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This study investigates the technological ori{gins of
the current U.S. cruise missiles., It identifles the aourceﬁ
of the component technologles and the purpeses f2r wnich
they were originally develicped, examines the way these
component technologies were synthesized through R&D gragrams|
into weapon systems, and idenzifles major technlcal and
nontechnical factors that condizicned system Zevelcrnment
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While- R&D on long-rang= cruise missiles was macked by
a discon=inuity frcm the end of the 1357's until she end
of the 1960's, cruise missiles a3 a c.ass have Leen in
service since the early 1350's. There has been almost con-
tinusus work by the U.S., military R&D community and defense
contractors on various aspects of cruise missile tezhnology.
In addition, technology developed primarily for otiker pur-
poses also.proved to be applicable to cruise vehicies, *
By the tine interest in long-range crulse vehlzles revived,
these technologies had evolved to the point that it became

feasible to undertake the development of an effective longer

range cruise missile capability.

The several technologies involved irn the new genera-
tion evolved indepandently--airframe, propulsion systam,
fuels, guidance and warhead. It was guidance and propul-
3ion which provided most problems., The first step in syn=-
thesizing these technologies occurred in the 3CAD project
(1968-77) tnat laid the system technological basis for the
later Air Force and Navy cruise missile programs. <he teche
nical problems encountered in the SLCH and ALCM proagrams

were similar to those encountered previously in SCAD, althouTh

the separate air and sea applications presented certain

wnique protblems. ' L

The cruise missile case may be viewed as a good exampl
of opportunistic R&D, wherein technologies designed ori-

ginally for other purposes were married to a military concent

and synthesized into a weapon system. However, the process
was neither unamblguous nor successful as early as had once
seemed likely. There appear to have been three significant
factors in the cruise missile programs: the perceived
military need; the development environment, which compre-
hended the degree of acceptance of and support for the
systems and the political climate of the time; and the state
of the technologies involved. The interaztion of %these
factors conditioned the course of develrpment.

The main technical issues involved In developing the
cruise misslle were the optimization of component gerformans
and srstem integration. Because of the evolutionary develop
ment ol the component technolcegies, it was the overall systed
integration that presented the main technological challenge
of the crulse missile and produced the nain technoiogical
innovation.
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PREFACE
. » )

(U) This study, conducted during August and Septembgr'i978,
reviews the technological origins of the current cruise missile
programs. Its purpose is to trace the compc.aent technologles to
their sources, to exermine how these technologies ware synthe=
sized into weapon systems, and to identify major technical and
non-technical factors that ¢inditioned system development.

{U) It is not a program history as such, nor does it deal
At length with the broader strategic issues 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 seg-=launched c¢ruise missile
programs were underway. By 1374 the technology issues had long
since been confronted, and, while all problems had by no méana
been solved, development was continuing on a steady evolution-
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 unnanned
vehicles. Chapters II through VII describe the development of
the several ccaponent technologles from their immedliite origins
to the end of the perinod covered. Chapters VIII and IX deal
with the subsonic cruises 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 1ndebendent1y developed component technologles 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 opinicns on some issues and
recollections of points of ract have varied, often markedly,
between equally knowledgeable persona, hoth points of view have
been reflected in the text. The following persons were inter-
viewed:

Andrew Borden, Center for Naval Analyses b 4

Harry Davis, formerly Deputy Undersecretary for
Electronic Systems, USAF

David Heebner, formerly ODDRLE

John A. Englund, ANSER

Alexander H. Flax, formerly Assistant Secretary of
the Air Force “Tor Research & Development

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

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

Melvin Laird, formerly Secretary of Defense

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

Stuart Rubens, OSD/PALE

George Schubert, Technical Director, Joint Cruise
Missile Project Office

Carl Tross, DIA, formerly with Navy Cruise Hissile
Project Orrice

Alton Quanbeck, CIA, furmerly with OSD/Systems Analysis

Samuel Hilliams, #illiams Pesearch Corporation

Archie Wood, formerly USAF SCAD Program Marager

Maj. Gen. Jasper Welch, USAF, formerly AFSC

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

RAND Corporation: -

Lockheed Missilles 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.

vi
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SUMMARY .
»

(U) This study reviews the technological origins of the
current U.8. c¢rulse miasiles. It identifles the sources of
the component technnlogies and the purposes for which they were
originally developed, examines the way these component teche
nologles were synthesized through RiD programs into weapon
systems, and identifies major technical and nontechnical factors
that conditioned system development during the period from 1967
to 1978, ' :

(U) Postwar U,S. crulse missile development produced a
surprising number of operational systems.! The most successful
of these were tactical and alr defense systems, some of which
provided long service, Efforts to develop a long-range strate-
gic crulse missile, however, were not marked by similar success.
For one thing, by the late 1950's improvements in ballistic
missile technology promised more effective intercontinental.
weapons. Furthermore, the longer range cruise missiles all
shared three fundamental characteristics: large, heavy war-
heads, inaccurate and weighty guidance systemsa, and relatively
inefficient heavy turbojet or ramjet propulsion systems. High-
altitude rlight was required to achieve range objectives, and
this made theaé crulse vehicles highly vulnerable to alr
defenses.

1(U) Por the purposes of this study, a cruise missile will be
defined as an unmanned, self-prorelled, air-breathing guided
vehicle that sustains its fiight through aerodynamic 1ift
over most of its course. The latter qualification covera
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, oruiae missiles as a clazs have been in service
since the early 1950's. There has been almost continuous work
by the U.S. military RAD community &nd defense contractors on
various aspects of cruise missile technology. In additdon,
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 technologies had
evolved to the point that it became feasible to undertake the
development of an effective longer range cruise missile capa-
bility. _ '
{(U) The revival of interest in cruise missiles 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 increasingly difficult problem of
how to penetrate hostile air space with & manred bémber--waas a
reflection of wider concerns on both the tactical and the .
strategic level. The tactizal experience of the war in South- i
ecast Asla, conslderations 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 Air
Force and the scientific community began to reexamine the
potential of botn cruise miegsiles and remotely piloted vehicles.
This led first to the eftorcs of the Alr Force to develop the
SCAD and then, in the early 1970's, to the Navy sea launched -
ecruise missile and tiie Alr Force air launched cruisc nissile.
(U) The several component technologies involved in the new
generation of cruise vehicles evolved independently. Of these
eomponenis--airrrame, propulsion system, fuels, guidance

-3
system, and warhead--the technology of the airframe posed the :
fewest problems. The warhead also caused 1ittle difficulty.

It was the gnidanee system first and thes propulsion system
' 3
viis
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second that represented the component tochnologicni‘challengos
of the new generation of cruise misailes.

(U) It was development of the lightweight turbofan engine
with a low specific fuel consumption (SFC) and thrust-to-weighs
ratio that has made possidble the small, long-range cruise missile
of today. The desirable qualities for a propulsion system had
been established in early efforts: low SFC, lightness, and
ainimum production of observadles. While small turbojets had
been made as early as 1945, a truly efficient miniature fanjes
that fulfilled these requirements did 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
nissile use, _

{(U) In the period up to 1974, the engine was not seen as
risk-free. Considerable skopticism 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 bde used in order to achieve those ranges
posed the possibility of reduction 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 resolve the viscosity
problem meant loss of energy content and hence lessened vehicle
range.

(U) Of the component teshnologies of the cruise missile,
however, thre guidance syste:m has probably been the most diffi-
cult to develop. The basic system has consistently been
inertial navigation with some form of positicn update device.
The Terrain Cocntour Matching System (TERCOM) grew out of ex-

 perimental work in 1958 on the supersonic low altitude missile

(SLAM) project. By 1968 contiauous development had brought it
to the point where it was the clear front runner among candi-
date systems for the new generation of cruise miasiles.

ix




However, the syastem appeared to suffer from serious defisiencies,
all of which usually led to its being given a higher technical
risk rating than any of the dther components. The systea had
been tested, but not in any structured program nor under opers
ational conditions, and the results tended to be ambivalent.
The accuracy and reliability of the system were widely ques=-
tioned. TERCOM was subject to occasional false fix ghlection
that threw the vehicle off course. The sensor could be affect-
ed by the presence of vegetation and snow, which caused Zoliage
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/develgoped a
larger data base on TERCOM cperations, resulting in -
in 1t, It also became apparent that with

(U) Progress in development and te3ting of a guidance
systen 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 tactizal alrcraft
application, cruise missile application created special prob=-,
lems and requirements. These in tﬁrn involved trade-offs
between terrain-following capability and vehliele survivabllity.
A technological breakthrough in the conmputer fileld provided

the basis for TERCOM in its'miniaturized cruise mlscile =zode,
The develonment of semiconductors in the early 195G's led,

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

- . ' 1
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memory space, these two contributions made it feasible to use
TERCON in the cruise missile's confined airframe.

(U) The first step in synthesizing the above described
technologies occurred with the SCAD project (1958-73). Wnhile
the project was ensnared in the politics of the B-l controversy
almost from its inception, pragress in developingnand integrat-
ing the component technologles continued. SCAD laid the system
technological basis for the later Air Force and Navy cruise
missile programs. The SCAD concept suggested that a very small
airframe could adhleve considerable range and deliver a respect-
able warhead with good accureacy.

(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
recelved impetus from considerations deriving from the SALT I
agreement. The technclogies of the Harpoon and the SCAD were
applied to the sea launched crulse missile.

(U) Cancellation of the SCAD program, in July 1973, was
followed by the inception of the Alr Force air launched cruise
missile (ALCM) program. Since then the Air Force and Navy
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 similaer to those encountered 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 oroblem for ALCM
than for SLCM; on the other hand, the poséible tnxicity of the
high-dehsity 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 missile case may be viewed as & good
example of opportunistic RiD, wherein technologles deaigned
originally for other purposes were rmarriad to a military cone
cept 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 aignitip;nt
factors in the cruise missile programs:. the perceived military
need; the development environment, which comprehends the degree
of acceptance of or support for the systemsa and the political
clinate of the time; and the state of the technologies involved.
The interacticn of theses three factors conditioned the course
"of development. _ .

(U) The late 1960's was a period of greater receptivity
toward the use of unmanned cruise vehicles for a variety of
misaions, but thers was never any generally agreed-upon military
need for a long-range strategic capability. Rangéd againat the
acientific community, O0SD, and RiD elements of the Air PForce
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 Porce either actively resisted a long-
range standoff weapon or viewed it at best as a noncrucial
penetration aid. The Navy's interests were primarily in anti-
ship ¢rulse missiles and only secondarily '‘n a strategie
seserve force of cruise vehicles. To both Services, then, the
crulse nissile was a subsidiary weapon system., The long-range
strategic mission was pushed by the scientific comrunity and
ita DoD supporters.

(U) The controversial nature of the issue of percsived
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, Congressional

xil
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ambivalence, and finally, in 1973, suspicion that the cruise
missile was jJust s SALT pawn always impeded the progress of the
program. In consequence, the cruise missilc in its early years
d1d not receive either consistent 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 systenm
revived. While many prodblems remained in each area, the prodba-
bility of ultinate success was good, even though the several
component technologies were not equally advanced at the outset
nor did the development processes move in step.

(U) The technical issues involved 1in developing: the eruiae
uiaaila were the optimization of component periormance and
systen integration. Because of the evolutionary development
af the component technologles, it was the overa.l system inte~
gration that presented the main technological chellenge of the
cruise missils, and produzed the main technological innovation.
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1
CRUISE MISSILE BACKGROUND

(V) For the purposes of this study, a cruise nissile will
be defined as an unifanned, self-propelled, alr-breathing guided
vehicle that sustains Its flizht shrough aerodynamic 1lift over
most of 1its course. The latter qualification covers rocket-
assisted launchers. The definition does not include pure rocket-
gropelled vehicles,

(U) The cruise rmissile programs bezun in the early 1970's
are the latest manifestaticns of a longe-ternm Americar interest
in the technology of urmanned powered aerial vehkicles, This
interest can be traced back to the First %Yorld Yar when (in
1917) experiments were undertazen wish robot aireraft that could
be flown a few niles. This werk continued for scme 1€ years,
and while no milf<ary aprlication resulted, there was some in-
direct payoff in terms of the develorment of the autopilot and
instrument landing systems. Then, in the late 1930's, the Havy
mede rlans to use TV-guided assault drores with a rarnee of 200C
Miles, '

(') Between 19238 and 19U0, the Army Alr Corps devised an ug-
dated versicn of the 1917 drcne aireralt, called the "2ug,” that
had a 200-mile range, tut development was halted in 1943 as the
craft was no longer considered competitive to manned aireraft,
(Development efforts were not pursued because the technology of
the time did not promise an early achievement of goals.} In
1948, to counter the first stscessful 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 sites,
thus using one unrarred vexicle agairse another.!

A. INITIAL PROGRAMS

(V) In the pariod immedlately following the wir, Sh& Unizes
Esates atsoanmzted %o develor a missile capablilizy. The teshrnol.
ogy of both talliscic and crulse missiles was in Its Infancy,
byt the focus was rapidly put on cruise missile 2pplications
bgcause of apparent commonality with conventlonal alscraflt
systems and tecause the United States had irherited the V-l and
V-2 technology along with some of she scientists who had created
the »eapons. (ferman experiesnce with the V-2 has 1llustrated
that there was a greater :echnological'problem assoclated ?1th‘
the development of ballistic missiles.,) Although hard-pressed
to show an applicaticn for such a weapon, the Alr Force unders=
tooz to copy the Val immediately after its appearance in the
surmmer of 1944, By the tirme %he war ended, more *han 1,309
coples of the V-1 had been bullt, the American version beins
called the JB.2.?

(U) The prohlem with the cruilse missile efforss lay in ke
difficulty of adequately replacirg the human input =0 the air-
ceraft system (guidance, target acquisition, mission grogramninz,
flexibilisy), as rela*tively little exploltable te:h:oloéy was
avaiiatle. llevertheless, ti.e desire fcr 2 rmissila cazabilisy
pushed the United Fetates toward develccrent of crulse missiles,

1(y) J. A. Ergluad, Advanced Misailes--Technology and Applica-
tftone: The Cruise Migaile--What Ta It? What Might It Be?
(Arlington, Va.: AMNSER, April 39, 1578), p. 2, SECRET.
{U) I% should %e ro:ved that the V-1 was not a t™ie cruise
rnissile in the classic sense, since !t had no osn=tcard guildance "
system, I% was pointed in the direction of its %arget and its
erngire automatically cut ~2ut alter the time desigrated as
required to put it over its target.

1(U) B, Perry, Svatem lavelopment Sirategies: A Corrarative

Study of Doetrine, Techancolocy, and Crzanimation im the USAT "
Balltstie and Cruise Migaile Programe, 1750-13%82, 2% 4953PR

(Santa Monica, Calif.: BRAND, Augus% 13£€),
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whish ergsared << te the 20u -
oriar the dagire frr g razidly acnul
17 sutran existing teshn .
vavry inltlasad neazpams, With She
tezeringz avalladble in <he mi4-1380"'s

() By 1360, arulse missiles fz2r tath strateg!is and sass’.
cal azglilcanicns had beer devalopaed bty %he Alr Force and vavy,
Table 1 lists most of the cruise missile prograns begun since
the lase 13470's, Their diversity is surprising. There was the
Novry Pegulus, mcunted on submarines and surface shins; the
irtarcentinencal Snark, which was desicred to f17 at a 5,%°%0.2
alsisude gt fack 2.9¢ fon 5,200 nn and delivapr a 4t warkead
the tacsical Mace ard a%ador; the air defense Bcrare; “he al
toesurlace Pascal and Eoaund Dogs arnd the bomber penmetratisn
d=z20ys Goose and Quail.’

(V) Some of “hese missiles had a long and use?yl life.
Borare, Witk 1ts nuclear warhead, was ore, and Hcund Doz, Talos,
and Quall are others. Scrme had briefl lives, The first Snark
missile wasg placed on alart in Mareh 1340 a* Presg
alne; the full 7C2nd Strategic Missile Winz was declared oper-
aticrally ready in March 1951; the Wing was lnactivated as
obsoclete i June 1551.°

(V) Perhaps the mos% exotic of *he programs wag the SLAX
(Superaonic Lew Altitude Missile), nisilated In Auzuss 1552 vy
Chance-?cugﬁ: under Alr Torce ccntract, Tha Intentinn was ¢
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develor 5 runlear-roverad, low-altl%tude interzcntirental
(unlicited range) missile capatle of carrying a nuclear warhead
anywhere in the world, While the missile progra=m itself was
cancelled by 1960, work was con%inuad on some of the compcrents,

3() Headquarters, USAF, Du2/Plars and Overations, Cruise
Miasile Study (Draft) (April 29, 1976), p. 111, SEZCBRET.

