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COMMITTEE ON GUIDED MISSILES
RESEARCH AND DEVELOPMENT BCARD
Washington 26, D. C,

"IN THE
FIELD QF GUIDED MISSTIRS

1, INTRODUCTION

1.1 It is the purpose of this report to provide guidance for future
program plenning in the field of guided missiless While the program
guidance supplied earlier in the yoar in GM 36/95 is still completely
applicable to the program as a whole, the advent of the Korean situation,
with the subsequent increase in financial support of military ressarch
ar:2 development, requires that the added funds accruing to the guided
missiles program be applied so as to achieve the following objectivess

l.1.1 To haston the prototyping of new equipment for scrvice
test where substantial mobilization procurcment is contemplateds

le1e2 To complete development on urgently ncoeded and well
advanced itoms,

l.1lse3 To accelorate the earlier stagcs of development, and
applicd resoarch in oespecially critical arcase

2. GENERAL GUIDANCE

2¢1 HNajor emphasis should be placod on completing the prototyping
of thoso missiles which aro now in an Advoncod statc- ¢f "dovéiopmont end
to which tho Joint Chicfs of Staff have also assigned a hich priority,
The achicvoment of successful prototypes will requirc increascd cmphasis
on product engincering and component reliabilitye

242 With tho froeing of funds and the advarccmont of dosired com-
pletion detos, a serious shortage cf compentent engzineors is in pro-
spect, roquiring diversion of cengiacers froa duplicate or iasurance
approaches framihw;priority categorica, and from non=-dofensc resoarch
and dovelopment, to the sclocted woapons. The common donominator of
missilc projcets should be considered in terms of oporational roquire-
ments and engingering ceffort rather than in torms of fundse

243 Certain new projects should be initiated te fill gops in theo

program which have become incroasingly significant in view of the curront
world situation.
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2.4 The support of the Technical Objcetivos in the fieold of guided
missiles should be revised as follows (tho recommendod ehangcs aro ro=-
lated to the FY 1950 obligations and are in priority order):

2¢4¢1 AD=7= The support of this Téchnical Ubjeotive should be
inereased 140%. This will occomplish a reduction in thc time scale in
this highest-priority category and permit the initiation of projects to
fill serious gaps; namoly, 2 long-range surface-to-oir missils; & honing-
all~the=way missile, and studies of special warhoads for use against
aircrafte '

Z2e4e2 AD-14 - The support of this Technical Objoctive should
be increased 100%., This will accomplish a reduction in time scale of throe
missiles in this high-priority (second) catezory.

2e4e3 8A~13- The support of this Technical Objective should
be increased 140% to pormit completion of a prototype missile much
earlier than the previous level of support would have permittecd.

2e4e4 I1L-16 =~ The support of this Tochnical Objoctive should
be increased 300%. This will permit accoularated dovelepment of prototypes
of high-priority (£ifth) short-range surfacoe~to-surfecc missiles,
initiation of dovolopment of a short-range precision missilo and the
study of on anti~tonk missilee

2e4e5 SC=16 = The support of this Teuhnical Objective should
be increased 20%. This will insure tho carly availability of & pro-
totype missile and permit development which will improve the pcrformance
of an available interim missiles

Z2e4e6 Ca~ld - The support of this Technical Objective should
be increased 30%, in order to acceloratu the availability of o prototype
of tho missilc in this Tochnical Objectives

2e4e7 Ba-1ll- Tho support of this Technical Objective should be
incroased 40%. Thls added support should bc usod Lo accelerahs the guid-
ance developments in the long-range categorics, which is the limiting
factor in tho devclopment of thcse missilss,

2¢%4e8 A3-8 ~ Thec support of this Technicul Objoctive should
be incremssed TO%. Such an increase will not involve o rolativoly largoe
cmount of funds since the current effort is lowe Whilc this Technical
Objective carries a roelatively low priority, such added support will
hasten the availsbility of the only entiw~submorine missilc boing developod
and pcrmit development of an air=launched versione

2.4¢9 82=10 =~ Supporting resoarch should also reccive increased
cmphasgis, particulurly slong the lines which may be expected to improve
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roliability, reproducibility and predictability oi performanse of the
various guidcd missiles and components employed in thems The effort on
such general problems should be incroased at least 100%.

