
'I 

·. 

. /::~'- -
-~, .. ~;~·'!· .. ' 

·-.-~-- ..... -- --- . 

LEVEl!• 
· IDA PAPER P·1380 

.·~ 

THE ORIGINS OF THE CRUISE MISSILE: . 
A CASE STUDY IN TECHNOLOGICAL INNOVATION (U) . 

Leonard Walnsteln 

April1980 

0ee1ftejj br. DO rcntM 254. WDA IOJ 1t C OOIIIOUSOif.) 
, - · --· · -- tDoiJ.W!I MA,'I,,C£.\tl-'tf OrPJc:;n 2& OCTOII!IIItN 

.'DICUSSI'Y ON 31 Dl..:O.CIII!K 1-·, 
"--------.. -- .•. •"' 

•&UlOI.Uo UC\RUU UlOilUflOI" • .A:. -...... , ••;.· r---.;.r-~ '' •t • :,.. --~ ... 
•UQautborts.S.D1solo~ IQb,eo\ \o Crtataal 
laaoUoD8 1 • 

DTIC 
ELECT~:::~ 

JUN 19 1900 S ~ . . 

. INS11TUTE FOR. Dr..FENSB ANALYSES 
INTF.Rl'llATIONAL AND SOCIAL STIJDIES DIVISION 

ztP( 1/ 

I 



....... ···~·~, 
I ·n'M"!t 'M 

lllw••• c~~o.•• .. •·c••· .. o• •··• •••• ....._ ........... 
•EI'O•T OOC\JMfNTATICIM I'ACI! I •r•o ,.,,..\,;Cl'tOffl 

11r('l•1 ":':Mttlln•o ro .. 

. i ,!'~' ... ~ .. • .... -c:cc ....... f '- ... , •• , .... , •••• ) ......... 

A:~-;-,," L. '; ' , . 
' .. ·"" .. . ·J· 

• ...... , ........... ':~I)I::s .... :-:::: -:p·;::sz • •·•• a• •!•]•" '•-'•.!• c•••••• ···- ~· .. • • • •:I' ... 

:-t::3::.~: • ·:A3~ ST':D':" ••• ':E:n::OI.·~O!- :"~:':! l ;;~:1 l9'::'9 .. • •• 
~":. :::::; "lA :-:~u ('J) . ·····-·· , .. ··"·" ....... •",\ ?~D.'"" ?-~ 1.16, . ... . . . . . ' ....... _ .. 

~~ ·••~~>· ~;~• .... •tot •• , ... 

t.~or.ard lla11'1ste1n Ind~p~::d~nt :IU~3:'~h 

=·· ·~· ..... :•• •0. ·-· ••• ••!··-. 
Ir.st1~ut• r:r ~~~~~3~ Analys~s .• :=~-.·-·:.. .. ::.·" : .. =~ .... 
liOO i\~:.-J-~ia't"J Dr1·t~ 
Ar!.t~;;~:r:, ·:,. .?22'1~ .. ,.,.. ......... o•••cl .... ••• •• .. ••• •• •••J•• , ••• 
OUSDRE (Director, Proqram Control & Admin.) ~r.ri 1 198!) 

'' '"""••• o• •••it• . The Pentaqon, 'lash fngton, 0. c. 20301 ~A 

,. _. .......... c ........... ..,., ....... .-~ ............... I II tfCw• 9 : .. att ...... ..._..q 

SEC!IE:T 

{'; R~.~~if:i~~ !'a rs~·::r·.;n .. .... ~ ... ···- , .. ··•·• , .. -........ 

" OIIT .. h1':0.tYaYrtti•TttM ......................... ., • ..__.._ ..... , 

'&. au.-................... 