*(U) Headquarters, Strategls Alr Command, The Development of
Strategic Aip Command, 154€-1973 (Offutt AFB: September 157,
1574), p. 85.
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Table 1 (U).

————

- —————

[ max. tange

U.S. CRUISE MISSILES AND FROGRAMS AS Of 197§

Spaed

Systen Application ~ Prapulsion ____!n:)__‘ _s:{shj
Regutus |} t11 Turbojet 578 0.9
Regulus I £31.} Turbojet 1.200 2.0
Navaha 141 Ramjet 5,500 1.0
Smark L1 furbojet 6,300 0.9
Natadar b 84 ] Turbo jet 400 [N )
Hace ssnf Turbojet 1.200 0.9
Quatl decoy Turdojat 4% o.9
Hound Doy ASH furbojet $00 2.0
SLAN ASPH/SSM Nuclear GloLal 1.0
Harpoon 31 ] turbojet 50+ «1.0
Talos SAn Ramjet 83e 1.%
Bomsrc $AN Samjat 420 1.}
SCAD Dacoy/ain fortofan 100 0.%
SLCA (STRAT) $5n Rochket/turbofan V,300¢ «1.0
SLEM (TAC) 158 fochet/turbofan 3000 1.0
ALCH ASH Turbofan 700 «).0

‘Launch from coavestionsl 33 or thip,
'lau-ch fron auclear 33 or 1bhip,

€Cancelles 1337,

‘Opcratlonol 1960, retirad 196),
%aeplaced by mACE, 1962,
'taaverlcl to drones.
ert dodtvery 1962,
.lll‘ delivary 196).

Neight
)
14,500
16,000
300 ,0v0
4%.0c0
13,000
14,000
1. 200
10,000
1,800
1.500
r.800
14,000
t.,200
3,000
1.400
1,900

.=d .

B I ——
.

ol §gldan¢n
Rydia conmang?
lnarllol.

Inertiar (SIR3)
fuertiad/celasttsl
Badar comsand
laertisl/oap natching
Autopilot-dinar pragrommed
lagrtial/star-teagh
Active radar
Semi-pctive radar
fladlo comnand

ingrttal
lasrttad/HIA{OR
Inertiad/active radar
faerttsV/TIRLON
./V
-

m— -

Taitiad 1
deploynesy
1952
..Il‘
19304
n)’
1950
1980°
TTY L
Seap
In test
(1 1Y ]
19%)
Reag
s dov.
In duv.

In dgs.
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specifically the nuclear jower plint and 3 guidance syster,
The lacster was to becorme parsicularly sigrificant. As Jare's

put 4% 1in 1962:

Under further USAF contracts, Chance-"ouzht

have developed an advanced self ccntained guida.

ance .ub=-system carvatle of directing missgiles,

including SLAM, with unprecedented accuracy. *

Simple but relatively ilnexpensive, this systen

was flight tested in a Convair T-29 in 1961.9%
Thus was the Terrain Contcur Mapping (TERCOM) systenm born.

{U) By the late 1950's, as a nunber of cruise nissiles were
beginning to enter service, interest in a strategic =ission for
them declired. For one thing, improvements in tallistic missile
technology prenised developzent of effective interconsinental
weapons, Saviet scientiflc successes with Sputnik ang the first
Soviet ICBM had inspired .the United States to all-out efforts in
this fleld. U.S. rescurces and efforts were directed henceforth
into the balliatic weepons, ‘

(U) The other rajor reason for cessation ¢f the lorg-range
crulise missile efforts lay in the technical prodblems related to
them. While several of che programs had produced actual opera-

fonal systems by 1960, the longer range weapons all shared cer-
tain characteristics: large and heavy warheads, inaceurate and
weighty guldance systems, and inefficlent, heavy, turtojst or'
ranjet engires. Further, they l1ad at best ilnaccurate rudimenw
tary means of cbtairning location information to correct their
guldance systens during flight. To¢ compensate for these inade-
quacies, high-altitude fligh: was required in order to achieve
range objectives. This meant the subsonin vehicles were vulner-
able to air defenses.' Consequently, tle cruise missile became

$(U) L. Bridgran, ed., Jana's All the World‘'s Aircraft, 1963-64
(Mew York: MeGraw M{ll, 19€3), p. 430,
*(U) Englund, Advanced ¥issilea, p. 8, SECRET.
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non-conpdtitive and its functions wers assizned %o eltrap
tallistie weapons or ranned alrcrafs.’

(U) That the Navy had second thoughts about having
missed opportunities to utlilize the early postwar strategis
missiles in a tactical role was 1llustrated by an qzchang-
during a Senate Cormittee on the Arred Services hearing in
“areh 1971. The Ceputy Chief of liaval Crerations for Surfasa
Zarfare stated that "we had a missile called the Regulus some
time back, which we"dropped, “hat turns out %o be similar to
the nissile the Soviets now have azainst us in the cruiss
rissile category.” In answer to a guestion as to why we d4roppes
it, he sta<ed Shat 1t was decifad that with the arrival. of
Polarls the Regulus, vhich was considered a stirategic missile,
seamed sup2rfluous. "Ve felt we had stepped beyonrd 1t. We wera
not smart erough to rmove that missile into a tactical applicu-
tior and ve should have."* .

(J) By "we" the Deputy Chief was of course referring
spé¢i!1cally to the llavy, since %he Al* Force latador and lace
were tantisal weapons. 7The fallure of the llavy tc pursue a
tactical application has been traced to the fact that beginning
in 1947, early development contracts for prorused lavy cruise
missile programs no longer included ships as target options.
This restriction of U.S. target options may have been a nrimary
influence on the development of guidance technology and aas a
rain difference between U.S. and Scviet erforts. Since *the
Soviets lacked carriers and the alr support carviers provide to
othe:» ships, they conmpensated by developing antiship missiles
as 8 means of increrasing the firepower of both surface ships in

() XK. Tsipis, "Cruise Missiles,” Scientific American 236 (2),
p. 20.

Y(U) u.s., Congress, Sena'.e, Hearings Before the Committea on
drmed Services, Figeal Year 1372 Authorization for Military
Prncuremaent, Resecrch and Development, Construetion cnd Peal

Evtate Acquigittor for the SAFESUARD ABM, ard Peserve
Strengths, 924 Corg., 18t sess., Harch 26, 1971, p. 981.
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- w%atzing tar-
2253 8% 343 A% relativaly modest ranges, a miszsisn Ji» ouwhish
the %echnisal resuirements were less demanding.’

B.  REVIVAL OF INTEREST IN UNMANNED VEHICLES

LI
(Z) Revived interegs in 2rulse<type missiles can Le dgsed
t= abzut 1657, whean the cancept 3urfaced o a subsonis cruise

“armed dezoy, or ICADR (with links to the Hargoon), the develope

ment ¢l whizh will be deserited later. The conzern underlyinzg
STADe=%he rieed %o snlve %the insreasingly 24ffil2ult preotlem +2
how® to pernetrate hcstile alr spase with 3 manned bhssbere-
reflecced 2 wider spreai consern with rezard to hoth taztizal
and strategic sperations. By the later 1949's, a partizular

set of circumstances made unmanned vehicles look more-attractive
and hoth remotely pilloted vehicles (RPY's) and cruise missiles
were agZaln belng discussed., These zircumstances resulted from
the tactizal experilences of Vietnam, consideratinns 5¢ 2nast,

and the grzwth of technology. ' .

(U) Cembat in Southeast Asia had demonstrated tha* dispro-
portionace cost benefit ratiocs often marked manned aircraflt
operations against targets that were heavily defended with z2om-
binations of migsiles, ¢onventional radar-gulded AAA, and
defensive fighters. As a result, means of elinminating the
huran factcr in certain operations came unier 2xam‘natica.

(U) Eiiminating the necessity of having a humzn present in
ar, attack system carried rany advantazes, It could mean the
elinination of life support equipment, which would reduce
structural size and weight, and this in turn would reduce both
initial and operating cos.s. Unmanned vehicles cculd further
operate at altitudes, speeds, and acceleration regimes tracd
would be too dangernus or unbearable for a human. Such a

’(U) T.A. Tatum, Evolution of U5 and Soviet “rutse Migaile Taezh-
rology (Santa lMonieca, Zalif.: 'RAND, July 1978), p. 3, SECRET,
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- 87s8%en could te a one-way system, meaning rore range and paye
load for the sarme weigzht, and would thus te experdalle and rneed
not te consiructed 2 higheguality, long-lived raterials or
ecrponents. The absence of features external to the rain air-
frire, such as stores or eockpit, would rean a reduced radar
cross-section and thus greater peretration capabilitg.'

(J) On the other hand, there were obvious disadvantaces %n
unreanned attack vehicles. The absence of man meant the systen
would be inflexitle, Moreover, one-way systerms had to te very
inexpensive to justify their use. Lata links could te rno: only
expansive, byt also unvreliable and vulneratle %to ZCM, and aoverw
all reliability had to be high or low confidence ir the %eapon
would ereate a need for multiple vnhiclns per ﬂiss‘sn, chus
increasing the origirnal low cost.! Co

(V) The development of new interest in crulse missiles
paralleled that for RPV's,!! As a reflection of this Q*ow*na

tion sponsored a maJor s;mposium, fron Vay to June 1970. to
revizw the feasibility and practicability of 270g, Technical
papers established a base for the several technologles that
could contribute to development of RPYV's, and the Peport of the
Symposium stressed the fact that individual technologles had
attained develornment levels such that they could te incorporae
ted into remotely plloted systems with little or ro attendant
technical risk. The Report also emphasized thrat one signifizcant
sdvantage of RPV's was that t{hey rade possible a new approach

to low-cost vehicles. In the past, as missions and defenses

1°() Englund, Advanced Missiles, p. T, SECRZET.

11(y) An interesting combined use of APV and cruise missfles {s

reporsed in Aviation Week, June 20, 1977, p. 31. The maeizine

reports that the Javal Alr Systems Corrmand plans %o proceed soon

with 1ts program %o devaelop a small RPV for use on nonaviacion

ships to detect, lorcate, and 2lassify potential tarcets for :
antiship weapons such as the licDonnell-Douglas Harpoon and the Vi
General Dynamics Tomahawk.
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had bazome zore sorhisticated, 1t had been necessary <o tuild
mere eoplex alreralt %o ensure operatlorel sunerisr
kasiz iurv!val in suckh an environmens. As airecrals tecane more
complex - ta bui;.. they became oxtremely costly per unit., Z2udges
constraints forced the Alr Force to buy lewer units and this in
turn drove unic cost higher. The Peport polinted cud that for
decads the Alr Force had teen caught in an evn*-n:de.-né sciral
of higher costs and fewer aircraft., PPV's ssemed %0 offer 3
means of breaking this pattern.'? ‘ '

() In wrisinz of RPY's in 1671, the Lefense Szlence 2:a3r4
rointed out that in several environments, scme already ex;er:-
enced and some faracast for the future, “he reed f3» altermative
systems t& conplement the capabillity of manned airzrafls was
apparent, Tor scme tasks manned aireraft could be 0o exzenslive
to procure and cperate, even without allowing for assritiorn
fron enemy defenses. Owverflight by marred airerafs of eneny -
or neutral territory could be politically unacceptable. Firally,
the lnereasing casablility of air defens?es could result in hizgh
attrition rates--high erough to preclude sustained crerations
and prevent achievement of the military objective~-cr excessive
¢08% in human and material resources.

} Furthermore, cruise missiles could bde —
‘Experience with

Y1(y) RAID Corporation, Feport of the Proceedings of ke AFSC/
PAJD Symposium of May-July 1970, Vol. 1 (Santa Monica, Zalif.:
AliD, July 1571), ©. 1, SECRET.,

"(") Offfce Director Dafernse Research and Eragineerinz, Defense
Seience ZBoard, Interim Peport of the Panel on PPVs (July 1971),
p. 3, SECRET.
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} Prasurably, snother “aztor present (n the considera-
tions of the late 19£0's was <he fact of the

(U) Pinally, technology applicable to cruise missiles had
been developing steadily throughout the 1%50's. Work on infor=
mation processing, propulsion, navigation, guidance, and
sensors showed the po“entlal of all these sys“ems to improve
the reliabllity and accuracy, ilncreasing rarnge and penetratlon

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

15(i) Defense Intelligence Agercy, Land and Air Launched Cruise
Missiles (Current ana Projected--Eurasian Cc~munist Countries),
DST-1330S-014-76 (June 25, 1976), p. 3, SECRZT.

1¢(y) J. Olmstead, A. Blen, and R. Keenby, Cruise Missile Sub-
maring Operations: An Information and Tactics Study (Menlo
Park, Calif.: Stanford Researca Institute, Cecember 1971),
p. 24, SECRET.
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capabilitz, and decreasing size ard costs of crulse nissiles,
wew corposite raserials rad also appeared fc= use as airsra’
corponents that were to improve seradynamics, arnd to perxis
more freedsnm i design contours. This in turn resulted in
lower radar cross-sectiors and more efficlent airfqgaes."

C. CRUISE MISSILES: A CONTINUUM

(U) As indicated in Table 1, cruise missiles as defired
have really bteen part ¢l the Amerlican arseral since “he early
7OsSt=war 7ear»s. Cecause the successful ones “endad to Le 3l
dafense oy tastical range nmissiles, they nevepr recefvad =ych
sublic attentison. llevertheless, the U.S. military researszh and
ceveloprient community and contractors were worzing almost con-
tinuously on some asrect of cruise missile techrclogy. UWhile
i+ 13 true that RELD on long«range strateglic cruise missiles as
such was not continuous during the period from the end.-of the
1950's to the late 1960's, the technolomies needed for those
systems ccntinued <o evolve, By the time interest Iin :ruisé
missiles was revived, <hese technologles had developed enough
to enable an imrense irmprovement in cruise missile capabilisy.

(U) By tracing the origins of the several technologles in
the next several sectlons, the stage can be set for an exarclna-
tion of how those technologles were woven into systerms at the
turn of the 1970's., Since 1t is infeasible to descrilbae both
component development and systerm development analyses in a
chronological framewor¥, without overlap, some repetition was
unavoidable.

}7(y) Englund, Advanced Miasailes, p. 13, SECRET.
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(C) The desirable qualities for a propulsiorn system for a
ceruise missile had been established ir the early offoprss, They
tneluded efficient propulsion (low specific fuel c¢onsumption)
and she minimurm production/generation of otsarvables (the
acoustic sigrnature and infrared signature) to minimize the
protability of detection. Ir addition, the need %o avoid detece
tion thrcugh sonic toom on overland flizht segments reant that
the missile was restristed to at most a high subsonic velseity,
Whizh had ¢o te slow enough to prevent significant ¢ransonic
drag rise ard yet fast encugh to maintain the time of flight
and the lrertial unit requirements at reascnable levels. Cruise
miisiles were essentially restricted to use of engines that
produced speeds of Mach 0.2 to Mach 0.35. '

rderlying the modern cruise missile was the develop=

Ceveloprment of the

(U) U.S. eruise missiles before the current generation were
all powered with turbojet or ramjet 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-
oned for aircraft. The current U.S. progran regresents a
change, since an effort is beirg rade to apply the technology
of the small turbofan engire specifically to the cruise missile.

13
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(7)) Tse sl the cmall turtine ensine i3 not un!
Fresant ¢rulie missila, A recent survey
0% <hat 4n 1536 Wessinghouse grsodused a !
= 4iameser, which was fistes to the first missile to
ty & surdbolet, the U.S. lavy Gorgon, 1in Auguss 1345, lying as
1,000 ft, the 560-1b missile attatned a speed of over 420 =pk,
and carried anough Tuel for a 2-k» flight, The T/% ratic was
only about half *hat of the current engires, and specific el
corsumption was a great deal higher. The llavy cancelled the
arall engire progranm because the encine apparently had no cther
application and was deermed £00 ¢08%tly to te developed only %ar
missile research.

() There were alsc foreign contributions to small turbojes
engine technology. The French began gas turbire work in 1547
that eventually procduced a serles of what were relativeiy small
engines, compared to standard aireraft engines. Ir 1955,
Turbomeca develoved an engine 22.9 in. in dlameter producing
1,450 1lbs of takeoff thrust at a T/W ratio of about U and
specific fuel consurptior of about l--a performance close eiéept
in terms of size and thrust to current cruise nissile engine
perfornmance, By 1960 another French firm, Microturdo, had
developed small turbojets for sallplanes and tarzget drornes,
some as small as 12.5 in. in dlameter with 175-1b thrust,

Other small engine contributions haﬁe been made by English
firms and by Fairchild in the United States.!

