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While R&D on long-“ang- cruise missiles was marked by
a discontinuisy frem the end of the 1957°'s until the end
of the 196('s, cruiae missiles a3 a ciass have hLeen in
servyice sinze the early 1550's. There has been al=ocst con-
tinuous work by the U.S, military R4D community and defense
contractors on various aspects of cruise missile teshnology.
In addition, technology developed primarlly for obwer pur=-
poses also.proved to be applicable to eruise vehicies., '
By the tinme {nterest in longz-ranze crulse vehicles revived,
these technologies had evolved to the point that it became

feasible to undertake the development of an effective longer

range cruise misside capability.

The several technologies involved in the new genera-
tion evelved indepandently~-girframe, propulsion systam,
fuels, guidance and warhead. It was guidance and propul-
sion which provided most preoblems, The first step in syn=-
thesizing these technolozies occurred in the 3CAD project
(1968-77) tnat laid the system technological tasis for the
later Air Force and Navy cruise missile programs. The teche
nical problems encountered in the SLCHA and ALCM prozrams

were simtilar to those encountered previously in SCAD, althouTh

the separate air and sea applications presented cerzain

uwnigue problems. L

The crulse missile case may be viewed as a good exampl
of opportunistic R&D, wherein technolegies designed ori=-
ginally for other purposes were married to a military concep
and synthesized into a weapon system. However, the process
was neither unambiguous nor successful as early as had once
seemed likely. There appear to have been three significant
factors in the cruise missile prozrams: the perceived
military need; the development environment, which conpre-
hended the degree of acceptance of ani support for the
systems and the political climate of the time; a2nd the state
of the technologles involved. The interaction of these
factors conditioned the course of develrpment.

The main technical issues involved in developing the
cruise missile were the optimization of component gerformans
and srstem integration. Because of the evolutionary davelop
ment of the component technolcgles, it was the overall systed
integration that presented the main technological challenge
of the cruise missile and produced the nain technoiogical

innovation.
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PREFACE
. » :

(U) This study, conducted during August and September 1978,
reviews the technological origins of the current cruise missile
programs, Its purpose is to trace the compcaent technologles to
their sources, to exsnine how these technologies were synthee
sized into weapon systems, and to identify major technical and
non-technical factors that c¢vnditioned system development.

(U) It 1s not a program history as such, nor does it deal
&t length with the broader strategic 1ssues that were involved
in cruise missile development. The period covered runs from
about 1967 to early 1974, the cutoff date representing the time
when both the air-launched and seae-launched cruise missile
programs were underway. By 1974 the technology issues had long
since been confronted, and, while all problems had by no méans
been solved, development was continuing on a steady svolution-
ary basis.

(U) Chapter I deals with the earlier experience of the |
United States with cruise missiles up until the later 1960's
and with the reasons for a revival of interest in unmanned
vehicles. Chapters II through VII describe the deve’opment of
the several cumponent technologies from their immediite originsg
to the end of the period covered. Chapters VIII and IX deal
with the subsonic cruiss armed decoy (SCAD) program and with
the Navy sea-launched cruise missile (SLCM) and the Air Force
air-launched cruise missile (ALCM) programs, in the course of
which the indehendently developed component technologies were
integrated into weapon systems.

(U) Much useful data were gathered from discussions with
persons who were involved with the cruise missile development

v
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Or analysis at that time. Where opinions on some issues and
recollections of points of fact have varied, often markedly,
between equally knowledgeable persons, both points of view have
been reflected in the text. The following persons were inter-
viewed:

Andrew Borden, Center for Naval Analyses ki

Harry Davis, formerly Deputy Undersecretary for
Electronic Systems, USAF

David Heebner, formerly ODDR:RE

John A. Englund, ANSER

Alexarder H. Flax, formerly Assistant Secretary of
the Air Force ‘for Research & Development

Lt. Gen. Glenn Kent, USAF (Ret.), formerly AFSC

Albert Latter, RDA, formerly with the Defense
Science Board _

Melvin Lairdq, formerly Secretary of Defense

Paul Nitze, formerly Secretary of the Navy and
member of SALT Negotiating Team

Stuart Rubens, 0SD/PALE

George Schubert, Technical Director, Joint Cruise
Missile Project Office :

Carl Tross, DIA, formerly with Navy Cruise Missile
Project Office ‘

Alton Quanbeck, CIA, furmerly with 0SD/Systems Analysis

Samuel Williams, Willianms Research Corporation

Archie Wood, formerly USAF SCAD Program Marager

MajJ. Gen. Jasper Welch, USAF, formerly AFsSC

(U) In addition, group discussions were held at the follow-
ing organizations with personnel involved in early cruise
- missile development or analysis:

RAND Corporation: -

Lockheed Missiles and Space Company

Boeing Aerospace Company

SRI/International

(U) I am also indebted to Robert Oliver, Robert Swanscn,
Ronald Finkler, Arthur Xrinitz, and Donala Dix, my colleagues
at IDA, for their technical assistance.
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SUMMARY i
»

(U) This study reviews the technological origins of the
current U.S. crulse missiles. It identifies the sources of
the component technnlogies and the purposes for which they were
originally developed, examines the way these component teche
nologies were synthesi{zed through R&D progranms into weapon
systems, and identifies major technical and nontechnical_ractors
that conditioned system development during the period from 1967
to 1974, ' .

(U) Postwar U.S. cruise missile development produced a
surprising number of operational systems.! The most successful
of these were tactical and air defense systems, some of whLich

Provided long service. Efforts to develop a long-range strate- -

8lc cruise missile, however, were not marked by zimilar success.

For one thing, by the late 1950's improvements in ballistie .-

missile technology promised more effective intercontinental
weapons. Purthermore, the longer range cruise missiles all
shared three fundamental characteristics: large, heavy ware
heads, inaccurate and welizhty guidance systems, and relatively
fnefficient neavy turbojet or ramjet propulsion systema. High-
altitude flight was required to achieve range objJectives, and
this made thesevcruiae vehicles highly vulnerable to air
defenses,

(V) Por the purposes of this atudy, a cruilse missile will be
defined as an unmanned, self-propelled, air-breathing guidedq
vehicle that sustains 1its fiight through aerodynamie 11t
over most cof its course. The latter qualification covers
rocket assisted launchers. The definition does not include
vehicles with pure rocket propulsion.

vii
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(U) While RAD on long-range cruise vehicles was marked by
a discontinuity from the end of the 1950's until the end of
the 1960's, oruise missiles as a clacs have been in service
sinte the early 1950's. There has been almost continuous work
by the U.S. military R&D community and defense contractora on
various aspects of cruise missile technology. In addisdon,
technology developed primarily for other purposes also proved
to be applicable to cruise vehicles. By the time interest in
long-range cruise vehicles revived, these technologles had
evolved to the point that it became feasible to undertake the
development of an effective longer range crulse missile cepa~-
bility. '
(U) The revival of interest in cruise miasiles can be dated
to about 1967, with the surfacing of the concept of a SCAD
(subsonic cruise armed decoy). The concern that underlay ’
SCAD--the need to solve the 1ncrea§1ngly difficult problem of
how to penetrate hostile air space with 4 manred bomber--was &
reflection of wider concerns on both the tactical and the .
strateglic level, The tactizal experience of the war in South=- )
cast Asla, considerations of cost, and the growth of technology
had all combined to make unmanned air attack vehicles attrac-
tive for a variety of missions. In the late 1960's the Alr
Force and the scientific community degan to reexamine the
potential of botn cruise missiles and remotely piloted vehlcles.
Thiz led firat to the eftorcs of the Alr Force to devrlop the
SCAD and then, in the early 1970's, to the Navy sea launched -
cruise missile and tiie Air Force air launched cruiso nissile,
{(U) The several component technologles involved in the new
generation of cruise vehicles evolved independently. Of these
components=-airfrane, propulsion system, fuels, guidance

2
system, and warhead--the technology of the airframe posed the
fewest problems. The warhead also caused little difficulty.
It was the gnidance system first and the prepulsion system
' 3
viii
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socond that represented the component technological™challenges
of the new generation of cruise missiles,

(U) It was development of the lightweight turbofan engine
with a low speeific fuel consumption (SPC) and thrust-to-weight
ratio that has made possible the small, long-range cruise missile
of today. The desirable qualities for & propulsion system had
been established in early efforts: low SFC, lightness, and
minimum production of observables. While small turbojéts had
been made as early as 1545, a truly efficient miniature fanjes
that fulfilled these requirements ¢id not appear until the
Williams WR-19 engine was developed in the later 1960's for an
ARPA P'ying Belt project. This engine was the father of a
family of engines that has since been caveloped for cruise
missile use. _

{(U) In the pertiod up to 1974, the engine was not seen as
risk-free. Considerable skepticism existed as to whether it
could indeed achieve the necessary fuel economies to reach the
objective ranges. Furthermore, the high=energy, high-density
fuels that had to be used in order to achieve those ranges
posed the possibility of reductlion of engine efficiency through
fouling. The viscosity of the fuels at the low temperatures
that an air-launched missile would encounter also represented
a technical risk, since measures to resclve the viscosity
problem meant loss of energy content and hence lessened vehicle
range.

{(U) Of the componedt tenhnologies of the cruise missile,
however, the guidance system has probably been the most diffi-
cult to develop. The hasic system has consistently been
inertial navigation with some form of positicn update device.
The Terrain Contour Matching System (TERCOM) grew out of ex=-

~ perimental work ir 1958 on the supersonic low altitude missile
(SLAM) project. By 1968 contliaucus development had brought it
to the point where it was the clear front runner among candi-
dace systems for the new generation of crulre miasiles.

: ix
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Howaver, the system appeared to suffer from serious defiziencies,
all of which usually led to its being given a higher technical
risk rating than any of the dther components. The systea had
been teated, but not in any structured program nor under uper=
ational conditions, and the results tended to be ambivalent.
The accuracy and reliabllity of the aystem were widely ques=
tioned. TERCOM was subject to occasional false fix ;blection
that threw the vehicle off cburse. The sensor could be affect-
ed by the presence of vegetation and snow, which caused foliage
and reflectivity errors, The major deficiency, however, was
extraneous to the system itself. The necessary data base of
digitized terrain profiles of the Soviet tevrain did not exist.
(‘) Between 1968 and 1974 increased testing{geveloped a
larger data base on TERCOM operations, resulting in a
' in it. It also became apparent that with

(C) Progress in development and testing of a guidance
system was related to developments in terrain-following capa-
bility and computer technology. Although terrain following had
been studied for a quarter of a century for tactisal aireraft
application, crulse missile application created speclal probe,
lems and requirements. These in tﬁrn involved trade-offs
between terrain-following capability ané vehicle survivability.
A technological breakthrough in the computer field provided

the basis for TERCOM in 1ts'miniatur1zed cruise miznile mode.
The develonment of semiconductors in the early 195C's led,

step by step, to development of the microprocessor arcund 1970
and then, within another couple of years, to the semi-corductor
memory to go with the computer. Along with the technique of
Kalman flltering, which permitted optimal use of computer

- o
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memory space, these two contributions made 1t feasidle %o use
TERCOM in the cruise missile's confined airframe.

(U) The first step in synthesizing the above described
technologies occurred with the SCAD project (19358-73). While
the project was ensnared in the politics. of the Bl controversy
almost from its inception, progress in developing and integrate-
ing the component technologies continued. SCAD laid the system
technological basis for the later Air Force and Navy ecruise
missile programs. The SCAD concept suggested that a very small
airframe could aéhleve considerable range and deliver a respect-
able warhead with good accurecy.

(U) The Navy interest in a cruise missile can be traced
along two separate but obviously interrelated lines., One of
these involved development of an antiship missile (Harpoon),
beginning in 1967, and the other involved development of a
strategic/tactical cruise missile, starting in 1971. As did
the SCAD project, the Navy program moved erratically but =oon
received impetus from considerations deriving from the SALT I
agreement. The technologies of the Harpoon and the SCAD were
applied to the sea launched cruise missile.

(U) Cancellation of the SCAD program, in July 1973, was
followed by the inception ef the Air Force air launched cruise
missile (ALCM) program. Since then the Air Force and XNavy
programs have moved not only along parallel technolegical lines,
but also under increa.ingly common management.

(U) The tachnical issues encountered in the SLCM and ALCM
programs are similar to those eacountered previously in SCAD,
although the separate applications, air and sea (and especially
undersea), presented certain unique problems. The viscosity of
} high-density fuels, for example, was mors a problem for ALCM

than for SLCM; on the other hand, the possible toxicity of the
high-deﬁsity fuels represented a serious problem in the con-
fines of a submarine but did not affect the ALCM application.
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(U) The cruise miastile cagse may be viewed as &z good
example of opportunistic R&D, wherein technologies designed
originally for other purposes were marrisd to a military cone
cept and synthesized into a wespon system. Howsver, the process
was neither unambiguous nor successful as early as had, once
seemed likely. There appear to have been three significant
factors in the cruise misaile programa:' the perceived hllitary
need; the development environment, which comprehends the degree
of acceptance of or support for the systems and the political
climate of the time; and the state of the technologies involved.
The interacticn of these three factors conditioned the course
"ef development. _ .

(U) The late 1960's was a period of greater receptivity
toward the use of unmanned cruise vehicles for a variety of
missicns, but there was never any generally agreed-upon military
need for a long-range strategic capability. Rangéd against the
scientific community, O0SD, and RiD elements of the Air Force
and Navy were the most influential elements of the two Services,
The former group wished to exploit the enormous potential they
saw in the cruise missile, while the latter, for a number of
reasons, preferred that the weapon have a much more circum=-
scribed role. The Air Force either actively resisted a longe-
range standoff weapon or viewed it at best as a noneruclal
penetration aid. The Navy's interests were primarily in anti-
ship crulse missiles and only secondarily ‘n a stra*egic
Jeserve force of cruise vehicles. To both Services, then, the
¢ruise nissile was a subsidiary weapon system. The long-range
strategic mission was pushed by the scientific community and
its DoD supporters.

(U) The controversial nature of the issue of perceived
military need in large part shaped the development envircnment.
It seems likely that the environment, rather than technological
factors, played the dominant role in the develspment process,
Uncertainty of mission, lack of Service support, Congreasional

xii
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azbivalence, and finally, in 1973, suspicion that the cruise
nissile was just a SALT pawn always impeded the progress of the
program. In consequence, the cruiss missilc in its early years
did not receive either consiatent high-level attention or major
funding. _

(U) A basic premise of this study was that the cruise mis-
sile technologies were "available," in the sense that a great
deal existed on which to build, when interest in the system
revived. While many problems remained in each area, the proba-
bility of ultimate success was good, even though the several
component technologies were not equally advanced at the outset
noy did the development precesses move in atep.

(U) The technical issues involved in developing: tho cruiso
uinuile were the optimization of component periormance and
system integration. Because of the evolutionary development
of the component technologies, it was the overa.l system inte.
gration that presented the main technological chellenge of the
cruise missile, and produced the main technological innovation.
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Artlalreraft artillery

Advanrneed Ballistic Reeant»y System
Alr Fcroe Systems Cermand

Alr launched crulse mtssile
Aeronautlcal Systems Diviston (AFSC)

2ritish thermal unit
Circular error probability

Electronic counter-counterreasures
Electronic countermeasures
Electroragnetic pulse

Irertial navigation system
Low Altitude Contour Matching Systen

Multiple independently aimed low altitude missile
Multiple independently aimed reentry vehicle '

Rapid Centour Matchirg System
Padar cross-section

Required operational capability
Remotely piloted vehicle

Surface~to-air missile
Subsonic cruise armed decoy
Subsonie cruise armed missile
Sea~based ecruise missile
Subsonic cruise unarred decoy
Specific fuel corsumption
Supersonic low altitude missile
Submarine launched ballistie missile
Sea launched cruise missile
Short range attack missile
Ballistic nuclear submarine
Surface-to=-surface missile
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Terrain avoidance
TEPCG!-Aided Inertial Mavigation System
Terrain Contour Mappinz System

Terminal Fix

Terninal Sensing Experiment
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4
CRUISE MISSILE 8ACKGROUND

(V) For the purposes of this study, a cruise nissile will
be cefined as an unfranned, self-rropelled, air-breathing guided
vehicle that sustains its flizht tkrough aerodynamic 1if+ over
most of its course. The latter qualification covers rockete
assisted launchers. The definition does not include pure rocket-
tropelled vehicles.

(U) The crutse missila programs begun in the early 1970's
are the latest manifestaticns of a long-ternm Arericar inteprsst
in the technology of urnmanned povered aerial vehiclss, This
interest can be traced back to the First Yorld YWar when (in
1917) experiments wera undepr%aken wih robot alireraft that could
be flown a few miles. This wank cortinued for scme 1€ years,
and while no milftary application resulted, there was sore ine
direct payoff in terms of the develocment of the autopilot and
instrument landing systems. Then, in the late 1930's, the lavy
made plans to use TV-guided assault drores with a range of 200
miles, '

(V) Between 1938 ansd 199, the Army Air Corps devised an us-
dated versicn of the 1917 drcne aircraft, called the "Bug,” that
had a 200-mile range, tut development was halted in 1943 as thre
craft was no longer considered competitive to manned aircraft.
(Development efforts were not pursued because the technology of
the time did not promise an early achievement o’ goals.) 1In
1944, to counter the first suscessful cruise missile, the V-1,
the United States on several occasions used bomb-laden drone
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2«17's that were crashed into the heavily defended launch sices,
thus using- one urrarred vartcle againss another,!

