properly directed and timed, an initial vehicle speed of about
38,000 ft/sec at the reference 200-naut-mi altitude will result in an interorbital
tranafer ellipse (no longer a Hohmann ellipse) to Mars or Venus having an
elapsed travel time of less than 4 months. The methods used to compute the
properties of the ellipse were developed in reference 6.
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5.0 VEHICLE PERFORMANCE

The following p_agei contain curves of gross payload versus equivalent
velocity for the stage combinations studied in this ’rep'pr.t. ‘Drag and gravity
losses incurred in reaching a 200-naut-mi altitude circular orbit have been
included in the performance curves. The orbitalvelocity for this case is
25,300 ft/sec so that all equivalent velocities shown on the curves fully reflect
these losses. The equivalent velocity requirements for sbme typical space
flights are indicated on the performance sheets for reference purposes.
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Stage No. 1 2
Stage Designation  Thor (175-107) Vanguard II
Stage Weight (1b) 106,600 4232
Propellants Lox-RP WFNA UDMH
Thiust (1b) 175, 000 7700
I,p (Ib-sec/1b) 290 278
100,000 r—7 O I ) N S I U B O S Mission Requirements
: I I N U AR MM AU JOU OO I I U IO S
X X =. e == = - 10, 000-Naut-Mi Missile Range
=j=cp i 1 A N A 300-Naut-Mi Satellite
- -1 - 1000-Naut-Mi Satellite
‘ - g Lunar Impact
“F1-=t-|-t-j-1 Landing on Mars or Venus
Iy o e R Mars Landing (4 Months)
[‘ ™1 11T 20, OOO-Naut»-Mi Satellite
g '-- Soft Landing on Moon
' Soft Landing on Moon
and Return to Earth=——~
10,000 —
1,000
100
20 d 1 ,
25 30 35 40 45 50 55 60
: Equivalent Velocity Available (thousands of ft/sec)
Figure 5-1. Gross Payload Versus Equivalent Velocity,
Combination Number 1.
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Stage No. 1 2
Stage Designation Thor (175-107) Fluorine (12-12)
Stage Weight (1b) 106, 600 12,00
Propellants lox-RP ‘ Fluorine -Hydraxine
Thrult (1b) 175, 000 12, 000
-p (lb-ucllb) 290 . 364

Mission Requirementas
100,000

o o] o o cfpn o o afes ol dun ofe wfn oo wie e o oo o 10 OOO'Nl\lt-m m.5ﬂe R.n&e
L R Yy '~'-‘-j300-Naut-M1 Satellite
E 1= =3 1000-Naut-Mi Satellite
Lunar Impact
4+t T + T 1 ] Landing on Mars or Vem.u
s -b-—£ Mars Landing (4 Months)

iy

D Ipe g Dyye hgn iy 5 e s o o ok

“TTTT 20, Ooo-Nautr-Mi Satellite
Soit Landing on Moon
Soft Landing on Moon :
, and Return to Earth R —

) B d- Ll -n—l
10,000 -

1,000

Gross Payload (1b)

100 H\

\
20
25 30 3 40 . 45 50 55 - 60
Equlvalexit Velocity Available (thousands of ft/sec)
Figure 5-2. Gross Payload Versus Equivalent Velocity,
Combination Number 2.
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‘Stage No. 1 : 2
Stage Designation  Thor (175-107)  Vanguard III
Stage Weight (Ib) 106, 600 - 435
Propellants Lox-RP ~ . Solid
Thrust (1b) 175,000 2350
Isp (Ib-sec/1b) 290 240
100,000 —1=1 Y —T— — Mission Requirements »
1 i 1T 111
Py S =Y o P e ey s Sy =l=2=1=4-E32 10, 000-Naut-Mi Missile Range
=== == == 300-Naut-Mi Satellite
Fo=t—=3= = ==, 1000-Naut-Mi Satellite
St A A e iy Lunar Impact
1-t-F1-4-1-{ Landing on Mars or Venus
¥+9-3-9-1-1 Mars Landing (4 Months)
!1 -1 20, 000-Naut-Mi Satellite
T’ Soft Landing on Moon
. Soft Landing on Moon,
L ’ and Return to Earth===-4~
10,000 +— o o
1,000
100
20 XX

