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HISTORICAL BRIEFING .
USAP RGD ORGANIZATION, 1960-1962  \:-

'rhouah its Dallistic missile program bad been eninently Y

successful, the Afr Force through the 1950's ;:ouctnued to wrestle

$

with the vital problem of. pronptly oxploi.l:ing scientific and . C T N

technological advances ao a8 to create superior wupom lyltm

4s rapidly as possible. To speed up the procen, new doctrines of -

. weapon acquisition bad been adopted in the '50s. One of the wore

far-ruching of these vas known as "concurrcncy " & concept that

. provided for developing all aspects of a wupon systen simultane-

ously, lncludinj research and development, procii"rmnt. testing, .

Production, logistics and cuini.ng Systems, and ground equipment '

and tnstalhcion-. | '
Alr ?orce organization had not kept pm with :hnp new

acquisition cechntquu. however. The ruul: vas :lm: as t:lne

- passed the adhercnee to the concurrency doctrine led to a blurring

of the boundaries between ARDc's responsibilities for relearch and

developmn: and’ Am'a for procurenent and production.

In May 1959, t:herotorc. General Curtis E, LeMay, tho Atr

:' . Force Vice Chief of Staff, formed a wupon Systems Scudy Group to
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Teview acquisition policies and procedures and deétermine an Afr
Force ctruct:urc best -Qtted ﬁo -.npidiy obtafaing complex missile
and space igo weapon systems in the current environment, Included
in the study group were several high-ranking Weri:_lud' members
of the Airx Staff, in#ludim General s, R, Anderson (clui.m-'n). AMC .
Couaﬁdnr. General Schriever, ARDC Commander, and Gcncul’\‘@(-rk E.

‘Bradley, usar DCS/Matertel, '

The eventual result of the group’s studies and deliberations

.wu. the presentation of thres proposals to the Alr Force Chief and

' ineuc. testing, and pProduction of major 'wupo':i -_iysc-s. A thixrd plan, ;’f S

Proposed by Cmul Bradley, called for no oréniut_iml changes
but for inproﬁnc ch_ acquisition syscems through ¢lnq'gu in policy
and procedures, S ' . S
Generni White rejected the Anderson and Schitcvex: i:ropouh ' -_h'
in favor of .the Bradley plan, wodified to tnclude other p;:oatblo .
steps Zshort of najox rcorgantution.“ The study group :hgrcupon
8et to work dmfcloping concrete proposals. aloﬁ the lines nugju:od
by General White, The group's final Teport was submitted to General

- LeMay om 26 August, and by 1 Sgpt:enbor Aflr Porce headquarters was ,

in the process of t-pimneing several of the study group's recome

mendations for ch‘anggl in_poucy and procedure,
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Meanwhile, General Schriever was becoming 1nc_rmingly concimd

~over the Air Force.space Program. Soviet progress in Producing space

Program in 1954e-in di.j:c need of a maximum, concentrated, and

Goordinated effort to enable the U. 8. to match and mo;"d\\t_h.
cepabilities of the Russians, ° - .

. In the fall of 1960, the R&D effore for Alr Force space projcctc I L

. was the responsibility of ARDC's Afr Porce hlliscic Missile Division'
© (AFEMD) in Log Angeles, AFRMD's moge urgent mission in 1960. however, | .

L force. In the fall of 1960 this program was approaching quantity

pi'oducctou and deployment 8tatus, and ney responsidbilities for site
ac:ivation. insunacion, and chcékou: were being assigned te the

4" . 5"-.‘

complex. Added to this sharp rise in ballfeeic missile uttﬁty vas - -

‘an expansion of "tlgh“iﬂé‘riis’ih’gfy'&lnpoi‘tmc Space program,

a chbrtage of working space, The overall Tesule, schrtevei said, __."*f
was that the AFEMD/BMC complex was losing its earlier cohesiveness
and iinglenus of purpose, an:'l vas becoming so large and cunbenm



Oon 23 Sep:enber 1960 General Schrtevcr comnunicated thh concém.
parcicuhrly his concern for the space progran, co General White, )
Stating that the M.r Porcc was. the wmajor concribucor to the mtton'.l
cpuc effort, he po:l.nt:cd out that’ the service nonecheleu had no
wen-dcfimd Space program, and no nationally recoxnizcd opou:tng
agency ortented toward l:hc axplottacion of space technology (pa:tly. ' .
Schricver knew, because the Secretary of Defense had no: yat uatgnod -
the space ni.uién' to a specific sexrvice), Theu doﬁctenchc Gencrcl
Schriever ducribed as conpriaing one of :hc most prouing problems
£¢cing the Air Forco, nnd one that had to be solved soon, |
' As a partial ooluci.on. Schrinver rccmnded the movement of . s

the 'bauilcic missile opcrction to Norton AFB. The uta lcctvuion g

. activities should be nwed imducely. he- said, and the Gurreat

bulnccic missile Programs should be moved on & phased basis as they

proceeded into advanccd developument. stages (and were thus’ freed from L -

the need for chc cloae technological support avaihblc only in Los

' Angeles), The mglcwooa complex would then become tdcntiﬂcd wm.,

and the focal poi.nt: £or, tho Alr Porca space program,

When General Hhite repuad on 10 Octobcr 1960 he substantially
agreed with General Schriever® 8 position., Ha approvad’ tho immediate
move to Nortom of tho site activation accivtty, and the move of the '
Aclu. than. and Minuteman ofﬁcu as ch-y progruud into the final

stages of dcvclopnen:. He also approved the concentration of the

space activity in Los Angeles, S

Meanwhile, General Schriever had not reli.nquiahcd h:ll convtct.ton

t:hac the. curnnc weapon systems acquutcion environment demanded a
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. etration, -That- $eRa month Mr"GL1patric told General Whics that the