A. INITIAL PROGRAMS

(V) In the perlod immedlately Tallowing she war, sk Tnlced
States attempted %o develorn & missile capatili<y., The <eshrai.
©g7 of both talllistic and crulse missiles was in Its infaney,
but the focus was rapidly FUt on cruise missile applications
because of aoparent corrmonality with conventional alscra’t
Systens and tecause the United States had irhericed the V-] ana
V=2 technology along with some of the scientists who had creaced
the »eapons, (German experisnce wish the Va2 had 11lustrated
that there was a greater technologicallproblem assaclated with
the development of ballistie rmissiles,) Although hard-pressed
to show an application for such a weapon, the Alr Force undepr=
t00z to copy the Val imnediately after its appeararce in the
surmer of 1544, By the tirme the war ended, rore than 1,209
coples of the V-1 had been bu? t, the American varsion beinsg
called the JB.2. 2

(U) The prohlem with the cruise missile efforss lay in the
difficulty of adequately replacing the human i{npus %o the air-
craft system (gzuidance, target acquisition, mission crogramning,
flexib1lity), as relatively little exploltable tachrology was
avaiiabtle. llevertheless, tie desire for a rissile czzakilisy
pushed tha United States toward develcerent of srulse rmissiles,

[
(v 9

() J. A. Erglund, Advanced Misailes--Technology and Applica-
tiong: The Cruise Misaile--What Isg It? What Might It Be?
(Arlington, Va.: AMSER, April 39, i§78), p. 2, SEoReT,
(U) It should e roved that the V-1 was not a t~ue cruiss
nissile in the classic sense, since it had no orne=btcard guldance "
system, I% was pointed in the direction of its target and its
engine automatically cut 2ut after *he time designazed as
required to put 1t over !ts targes.

() =, Perry, Sustem Laveloprent Strategies: A Corrarative )
Study of Docirine, Technolocy, and Crzanizgtion irm *the "SAF Sy
Ballistie and Cruise Yissils Progranms, 1750-13%2, 2 4953PR :
(Sarta Monica, Calif.: PRAND, Auzust 194€). |
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WRoth GEReared S te the 9urse a4f ~eart racristarne, Tp ghame
orier the dasire fon g rPasidly anquired arilge migsi, *ezatila
i1%7 sutran exissinz sashrclazey, 2cih the Alr Torze and ore
8%y inileigcad Erasrans, with the firse cperatilcral weanars
tacering avalladle in “he nld=13801y,
() By 1369, crulse missilas J2r toth strate 5? and’ tansra.
loped bty the Alr Force and rayy,

cal aszlizaticns had beern deve
Table 1 1lists most of the cruise missile prograc=s begun since
the late 19i7's, Thaip 1lversity 1is surprising. There was thae
Navy Pegulus, meunted on subrarines and surface shins;: ke
interceontinensal Snark, which was desicgred to 17 a= a 5,700
gltizude g% Mash 9.9% fo» 5,300 nn ard deliver a 4.t warhead;
the tacsical !face an2 “atador; the air deferse Bcrare; the aira
to=surface Pascal and Esund Dogz; and the bomber Fenetratise
decoys Goose and Quall.?

(V) Some of these mfssiles had a long and use?yl 1ife.
Sorare, with 1ts nuclear warhead, was ore, and docund Doz, Talos,
and Quall are others., Scrme had brief lives. The first Snark
missile was placed on alert in Marehr 1340 a* Presgue Isle,
“aine; the full 702nd Strategic Missile Winz was declared cpere
atiorally ready in March 1951; the Wing was inactivated as
obsolete in June 1451.°

(U) Perhaps the most exotic of the programs was the SLAY
(Surersonic Tew Alsityde #1sslle), iritlated in Auguss 15362 by
Chance-?cugﬁt unde™ Alr Torce contrace, The intertinn was %¢
develop & ruclear-cowered, low=-altitude interzentinental
(unlir{ted rarge) missile capatle of carrying a nuclear warhead
anywhere in the world. While the missile progra=m 1tself was
cancelled by 1960, work was continusd or some of the compcnents,

'(U) Headquarsers, USAT, D.>/Plans and Overations, Cruise
Hissile Study (Draft) (April 20, 1976), p. 111, S=rRE7T.

(v) fleadguarters, Strategls Alw Command, The Development of
Strategic Aip Command, 134€-1973 (0ffust ATE: Septanmter 19,
1374), p. 85,
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Table 1 (U),

System Application Propulsfon
Regules | b31) Turbojet
Regulus I} E 31 Turbojet
Navahg 1 $4] Ramjeg
Snark £$1.1 Tarbojet
Matadar b 311 Turbojet
Mace ssuf Turboget
Quail Decoy Tursojat
Hound Dog ASn Turboger
SLAN ASMISSH Nuclear
Harpoon 131 ] Turbojet
Tatos SAn Ramjet
Bomarc SAN Rimjgt
SCAp Decoysasm Turtafan
SLEM (STRAT) S$in Rocket/turbofan
SLEM {TAC) L 1] Rochet/turbofan
ALCH ASH Turbofan

Max, Ia;;t—
{an)

i o u—

57%
1,200
5.500
6,300

600
1,200

345

$00¢
GloLal

50¢
55

420

to0
1,500¢

100+

700

H

b

U.S. CRUISE MISSILES AND PROGRAMS AS or 1975

pend Nelght
Nach) (lb!)
0.9 14,500
2.0 26,000
1.0 100 ,0u0
[ % ] $%.0c0
09 13,000
0.9 14,000
2.9 1.200
.0 10,060
»).0 1,600
). 0 1.500
1.% 7,000
1.7 16,000
0.% 2.200
«1.0 3,000
<1.0 2.4800
«<).0 N b, 900

*Lavach from coaveatfonal SS or 1nyp,
Lavach froem auclear 5% oF ship,

“Cancelled 1937,

‘Onratloul 1940, retired 1961,
“Neplaced by maCE, 1942,
Coaverted to drones,
Past dedivery 1962,
Last dalivary 19¢),

| —

——————— . . YT -

) . qulanco
Radie cosmqng?
Inertiat? .
tnertiar (SIns)
Taertiad/celasttel
8adsr commang
leartist/oap satching
Avtopilot-tingr pProgrinmed
Inertial/star-tepch
Active radar
Semit-active rodar
Radlo commanyg
Insrttad
Inerttal/Tencon
Inertiad/active radar
laerttal/Tincon

-

laiteal
deplayase;
1958
feae®
1920f
133)°
1959
19407
1901
Reag
In test
[£1% )
194}
feny
In dov.
Ia dgs.

In dev.

e ——— o

Q14ISSYI9NN
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specifically the nuclear Fover plunt and s Suldance system,

“he laster was to becore Farsicularly sigrnificant. s Jare's

Put s in 1962:

Under further USiP contracts, Chance-"ouzhe
have developed an advanced self ccntalined gyid.

s ance .ub-system caratle of directing nisgiles,
ineluding SLAM, wish unprecedented accuracy.
Simple but relatively inexpensive, this sys+tem
was flight tested in g Convair T-29 n 1961,9

Thus was the Terrain Contcur “apping (TERCOM) systen bosn.

(U) By the late 1950's, as a nunber or crulise missiles were
beginning to enter service, interest in 4 strategic =tssion for
tren declired. Fop one thirg, irprovements in tallistie nissile
techinology premised develop=ent or effective 1ntercoﬁ:$nenta1
weapons, Soviet sclentific successes with Sputnik and the first
Soviet ICBM had inspired .the United States to alleout elforts in
this fie1d. U(.s. resources and efforts were directed kenceforth
into the ballistie weapons, :

(U) The other rajor reason for cessation of the lorg-range
cruise rissile efforts lay 1in the technical problems related to
them. Whiln several of ihe FErograms had produced actual opera~
tional systems by 1960, the longer range weapons all skhared cer-
tain characteristics: large and heavy warheads, inaccurate and
welghty guidance Systens, and inefficient, heavy, turtojat or
ranjet engines. Further, trey lad at best inaccurate rudimen-

N tary means of obtaining location information to eerrect thelip
guidance systems during flight. To compensate for these fnadew
quacies, high-altitude fligh: was required in order to achieve
range objectives, This meant the subsonin vehicles were vulnepr-

' able to air defenses.® Consequently, the cruise missile became

ETLE JTRNE

(v L. Bridgman, ed., Jane's All the Wopldt's Aircraft, 1353.84
) (Mew York: ‘tcGraw H111, 19€3), p. 430.

(o) Englund, Advanced Missiles, o, 8, SECRET.

DI Ny,

5
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nonecorpetitive and its functions were assiined %o elskap
tallistic weapoms or rmanned airerass.’

(U) That the Navy had second thoughts about having
rissed opportunities to utilize the early postwar strategis
missiles 1a a tactical role was illustrated by an exchange
during a Senate Cormittee on the Arred Services hearzng'in
Yareh 1971. The Cepusty Chlef of 'aval Crerations #sp Surlas
darfare stated that "we had a missile called the Pegulus sore
time back, which we*dropped, *hat turns out %o te similar to
the nissile the Soviess fow have azainst us in she crulse
rissile category.” In answer to a cuestion as to why we drcppas
it, he sta:ed thas 1+ was decided that with the arrival of
Solaris the Pegulus, vhich was consideped a Strategic missile,
Seemed sup:rfluocus. "Ve felt we had stepped beyord 1t, Ye wera
not srart erough to rove that missile inte a tactical applica-
tior and ve should have,"? .

() By "wa" tre Deputy Chie? was of course referring
spégirically to the llavy, since the Alr Force Matadop and Mface
were tactical weapons., Tha fallure of the llavy te pursue a
tactical application has been traced to the fact that beginning
in 1947, early development contracts for prorused Navy cruise
missile programs ne longer included ships as target options, ~
This restriction of U.S., target options may have been a primary
influerce on the developrent of guidance technology and was a
main difference between U.S. and Scviet erforts, Since the
Soviets lacked carriers and the a‘r Support carriers provide to
othe:* ships, they compensated by developing antiship missiles
45 & nmeans of increasing the firepower of both surface ships in

(V) K. Tsipis, "Cruise Missiles,” Scientific American 216 (2),
p. 20.

‘(u) v.s., Congress, Sena‘e, dearings Before the Commttea on
drmed Services, Figeal Year 1372 Authortzation for ¥i1{tary

Proeurcment, Resecreh and Develspmense, Congtpuction end Peal
Estote Acquigition for the SAFEsyAzD ABM, ard Fegarve

Strengthrs, 92d Corg., lst Sess., March 26, 1971, p. 981.

6
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PRITIVILED and ales sutmarines. Tha =sriaty 444 -an- ignere land
SAPZETE, MUt rathes 2snsensratad shals 2fls0%s 2n a3tatuing san- )
5973 4% 34% s recativaly modest ranges, s mizafan Sir ouhlan
%% Te%hnical rejulrenents ware las3 demanding,?

B.  REVIVAL OF INTEREST IN UNMANNED VEHICLES

(C) Revrived inseres= in 2rulse=type miss:les’gan te dased

%< &ab2ut 1657, whan the concept 3urlaced of a sutsonis erulise
~armed decoy, or SCAD (with links to the Harpoon), the develop-
fent ¢l whizh will te descrited tgcan. The conzern indeplying
SUAD==%he reed o sslve the increasingly Lrfiauls prektlenm 40

how to penstrate hestile atm space with 3 mannaed bimteres

reflecsed a wider Spreaz conzern with regard to hoth tazsioal

ard strategis sperations. By the later 1959's, a parcisular

et of circumstances made unmanned vehicles look mere.attractive

&nd both remotely pilioted vehicles (RPY's) and aruise nissiles
were agaln being discussed. Thege circumstances resulted from

L the tactizal expertences of 7ietnan, consideratisons ¢ 20st,
and the growth of technology. ' .

(U) Cecmbat in Southeast Asiaz had demonstrated tha% dispro-
portionate cost benefit ratios often marked manned airerals

¢ operations against targets that were heavily defended with ~on-
binations of missiles, conventional radar-guided AAA, and
defensive fizhters. As a result, means of elininating the
kuran faster in certain operations came undar exam‘nacicn.

4 (J) Eiliminating the necessity of having a humzn gresent Iin
ar. attack system carried many advantages, It could mean tha
elimination of life Support equipment, which would reduce
structural size and #elght, and this in turn would reduce both

v ini<1al ang operating cos.s. Unmanned vehicles could further
operates a% al:i:uqes. Speeds, and acceleration regimes tra®
would be too dangersus or unbearable for a human. Such a

.-

< ’(U) F.A. Tatum, Evolution 0f U3 and Soviet “ruise Missile Tazh-
nology (Santa Monica, falif.: “RAND, July 1978), p. 5, SEZRET,

7
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S7stenm could te 2 one-way system, reaning more range ans pay-
load for the sare welght, and would thus Le experdatle amd reeq
not te constructed ¢T highequalisy, long=1ived raterials a»
ccrponents., The atserce of features external to the rain air.
frice, such as stores o» cockpit, would mean a redyced radapr
Croas-section and thys greater renetration capability, -

(7) On the other hard, there were obvious disadvéntages “n
unranned attack vehicles, The absence of man reant the system
would be inflexitle. doreover, One-way systems had to te very
inexpensive to Justify their use. Lata links could be ros only
expensive, but alse unreliable ar4 Yilrerakls %o 22X, ard avanm.
all relfadility had to be high or low conlidence in the vieapon
would create a noed for multiple vehiclas per mission, fhus
increasing the origiral low cost,!® o

(V) The development of new interest in cruise misgiles
paralleled that for RPV's 1l a5 2 reflection of thig growina
interest, the air Force Systems Command and the DAND éorpora-
tion sronsored a rajor symposium, from May to June 197C, <o
revizw the feasibility and practicability of apvrg, Techninal
Papers established a base for the several technologtes thate
could contribute +o development of RPY's . and the Report of the
Symposium stressaeq the fact that individual technologies hag
gttained development levelg Such that they could te incorpora-
ted into remotely pilotea Systems with little or ro attendant
technical risk. “he Report also ermphrasized that gne sigrnifisans
advantage of RPV's was that they rmade cossible a nrew apnroach
to low-cost vehicles. In the past, as missions ana defenses

1eeg) Englund, Advanced Missiles, p. 7, SECRZT,

11(y) an interesting combined use of aPY and cruise misstles 1g

reporzed i1 Aviarion “eek, June 20, 1977, p. 81. fthe magazine

reports that the Naval A1n Systems Cormand plans %o oroceaqd soon

with its program +o develop a small mpy £for use on nonavia<tion

ships %o detect, locate, and classify Petential tarcets fap :
antiship weapons such as the McDonnell-Douglas ilarpoon and the Vi
General Dynamies Tomahawk,

8
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had beszome mape Sophisticated, 1t had Leepn necessary ¢
:ore‘qu:lex airerafs to ensure cperasiorsal Sugerlisrlity or even
Basiz survival 1n Suck an environmens., g aircrafs o
co:plax"to'build, they tecare 2xtremely €ostly per uni-, 2udzes
eonstirainss foreed the Alr Force to buy fewer ypieg ard this n
turn drove upt- cost higher. The Peport pointed c4> that f2r 3
decade the A1p Force had been caught in an ever-wzieniné sciral
of higher costs and fewer aireraft, ppvig Seered %o offer a
Fe&ns ol breaking this pattepn.!? ' '
() In writing of adY's in 1571, the Cefonse .

Pointed out thas in several env:ronmen:s, Scrie already 2xceria
enced and sone foraecast for the future, <he reed fnwn altermasivyae
Systems tc cormplemens the capablility of manned airerals was
8cparent. For seme tasks ranned airecraft could he <00 exzensive

* to procure and cberate, evepn without allowing for at:riiion
fronm enemy defenses. Overflight by manred airerafs of enemy - -
Or neutral territory could be politically unacceptatle, Fimally,
the incréasing capability of air defensss coyld result in hizh
attrition rates--high erough to preelude Sustained creratinrs
and prevent achievement of the military obJectivemegr excessive
€08t in human and material resources.!?

) Furthermore, crutse missiles could be

Expertence with

n
[} ]

4
-o2nce 2:anq

"

12(m) RA!ID Corporation, Report o0f the Proceedings 0Ff tre AFSC/
PAID Sympogium of May-July 1920, Vol, 1 (Santa donlca, 7alir. -
RAID, July 1971), v. 11, SECRET,

13 Office Directop Defense Researeh and Engineerinz, Defense
Seience 3card, I'nterinm Report of the Panel on PPYs (July 1971},
P. 3, SECRET.
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) Presurably, another fastor gresent Iin the cornsidera.
tions ol the late 19€0's was she fact of the

(U) Pinally, technology applicable to cru'se missiles had
been developing steadily throughout the 1950's., Work on infor-
mation processing, propulsion, navigation, guidance, and
sensors showed the po*ential of all these systems to improve
the reliability and accuracy, increasing rarge and penetration

1%(U) Center for Naval Analyses, llaval Warfare Analysis Group
Study 67, The Future Role of Sea-Based Strategic Cruise
Miseiles (August 1971), p. 57, TOP SECRE".

'5(U) Defense Intelligence Agerey, Land and Air Launched Cruise
Missiles (Current and Projected--Eurasian Co=~munist Countriegi,

DST-1330S-014=76 (June 25, 1976), p. 3, SECRET.

'$(U) J. Olmstead, A. Bien, and R. Keenby, Cruise Missile Sub-
marina Operationsa: An Information and Tactics Study (Menlo
Park, Calif.: Stanford Researca Institute, Cecember 1971),
p. 24, SECRET.
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capability, and decreasing slze ard cosis of eruise rnissiles,
lew corposite materials hed alse 4ppeared for use as aframare
corponents that wers %o improve aerczdynanmics, ard to serxie
more freedsnm 1 design consours. This in turn resulted in
lower radar cross-sectiors and rore effictlent airframes, 1?