11. CIY-ct•Oatc-____ ..... 1#~ .......... ._... •• .,_. ......... , . ' 
'Cruise missiles Guidanc~ systems 

n~Se'lrCh and developm~nt Propulsion system3 

M AM1'aAC'r tC_...• ---.,_...,.. _.,.._,. ....... ......,., 

Th!s study !n•testtgat~s th~ technolog1~al or1g!::s or 
the curr~nt u.s. cruise missiles. It 1dant!.~!es the sou:-ces 
of th~ cor.tpon~nt t~chnolog1u ar.d the purposes t'::r which 
th~y wer~ originally developed, examines the •.tay these 
cor-~pon~nt t~chnolog1es ·wer~ syn~hesized th!'O!.:gh R&O p:-,.,grams 
into weapon system:r, ar.d !\.le!'l:!!'!es major <;ech~1cal and 
nontechn!.c=tl t'ac t;J:'S th:tt eon1!.t;!.c"l~d syste~ -=!~·1e lc~;.-.~~t; 

\ 

' 

DD • ~:.-,. 101 , .. ,.. • .,., •..,. .. ·• • .....,.,.. ~NC!.,ASSIF!i!J 
M'.=a.-.fw CL•HIIII'tcn•o• 0111' Ywtf .... ,--. 0::: ........ 

(ThiS paqa fs unelcr.:silied) 
t.l/ 

· .. ·: .. ... ; . 

. - ,_. ·-· ... --- -- .. 



- "'~ . 

'j~f~LAZ:!::::o 

-:-.;!"1ng. t_!'l'!. per1cc1 :·~-;:~ ~.1': 1 :o ~:,. ". 
While· R&D on long-:-ang• C'!'uise m1Ss1les was r.ta:-ked by 

a d1scont1~u1ty r:-em the ~~~ of the _l95~'s ~ntil ~he ~nd 
of the 196~•s, cr~ise missiles as a c~ass ha7e ~een !n 
se:-vice since the early 1950's. The:oe has been al::ost con­
ttnu~us work by the U.S. military R&D community and defense 
contractors on various aspects or cruise missile te~hnology. 
!n addition, technology developed prima:oily for o~r pur­
poses also .proved to be applicable to cr•Jise vehi.:les. · · 
B:{ the time in:erest in long-range cruise vehicles revi •red, 
these technologies had evolved to the point that !t ~ecame 
feasible to under~ake the development of an effective longer 
range cruise missi4e capability, 

The several tP.chnologies involved in the new genera­
tion e•rolved independently--airfrar.te • propuls~on system, 
fuels, guidance and warhead. It was guidance and ~repul­
sion which p:oovided most problems. The first step in syn­
thesizing these technologies occurred in the SCAD ;::oo.jecc 
(1968-77) tnat laid the systP.m technological basis for the 
later Air Force and Navy cr~ise missile programs. :he tech­
nical problems encountered in the SLC:~ and ALCM programs 
were si:ntlar to those encountered previously in SCAD, altho1.4 h 
the separate air and sea applications presented cer:ain 
•.•nique problems. 

The cruise missile case may be viewed as a good exampl 
of opportunistic R&D, wherein technologi~s designed ori­
ginally for other purposes were married to a milita:oy conce~ 
and synthesized into a weapon system. However,· the process 
was neither unambiguous nor successful as early as had once 
seemed likely. There appear to have been three significant 
factors in the cruise missile programs: the perce!ved 
military need; the development environment, which compre­
hended the uegree of acceptance of and support for the 
systems and the political clL~ate of the time; and the state 
of the technologies involved. The .inte:oaction of :hese 
f~ctors conditioned the course of devel~pment. 

The main technical issues involved in develop!ng the 
cruise missile were the optimization of component ~e:-rormanc 
and s::stem integration. Because of the evolutiona::-:,• develop 
m~nt of the component technologies, it was the ove:-all syste 
integratl.on that presented the ma!n technological cl:allenge 
of the cr~ise missile and produced the nain techno:ogical 
innovation. 
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PREFACE 

y 

(U) This study, conducted during August and Septemb~ ·1978, 
reviews the technological origins or the current cruise missile 
programs. Its purpose is to trace the compc~ent technologies to 
their sources, to exP~ine how these technologies were synthe­
sized into weapon systems, and to identity major tec~nical and 
non-technical factors that c,nditioned system development. 