25 30 35 40 45 50 55 60
' Equivalent Velocity Available (thousands of ft/sec)

Figure 5-3. Gross Payload Versus Equivalent Velocxty,
: Combination Number 3. -
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Stage No. 1 2
Stage Desighation  Thar (175-107) 4 Vanguard Ill's
Stage Weight (1b) 106, 600 , 1800
Propellants Lox-RP Solid
Thrust (1b) 175,000 9400
Igp (lb-sec/1b) 290 240
100,000 I I3 | NN B M W S | B - | Mi!lion Requirementa
v ] 1 11 1]
=t ; = . 10, 000-Naut-Mi Missile Range
, 300-Naut-Mi Satellite
A . 1000-Naut-Mi Satellite
. Lunar Impact
—t gt 4 L e Landing on Mars or Venus
g vy g o Mars Landing {4 Months)
4+ + T F7 20, 000-Naut-Mi satelite
Soft Landing on Moon
Soft Landing on Moon
and Return to Earth -0
10,000 ]
1,000
]
\
100 >
\
X
\
20
25 30 as 40 45 50 55 60

Equivalent Velocity Available (thousands of ft/ sec)

Figure 5-4. Gross Payload Versus Equivalent Velocity,
Combination Number 4.
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Stage No. o d 2
Stage Designation  Thor (175-107) - Sergeant
Stage Weight (1b) 106, 600 8185
Propellants Lox-RP Solid
Thrust (1b) 175, 000 50, 000
Igp (1b-sec/1b) 290 - 191
100,000 I T T I T T T T Mi..ionnéq“irements
10, 000-Naut-Mi Missile Range
= 300-Naut-Mi Satellite
: » 1000-Naut-Mi Satellite
- Lunar Impact .
' T 1t + + 4 4 { Landing on Mars or Venus
ﬂp -+ T ++ + {Mars Landing (4 Months)
F. + 1+ +-+ 420, 000-Naut-Mi Satellite
Soft Landing on Moon
Soft Landing on Moon,
and Return to Earth — — —
—) ]
10,000
1,000
100
. 20
25 30 1 40 45 50 55 60

Equivaleat Velocity Available (thousands of £t/ sec)

Figure 5-5. Gross Payload Versus Equivalent Velocity,
Combinatiqn Number 5. o
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Stage No. L1 2 3 -
Stage Designation  Thor (175-107)  Vanguard II Vanguard 1iI
Stage Weight (1b) 106, 600 4232 435 :
Propellants Lox-RP WFNA UDMH  Solid
Thrust (1b) 175, 000 7700 2350
1 P {1b-sec/1b) 290 278 - 240
100,000 , S s e A Ea S SRR Ho e —r Mission Requirements
N U N N AU SN S N RO NS O IR O
' =py=ppemposgoptoptolodob 2o 410, 000-Naut-Mi Missile Range
e e T e = = == 300-Naut-Mi Satellite
S=oLs o s 2 === 1000-Naut-Mi Satellite
mim . apsian LLunar Impact
' *-“-"--"- F -~ 1 Landing on Mars or Venus
B 3 =+=+-F=4-4 Mars Landing (¢ Months)
F--- 1=1~120, 000-Naut-Mi Satellite
‘Y’? Soft Landing on Moon
Soft Landing on Moon
| and Return to Earth----~«
: : whe ol of b
10,000 : . -
&
:
-y
§"
s 1,000
o
6 ' -~
§
N
100
20L : : .
25 30 35 40 45 50 55 . 60

Equivalent Velocity Available (thousands of ft/ sec)

Figure 5-6, Gross Payload Versus Equivalent Velocity,
Combination Number 6.
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Stage No. 1 | , 2 3
Stage Designaiion  Thor (175-107) 4 Vanguard Il's Vanguard III
Stage Welght (1b) 106, 600 . 1800 435
Propellants Lox~-RP © Solid Solid
Thrust (1b) 175, 000 9400 - 2350
I.p (1b-sec/1b) 290 240 240
100,000 '.4 —— : Mission Requirements .