C. CRUISE MISSILES: A CONTINUUM

(U) As irdicated in Table 1, cruise missiles as defired
have really heen £art cf the Ameripan arseral since =he early
FOSt=war years, Zacause the successful cnes tended to ke 31n
defense or tastical rarge mnissiles, they nevep recalved myeh
Fublic attention. levertheless, the V.S, mtlitary researsh gnq
cevelopment corzunity ard contractors were worzing almost corme
tinuously on some asrect of cruise missila techrelogy. 'Ehile_
it is true that =D on long-rarge strategic cruise nissilas as
such was no* con‘inuous durirg the period from the end. of <he
1950's ﬁo the late 1960's, the technologies needed for those
Systems c¢cntinued «o evolve. Ey the time interest in :ruisé
nissilas was revived, these technologlies had developed enough
to enable an imrmense irprovement in cruise missile carabilisy,

(U) By tracing the origins of the several technologies fn
the next several sections, the stage can be set for an exarcina=
tion of how those technologies were woven into systems at ¢ka
turn of the 1972's. Since 1t is ¢ feasitle to desenthe totk
conponent development and S7stem developmert analyses in a
chronological franework, without overlap, some repetition ®as
unavoidable.

'7(U) Englund, Advanced Missiles, p. 13, SECRET.
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1
P2OPULSION SYSTEM DEVELOPMENT

“‘a
(U) The desirable qualistes for a propulsior system for a
crulse missile had been established ir the early efforss, They
included efflclens propulsion (low Specilic fuel consumption)
and <he minimur sroduction/gzaneracion of otsarvables (the
acsustic sigrature and infrared signature) o minimize thre
protadility of detection. Ip addition, the need %o avoid deteca
tion threugh sonic toom on overland flizht segrents rmeans that
the missile was restricted to at most a high subscnic veloecity,
whish had %o te slow enough to prevent siznificant transonic
drag rise ard ye% fast enough to maintain the time of flight
and the irerttal unit requirements at reasonable levels. Cruise
miisilas wepre essentially restricted to use of engines that
produced speeds of Mach 0.2 to Mach 0.95, '
trderlying the modern cruise missile was the develor-

LCevelopment of the

(U) U.S. cruise missiles before the current generation were
all powered with turbojet or ranmjet engines, excert for three
or four short-range micsiles that were rocket pcwered. The
engines used were simply versions of those that had teen devel=-
oped for aircraft. The current U.S. program represents a
charge, since an effort is being made to apply the technology
of the small turbofan engire specifically to the cruise missile,

13
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() Vse-af the cmall turtine engine s not umisue 2 the
resant orulis nmissile, A recens survey of the subless Eainss
o': “hat In 1535 Westinghouse prodused a ‘et enpine §.5 n.

sh
in diametar, which was fitted to *he first =issila to Le Frwered
|‘

t7 a surbolet, the U.S. lavy Gorgon, in Auguss 15&S. Flying as
1C,000 rt, the 560-1b missile attained a speed of ores b29 =pn,
ard carried enouzh fuel for a 2ekw» flight. The T/% ratic was
only about half that of the surrens engires, and spacifin f:el
corsumption was a great deal higher. The Havy cancelled the
srall engire program because the engine apparently had no cther
application and was deemed oo costly to te developed only #ar
missile research.

(U) There were alsc forelign contributions to small turbolet
engine technology. The French began gas turbine work in 1547
that eventually produced a series of what were relativeiy small
enginés, conpared to standard aircraft engines. Ir 1955,
Turbomeca develoved an engine 22.5 in. in dlameter preducing
1,450 1bs of takeoff thrust at a T/W ratio of about 4 and

specilic fuel consumptior of about le-a performance close exsept

in terms of size and thrust to current cruise nmissile enginre
performance. By 1960 another French firm, Microturbo, had
developed small turbojets for sailplanes and target drones,
some as small as 12.5 in. in diameter with 175-1b thrust.
Other small engine contributions haﬁe been made by English
firms and by Fairchild in the United States,!

(U) The large turbofan enginre was introduced in the late
1950's and quickly swept the commercial market because of its
added fuel economy, efficlency, and lift capacity. When con=-
sidered for use in the cruise missile, th2 fanjet has several
important advantages over the regular turbolet. The fanjet

1(U) P. Tatum, US and Soviet Cruise Missile Technology, pp. ll=
13, SECRET.
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Freduces much less acscusgsia sigrnature, since 1t kas s hizhen

Tlow racte and a laover exhauss 7el3eltr.  ALSY, the fan
enits laszs infrared radlaticn frem Ro erZine narts Ar fre=
+2% exhaust plume than <he “urtojet tecause 2%c0ler alr frem -ha
Tan typass flow nmizes and cocls the cere exhause Jet, The fana
Jet thus has the advantags in toth {nfsared ard Jocussie
sigrature, -

() In the ratter of ra“ar cross-sec:ion (2CS), the fantes
is at a disadvantage, The irlets necessary for alp-breashing
engines are rormally sfficient radar scattenrers and tenc *o

- enhance the 2CS of the vehicle. food design tha® takes advane

tage ¢ shadowing or uses radar-absorbing materials can counter-
act this somewhat. However, She fanjet requires a larger atr
mass flow rate, which in turn requires a larger inlet.?

A. THE WILLIAMS ENGINE

(U) The major Ameriéan daveloper of small ergines was the
Williams Research Corporation of %alled Lake, Michigan, organ-

1zed in 1954 for the specific purpose of develoring small £as

turbine engines. Samuel Williams had been emoloyed at Chrysler,
where he had worked on a llavy turbojet project arnd on an auto=-
motive gas turbine. After his company was formed, work for the
automoblle companies developed a technology tase for eventual
work on aireraft engines. Williams' first englines were for
autormotive and marine applications, and in 1656 he produced “he
first successful srall turbine engires for thase purposes, The
first Williams airecraft turbejet was built in 19€72 and flew in
1962. The WR-2 first ran at a design thrust of 70 lbs in 1362
and was develoarad into industrial and automotive engines of 75,
150, and 500 shaft horsepower. The WR-2 was fitted to the
Caradian AN-USD<501 high-performance battlefield reconnaissance

*(u) R. E. Relchenbach, Long-Range Cruise Migsile Study, IDA
P-958 (June 1973), p. 34, 3SECRET RD.
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arivative, the WP-2ief, rovensd she lonehre

.,

() In April 1544, she 2all Asrospace Tamzany and Williams
preposed o the AGILE Program ¢f APPA that a "Flying 3els" e
develozed for infanstry use, %2 be rowered by g tiny farfes,

The resulting contract called for developrens of W propulsisn
systen for the Bell Flying Belt, an individual fligh® system or
117 device to enadble a man %o fly 10 =1 at speeds up to 49 =ph,
using only engineﬁpower for 1i7t, prepulsion, ard all control
furctions. %Williams research on the engine using company funds
had begurn in 1544, and the Joint 3ell-Williams program began in
19€£.? ‘
(U} Ia the spring of 1965, ARPA requasted IDA to examine
the engine, which was lcund adequate to meet the requirerments
of the Flying Belt. The latest version of the engire was cap-
eble of providing substantially more thrust than the 425 1lbs of
starndard cay sea-level static thrust proposed originally,
Furtherriore, the IDA analyst could foresee no seriocus technlcal
or production problems.*

(U) Inislal engine testing was cormpleted in 1367 ard the
WR=-19 engire development and a 50-hr ?reliminary Flighe
Rating-Test were concluded in 1969. The WR-19 at this time wes
a twin-spool bypass fanjet, 24 in, long, 12 in. in diareter,
weighing 51 to 68 1lbs (depending on accessories), and producing
430 1bs of thrust. The specific fuel consumption was less than
0.7 1lts/hr/lb. The engine dburred stardard JP-L fuel. At the
tine, both the Williams turbojlet and fanjet were only about 10
percent as large as the next largest engines in their classes,

Y(U) Willlams Research Corporation, Company Background and
Pelated Ezperience (Walled Lake, Mich., 1373), »n. 3.

*(U) K. Campbell, The Williams WR-19 Fan-Jet Engine for a
Proposed Jet Flying Belt, IDA P-196 (July 1965), p. 31l.
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%23 3ine teen 2e7elored, henm ke 2irrene Tavivgl =2 interage

2
Tilse armed migsive (S2A2) was ke cme
' Zi2 of ke massile, n

Rare erneccad o long-ter:. Rizghanigy, 212velonnans 4o q *=all
Ir=bregs irg enzira ron 1%, The malor engire = nufassureny
Here ressimistia shge A% engine of ere small size feculired

®SIid Lo afriet

ke Yillla=s =

tage,?

-
TRine exisced ap4 =ikt serve as 1 Sechrglogian)

1) The Willlamse fennle recognizaed +wa imtcasiong 22 the
exisiing engine 7on Scme acrlicaticrns., A illla=g ernineening

TErort prepared f2r lceokhead ¥issiles 2nd Srace Corpany in Suly
i%7 of a s£oAn Stated that "utemgn the £rea
Sent s%a%te of +he art, no engine de2!2n arpoarad 0 ta 232akle
of 232%-rr prance a- S22 level fach 9, 3¢ #ithin the egraklegsa
vahinle size, ard xhen pronper allcwance was made for era scaze
reguirenents of rarlead, #uldance, anq coniral systems.® The
T

Tegort stressed thas the use of high-energy fuels would e
rejiired for maximys rarge, pointing ous that Shellayrae 2-pearad
SC 3ffer the Lege thance because 5 1s cembussian zharazterisa
tics, whick were sinilar to those o° JP=u, Shelldynae alg-
promised a Il-tercent Zreater range, Therefcre, “he use or
high-enerqy fuels «p 20 with thae *nzire alsc rad +q te ctne
sidered a devalepmane cblective,*

*(U) Interviay w“ith 4r. Samuel Williams, Williams Researeh Cop-
poration. :

() Williams Resesrch Corporation, Engineering Peport fresared
for Lockheed Misstiles and Spase Company, fnaing Study fer a
Sutsonie Cruise Armed ¥issile (July 15, 19€%), p. 3,
COUFIDENTIA

(C) Later testine was te show that the original expestation
in regard to the ranze benefit from Shelldyne wus 30 percens
too high, -
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n the enpine indust>y,
ts zroavide nrctotyre anglines 2y the SCAD
207-4R2=100 design that resilted was basizally
frem the W2.19 family of engines. The engina,was e
small, lighswelzht surtofan with spesfal pra-isiors for his
alticude starsing,

(U) After the SCAD progran was well ‘:nderway, She llavy
tazame interested 4n a SLCM, All four competitors for the
hrc:ac: in early 1372 chose the Williams sngine, but a second
corgetition was demanded with Willlams agairst Teledyrne, Azain
'3111123 was sslacted, Howaver, the MNavy elected tn ugse twy
engines, the Teledyne engine, which came from the Harpoon, fer
the tactical version of the SLCY and the Willlams engine for
the strategic version. In m1d=-1973, when the SCAD program was
carcelled and the ALCY program begun, the Yilliams engine was
selected by the Air Force for thelr new long-rang- crulse
missile system, .

(V) There was clearly some concern over the degree of *ech-
nical risk involved in using the Williams F-107-WR-100, the
advanzed version of the WR-19. It had not yet beer. proven that
such a small engine could achleve the necessary fuel economies
in order to reach the objlective range. Furthermore, by the
spring of 1974 the Willlams SCAD-derivative engine had still
not flown in a missile. The Navy attempted to spread the tech=-
nical risk for the strategic missile by sontinuing development
of the long-range Teledyne engine that had lost cut in the
SCAD competition.

(U) The strategic version of the SLCM thus was to use
one or the other of the turbofan enZines designed originall:
for the SCAD, while the tactical version would use a modifi.d
Harpoon turbolet. The decisive factors in the tactical case
wers the lower cost of the turbojet, the shorter rarge E

18
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renuiremenss, an4d the resd for higher thrust <o engzage & moving
- -

-

(0} As %t time tach varianss 27 <he ss-ategic missila

re had ye: to Le run cn high-density Tuels, There was
zenzern that the hizh-density fuels might 2reate smoke plunmes
sr, throuzh fouling, reduze the efficierncy of the engine, 7Th
hil ‘a-s ergine had been tested early iIn the SCAD prozzanm using
the new fyels, and fuel viscosity (as a result of low tempeéi-
tures at altitude) had been a problem, with the fuel tending
to stick to the walls of the fuel container. The Willianms en-
gins had a slinger, which atomized the fuel and dissributed it
equally in the combustor. This innovation was derived fronm
Williams' exgerience with truck engines using heavy Dless?
fuels, which tended %0 react to low temperatures in the same
ranner as the rew high-energy aviatiocn fuels., This experience
gave Willliams the technological base from which to attack ﬁﬁe
viscosity fssue, Tortunately the smoxing engine problem digd
not develop as fearad,'!

B. THE ENGINE EXPERIENCE

(U) The developrmen: of the enzine technology nreeded for

the c¢rulse missile was stralghtforward and evolutionary, typi-
cal of the engine business, Once an operating engine has been
developed, larmge advances can be made on it. The initial
breakthrough was the Flyirg Belt engine, which azhieved a high=-
pressure ratio in a very small engine without undue compliexity.
After that, no majfor 1ssues of engine technology were at stake.
Many improvements have been made, but no major changes. As an
engine 1s itself a composite of many interrelated technolicgies-=-
pumps, combustors, materials--improvements in several specitilc

T(U) U.S., Senate, Committee on Armed Services, Heartngs
FY 1978, 93¢ Cong., 2d sess., April 12, 1978, p. 346%,

*(U) Interview with Mr. Samuel Williams.
19
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areas 2entribute tc the overall suscess of the angire, Sysr
mgrovenents have included tha development of 50114 <usbire
wheel castings, oy Zesign which daranded that a single part 44
several Jots, reducing So%th complexity end weizht,

(V) Innovations in the use of rmaterials were also attempt-
ed, although the alloys utilized were the same as thoge,
utilized ir large engines. ZIxperiments were made in ehplo?ing
ceramic coatings for cormbusters and rotor blades while résearch
elforts to increase the maximum gas temperature for the W3-1%
and i%s derivatives vere continuous. The terpergture actually
ueed a= the turn of the 70's was atout 1,759° F,, wish She
materials in use (Haynes 31 cobalt-base alloy for inlet gulde
vanes, Ineco 190 for first-stage turbine blades, and Inzo 713
for other hot parts) having a potential limited <o about
1,250°. Despite the mechanical difficulties involved in work-
ing on such small components, with the turbine roteor 4disc ard
tlades cast as single units,‘w1llians continued to exgeriment
with air-cooled turbine rotor blades, with the goal of develop=-
ing an engine to operate at a gas temperature hizher than
2,000° =.?

(U) For both SCAD and ALCHM/SLCM, the engine development
experience was the same. The major problems were related to
packaging the eng!-¢ as part of the overall weapon systenm;
system integration rather than engine technology per se was
the issue., Relatively modest Ilmprovements were made %5 the
basic small tirdboafan e.:gine, but these still allowed conserva-
tive operating conditions and thus cermitted a large area of
potential engine development.

*(U) J. W. Taylor, ed., Jane's All tha World's Aireraft,
1971-72 (London: Jane's Yearbooks, 1971), p. T15.
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"FUELS DEVELOPMENT

o

(V) It Is gererally ascepted that the tuo teshrolopisal
advance. Zey %o the develorment of the current gereratisn of
cruise rissiles are nicro-electroric devices, which led to
improved guldance azquracies by gseveral orders of nagnitude,
ard the develorment of the small, efficient faniet erngine that
for every hour of fiight consumes no more than (and preferatly
less than) one pound of fuel fcr every pound of thrust. Another
eruclal, althouzh less publicized factor in the developrent of
the propulsion system has been the creation of 2 new generation
of Jet fuels., These are synthesized liquid hydrocarbon fuels
trhat inereascd the range of the cruise missile by as much as
19 percent over the range possible when conventioral commercial
ard military aviation fuels are used.

(U) Before the development of the ilavy Talcs at the end of
the 1950's, the only fuels available for turbine-powered air-
craft or missiles were JP-% and JP-5. Fecr Talecs, the llavy
chose to use a specially synthesized liquid hydrocarbon fuel
called RJ=-U; since then toth the Navy arnd Air Force nave con=
tinued to develon fuels with inereasingly higher densities,
(Air Force and 'lavy fuel requirements differ somewhat Ltecause
of the cperatlonal characteristics of their vehicles.)

(U) The difference between the BTU/gal of standard aviation
fuels (JP-4 and JP-5) and the BTU/gal of the newer high-density
fuels developed in the 1360's and 70's 1is marked:
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Tueld T/ /=nz
vial 112,793
T2 125,37
LA 125,427
JP<% 142,20
JE=19 142,258
RJ-5 (Shelldyne ¥; 1£1,9352

“"-
Vs® of these neyaw fuels has resulted in 1n=reaaed'ra:ge'anﬁ

{Qua +o experimentation and davelopmans during the lase 1a
years) the des!rable‘low-:enperature OFerasional charactesnis.
tics assoclated with JP-& ara J?.5,1

(U) Ore of she earliess o “he highedersity fyels was
Shelldyne, I+ was developed experfmencall. in the eariy 136404
88 a high-snergy fuel for use in volure«limicaq vehicles using
alr-treathing erzines. The fuel had a lcw freezirg point, a
high specifie fFravity, and a calorific value per unis volume
then believed to be some 30 percent hizher than that of cone-
venticnal aviation fuels. It could te mixed with existing fuels
to increase overall calorific value and was thought to be
compatible with all materlals likely to be used in the construc-
tion of supersonic a!» vehicles. '

(V) Shelldyne was not prepared from crude oil by the con-
venticnal process used to make gasoline, kerosene, and widecut
fuel types, but rather was specially prepared from specifie
petrochemical intermediates.? The process for developing Shell-
dyne was independently originated in the Shell laboratores.
Synthesis was first carried out on a batch latoratory and pilot
plant scale in Ergland, Germany, and Holland, ard by the end of
the 1960's the fuel was being produced in California. Shelldyre
was found to be unstable in storage in regard to gum formation.
The hydrocarbon was hydrogenated and in this form, renamed

HWu) 6. w. Burdette, H. R. Lander, and J. R. MeCoy, Aigh Energy
Fuels for Cruise Migsiles (paper presented at the AIAA Aerse
Space Meeting, Huntsville, Ala,, January 1978), vp. 3-4.