‘ Alr Porce could have ite long-sought space mission provided the S
\‘3 N .-

major overhauling of the Aix. Force acquisition cylt.oa, Particulariy
4 broadening of ARDG's scope to include Procurement, testing, and
production responsibilities for mjof'lyum. And, though rejected
by Genera}l White, General Schriever's prbpbulu_ had found receptive
itn:enorc elasuhere in the govormangltnduc:tt!n'i Gowplex, ‘Among
those convinced of Schriever’'s correcl:ncu.wu Mr, Rocwq‘l f.. Gile
patri_c’; Chaixrman §£ the Board of the newly-formed Mrélpa:c‘}.:

Corporation,

! _sexvice adopl: a roorgu‘uutio_n pPlan baged .on-'-the Proposal made
. earlier by Schriever, Gmnl.white agreed to do so,

Schriever thereupon fomd 4 task force to draft a rcofgan- _
ﬁacion plan that would be acecpt;able to higher echelons, Chatirman
of the task force, 8pparently at General Whitc'l'.lnggcition, was
Major GCeneral Howell ¥, Estes, Jr,, who was then Assistant DCs/

) Operac;ons in Afir Porce beadquarters, A plan wag 'qutck.ly formulated,

of Engineers' involvement in missile site activation, . The proposed
Yeorganization was then presented to Defense Surct:ujy Bahrc S.
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and on 17 March announced ihg Aflr Force req:;’gcntz’aci:oh, which would
take j»hce on 1 April 1961, ‘Three new Commands would be formed from
ARDC. and A)(:;-Am. AFSC, and the Off{te of Aeroipace i‘escarch. Three
AMC centcu--’hﬁu&ic Miegiles Center, Aeronautical Sycc;na Center, .
. cnd Rl.ec“e:o;;-‘;;-:.::;nterf-wcro taken over by AFSC and combined '-.,", |
with the former Ballistic Missile bivi.oion, Wrighe Air Development :'.
Division, and Command and Conrroi. Development Division. oyt of the -
combined Armm/mc organization in Ios Angeles was created a Space _ |
Systems Division and &111-:1: Systems Division, = Over these two ‘
divisions was Placed a ba Angeleg-locaced Deputy Commander (Arsc)
for Aerospace Systems, Commanded by General Estes, who gained Kis ,
third star from the ustgxinen: s the DCAS organizlcipﬂ vas a :eupou.r)'r. '
expedient designed to provido' on-t:bcdpoc c'loc.hiou and 1!!“?. .
management responsiveness vhile it was supervising the creation of
SSD and BSD out of BMC/AFPRMD, .
Maanwhile, the phased move to Norton- of elements of the ballistic" . '

missile complex wu.proceeding about on ‘schedule, By early 1961, site .
dctivar.ionﬂ activities p-lul most of the Aths-of.tiee lm! moved, o

- Some adjusting took Place after the reorgan_in:ioiot 1 April
196?. and & new. plan Was_ pregented to Alr Porce headquarters on 22 .
May 1961, This Plan proposed a gradua_l. novc.ot' all BSD olements to -
Norton, with key ballistic migsile program .of;ficu remaining in Log
Angeles only unt{l their projects passed &yond their greatest
dependence on the techaical competence évailable only ia the Los
Angeles area, Aécording to this schedule, the Titan I office would
move by fa11 1961, the Tican IT office by December 1962, and the
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Minuteman office by July 1963, A ' t ' - o
Secretary zuckers #pprovdd this plag °n 8 June 1961, bue asked o
that a cp&:hl effort be made to 'advnﬁcc the Titan 11 and Minuteman

. . ' -
. Wovement datca.‘ By late summer 1961, the Atlag and Titan I program

offices, the site activation establishment, and Some BSD gcags support
4gencies were in place ag Norton,

unlikely, Secondly, o new nov&enc Plan published in October 1961
considerably 8tretched out the Zuckarc-approvcd plan, cailing for

Schriever with o Banpower dilemmg as vell, séhx_-imr had c.omittcd

" himselfst, uvtng 4 counsiderable numbey of manpower Spaces through °

the Teorganization of April 1961, These ~er savings had not

Baterialized,

These several difficulcies Prompted General Schriever ty

-
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November 1961 ¢o direct an inspection and survey of the DCAS 6r3an~

ization to evaluate the effectiveness of DCAS' yge of manpover in

carrying out icg wission respon

8ibilities, The teanm ;'u t0 Tecommend

led by Brigadier Genera) William E, Leonhard, a member of the

- . AFSC staff, the inspection team

November and 9 December 1961,
t:& organization from both effy
Foremost was ;hc fact tha
as intended, The pess bimself
over BSD and $SD, bug the DCAS
advisory capacity to the DCAS,

the two divisions. g this cap.
the division staffs, raqixtrtng
Programs being ;na;aaged by them,
:.' : .unxiecen.oary additional comand
the two divisions, g Procedure
cations and 'dehyed the decisio

.