(U) The largze turbofan ergine was introduced in the late
1950's and quickly swept the commercial market because of 1its
adcded fuel economy, efficiency, and 1ift capacity. VWhen con-
sidered for use in the cruise missile, th2 fanjet has several
important advantages over the regular turbojet. The fanjet

L)
»
L B ¢ NN | NN Y
»
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« 3 1
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o
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"
»
(31
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1(U) F. Tatum, US and Soviet Cruise Missile Technology, pp. 1ll-
13, SECRET.
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precuces much less acoustis sigrmasure, since 1t hasz a Rizhe

Slew »ase and a lower axhaust velsclty. ALSY, the farnta
aricy less infrared radlatlisn from hot engine narts or foam she
set arxhaust clume than <he surtoles hecause 2c0ler alr 2 .
Tan typass flow nmixes and cocls the ccre exhaust ja%, The fan.
Jet thus has the advantage ir toth infrared ard gocustie
sigrasure, S

(C) In the ra%ter of raZar cross-section (2CS), the fanles
is at a disadvantage., The irlets necessary Jor alprs-dreashing
ergires are rorrally efficient radar scattarers and terd %o

- enhance the 3CS of the vehicle. f5ood design thas -akes advane

tage ¢l shadowing or uses radar-absording materlials can countere
gct this somewhas. However, %he fanlet requires a larger alr
rass flow rate, which in turn requires a larger inlet.?

A. THE WILLIAMS ENGINE

(U) The major nmeriéan daveloper of small engines was the
Willlams Research Corporation of Walled Lake, 'ichigzan, organ-

ized in 1954 for “he specific purpose of develoring small cas

turbine engines. Samuel Williams had been employed at Chrysler,
where he hud worked on a llavy turbojet project &rd on an auto=
motive gas turbine. After his company was formed, work for the
automcbile companies developed a technology tase for eventual
work on aireralt engines. Williams' first engines were for
autcmotive and marine applications, ard in 1656 ke produced she
first successful srall turbine engires for these purposes. The
first Williams aircraft turbcjet was built in 1967 and flew in
1962. The WR-2 first ran at a design thrust of 70 1lbs in 1362
and was develarad into industrial and automotive engines of 75,
150, and 500 shaft horsepower. The WR-2 was fitted to the
Canradian All-USD<501 high-perrormance battlefleld reconnalssance

2(U) R. E. Aeichenbach, Long-RPange Cruige Migsile Study, ICA
P-958 (June 1373), p. 34, SECRET RD.
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"1 8 “2qxtvacive, the WPedlaf, rovanad ohe lomehran

) In Apr 11 19!“. che Sell Aerospase 7Tamzany and Willlass
pr.posed %9 the AGILE ?ragram ¢l APPA that & "Flying 2els” te
devalaged for 1nran..' use, =2 be rowared ty g tiny Zanrlec.
The resulting contract culled for developrens of w progulsisn
s78%en for the ZBell Flyirgz Bel:, an individual fligh® syssaz or
1175 device to enable a man to fly 10 =i at speeds up te £0 =ph,
using only engineﬁpower for 1ift, prepulsion, ard all contral
funcsions, %Willlams research on the engine using compary funds
had begun in 1554, and the Join%t 3ell-Williars program began n
1965,

(U} Ia the spring of 1955, ARPA requested IDA to examine
the engine, which was fcund adequate %o meet the requirerents
of the Flying Belt. The latest version of the engine was cape-
gble of providing substantially more thrust than the 425 1lbs of
standard cday sea-level static thrust proposed originally,.
Furtherroore, the IDA analyst could foresee no serious technieal
or production problenms,®

(U} Inilti2l engine testing was corpleted in 1367 and the
¥iR=19 engine developrent arnd a S50<hr Preliminary Fligh®
Rating-Test were concluded in 1969. The WR-19 at this time wes
a twin-spool bypass fanjet, 28 in. long, 12 in. in diareter,
weighing 51 to 68 1lbs (depending on accessories), and producing
130 1bs of thrust. The specific fuel consumption was less than
0.7 lts/hr/lb. The engine burred standard JP=-L fuel. At the
time, both the YWilliams turbojlet and fanjet were only about 10
percent as large as the next largest engines in their classes.

'(U) Willians Research Corporation, Company Background and
Pelated Ezxperience (Walled lake, Mich., 1973), »n. 3.

(U} K. Campbell, The Williams WR-139 Fan-Jet Engine fer a
Proposed Jet Flying Belt, IDA P-196 (July 1965), p. 31.
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7)) The WPali wag the father of the family o enginaes tras
g3 3irce taarn devalaned, ‘Ten the rurrent ravival 2 irterege

v ohg 2nilsg missile teranm, with ke Rir

’ s
22 srulse unarmed decsy 12773),
arsise armed missile (STAN) was She greferred azprzach., hate
azar =he “inal r2le of %he missile, hawavanr, “ha AV3E Tamee weyl
pA "-rh-riaz de"eletﬂeqt o? o ==all

Rare arnested 3
girtnepching o

- e -

wars nagsinissiz chat an

wSild e affictans, Uswaver, tha Afir Tirce lagrned char char
tra Willians angine axisted and might serve as 3 techrg )

tase.?

(?) The Williams ;ecpie recogrized the limtege?
3ting engine for scme arrlicacticra, A Will:
recort pregare? f2r Lecktesd Missiles and Srpace Comvany In July
1342 on zhe faasitilicy of a STAN stated that "within she cre.
sen® sta%e of %he art, ro engine Zde2ign anpeared to e 2azakle
0f 272%-rr rance a*t sea lavel Yach 3,38 within the agtahlish
vehicle size, and xhen proper allcwance was made for the space

requirenents of parlsad, guidance, and contirol systems.” Th
ragort stwessed that the use of higheenergy fuels would te
reqaired for maxirum range, pointinz out that Shelldyne apneared
%¢ sffer the Lest chance bYecause of 1t3 ceomtustcison charazteris-
%ics, which were similar to those 07 JP=d4, Shalldyne alsz
prormised a M-rercent areater range Tharefora, “hae use o7
higheanerey fuels %0 2o with the enzine alsc rad =0 te cone
sidered a develcpment oblective,®

() Interview with 4r. Samuel Williams, Williams Research Cor-
poration. .
¢{r) Williams Resezrch Corpcration, Engineering Report prejared
for Lockheed Mis3iles and Spaze Company, Znmgine Study fer a
Sutasonie Cruise Armed Miesile (JSuly 15, 1%63), p. 3,
CONFIDZNTIAL.

(C) Later testinc was tc show that the sriginal expestasion
in regard to the range benefit from Shelldyne was 30 percent
too high.
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osyre angines for the SCAD
0’-59-100 deaign that resulted was basizally
*2m the W3=19 family of engines, The sngine,.was a
ghewalizht curtofan with spesial provisiors for H-v.-
alsisude starsing,

(U) After the SZAD progran was well underway, <he llavy
tezams intarested in a SLCV, All four cormpetitora for %ha
ﬁro:ec: in earlz 1372 chose the Williams aneine, but a secord
corpetision was demanded with Williams againrss Teledyre, Azain
'Hillieas was selected, However, the lNavy elected tn use tw)
engines, the Teleadyne engine, which came from the Harpoon, fer
tre tactical version of the SLCM and the Willtiams enqine‘for
the sirategic version. In mid«1973, when the SCAD program was
cancelled and the ALCY prograrm begun, the Williams engine was
selected by the Air Force for their new 1ong-rang- crulse
missile system, .

(V) There was c¢learly some cancern over the degrae of %ech-
nical risk involved in using the Williarms F=107-WR-1040Q, the
advanzed version of the WR-19. Tt had not yet beer. proven that
such a small eagine could achieve the necessary fuel economies
‘n order to reach the oblective range. Furthermore, by the
spring of 1974 the Willlams SCAD-derivative engine had still
not flown 1in a missile. The Navy attempted to spread the tech-
nical risk for the strategic missile by sontinuing cdevelopment
of the long-range Teledyne engine *that had lost cut in the
SCAD competitiosn,

(U) The strateglc version of the SLCM thus was to use
one or the other of the turbofan engines designed originall:
for the SCAD, while the tactical version would use a modifi-d
Harpoon turbolet. The declisive factors in the tactical case
were the lower cost of the turbojet, the shorter range i

18

UNCLASSIFIED



-

UNCLASSIFIED

L
g

requivamenss, and she resd for higher <hrust %o engage s moving
[

Y A% Shis Sima toch variancs o the st-ategic missile
erxine nad 7e% to Le run on higzh-density fTuels, There was

scnsers that the hizhedensity fuels might 2reate smoke plunes
e», throuzh fouling, reducze the efficlency of the engire, The
Ailliams engine had been tested early n the SCAD progaam using

the rew fuels, an4 fuel viscosity (as a result of low tempera-
tures at altitude) had been a problem, with the fuel tending
to stizck to the walls of the fuel container. The Williams en-
gine had & slinger, which atomized the fuel and distribuzed it
egually in the combustor. This innovation was derived fronm
Williars' experience with <ruck engines using heavy Dlessl
fuels, which tended %o reac®t to low temperatures in the saze
manner as the rew high-energy aviation fuels, This experience
gave Williams the technological base from which to attack éﬁe
viscosisy issue, Tortunately the smoxing engine problem did
no%t develop as feared.®

B. THE ENGINE EXPERIENCE

(U) The developrent of the engine technologzy needed for

the crulse missile was stralghtforward and evolutionary, typi-
cal of the engine business. Once an operating enzine has been
developed, larme advances c¢an be rade on it. The initial
breakthrough was the Flyirg Belt engine, which ashieved a high=-
pressure ratlo in a very small engine without undue cerpiexity,
After that, no rmajor issues of engine techrnolozy were at stake.
Many improvements have been made, but no major changes. As an
englne 1c itself a composite of many interrelated technoiogies~--
pumps, combustors, materials--improvements in several specitic

’(U) U.S., Senate, Committes on Armed Services, Fearings,
FY 19785, 934 Cong., 2d sess., April 12, 1974, p, 3669,

*(U) Interview with Mr. Samuel Willianms.
19
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areas 2onsribute tc she overall suzcess of the angire, Sysx
imcrovaments Nave included <ha developnant of solld <urbine
whasl castinzs, or Zesign which daranded that a sirgle sars 49
saveral Jots, reducirng Soth complexity and weizht.

(V) Inrovatiors in the use of raterials were also attempt-
ed, although the alloys utilized were the same as thoge,
utilized ir large engines. Zxperiments were mades in employing
carazic coatings far corbusters and rotor blades while résearch
efforts to increase the marxirum gas termperature for the W3-15
and its derivatives werd cortinuous. The terperature actually
uzaed a% the turn of the 70's was atout 1,759° F,, wish the
materials in use (Haynes 31 cobal%=base alloy for inlet guide
vanes, Inco 190 for first-stage turbine blades, ard Inzo 713
for other hot parts) having a potential limited <o about
1,.50°, Despite the mechanical difficulties involved in worke
ing on such small components, with the turbine rotor 4isc and
tlades cast as single units,‘w1111ams continued to experiment
with air-csoled turbine rotor blades, with the goal of develop-
ing an engine to operate at a gas temperature hlzher than
2,000 =.°

(U) For both SCAD and ALCM/SLCM, the engine development
experience was the same. The major problems were related to
packaging the eng!1e as part of the overall wespon systen;
system integration rather than engine technology per se was
the i1ssue, Relatively modest improvements were made %o the
basic small tirbafan e.ngine, but these s%ill allowed conserva-
tive operating conditions and thus cermitted a large area of
potential engine development.

Y(U) J. W. Taylor, ed., Jane's All tha World's Aircraft,
1971-72 (London: Jane's Yearbooks, 1971), p. 715.
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"FUELS DEVELOPMENT

n

() It s gererally accepted tha%t *he tws tezhnologizal
gdvance. Zey %0 the develormant of the current generatisn of
eruise missiles are fictro-electiroric devices, which led to
improved guldance azcuracies by several crders of magnitude,
and the devalopment of the small, efficient fanltet engine that
for every hour of fiigh® corsumes no rmore thar (and preferably
iess than) one pound of fuel fcr every pound of thrust., Anothar
eruclal, altrkouzh less publicized factor in the developrent of
the gropulsiorn system has been the creation of a new generation
of Jet fuels. These are synthesized 1liquid hydrocardon fuels
trhat increas.d the range of the cruise missile ty as much as
19 percent over the range possible when converntional cormereial
ard military aviation fuels are used,

(U) Before the devalopment of the ilavy Talos at the end of
the 1950's, the only fuels avallable for turbine-powered air-
craflt or missilec were JP-% and JP-5., Pcr Talos, the llavy
chose to use a speclally synthesized liguid hydrocarbon fuel
called RJ=-4; since then toth the MNavy and Air Force nave con=-
tinued to develop fuels with increasingly higher densities,
(Air Forece and llavy fuel requirements differ scmewhat tecause
of the operational characteristics of their vehlcles.)

(U) The difference between the BTU/gal of standard aviation
fuels (JP-4 znd JP-5) and the BTU/gal of the newer high-density
fuels developed in the 1560's and 70's is marked:
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iuel T /2l
cP=k 112,233
JPeZ 125,20
Pl me 1-%,%%%
JPe§ i42,%2%
vE=12 142,230
RJ=5 (3helldyne H) 161,253

Uss of these nayer fuals has resulted in 1ncrease¢w;n:ge'an2
(due 0 exparimentation and devalepment durinz *he las: 19
years) the desirakble low-terperature operatisnal characsenisa
tiss associated with JP-4 ard J2.5.!}

(U) Ore of she earlies: of %the highadensity "yels was
Shelldyne. It was developed experimentally in She eanrly 1364's
s a high=energy fuel for use in volureolimited vakhicles usin
atr-treathing ergines. The fuel had a lew freezinz noint, a
high specific gravity, and a calorific value per unit veolure
then believed to be scme 30 percent hizher than that of con=-
ventional aviation fuels., It could te mixed with existing fuels
to increase overall caloprific value and was thought to be
compatible with all materials likely to be used in the construc-
tion of supersonic alr vehicles, '

(U) Shelldyne was not prepared f{rom crude oil by the con=-
venticnal process used to make gasoline, kerosene, and widecut
fuel types, but rather was specially prepared from specific
petrochemical intermediates.? The process for developing Shell- l
dyne was independently originated in the Shell lzboratores.

Synthesis was first carried cut on a batch latoratory and pilot

plant scale in England, Germany, and Holland, ard hy the end of

the 1960's the fuel was being produced in California. Shelldyre
was found to bte unstable in storage in regard to fum formation.
The hydrocarbon was hirdrogenated and in this form, renaned

-4

'(U) G. W. Burdette, E. R. Lander, and J. R. McCoy, Aigh Energy
Fuels for Cruige Migasiles (paper presented at the ATAA Aero=-
space Yeeting, Huntsville, Ala., January 1978), co. 3-4,

1(U) Shell International Petroleum Company, Shelldyne, Report 59F
(London: Shell, April 196S5), p. 2. ;
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A A pimming o 1372, axtengive 7,3, sezts 2!
Sralldvorng indisgsad shas the highaedersicy kydresarscn fiels 244
irdead turrm wish hizh effizliernsy in letetyra erpinaes, Haveven,
che vl £ the fuel at low %ermperatures wWas 3 s:Intinuling

-

»: ag%s, llevartkelesgs, Iin 15
gregram, 1t wes found <hat at the e
sgrrier alreralfs would £1ly, the fuel ternded <o adhere 2g the
walls of the fuel container.' This was more a pretles f2n the
ALZI than the SLCM, which, heowevar, had 1t3 cwn 52t ¢f troblems
37%'s the Alr Forze A«ro Propulsion Lat,
Py

Stell, ernd Sun 011 were sarryingz out extensive presear:k In an

affort %o peduce the viscosisy 2f the high-enmergy fuels. %ar-
icus %londs were tried that preduced wisccsizy Tut as tre
sycarse of ererzy contert., The viscosity cf several tlends i3

as fallows:

Jiscosity’
(centisssues
TI3e Blend Corporen* at -£z9 =)
Joa1t - -—
Shelldyna = - 1,272
Shalldyne E Xethyl cyelokexare 12

50/50 hy welpht

Shelldyne H ¥athyl cyclohexane + g0
TH-Dimer (52/33/13)

'(C) J. 2, Fultz and H. B. lander, PF5 (Shelldune 3! T

as Propellarts for VolumaeLimited A<p Ereathing Yigg:
(paper prepared for JANVAP Propulsion meeting, Yover:

‘(U) Intervie~ wi:n USAT Progran lanager, SCAD Progra=.
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Alsermative 3 “iong 2onsiderad iralcded gsrereating tie fuel
v 1using new fuel nozzlas.?