3. GUIDANCE BY TECHNICAL FIELDS

3.1 Attention is sgaln invited to the guldance contained in GH 36/@5,
and in RDB 194/30. The suidanco in the various technical fields which
follows is intended to supplement but not supplant that contained therein.
For added information on the points discussed, the militasy doepartments
are roferruvd to the detailed Panel Roport:c.

342 Guidonce and Control

342vl Missilo guidance systems are reaching the stage where
selective climination and consolidation of projects can and should be
accelerated over thec coming two yeers, with it now beooming feasible to
evaluate operative systems cumporatively,

34242 The trend in guidance over the forthcoming few years should
be in the direction of increascd tying=in of the guidancoe systems of solect-
ed missiles with the expected operational enviromment ~f thoso missiless
Considorablo emphasis will be recquired on reliability in the fisld, and
on ease of operation, meintensnco, and checkout, with minimum domands made
on the training of oporating personncle Reliability of coannections and of
compononts, ospccially tubes, relays and comnectors roquires particular
consideration, Countermeasures, both active and passive, should be anti-
cipated and provided for in the guidance systemss The relationship of war-
head effectiveness and guidance accuracy must be clearly dotermineds Min-
iaturization techniquos developed for some missilos without sacrifice of
reliability should be exploited by all contreotors to whose missiles they
are applicables The capabilities and limitations of types of secondary
pover sources should be dotermined as soon as practicablo and possibilities
of standardization be considersds Informetion as to classified products
and techniques that have boen developed suitable for missile use should
be more completely reported and distributede Studies of the nature of
"noise" in missile systems should be pursued vigorously toward the end of
rzducing inaccuracies from this sources Care should be taken to see that
adequate informution will be available upon which guidance can be based,
eege, locution of submarines for Rigoel-Regulus and location of targets
for surface~tn=surface missiless Guidance and fuzing should be closely
integrated.

34243 In the field of guidence against air targets, the magni-
tude of scveral problems is becoming more obvious as missiles come into
the guidonce test flight stagass One of the most important of these is the
problem of attacking multiple targets. This is a condition which operation-
ally can be expected a substantiel pcercentage of the time, Renge dis-
crimination is being cxpleited nearly to the meximum extent, so that the

3. Gk 36/198
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oddition of greatly increased angular disorim:nation is required. The

use of homing devices is indicated, with an riicndant problom of target
acquisitions. The epplicability of infrared soekers appoars tobe that-
of auxiliary homing devicose The need for a Lung-range surato-to-air

missile poses many guidance problems requirin: considerable efforte

3¢244 Adequate traffic handling constitutes another problem
for which o sufficient solution does not exist today. Homing-all-the-way
offers atitractive possibilities in this regar:, and it should be studied
further with this end in view,

3.2.6 Targets coming in low over both land ard sea, in tho
first casc medium bombers cnd inthe second case torpedo bombers or
guided missiles, may bo expectsds A solution to the problem of attack-
ing these targeys with guided missiles, with the attendant guidance pro=
blems of ground clutter, altitude cnd sen rotura, and ground reflcctions
should bo found. 38ome possible answers in the casc of torgets over sesa
can be soone Evaluatien of the numberous homing device projects in terms
of those problems should be undertaken ard work discontinued on those which
Will not be usecd,

3.2+46 In the field of long-ro: :: surface-to-surfecc guidance,
continuing consolidation of guidance pre e u: looking toward one inertial
or colestial system should be effecteds : d=-ision should be made as to
whet compromise in guidance accuracy ane - = - performance con be mado in
the interests of emrlicr avallablllty oi & vperating system, with con-
current ovaluation of the operational linitations of the scveral types of
celostial and inertial systcmse The remaininy projects should be roduced
to cemponent improvemont, with the possible exception of a modorate-
accuracy system if an opcrational requirement for the latter is establighed.