The Leonhard teanm algo £o

carried out itg survéy between 13

It found many serious deficiencies fn .

clency and manpower lundpo'_inn.

t the DCAS element was not functioning .

bad been given directive authority

staff wae Supposed to act only {n an

not as an operaéing element 1ntorpo-£ng 3

acity it was 1o§uing instructions to

reports oflthen, and reviewing specify

The net effect was to insert an

element betwean AFSC headquarters and -

that lengthened angd complicated communi- -

R process for vital Programs,

und that nanpower wag Being wasted

because of duplication of staff support f\mction's. DGA§ through 4 -

N h e —————
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\ unfortunate byt una\mi.dcblc: geographical dispersion of elements

became Costly and extremely ineffictent when’ Program offices were
separated from their division headquart:erg » 48 was the case with. the
¥ Atlas and Titan I Spog, The team also found, h&wevcr, that a spo

6hould not be separated too soon from itg Source of technical t'uppo'r:.
Such as STL or Aerospace ch‘p. A general rule ouciim}d by the team |
was that a SPO needed Particularly to be near ics techﬁcal Support -

; * -during thear1) a:agu";}é a stystem's R&D cyclo; and near ics '
o division headquarters 'durtng the later stages, |

Manpower was also being wuted, the Leonha:_d teanm said » through

The Leonhard tegm made the following key recommendations:
1. That che beas element be elfminated,
2. That 3sp and SSD be alevated €¢.true division scatys,
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3. That the central staff iupport, operation be Tescinded - -

Y.

‘.

except for non-mission housekeeping, administration, and some
compt:rouex" funct:ions. which could be. assigned to an S$SD. bage

Support wing for coilocaced elements of the two divisions,

4. That the DCAS staff 'plus its extensions m-echo support l':
‘wing be Teassigned to the &PpPropriate divisions so g to make the

divisions aut.ononoua in niésion functions, .

5. That the phased move of BSD to Norton be expadited in

programs of necessary technical support,

6. Thac Aerospace/STIL, personnel be collocated as much a5

- possible with thefir A1y Force counterparts,

If the DCAS arrangement were Tatained, however, and major ele-

bents of BSD remained {n los Angeles, the team recommended;

' 1.' That the DCAs organization return to- the ;:pcrattoul
€oncept originally established, wich cne DCAS himself having directive
authority bye 'with'hi.s staff retaining an advicoéy' capacity only, "

3. That the DCAS staff he reducéd.

4. That Special starf functions now {n the divisions be

centralized in the Support wing, »
The Leonhard Xeport apparent ly put an end 0 speculation that
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g _ DCAS would become a pemmént organization, and ¢ 80t the BSD move

to Norton bacf: on the track. Scon after the report’s subnission,

General Estes began to Phase down hig DCAS operation, and by May

Support functions such as infom:ion, conptrol.hr, aud personne],
By June, BSD and 88D were Completely ‘Autononou.

An APSC movement order of 3¢ Apxil 1962 ciiroctod that ﬁsn
complete its move to No:toﬁ between 1 May and 3'0.80pnnber 1962,

By June, BSD was feady to move, and it completed its move botwegn

July and September on schedule, DCAS was dilcongtmod &ccordingly |

oR 10 October 1962,
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BLI.L‘.I.'STIG HISSILEB » SATELLITES
- AND SPACE VEHIOLES
1956 te 1976
' 0CT 3 1955
INTRODU CTION
1. Ha.ny different organisations have made reaaib:l.lity studies

covlr:l:ng various types of utellitu and space vnh:l.claa to be. used for

speoific objectives., Estimates of develeopment time schedules have been
made by individual suthers for their particmlar prejects. Wuile these
studies are important contributions to the overall kuowledge in this
area, their value is directly related to the background of the auther

. and the material available to him. As the situation stands today, we
have a series of more or less isclated studies covering var:l.ou facets
e;.f the entire fisld. No one has made an attempt to collate thé results
of these studies and to integrate these results into a correlated survey

- of all of the advanced systems tbatmyeona:l.nto boingduringtlnnext
| 20-year period, _

2. This paper makes & brief survey of the entire field of future
ballistic misseiles, satellites and space vehicles and points up thn need
for a dotalled suruy The results of the various studdes that have
‘been made have been considered in the light of our present. ball:l.atic
missile and satellite programs. Estimates of the technical developnenta
that may be expected as logical extensions of our pruent ballistic
missile and satel:u.te programs have been made. Hith this :Lnromation in
mind, eatinates of the development time schedulss of all of the advanced
syatem empecteddu.r:l.ngthenext ZOyem have been made. In addition,
comments, conclnsionl 9 and recommendations are made regarding required
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astion in connection with the applied roumh, researsh fagilities, and
ressarch management necessary, if these dovolopnonts are to be timly
| and obtained at minimam ocost.

s a general discussion of the above points is :anludad in the
rollow:l.ng parsgraphs. Detailed in:tomtion and Mplns are. l.ttaohod
1D the following Tabes o .