(1) Sshew axstle Zuels were available whar inseress in she
crilse missile was rerewed, such as fuels using metal siurrles
ard/-r metallis compounds, The ideag fcor such fiels %zd been
arouni for years, but the fuels were nst con :dereﬁ'rcr sruise
missilas, al..ough they rmay have had ex=remely hizheenergy/
high-dernzlty cheracteristizs. In general, the exhkaust plumes
they creztad scrntalined solld metal oxide parsicles, whiszh would

have enharnced the visual signature c¢f the vehicle, ESirce the
great Yirtie of the ¢rulse missile was an on-the-dazy canstri-
tion capa®ilicy, a visitle exhaust siznal would ha

%¢ irerease -~ilreradllity, Furthermore, it had teen faund that

slurries Sended %o cause contaninatiorn of engine turbtine tlades
and other engline parts,'which «n turn reduced engine ef::éiency.'

(1) 2y the <ime both the Air Torce and lavy cruise missile
programs were underway in 1674, the “1zh-ene-g" fuels had beon
muzh imsroved, tut there were still sneratlonal praobiecs that
only lengthy testing under operatlional-tyce conditlisns could
resolve. The llavy had decidad by 1973 to use THeDimer !n the
SLCX, but the Alr Foree did not defintitely choose higheanerzy
fuels for the ALCM until early 1977.

$(U) David J. “eleh, Cruise Missila Teehnoloay S<udy,
TR-U€00-091 (RDA, October 1973), p. 3-2, SECRET.

'(U) 'l Pelchentach, Long Range Crutae Migetle Studw, 7. 17,
SECRET,
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GUIDANCE SYSTEM DEVELOQPMENT

~

(T) 0F the several major components o® *he crufse =is
it 18 the guidance system that has orcbably keen, over the
years, the rost consistently difficult to develop., In the
earlier eprulse rissile ysars, the Unitaed States emslzyed teveral
tyces ¢l ground-btased radio guidance systers (Shora:, Sharizle)
that used orld Yar II %techrology; 8 radar map-ratching systen
i tre MNaee (134C) for range extensicrn; and several wariations
of inertlal ard stellar-irertial systems., There has Leen
research or. octher technligues as well.‘ Howevar, siﬁcé the immeda
late post-war years, inertial guldance systens, esither alone or
in combination with supporting systems that provided sosisicn
updates, have teen urder ontinuous develcgrment, Some form o
inertial gyster was elther already a comgorent of or %as unde
consideration for every cruisze mnisslile under develcrrens,

{U) The inertial systems 27 the earlier period were large,
cumbersome, inaccura%te, and excensive, Thelr weight and volure

could only be accommodated In a2 zizeable wehlcle, The rmajor
operational problem was dpifc, vhich after many miles zould
seriously arfecﬁ ac2rraey. T.Z. experience with rela:ively
long=-Cllzsht-tirme, leocw-~acceleration aerodynamic vehicsles haid
teen that the gyreseote ranidss driflt rate was the cruzial ele-
ment in system performance. TCeveloping the technolczy to
reduce the drift rat2 has been the pasing recuirement.

(U) Improvements in inertilsl systems techrology over the
last 20 years have l=24 to a reductlion in gyrcscope rardonm 4r
rate. Advarces in grroscope technrnology led to a reducstion |
short=term drift rate from 0.03 degrees/hr in 1958 to 9,321 in
1971.

i
-

.

3
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sompus In the agrly nrograms She crnmputer and assozliated
alamenta asccunted far 43 mUth 23 zne=tall o5 twnethind: of cng
%o9%al irertisl sysce:m welzht iy n
imersial system components shen used, The firee transisear
¢amputers with magnetic 4isc memory elenents aprware?d abeous tha
middle of the 1352's and were tosh bulky and heary, welzhing ur
to several hundred pounds and occucying several cubic fee«,

Ten years later, microcircult computers with solid state mene
oriag made malor welight reduction faasible, Padiasi

welight cf the computer was paralleled by similar reductions in
the welght of the lrertial compchents. This was acconmpanied by

an snormous increase &n compustational capability. Total sys%en
weight dropped frem akout 300 1bs in 13950 to 20 lts in 1577.°

A. DEVELOPMENT OF TERRAIN CORRELATION PROGRAMS

(?) Perhaps tecause 1% represents the mos*t rritlematical
technology involved in ‘he current cruise missile crogram, the
area of 1uldance systen develogment seems to have received a
greater degree of historical a*tention than has the develormen
of otrer corporents. The sestion that follcws is drawn in large
part from two chronological surmaries 2f the developrent of
TERCDY, one by the !Naval Alr Systems ZTommand arnd <he ather by

the Aeronautical Syssems Division, Alr Farze Systems Jommand.?

(U} T2 solve the grotlem of zyrescane 4rifs in an fnansial
system, a variety of rosiclon updating “eshrnisues mad been 220
sidered in the early 19:0 8. A highealtitude suzersenic

1,500 nm missile called the Triton was to have used an

(U} F. Tatum, Cruise Yissiie Technology, pp. 20-3%, SECRET.

2(v) Maval Alr Systems Command, Cruise Missile Profast Office,
'E'CCM For Cruise Yigatles (‘entﬂnbar 1975), Q’C? T. Alsc
CEAF, ATSC/AST, D'rnc*cra*e of Systems Engt neerisg, Terrain
Contour Matching (TEECCY) Primer, ASD~TR-T7-81 (&uguss 1377).
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ares-mAz~mas2Ring tashninue tagad on radar reflensicicy meg3ire«
mancs, 102 she ‘ace sprulse miszile waz eventually equinzaed uish
4 e the

8ich 4 syster, Thagse up

Jahliale with resnsns %

The o8t suze 1 28 shre %ashninies and <he cne that ha3z sura
-

yived s '

v
Ase systerms qscamnied <2 loea
& - -
: -.a -'-la f“.,,':!'.;.

¥, which measures terraln elevaticn, nat -aifar
-.’1..-.‘-,:::' » "

a termsg, A4 TERZTY system matzhes squences =7
terralin =levat !
dateprnines gecsranhic logastizcn bty finding <he btest
parates cn the prenise that selected zeo
land surfagce of the earth are unicuely 2afined bty the -eprtizal
gonsours of thelir terrain (%he analcgy %o the human fingerrnine
vas recognized early). Liks fingerprintinz, TERCCH requires
previocus nma2pping of terrain contours for “he area sver which
the vehicle cerrying it is to fly. Stored terrain p}ofiles
{digitized rars or matrices) are prepared fronm the aecial
pho%ocgraphs, and the resulting reference rmap 1s then stored In
a computer carried abcard the missile., During operaticnal
flizght, the TIPCO!! system measures the vertical cortcur of the
terrain aleng its flight path, using a radar altinmeter %o
measure ground clearance and using primarily a btarometris altl-
meter tc provide a reference. By subtractirg instantaneous
grounﬁ clearance from the reference al*itude, TERCOA determines
the terraln contcur. Then %he system seaprches its cormputer
menory 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 zosi-
tion in geographic coordinates,

(V) TERCOM recuires only standard avionics equipment and an
expanded digital cormruter capacity. The radar altimeter
méasures ground clearznce arnd the tarometric altimeter rmeasures
the altitude atove sea level, The inertial measurement unls
measures the micsile rosition irn order %c (1) navirate the

:
on measuremants te stcrad tarrea
-y L)

(e
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tal somputer canforms cthe
and sicres <the ref

(V) The 1des that a terrain profile is urique and that that
unizyeness zan te us for a fix-takire technisue that updases
an irsrtial ravizasion system #as oringirally developed at
cranse-Tought (LT'-Electrosysters, Ins,) in 1952 for use with
the ARir Torse nuclear-pewered SL2X., The terraln conteour
matcehing system was first called Fingerprint. The SLAY pro-
gram i1tsell was cancelled In 1559, *ut Chance="sught continued
research on the navigatisrn syster using comparny funds. During
that vear, Chance-Youzht instrumensed a Twin Beecheraflt air-
craft ard flew ¢ver three test areas: one near P3»t Bllas,
Texas; ¢ne near San Saba, Texas; and one near Zrz2hs, !ebrasza.
The overall CEP achleved ty the guldance systen was 370 [t,
tased on 54 runs. The reference data were prepared from U.S.
Geologlical Survey maps.

(U) The potential for usi:ng this fix-taking zechnique in
long=-range, low-altitude cruise missiles was resocnized bty pere
sonnel at the Alr Force Systems Command Aeronautical Systenms
Division, ¥right-Patterson AF3, anl in April 1947 a year's
contract was given LTV~Zlectrosys<ems, Inc. for continued
research ir the field. The objective of the resulting orogran,
known as TERCOM, was to demonstrate the feasibility of using
terrain contcur matching to determine vehicle gesgraphic pcel-
tion. Emphasis was placed on a {light-test derorstration of

Y(U) Maval Air Systems Ccrxmand, TERCOM for Cruise Missiles,
Ep. 1-1, 3-1, SECRET.
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the S7s%em's filxetazing performance using an cfl=the.shelr
radar altireter ard narfopming <he corrnelasion functlion pesta
flilzhe.  Tests ere saorducted over t ulde range 47 alc

wida spacspu® of tarralin sharaztariselics, and during varicus
cysas 2° vasther and sagzons o7 the year,

s » & T=208 airergft was in-
serun 24 Asfferent sites a% “aricus
2ltitudas (ranging frem 529 te 22,0C9 £¢) ‘n various reglcns.
Three different radar altirmetsrs werse evaluated, The terrain
of the masrix areas ranged frcm flat (Chesapeake Ray, and
Yashington, Indiana) to extremely rough (2ryce Canysn, “tah,
and Sararac Lake, llew York). A tatal of 105 post-flight TERZOM
fixes were rade, Accurate fixes were rade in g1l cases where
neasurenent and instrumentation equipment was functloning
properly. The scale of the US55 maps used ranged rram’zizn,ooo
to 1:125,600, with cell sizes of %00 to 6,000 ft. The EP's ..
achieved ranged from 160 to 2,400 ft over these extremnes, Test
results on TERCOI showed that if one could get within the
correct cell of the matrix, the CEF would be 0.4 the size of
the cell.

(U) Frem 19€3 to 1965, LTV-Elactrosystems, Ine. conducted
further research into terrain contour mapping, the objective of
this progran (known as LACOM, for low altitude contour matching)
being to design and develop a complete fix-taking subsystem
usable with a2 family of guldarce systems for low-altitude alr-
craft. Another priduct of the progran wa: the developnent cf a
semi-automati¢ technique for oreparation of the digitlzed refer-
ence matrix that 1s stored on board the vehlecle and used in the
terraln contour matehing process.

(U) Flight testing of the LACOM subsystem was carried out
in late 1964 and early 19€5 in a T-29 aircraft. The systen
exhibited an overall CEP of 155 ft for 75 fixes in the Fort
Worth and Lano, Texas, and Hillsbore, Ohio areas.
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(V) Foem 1342 <0 1546, LT7-Electrasystanms, Inz, reanrfsrmed
wors for the AT Avicrnics Latoratory Pasearch & Techrelogy
Civision, ATSC on the rapid contour masching (2ATZM) pregram,
whizh aoua!t %0 devalop Mmors rapid cormputational methods and
inarense systen acsurazy. In a brief flight test, 3 small 32
laser ranging unit was flown by hellzopter cver the Tallas area
and data were gatherad at 59-ft intervals. These'ﬁa;a"were
matzhed against a 1:5,7200 scale map with 2-f%t contour irnservais
that had been specially prepared by a lccal surveying company
and against a 1:24,000 USGS map with 10=ft contour intervals,
il bzth cases the positien fix was accurate tgo within 50 ft
(cne cell).

(U) The use of a terminal fix system for an experimensal
ranauvarable tallistic reentry vehicle was explored in the

‘\‘~;:r=1nal sensing experiment (TERSE), terminal fix (TERF), and

brminal sensor overload flight test (TSOFT) programs. These
pregrams were conducted as part of the Advanced Ballistic

Organizatirn.

() TERSE (196L-67) determined that (1) the terninal rix
sensors could wi=hstand the reentry environrment; (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 106,000 and
49,000 1. Yo TERCO!M fixes were made.

(U) TERF was conducted from 1966 to 19€8., An F-101-B was
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,
Hew lexico using USGS source data. The actual trajectory of
the aircraft was reconstructed from tracking radar and onboard
camera data. The terminal guidance accuracy was found to be
280 f+ (CEP).
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(U) TSCTT (1952-71) invclved she firing of two Athera
rnissiles with V7029 vehicles into White Sards lssile Fange,
Poss-flizhs fixing agairnst US&S source da%y showed a TE2TIY
24y aceuracy of akbout 200 fe, ]

(U) Further TERCCH %esting included a flight test in 154§
in support of SCAL systam scudies carried out by %he Beech Air=-
eraft Corpany arnd IBY, in cooperation. Using refzr;nce-
matrices with 1,200-ft cell size prepared fron USGS nmaps of
Flin= Ellls end Ellsworth, ¥Yansas, a Beech aircraft rade 25
passes over 5 differen%t flight courses at altitudes of 509 to
1,000 £=. lio felse fixes occurred.

(U) In 1658 the SCAD project involved the Boeing Corgany in
an examination of TEPCIM for SCAD systen studles. BSoeing con-
ducted a flight test in 157072, flying a Piper Twin Comranche
aireraft over six areas in the State of Washingtor. A total of
12 false fixes occurred in 34 attempts. Although Boeing d!gi-
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=-74.

i\ 3 The initial Navy examination of cruise missile poten-
ti2 {n 1971
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(U) NAVAIR, in ccoperation with the Air Force Aeronautical

Systems Division, contractad with Electrosystems, Inc. in nid-
1972 to perforn a TERCOM-aided inertial navigatiqp.systen
(TAINS) f1ight test, to feature operational scurce data and
simulated mission flights. The objective of the 2«ysar test
progran was rainly to determine the feasibility of using the
TAIIS for the strategic cruise missile mission and, as a

secondary objective, to evaluate the effects of snow coverage
on terrain profile acquisition and TEPCOM operation. The TAILIS
flight test dermonstrated that TERCOM was a viable concept for
cruise missile use if the terrain were properly selected.