Ao e e e g = e YT 10, 000-Naut-Mi Missile Range
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Mission Requirements
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Stage No. 2
Stage Delignation Atlas (360-265) WS 117L (Mod)
Stage Weight (1b) 265, 000 6000
Propellants Lox-RP RFNA-RP
Thruot {1b) 360, 000 15,000
(lb-oec/lb) 290 270
100,000 : . Mission Requirements
S+ttt 3+ F F =+ +3=110, 000-Naut-Mi Missile Range
Y T FFEFFFF T T T BFF3F 74300-Naut-Mi Satellite .
: 1000-Naut-Mi Satellite
o Lunar Impact
T T+ + + + 1+ {Landing on Mars or Venus
3+ f{Mars Landing (4 Months)
T T T 1T 1120, 000-Naut-Mi Satellite
Soft Landing on Moon
Soft Landing on Moon
and Return to Earth —-——
10,000 : 1=
N
. \\\
1,000 D,
~T-
N,
N\
100 X
X
\
20
25 30 . 35 40 45 50 55 60

Equivalent Velocity Available (thousands of ft/sec)

Figure 5-9. Gross Payload Versus Equwalent Velocity,
Combination Number 9,
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Stage No. ' .
Stage Designation  Atlas (360-265) Vanguard 1I (Mod)
Stage Weight (1b) 265, 000 6300
Propsllants .. Lox-RP - WFNA UDMH
Thrust (1b) 360, 000 7700 -
I'p (1b-sec/1b) 290 278
100,000 TTT—TT - Mission Requirementl, .
a1 1 1 1 1 1
) = Sk et tadad ok 10, 000-Naut-Mi Missile Range
- : o 300-Naut-Mi Satellite
t mtafafda =t 1000-Naut-Mi Satellite
; n - Lunar Impact v
o el 4 L =9 o o mdin‘ on M&!‘l or enus
Y- 4=%-F +|Mars Landing (4 Months) .
T11T 1120, 000-Naut-Mi Satellite
Soft Landing on Moon
| '-180& Landing on Moon
and Return to Elrth——---)n
10,000
N
N
N
1,000 ' Pk

20 :
25 30 35 40 45 50 55 60
Equivalent Velocity Available (thousands of ft/sec)

Figure 5-10. Gross Payload Versus Equivalent Veloc1ty,
Combination Number 10,
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Gross Payload (1b)

100,00

Stage No. i 2

Stage Designation  Atlas (415-262)  Fluorine (12-12)
Stage Weight 262, 000 12,000

Propellant Lox-RP 'Fluorine-Hydrazine
Thrust (1b) 415, 000 12,000 _
l.p (1b-gec/1b) 290 364