- Tab L, in condunetion with Fignrn. J,/:::s:éorc br.tot]y the
cumnt ltate-ot-tho-m, the rapid atr:l.du that have been mdo in the
' past, and a d:l.amsion of the porfomn.noe that appom techniodly
' feasible during the next 20~year period.

b. Tab B, in conjunetion with Figure 3, oonsiders the types of .
systems pragreuion ﬂnt may logi.cany dmlop fron our pruent ballistic
nisailo and utellito Programs during the 1956 to 1976 period

c. Tab Gy in oonjnnction w:l.th Figure .h, discusses and estimates
t'uhur. dmlcpunt schedules for t.b,e systems of Tab B, ) }

| d. Tab D covers «xamples or lag in tho demmnt of .applied
~ research i‘acil'l.tioa S : , _ '
| 6. Tab E contains eatiutoa of the applied mearch, meareh |
facilitioi s and do'nlopnnt and test facilities considered nscessary to
support future b&llintic niuile, satelnte, and apaoe vehicle programs,
DIBWSSION ' '

b In Tabs A, B, and G, matt-pthmdetopmeatamm idea
of what might be expected during the next 20~year period. However, it
must he strong]y emphasised that these dovolo;nenta and the uaociatod

VS iy
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schedules are realistic onlj' if adequate design infommation is available,
or applied research to obtain the information is underway prior to

‘the start of the development program. It should be apparent fram our
brief look into the future in Tsbs A, B, and G that a large amount of
applied research is necessary to support these pregrams, Vigorous
action must be taken immediately to insure that a well-thought-out
pregram, properly enphuiaod with funds, personnel, and priority is

- prepared, initiated, and properly monitored; ‘

5. Past Alr Force research and development history indicates that
the research progress in each technical area has lagged woefully far
behind the requirements of the seronsutical design engineer. One
trouble seems to be that a development project or syaten has to be .
'upprovad before the nscessary supporting research san be approved and
started, thus sutematically delaying the project until the information
is availsble. The alternative usually ocours, that is, proceeding with
the project on the basis of available, though inadequate, data and then
delaying later due to extensive modification and retrofit programs. The

- research fagilities necessary to obtain the desjign information havwe not
kept up with requirements for this information. It takes time to obtain
research facilities, and Air Force planners to date have not been
ald.nent;ly succeasful in ﬁening large research programs or research .
facilities unless they could be identified with specific projects,

. Scientists' thinking has, in gengral, kept far ahead of the technical
facilities that have boén provided,

INCLASSH
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6+ In instances where facilities have been started that were not
related to specific projects or systems, there is udual]y 80 much lag
':Ln the development that fhe need is much less urgent by the time the
facility is completed; the di.t'ﬁcdlties having been solved by "trial apd
error® eng:l.moring Some examples of this are contained in Tab D. No
oriticism is intended of the concept of AEDC or the High Tempora'hare
Stmc'lnral Testing Facility at WADC, but only of the delay in getting
these facilities started, Another example closer at hand is our lack
of adequate nose cone des:l.gn information for our current ballistic
missile programs. Data was needed at Mach 23.5, but we are baitling
against time now to obtain a variety of re-entry data at Mach 15,
Shock tubes had to be constructed and g re-entry test vehicle progru
initiated on a crash basis in order to obtain data. In lieu of adequate
data, a oonservative nose cone design must be utiliged until full-
scale flights have oonf:lmd that the design is too conservative,
Perhaps the reason that it is difficult to got applied roaearch projects
and facilities ata.rted is that under the present system, many poople
at many levels of management, have to be comvinged that_auch regearch
is necessary or that the approa.ch is the "right way". It is inevitable
that peraons in this mmgement chain do not have the proper technical |
background to have an appreoiation for the requirement. Thus, a

"W" Anmr}m
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Conaider the various phases through which a project progresses prior to
completion, e.g.: |
8. Detemination of feasibility.
b, ~ Initiation oz;ipro;)ect.
(1) Recheck of initial feasibility study.
(2) Determination of requirements.
(3) Amhbmﬁ of funds.
(b) Selling program to higher suthority,
¢. Acquisition of design information.
d. Design, engineering, construetion, and test.
One is forced to conslude on the basis o_tputexporimothatbandc .
are the really long lead time items. It is beldeved that the time to
initiate a project can be considerably shortened and the asquisition of
design date can be accomplished in a more timely fashion if one ARDG
 agensy was given the mission of looking inte the future and determining
the applied research that is necessary to aupport future ballistie
missile, satellite, and spm vehicle’ programs
7o This review and evaluation of required app]ibd research should
be made eouideang the requirements of a future program in its entirety
rather than by considering individual proposals by themselves. The
. obv:!_.oﬁs first Qtep is to make soms approximations as to the scope of
fn‘hare systems programs. If we accept a program such as presented earlier
a3 within the realm of possibility for the future, then we must also
aceept the fact that a eonsiderable amount of design infomation is

ICLISSIFED
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required and certain types of applied research programs mst be started
Mhtely. There are many areas of weaknesses uhi_ra little or nothing
is underway for support of future programs. Many different industrial,
research, and educational orgenisations have recognised aom§ of the prob-
lems and have made studies and proposals. Many ARDC centers and other |
government agencies have studied various future problems and hav' mado
rdoomendatiom. Many cmittoeu‘ have been established to.invut:l.gato‘
various aspests of high speed and high temperaturs problems and have
made recommendations. |
8. As a.result of reviewing many studies, reports, proposals, and
recommendations, estimates can be made of certain types of research that
mst be acoomplished in the immediate future, and the types of research,
development, and test facilities necessary to support future systems,
This infornation is contained in Tab E. It should be pointed out that
as one looks farther and farther into the future, it becomes more and
more difficult to define the applied research necessary; becasuse we do
not know what all of the problems will be until after initial space |
programs are started. |
-9+ The scope of the offort required to :I.donti.fy systems programs
and supporting research for future ballistic missiles and space vehicles
requires the attention of a special organisation within ARDC., This
responsibility should ocome under ‘the mission of the Space Center
. presently being studied by the Headquarters ARDC, "Ballistic Missiles
and Space Vehicle® Committee. However, it is highly unlikely that a

This document cen! hkv-.u
18, US.C., Mn”:ou




This o contolns infermation effecting the 7 Gof
18, us.C, lodlnm“dm.hhm-luhnumold,ud'

Ballistio Missiles, _Satqllitel_, and Space Vehicles 1956 to 1976

Space Center could be operational in time to be effective for improved
ballistic m:l.u;les and satellites and perhaps not even in time for early
work required in connection with a lunar test instrument carrier. There
are many areas where work must be initiated 1medintely if we are to obtain
timely design information for the future,.