C) Both McDonnell-Douglas and General Dynamics cénducted
company-funded TERCOM flight tests in

At this time

McDonnell-Douglas was also working on ALCM guidance for the Alr

Force, and NAVAIR's request for proposals on crulse missile
guidance in early 1974 resulted in selection of McConnell and
Electros stems, Inc. to develop competitively prototype c¢ruise
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
teen operational on fleet ballistic nmissile submarines since
1971, having been developed in the 1960's,
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Exhibit 1 (U). TERCOM DEYELOPMENT SUMMARY
' :
| Project Sponsor Period
i?:ngerprﬁnt ! Chance="Tought ! 1388.60
. + []
| eznce USAT/Aeroreutical Systers . 1980-6
t i Division .t ;
!LACOV USAF/Aeronrautical Systers i 1962-£7,
i Divisiorn :
: t
_ f:-mco:'  USAF/AFS? ! 19636
‘ ' ‘ i
i7ERsz | Usar/zpace & Missile Systems :  196L-£8.
Organization i i
TERP? USAF/Space % “issile Systens ! 19£€-68,
. Organization {
’ TSOPFT USAF/Space & Yissile Syste:s 195871
Organization
TERCOM Beech Alreraft Company/IBH 1969 i
t TERCOM Boeing Company 1970-72
TAILNS MAVTAIR/USAF-ASD 1972-7L
TERCOX McDonnell-Douglas, feneral 1973
, Dynamics
Source: G. Beck and D. Williams, Firat Interim Revort--
Tachrnical Evaluation of the Tarrain Contour
Matching-Aided Iner:tial Navigation System (llaval
Air Test Center, April 1€, 1674}, p. 4, STCRET,
ot
f
t
'
; ¢
i
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TEST RESULT SUMMARY (U)

No. | test Cell sizs | No. |
Year . flights | areas (ft) ! fixes Program f
1959 i 64 3 -- - | Cohnce-Vought
1960-61 | - 24 | 400-6,000 | 105 ' WADD (USAF)
1964-65 % - - - 75 |LTV-E
1963-66 ; -- -- 50 -= {LTV-E
1966-68 108 - - -- | TERF
119687 2 -- . -+ | TSOFT
1970-72 N .- 500 -- | Boeing
1969 29 - 1,200 -= | Beech
1973 16 ~e - - General
Dynamics

B, PROBLEMS AND ISSUES RELATED TO TERCOM

(U) The numerous reports and feasibility studies of the
late 1960's and early 1970's that deal with zhe 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 19 years
before the SCAD concept appeared, even in th2 early 1970's
there remalned scme general concerr that the system night 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 maln rroblem
was that there had been relatively little structured and con=-
sistent testing of the system under operational ccrnditions,
and the results of what testing hal occurred tended to be

ambiguous. Both accuracy and rellability remained questionable.
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#) The Center for Haval Analyses, in its 1971 ssudy on

Three areas were

discussed, the first concerning source data availability.

ey

) The second problem emphasized by CNA concerned the

~1ssue of

$(U) Interview with Mr. Carl Tross, DIA (formerly with Navy
: Cruise !Missile Project Office).
i ¢ $(U) Center for Naval Anslyses, Sea-Based Strategic (rutse
Missiles, p. 35, TOP SECRET.
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lA's third area of ccncern was in regard to

It was recognized early that there would be problems
with the




re

[ Al

Thus, improved

?(U) Interview with Mr. Harry Davis.
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‘en terraln fo

Y
TERRAIN FOLLCAING
() 2lzgely reisted o tha davelapmens of awgnulidanse gugtes
fer the crulse missile was the preilem el graviiing the vehnisle
with g serrgin=lollewing =apabilicy., The terraln follewing
sesnnigue insregses the orobabllicy of missisn succegs & ene
1

magzing. Studles have been conductaed
1 o

duced 8 consgiderable literature. The earlie s
¢oncearned with manned tas%tlcal airecraft missionsg, with emnhasls
en forvard-looxing radar o mininize she grotabllicy of slatter
Nuch of the work was done a% the Cfornell Asrsnautlsal Tabtzoratory.
() TF systems have heen in productisn for 2 pumber of

years, although %7 the early 197C's comprehensive 2esigm crli-
teria apparertly had not yet bteen developed., =Zarliex efTor:s

rad resulted in urrelated cdevelobdment nf technclcgiéal raguirea
ments in related areas such as gerferrmanze and safety. 2ecause
of thls, scecific but sometimes conflictin

apclied tc the develerment cf T7. Many teshnlqoues were Zevel-

g
'l
1}
)y
S
¥
'y

b
]
b
1
'y 3
(L]
b
'3
1]

L

opad %o rperform TF functions for varlcus aZreraft, bust until
about the time the formal c¢ruise missile prograns began, there
had been no detailed criterla to specify what TF capaklillities
were necessary to fulfill strategic and tactical resguirements
adequately.= Perfornance evaluation measurss had varisd freom
one system t¢ ancther, and meeting specifications did not
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receggantly recguls n $007 creratlional zerfarmanze, Torraria
[ & PoE ™
Son ard evaluasisn of syssems had toar A20fiacie )

© (") Tomward-leazing TT sats werae ‘lorelaned mora <h

-
Jears 230 for ook the 2-S¢ and the

. . ; .
the former was 8 =anually cserated aysten <hat disclavaed she
torrain immediptely ghand, The craw pregrernded yhen neaded,

The term "terraln avaldance® was
ranual systems. an autormatlise
F3=111 that esnir
first use cf
which used & dswnward-locying se+.

(L) Thre ¢
®? system differ s 5“1f::an.-J 3
tisn of such a systen for manned :ac::cal atrzrals.
tlace, Lecause ol cruise missil ™= '
usually more precise (there is grea
over which the mission 1is
missile 1s not limited in ¢
vers by the need 1llow
deslign freedom., Thirdly, since the
a higher protability of clobber carn te tolepra<e
because of long fligh%t Qistance und flight time,
of detectlicn must be ninimized for the cruise This
suggesﬁs that forward-looking radar may not be desirable due
both to the resultant forward emisslors and the faet <hat 1t
increases system ccmplexity and requires space.?

Vhile the
2V=e has

e

to be flown). Secondl',,:he sruise

for oi-c‘ confort,

cruise misslle I3
~

as many advantages,

it

-

1(U) G. Bergmann and 3. De Backer, Terrain Following Criteria
(AFSC, June 1, 197-), p. 1X.

2(y) Applied Physics Laboratory,
Crutae Misasile Dagicm Studies:
#P-5-88 (January 1974), p. 2-1,

Johns Hopkins Universisy,
Terrain Following Easkground,
COMFIDENTIAL.
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(‘5 S=udies have indicated that <he praotablility that a

} These aralyses susgesved “hat tke

3(U) The difference between a cruise missile taking TA 2ccicns
and a missile fly’ng a stralght course at the sare average
altitude.
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in the syster integratlisrn process.

&

i

*(U) B. Swansor and S. Yusa, The Imrast of Terratn Foilowing _ e |
Pequirerents cn Cruise Missile Cesign, IDA P=-1022 {Jarnuary S
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COMPYTER DEVELCPMENT

A. MICRCPROCESSORS

(r) In the develern

19"0'3. it was develorment of the transis .
process of miniasurizas! Teveloped by Zell Lats as';a-°

viewed as a replacemens far vasuuw sukes, By earuary 1333, ke
possibility that transistars could ke used in nlacze 2f ol
tukes had teccme Iincreasinzly lixzely, Thelr arcza
tages over tubes in terms 92 sraller size, lower heat dissica-
tion, and inmproved reliabllity set the stage Ior <he corminz o
new and smaller mass-produced computers.! Bell! Takg made =
patents freely available and there followed 2 period =% sginzle
tranststor use.

(U) The 1idea of putting more <han ore devize (transis:cr ar
active element) on a chip surfaced during Faircnild
planer devices., Original transistors were three dimensional
devices with cennections on all three planes. Planer devices
had connections from the top only. Develooment of a successful
planer geometry transistor in the early 19€0's marked the

1(U) Naticnal Security Agercy, Influence of US Cruptologi
Orgarizations on the Digital Computer Industry (Fay 1977

p. 3.

e
)
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rexs braayzchrauzh, The naxs sten wAS %0 ¢creste a reans 27
iszlasting devizes in crder <0 allow for twe or more Zeviszas orn
a shig,

(") A% atout <his <ime a sizable amouns of Zepariment 5
Sefense monay razan to flew in%o computer regearch as pars o?f
the elfcrs o put seaveral devices cn a single chiy and tharebdy

{2 minlaturization, [ASA also suppoéte?_&ésearch
4 ¢f !ts own applications. PiD money care frem
eprnrment and industry aimed at the government macket,
There was also a growing dermand fcor these products for commer-
clal computers, Ey’the late 1950's semiconductors were teing
used in cerrmerclal comcuters, and bty the early 1940's isolation
davizes were heling used for industrfal computer arplicatiors.

() "he Zsvelopment process was thus an evolutiornary onee-
planer work, isola%icn work, inflow of government money, Once
severg] devises were successfully put on a single chip and a
vigareus nommercial marlet had been created, increasing the
Zansity of devices on a chip was only a matter of further evolu-
tion., 3y 1670 it had beccme evident that hurdreds, i1f not
thousands of uni<s ¢ould te put onto a chip,

(U) The first microprocessor was produced around 1970 by a
company called Intel by sirmply putting an entire compu%ter on a
¢hip. The next step, which occurred around 1270-72, was to use
sericonductor memories on the chip to o with the computer.

The refinemens process contirued, driven primarily ty the com=-
marelal marizet seekling small cormputers to ise for srmall conmpu-

(14
o
<t
r
o
b 3
w»
]
Q
3

tations. The calculator and watch markets 21so bLecame major
users of these technological developments, although the commer-
cial cormputer rarket 4id not pick up on the nicroprocessor
untll the las* two or three years.

B. KALMAN FILTERIRG

(C) Another malor contribution to the cruise nmissile guid-
arce system was “he develogment of a process of recursive data

ki
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hat saves 2 zreat 4eal of 2arnpuser memory space.?

L K

Arzund 13£97 cpsimal filcar technliques based an state-stace,
Simadompln formuilaticns wers daviced, The annroash utilizing
these technizues, now ¥nsun as She Zalzar f1lser after ¢
creator; £ 1deglly sulited for implamentation with the 4Alzl<al
eerpusar and has tescoms the foundaticn for data mixing in
mo0dern rultisenscr systens,

(V) The prctlem of data filtering wes tirst_?ncoun ered as
part of the process of daternining fire control of artiairzraft
guns in YWorld %War IT and cortinued %o te esacour*-—"3:4 4n air
defernse, snecifically in determining the bhest ra L. Srack .._nA
a great mass of data. Xalrman provided a gereralized <heory
undar which all <he smaller cases btecome specialized 2ages, He
egsentially orcvided an aralytizal structure for selecting <k
optimurn.

() The apolication of the filter to zuldance problems was
an obvious cne. There are several different navigational

systerms on an aircraft, with much data coming in from the several

sources, Yalman filterinz provides a means of collating the
mass of data and selecting the best, )

(U) The technique (an algorithm or cormpu%er software p*ﬂ-
grar) has been best deseribed as follows:

Application of modern estimation technigues

to multi-sernsor navicaticn systems began 1in
the nid 19€0's, shortly after optimal recur-
sive filter theory was develcred and cublisked,
Because the errors in a tycical ravigaticn
system prcpagate in an essentizlly linear
nenaner and linear ccmbinations of these errors
¢an be detected from external merssurements,
the Kalman filter i1s 1ldeally su! =d for thelr
estimation. It also provides useful estimates
of all system error sources with significant
¢orrelation times.... The Kalman filter pro-
vides for the optimal use of any rnumber,

2(U) A recursive solution is one that erables sequential rather
than ba%ch processing of the measurement data.
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(V) The intreduction of increasingly sorhisticased cocpuser
ras made it even easier to goply the filtering technigue; and
1% tecame the keystorne ol the TZRCOH system. - A Leckhead anaij-
sis in 1959 scated that Kalman filtering "affords substartial
trimming of day to day stabllity errors which previously lizite
operatisnal accuracy. This reduces the Sseparaticn between lazk-

oratcry and overaticnal performance,"*

[+

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

1674), p. 5.

*(U) Lockheed ¥issiles an¢ Space Company, AGM 864-SCAD-Design
Concept Studtea, Yol. III, Suidance Systems (September 1940),

Pp - -6 SEC. ——
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WARHEAD OEVELOPMENT

»

() While small ruclear warhgads were not available in %the

. early poss-war years, such weapons were avallable well befzre

the accurate guidance systems “hat made their use 1ir cruise
missiles desirable. THe whole evolution of warheads was alzed
teward smaller size and greater yieléd per pound of weight.
That miniaturization ol warheads was possible had teen dermon=-
strated by the Arrmy's 280-mm gun in the early 1950's and a few
years later by the 8~in. howitzer shell. These were low=yleld
tactical weapons, but by the end of the 19590's similar evolu-
tionary davelopment of the larger yleld strategic warheads rad
occurred. o

(U) The necessary technological expertise was essentially
avallable by 1960, with the development of warh.ads for the
Polaris &nd Minuteman weapon systems. By the end of the 19€0's,
when interest in cruise missiles was renewed, all thaanppeared
to be required for the warhead was repackagirg to fit the con-
figuration~=first of the SCAD and then the SLCY and ALCM--and
to do so Iin a neonatmospherle test environment. However, the
SCAD was rot intended to use an existing warhead, hbut rather %o
use an existing warhead as a cost effective starting point.
Development work was necessary to produce the specific warhead
required Cor SCAD.!

(U) For the cruise missile, Ehe gsize of the warhead was
siznificant in terms of how it could affect the other elements

1(U) U.S., Congress, Senate Committee on Appropriations,

Hearings of Subcommittee on Dapartment of Defense Appropria-

tions, FY 73, 92d Cong., 2d sess., February 21, 1972, p. 807.
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of the system. Smallness was necessary both in weight and
volume, since the less space Saken up by the warkead the nore
space was available for fuel, while the lighter the payload,
the further the fuel could take it, The size of the warhead
was dictated by the size of the airframe, which was dicwated by
the desire to have the smallest feasible radar cross-sebtien:
In the feasibility studies for the SCAM/SCAD systen
performed in mid-1968, the several contractors agreed on the
type of warheal to be used in the armed vehicle, The warheads
selécted for the several proposed configurations of the vehicle
were the

{(U) The SCAD warhead development effort no doubt benefitped__
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
missile was deployed to SAC in August 1972.) Since the SRAM air-
frare was smaller than the SCAD airframe, being 168 in. long
and 17-1/2 in. in diameter, the ability tc develop a warhead
for the SCAD-slze vehlcle had recently been demonstrated.
The SLCM concept, with 1ts torpedo-tube-launched missile,
credted a new technological

However, the

i3sue of

1(U) Boeing Company, Subsonie Cruisg Armed Misatle (SCAM)
gg:;égility Study, Final Summary Report (July 1968), p. 15,
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This particular study stressed that thers' would te

vas a desirable objective,
movement toward it seemed slow. In August 1975, DDRLE was
still directing the Air Force, Navy, and ERDA to conduc

&4

: *(U) J. Luttrell, J. Hesse, and C. Kettenbach, Submarine
: Launshed Cruise Migsile Phage I Study (White Oak, Md.: laval
; Ordnance Laboratory, August 1972), p. 5-1, SECRET RD.

: *(U) Office Director Delense Research and Engineering, lecision
, € Coordinating Faper For the AGM 86 ALCM Full Scale Develorment
: Program, DSART II, Preliminary Draft (December 1%76), p. 2,

SECRET.
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VIIl
THE SCAD PROGRAM »

(U) The year 1967 can probably be designated as marking the
beginning of the current crulse missile programs. In that year
several studles appeared concerning long-range decoys and
standoff weapons and the pressures from several agencles to
develop such weapons began to build., DBoth the military and
scientific 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 subject having been published in July 1966.°%
A followup study the next year came to even stronger -conclu=-
sions on the feasibility of long-range decoys and air-surface
missiles. The second IDA study suggested that the state-of-
the~art could produce a-variety of long=-range lightwelight
turbojet decoy/ASH's capable of carrying radar augmentation
and ECM sufficient to saturate fighter defenses and current SAM
systems of the EHercules, Hawk, and SAZ2 types.

(U) The study asserted that nuclear warheads of respectable
yield could be carried by decoy/ASM's possibly welghing as
little as 400 1bs, thus providing a dual-purpose capability
with the offensive function in no way subordinate to the ECH
funetion., High-explosive or chemical warheads could also be
employed for al 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

1(U) Benson Tucker, Lightweight Decoye for Aircraft, IDA P-269
{July 1966).
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turtofan: engine, then under development, and an autopilot plu
the TEPCOM systen.? '

(U) In the same pericd, scientists at the PA!ID Corpcration
were considering ways to solve the bomber penetration problem
by using the SRAM.! They suggested a scheme to reglace the
SRAM with another missile of the same size to fit the aircra’t
rotary rack. Since the missile was volume- and not weilght-
limited by the rack requirement, it was possible to change the
characteristics of the missile significantly. UWhat was sug-
gested wag a nmigsile that could fly rmuch further thar 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 aircraft and 20
bombs/warheads, there would now be one alircraft and 20 missiles.
It was not that the Soviets would not be able 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 homber."

(U) Early in 1967, work began on a Defense Sclence Board
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 deteators to locate low=flying

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

Y(U) SRAM, AGM 69A, was initiated 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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"bocbars and use of SANM's with rnuclear warheads %o desstncy ther.
I+ peccrmended MIRVing the bermbter with 2 loeng-ranze crulse
rissile, an externded range forn of Yound Log. The repert also
assarted that the effectiveness of the weapon wculd dearend on

¢s teing used in large numters rather than on 1i¢s speed., It
propcsed a missile that could fl7 up %o 2,000 nn;’;ith char-
acteristics very similar to those of the cruise missile that
eventually apreared in the 1970's, The original name attached
to this concept was MILAM (multiple independentliy 2imed lcw-
altitude missile).*

(U) The idea of developing a longer range deccy also sur-
faced Iin the Alir Force that same year as the result of a study
at the West Coast Study Facility on tomber penetration. This
wag a lengthy and comprehensive technical analysis of.alterna-
tives. A replacerment was suggested for the Quail decoy, which
had - teen designed in the 1950's for use with the B-S2 at high
altitudes and had become operational in 1962. It had a high-
altitude range of 250 nm. The Quail's low-altitude range was
quite limited and so it could not carry out the generally
accepted tactic of low=level penetration. The study showed
that a tenfold increase in decoy miles could be prsduced by a
vehicle with the same volume as Quail.’