2(U) Shell International Petroleum Company, Shelldyne, Report S3F
(London: Shell, April 1965), p. 2. i
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Sever-ugless, i 1:

afs would fly, the fuel serded %o adhare s the
fuel container,* This was moare 3 s
ily which, however, had !ts cwn se% c* sroblems

sLe
sity fu=zl,

@ early 1372's the Alr Forse Anwng Propulsion lat,
e carryinz out extensive researsk ?a ap

co3ity =f the high-anersy fuels. YVara
- -

Viseesicy
(centis~sues
Tyze Blend Comvonen* at -£22 7
J?-n - -
Shelldyna = - 1,222 .
Shelldyne E Zethyl cyclorexara 12
50/50 by waight
Shelldyne H Methyl cyclohexanre + 52

TH-Dimer (52/33/13)

()

p-

B B L

J. 2. Fultz and H. B, 'ardﬂr, PES (Shelldune 2) Ty
a8 Propellants for Volume-Limited Air Breathing Yigg:
(oaner p-nna~-4 fer JANYAT Prcpulsion meeting, Movest

50& CONFIDE. TTIAL
*(U) Intervie- wi:n USAF Progran anager, SCAD Progra=.
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and usinz new fe) rozzlas.?
(') Gskew axsotlc fuels were avallatle wher fntarest in <ho
eruls urrleg

e rmissile was rereywed, such as fuels = 1nq‘;e:al s
ard/<r metallis compounds. Tha i2eas for such fuels Rzd te

»
around for years, hut the fualg were not annsidared for sm:ise

missiles, although they rmay have had ex“remely high-enenrzy/
highedersity characteristizs, In general, the exhaus® glumes

trey crezted zontalned solld metal oxide parsiclies, whizh would
have enkanced the visual signature ¢f the vehiele, Siree %he
great virtie of the erulse nissile was an on=the-dasy zearstra-
tion capabili<sy, a visikle exhaust siznal would have dame much
faund that

slurries tended to cause contaninatior of engine turkins tlades
and other engine par:s,'which «n turn raduced engine ef::éiency.'

(1) 2y the <ime both the Alr Torce and llavy crﬁise =igsglile
prograns were underway in 1674, the high-energy fuels rad teen
mush imsroved, tut there were stlll 5perat:oﬁal groblarss tnat
orly lengthy testing under operationzl-type conditlions eould
resclve. The Navy had decided by 1973 to use THE=Dimer in the
SLCH, but the Alr Forze did no* definitely choose highesnerzy
fuels for the ALCM until early 1977.

%¢ ircrease milrerabllity, Furthermore, it had teen !

$(U) David J. 'elch, Cruise Missila Technology Study,
TR-4€00-001 (RDA, October 1973), ». 3-2, SECRET.

$(U) R. Felchentach, Long Range Crutse Migsile Study, 2». 17,
SECRET.
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GUIDANCE SYSTEM DEVELOPMENT

»

(C) 0F the several mejor comoonents of the erylse ~ig
it 1s the guidance system that has prebably teen, oven the
Jears, the most consistently difficult to develop., In tra
earller cruise missila Jears, <he Unitad States emslisyed savara)
tyces cf ground-tased radio Fuliance sgysterms (Shoré:, fhanicle)
that used Yorld War II techrolocy; a radan far-ratehing syssem
in the Xaa (154C) for fange extensicn; and Several variasinns
of inertial apz steilar-irertian] Systems., There has tean
regearch or. gthep tecknigques as well.‘ However, sines the immeda
late post-war sears, Inertial guidarce Systens, eithes alone on
in combinat:ion with subporting S7stems that provideg Tosisicn
updaﬁes, have been urdep ontinuous develcgrens, Some form g

29
Can®

[ 2]

[\ ]

inertis) $7s8%er was elthrer already a congorent of or wasg undar
consideration fop every crulse nlssile undep develermens,

(U} The inertial systemsg 2+ the earlier pericod wera laprgae,
cumbecrsore, iraccurate, ang excensive, Their weight and volyme
could only be accormodated In a sizeable vehicle, The rajor
operational problem was irift, which aftew many nd
seriously affecf accrraegy. T.o. exverience withy n ~atively
long—flight-time, low-accelarasiap 1erodynanie vehisleg had
teen that the gyrescore random dpife rate was the crustal ele-
nent in system performanze, Developing the technolcgy to
reduce the drift praes h.as been the Pazing rezuirement.

(U) Improvements in inertial systenms techrology over the
last 20 years have le2d to a reduction in gyrescope rardom drifs
rate. Advarces in £7rascope technology led 0 a redustion in
short-term drift rate from 0.03 degrees/nr in 1952 to 0,321 in
1971,
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(T) The sinam TRJIr elnronens fn 4. snertial syscan fe eng
3TTputer., In ena 2871y nrograms “re campiican ard 28302%2%a4
2lerenss agccurn hin
t3%2al frenrsigy Syscen welzh
irersia: S7s%en cemponents s
CoTButensg wirn Taznetic 43¢ remory elements aprware? atous the
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Riddle of the 13591, and were toth bulky apd heay ]

L0 severa) hurdred pounas and-occupying Several cutic fess,

Ten years later, mlerocireyts conputers with $o0lid state rem.
Srias made ralor neign: reduction f2astble, Pedussion the
¥2ight ¢ the COmEuUter was Paralleleq by similap reductions in
the waight of the irerti1s] compchents. This was accompanied by
an anormouys increase in corrusationsal Capabilicy, Total syssenm
welght drcpped frem about 300 1bs 1n 1949 to 20 1ts in 1577.1
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A. DEVELOPMENT gf TERRAIN CORRELATION PROGRAMS

()} Perhars Lecause i1+ represents the mose rretlemasical

technology involved in the curprens cruise missila srogram, tha
area of iuldarne gy9ten develosmens seemg to hayve reseivad »

greater degrae or kilstorical attention thar hasg txe developmans
of other corporents, The Secticon that follews 1s drawn {n large
Fart from two chrorological Surmaries of <he development of
TERCOM, one by the MNaval Asm Systems Command and the sthep vy
the Aeronautica: Systems D:v:sion, Alr Fapcae Systerms
(C) To solve the Erotlem of zyrosocape Srift in an tnemetas
8ystem, a varlety or zo0si%tion updasting technicyueg was been 2an.
slidered in the early 1039vg, Wighealeisyde Sugersaenie
1,500 nm nissile called the Triton was to have used an

Zommand 2

A 4

() F. Tatum, Cru<ge Higgtie Technology, op. 20-320, SECAST.

() Naval Aip Systems Command, Crutse MiSslle Pratant Cretce,
SERCCH For cruige Migailesg (Sectember 1975), 8=casT, Alsc
Lesar, ATSC/AST, Diracrorate or Systems Eng:neering,-?errzfn
Contour Hetehing (oreron) Primer, ASD-TR~77.51 (Ruguss 15377),
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Areftamipemasohing teehniquq taged on vadar refleativics magszinea
. -

Sush 4 sy3cer, heass ypdate sy a he
raklzle with reszens %2 she ground sven yhiak te g fiying.

The most suceessful of she teshninums and ke cne that a3 sura
vived 48 She TIPZCH, which measures terraln elevast en, N9t radar

u.'1 4-’4.-. »

(U) an single ceoms, a TERZ2M system matshes senuances 4f

[3)
'y 2,

terrain elevat measurements te stcred tapraln -
etermines gec:*a:hic locaslicn by finding the Les: &2
parates cn the prenise that selested zeo
land surface of the earth are uniguely Zefined bty “he vapsinsgl
contours of thelr terraln (the analcgy %o the human fingerzsins
vas recognized early). Like fingerprintinz, TEPCCH requipss
previous mapping of terrain contours Zor %“he ares over whiczh
the vehicle carrying it is %*o fly. Stored terrain p}oriles
(digitized rars cr matrices) are prepared from the assial
photcgraphs, and the resulting reference map 1s then stored n
a computer carrlied abcard the missile, During cperasicnal

ight, the TZIPCOM system measures the vertical corntcur of %he
terrain along its flight path, using a radar altimeter to
measure ground clearance and using primarily a tarometris alti-
neter tc provide a reference., By subtracting instantaneous
grouné clearance from the reference al*itude, TERCOY determines
the terrain contcur. Then “he system searches its cortuter
remory to find the stored terrain contour which most nearly
matches tne measured one. Since the coordinates of the stcred
terrain contour are known, this serves to fix the vehicle tosi-
tion 1n gecographic coordinates,

(U) TERCOM recuires only standard avionics equiprmen* and an
expanced dizital corruter capacity. The radar altimeter
reasures zround clearance and the taromesric altimeter rmeasuras
the altitude atove sea level. The irertlal measurement unie
measures the mi.:ile position ir order %o (-) navigate th

[+ 9

o
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nissile Latwegn TIPON mpcwiane

[t - Lol el .
2s2%ivace the TEZRTCN systen
gt She azzranriace -

misslile on the 2ore
and (&) szace the TIRAN
1

»
re agrrerriate cell size., Alse,
e !

(V) The 1dea %hat a terrain profile is urique and that that
uniguenress can te usaed for a fix=%akirg technizue tha% updases
irertilal ravization system was crininally developed at
Chance-Vought (LTV-Electrosysters, Tno.) in 1922 for use wish
the Alr Forse nuclear-pcwered SLAN. The taps in contour
matching syétem was first called Tingerprint. ~he SLAY pPro=-
gram ltsell was cancelled in 165§, but Chance="ought continued
research on the navigation system using compary funds. During
that vear, Chance-Yousht instrumensed a Twin Beezheralt aire
craft and flew cover three test areas: one near “ort Blilss,
Texas; cne near San Saba, Texas; and one near Traha, !ebrasrza.
The overall CEP achleved ty the guidance systen was 370 ft,
tased on 4L runs. The reference data were prepared from U.S.
Geological Survey maps.

(U) The potential for us‘ng this fix-taking zechnique in
long-range, low-altitude cruise missiles was re2ognlized bty pep.
sonnel a% the Alr Force Systems Tormand Aeronautizal Systenms
Division, Wright-Patterson AF3, ani in April 1947 a year's
contract was given LTV-Zlectrosys<ems, Ine. for continued
research ir the ffeld. The objective of the resulting orogran,
known as TERCOM, was to deronstrate the feasibility of using
terrain contcur ratching to determine vehicle geogravhlic pesi-
tion. Enmphasis was placed on a flight-test deronstration of

*(U) Maval Alir Systems Ccrrand, TERCOM for Cruise Migsilea,
PF. 1l-1, 3-1, SECRET,
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the 373%am's fix=tazing cerformarce using an cffothecghers
Tadar alsimetan g4 perfarming <-e correlasion finmetton [ T-F 1
TLLTRT.  Tests were scrdusced ovar & ulde range A4 gltitudes, 1
wiie Speccrum o0f termains ~haracteriseics, and during varleous
“7:e8 of weasher and sesrors %" the yaeap,

() As zars o2 “he *test Prozran, a Te203 airergft was in-
Strumented ard flcwn ovar 24 2iffarens sgites g+ "ariéus"
altitudas (ranging frem S00 tec 22,000 £y .- various regicns,
Three cifferent radap altiretars wers evaluated. The terrain
of the masrix areps ranged frcm flat (Chesapeale Bay, ar4
“ashingzton, Indlans) o extrenely rough (Bryce Carnyen, “<ah,
an<d Sararac Lake, lew York). A total of 105 post-riizht mzaeny
fixes were rade, Accurate fixes were made in all cases where
neasurenent and instrumentation equipment was functtoning
properly. The scale of the US13S maps used ranged from'lizh,ooo
to 1:125,600, with cell sizes of %00 to 6,000 r£. The cEP's . .
achievad ranged fron 160 to 2,400 ft over these extfe:es. Test
results on TERCO! showed that if one could get within the
correct cell of the ratrix, the CEF would be 0.4 the size of
the cell,

(U) Frem 1963 to 1965, LTV-Electrosystems, Ine. conducted
further research into terrain contour napoing, the objective of
this program (known as LACOM, for low altitude contour matching)
being to design and develop a corplete fix-taking subsystem
usable with a family of guidarece systems for low-altitucde aip
craft. Another pruduct of the progran waz the developmens c* a
semi-automatic¢ technique for Preparation of the digitized refer-
ence matrix that is stored on board the vehiecle and used in the
terrain contour matching process.

(U) Flight testing of the LACOM subsystem was carrtied out
in late 1964 and early 19€5 in a T=29 aircraft. The systenm
exhibited an overall CEP of 165 £t for 75 fixes in the Fort
Worth and Lano, Texas, and Hillsboro, Ohio areas.

fiigks.
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() From 153 «o 1344, L?V-Electrasystems. N2, perfinmea
®¥o2%z Por the AT Avientas Latoratory Pessarsh & 7
Zivisior, ATSC on <hae *1pid contoun masehing (2Aac5 Erogram,
whizh aought_to dev9lop more rapid computasional methods an<
anirease systenm accurazy. In a brief Plighe test, 1 small 57
laser ranging unit was flown by hellsopter over the Callas ares
arnd data wepe gathered at 59-f¢ intervals, These‘&a;a"were
zatched againss 3 1:5,900 scale Rap Wwith 2-ft contour irtervals
that had been speclally prepared by a lceal Surveying company
ard against a 1:24,000 UsGs map with 10-ft contoup intervals,
in bsth cases the pesition fix was accurate to within 50 fe
(cne cell),

(C) The use of a terminal fix system for an experirmental
ranauvarable btallistie reentry vehicle was explored in the
™ terminal sensing experiment (TESSE), terminal fix (TERF), ana

\‘~Ebrm£na1 sensor overload flight test (TSoFT) prograns. These
Pregrans were conducted as part of the Advanced Ballistie
Peansry Systenm progran under the USAF Scace and Missile Systers
Orzanizaticn, ,

(V) TERSE (196L-67) determined that (1) the terminal fix
sensors could wi<hstand the reentry environment; (2) the radar
altireter would perform satisfactorily provided that the vibra-
tion levels were within Specifications; and (3) the radar
altimeter experienced plasma blackout between 10€,000 and
49,ccC ™. Mo TERCON fixes were made.

(U) TERF was conducted from 1966 to 19€8. An F-101-R vwag
flown in a steep dive from 40,000 ft to simulate ballistic re- '
entry. A total of 105 flights were made over *the areas of
Ellsworth, Kansas, Green River, Utah, and Black Top Mountain,

MNew Mexico using USGS source data. The actual trajectory of
the aircraft was reconstructed from tracking radar and onboard
canera data. The terminal guidance accuracy was found to be
280 r¢ (CEP).
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(U) TSCTT (1952-T1) invelvred =he firing of two Atherna
nissiles with 2V0C-29 vehicles into White Sands “issile Fange,
Poss=71izhs fixing azainst USGE scurce daty showed a TER03Y
4y accuracy of about 200 <. ,

(G) Further TERCCH %esting included a flight test in 1345
in support of SCAD system studies carried out by the Beech Alr-
eraft Corpany arnd IEZY, in cooperation. VUsing refzr;nce-
matrices with 1,200-ft cell size prepared fron USGS ‘maps of
Fline E1lls and Ellsworth, ¥ansas, a Beech aircraft rade 2%
passes over 5 different flight courses at sltitules of 500 to
1,000 f&. !lo felse fixes occurred.

(V) In 1658 the SCAD project irvolved the Boeing Comgany in
an examination of TEPCOM for SCAD system studles, BSoeing con-
ducted a flight test in 1970-72, flying a Piper Twin Corranche
aireraft over six areas in the State of Washington. A total of
12 false fixes occurred in 34 attenmpts. Although Beeing digi-
tized 1:24,000-scale USGS maps to 500-ft cell size, the indica-
ted ragnitude of TERCOX noise was quite large. Also, the
terrain was relatively flat. The theoretical results produced
by Boeing were similarly pessimistic. '

(U) All the above dascribed experimentation was conducted
before the formal inception of the Mavy and Alr Force cruise
missile projects in 1973-T4.

R §) The initial Navy examination of cruise missile poten-
ti2! in 1971

[ ]

3l



(U) NAVAIR, in ccoperation with the Alr Force Aeronautical
Systems Division, cortractsd with Electrosystems, Ine. in nida-
1972 to perform a TERCOM-aided inertial navigatioqpn.systenm
(TAINS) f1izht test, to feature operational scurce data and
simulated nission flights. The objective of the 2«ysar test
progran was mainly to determine the feasibility of using the
TAILIS for the Strategic cruise missile mission end, as a
Secondary objective, to evaluate the effects of snow coverage
on terralin profile acouisition and TERCO operation. The TALIS
flight test deronstrated that TERCOM was 2 viable concept for
cruise missile use if the terrain were properly selected.

C) Both McDorrell-Douglas and General Dynamics coénducted
company-funded TERCOM flight tests {n

At this time

McDonnell-Douglas was alse working on ALCM guidance for the Alr
Force, and NAVAIR's request for proposals on cruise missile
guidance in early 1974 resulted in Selection of MclDonnell and
Electros: stems, Ine. to develop competitively prototype cruise
missile guidance sets.

(U) Exhibit 1 and Table 2 summarize the TERCOM development
steps and test results.

*(U) A concept similar to TERCOM, called "bottom matching," has
bteen operational on fleet ballistic missile submarines since
1971, having been developed in the 1960's., ‘
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Exhibit 1 (U). TERPCOM DEYELOPMENT SUMMARY

UNCLASSIFIED .