10. It is reoogniud that the Office of Scientific Research has a
mission o.;‘.‘ sponsoring basic and fundamental research in various fields of
interest to the Air Force. Some of this, of gourse, applies to the
ballistic missile and space vehicle fields, tut the activities of the
Office of Scientific Research are ot aimed at the solution of the
rather speciﬁ.c areas of technical difficulties with:l.n a systen that
we have been talking about.

11. The presemt niaa:l.on of WDD is to provide cperational ballistic
missiles at the earliest possible date. In acéonplishing this mission,
WID has been faced with a rather formidable set of technioal problems.
In solving these problems, WDD has been continually confronted with new
and related problems whose solutions are not neecesssry to perform the
imuediate mission, but which do apply to ballistic missiles, satellites,
and space vehicles of the future. Thus, by the very nature of its work,
WDD is uniquely qualified to identify the requirements for fature
research. WDD is now successfully executing its responsibility for
bringing two ICEM systems and 'a.n IRBM system into existense on an
unprecedented time schedule. This is being accomplished by a special
management team of WDD-R-W-BMO. By virtue of this experience, WDD is

of the United Stetes within
hich In any fo en ised porsen is prohiblied by law.
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uniquely qualified to organise, direct, and utiliza the results of this
basic research.
GO)IGIUS].‘DDB

12. It is concluded that we will have improved ballistic missiles,
improved satellites, and various types of ﬁpuq vehicles within the
foresseable future, 1if applied researcy facilities of & suitable nature
are provided with sufficient lead time,

13. ‘It is concluded that the Air Force must vigorously support
Va.rioua means of obtaining basie design information which will result in
design oriteria that will reduce the mmber of aerodynamic, dynamic,
structural, guidange, and propulsion detiaionom that will ocour in the
future missile, satellite, and Space vehicle programs.

lh., It is concluded that some organisation within Headquarters
ARDG mst be given the rosponlibility Mdntely to identify the fu‘hu'e
requirements for applied moaroh and resea.rch facilities nnded to*
:upport the ballistio m:l.s-:l.le, satellite, and space vehicle progrems of
the future. This responsibility should ultimately bslong to the ARIC
Space Centey but an interim agency. needs to be deaignatcd until the
Space Center comes into being.

15. It is concluded that WDD is in a unique position to identify
these reqdirqenta for applied research and research taoi]:i.tiea and to
initiate aotion as a logical extension of the present mission. ‘

16. It is farther concluded that it 1s vitally important for the
future of the Nation that adequate funds, priorties, and authority be




UNGLAS

W mn « o S

Ballistic Missiles, Satellites, and Space Vehicles 1956 to 1976

provided to support the responsibility outM above,

k \
RECOMMENDATIONS { é
17. It 18 recommended that the xission of the Western Development }3\‘3
_ DivisionjARDG be expanded to cover the following These recommendations { N
are considered an interin measure and are %o be phased into the 7 1'
. . v 3

‘ activities of the _ARDO Space Center when this Center becomes operational.™s 3@
!

a. Make initial estimates of future ballistie missilse,
n.tclnto, and space veh:l.ole programe based on current experience, and
other information availabls rom al-l_ sources, _ ‘

b. Contimcusly revise these estimates to keep the future
programs apace with systems Tequirements and technical feasibility,

¢. Identify the areas of toohnological weaknesses and mas
where major break-throughs are required. '

‘\} 76'1{ /‘)r-b /».h-.«.: A ‘{7
- C‘IL ‘I&/ﬁi‘ .1

" be f.#u
/
/"7“‘&”\.‘ /y

d. Define the objectives in the areas where applied research,
research facilities, and 5;,,”‘1 develomment are required.
e A yenss pna:z I TR van ous peitands Prd g fig
Ha.lga cost estimates present Jnatir:l.cation te cover the
above. _ _
J. Initiate' and supervise the properly identified and approved
projeets in support of the future Air Force ballistic nissile, satellite,

and space vehicle program.

LAWRENCE D, ELY

Colonel, USAF

Asst for Techniocal Groupl
Tochnica.l Operations, WDD
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(Tab A)