(U) A variety of sizes were conslidered for the proposed
decoy, allowing for one, two, four, or eight decoys zer SRAY
space on the sircralt rotary rack., The most interest was
evinced in the smaller decoys. Another suggestion mzde ty the
West Coast PFacllity study was for a supersonic missile, ramjet
povwered with rocket boost, of about the same slze as the
vehicle that finally emerged as the SCAD. This confliguration,
called the ASALM, was to be a longer range replacemept for SRAM

*(U) Interview with Dr. Albert Latter, fcrmerly of PA!ID and
member of the DSE.

%(U) Interview with Lt. Gen. Glenn Kent, USAF (Ret.}, formerly
head of Davelopment Plans in AFSC.
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“hat sould alsec funsticn as a longerange alr-to-gir =i3s!las
for use agalinse Soviet I'ghters ar a Scriet AWACS,
(2} Howaver, the study grcup viswed a sutsenis
lowa» technical risx and had mcre conflidence Iln %he av3
ity of the technology to develcp cre. AFSC, on the 2ther hand,
had listle confidernce in a small sturtefan decsy an? favored 3

ranjet. - »> _

(U) Yhat the Air Force wanted at this tize was a subscric
crulse urarmed decoy, a lorger range vehicle than <:e Quail,

As a fonlproof decoy could not be achleved, it was sragosedu
that 1 of every 10 deccys be armed with a warhead. The ernemy
air defenses would thus have to treat all <he decoys with
respect.® The study group decoy was also tg carry elesctrenic
equipment that, given weight, space, and power limitaticns,
could at least for a few frequercies receive a Sovlet radar
signal and send back an augmented ore. ’

(U) Once the ideas of the study group tegan to lell, in-
vestigation into the available technology began. The initial
and major concern was with the ability to produce a s=all
enpgine cheaply. Wright-Patterson and the malor engilrne manu-
facturers reacted negatively. Bowever, precedents were un-
covered: a man in California had built 2 srmall turtolet to
power a glider; the Garett Corporation was found to te building
smaller engines for hellcopters, not as small as reeded and
reither cheap nor free of bugs, but still a gocd deal srallep
than the standard engine; the Williams engine was reszsgnlzed,
Thus by late 1967 the study group was convineced that ‘e requi-
site sm&ll turbofan engine could be built,

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

Yak
-?... 11-

‘(U) Interview with Dr. Alexander Flax, formerly Assiszant
Secretary of the Air Force for RLD.
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A
preposal was intended to galn enough suppare f-oom the Aly
to eratle a program te te initilated. .

- (U) In retrosgect, General Xent feels that 1% was probably
unwise to tave tried to achleve both oblectives with the garme
prograr.,, and that concurrent but separate prograns wWould !}
teen better. Uhile the vehicles to be develore? were virsually
identical, thelr functions were corpletely different. The
decoy was Intended to simulate the signature of a B-52 and thus
to be detected. The armed decoy ¢r SCAIl had to avoid detaction
in order to make its low-level subsonic penetration.

(U) The basic incompasibility of these two objectives was
rever resolved and led ultirately to the cancellation of th

-

project. PRequirements kert shifting from one set ¢f unrealis=-

.
w
et
1]

tic specifications to ancther. Moreover, from the start SCAD
was a victim of the pclities of the B-l controversy. The Alr
Force guickly saw the suggested SCAD as a threat to the
sought-after 3-1, since the air defense saturaticn and

comer.y with

() Insesview with Mal!. 3ea. Jasper Wel:
ezt Cea3zt Itudy racilley.

¥
-
[
113
as
a7
-
'y

UNCLASSIFIED




UNCLASSIFIED

£ a stando?? weapon seemed t0 maze %he
. need fer a veretrating temter gquesti:znable., In fass, thase

na irterasts vare parochial had intera
;retod%éhe t=1%aticrs placed orn the SPAM range as reflacting
arsi=:1ar a*tisuda toward standof? weapons of any scrt.

A. TME SCAD DEYELOPMERT ROUTE >

(T) In early canuary of 12€2,
sizral) Capatillcy (PCC) statement fcr a replacersns for She
ans Fop=ulatlison 7
=ent Plan vwas i::ti;:ed

P

calling &2 an a

n
3
[ ]
(7Y
7 ]
(2]
[ 4
[l J
[V 9
]
g
]
iy
"
ey
s |
1)
[+ 9
)
'y
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M ]
»
{

swall., The Tons

-

in guly 13
their study, were feagih 1
ranges were exanined--S20, 1
egrliest reasonable ICC was determ
concluded that :he develcpment c¢® a suitabtle
would be the pacing factor.!® L
(U) A SCAD Project Qffice was es%ablished early in 13463 as
Wright-Patterson, and SCAL feasibility studles i{ntended =

*(U) Headquarters, USAF, History of thevnirectarate of Creva- P
tional Requirements and Development Plans, DCS/K&D (January 1,
1969-June 30, 1969), p. 105, SECRET.

*(U) U.S., Congress, Senate, Armed Services Commit:ee, Fearings,
FY 73, 92d Cong., 24 sess., February 19, 1972, p. 2386.

19(y) scaM Study, Vol. III, Pinal Report Summary (Boeing
Company, July 1968), SECRET.
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thers was Zurdamental 4isagreenern
vanted a shert-range decay, AFSES wante
atle of lor eor range flizhs. Fart 2f the ALr 33’ zugperced
the AFSC vie point. Cornsequently, in Tecerber 154 tha Thief
of Staffl raedi cted the prozr s intc a4 twec-ghase develzpmans,

-
4 an armed dassy 2ane

-----

"There w#ould be - SCAD A«-a low=co03%, low=risy decsr for uge

-

orly with the bt 'nd with early operational develerrmans, and
a SCAD B, a modular missile for the B~.l, carakble 27 beins 2cn-
figured as an unarmed decoy, armed deccy, or attazy ni
SCAD A would also have a warhead option.

(U) In an April 197C Development Concept Plan, the DLEAT,
Dr. John Foster, took issue with the Air Force epgroach,
recormending a more flexible program directed toward develop-~
ment of a weapon system that would yield a long-range attack
and decoy missile, which would be carried externally and be
adaptable for irternal carry. A high-performance guldance
system would give the armed decoy a good attack capabllity.
The carryirz arrangements for the SCAD becarme part cf the
sclitical-curm~-technical battle that raged between the Alr Force
and *he Cffice of the Secretary of Defense concerning the SCAD.
The A1» Force Znsisted that the SCAD should be carried cn the
ratary racz of the . B~52 gnd the B-~1l, along with the SRAM, in-

7]
w
e
]
[ ]
*

stead =% on wing pylons.!! This would have constrained the
size o7 <he SCAD and thus linited its range potential, which

seemes ¢ te in zeoord with Alr Force.preferences in regard *to
standofl weapons.

(C) Ir June 1379 the Alr Force stated that the SCAD would
te Zesigrned prizarily %o act as a decoy, and would incorporate

y Tietory of the Laercwmautical Systams Division,
1372, Tol. I, p. 109, SECRET.
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“-r.
niy uth atdicional features, at minlmal 22 :, as were rmasded
. sat:s:v che follaxing regiliremencs: (1) shas tnicta

"

-
: .ez.da:e. nt (2
& simple Tillance sy

Fenetraticn sorridgr, il

(V) Cn July 15, 1577, the Zaputy Jesrectars qs celfangs an.
3orsed t<he USAF posicion on devalspmens cf a descy cchstraines
in 9ize for internal carry, surrensly urnarmed tus éi:“ The

alcerracive 57 telnz arrmed 2% 2 future date, Studiles =cward
e haleed cemporarily in Cecember 5f =k
&

she J2irnc ferate/Esuse Tcnfarsas

. .4
ed anly as a replacarment for Juall, =2
-

Frasern Aav had teszme =zo
. .
aypans? 22 <hazt QJuefl,

-
ve and 1T was 1ot clear what it ccul
-

Hound Doz, and SR:M could nmet 29,1 This crgressigral aztion

was reversed, however, and in January 2371 a <iamoncth devaleone’

ment progres %o provide an urarmed degoy by Jun 137% was
approved.!*

(J) The objectives ¢f the 3TiD program were expressed by
Dr. Toster %o the Senate Armes Services Ccmmistae 2
1971:

We have decided to concentracte first on mea
to assis® the bomber 2 panetrate “he area
deferses and reach =he $237 raleasge £olirms,
To 40 this, we are devaloping =he SCAZ !ni-
tially as a !ember deccy. At the same Time,

it 1s being designed with *he modular

12(U) USAF, Directorate of Cprerational Peguiremenzs ané Tevel-
opment Plans, Semi-Annual Figtory (January 1, 1870-June 39,
1970), p. 259, SECRET.

13(UJ) USAF, Directorste of Operational Requirements and Cevel-
opment Plans, Semt-Arnual Figtery (July 1, 1570-Lecemter 31,
1970), p. 200, SECRET

18 (U) usar, aeadquarters, Strategic Alr Command, SAC Fiszory
FY 72, Vol. 1I, p. 300, SECRET.
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artanzlzsn sanatilicdey [ clTec) £ e aAre 3 2o
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tullilng 2 vehisle yhiak, with Perer charnzes,
* - - L -
28n e uzed 1= g lorrepange 3%2ndenfl rala,
- .- - e v - - .
s a% A% pramatire T geslide nmow TI LUt all sur
- "~ L] b
L 8g28 In the lanyeranye standeril miszile
t e b - L ]
taszes, tut cum develsrment roan lesves this
Yy LN - g, 13
L R J.h-cut

) Taster explalred what seered %3 te a wishdrawal Sreom
n

T hargen %o azres with “he Alr Tooce chat she

lergeleal uncersalinsy here 1s the Zevalcirment

27 the deasy, 82 T kave gurrertced tham I

cushins =has asgess. I gerzonally s Somevhas

prefidlisel coward putting the warhead Iin all

20 thar rather than s:me ¢f them, btut I 213 nes

Sea 3ny naad far arpguing chat lssue at the

moment, since “hay all will ta capable 27 .

2arrying a warhead, I% seems g me the thing

%0 42 !5 za% same missliles Tlvying end see how

they ceplorm, see hew much of <he currens

Frsmise can te conwversed to grastice, and then

maye decisicong,lt

() Tha 1s3ue 4% mrispicy ¢f role, however, zontinued =

dog she ZTAZ triEram. In 137 when %he Senate armed Zervizes

o

Lemmissee rancrmmended refunding the program, it exsressed th
£ that the Alr Force should attach first crlority to the

t e develogment of the lnereasad aczzurasy ?ual-
v8%am, When rew hearinrs were held in 17272, <he Alr

+
Tarce geontinued 42 stress that the flrgt priority should Se on
o 17

o4
v} Addisienz) sarpers was thrown tehind e armed version
when, in Septemter 1371, an Cffice of Sclenge ard Techrolszy

ed hoc vanel on strategic long-range standoff weapcns concluded

15(v) v.8., Congress, Senate, Armed Services Corm=i<ttee, Hezr-
inges, FY 72, Part I, 624 Conz., ls%t sess., March 13, 1971,
p. 491,

14(U) Ibea, p. k20,

17(r) U.S., Zcngress, Serate, Armed Services Cormmittee, Fezr-
trgs, F¥ 73, Part 4, 934 Cong., lst sess., March 1§, 1372,
p. 2371
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that studles shculd be uniertazen ty the Cepaprinent <l Zefonge
on how %% adapt standofl weapens for use with the B=l1, In
Fetruary 1§72, OLDRLE recuested that the Air Force stuly the
concept thoroughly. As a result, alteraticns were prctcsed for
the SCAD and a progranm initiated. Howevsr, events moved very
slowly.!' The Air Force had never geared the pmogram %o te a
specific I0C, and in early 1972 the Chief of Air Force 24D told
a8 Congressicnal committee that by mid-FY 75 sufficient data
should accurulate from the flight test prozran to perrit a pro-
duction decisicn.!?

(U) By early 1973, in view of the seemingly irreconcilabdle
differences between the Air Force and the 0SD positi>ns, the
operaticnal rationale for the SCAD had becorme increaéingly
difficult to defend. The Air Force was still adamantly pursu-
ing a decoy for the B-52 with range extension and arhing
options, but OSD now wanted 1ﬁmed1ate concentration on a long-
range attack decoy equipﬁed with an accurate guidance system
instead of the simple system required of a decoy. ODDRLE
challenged the Alr Force in MMarch 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 DDRLE was alse concerned, in regard to the un-
armed decoy, atout how pressing the need was to ensure bomber
penetration.”?®

' At the end of June 1973, the Deputy Secretary cof
Defense derlded to terminate the full englneering development
o7 3CAD and’‘directed the Alr Force to pursue a breoader apprcach

18(U) Headquarters, USAF, DCS/Plans and Operations, Cruise
Misaile Study (April 1976), p. 18, SECRET.

19(y) U.S., Congress, Senate, Committee on Apprcpriaticns,
HBaarings of Subcommittaee on DoD Appropriations, ¥FY 73, 93d
Cong., lst sess., February 21, 1972, p. 807.

29(y) USAF, Headquarters, Strategic Air Command, SAC History
FY 73, Vol. III, p. 503, SECRET.
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: (7) The history of the SZAL progrem 1s outline? telow,

SAC RGC _ Jarn. 1943
Design concept studies Mar.-June 13£€%
Rdvaneed develenment initlated:

Engine test program/prelizinary

spacifications ' Sept. 1963
Engine comporent development ané test llov. 19£9
Decoy electronics specificartions Har. 19€9
Decoy breadboard and flight test Dec. 19&9
R Decoy credibility assurance program Oct. 1970
Prograr approval (CCP #7d) July 15, 1970
Temporary Corngressional cutofl of furding ' Cec., 1970

PFP's for airframe, engine, decoy,
‘ ravigation, and zuidance released Feb., 1972
i Contracts avarded for englne competition May 1972
Program cancelled July 1973

3. TECHNOLOGICAL ISSUTS IN THE SCAD PROGRAM

(U) It should be noted that despite the colitical climate
surrounding:the SCAD progran, there was contfnual prczress in
developing component technologles and 1in system integration.

{ According to the documentation available and discussicns with
perscnnel from Boeing, Lockheed, and the SCAD Project Cffice,

f 21(5) D. Velch, Crutse Missile Technology Study, p. 1, SZCRET.
c
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there is consideradble agreerment as to what wera the <achrologie
cal issuss in the SCAD prozrar, The $wo areas of concern were
the eflestiveness of TERCCH and the propulsion system. The
warhead was nevar seen as a protlem, and neither contractors
nor AFSC foresaw major problems with technslogy. This section
will briefly review the technical issues that wers found teo
exist during the 5 or 6 years the SCAD concept was nursued.

F) llelther Lockheed, which bid on the project, nor Boelng,
which became the airframe contractor and systen integrator,

) The more it was attempted to increase the

(U) The Air Force requirement that the SCAD be interchange-
eble on the rotary rack with the SRAM made engineering

1(p) ;nterview with SCAD Program Director, Boeing Company.
62
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solutlions 41072

s voliume limicasicns and faz2% “hes the
sha;e o2 the yakis !
1l

[ ]
a 2ould no% he chanzed reduced the pasvag

cpticns avallatls, Tuprthermore, after a few nonths, %he Alr
Terca reloyed 4he pacvagzing efficlancies ritlalily required of

the IfN worx., This gson led to ar ircrease in the volume ard
waeight of the EZCX gear, with the consequent loss ossfue}'stor-
age space and hence reduction In range.??

(U) Technical aspects of the airframe, the foldirz winrzs
and tall, did nct reoresent a major technological sroblem, nor
A1d launzhing ¢the rissile from wirg pylons. These were viewed
as engireering prchlens only.

(v) ?h;le mos% concerrn probably centered on the TERZION,

- there was also a surgrising degree of concern over the adequacy

of the Williarms engine. Several aspects were worrisore, bdut on
the whole there was confidence that the small fanlet could
eventually te engineered to do the required Jjob. These enginesr-
ing protlers, however, were not insignificant. For erxample,

the ensine had been desigred for vertical operatilon on the
Flyirg Belt, but in the SCAD it would furction on a horizontel
rlane,

(U) Some of the skepticism surrounding the Williars engine
was apparently due to the reluctance of the ergireers at
Wright-atterson to use the product of a relative urkrown in the
alrcraft engine fleld (%illizms previously had worked in the
marine and automotive filelds). T‘hen the Alr Torce surveyed the
alreraft enz.ne marufacturing community in 1its first investiga-
tions into the SCAD concept, the reaction of the manufacturers
was gerierally that the engine required would te too srmall to be
efficient. Alr Force supporters of the Williams euagine belfeoved
that there was a tendency in APSC to view the Williams product
as "not a real alrcraft ergire" because it did not it the

13(U) Ibid. Also mentioned in irnterview with Lockheed personrel
who worked on SCAD proposal.
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techncloglical image of an alrcraflt engine, Because of its
aheap cnst and tecause the 2oncept of 2 "threweaway" engin
Las1 %o acce;ﬁ.
that regultes in considerable foot-4razzing on the angine issue,
I+ proved difficult later even to zersuade AFSC to test the
Willlaers erzine in a Wright-Patferscn wind tunnel.™ Svupporters
of the engine had dilfficulty zetting the engire fundad ﬁnd
supported.