3.247 MBs nissilcs approach the production stage, soordination’
of frequency allocations =nd determination of future froquency require-
mnents \ooth for range instrumentation and for operational weapons systems)
becoms of inereasing importance, nocessitating ocarly resolution of these
requirements with respoct to each other and with respect to those of other
radiating oquipmeat which may cause interfercences

343 #orodynamics and Structures

343.1 Acrodynsmic progress has been such that there eroc ne
problems cssociated with major guided missile projects for which a usable
solution within th¢ noxt two years appears unlikelye. Rofinement of design
and attempts at bettor understanding of underlying causes of problems nust
of necossity continue indefinitely. Outstanding current problems which,
of course, vary in importance with the performance required of the individ-
ual missiles, are transonic stability end control, rull due to combined
pitch and yaw, roll duc to vortex sheddlnr ffom lopg bodiee oporating et

high angles of attuck, development oi‘efflclent air induction systems for
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nir-broathing engines, and aerodynamic heating and heat transfer at the
higher Mach numberse A much more thorough knowledge of hypersonic

phenomena will be necessary for the design of long-rongo missiles approache
ing ballistie typc trajectories, In the superscnio regime presently avail-
able and authorized facilities should adequately handle aerodynamic developw
ment at a rate consistent with developrent of the othecr components of tho
migsilcss

3¢342 Structures problems can and have been solved by extensions
of conventional techniques, but this is believed to be an unhealthy situa-
tion resulting in inefficient missile structures. Additional emphasis
should be given now to research projects which will provide the futuro
necessary information when structurael refinement of workebls missiles is
required, Typical information needed relates to rational design criteria,
proporties of new meterials, load enalysis fecr missilo~booster configura-
tion and stross analysis methods for leading and temperature conditions of
suporsonie missiles, particularly those with internzl propulsive systems,

¢4 Propulsion and Fuels

3e4el The following deficicncies have beon noted in the field of
propulsion and fuelss

Je4elel Insufficient investigation - <the Jactors causing
combustion instability in liquid rocket motors, and mcthods for overcoming
that phenomena,

Se4s1s2 Inzufficient invostigation of means for suppress-
ing the flamec and smoke issuing ffom liquid propcllant rocket motors,

Se4e2 In the field of liquid propellant rockets, it is recom-
mended that continued 2nd accelerated investigation of the combustion
prooess in rocket motors be mads especinlly townrd determining the fectors
affectin, combustion stability and ignition delay. Contirnued support of
basic studics on heat traonsfer, materlals, handliing end storage of pro=-
pellants, and pressurizing of propellants is r~cessury to obtain funda-
mental design data for liquid rocket motors. Develop-untel effort should
be continued on these parsmeters affocting rocket engi..~ performence aad on
instrumentotion for opcration and flight test of re-iet nglnes. attention
is directed to the ncod for continued dovelopmont o imp-oved gas genero~
ting systems for dircet prossurizing or turbopumping wni s,

Be4ed In the fiecld of ramjets, it is reccrrinted thal the funda-
mental studies dirccted toward determining the effe.vs ol wvelocivy, temperas-
ture, and pressure on combustion and flame stebiliz-tion be continuode
Additiorn:l uifort to Ziandardize performance paramcters in order to permit
valid comparisons of diffircnt enginss is also required. The need for
basic design data on th fundamentals affcctine air intake phenomena should

be notcde It is rccommended that the support of projscts loading to adequate
5 M 36/198
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fuel injection systems, fuel metering, and control systems be continued
to provide a bolanced programs Further studios on the application of
varicblo area exhausts and the use of high onergy fuels and/or auxiliary
oxidizers to improve the ovorall performance of ramjet ongines should bo
supportode

3s4¢4 It is further rcoommended that fundamertal experimental
studies of two-dimensional ramjots should be supported - ecncble final cone=
clusions to be reached. also, & continuing small mee-uy-. of support should
bc ziven to methods to improve the performence and rclisbility of the
oxisting pulsejet engines,

3e4e5 The devolopmont of remjet engines and Liquid propellant
rocket cngines other than those for the missilos approved by the Committee
on Guided Missiles should continue to reecoive adequate s rport in ordor
that now idoas in propulsion and reliable dosipgn data f<- luture oengincs
oan he accumulatede Basiec resecarch on ramjot engines c.ia liquid rocket
motors should continue to recoive sufficient priority to guarantec that a
roasonable amount of work will proceod.