bl. First let us review very briefly what appears to be technically
fmible during bthis period., In order to il:lm"hro.te the repid strides
that are being taken in advancing the ltatc-ot-theart and technical
developments and what is possible for the future, reference is made to
Figure l. ThhﬂmnhbmkenuphtoBM;thnﬁrathfor
surface to surface missiles, the next is for artificial earth satellites,
and the last is rqr true space flight vehicles, Missile rangs, orbital
altitude, and distance from the earth is plotted against sotual booster
burn-out velocities necessary to achieve these diatanqes. It should be
noted that 3,000 ft/sec was a high projectile velocity im 1943. By
1946 to 1947, this had olimbed to L,000-5,000 ft/sec. By early 1956,
test missiles were achieving 6,000-7,000 ft/sec, and now we are in the
range of 12,000~15,000 ft/sec with our re-entry test vehicle flights.
By 1958 to 1959, our ballistic missile velocities will be in the region
of 23,500 ft/sec. It is apparent that big jumps ars now being taken
in performance, and it is easy to see that the vehiocles that are capable
of travelling great diatnnoeé éver the sgi'tuo of the earth do not .
require mich increase in booster burn-out velocity in order to reach a
velocity that ensbles them to orbit arpund the earth as artificial
satsllites, After one gets into this ares, relatively slight increases
in booster burn-cut velocities enn.blu onﬁ to set vehicles on orbital
paths farther and farther- awsy from the earth, until finally the orbit is
sufficiently large so that a trajecto:'-j oa.n.be chosen that will intersect
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2, All of the becster burn-out velocities and corresponding distances
shown on Figure 1 are based on minimun energy trajestories. In order to
get much fnrther out into space than Verms and Mars, it would require
excessively long periods of tims on this ﬁuis. (See Figure 2,) How-
ever, before this era is reaghed, it is expscted that mole#r propulsion
or other forms of power will be perfected that will permit 6ther than
~ minimim energy trajectories., The curve drawn through Mars illustrates
the changes in orbital £1ight time that are possible by using other than
minimm energy trajectories. The present concept of miclear power will
probably not be the ultimate power selution. Some efficient system
utilizing the principle of athgting small masses at ext.rqely high
velocity will probably come intp being for other than minimum energy
trajectories, Our initisl efforts st true space flight during the
20-year period beyond improved ballistic missiles and satellites should
be concentrated on a means of travl_raing the d:l.s_ta.nco to the Ho-;m

(240,000 miles). This experience could then be utilised for the next
large jump to Mars or vm (35,000,000 miles at olosest point).

3. Plans are already undervsy for satellites for differemt purposes,
using hardware ourreﬁt]y under development. The International Geophysical
Year Satellite will utilige the Vihl.ng-hmboe-eol:l.d propellant combina-
tian, and the Advanced Reconnaisance System Satel:utq will ufilize the
SM 65 ﬁw an added stage replacing the SM 65 nose gone. S,tuiies have
been made which indicate that it is feasible to get to the moon earrying

This document conlalns inl mmnmmm
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under development. One promising study by RAND proposes the SM 65B with
the adva.ncod GE guidance system, less nose cons, plus the second stage
Vanguard, It should also be noted that Soviet literature as reported

by the Air Technical Intelligence Cemter is replete with instances of
Soviet thinking on lunar and satellite vahio]:es. '.l'heae range from
scientific articles sponsored by the Acadmy of Scioncu to the science
fiction variety, but indicate & high lsvel of :I.ntomt in various forms |
of space travel, |

nuaamn.unnmm--m«mmmmmuwm ithin the messing of the Bspioncge Laws,
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ESTIMATES OF DEVELOPMENTS
. FROM
PRESENT BALLISTIC MISSILE PROCRAM
(Tab B)

1. The logical development fall-outs that cam be expssted from our
present ballistic missile and satellite programs are presented in
Figure L. '

&. Our present ballistic missile program emphasizes early
operational capability rather than épt:lmm design. Therefore, many
improvements can be expected after flight experience is acoumalated,

~ These’ inpmvulﬁtﬂ will be dictated by requirements but may be quite
varied in nature, Missiles of greater range can be expected due to
improvements in propulsive units, fuels, structure, and warheads,
Greater accuracy can be expected due to improvements in the guidance
and control system and inereased: knowledge of winds and other geophysical
aspects at lsunch and target. A var:l.otj* of nose conss can be expected
with varying performance ijecﬁws and with varying trade-¢ffs between |
total nose cone weight, warhead weight, wulnerability, umi’acy,
'heating, and impact velocity., There will also be similar trade-offs
 from the standpoint of the entire missile between gross weight,' warhead
weight, warhead yield, range accuracy, wilnersbility, propulsive weight,
and so forth. With the advent of mclear"pzl'opulsio‘n, najor red_es:l.g'ns
‘can be expecgted. v .

b. During the evolution of military ballistic missiles 3 at:bqn-
tion will be directed to the use of this means of Sransportation for
other than warheads. Experimental mail will likely be considered first

of the
porsen ks probibiled by
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Estimates of Developments from Present Ballistic Missile Program

due to weight limitations, and then perhaps military legistics for the
transport of highly strategio materisl. last to be considered will be
air freight. Pinally, attention will be directed to the tramsportation
of personnel as the first step in space travel by man. Entirely new
configuration? will no doubt be developed with some consideration being
given to glide missiles. Glide m:l.as:l.les_might also be used for fly-over
reconnaisance, Hajor problem areas iould be the denlop_legt of a satis-
factory landing techniéu.e and the comfort and safety of passengers in
f1ight and would probably include the development of capsules dropped by
parachmte.