(U) Evidence of continuing concern with the engine was re-
flected in Aipr TForce testinory to Congress 1In Fetruary 1972.
At that tinme 1% was stated that there was a

there was a zlear prefudice azainst the engirne

e -1tediun risk in getting the exact sceeifics
that we have specified for tne SCAD's engine,
It 13 quite low because of the earller efforss
which essentially demonstrated the basgic feasis
bility of doing thls 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=4, the

standard aviatioh fuel. Thke high=density fu=ls were attracstive,
but investigation revealed problems. The low=-temperature flow
characteristics of the high-energy fuels were not satisfactouy.
Fuel heating could probably have resolved the difficuléy but
would have recessitated further weight compromises and thus
reduced range once again. The flow problem recuired changes in
metering and the size of the {low charnels. It was, in faz%,
because of these problems, especlally with regard to visccsicy,
that JP-4 had originzlly been selected. There were other
unknowns as well. Shelldyne looked like 2 good fuel, hut 1ts
shelf 1ife had not been determlned nor uad its effects on
gaskets and seals. Furthermore, production facilities for
Shelldyne at the time were small.,

1% () Serate Armed Services Committee, Hearings, FY 73,
P. 2374.
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yerall Alr Torce attlitude %cward <he armed versisn nf

ude *hat may have lLeen enzsurapged
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2
the SCAD, I+ is unclear as t¢ whether TIFZON was Intended wo
te put ints the pure decoy versicn, toc. Rl fhe dezcy neaede
»as a simple guldance system adeguate to ¥eer 1% Witkin the
torber eaprlider, and feneral Yent, for one, resisted “ka yuse
of TIPCOM in she decoy. The Lockheed <ean who bid cn the &
in 19£2.£6, krowever, belleved the deccy wes 2182 to have 7T
By 1672 th ir Torce was telling Tongress that tha re
SCAD was net Leling developed sinulteresusly in both ar=
unarned versions was that the unarmed versizcn 4id net renyire
as scphisticated a guidance system., The implization was that
guldarce was the element holding tack develcrment cf the armed
SCAD. _ ‘

") There 1s a marked dichotomy in the views on TERTIY in
the'period up to 1973. Some connected with tha program, like
Colonel Yood, thre SCAD Project Officer in 19%¢-70, fel®t that

The
i cther point orf view suggested that the very

I S R



=

c AL

(') Ozinions 412%sr as to whether all the corponent
tecknologies were "available" to bulld a successful SCAD ty

the original target date. The program is probably a pcor case
study to use for exploration of this contentious paint,;since
1% was hopelessly ertwine2d with the B-l i1ssue, %hat those con=-
nected with the program d¢ agree on 1s that the system technol-
ogy represented a groater challenge than any of the componen®
techneclogies. In the confined snace of the SCAD, "interface
managerient ," as Lockheed called 1%, was a-major area of progran
concern. The Alr Force, too, in February 1972, stated that the
risk in the SCAD was essentially 1in the packaging area, "the
actual ability to configure the components in small enough
size, welght, and volume to fit in the limited space in the
SCAD vehicle."?® The Air Faorce at that time called the whole
program low-to-medium risk. '

25(U) Senate Armed Services Committee, Hearings, FY 73, . 2375.
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Ix
THE NAVY AND AIR FORCE CRUISE MISSILE PROJECTS

k]

() A zurious artizulsy surrounds the origing cf She-llavy
cruise mizsile program. As early as July 1572, when asked who
tad iritizted the csoncent of a subrarine=izurnched orylse mis-

Y

autheris

Yas e

Memmeeysrav ooy
TOVARAY,

States lavei nstitute Froceedirgs that
obszure "?

() The Mayy cruise missile grogram can he traced slomz tuws
serparate tut obviously intertwined lines cf Qdevrelopment. One
of tha antishic nissile Earsoon, the cther
the lorng-range strategic misslle,
until 1372, As

may b= best %o diszuss

is trhe develoomen<:
the develcpment of
prozrams Ltegsn separately but were 1lnteractive

The tuo
the Earpocn progran started eaprllisern 1t
it first. The Earpoon was the first lavy effort in the new
crulze nmissile era and the technical achievements of the prc-
gram, along with those of the SCAD, lald the foundation fsor the
llavy ELCI grogran.,

A. DEVELOPMENT OF AN ANTISHIP? CRUISE MISSILE

(U) On paper the Farooon antedates the SCAL. Altrough the

lavy had been uneasy for years abou%t the carpavilitles of Soviet

1°77) Sena%e Armed Services Commitiee, Hearings, F7 73, p. U353.

2(1;) I, Polmar and Cap%. D. Peolucci, USIH (Pet.), "Sea-2ased
'*Ssrategic' Yearons for the 19825 and Beyor?d," Unitaed States
raval Ingtitute Proceedings, Yol. 12L/5/903 (May 1972), »n. 9.
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EN=1v conven<cliorneal warhead, In 1
vised to adi a requirement for surface shigp ;agné; ne shat
for air launch. However, the S.L©% was not acted crn in-ediarely,
ard rect until the end of 1570 was an RFP ecalling for an 2
launched antlcship nissile gent ous %o Indussry. In Jurne
Yelornell-Ddcouglas was chesen as prinme consrass

U) At this time research was telng conducted at the lNaval

[t ]

Ocean Systaems Center fMOSC) on the beuyans
missiles in which a capsule rose to the surface by bouyaney
only. UCSC selentists informed Cormancder (now Pear Admiral)
Walter Locke, the Harpoon PFroject Cfflicer, that underwaer
launeh frenm a2 21-in, torpedo tube rmight possibly have some
applicaticn for the irnciplent Earpocn, and they solicltes
Leceke's support for a feasibilicy demonstratlion. With #is
agreerment, cDonnell-Douglas and NCSC worked togetrer ¢n 2z
feasibllity demenstration of a boost test vehlcle, McDonuell-
Douglas defining the missile and NOEC the capsule, In:early
1972 the syster was tezted successfully.

(U) Tre Harpoon rrogzram was now revised to irclude the sub-

*y 0

marine-launched variant, the "encapsulated Harpeon.”" =
efforts-=-alir-, surface-ship-. and subrarire-laurched--deve
in parallel with equal emphasi=.

{U) The missile v2s at this time 180 in. long and 1,?5C ibs
maximum weight, with 2 dlameter of 13-1/2 in. The capsule wWas
big enough to carry the weapon %uv the surface at the prorer
angle, while the booster had enough punch to tcss the miss
clear before wave action could cause the missile to flir as 1%
exited the capsule. Saeker acquisition had been part of thre
RFP sent to industry, since there wes no in-hand guldance srwstem.
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che mole mooakm =inziler 2o,.% mlar, Jalflirad znd 228tel gevaryl

-gwme d ot d s .- - - »~ ehpatw dgeeag”amm -
gretermI, BNL .aN L A.TAPrATLe T wnn UTr ThelT LueTa tiTent.
- ] 4 Il ] -4 - -
@ ITITATE e TeIUR_ITel T tharattar.Ito ThaT 22uld foree
'Bﬂ!-." s Amt geegd lme Sas A rwmmges Sgamea’ ase T emng**
82235 .,; <% 2Ul.% - e Al s, R e . e Ramry

Plamning included wizh <he g2.d 2%3%ad ~=ac !

high=risy Zevelzzmens 28 TIRTT! 2suld ta 2ormstiorad anm as2enta
atble risy, srs2ld the naed fon guth 2 nragras e deslded urzen,
Some urncertainties atout <he engine sthruszs and wvolume reqilirew

rents 2150 remained and would hsa
prograr. should be Iinitilated. The la%ter alsc state? that the
developrent times suggested by CUVA for pre :

deslgn competition, concent forrulatinn, arx
seered optinistie, in view of past perfornance.

(U) ™e CIA study stated at the outset that it grew out of
tha idea that the techrology of the Air Force SCAD ccul? be used
to develep 2 small strategle crulse missile. Two mals reasons
were offered as to wvhy sea-based criise missiles (SCH) were of
interest: 1) they represented a mears of s:rategic‘diversifi-
catizn to improve deterrence, and 2) the current technology
eculd pockadbly provide them with irpressive capabllity at a
meazzrnatle ¢csst. Pegulus had originally been ahandoned In
favor 28 Palarls Lecause ballistic missiles were superlior in

aimses eferg Waj==longer rarce, btigger rpaylozd per sutmarine,
gragcar 3cruracy, and tetter penetration of eneny defenses.
Yavever, t~echnizal advanses in the 1940's hag reduczd <he degres
2# diflaverse, Tha Sgryies halligtis missile Aefense hal Leccme
A Talse acncern, AT the game time, the means <o achleve sus-
t3ined crilise ~fg3ile Tlirme as very low altlisudes had teen

dave rei, whlica with the z2%har 2haragteristiss o7 orulse nis-
gillar 22524 =3/ maretraticn =usk aggler, Tha geyde stressed




\

it
tha rarge farnabilicles goklavaile itk small erngines znmd wigh.
erargy felx, gnd fmgpcved Lrersisl roztamg znd manpins.,

% The roudr 2usreztaed cingllevzuicr Af savarmal diffamar
£2asforms fam launshing STM'3: £33/£°% Tlasze 3IENCs 135 mits-
sS2les zer taa%); a new sutrarine (3 zer tozt); rew or tgnversed
merarart hulle (3£ per ghisn); Terrleraazilinzed snirs fug %n &%
por ship); znd SEI'3 (ss2rgedo=tube launshaeaup t2 2z Feor tcaz,.
Twe glzes cf missiles were ccnsidered: Zlaf% and 13.0¢ fength;
25-in. and 1G-in, 4Zarmeser; 3,220 1ts and 1,707 lts. The small
mtgsile weuld te launche? frem the assack subtrmarine ¢r Terrlicer
shic

L]
i'{ CllA recorted that a crulse missile with the {ollzwing

Parge a% 200-f% altitude: 7,509 mi (1,500 for
Terrier or S8 basingz)

Speed: Mach 0.75

Altitude: 200 f

for use with n

(U) The contridbution of the SC¥ wis analyzed. In terms of
cost effectireness, ECM's compared favorakbly with cther zystenms
Erojected to te available in the mid- to late-1970's. Uhil
SCM's would ccﬁtribuce to diverslification of the strategic
arsenal, their principal contritution would te as a hedge
against the develcomert of effective threats to the survivztbil-

L)
‘s
w
tr
=
]

ity of lani-tased forces arnd against <he in-flight -ulrn
1ty o2 talltssic missiles and tomters. SC¥'s could te derloyed
rapidly on existing rlatforms orce develepment and ftocling e
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rant s ; arcraach, sinze devralagmens ¢
8 guccegs™:l rrotesype would crevide She techmologlca agse for
»ap?d denlcyment when needed,t -

() ZUA wes supported in the study effors t7 Loékheec,
vhish 2.4 the feagibility studles. Lozszheed aggarently zut a
2ood 2epl of affart into the nrolest, pursulinz <he vehiasle

uring develecprent angineering,
acyhead study commented:

7]

=]

-

o

V-4

i O
™t

“hile a corplets TERCCH system has tc date
never bteen demcnstrazted in an acplicet:c
gimilar to the crulse misslle system's
reguirements, 1< was considered necessary for
this stuly tec almast categorically assuze the
cerediblllicy of such a systen, ¢n the assinp-

tizn believed valild when compared to the
asscclated state-ofuthe-zrt technology, st
in component ba“dwa end functionalizatlon
technigues.’

h

This suggests that Lockheed was accepting TERCCX 2s an article
of falth rather than as a provern system.

{) Yhen the C!'A report apreared, the llavy generally 414
not show much interest in strategic trulse missiles, althouzh
support and interest were generated in uDP&“ ani "D/ Jstems
Analysts. UWithin the Navj the only real interes*t was shown by
the CHQ and to some extent by OP 96 (Qffice of the Chief of
Maval Qrerations, Systems Analysis Division).

$(u) Ivia.

7(U) Lockheed Missiles and Space Company, Cruise Yissile Study
Pimal Pepor:, vp. 3-4, SECRET.
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(V) The {dea of a long=-range mizsile apparently had nn

parsiz2ular agpeel fopr much 5 the lavy, even 10 what was
=egnt was an arn<iship nissile, There was a simple preblem in
that the Navy 41d rot really know hew %o utllize an ansish?
gruise missile with a %0-nn range. There was the matter »of
dataction of a ship target a% such a range and deternina<icrn ¢f
azi{auth. Tor ranges teyond 1li0 =i, the lavy bellewed targetins
would have %o te controlled from a supporting platfozc:'

' g’, At this point, however, the possibility of a SALT

agreement began to assume Siznificance. In view of the possidla

Some MNavy interest had developed, starting at CNO level,

(V) Interview with Mr. Carl Tross.

Y(U) USAF, Directorate of Doctrine, Conceots, and Cbjectives,
Bigtory (Jan iry 1, 1972-June 30, 1972), p. 5, SECRET.
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Tmcetus had beer provided. to this line 52 davelopment

-

10(y) Interview with the Technical Director, Joint Cruise
Missile Project Office.

11(y) Interview with personnel of the Lockheed MZsstles zrd
Space Company.

¢ - 12(77). Headquarters, USAT, DCS Plans/Operations, Cruise Missile
' Study.
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Teasibilicy stuslies 3% the end of 1972. These were sresumably
r']

¢t should te noted, however, that the enphasis seemed
st1ll %o 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 cruise missile

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

¢o AL




e

R et LN

-

ra

missile, to continue close cooperation with the Alr Force, a=d

She crulse

danw

(%) In Jenuary 137, Gereral Dynamics~Vcught were glven zhe
gt for the airframe and the system Integration. ‘The

corpetitian for the zuldarnce systenm ard the engiré, however,
took much lcngef Teladyne ard Williarms coroete, for the

engine, while “2Domnnell-dcuzlas and Electrosystens, Irc. bid
for the guldance srsten. A DSARC I review in February 1ML
directed the llavy to proceed with the subrarine-launched cru

e

17?7

to address surface-launch modes during prototype wvalidation

€. .THT AIR FORCE AIR-LAUNCHED CRUISE MISSILE

(U) Yhile this process, slow and convoluted 2: 't wss,
gradually noved the ilavy toward develcpment of strateglce and

13(U) Systems Planning Corporation, Background Pcper on Cruise
Missile Conceptes (December 1977), p. 2, SECRET.

13(G) 0SD, Land Attack TOMAHAWK Cruige Missile, DCP ¥125
(Decemter 22, 1975), p. 1, SECRET.

16(1). Maval Alr Systems Command, Anti-Ship TOMLHAWY Cruise
" Miggile, Progran Memorandum #117 (October 28, 197€), p. 1,
SECRE?. )

17(u) 0SD, TOMAHA¥Z Cruise Missile, SECRET.
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2%12al seg-launched missiles, the 2ol SCAY !dea was revived
in tka Alr Foree, Thiz renewed Iinterest carn be traced ¢
saveral scurees, A8 mentighed earller, {4 hag boan 3uszested
(wisn some trush) that CSC inspired and encouraged tihe lavy

ahat
strateglic erulse missile program a3 a means 98 grompring the
Alr Torce %0 taxze rors forselul action in daveloping z standof’
weapon. Another Teascn fop renewed Alr Force int@fest n2 Zdoubt
was <hat <entasive accep%tance 57 the B-l program haid resu

1
in less Air Force anxiety over the effect of crulse =isgslles on
x
!

ﬂ.

23

the fate of that grgaram, Althcuzgh the SCAD program ha
Torce had been directed to beg-u teshnelegy
he or<icn nf reviving a SCAL ans to

ogely with the ljavy's crulse :13;11e

cancelled, the ~1

i

program tc zeep allwre
assaciate the 2ffcnt ¢
progyan,!? ‘ _

(U) Another and perhaps cruclal factor was a letter from
the Assistant to the President for National Security Aflalirs,
M, Yissinger, to Deputy Secretary of Defense Clements

(June 11, 1973). ¥r. Kissinger stated:

1+ <P

We considered that a long-range alp-to-surface
missile program made sanse strategically and
would help SALT. VYou indicated that you woul?ld
get a lorg-rarge AS!M program under way within
a week, I .ou‘d appreclate a progress regore
on the prog-an.