3¢5 Ilaunching and Handling

598.1 The devslopment of tactical launching and handling systoms,
¢speeially for surfaco-to-gir missiles, has becomo en important problem in
the launching of guidcd missiles. iIn the casc of NIKE and TERRIER, the
olomcnts of this system have btecn cetablished and arc actively under
development; in the casc of TERRIER, an avtomatic troiceble and elevatablo
launcher has bucen produced and succossfully uscd irn missile firings,

3+542 Dovelopments in boosters during the period have produced
signifiocant advances in the application cf new propellants, production:of
lightweight cfficicnt units, cxtension of safe firing limits and improve-
ment in roeliability. Tho following recommendations are made o emphasize
tho principal problems requiring attention.

3¢542e1 In the ficld of solid propecllant booster develop-
ment work aimed ot extension of performence limits, increase in reliability,
and investigation of new tochniques should be supported strongly. Devclop-
ments in techniques for inspecting large propellant prains for physical
faults hove been diseppointingly meagor, =znd additional empghasis is urged
on this problems,

3e54242 The various methods available for minimizing damage
from falling booster cases should bz ¢valuated by the army, to establish
realistic rogquirements and to form the basis of a systomatic programe Work
on frogmentation should in any cese be supported on a larger scale to yield
definitivo results 2t the carliest opportunity,

o
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3454243 Test launchings of air=to-alr missilesa from air-
craft should bo corntinued to assess any problems associzted with blast
and flash which mayr ariso in such systems,

3e5c2s4 Support should be given to immediate establiski-
ment of pilot production facilities for casting and curing doublo=-basc
propollant charges, and firm plane should be formulated for congtruction
of large scalo production facilities in time to meot time scales of the
missile projeots concernsd.

3453 In goneral, estimates of component cvailability ere in
lino with requircments, cxcept for some lonpg=term projects where compornsnt
devclopmont has not been initiated. However, it appears thet missile do-
sizn is in some ocases still ¥luid, as exemplificd by initiation of ssvoral
new boostor and sustainer dovelopmonts this year to meet increansed per-
formance requirements.

345e4 The co-ordination of effort in this field continues to
be ;oode No camses of unjustifiable duplication are evidenti,

3;6 Warheoady and Fuzes

3¢6el The major deficiency in warhends, fuzes, and damogo
evaluation for guided missiles is the inadequacy of present methods and
tost schedules for evaluating design performance. The cost of the
missiles, the time for completion of each separate test, and the lack
of good substitutc test methods combinc to produce & deficicncy which
is likely to vitiate all attempts at performance testing, Reelization of
this condition rcsultod from the past yeor's dovelopment effort and from
the dofinition of test schedulcse

S¢6e2 A sorious deoficiency cortinuves to cxist with respoct to
support for domage evaluations Much basic desipgn data, which sheould bo
at hond to surport warhcad end fuze designs, do not exist. Extreme
difficulty is being exporienced in attracting competent personnel under
existing conditions,

RECOMMENDATIONS 3 |

34643 Maintenanco of at least current levol support of fuze and
varnead rosearch, and heavy incroaso of demage evaluation rescarchy
specificallys '

345,3.1 In werhcads, research on new cxplosivss, and
methods of detenation, basic design paramcters for blast,fragmentation,
penetration warheads, shaped cherges, ond mother-doughter warheads.