- -

| Project Sponsor
i?:ngerprﬁn: ! Chanee<Tought ! 1358.4n
N [] ,
loznoe USAT/Aerorautical Syssers . 196861
i Division o :
!LACO? USAF/Aerorautical Systers i 1962-67;
i Divistor :
. !
f?nco:'  USAF/aFsz | 19£3-£6
! ! i
{TERSE ! USAF/Zpace & ™issile Systems . 196L.62
Organization i i
7ER® USAR/Space 4 ¥ssile Systems | 196668
Organtization
Tsor? USAF/Space & Missile Syste:s 195871
Organization
TERCOM Beech Alrcraft Company/i3M 19¢9 i
TERCOM Boeing Company 1970-72
TAIS JATATIR/USAP-ASD 1972-7L
TERCOM McDonnell-Douglas, fieneral 1973
Dynanmics
Source: G, Beck and D. Y11liams, Fipge Interim Repopt--

Teachnical Evaluation
Matehing-Aided Imersial »

Alr Tegt Center, April
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No. ) !
Year flfgﬁts :5::: ! c':}tiiz° .f?:és Program ?
1959 | 6 3 .-  -- | CRance-Yought |
1960-61 -- 24 400-6,000 | 105 WADD' (USAF)
1964-65 . -~ - - 75 | LTV-E
1963-56 | - - 50 .= [LTV-E
1966-68 | 108 - - .= | TERF
-11968-7 2 - - -- | TSOFT
1970-72 k! } .- 500 == | Boeing
1969 29 - 1,200 -- |Beech
1973 16 - - -= | General
Oynamics

B, PROBLEMS AND ISSUES RELATED TO TERCOM

(U) The numerous reports and reasibility_studies of the
late 1960's and early 1970's that deal with the SCAD, SLCM, and
ALCM usually rank TERCOM as the riskiest element of the system.
There were marked differences of opinion, however, over how
serious the risk was.

(U) While the TERCOM concept had been around fcr 10 years
before the SCAD concept appeared, even in the early 1970's
there remained some general concern that the system niight be
only marginally effective. One expert has expressed that doubt
by suggesting that TERCOM was bought for the cruise missile
more on faith than as a proved-out system. The main problenm
was that there had been relatively little structured and con-
sistent testing of the system under operational ccrditions,
and the results of what testing had occurred tended to be

ambiguous. Both accuracy and reliability remained questionable.
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@) The Center for Maval Analyses, in its 1971 study on

t
' Three areas were

discussed, the first concerning source data avallability.

-

) The second problem emphasized by CNA concerned the

'(U) Interview with Mr. Carl Tross, DIA (formerly with Mavy
i Cruise Missile Project Office).
i ¢ *(U) Center for Naval Anslyses, Sea-Baged Strategic Cruise
Migsiles, p. 35, TOP SECRET.
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iA's third area of ccncern was in regard to

It was recognized early that there would be problems

with the
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Thus, irproved

() Interview with Mp. darry

Davis,
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‘on terralin following

y
TERRAIN FOLLOWING

(") Slzsely relisted o the Zdevelopment of aWiuldanle systen
fer skhe crulse missile was the pretlem cf proviling the vehlzle
wish 3 serralin-follewirg sapabilicy. The terraln follewing
sesnnizue insresses the crebabllicy of missiscn suscess Ly ene
atling She missile t¢ fly a lzw-alti<ude path thaet fcllcuws the
cerrain ecentour, allewing tenetraticn under ernemy radar and

maszing. Studles hav

concarned with rmanned tas%ical alrcralt misslon

=

cn forward-looring radar ¢o mininize the gprotal
¥“ueh of the wnrk was done a% the Cornell Aeronaucical
(U) 77 systems have teen in productisn for a rumber of
years, although 5y the early 197C's comprehensive Zdesign cri-
teria apparerntly had not yet been developed., Zarlier efTfortis

had resul<ed in unrelated development o “echnclecglcal reguire-
ments in related areas such as perfcrmance and safety. 2ecz2use

of this, srecific but somestimes conflicting requirements were

aprlied tc the develorment of TF. lany technicues were dav7z)a
opad %o perform TF functions for varicusg alZreraft, but untll
- ]

abcut the time the formal crulse missile prograns tegan, there
had oeen no detailed criteria %o specify what TF capatilitie
were necessary to fulfill strategic and tactical reguil
adequately. Performance evaluztion measures had varile
one system to another, and meeting specifications did not

(37
'y
‘1
o
3]
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ranual systems., ;= 2utomatie
F3«111 that centrsled the airarale through the autoziles, mwe
firss use ¢f terratn fellowing tn 3 missile wag 1m «va SRak,

which used 3 dcvnxard-locking set,

(L) Tre reguiremonrs Tor ard crerasien 97 a2 2rilce migsite
TP system differ signiflizansly ¢ Sreriae

tisn of such a systea fopr manned <as%?agl
Flace, tecause o +he erulse missi{la'g missionm, :aviéa:::n is
usually more precise {thera 1s greater knewledze of «ha tarraln
cver which the missisn is *o be flown). Secondly, +the awmyige
missile is not linited n terms or Possitle acceleratisn maneua
vers by the rnead +s allow for pllce comfart, whisk 22 ave mare
design freedgm, nirdly, since %ha crulse misszile ¢ irmanned,
& higher protadbllity of clobber ¢an ke toleratad, Faupehl.
because of long flighs distance and flighs tine, <he Trodabilisy
of detecticn must be ninimized for the cruise missile, This
suggesfs that rorward-looking radar may not be desirabla due
both to the resultant forward emissior.s ard the fact <hat 1t
ineregses systenm cerplexity and requires space.?

While the
1t 2Vs~ has

25 many advantages,

'(U) 6. Bergmann ana 3. De Backer, Terrain Following Criteria
(AFSC, June 1, 197-}, p. 1X.

’(U) Applie¢ Physics Laboratory, Johns Hopkins Universicy,
Cruise Missile Desicn Studies: Terrain Following Bazzground,
MP-5-88 (January 1972), p. 2-1, CONFIDENTIAL.
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(n Studles have indicated ¢hast the probadilisy thae a

] Theca aralysses suspestad «kap shg

Y(U) The difference betuween a crulse missile taking 7A 2
7

[l T

e
ard a missile fly‘ng a stralght course at the sare averag

altitude.
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in the systen integraticn process.,

“(U) 2. Swanscn and S. Musa, "ke Impast of Terrain Foilowing
Pequirerents cn Cruise Migsile Cesign, IDA b=1022 {Jaruary
1575), pp. 2, 73, SECRET.
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COMPUTER DEVELCPMENT

A. MICRCPROCESSCRS . .-

) In the develcpment of csrulse migsile <eskrmalogy, 4t Is
parkaps snly wish wagpapd 43 mispoorccesscrs Lhat 1 tackhnaliorlia
sal treazshrouzh gan te csnsldered to have asaurred, Thas
treakshrouzh, o ccurse, casurred tndezendiant 2l the orulse
rissila davyelopment Trccess.

() Wkile basic seriscndustsr work Zdates Taty %) the late
1940's, 1t was development of the transister e*3%t tegan %he

process of miniasurizatlcn. Cevelsped by Zell Zats as pér:
of a reseanch prozram or senmiconductors, “he %
viewed 23 a replacement for vasuuz tubes. 3y January 133Z, the
possibility that transistors could te used in place =f el
tutes had teccme increasingly lizely. Thelr arzarant advale
tages over tubes in terns o® smaller size, lowaer hea%t dissira-
tion, and improved rellability set the stage for =he comingz of
new and smaller mass-procduced computers.! Bell lats made <
patents freely available and there follaowed a2 period = sinzle
trans'stor use.

(U) The idea of putting more <han ore device (transissecr o
active element) on a chip surfaced during Tairchil
planer devices, Original transistors were three dim
devizes with cennections on all three planes. Planer devices
had connections from the top only. Developmen® of a successful
planer geometry transistor in the early 1060's marked the

1(U) Naticral Security Agercy, Influence of US rruptologic
Organiszations on the Digital Computer Industry {((fay 1977),

p. 3.
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nex% kwae zehrouzn, The naye S%ean wasg «q4 Creacte a megng ar

<! 2228 in crdes 0 alley fom SWC Cr more ievizag op
a 2kl
() A% atous “his %i=a 4 sizabtls amayne ol Separstmane ne
Selanse Tonay tazan to flew inte computen Tes2arth as pane 1y
the effone o, PUt seversl devicas °n a singlae chin arg Shereby
alfane 1rarates ::niatur:zation. ASA alse supporte; besearch
effores ¢n ald ¢f 19 own applications, 21D S0ney came frcm
toth <ha gcverrrmans ang industry aimed at s¢pe Eovernment market,
“here was alge g Srowing cerand fep these Products for commep.
clal 2ompusaers, By’the late 19505 semiconductors_were Latn
used In cormerciar concuters, and ty the 2arly 1960'g isolaston
devizes were bteing used for Industrial'computer arplicatiors.

(V) ™he 2evelopment Process was thys an evolutionary o] LT
planep wory, isola%stcn work, inflow of governmen+ money, Ornce
Several devines Ware Successfully put on g Single ¢hip and a
vigarous T0MMmercial rarliiet had baan Created, increasiag the
densisy o devices on a chip was only a mattep of furthepr evolu=

thousandsg 4~ units could re Put onto g chip,

(V) The first filcroprocessor wag Produced around 197 by a
company called Intel by simply tutting an entire compusep on a
chip. The Next step, which occurred aroyng 1970-72, was to use
Sericonductor memeries on the zhip tg 20 with the conmouten,

The refinemans Brocess continrued, driven Primaprily ty the com-
rercial maryer Seexing small corputers +g ise for smalyl compu-
tatlons. The caleulator and wateh rarkets alse became major
users of these technological developments, although the commera
clal corputer market 414 not Dick up on the microprocessor
until +he 1ag- tWo or three Jears,

B. KALMAN FILTERING

(C) Anothep mator contribution to the cruise missile guida-
arce system was the develorment °f a process of recursive data

UNCLASSIFIED
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fllaring Shas saves 2 greas 4eal of 25TEuser memory space,?
Arzund 13£7 cpsimal filéer sachniques tasad an State-s;aee.
timsadoraln formulaticns were davyiszed, Tha ansnroash utilizing

» s, he Zal: :
sreator, 1s ideelly sulted for implamepntation %ith “he 2izi%al
coriputer and has tecome the foundaticn for data mixing &
modern multiserscr systems,

(") The prctlem of data 1 tering was tirst_?ncauntered as
Farc of the process of deternmining fire control of antiaiprasaft
guns in World YWar II and cortinued %o te encour*-—:d in ai»
deferse, snecifically in determining the test ra .r Srack frem
a8 great rass of data. ZXalman provided a gerneralized cheary
under which all the smaller cases Lecome specialized 2aseg, Ha
essentially prcvided an analytizal structure for selecting ke
optimun, '

(J) The application of the filter te guldance protlems was
an obvious cne. There are several éifferent navigational
8ysterms on an aircraft, with much data coming in from the several
sources. Xalman filterinz provides a means of collatinz the
mass of data and selecting the best,. .

(U) The technigue (an algorithm or corruter software pro-
gran) has been best described as follows: ‘

1+ »
.

man fllsen gfean

i - - a. -
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Application of modern estimation techniques

to multi-sensor ravicaticn systems began in
the nid 1920's, shortly after optimal recur-
sive filter theory was develcred and cublished,
Because the errors in a tycieal ravigaticn
system prcpagate in an essentially linear
nzaner and linear ccmbinations of these errors
can be detected fronm external measurements,
the Kalman fillter is ideally su’ =¢ for their
estimation. It also provides useful estirates
of all system error sources with significant
correlatlon times.... The Kalman filter Droe=
vides for the optimal use of any number,

2(U) A recursive solution is one that erables sequentfal rather
than batch processing of the measurement data.
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rrgL. Mea3ulrte

csrbinacicn, and ganuance o exte

mantg, - 23 8 ganktnigue Tor syssematically
arzloying all avpilatle external messurements,
regariless 27 chalys arrore, O irerove the
ascurasy 27 ravigasicn systems.‘

(T} The 1menadiesion of imaraasingly saphisticased computers
ras nmaie it even sasier to 2pplY the filtering technigue; and
4= Lecame “he kejystone o? the TERCCH systewm. - A Leekhead andij-
gis in 1659 scated that ¥al=an filtering "affords substantial
trimming of day %o day stebllity errors which previously 1izited
operational accuracy. This =~educes the separaticn between lakt-
oratcry and opera::onal perfor:ance."‘

3(U) The Analytic Services Corporation Technical Staff, Apzlied
Optimal Egtimation, ed. by A. Gelb (Cambridge: MIT Press,

197“)) P. 5.

v (U) Lockheed lssiles ané Space Company, AGH 864-SCAD-Cestgn
Concept Studies, Vol. I1II, Suidance Systems (September 136%),

pp. 1-6, SECRET.
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WARHEAD DEVELOPMENT

LR

(V) While smal1 ruclear ¥arheads were not avallable ‘tn the
early post-wap vears, such weapons were avallable well befsre
the accurate guidance systers that made their use ir cruise
rissiles desirable, Tﬁé whole evolution of warteads was at=ag
teward smallep size and greates ¥ield per pound of weight,
That mintaturization ol warheads wag Fossible had been demnone
strated by the Army's 280-mm gun in the early 1950's and a few
years later by the 8~1n, howitzer shell. These were lowayiela
tactical ¥eapons, but by the end of the 1950°'s similar evolu-
tionary d2velopment of the larger yield Strategic warheads kad
occurred, o

(U} The necessary technological expertise was essentially
available by 1960, with the development of warh.ads for the

Polaris and Yinuteman weapon systems, By the end of ;he 19€0'g,

figuration--first of the SCAD and then the SLCM and ALCMwwand
to do so in a nonatmospheries test environment, However, the
SCAD was rot intended to uge an existing warhead, btut rather teo
use an existing warhead as a cost effective starting point.
Development work kas necessary to produce the speciric warhead
required lor SCaD.!

(U) For the cruise missile, fhe size of the warhead was
significant in terms of how {t could affect the other elements

'(u) u.s., Congress, Senate Committee on Appropriations,

dearings of Subcommittee on Department of Defense Appropria-

tiona, FY ?3, ga2d Cong., 2d 3ess., Pebruary 21, 1972, . 8o07.
bz
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of the system. Smallness was necessary both in weight and
volurie, since the less space taken up by the warkead he more
space was available for fuel, while the lighter the payloacd,
the further the fuel could take it. The size of the warhead
was dictated by the size of the airfrarce, which was dicsaced by
the desire to have the smallest feasible radar cross-section:
In the feasibility studies for the SCAM/SCAD systen
performed in m1d-1968, the several contractors agreed on ths
type of warheal to be used in the armed vehicle, The warheads
seleéted for the several proposed configurations of the vehicle
Were the

(U) The SCAD warhead development effort no doubt beneritped__
from the SRAM program, which was several years ahead of the
SCAD. Develcpment work on the SRAM dated back to 1963, so that
by 1969 the warhead had already been built and tested. (The
nmissile was deployed to SAC in August 1g72.)
frame was smaller than the SCAD airframe, being 168 in. long
and 17-1/2 in. in diameter, the ability to develop a warhead
for the SCAD-size vehicle had recently been demonstrated,

The SLcM concept, with its torpedo-tube«launched missile,
credted a new technological

However,
issue of

*(U) Boeing Company, Subsonic Cruise Armed Missiile (SCAM)
§§§§§$£z£ty Study, Final Summary Report (July 1968), p. 15,
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t This particular study stressed that theréf%oulc te

was a desirable objective,
movement toward it seemed slow. In August 1975, DDRLE was
Still directing the Aipr Force, Mavy, and ERDA to condue

'z

Uy J. Luttrell, J. Hesse, and C. Kettenbach, Submarine
Launched Cruise Missile Prage I Study (White Qak, Md.: Maval
Ordnance Laboratory, August 1973}, p. 5-1, SECRET RO>.

*(U) office Director Defense Research and Engineering, Lecigion

C Coordinating Faper Pfor the AGH 8§ ALCh Full Scale Develorment
Program, DSARC II, Preliminary Draft (December 1376), p. 2,
SECRET.
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Vil
THE SCAD PROGRAM »

(U) The year 1967 can Probably be designated as rarking the
beginning of the current cruise missile programs., In that year
several studles appeared concerning long-range decoys and
standoflf weapons and the pregsures from several agencies to
develop such weapons began to build. Both the military and
sclentific communities were involved, :

(U) Consideration of lightweight decoys in the scientific
community had begun at least as early as the previous Year, an
IDA study on the subjJect having been pudblished in July 1966.%
A followup study the next year came to even stronger conclu-
sions on the feasibility of long-range decoys and alr-surface
missiles. The second IDA Study suggested that the state-of=-
the-art could produce 4 variety or long-range lightweight
turbojet decoy/AsM's capable of carrying radar augmentation
and ECH sufficient to saturate fighter defenses and current SAM
Systems of the Hercules, Hawk, and sa2 types,

(U) The study asserted that nuclear warheads of respectable
yield could be carried by decoy/ASM's possiﬁly welghing as
little as 4900 1bs, thus providing a dual-purpose capablility
with the offénsive function in no way subordinate to the ECM
function. High-explosive op chemical warheads could also be
employed for ai. anti-radiation mode or terminally guided
missions.

(U) The IDA study stressed the availability of the technol-
OgY needed to create such decoy/ASM's—~the small Williams

'(U) Benson Tucker, Lightweight Decoye for Aireraft, IDA P-269
(July 1968).
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turtofan: engine, then uncer development, and an autopilot plus
the TEPCOM. systenm,? '

(U) In the same pericd, scientists at the PA'D Corpcration
were considering ways to solve the Lomber penetration groblem
by using the SRAM.' They suggested a scheme to reglace the
SRAM with another missile of the same size to fit the airera’t
rotary rack. Since the missile was velume- and not weight-
limited by the rack requirement, it was possible to change the
characteristics of the missile significantly. What was Suge
gested was a missile that could fly much further than the SRAM
because it flew at the aircraft's subsonic speed rather than
at the SRAM's supersonic speed. This increased-range missile
was not to be a decoy acting like a B-52, but instead to be a
subsonic cruise armed missile (SCAM). .