The Deputy Secretary of Derense replied, on June 22:

Yle have two on-going rrograns which could te
adapted to meet the reculrement-«the Alr Fcrce
SCALD and the llavy SLCX. The SCAD 1ls in the
initial development stage.... SLCY 1s presettly
in very early stage as a technology program.?

18(U) Immediately after the SCAD had been cancelled, <khe Alr
Force directed AFSC t¢ inaugurate yet ancther strateglc bormber
penetration decoy program,

"(u) USAF, DCS/Plans and Operations, Crutee Missile Study,
. 18, SECRET.

o’°(u) Ibid.
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(7)) Zsrangely, she full englirearing develspmens v STA3 uwas3
aancelles £ davg Igtew, Thenm zn July 12, 1373 a fivmal memsrana
dum fonz Zl3girzer %2 Tlermerc<s renestal the zZolinss 28 <he Jire
lgsser, Tn July 7 IDELE dinectaed the Alr Tarse &g tepin 2
erszran for develcsing lornz-ranze ALTI'S compatihle with the
exissing SRANY system,?! The iritlal sapakilisy was 45 te
ev"ve: Srem thne STAD., The DIRLZ dlirectivae specifiscaly urced

“./0“ eploy an ALCH," an admenition no dcukt prempted by <he
» ss rede Hy the SCA: prognan, i

it
() "issinger's 1ntervent:cn %88 t¢ have centratlintory
s 1 a

s
in a new way.

“hether» he wag serisus ahout gn ALCY or whether 1% was always
Internded to bn 2 tergalning chip for further SALT regotiaticns

is un?n'vn. What 15 apparert 1s that from 1ts inception the
wearsn was lzkeled 2 givesway. This label, of course, alseo

came £ be apgplied to the SLCH, 2nd there 1s a body of oninizn
saribes the slow develorment of cruise missiles znd the
econtinuing relative lack of lavy or Alr Force interest in then
elief, It would have seemed pointless to push to l
develon a weapcn that ultima<ely :rc:m].-l be given away by paliti-
cal agreerent,
(U) A% %he 2nd of July, Alr Tarce Eeadquarters directed
_AFSC to demecnstrate. the capability to develop a lorng-range ALZY.

21(y) USAF, ATSC, Higtory, Vol. I (January l-Decermber 31, 197€),
p. 200, SECRET.

23(y) ODDREZE, Decision Coordinating Paper for the AGH 86 (ALCX)
Full Sccle reveZopment Program--DSARC Il (Prelimirary Draft)
(llovermter 1975, p. 2, SECRET,

23(v} Opinions vary, but it is telleved that ¥issinzer eventu=-
ally came to susnors crulse misslles tecause of *helr
irtrinsic =military worth.
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Liantiye wonuld te %o ag=an

FA X
oy,
for gush 2 rmissila, The in

weuld te. derived Iron
advanced carabllis
base ol the program.

(T) &y mid-august the A% 26-A cffice wes emgaged 1in pree
linirary studles of an extended-rarnge armed cruise-zissile.
Operating envelcpes and range performances were being deter-
nired for a nissile conflguraticn that borrowed heavily from
the SCAD bhaseline vehlcle, The cohfiguraticn featured a warhead
ir. the forward section, a belly fuel tank, increased internal
fu=l capacity, and use of JP-9 high-density fuel. .

(U) In nid-Cctober DDPALE requested a preliminary prozras
plan for the development of 2 cruise missile based on the SCAD
conceps. The missile would be carried internally iﬁ both the
B-S2 and the B-l on the SRAM racks and carried exterrally only
on the B-52. There would ve ro provision for decoy electronics

‘and the miusile would employ the SCAD engine. This program was

suggested for the bomber forece to te considered instead of
adopting 2 !lavy c¢rulse missile.

(U) On Decerber 14, 1973 DDRAE recommended crulse missile
programs for both Air Force and Navy to the Deputy Secretary.
The Alr Force was to demonstrate an ALCM, based on the SCAD
ecrcept, By mid-13976, with deployment by 1980, The avy was to
demonstrate a SLCM, both tactlcal and strategic variants, also

‘for deplor=ent “r 1980. The Deputy Secretary approved these

recomiencdations on December 19. The Alr Force misslle would te
developed as an adjunct to the bomber force, to ke launched in
a low=-altitude aftack cutslde Soviet defenses, thus improving
the penetration capabllity of the bomber, The missile would
utilize SCAD englneering developments for the air vehicle ard
the turbofan engine. ‘hereas the SCAD would have depended on
ECM, detection of the ALCY would be minimized through

80
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low=leval flizht, The 244i%ticnal spaze in the vehls
used fep fuel

(") The Deruty 2 a
caetlcal variant delivering a 1,5CC-it payload cver 297 rm and
“he strategic system providing an effective lowelevel nuce

warhead peretrator {rom the launch base of the‘\
force. The SLCH would result in a precliferatlicn of - the gstra-
tegic subrarine force because every +actical subzarine would
also become a platform for strateglc 2srulse missilea, The
eruise missile was also seen as an effective replacemens for
forward-tased rnuclear forces.

(Y) The Deputy Secretary pointed out that the technologizal
efforts of both the Alr Torce ard the Hav"-wou 14 nave ruc '
cormmon. The Alr Force had ccrcentrated on develcoment of a

srmall turbofan engline and high-energy fuels, which were suiltatle
to hoth systems. The lNavy had pursued the develoaﬂen* ¢l
gulidance systems, which were also useful to both deve’cs:ents.
The Alr Force was thus given the leadirg role in -ng::e devalep=-
rent ard the ilavy ir guidance.?" '

D. TECHNICAL ISSUES IN THE CRUISE MISSILE PROGRAM

(U) We have already toucked upen the technical issues en-
countered In the course of <he develorment of both the SLCH and
the ALCH. Both were derivatives ¢f the SCAD, and a2s has been
pointed out, t'was *he SCAD that showed that a very srall air-
frare could have zonrnsiderable rarge and accurately dellver a
warhead of respectzble size.

(U) The submarine-~launched missile did not present any
completely new problems %o the Mavy, nor did it require any
melor technological advances. There were prcblems with the

I8 (17) USAT, ATSC, Higtory of the Aeronautical Suystems Divigiorn,
Yol., I (July 1973-June 197“) pp. 206-202, SECRZT.
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“orpado. tute launck, parcisuiarly In ensuring engine stare wish
the liring of a single cariridge. (The Polaris was rot an
exanple of this since 1< cerrisd 1ts cwn oxidizer, A rumter

of changes %0 the SCALC enzine were required for the 3LCY appll-
cation: engine perfornance had to de optinmized for sea-level
cruise instead of high altitude; the structure/rougting had to
be redesigned for high-shock environment; the gearbox-éas movesd

. I'rom the botton to the top of the engine; the inlet was re-

desizned for diffegent distortion characteristics; and the
exhaust rozzle was redesigred for a diffepent cant angle.?$

(U) Por the subtmarine-launched SLC! there was also the
problerm of the possible toxicity of the high-energy fuels., It
w#2s not xnown how safle Shelldyne or E-Diner would be if stored
in the cor.fines of a submarine ror_lcng periods .f time. This
was crucial, since no toxic substances could_be:allowéd on
undersea craft.?* ' ‘ ' .

(V) Tre antiship variant of the SLCM (named the Tonahatk by
the m1d-1979's) was able to make extensive use of antiskip
téchnology and harcware developed fer the Harpoon. The radar
seeker, altimeter, and midcourse guldance unit were transferred
directly f{rom Harpcon with little or no change.?’

In regard o

*3(y) U.S., Corgress, Senate, Armed Services Committee, Hear-
ings, FY 75, 93d Cong., 2d sess., April 12, 19374, p. 3536,

18(y) Interview with Mr. Carl Tross.

17(U) Mavel Air Systems Commani, TOMAFAWX Cruise Misaile,
p. 1, SECRET. T

82

e e e emn

T Y ——— - -




g

_ Surmer Study that asserted that the
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In April 157&, the lavy Crulse llissile Frojact Manager +sld
Sanate Armed Sanviacg Jommities:
The poirt not %o te mizsed hera i3 the involvew
tent of the Defonge Mapning Agerney. The egle
linz in the 10 years cf explaoratory develcprens .
work that was dene tefgre 1s that realisgtic '
scurce data was not used, The crulse nissile
prolect office has!actually invclved thre agancy
that gets the oceratloral raps. : '

Ye s<ated that the D¥A task would taxe 3 to 5 years.??
) In faet, in 1§77 CDDRXE, Air Ferce Studies end anale
ysis, and CARPA sponsored a Strategic Peretratlon Technrolozy

Analysis by the Systers Plan-
ning Corgoration pointed put that more recent data are scretires

What did appear to be major new technical requirecents
in 1974 had to do with

"(U)BSEnate, Armed Services Committee, Hearings, FI 7§,
p. 3638.

2%(U) Systems Planning Corporation, Background Pcper on Cruise
" M{astle Concepts, p. 22, SECRET.

J T P o emes e ot mmau s




et y ) T ﬁ
». . - -
There wirg;tofbe
'
A
!

’ ' i
*(U) Interview with Mr. Carl Tross. i
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ar?d 12eally a case study shculd not te nmade of a systen un+il

% is opera:icnal erd all the problems elther selved or accom-
‘anginearing adjustments. That Is s%ill not-the
struaticrn wish regar? %o the cruise missile, The process has
taken lznger than 13 usual for a major weapon systen, the tinme
from ccncept tc deployment being typlcally about 10 to 12

years. The process has already passed the 10-year nark, with
the very earliest cruise missile IOC forecas: for the end of
1531, Yat here is a system for which little ha? %o te invented,
although ruch was refined and adacted in the intezration nrocess.

(C) If the orulse missile case can be characterized as a
type of RLD, 1t could best be termed ovportunistic, The com=-
bination of a military concept with already existing technologies
was ultinately to lead to the develorment of weapcr systens.
Hewever, the rrocess cf developrment was both turbulent and
surprlisingly slow in achleving success. _

(U) In the curicus history of the crulse nissile develop-
men% three factors, technical and nontechrilcal, aposear to have
teen signifiéant: the percelved military need; the environrent,
meaning both the degree of acceptance of or suprort for the
weapon system and the political climate of the tirme; and the
state of the technologies invoived. The interaction of these
thres factors conditioned the course of develoorent.

(U) Wrile in the late 1960's there appears to have beer
greater receptivity toward, if not indeed general perceptiorn of

85
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- the :iiitary rnesd for, newer and teiter urmanned systems 'or
share was raver any general agTeerent as %4
what‘thos 'an ions rmizhe te., Orn orne side of *he questinn
vwere the most influential elements in the Air Forge and the
vlavy; or the other were the sclentific eommuni:yﬁanq the Cffice
of the Secretary of Lefense, with support fron Service 24D
elements. The latter saw the cruise missile as & weapon with
enorsous uotertial the former preferred that it have a mech
nore circumscrited role. The Air Force, when not openly re-
sisting a long-range standolf weapon, considered the cruise
missile merely a uvseful system, not one really needed-in
econjuncticn with 2 penetrating bomber force. The ﬂav& was
intsrested in the weapon only as a strategic reserve to te
deployed on attack subnarines or as ' a longer range Karpoon,
The cruise missile, in short, was always seen at Lost as a
sutsidiary weapon by the Services for which and by which 1* was
developed. After all, the revived interest in cruise missiles
Haq begur. on the Alr Force side with a decoy and on the davy
side with a short-range antiship Harpocn. It was the sclentific
community which had pusted for the long-range strategic mission,
(U) It seems likel  .hat the main pressures originally
driving the cruise missile programs were not technological, but
rather environmental. This developmeﬁt envirnonment was ir. large
part the conseguence of controversy over the lssue of percelvesd
military need. From the earliest SCAD/SCAM concert progenitor,
the operationél concept, desirabllity, and future of the cruise
missile seem always to have heen in contention. The lack of a
clear mission and of solid Service support from -either sponsor-
ing Service seem to have made the system a struggiing orphan.
Even when support could be mustered, the suspicion, engendered
in 1973, that tne missile might ultimately be expendadle as a
SALT negotiating pawn tended to dilute it. As evidence of the
ambivalence that has surrounded the program is the fact that as
late as January 1977, more than 9 years after articulation of
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Bed managerers.!
() This develcprent envirenmens undouttadly hed a 4smpar.

vels
" ing effen on the development process, The lask of any pricricsy

or sense of urgency neant “hat develcpment affortg 444 nae
al the highalevel attention or filscal supzort that
st

e
Ligh=gric=ity ratezic missile trozrams, such as f:nut-rar or
Folaris, had racaives, ’

(m E?_ tha prole of the cost faetor in cruise #issilé

- developnent seems to have been amtiguous. The arnticipated coss
"of the cruise systerms seemed attractive on tuwo ﬁasés. The
- 873ten could use relatively well-developed available technolo-
‘gles, and thus avoid the intrinsic cests of developing these

spacifically for the procram. Secondly, on a comparative tasls
the cruise misslile seered to offer the capability to execute
certelr nissions more cheaply than alternative systers could.?
This latter evaluation of the cost of the system was alviys-
controversial, however, involving as it did the Lroad issues

of strategy and Service interests. There was less  controversy
over the intrinsic cost of the overall system, since it ini-
tially prermised to be astonishingly low., !leor did 1t seem
lik=1ly that tlhie nrice tag on any specific comporant would delay
development of the weapon system. Ye%t costs ccntinued to rise.

. By the end of 1970 the SCAD progzram was alfeady under attack

(V) U.S. Joverrment Accounting Office, Status of 4ir and Sea
Launahed Cruise Migeile Programs, PSAD=77=~36 (January 1977),
p. 2, SECRET.

1(U) For supporters of the missiles the estimated cheapness of
the system was one of 1ts major attractions, since this would
pernit "proliferation” of the weapon to such a degree that an
air dererse would be saturated.
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rar's§9g6117 incresasing costs and equally steadily declining
rangewi

() The third factor significan® tc the developrens process
was the state of the technologles. The ccmponent technolagies
rad been under steady development since the earlf?cru:se mis-
sile period, although usually for other reasors, and their
progress had been evolutionary for the nost part (the nicro=-
processor was probably the great "breakthrough™). Furthermore,
as has already teen suggested, cruise missile development was
fairly continuous during the 1950's and 19€0's, with cruise
missiles of one mission or another always either in seévice or
in development. The advent of the ballistic missile did not
cause an abrupt discontinuity, but rather the appearance of
one. Even the long-range cruise missile lay dormant for only
a few years, from the deactivation of the Snark in 1961 until
the appearance of the 3CAM/SCAD concept § or 6 years later.

(U) A basic oremise of this atudy was tha:t the technologies
were avallatle when the cruise missile programs got underway,
available meanirz (1) the basic knowledge existed of how to
build the comprnents, and (2) while all the problems had not
yet been solved, the probabllity of success was high. If
technical risk can be solved by the application of enough re-
sources, tnen there was never more than a medium risk even for
TERCOH, which usually got higher marks for risk than the other
probler. area, propulsion. Yet neither the c¢rulse missile nor
TERCCHY received major funding in the perioed 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 cake" technologically. There was even some sentiment
that the @ruise'missile represented a technological step back-'
ward. It seems clear in retrospect, however, that the
development was not so simple technologically as may have at
first been anticipated. The several components of the system
were not all equally advanced when interest in the cruise

« - e e as——
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' missila?éévived3 nor did their subsequent development occur at

the same pace. The fact that the Alr 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 techhologies that
were widely viewed as virtually "off-the=shelf” at the turn of
the 1970's.

{U) Even if all the component techmologies 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 distances at very low a titude, navigate
with great accuracy, and deliver & respectable size warhead

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

‘integration, i{ not in the component technologies,

{U) The real technological challenge of the cruise missile
was therefore not in component development but in the overall
intezration of the aystem. Probably the crucial factor was
geize, The airframe had to be small to permit large numbers of
the weapon to be launched from the carrier vehicle and to re-
duce the degree of vulnerability derived from the system's
subsonic speed. The components had to be small to maximize
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
TERCOMysteadily reduced in weight and volume. '

d?; Ironically, the most problematic element in the entire
cruise missile system turned cut to be cne extraneous to the

missile iv3elf, The




(U) The technhical issues involved in the cruise misshle
development were thus optiriization of component performance;aﬁd
system integration. The former, while not as simple as expect-
ed, was 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.
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