_ $e6¢342 In fuzes, rescarch on new methods of obtaining
proximity action, and compononts wnd plesties for high-temperature opcra~
tion, end for operation under heavy vibration.

3464343 aircraft and missile damage trials of various
types, v inh cmphas.3 on toucher targots, rod warhoads, and guided missiley
warheed design thoorics; sihip cnd submarine demege trials, znd relatod
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theory; damage to ground targets by fire, shock waves, and other forms of
damage.

5«7 Test Rengo Procodures and Instrumentation

3e7.1 In general, Range Instrumentation is proceeding in an
orde:iy manner with no uawarranted duplicetione

5¢7e2 Work in the field of Optical Instrumentation is progress~
ing but the instrumentation available is not entirely satisfactorys. Con-
tinued development and modification of optical devices by the individual
ronzes arc advisable,

54743 In the field of Electronic Treojesctory Instrumentation,
the main problem is the ecvaluation of propagation effecots. Many systems
are under test, undor development, or under consideration. The competltlve
duplication is healthy but comparative evaluations of the systems aro
needed.

3+47¢4 In the field of Telcmetering to fill needs not covered by
the standard FM~FM telcmeter, the cxtension of standardization planning
into other teolemetering systoms is under consideration.

3¢7¢56 In tho field of Data Reduction, therc has beon a worthwhile
trend toward development of interim reduction techniques eand convorsion do-
vicess Mony new problems attendant to automatic data reduction are being
given coasideration.

3¢7e6 The Radio Frequency Requirements for the various phases of
Guided Missile work and certain cther closely rclated work have not been
givon full co-ordinated considoration.

3¢7¢7 Serious deficicncies exist in tho field of Intercept
Instrumentation and developnent and testing of techniques should be
gtressad.

3e748 The possit’lity of achieving better range oquipment through
standardization of timing . =~ used on the Ranges is thought worthy of

consicorations

REC OMMENDAT IONS ¢

34709 More stross should bo placod on thc development and com-—
parctivo testing of the various CW systems,

3.7.10 8tudics at tre Ranges of propugation effects should bge
stressed,

347411 A preliminery study should bc made of the trajesctory deta
systcm proposod by Dre Pace of NRL and a report prepared giving preliminary

basic informatione
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5e7¢12 “Hork on ‘tho standsrdization bf"tblometcoring svstoms should
be continueds Deovelopment should be carried on of a systom similar to tho
present Pulsc Width - FM, with the Army suggested as co-ordinating £.50N0Y e

3+7413 Devolopment mnd testing of interveopt instrimczntation
8hould bc heavily stressed.

Se7e14 Considerstion should be given by the Ranzes to standardi-
gation of timing signals,

3:7.15 1Inoreased effort to provide adequate bencons for missile
tracking oids is required.

308 Tost and Training Equipment

e8¢l In this field, thorestill seems to be a lock of con-
sideration within the Dopartments of the desirsbility of developing
operational test and training equipment concurrently with the missily aas
well as an insufficient amount of cmphasis toward this end,

3¢Be2 The interchange of information amoung contractors regard-
ing progross in this field, while improved, is still uusatisfactory.

Se843 Lack of adequately trained personnecl, both civilian and
military, continucs to be a causc of concerns Incroased offord by the
Dopartments to overcoms this problem is advocated.

3¢8e4 Rocommendation is made also that carly consideration be
given to reqguiremcnts for suitable installations eguipped with adequate
fecilities for the training of tactical guidod missilc units within the
time scalc indicoted by the Guided Missiles Committoe Tochnical Estimatese

349 Target Dronos

349¢1 TWith the excoption of the XQ~2 hizh speod (500 knots)
barget dronc, current developments on target drones will be com:leted in
FY 1952, The XQ-2 devclopment will bc completed by the beginning of
FY 1965, Wo dovelopment of a supersonic target is in progress, Howcver,
the Novy has completed a study on which such s devclopment could be bascd,

5+49e2 Current unit costs of target drones are too high duc
primarily to unnccessarily complicated design and the use of spocifications
based on piloted aircraft oxperience. Corrective nction should be takens