(U) It is not a program history as such, nor does it deal 
a' length with the broader strategic issues that were involved 
in cruise missile de~elopment. The period covered runs trom 
about 1967 to early 19711, the cutorr date representing the t!me 
when both the air-launched and sea-laun~hed cruise missile 
programs were underway. By 19711 the technology issues had long 
since. been ~ontronted, and, while all problems had by no means 
been solved, development ~as continuing on a steady evolution­
ary basis. 

(U) Chapter I deals with the earlier experience or the · 
United States with cruise missiles up until the later 1960's 
and with the reasons tor a revival or interest in u~~anned 
vehicles. Chapters II through VII describe the deve:.opn:ent or 
the several cc:nponent technologies from their i!llr.led13.te origlns 
to the end or the period covered. Chapters VIII and IX deal 
with the subsonic cruise arme~ 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 or 
which the independently developed component technologies were 
integrated into weapon systems. 

(U) Much useful data were gathered from discussions with 
persons who were involved with the cruise missile development 
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or analysis at that tim~. Wh~r• opinions on som& issues and 
r&coll&ctions ot points or tact hav& varied, orten markedly, 
b&tW&&n &qu&lly kno~ledgeable persons, both points Of View have 
been retlect&d in the t&xt. Th& following persons wer& inter­
viewed: 

Andrew Borden, Center tor Naval Analyses ~ 
Harr~ Davis, ro~erly Deputy Undersecretary for .· 

Electronic Systems, USAF 
David Heebner, formerly ODDR&E 
John A. Englund, ANSER 
Alexander H. Fl~x, formerly Assistant Secretary of 

th& Air Force·~or Research & Development 
Lt. Gen. Glenn Kent, USAF (Ret.), formerly AFSC 
Albert Latter, RDA, formerly with the Detens& 

Science Board 
Melvin Laird, formerly Secretary or Derens& 
Paul Nitze, for~erly Secretary of the Navy and 

member or SALT Negotiating Team 
Stuart Rubens, OSD/PA&E 
George Schubert, Technical Director, Joint Cruise 

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

Project Office 
Alton ~uanbeck, CIA, furmerly with OSD/Systems Analysis 
Samuel Williams, ~ill1ams Pesearch Corporation 
Archie Wood, formerly USAF SCAD Program ~ar.ager 
Maj. Gen. Jasper Welch, USAF, formerly A?SC 

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

RAND Corporation· · 
Lockheed 111ss1les and Space Company 
Boeing Aerospace Company 
SRI/International 

(U) I am also indebted to Robert Oliver, Robert Swanson, 
Ronald Finkler, Arth~r Xrinitz, and Donaln Oix, my colleagues 
at IDA, tor their technical assistance. 
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SUMMARY 
"! ··• 

(U) This study reviews the technological origins o~ the 
current U.S. cruise ~issiles. It identifies the sources of 
the component techn~logies and the purposes tor which they were 
originally developed, examines·the way these component tech­
nologies 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 197~. 

(U) Postwar U.S. cruise missile development produced a 
surprising number or operational systems. 1 The most successful 
of these were tactical and air defense systems, some of·wt.tch 
provided long service. Efforts to develop a long-range strate­
gic cruise missile, howe\•c!r, were not marked by similar success. 
For one thing, by the late l~50's improvements in ballistic 
missile technology promised more effective intercontinental. 
weapons. Furthermore, the longer range cruise missiles all 
shared three fundamental characteristics: larr~. heavy war­
heads, inaccurate and weighty guidance. systems, and relatively 
ineffici~nt heavy turbojet or ramjet propulsion ~ysterns. High­
altitude flight was requi~ed t~ achieve range objectives, and 
this made these cruise vehicles highlY vulnerable to air 
defenses. 