(U) The purpose of the scheme was to put a huge burden on
the defense, even though the SCAM's could be shot down. It was
not intended that the SCAM be invulnerable. What was inteaded
was a basic transformation. Instead of one alreraft and 20
bombs/warheads, there would now be one aircraft and 20 missiles.
It was not that the Soviets would not be abie to find any of
the missiles, but that they would have to find many of them.
This idea, essentially that of Dr. Albert Latter, came to be
known as "MIRVing the bhomber."

(U) Early in 1967, work began on a Defense Science Roard
Task Force report on proposed standoff weapons. Published
September 15,:1967, the report recommended development of long-
range standoff weapons for the Air Force. The report foresaw
Soviet employment of acoustic detectors to locate low=flying

*(U) Benson Tucker, Smail Long Range Aireraft Decoys and ASMs,
IDA P-358 (August 1967), SECRET.

'(U) SRAM, AGM 69A, was initlated as a concept by Boeing in

December 1963. A USAF request for a weapon system proposal was

issued in July 1965. Deployment by SAC began in August 1972,
(U) The SRAM had a range of 30 nm at low altitudes and

70 nm at high altitudes.
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‘borbars and use of SAM's with nuclear warheads <o destrcy them.
It reccrmendad AI274rg the berter “lth 2 Jeng-ranze crulse
rissile, an extended range form of Yound Cog. The repert alse
asserted that the effectiveness of the weapon weculd decend on

s teing used in large numters rather than on 1%s speed, It
propcsed a missile that eould £17 up %o 2,000 nm,‘Qith char-
acteristics very similar to those of the cruise rissile that
eventually apreared in the 1970's., The original name a-tached
to this concept wg§;MILAM (multiple independentiy z:meg lcv=
altitude missile).*

(U} The idea of developing a longer range deccy also sur-
faced in the Afir Force that same year as the result of a3 study
at the West Coast Study Faci1lity on tomber penetration. This
was a lengthy arnd comprehensive technical analysis of .alterna-~
tives. & replacerent was suggested for the Quai} decoy, which
had-teen designed in the 1950's for use with the B-S2 at high
altitudes and had beconme operational in 1962, It had a high-
altitude range of 250 nm. The Quail's low-altitude rarge was
qQuite limited and so it could not carry out the'ge:erally
accepted tactic of low=level penetration, The study showed
that a tenfold inerease in decoy miles could be prsduced by a
vehicle with the same volume as Quail.®

(U) A variety of sizes were considered for the Froposed
decoy, allowing for one, two, four, or eight decoys zer SRAM
Space on the airepaf: rotary rack. The rost interest was
evinced In the smaller decoys. Another suggestion mzds ty the
West Coast Pacility study was for 2 supersonic missile, ramjet
povwered with rocket boost, of about the same slze as the
vehicle that finally emerged as the SCAD. This corliguration,
called the ASALM, was to be a longer range replacemept for SRAM

*(U) Interview with Dr. Albert Latter, formerly of PAND and
member of the DSE.

*(U) Interview with Lt. Gen. Glenn Kent, usap (Ret.}, formerly
head of Development Plans in AFSC,
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chat sould alsc functisn as a longerange alratoegis =38!l
fer use against Soviet !'ghters or a Scvies AWACS.

() However, the study group viewed a sutsent
lowen technical risk arnd had more confidense ip sn
i1t7 of the technology to develcp cre. ATEC, on ¢
had 1ittle confidence in a small turtec’an decoy and favored 3
racjet, _ ™ )

(V) What the Alr Force wanted at this ti=e was a subscnle
cruise urarmed decoy, a longer range vehicle than <*a Quail.
As a fonlproof decoy could not be achleved, it was grogosed
that 1 of every 10 deccys be armed wih 2 warhead, The e'e—J
air defenses would thus have to “reat all ke decoys w2
respect.® The study group decoy was also to carry electrenic
equipment that, given weight, space, and powvepr limisasicns,
could at least for a few frequencies receive a Sovie: radar
signal and send back an augrented one.

(U) Once the 1deas of the study group tegan to fell,
vestigation into the available technology began.. The f{nitial
and major concern was with the abllity to produce a s=all
ergine cheaply. Wright-Patterson and the major engilne manu-
facturers reacted negafively. However, precedents were un-
covered: a man in California had built a srmall turtojet to
power a glider; the Garett Corporation was found to be bullding
smaller engines for helicopters, not as small as reeded and
neither cheap nor free of bugs, but still 2 gocd deal srallep
than the standard engire; the Williams ‘engine was resczrized.
Thus by late 1967 the study group was convinced that “e requi-
site sméll turbofan engine could be built.

(U) Examination of TERCOM revealed that the first problem
with it was the inability of the patent holding company to test
the system properly. The several problem areas that would

in-

*(U) Interview with Dr. Alexander Flax, formerly Ass’stant
Secretary of the Air Force for R&D.
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Wwntinue ta harasterize TTRo in she fieima Ar® 9132 asmgm,
v - . -2 e
ane thawm Qverileless, the peava tellave: eng S73%em 2424
¥
e Zade ¢z vory.

J
cerm E7AN sannm Sisplanted oyr v The Aln Frras niwever wae
Zenerally regasive - the armed amsia.

wésaa e w

o A
Preposal was interded to gain enouch SUERITT fram ¢ks Alr Firze
to enakle 3 prozrar to ke initiated, .

. (U) In retrosgect, Genemal Xen- feels that 1< wag prebabnly
unwise to have tried to achileve both oblectives wien the game
prograr, and that cenecurrent byt Seperate crograrcs would have
teen better. T“hila the vehicles to be develope2 were virsually
identical, thetr functions were corpletely different. The
decoy was intended to simulate the signature of a B-52 and thus
to be detected. The armed decoy cr SCAXN had to avaid detection
in order to make 1ts low-level subsonic penetration.

(U} The basic incompatibility of these +uwo obJectives wag
rever resolved ard led ultirately to the cancellation of th
project, Requirerents kert shiféing from one set of urrealisa
tic specifications to ancther. Moreover, fronm the start SCaD
was a victim of the pclitics of the B-] controversy., The Air
Porce Guickly saw the Suggested SCAD as a threat to the
Scught-after 3-1, since the aipr defense saturaticn and

Ty Inzervriaw wizw Hfalt. Gen, Jasper Welzn, VIAF, formerly wis
West Ccast Study Factlieo,
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Fenssratlon potentlal of a stando’” #eA00N seered to maze <he

&
- need fer a veretrating temter Questicrable., In fass, shege

sus;:@feﬁs that Alr Jorze interests were parochial had ircap.
pretediile lizmitaticrs placed or ‘he SPAY range as reflecting
& sizillar attisude toward standof? weapons of any scrt.

A. TME SCAD DEVELOPMENT ROUTE »

n

(T) In esarly January of 13€2, SAC issued a Rezufred Crera.
ticral Capatiliey (ROC) Statement fcr a veplacerans for she
wuall., Tre Tenceps Fapmulatian o :
=ent Plan was :::tii:e
calling f2r am al=alae
a3 a rure 4
June 1342,
vehlcle, pra

T8 varmad cha

-

"Righer risy areas €T angine prapulsion And decoy alactpanmtag,

(V) A scax Teasitilisy suudy cernduzted bty Zoelnmz rapamcaed
in July 1542 +thas tne SCAN/SCAD/SRT Soncepts, 18 2efimad im
thelr study, were feagitle tn the 134¢ state-clfatranape. Taur
ranges were exanined--S20, 1,000, 2,822, and 2,700 nm, The
earllest reasonable IOC was determined te be 137

bl
concluded that the develcpment ¢f a suitable 3=
would be the pacing factopr.}?
(U) A SCAD Project 0ffice was establisred early in 1342 5
wright-Patterson, and SCAD feasibility stusies intende? -

() Headquarters, USAF, History of the birectarate of Crera-
tional Requirements and Development Plans, DCS/H&D (January 1,
1969-June 30, 1969), p. 105, SECRET.

() v.s., Congress, -Senate, Armed Services Committee, Zeapings,
FY 73, %2d Cong., 24 Sess., February 13, 1972, . 2366,

'9°(u) scam Study, Vol. IIT, Pinal Report Summa»y (Boeing
Company, July 1968), SECRET.
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=

Provile 4 wWeazsn sritenm 22mceps were umdarcaes 7 2zelng
Loziheead, arnd Zaasr itma nT 1fter =w
establishmens 5 <xa 2r-
trere was furndamensal 4¢
vanted a shcrterange den -
atle of lor er range flighs, = sl the Alr 3+2ff suprerce
the AFSC vie voint. Corsequensl 7y in Tecerter 154¢ the Thie
of Staff radi cted thre Progzram intc a twcachase 2gva i1zpmens,
"There would bte - SCAD A--a low=cost, lowertsy decar for uge
orly with the L " nd with early opera“ional develcorens, and
a SCAC B, a modular missila for the 3.1, caratle =2° telng 2crna
figured as an unarned decey, armed deccy, or attack missile,
SCAD A would alsec have a warhead cptien.

(U) In an April 197¢ Developrment Concep* Plan, *bé:D'Q&E,
Dr. John Foster, took 1issue with the Alr Force app roach,
recormending 2 more flexible program directed toward develop-
ment of a weapon system that would yileld a long-range attack
and decoy missile, which would be carried externally and be
adaptable for internal carry. A high-performance guidance
Systenm would give the armed decoy a good attack. capablility.
The carrying arrarngements for the SCAD becanme part ¢f the
pclitical-cur~-technical battle that raged between the Air Force
and the Office of the Secretary of Defense concerning the SCAD.
“he Air Force insisted that the SCAD should be carried ¢n the
Totary racv of the P52 zpd the B-1, along with the SPAM, in-
stead :T on wing pylons.!! This would have constraineé the
b4 £ the 3CAD and thus limtted its range potential, which
t¢c te in zecord with Atr Force.preferences in regard to
-

, teca:e !--Q-.'- .ha-
anent Tetueen ATIT am4 AT, fan
37+ AFET wanted an armed fecsy 2ana

-----

-kl
-
-

standofl weapons.
() In June 1979 the Alr Force stated that the SCAD would
te deagizrned primarily *o act as a decoy, arnd would incorporate

Ve
July

°etoru of the hercrautical Systems Divigion,
2, Tol. I. P. 109, SECRET.

\l'll
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onal features, as minimal 2232, a3 were =eeded

8 -
- - hd
rs Pa + 2l we - :
2377 she following requlirements: (1) chas intsta

- e de b

1 that The weapcn weuld te agiinrad ywiek
& sSimple Tildance sy3cen suffisienctly azsurase %o malrmsa’n ke
Teresratizn soopidgn 2

(V) Cm July 15, 1377, =he Zapusy Jearetary 2{ Seferse ern-
dorged =ke ° : ey csnstrained

alecerrative 27 telnz arred 2% 2 futura date, Studies =eward
*his end ware haloed texporarily i Teczambaw Af ha
a 4

t yes» when
aprtied <he entive 7

- LR

-
- = e

o 372ting that, while the prelect had apipginally teen

ed 2nly as a replacerment for Juall, 2

xsensive and L% was not 2lear xhat &

Zound Doz, and SR:M ecould nct da.3? e

was reversed, however, and In January 1371 a <Zamonth

ment progran to provide an urareed decoy bty June 157F was

approved.!* '
(1) The objectives 27 the 3I7.C prezran were expressed ty

Dr. Foster to the Senate Armed Services Ccmrmiszaa o

1971:

We have decided to concentrate first cn means
to assis% the bomber <2 penetrate “he area
deferses and reach tha S332 releage polne,

To 20 this, we are developinmg =he SCAD int-
tially as a 'eomker dezzy. t the same tire,

A
it is being designed with the modular

12(U) USAT, Directorate of Cperational Peculremenss and Tevel-
opment Plans, Semi-Annual Figtory (January 1, 1$70-June 30,
1970), p. 259, SECRET,

13(U) USAF, Directorzte of Operational Recuirements and “evel-
opment Plans, Semi-Amnual Figtery (July 1, 1670-Cecemter 31,
1970)’ p. 200’ SECH T.

'*(U) USAF, Headguarters, Strategic Alr Command, SA- Ziszory
FY 72, Vol. II, p. 300, SECRE?.
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w
expanzisn tazatilictes I cited; £t we are alen
Sullilng 2 vekhiarle whiak, with Irirer sharges,
287 ke Uzed im p lsngerange 3%Andanfl nale,
3 premacire T3 feclde nmzw T Tut all Zur
- whe lanperanye standesl? =isgzila
tut eur develcrment rlian legveg shisg
spen,t?
ter axrlalres what seered %2 te a wishdrawgl freom
»
gtive suppsrs of an armed vehlele By 3%asing:
Z hargen %o agzres with the Alr Torse 4kat ¢he
lernzalead uncereainey here is *he devalczment
2f che dazqv, g2 I rmave gurrarted sham inm
gushins =hat asgeszs., I gerssnzllsr zm scmewhas
prelidiced seyugerd gutting the warhead In all
2l them rasther <han stme ¢f them, btus I 43 nes
Ses any rnaad far arculng that Lssue 3% the
moment, since 4thaey a:g 4111 ta cazable 2°F
2arrying a warhead, I+ seems tc me the thing
%0 42 Is zo% scme missliles flving and gses how
they cerfcrm, see how much of <he suprreps :
grenmise can te canversed $o practice, and then
mavxe declisicns.t®
(V) The issuie 9f prisrisy of role, hewaver, continued &
398 the ZTAZ priEran. In 137 when the Senate armed Zernvizes
femmictee it exzressed the

rezcmmended refunding <he program,

bellel trat the Alr Foree should attach first crlority to the
earliest ressitle develozment of the Inareased azcsuracy dual-
3

4~

e

hearingzs were held 1272, ==e Alr
the first priority should ke on

When riew

s thrown tehind ke armed version
l, an Office of Sclence ani Techrolssy
gic long-range standoff weapcns concluded

18¢z) U.8., Congress, Senate, Armed Services Committee, Hear-
ings, FY 72, Part I, G24 Conz., ls% sess., March 13, 197:,

p. 431.
18(U) Ivsa, p. k20,

17(r) v.S., Cengress, Serate, Armed Senvices Cormlttee, Jear-
tnge, FY 73, Part 4, 924 Corg., lst sess., Mareh 18, 1972,
p. 2371
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that studles shculd be undertazen ty the Ceparsmens o2 Safense
cn how %o adaps stardof’ weapers for use with the B=1l, 1I=
Fehrua:y 1672, OLDaiE requested that the Aip Toree stuly ena
concept thoroughly. As a result, alteraticns were prczcsed fon
the SCAD and a progranm initiated. Howevar, events noved very
Slowly.'' The Air Force had never geared the DROZTAm o te a
Specific IOC, and in early 1972 the Chief of Air Forée 24D told
8 Corgressional committee that by mid-Fy 75 Sufficient data
should accurulate from the flight test program to permit a pro=-
duction decisicn,!?

(V) By early 1973, in view . of the Seemingly irreconcilanle
differences between the Air Force and the 0SD pesitisng, the
operaticnal rationale for the SCAD had become increaéingly
difficult to defend. The Aipn Force was sti11 adamant;y pursu=-
ing a decoy for the B-52 with range extension angd arﬁing
options, but 0SD now wanted 1ﬁmediate concentration on a long-
Tange attack decoy equipbed with an accurate guidance system
instead of the simple system required of a decoy. ODDRLE
challenged the Air Force in Mapreh 1972 on issues of cosf,
schedule, and range, as estimated costs were increasing and
range was decreasing, Purthermore, in the words of the SAC
history, "The DDR&E was also concerned, in regard to the un-
armed decoy, about how Pressing the need was to ensure bopber
penetration. "m0

4‘! At the end of June 1973, the Deputy Secretary of
Defange derided +o terminate the full engineering developnment
ol SCAD;and’directed the Air Force to pursue a broader apprcach

ey Headquarters, UsaAF, DCS/Plans anag Operations, Cruise
Missile Study (Apnil 1976), p. 18, SECRET.

%(u) v.s., Congress, Senate, Committee on Apprepriaticns,
Baarings of Subcommittee on Dop Appropriations, fy 73, 934
Cong., lst Sess., February 21, 1972, p. 8o7.

*9(u) usar, Headquarters, Strategic aip Command, S4c #istory
FY 73, Vol. III, p. 503, SECRET.
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] () The history of the SCAT program 1s outliraes telow,
SAC Roe _ Jar., 1953
Design concest studies Mar.-June 13962

Adranced develcnment initlatea:
Engine test program/prel::inary

Specifications ' Scpt. 1963
Engine corporens development ang test Hew, 1949
Decoy electronics Specifications Har. 19€9
Decoy breadboard ang flizht test Dec., 1969
. Decoy credibilisy assurance program Oct. 1970
Program @prroval (LCP #i74) July 15, 1979
Temporary Coreressional cutoff or furding ' Cec. 1979

P7P's for airfrane, engine, decoy, .
_ ravigation, and Zuldance relsased Feb. 1972
' Contrasts avarded fop engine corpetition May 1972
Program cancelled July 1973

3. TECHNOLOGICALIISSUSS IN THE scap PROGRAM

(U) It should be noted that despite the rolitical elimate
surrounding:the SCAD program, there was continual prczress in
developing component technologies and in systen integration.