Mission Requirements

1
L e o -ﬂb a—— > ol ot slhe - e p -li-- e el lo. ooo"N‘ut-Mi Mi"ue mgﬁ

300-Naut-Mi Satellite
1000-Naut-Mi Satellite

Lunar Impact

44 4 4 4 1 JLanding on Mars or Venus

~+ <+ + + + {Mars Landing (4 Months)
20, 000-Naut-Mi Satellite

10,000

Soft Landing on Moon

Soft Landing on Moon
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1,000
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Figure 5-11, Gross Payload Versus Equivalent Velocity,
Combination 11,
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Stage No. . 1 2 ‘ 3
Stage Designation Titan 1 (301-170) Titan 11 (81-45) . Fluorine (12-12)
Stage Weight (1b) 170,000 44, 500. " 12,000
Propellants Lox-RP Lox-RP Fluorine Hydrazine
Thrust (1b) 301, 000 80, 800 12,000
Igp (1b-sec/1b) 290 310 364
100,000 (— Mission Requirements
N ! e ofdn wis olie oo sie o win ele e che e e e ofn ofn S ol o lo, OOO'Naut-Mi Mi!sile Ruge
£+t 444 4+ 4+ 4 300-Naut-Mi Satellite
= 1000-Naut-Mi Satellite
Lunar Impact
4- 4 4= 4 4 4 4-4 Landing on Mars or Venus
r o+ =<4 Mars (4 Months)
F; + X L1 1420, 000-Naut-Mi satellite
Soft Landing on Moon
V“ Soft Landing on Moon
and Return to Ea.rth---w:
10,000 ‘ E
e <
™
N
N
N
1,000
\,
100
: §
A
\
20 . ' \ '
25 30 35 40 _ 45 50 55 60
Equivalent Velocity Available (thousands of ft/sec)
Figure 5-12, Gross Payload Versus Equivalent Velocity,
Combination Number 12.
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Stage No. t ) F 3 4
Stage Designation ° Booster (2000-1275) Titan 1 (400-170) Fluorine (135-100) Fluorine (12-30)
Stage Weight 1,275,000 170, 000 _ 100, 000 30, 000
Propellants Lox-RP Lox-RP Fluorine-Hydrasine  Fluorine-Hydrasine
Thrust (1b) 2, 000, 000 400, 000 135, 000 12, 000
!.p (1b-sec/1b} 290 290 364 : 364
100,000, ‘ Mission Requirements.
= = 3= 1 = = = =3 10, 000-Naut-Mi Miasile Range
oo =fF=foi= ok 300-Naut-Mi Satellite
- 1000-Naut-Mi Satellite
h:tJ Lunar Impact
N b =l-+4~1 -Llndiuonm(rl or Von;u
=T T-1° I ~|~1 Mars Landing (4 Months
'“\ ~ T 1" ::&tmNtnbw ?:hl.luo
] Landing on Moon
NN Soft Landing on Moon
S and Return to Earth ==«
10,000} -
. N
: N
N
1,000 -
N
100
20l
25 - 30 35 . 40 45 50 55 60 [13 70

Equivalent Velocity Available (thousands of £t/ sec)

Figure 5-14. Gross Payload Versus Eqmvalent Veloc1ty,
Combination Number 14.
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Stage No. _ 1 2 3
Stage Designation  Booster (2000-1275)  Titan I (300-170)  Titan Il ( 81-45)
Stage Welght (1b) 1, 275, 000 170, 000 44,500
Propellants ‘Lox-RP Lox-RP Lox-RP
Thrust (1b) 2, 000, 000 304,000 80, 800
Igp (1b-sec/1b) 290 290 310
100,000 —- ' . Mission Requirements

= 10, 000-Naut-Mi Missile Range
— 300-Naut-Mi Satellite
1000-Naut-Mi Satellite -
= Lunar Impact
: Landing on Mars or Venus
g e e g Mars Landing (4 Months)
N[ ] 1F.-- T T T 1 120, 000-Naut-Mi Satellite
: Soft Landing on Moon

Soft Lmdlng on Moon
v \\\ and Return to Earth ——
10,000 Tt + =

\\\
[ \\
1,000 \
1
100
20
25 _ 30 35 40 45 50 55 : 60

Equivalent Velocity Available (thousands of ft/ sec)

Figure 5-15. Gross Payload Versus Equivalent. Velocity,
Combination Number 15.
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Stage No, 1 ‘ 2 3
Stage Designation Booster (1000-640) Thor (175-107) © Fluorine (12-12)
Stage Weight (1b) 640, 000 106, 600 12, 000
Propellants Lox-RP Lox-RP 'Fluorine'-Hydrazine
Thrust (1b) 1, 000, 000 175, 000 12, 000
Igp (Ib-sec/1b) 290 : 290 364
' ' | Mission Requirements
100,000 — -
' T T T X r o X X 10, 000-Naut-Mi Missile Range
+ : 300-Naut-Mi Satellite
’ 1000-Naut-Mi Satellite
Lunar Impact
- 4+ 4+ 4+ + 4+ {4 Landing on Mars or Venus
4+ =+ + + 4 Mars Landing (4 Months)
- + 4+ + -+ 4 20, 000-Naut-Mi Satellite
I - Soft Landing on Moon
™ Soft Landing on Moon
\\ and Return to Earth — — —
N 4 + 4
10,000 3~
.y
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N
N
1,000
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N
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\
\
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25 30 35 40 45 50 55 60

Equivalent Velocity Available (thousands of ft/sec)

Figure 5-16. Gross Payload Versus Equwa.lent Velocity,
Combination Number 16.
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