C. Recoverable satellites would be the next step beyond our
présent satellite program, RAND studies indiéate that reéovaring ‘these
vehicles in predetermined areas by retrofiring rockets is feasible. At
150 s.m. altitude, a relative rearward velocity of 2,000 ft/sec will
bring the satellite to earth in 2,000 n, miles, The error in range due
to & £ 100 ft/sec error in rearward velooity would smount to afs0

 nautical miles, The error in timing of the retrofiring rockets could
account for a £ 50 n.m. additional, which would mean that the satellite
could be laadedinanareaoflOOn.m.inlengthandnomorethaghOn.m.
in width, Feasibility studies have also been conducted inwlving the
Tecovery of re-entry bodies weighing up to 3,000 lb., using & 100 £%
diameter parachute with double layer .ﬁ.berglass capable of withstanding
1100° F. and test instrament cenisters that csn withstand up %o 700° F,
Developments from both the aatelli'be programs and transport missile

a
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Estimates of Developments from Present Ballistic Missile Program

programs would réed into the next logical step, a man-carrying satellite
or space platform. Early development of meclear propulsion would permit
the early dowalopnﬁnt of a man-carrying satellits. . .

d. With hardware presently under development and supporiing
research, it would be possible now to devise a vehicle that would be
capable of taking test instruments to the moon. An SM 65B ballistic
missile could be used plus a new 400 1b nose cone which would inglude
the-Becond stage VW. This combination mld hafa a gross weight
of 243,665 1lbs. This would be capable of putting a 1,160 1b. mass on a
free flight trajectory. The L,400 1b. nose cone would be composed of
the following weights:

. Worlking SM-VMOJ.G | 320 1bs.

(Instrument and Cosmmnications
Package Inelnded) |
Last Expended Booster Stage " 80 »

Structure 60

Fower Plant and Residyals 530

Guidance and Control 250
Usable Puel : 3,20 *®
4,400 1bs

The above mights assume destructive impast and instruments that cculd
8till operate after impact. It is believed that retrofiring rockets
weighing about 240 lbs. could be used, which would allow instruments to
be landed at near sero G, In this oase, however, the weight of ﬁm-
ments and comnications equipment that could be carried ww.ld be only .
50 1bs, It is estimated that the guidance agourasy with the advanced
G.E. guidance system would be such as to impact within an area of 50,000

This documant contalns informetion o the
18, U.S.C., Section 793 end 794, the lun:?uhu




S-o.difes

8q. miles which is about 1/80 of the available area, . Additional details
covering tracking, commnications, guidance, control, landing technique,
meteor encounters, etc., can be obtained from RAND Research Menorandun,
MM-1720, "General Report on the Iunar Instrument Carrier (U)», dated
May 28, 1956.
e 4s soon as the success of a test instrument carrier is
assured, then attention will be focused upon space vehicles for mili-
tary usages, and then a man-carrying lunar wvehigle, Military usages
cannot be detemined until scientific data has been obtained, but
advanced communications methods are bound to be among than. A very
brief sumary of some of the aciontiﬁ.c data that could be obtained by
landing test instmmenta on the moon is listed below;
(1) Magnetic field of moon,

g‘/:::: th#‘r ﬁ;‘::“‘::“ (2) Mass of moen by observation of tr‘jecm'
NO NGy . .
0 2 4
AR ) e -
TR ervivats amere (L) Badio-propagation characteristics. We would have a

L TORHIVISPN, J§ WPy

Cosmic addhovs _
outy, “ Jms,a hmw, stable source with no reflestion from the ionosphere.

(5) Electrostatic field of the moon,
(6) Detemination of crustal composition and characteris
tics of the lunar orust, v

(7) Temperature and temperature distribution.
(8) Frequency of meteoric impacté.

(9) Gosmic rey intensity.

(10) Lunar vibration rate

tll) Innar orbital velocity.

WDTL 5640

L
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Some of these data are already on hand, in rather a crude r#hmn, but
the information could be refined considerably by landing instruments on
the moon rather than relying on instruments placed on the earﬂx.' The
lunar vibration rate, for example, can be determined much more accurately
by a point source located on the moon, rather than relying on information
from broad Iunar geographical charegteristics.

NOTE: Technical data presented in connection with the lunar test
instrument carrier and recoverable satellites were obtained
from the RAND Corporation.
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ESTIMATE OF NIU?E DEV!)EIDH{ENT SCHEDULES
- Tab C

1. In Pigure 3, an attempt has been made to eatiﬁate development
schedules for possible future ballistig missile, satellite, and space
vehicle x;rogrm. Although, the present ballistic missile program will
gradually phue' into an initia.l operationa) capability, and there will
be no sharp end to the development, mid-calendar year 1959 seems to be
& fairly realistic termination point, Prior to this, some work on
improved ballistic missiles will surely start. In fact, as a result or
the present development work, many ideas for improvement have come to
mind, and it is only the congentration on an early flight vé_hicle that
has prevented improvements from being instituted,

2, Sometime during this period of improvement on ballistic missiles,

upon & transport missile Program for persomnel, This Will without doubt
be a rather lengthy program, possibly longer than a man-ecarrying lunar
vehiole program due to the fact that the lattg;' ¥ill only carry test
engineers and scientific personnel, |

3. The IGY satellite program as presently visualiged is a very
short development program imposed by the necessity to get the satellites
flying before the end of the Intemationgl Geophysical Year, Develop-

This decument contains information
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b. Development work on the lunar test instrument carrier could be

tests for checking Propulsion, guidahce, hose cones, and overall relia-
bility, it is anticipated that we will be well into the SM 65 test
pProgram before any of these vshio;l.es can be d:l.varfed for use in the
development of a lunar test instrument carrier. It is estimated that
this will be a comparatively short development progi_am, but that near
the end of it a man-earrying vehiele will be designed and built; the first
vehicles to circle the moon and return, later to land on the moon,

The next step beyond this would be the lunar vehiale for military pur-
poses, early usages would no doubt be for reconnaisance and oémmnica-
tlons. The next step beyond this would be vehicles to travel to other
‘Planets from the earth or from plamet to planet, |