{ According to the documentation available anag discussicns with
pPersonnel fron Boeing, Lockheed, and the SCAD Project Cfrice,

*1(y) p. ¥eleh, Cruise Misaiile Technology Study, p. 1, S=CHET,
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thers is considerabla agreermant as to wha: wers the “echnologie
cal issues in the SCAD gsrogram. The “wo areas of concern were
the eflestiveness of TERCCH and the propulsion system, The
warhead was nevar seen &s a protlem, and neither contractors
nor AFSC Toresaw major problems with technslogy. This sectison
will briefly review the technical issues that wers 'ound to
exist during the 5 or 6 years the SCAD concept was nursued.

leither Lockheed, which bid on the project, nor Boeing,
which becare the airframe contractor and system integrator,

) The more it was attempted to increase the

(U) The Air Force requirement that the SCAD be interchange-

able on the rotary rack with the SRAM made engineering

22(15) ;nterview with SCAD Program Director, Boeing Company.
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Furthermore, after a feouw months, she Alpr
raczaging °

-3

L

ng eliclencles initlalily requiresd o?

the ZC worz, This goon led %o an ircrease in the volume ard
+ .

3
]
4]

{ welght of the ECX gear, with the consequent lose otsfue}_stor-
age space and hence reduetisn in range.??
(U} Technical aspects of the airfrare, the foldirg wings
and tall, did nct represent a rajor technological sroblem, nor
{ 214 launching the rissile frem wirg pylons. These were wviawed
&s engireering prchlens only.
(v) ?h;le nos% concern probably centered on the TERZOM,
- there was also a surprising degree of concern over thre adequacy
{ of the Williars ergine. Several aspects were worrisozg, but on
tne whole there was cornfidenca that the small fanjet could
eventually te engineered to do the required Job. These engineer-
ing protlems, however, were not insignificant. For erxample,

{ the engine had been desigred for vertical ogperation on the
Tlyirg Eelt, but in the SCAD it would furction on a horizontal
vlane.

(U) Some of the skepticism surrounding the Williars engine
was apparently due to the reluctance of the engireers at
Yright-Patterson to use the product of a relative unkrown ir the
aircraft engine field (%illiznms previously had worked in the N
marire and automotive flelds). Yhen the Air Torce surveyed the
alrcraft enz.ne marufacturing comrunity in its first investiga-
tions into the SCAD concept, the reaction of the manufacturers
was gernrierally that the engine required would bte too small to be ’
efficient. Air Force supporters of the Williams e.gine belleved
that there was a tendency in AFSC to view tne Williams product
as "not a real aircraft engire” because it d1d not fit the

A *}(U) Ibid. Alsc mentioned in interview with Lockheed personrel
' who worked on SCAD proposal. .
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Williars erngine in a Wright-Patterscn wind tunnel.™ Supporters
of the engine had difflculty zetting the engine funded and
supported. .

(U) Evidence of continuirng concern with the engine was re-
flected 1in Alr Force testinmory to Congress in February 1972.
At that time 1%t was stated that there was a

es.rtediunm risk 1n getiing the exact srcecifics
that we have specified for tne SCAD's engine,
It is quite low because of the earlier efflorts
which essentially demonstrated the basic feasis

bility of deing this sort of thing with the
light turbofan engine.?*

(U) One factor in concern over the engine was the issue of

fuel. SCAD had originally teen intended to use JP=%, the

standard aviatioh fuel. The high=density fuels were attractive,
but investigation revealed problems. The low-temperature flow
characteristics of the high-energy fuels were not satisfactovy.
Fuel heating could probably have resolved the difficuléy but
would have recessitated further weight compromises and thus
reduced rarnge once again. The flow problem recuired changes in
metering and the size of the flow charnels. It was, in fazt,
because of these problems, especlially with regard to visecsity,
that JP-4 had originally been selected. There were other
unknowns as well. Shelldyne locked like a good fuel, hut its
shelf 1ife had not been determined nor had its effects on
gaskets and seals. Furthermore, production facilities for
Shelldyne at the time were small.

2% () Se-ate Armed Services Committee, Rearings, FY 73,
P. 2374,
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by the overall Air Fowpa attitude sewand the armed versicn nf
*he SCAD, 1Ie 14 unclear as ¢ whether TIzeon was Ilrtended ngq
te pus

ints the Bure decoy versicn, toe, A1 Phe de2oy negpdad
¥88 a simple Fildance system edecuate to keer 1+ Wwitkin the
torbhan esrridcr, ard energ) Yent, fon ore, ragigtan ke yse

of TIPCOX in +he decoy. The Lockheaed “ean who 14 on era $CAD

in 19£2.€¢, hevever, believea the deccy was aigs to rave TTacon.
8y 1572 the Alr Force was telling Tongregs that thre reason tha
SCAD uag net telng developed s:multaneously ir toth apmaq and
urarned versicons was that the unarred vergisn did nes reguire
a8 scphisticated a guidance Syster, The implication ¥as that
guldarce wag the element holding tack develcrment ¢l the armed
Scap, _ '

') There 1s a marken dichotomy in the vlews on TI34Yy 1n
the perioed Up to 1973. Sore connected with the Erogram, 1tva
Colonel Wood, tre ScaAD Project Officep in 192%-70, fels that
there were
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(1) Opinions 44¢far as tc whether all the corporent
technologies were "avallable" to bulld a successful SCAD ty
the original target date. The progran is probably a pcor case
study to use for exploration of this contentious paint,Jsince
1¢ was hopelessly entwined with the B=l issue., Yhat those con=-
nected with the program do agree on 1s that the system technol-
ogy represented a greater challenge trhan any of the component
technclegies. In the confined space of the SCAD, "interface
management ," as Lockheed called 1%, was a - major area of progran
concerr. The Alr Force, too, in February 1972, stated that the
risk in the SCAD was essentially in the packaging area, "the
actual ability to configure the components in small enough
size, weight, and volume to fit in the limited space in the
SCAD vehicle."?% The Air Force at that time called the whole
program low-to-medium risk.

25(y) Senate Armecd Services Committee, Hearings, FY 73, p. 2375.
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X
THE NAVY AND AIR FORCE CRUISE MISSILE PROJECTS

(V) A curlous artizulsy surrounds “he or
eruise miszi As 2arly as July 1572
F -3

1]
6l a subrmarisaeizirnaked anylse micsa

4

e progsran.

years."! In

gutkheritlies on rnaval affalrs wrote in an article in the n

WOTTAHAWEA's crigins

- we'efbeadl s oy

States laveali ‘natitute Froceedings that
obszure "?

() The Mavy crulse missile rrogram can be traced alonz two
serarate tut obviously intertwine? llnes c¢f development. Gne
of the antishic nmissile Harnoon, the cthap
Tha Lo

interactive until 1372. As

to discuss

13 the develooment
the lorng-range strategiec missile,
prozrams begzn separa*tely but were
the Earpocn progzran started eaprlier, 1t may b= bess
it first. The Farpoon was the first !
cruise nissile era and the technical achievements of the pro-

of the SCAD, laid the foundation for the

-y

avy effort in the new

gram, alorg with those
llavy SLCIK trogranr.,

A. DEVELOPMENT OF AN ANTISHIP CRUISE MISSILE

(U) On paper the Earpoon antedates the SCAL. Altroughk the

flavy had been uneasy for years abou*t the capatilities of Soviet

!°71) Sena%e Armed Services Commistee, Fearings, F7¥ 73, p. U

73
2(1;) 1. Polmar and Cap%. D. Pa2olucci, USIH (Pet.}, "Se
-4

a=-
'Stprategic' Yearons for the 1989Cs and Beyord," United g
aeval Ingtitute Proceedings, Vol. 124/5/903 (May 1978), ». 9.
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ansciak’y orulse mizsiles, 1t was the sinzing %tr the Zgyoclans

- & - &4 oy -
8 ar Isrsel’ degersyer.in 1387 wish a Seyx srulze miszile thas

11
ad4 a requirement for surflace shiz lag:é‘ o thav
for air launch. However, the SL® was not acted <n in-edlacrely,
ard ret until! the end of 1970 was an RFP callling for an e
launched antichip missile gent out to industry. In June
VeTornell=Jcuglag was chosen as prine contragtzr.
J A%t this time research was teing conducted at the Iaval
Ocean Svsters Center (YMOSC) on the bouyant cagsul
rissilesg in which a capsule rose te the surface :y b
ornly. I'CSC scientists informed Commander {(now Pear Admiral)
Walter Locle, the Harpoon Froject Cfficer, that underwater
lasunch frem a2 21-in. torpedo tube might possibly have scme
applicaticn for the incipient Harpoon, and they soliclite?
Leeke's sucport for a feasibili<y demonstration. With 1is
agreenment, Mclonnell-Douglas and MNCSC worked togethter c¢n a
feasibility demenstration of a boost test vehicle, McDonnell-
Douglas defining the missile and NOSC the capsule. In early
1972 the systerm was terted successfully.

(U) The Harpoon rrozram was now revised to irclude the suba-
marine-launched variant, the "encapsulated Farpeon.™ A
efforts--alr-, surface-ship=-., and subrarire-laurched--deve
in parallel with equal emphasis.

(U) The missile v2s at this time 180 in. leng and 1,27C 1ibs
maximum weight, with a2 diameter of 13-1/2 in. The capsule was
big enough to carry the weapon tuv the surface at the procer
a1gle, while the beooster had ernougzh punch to tcss the missile
clear before wave action could cause the missile to flir as IS
exited the capsule. Saeker acaulisition had been part of the
RFP sent to industry, since there wes no in-hand guidanze srstem.
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gretens, er J:ld 2uT altermativae slurs fape vmaln davalezmpes,
The 3rvItem: were rezwrniited o: sramsecamizefas shge 22534 fire.
£2232 7 ta ajklaved leh sha ananges cesmEnelisr. Timalle,
crilse mieslilaer vare ssmcamad ten -

. . L

Planning in2luded wish =ra g=- s IT3%ed tnas <ha fdaperfiad

Nigh-risy Zevelszment 2F TIBIAY aa-nts ta 2crsgfisavad am secanta

atle risz, shzild the need fom gusn 2 rwapma= ta Zlonlied urmen,
tle Zine Shruss and »e ranulinea

ments also remained and would
prograr should be initlated. fThe la ter alsc sta%tez thas <he
developrent times suggested bty CUA for pre " s
design competition, Loncent formulation, and proposal evs

-

uaticn
seered optinistic, in view of past performance,

(U) The CIA study stated at the outset that it grew out of
the idea that the technology of the Air Force SCAD cculd be used
to develcp & small strategic cruise missile. Two mal= reasons
Wwere offered as to why sea-based criise missiles (S 1) were of
interest: 1) they represented a mears of s:ratngic'd*versifi-
caticn to improve deterrence, and 2) the curren® techknology
eculd prckadbly provide them with irpressive capabllity at a
-2 cost. Pegulus had criginally been ahandored in
rls tecause ballistic m.ssiles were sunerior in

1Y

2Im2st every waye--leonger rarge, tigger raylozi per submarire,
Treater acturasy, and btefter penetration of enemy deferses.
223l advances in the 1989's had reducad <h

2T 2ifferearncze., The Sguvlet Sallistis missile Asfanse hzd Leccme
A malsr ccnedrn, At the same time, “he means %4 achiewve sus-
Talned rulse -lissilae Pliske a4 very law 2ltitudas had haaen
Zevalires, whlsh with the 2thapr sharagterisetfsg of grulse mis-
glleg 22uld maye raretpaticn muah agslem, Tha S5%ude streszad




“ne range tanellillclec asnlaevatiae len EmELl en aTh-
ereargy luiely, end fmovcvad feanefat Triterms znd mazsine,

i The rea- Zuzgestaed 2inslderztics 2 f cavews? 1iffargr-
Pi33lims S lgunsning SoMe: £32/47% 7lazg 333003 I3 mtsza
S1les zer ca%); a maw subse >ine (3% zer tsze); raw am Ienvarsed
mercrant hulls (3£ per ship); Cerrier-azulnzed snirs (uz =p o-
Fer shiz); z2nd S8I's (Ssrcedgatyta l3unsReals %2 2z per toas),
Twe gizes ¢f m13siles were censldered: ZTaft amd t2_re fen;:h;

3,220 1t3 and 1,207 lts. The small
a

2S=in. ard 1G-ir, 22arevan
&

H
iie weuld ke launched frpm the zatsack subraris

-
i'f ClA recorted trat a cruise rmissile wish *ha follzwins

farge at 200-f% altitude: 2,599 =1 (1,500 Zor
Terrier or SS¥ basirg)

Speed: I!Mach 0,75

Altitude: 200 ¢

for use with new platforme
(U) The contridbution of the SCM yag analyzed. In terms of
cost effectiveness, SCM's corpared favorably with ctker gystens
rrojeeted to 2 avallable in the nid- to late=1970's. '=ile
SCM's would ccdtribute to diversification of the strategic
arseral, their cerincipal contritution would be as a khedge
agairst the develcoment of effective threats to the survivatil-
ity of land-tased forces ard against the fn-flight vulrersz:‘1-
1ty of talltstic rnissiles and tomters. SC¥'s could ke darloyed
rapidly cen existing rlatforrs orce develcpment and tomlt )
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regalve kg srinains: te2hniaal “ntertalnesag 253532212%a4 wiem
£ $°8" "~ . 2 ] - - = -
the mailtzry haractenticsng 38 the nisgila, ThNstyna tevelon.
rent wsy SiiTested 3¢ “he hagze k a mens

“hile a corglete TERCC:: System has ¢¢ date
never bteap derenstrated in an acplicasian
Sirmilar «4 the eruise rissile System'e
requirements, 1% was considerecd necessary fap
this S5tudy ke alm-gt categorically 2s5sume tha
credibility of such a S7stem, cn the ASsSump-
ticn baellervad valld whap consared tg tra
asscelated state-or-the-art technologx, tzth
in component harduware azng functionalization
techniques,?

This Suggests that Lockheed was accepting TERCOM 28 an artigle
of faith rather than ag a provern System,

(V) Yhen the C!'A report apreared, the Navy Fenerally 414
ot show mueh interest 1p Strategic eruisa missiles, although
Support anq interest were generated in DDR&E ani TSD/Systems
Analysis, W1th;n the Navj the only reai interes+ ¥as shown by
the CiQ and to Some extent by op 96 (0ffice of the Chier or
Havail Operatians, Systems Analysis Division).

(v) 1514,

"{U) Lockheed Mlssiles ang Space Company, Cruise Mizsiie Study
Final Pepor:, bp. 3-4, SECRET.
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() The {43 of a longerange missile apparensly had no
parsizular appesl for much of the !lavy, even 1f what was
megnt was an an<iship nissile, There was a simple zrehlem inm
that the lavy 414 rot really know hew 50 u%ilize an ansish?
crulge Mmissile with a 200-nn range. There was the matter of
detaction o a ship target a% such a range and desernina+isr cf
azinuth. For ranges teyond 140 mi, the lNavy bellewed targetinsg
wouléd have %o te controlled from a supporting platfo:m:'

At thls point, however, the possibility of s SALT

agreenent beganr to assume significance. In view of the possible

Some Navy interest had developed, starting at ClNO level,

(U) Interview with Mr. Carl Tross.

*(U) USAF, Directorate of Doctrine, Concepts, and Chjectlives,
Bistory (Jan iry 1, 1972-June 30, 1972), p. 6, SECRET.
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Tmpetus had beer provided. to

19(y) Tnterview with the Technlcal Director, Joint Crulse
Migsile Project Office. _

11(yy) Interview with perscnnel of the Loeckheed Xisstles zné
_ Space Company.

C - 13(17). Headquarsers, USAS, DCEZ Plans/Operations, Cruise Migzsile
' Study.
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¢t should be noted, however, trat the emphasis seomed

still “o0 be on a

(U) On August 14, 1973, and again on December 19, 1973, the

Deputy Secretary of Defense directed that the MNavy proceed at
once with the advanced development of a baseline crulse missile

13(U) Interview with personnel of Boeing Aerospace Company.
76

¢0 AL




I ¢ Syt W = R ehat o L ok,

(V) In Jenuany 1378, Ganaral dyramics=Tcusht weprs Elvan the
S

et
ition for the zuldarse Systen and the engire, hewever,
took much 1.5395. Teledyne ard W lliars competed‘for the
engine, u e YcDornell-lcuzlas and Ele¢trosystens, Inec. bis
for the guidance srstem. A DSARC T review in Pebruary 157t
directed the llavy to proceed with the subrarire-launched cprui

m1ssile, to cortinue close cooperation with the Atr Foree, a=n
to address surface-launch medes during prototype validation,!?

e

z
I
-

.C. THS AIR FORCE AIR-LAUNCHED CRUISE MISSILE

s () Systems Planning Corporation, Background Peper on Crutise
Missile Concepts (December 1977), p. 2, SECRET.

'3(U) 0SD, Zand Attack TOMARANK Cruise Miggile, DCP #125
(Decemter 22, 1975), p. 1, SECRET.

Y6{U). Naval Air Systems Commang, Anti-Ship TOMLHANYZ Cruise
 Hissile, Progran iiemorardum #117 (Octobep 28, 197%), n. 1,
SECRET. )

Y7(U) OSD, TOMAHANZ Cruise Migsile, SECRET.
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%a2%12a) sesg-launched mis
in tke Al» Foree, This r
gavaral ssupses, L2 mentighed earliien.. 14 hazg Loan 3uZzested
(wish some $ruth) ¢ ol r

§ilo program as a means 27 grompting the
Alr Tocrce %o taxe rore forszelul action in developing 2 s

sandoll
weapon. Another reascn for renewed Alr Force intarest 5z Zdoubs
was “hat “entasive acceptance 57 the B=l program haid- resulced

in less Alr Toree arnxiety over the effect of c¢rulse missilet on
the fate of that prggram. Althcuzh the SCAD program had bt
cansalled, the Alr Force had beer directed to beglin a techneolegy
program tc zeesp allve the orciesn of reviving a SCAD 2
assaciate the offcrt closely with the avy's cruise rmissile
progran,!’ ‘ _ ‘

(U) Another and perhaps cruclal factor was a letter from
the Assistant to the President for National Security affalrs,
Mp, Yissinger, to Ceputy Secretary of Defense Clemen:s

(June 11, 1973). Mr. Kissinger stated:

We considered that a longe-range alp-to-surface
missile procram made sanse strateglieally and
would help SALT. VYou indicated that you would
get a lorg-rarge ASM prograr under way withi-n
a week., I would appreclate a progress regore
on the program.'?