5¢9¢3 Thero is a nced for the establishment of long-term military
requiroments to permit timely developmont of adequate target dronese.
Whero possible and practical, the use of operational obsolescent, and
obsolete zuidod missiles for targets shouldbe given continued consideration
by tho bilitary Departments,

9 Gif 36/198
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3e9e4 Devolopment of new end cheaper mcthods of launching ara
required. also, the development of oquipment and techniques nocessary"YO
permit operation of two (2) or more target drones in formation are roquirod,

Se9¢5 Emphasis should be placod on the investigation of all
possible mezang of non~dcstructive use pf drones as guided missile targotss
In particular, continuing emphasis should be placed on the development of.
firing crror indicators,

3.10 ggggtprmeasufes'

3.10,1 althou h the total effort on countermcasures against
guided missiles, including vulnerability determinations, is small, general
interest in the subject is increasing, and the program appears to be in
the process of expendings. The present shortage of trained teghnical per-
somnel will probably prosent the greatest obstacle to an orderly expansion.

3.10.2 Information on guided missile activity in foreign countries
particularly those behind the Iron Curtain would be invaluable to the '
countermeasguros program. For lack of this information and because of the
current international situetion it was necessary to rscommend counter-
measures projects against our own guided missiles which is an inefficient
way of obtalning the best potential defense ageinst possible cnemy juided
missiles,

It is recomnended thets

541043 an extended test progrem be initiated for countermeasurcs
ageinst cnd vulnerability. of the types of proximity fuzes that may bo uscd
in missiles.

2410s4 Existing projects on electrostatic, ncoustic, infrared,
otc., fuze countermcasures be implemented with funds and pjrograms 1o
davelop countermeasures.

3410e5 & study be initisted to doterminc whether fuzes for
special warheads may be Jjommed in such a way as to prevent opcration as
well as causing pre=functioninge

3+10e8 The study of uniguc technical charactecristics of launch-
ing sites in all its phascs be continued in hijh prisrity.

3¢10e7 The ficld »f infrored countermcasuras bé furthcr cxpandod
and accoleratoed,

341048 4 projcct bo initieted to continuc the study to determino
the operating characteristics >f possiblc missile fuzes, viz., ncrmal,
desired pre-function ranze, missile configuration as affocting antenna

10 Gt 36/198
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design, etcs, and a project be initiatcd to investigate poss -:lc fuzs
frecguencics, si nal cheracteristics, and jamuing susceptibil -y, rosulting
frem the first study, leading vo the determination of speel’. cetions for
cuidod misgile countermensures, The program should be estab Ished in all
threo Serviees, cach Sorvice being responsiblo for the stud- ¢l such
migsile fuzes as will be used against targets the defense ¢’ * 0 wiab
Service is responsibley

541049 Countermeasures projects bo initiated for <ach of the
major guided missilese

11 GM 36/1::!
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DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

l‘ MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
(ATTN: WILLIAM B. BUSH)

8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVOIR, VA 22060-6218

SUBJECT: OSD MDR Cases 11-M-1010, -1011, -1013, -1014, -1015, and -1026

We have reviewed the attached documents and have no objection to declassification in
full. The information you requested is provided in the table below:

OSD Current Current Current Current Current Current
Case Controlling | Controlling | Distribution Overall Downgrading Declass.
Number Agency Official Control Classification | Instructions | Instructions

11-M- Statement Level
OSD A
1010 WHS Records Release S N/A N/A
Official Unlimited
OSD A
1011 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1013 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1014 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1015 WHS Records Release S N/A N/A
Official Unlimited
OSD A
1026 WHS Records Release S N/A N/A
Official Unlimited

If you have any questions, contact me by phone at 703-696-2197 or by e-mail at

storer.robert@whs.mil or robert.storer@whs.smil.mil.

Enclosures:
1. DTIC re

quest

3. Six documents

Robert Storer
Chief, Records and Declassification Division
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