INCLSSHE
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EXAHPLES oF DEIAI ‘IN PROVIDING RESEARCH FAGILITIES

(Ta.b D)

The initial effort on this mge eoﬁplex of engine and aero-
dynamic test facilities was started in 1946, The German BMW was disas-

“sembled and shipped to the U.3. in 1947 where it was stored at Alameda

| until 1950. The first 830,000,000 was not appropriated until 1949. The

prime purpose of this ocmpl.éK was to provide the Air Force with research
facilities that would enable them to attein and maintain a position of
world supremacy in the fields of aerodynamic and propulsion research.
Today, even though the origina.l concept has been reduced in magr.iitude s
this cemplex is not yet finished due vprimarilyr to budget limitations.
The hypersonic, 4O inch tumnel of the Gas Dynamics Facility, for example,
1s not estimated to be completed before 1959, 13 years after the idea !
was taken from the actual German design made during WWII (Kochel M-10).
These facilities are inadequate for our future space vehicle needa,
both from the asrodynsmic and prepulsion standpoints,

2. High Temperature Structural Test Facility - WADC

This facility was started several years ago and is to be

constructed in three phaees. The pilot plant to ebtain design criteria
and to check opera.t:l.ng tschn:l.quea is in operation now, The interim plant
will not come into being until '57 or 158, and the full-scale plant, not

until '59 or '60. The thinking that went into ifé’.design was based on
satisfying the requirements for high temperature testing of Mach 3
aircraft. It does not have the capability for the high rates of heating

s document centoing infermatien affacting the netidhy u-uum within the
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Examples of Delay in Providing Research Facilities

- or the high temperatures required for missile design or test.

3. AEDC and the High Temperature Test Faoility are not being
constructed even in time to‘.adaqu‘:ely taks care of aireraft require-
ments. The Air Force now spends tens of millions of dollars anmally on
modification and retrofit programs to correct aerodynmic, dwnamio.,
atmctura.l, and other defisiencies discovered on]y after the aireraft
hu been Put into service. Other nill:l.nns can be attributed anmally to
lnas of aircraft and delays in production due to inadequate design inror-
mation. The inevitable loss of life oannot be measured in dollars. It
should be possible to cut down on this additional cost by spending only
& small proportion of this amount on a well-rounded and well-integrated
research and development program designed to contimously replenish the
fund of design infommation in order to keep the level of knowledge
sufficiently high to attain and maintain air technical supremacy.

4
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ESTIHATB OF APPLIED nnsmcn, RESEARCH FACILITIES
AND nmmam? AND ;'nsr FACILITTES
Tab B

——

FPollowing is an outline of areas of applied research and reaearoh
facilities considered necessary to support ballistie missile, satellite,
and space vehicleprogrmduringthemtzoyem An estimate is alse
made of some of the component development work and the d.o'volopnont and
tut fagilities that will be required to prove the adequacy of Components.
This information has been compiled from preliminary surveys and estimates
made by Holmes and Narver, Inc., RAND Corp., Ramo<Woeldridge Cozp.,,
Western Dmlopnnt Division, ARDC, Wright Air Devolopnent Center, and
others, Horo emphasis hu been placed on the asrothermodynamics area
than apec:l_tiea.uy on propulsion, guidance, aeromedicine, -and commni- |
cations as it is believed that these latter fields are ooverod in
considerable detail by special ARDG Long Range Planning cemittaec.

A mich more deta.iled and contiming evaluation and rev:l.ew is necessary
of everything comprising the 20 yesr program, as indicated in the
conclusions and recommendations,
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SPEan AREAS QF INVESTIGATION AND DEVELOPMENT
m
Amthomgmios, mmmo, tl:on'kmlt Navig ation, and Pro&:l.on
Optimum Method of Reentry Body Attitude Stabiligzation,
Methods for Recovering Reentry Bodies.
Methods for Recovering Satellites.

TV Data System.

Inproved Telemetry Systems.

Inphoved High Speed Photographic. Techniques - Gound and Vehisle Borns.

Improvpd Methods for Handling Asrodynamic Heating - Thoroygh investiga-
tion of radiation heat abiorption, insulation, abht:!.on, transpiration
cool:l.ng, and film cooling, .

Hic_nggve Techniques for Megsuring High Speed Impaot Velocities,

Complete Envirommental Simulation for Equipment a.nd Gomponmts.

' Magnetohydrodynamics Techniques.

Iong Range Tracking Systems.

Advanced Communications Equipment, -

Radiation Resistant Eleotronic Components.

Improved- Reaction Controls,

Advanced Counter Countemessures.

SPOBG ‘Navigation Devices. - C‘mwu“faw 7 ?'f” e 'f'f
Space Instrumentation,

Braking Rocket Systems - Tied w0 approprj.ate instrumentation far altji--
‘tude, valocity, or agceleration.

Improved Propellants - Higher. Spec:l.f:l.c Impulse, Solid Melimta.
Improved Propulaiva Syatans, Nuclear Promlsion, H:I.d: Velocity Exhaust
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Solar Energy and other approaches to auxiliary power of with-
standing long operational life and high transient T .

Produotion Téohniquu (Machining and Fabrication) for various types of
) mtemlﬂo :

SPACE-MEDICINE

Effect of Cosmic Rays on Persomne)l

Crew Survival - safety, comfort, psychology, and sociology.

‘Matrition

Disposal of Sewage

Air Conditioning |

Environmental Simlation for Personnel _ :
These are but a very few of the ﬁrobleu to be investigated in thev

space-medicine area, . o '

..
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