The Deputy Secretary of Derense replied, on June 22:

Wle have two on-goling prograns which could te
adapted to meet the regulrement=«the Alr Fcrce
SCALD and the llavy SLCX. The SCAD 1s in the
initial development stage.... SLCM is preserntly
in very early stage as a technology program.??

13(y) Immediately after the SCAD had been cancelled, =he Alr
Force directed AFSC to lnaugurate yet ancther strategzle bonmber
penetration decoy program.

19(1y) USAF, DCS/Plans and Operations, Cruise Yissile Study,
p. 18, SECRET,

29(1) Ibid.
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g davelspmans o8 7LD was

- - L ] &
() Ssrenzely, She full engineel.n ~ -]
- - et - - r.3
sarcelled £ dgvs later, Then zn July 13, 1372 g Tormal memcrane
Aum from Zigsinmger 52 Clements ranested

gragram for develsping lorzerange ALTH'S conpatidle with the
existing S2AN system.?! The initlal capabilisy was o te
a72lvad fasm tha S22, Thae DIRLZ directive spesifisally unged
2 "vigcrzus pregranm to demengirate the capabllily :o'develcp
ard/o> deploy an ALCH," an admenition no dzult prempted by the
srail-ifye zrecgress rmade by <he 3ITAC pregran.??

(7)) Zissinger's fn-erventicn was %c have centrailatory
affantg, Opr che gne hand, ¢ undenlably crovided the Impetus

s

the erulse misgsile to SALT in a new wajy.
“hather he wag serious ahbout an ALCY or whether 1t was always
tnterdad to be a tzrgalning chipn for further SALT rnegotiatlsns
unkncwn;" What is apparent 1s that from its Inception the
2 giveaway. This label, of course, also

to the SLCM, and there is s body of oplnicn
he slow develorment of cruilse missiles znd the

(14
e 4
[+
(4 4
m
]
it |
Y
r
1]
ta
ot

continuing relative lack of Navy or Alr Force interest in then
eliaf. It would have seemed pointless to push to -
develor a weapon that ultimacely would be given away by politl-
¢al agrserent. -
(U} At the =nd of July, Alr Torce Eeadquarters dlirected
 AFSC to demcrnstifate. the capabllity to develop a long-range ALCTY.

21(y) USAF, AFSC, History, Vol. I (January l-December 31, 197€),
p. 200, SECRET.
23(yy) ODDR4E, Decision Coordinating Paper for the AGM 86 (ALCY)
Full Sccle Levelopment Program--DSAPC II (Prelinmirary Craft)
(loventer 1975., o. 2, SECRET.
23() Opinions vary, but it is telleved that ¥issinge
ally ec2me to sugport cruilse missiles because of thel
irtrinsic =ilitary worth.

aventu-

-
bl
-
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228178 WOuld Be %0 estanlien wve te

—wis sua'm

2
sSuch a nissila, mn, initta) sapantrie.
+

advranced capab 7
base of the program.
(T) By mid-iugust the A% 86-A cffice wzs efgaged in pre-

limirary studties of an extended-~rarge armed eruise missile,
Operating envelcpes and range performances wepre being deter-
nired for a nmissila configuraticn that borrowed heavily Srom
the SCAD baseline vehicle, The coﬁfiguraticn Teatured a warheaqd
ir. the forward section, a belly fuel tark, irncreased internal
fuel capacity, and use of JP-9 high-density fuel.

(¥) In mid-Cetober DDPLE requested a preliminary progra=
plen for the developmens of a eruise missile based on the SCAD
concept. The missile would be carried internally in both the
B=£2 and the B-1l on the SRAM racks and carried exterrally only
on the B-352, There would ve no provision for decoy electronics

and the missile would enploy the SCAD engine. This program was

suggested for the bomber force to te considered instead of
adopting a !avy cruise missile,

(U) on Decermber 14, 1973 CDRAZ recommended crulse missile
prograns for both Air Porce and Navy to the Deputy Secretary;
The Air Force was to demonstrate an ALCM, based on “he SCAD
ecrcept, éy mid-1376, with deployment by 1989, The Mavy was to
demonstrate a SLCHY, both taetical and Strategice variants, also

“for deplor<ent ‘n 1980. The Deputy Secretary approved these

recomizendations on December 19, The Air Force missile would be
developed as an adjunct to the bomber force, to te launched in
a low=-altitude aftack cutside Soviet defenses, thus improving
the penetration capabllity of the bomber. The missile would
utilize SCAD engineering-developmenﬁs for the air vehicle ard
the turbofan engine. lhereas the SCAD would have depended on
ECM, detection of the ALCH would be minimized through

80
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Uty Sesratary alse 2
tactical varfant dell: 7ering a 1,%C0-1%
<“he strategic system providing an effective
Warhead peretrator froz the iaunch base of the nuslesr submarine
force. The 3LCM would resyl* in a preliferatisn of. tha Strae
teglc subrarine force because every %aectieal sub-ar‘ne would
also become a plasform for Strategle crulse missiles, Thre
erulse =issils was also seen as ar elfective replacement ~s»
forward-tased nusleapr ferces.

(U) The Deputy Secretary pointed ocut that thae technologiaal
efforts of both the Alr Torce ard the llavy would have ruch in
cormon. The Alr Forsce had es Srcentrated on develcpment of a
small turbofan erngline and high-energy fuels, which were sulsatle
to both systems. The Navy rad pursued she develoaﬂent cf
guldance systems, which wepe also useful to both deve‘car=n.s.
The Air Force was thus glven the leadingz role in enzina develcp-

rent ard the llavy in guidarce 28

D. TECHMICAL ISSUES IN THE CRUISE MISSILE PROGRAM

(U) Ye have already touched upon the technical issues ena
countered In the course o *he develorment of both tre 5LC and
the ALCY. Both were derivatives ¢f the SCAD, and as has been
peinted out, 1t'was *he ECAD that showed that a very small air-
frare could have considerable range and accurately dellver a
warhead of respectable size.

(U) The submarine-launched missile did not present any
completely new problems to the Mavy, nor did it reguire any
malor technological advances. There were problerms With the

vy USA?, AFSC, Ristory 0 the Aeronautical Sustemg Divigion,
Vol, I {(Suly 1973-June 1973) pPp. 206=202, szchze,
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axanple of this sirnce 1t zar

<orpado. tute launch, pare -2auiarly in ensuring engine start with
the iring of a single carir 1dze, (The Snolaris was rot an

+d 143 own oxidlizer,) A number
of changes ¢ the SCAD enzine were reguired fcr the 3LCX appli-
cation: engine performance ha2 to be optimized for sea-level
cruise instead of high altitude; the s*ruc.ur-/-oug*'"g hat to
be redesigrned for high-shock environment; the gearbox. .was moved

fronm the botton to the top of the engine; the inlet was Te-

designed for diffegent distortlon characteristics; and the
exhaust rozzle was redesigned fcr a different cant angle. s

(U) Por the sutmarine-launched SLCIH there was alsc the
problenm of the possibdble toxicity of the high-energy fuels. It
wes not xnown how safle Shellﬂ;no or E.Direr would be 1f stored
in the corfines of a subrmarine for lcng periocds .f tirme. This
was crucial, slnce no toxic subs.ances cou’d be allowed on
undersea c“aft ¢ -

() The antiship variant of the SLCM (named the Tomaha'tk bJ
the mid-1970's) was able to make extensive use of an%tiship
technolog, and haréware developed fer the Harpoon. The radar
seeker, altimeter, and midcourse guildance unit were transferred
directly fron Harpcon with little or no change.?

In regard %o

"(U) U.S., Corgress, Senate, Armed Services Committee, ?g
=

ings, FY 75, 93d Cong., 2d sess., April 12, 1974, 5. 3%
18(y) Interview with Mr. Carl Tross.

"(U)_Maval Atr Systems Command, TOMAZAWX Cruise Misaile,
p. 1, SECRET. ’
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n ARTLl 1576, she llavy Crulse lissile Frojact Manager sl

(2
s 4
s 3
»

The poirt not to te missed hera i3 the involvew

ment of the Defenge Mapping Agency. The vealk

1inz in the 10 years cf exploratory davelcprians .

werk that was dcrme before 1s that realistic )

scurce da%a was not used, The crulse nissile

project office hasfactually invclved the agancy

that gets the operatlonzl raps. : '
Ye stated that the DMA task would taxe 3 to 5§ years.??®

) In fact, in 1977 CDDRAZ, Alr Ferce Studies end Anal-
ysis, and CARPA sponsored a Strategic Peretratlon Techrolozy
Surmer Study that asserted that the
Analysis by the Systers Plan-

ning Corroration pointed out that more recent data are scretirmes

What did appear to be major new technical reguirecents
in 1574 had to do with

"(U)GSgnate, Armed Services Committee, Hearings, FY 7§,
B F. 3630.

*3(U) Systems Planning Corporation, Background Pzper on Cruise
" Mi{ggile Concepts, p. 22, SECRET.
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There wirg;ﬁone

9 (U) Interview with Mr. Carl Tross,
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X A
AN R80 PERSPECTIVE

) Jarerallzinz abeys P%D processes sn +p . Laglg of g

S, at best, risky. Yoreover, this Sudy conzennyg
rninz of the cruise rissile develcprment programs,
and 12es8lly a casa study shculd not te made of a system ynet}

f.nal and all the droblems elther gelved or 2¢C0T-

midated By engineering 2djustments, That g S%111 not-the
sitnaticr wish regard to the eruise nlssile, Tha process has
taken langer than 13 usual for a major weapon system, the time
from ccnzept tg deployment being typlcally about 10 to 12
Jears. The process hag already passed the 10-year nark, with
the veéy earliest cruise missile IOC forecast for the end of
1521, Yot here 15 g Systen for which 1ittle had o te invented,
although much was refined and adacted in the ipte

-
() If the cruise missile case can be characterized as a
type of R2D, 1t could best be termed obportunistiec. The cor-

ination of a military concent with already existing technologies

“as ultimately to lead to the development of weapcr systems.
However, tre krecess of developrent was both turbulent and
surorisingly slow in achieving success. _

(U) In the curlcus hissory of the erulse nmissile developa~
rent three factors, techniecal and nontechriical, apsear to have
been signifiéant: the perceived military need; the environrent,
meaning both the degree of 4cceptance of op suprort for the
weapon system and the bolitical climate of the time; ‘and the
state of the technologies invoived. fThe interaction of these
thrée.ractors conditioned the course of development.

(U) While in the late 1960's there appears to have been
greater receptivity toward, if not indesd general perception of

85
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- She :iii:ary need for, newer ang tetter urranned S7stems fop
sc:ej:uhctians. 2here‘was never any gonera} gTeerent 34 <
What thage Tunations rmizht e, op one side of s+rae quession
were the rmost inflyential elenents ipn the Afr Force ang the
<873 on the other wepe the.scientiric communi:yﬁqnq the Cretee
¢f the Secretary o2 Detensg, “ith support from Service %2
elerments, The lattep saw the'cruise missile ag 2 weapon wisp
enorzous botential; the formep Preferred thag it have , much
nore circumscribed’role. The Aip Force,-when not openly re.
sisting a long-ra:ge sStandors weapon, considereq the cruise
missile rerely a useful System, not ong rsally Needed in
confunctien with » Penetrating bomber force, The Havj was
interestaq in the weapon only as a Strategic reserve to pe

The cruise missile, in short, was always seen at test as a
aubsidiary weapon by the Services for which and by which'if was
developed, Aftep all, the revivead interest 1p Cruise missiles
had begur on the Alr Force side with 5 decoy and on the Havy

8ide with 5 short-range antiship Harpeen, It was the Scientifrie

(U) It Seeme like] -hat the Mmain pressupreg originally
driving the Cruise missije Programs wepre not techhological, but

rather environmental. This development environment was fir, large

the Operational concept, desirability, and future of the cruise
missile Seem always to have been in contention. The lack of a
¢lear mission and or soliqd Service support from-either sSponsor-

Even when support could be rustered, the Suspicion, engenderagd
in 1973, that tne missile might'ultimately be eéxpendahle ag a
SALT negotiating pawn tended to dilyte 1t. As evidense of the
amdbivalence that has Surrounded the program 1s the fact that as
late as January 1977, more than 9 years after articulation of
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() This deelcpment snvircrnmens undouttadly mag 4 dampere
ng effess on the developmens process, The lasy of any pricrisy
Or sense of urgeney meant ~ha- develcpment affoney 434 rnot
récei?e the high.level attention or fiscal supzort +aat
h:gh-pricéity Strategle missite grozrams, such as dinuterman op
Folaris, had recaivad, . ’ .

() Even the role of the cost factor in cruise missila

" development soomg to hava been artizucus, The antfé:pa;eﬁ cnss

of the erulse gystemg Seemed attractive on %wo bases, Mha

- 873ten could use relatively Well-developed available technolo-
‘gles, and thus avoid the intrinsie cests of developing thege

Specifically for the program, Secordly, on a comparativa Lagig
the cruise missile Seered to offer the capability to executa
certelr nissions more cheaply than 8lternative Systems coyld,?
This latter evaluation of the cost of the system wag alvays -
controversial, however, involving as it d14 the btroad issues

of strategy and Service interests, There was less~controvers?
over the intrinsic ¢ost of the overall S§7stem, since it in{-
tially premised to be éstonishingly low. Mer did 1t Seem
1lik21y that tlhe price tag on any speciflc comporent would delay
developmens of the weapon System. Y2t costs cecntinued to rige,

. By the end of 1970 the SCAD program was alréady urnder attaclk

HU) U.S. Sovernment Accounting Office, Stasus of Air and Sea
Launched Cruise Missile Programs, PSAD-77-36 (January 1977),
D. 2, SECRET.

*(U) For supporters of the missiles the estimated cheapness of
the system was one of i¢ts major attractions, since this would

pernit "proliferation" of the weapon to such a degree that an
air deferse wculd be Saturated,
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for'aﬁegdily incressing sosts and equally steadily declining
rangeg -

(7) The third Jactor signlricane tc the develaprens process
vas the state of the technologies., The ccmpenent technolagiles
kad been under Steady development sirce the earlf?cruise ris-
sile pexriod, although usually for othen reasors, aﬁd':heir
progress had baen evolutlonary for the nost part (the nicro-
processor was probably the great "breakthrough”). Furthermore,
as has already been Suggested, cruise missile development was
faeirly zontinuous during the 1950's and 19€0's, with cruise
missilés of one misstion or another always either in service or
in development. The advent of the ballistic missile a1a not
cause an abrupt discontinuity, but rather the aprearance of
one. Even the long-range cruise missile lay dormant for only
a few years, fronm the deactivation of the Snark in 1961 until
the appearance of the SCAM/SCAD concept 5 or 6 years later.

(U) A vasic sremise of this study was that the technologies
were avallatle when the cruise missile programs’ got underway,
avallable meanirg (1) the basie knowledge existed of how to
build the compounents, and (2) while alil the problems had rot
yet been solved, the probadility of Success was high. 1If
technical risk can be solved by the apvlication of enough re-‘
Sources, tnen there was never more than a medium risk even for
TERCO!M, which usvally got higher marks for risk than the other
pProbler. area, propulsion. Yet neithepr the cruise missile nor
TERCC received major funding in the period under study..

(U) Some of those interviewed for chis study stated that
the development of a cruise missile was generally felt to be a
"plece of daye" technologically. Thefe wasg even some sentiment
that the ¢ru13e missile represented a technological step back-
ward, It seems cleapr in retrospect, however, that the
development was not S0 simple technologicaliy as may have at
first been anticipated. The Several components of the system
were not all equally advanceq when interest in the cruise
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' miaatle revived, nor did their subsequent development occur at
the same pace. The fact that the Air Force specifications

kept changing certainly did little to improve that situation.
TERCOM may well have been delayed by Air Force reluctance to
pursue development of a really long-range attack missile.
Regardless of the reasons, however, the fact remains that
development has continued for a long time of technologies that
were widely viewed as virtually "off-the-shelf” at the turn of
the 1970's.

(C) Even if all the component technologies had been equally

'advanced. and development had moved faster, system integration

would have continued to pose the problem'of determining neces-
sary trade-offs. The requirement for a very small irframe
that could fly long dis%ancea'at very low aXtitude, navigate
with great accuracy, and deliver a respectable size warhead

" really represented an advancement in the state-of=-the-art of

1ntegration, if not in the component technologies.

(V) The real technological challenge of the cruise missile
was therefore not in component development but in the overall
integration of the system. Probabdly the erucial factor was
aize. The airframe had to be small to permit large numbers of
the weapon to be launched from the carrler vehicle and to re-
duce the degree of vulnerablility derived from the system's
subsonic speed, The components had to be small to maximlze
the fuel-carrying capacity and maximize the range. That the
components be small was thus the chief system'requirement. The
engine was "found™ small, the warhead made small. and the
TERCOMpsteadily reduced in weight and veolume.

% Ironically, the most problematic element in the entire
cruise missile system turned out to be one extraneous to the
missile ivself. The




(U) The techhical issues involved in the cruise misshle
development were thus optimization of component perrormance;aﬁd
system integration. The former, while not as simple as expect-
ed, wss less a constraint than the latter. It has often been
asserted that weapon systems are assembled, not invented. In
the cruise missile case, it would appear that the act of
assembling the components was in itself an act of invention.

S0

l-’s———uﬂh, +