1 (U) For the purposeil of this study, a cruise 1niss1le will be 
deUned as an unmanned, self-propelle<!, air-breathing guided 
vehicle that sustains its flight through aerodynamic lift 
over most of its course. The latter qualification covers 
rocket assiste~ launchers. The definition does n~t include· 
vehicles With pure rocket propulsion. 
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(U) While R&D on long-range cruise vehicles was marked by 
a discontinuity rrom the end or th~ 1950's until the end or 
the 1960's, cruise misslles as a claes have been in service 
ain~e the early 1950's. There has been almost continuous work 
by the u.s. military R&D community and derense contractors on 
various aspects or cruise missile technology. In addi\lon, 
technology developed primarily ror other purposes also pr~ved 
to be applicable to cruise vehicles. By the time interest in 
long-range cruise vehic~es revived, these technologies had 
evolved to the point that it became reasible to undertake the 
development or an errective longer range cruise missile capa­
bility. 

(U) The revival or interest in cruise missiles can be dated 
to about 1967, with the surracing or the concept or a SCAD 
(~ubsonic cruis& armed decoy). The ~oncern that underlay· 
SCAD--the need to solve the increasin~ly dirricult problem or 
how to penetrate hostile air space with k manr.ed bomber-~was a 
rerlection or wider concerns on both the tactiral and the 
strategic level. The tacti:dl experience or the war in South­
~ast Asia, considerations or cost, and the growth or technology 
had all combined to ~ke unmanned air attack vehicles attrac­
tive ror a variety or missions. In the late 1960's the Air 
Force and the scientiric community ~egan to reexamine the 
potential or botn cruise missiles and remotely piloted vehicles. 
Th!:a led firat to the et't'orcs or the Air Force to devrlop the 
SCAD and then, in the early 1970's, to th~ Navy sea launched 
cruise missile and tile A.ir Force air launched cruis,, missile. 

(U) The several component technologies involved i~ the ne~ 
generation or cruise vehicles evolved independently. or these 
components--airrra~e, propulsion system, ruels, guidance 
system, and warhead--the technology or the airrrame posed the 
t'ewest problems. The warhead also caused little dirriculty. 
It was the ~1idanc~ system rirat and the propulsion system 
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second that represented the c0111ponent technolosicai~challensea 
ot the nov ranerAtion or cruise missiles. 

(U)·It wa•·4evelopm~nt or the lightweight turbofan engine 
with a low apecitic tuel consumption (SPC) and thrust-to-weigh= 
ratio that hat made possible the small, long-range cruise missile 
ot today. The desirable qualities tor a propulsion system had 
been established in early ettorts: 
minimum production or observables. 

low SPC, lightnesa, and .. 
While small turboJets had 

been made as early as 1945, a truly efficient miniature fanjet 
that fulfilled these requirements did not appear until the 
Williams WR-19 englne was developed in the later 1960's ror an 
ARPA P'ying Belt proJect. This ~ngine wss the father ot a 
tam11y or engines that has sine• been ~,veloped tor cruise 
missile use. 

(U) In the pertod up to 197Q, the engine was not seen ns 
risk-tree. Considerable sk~pticism existed as to whether it 
could indeed achieve the necessary tuel economies to reach the 
objective ranges. Furthermore, the high-energy, high-density 
fuels that ~~d to be used in order to achieve those ranges 
posed the s:-osaib1lity or reductior1 or engine erticiency through 
fouling. The viscosity or the fuels at the low temperatures 
that an air-launched misstle would encounter also represented 
a technical risk, since measures to resolve the viscositt 
problem meant loss or energy content and hence lessened vehicl~ 
range. 

(U) or the component te~hnologies or the cruise missile, 
however, tt.e guidance syste!n has probably been the most diffi­

cult to develop.' The basic system has consi!ltently been 
inertial navigation with some torm or position update device. 
The Terrain Contour Matching System (TERCOM) grew out or ex­
perimental work ir. 1958 on the supersonic low altitude missile 
(SLAM) project •. By 1968 cont1.1uous development had brought it 
to the point where it was the clear front runner a~ong candi­
date systems tor the new generation or crui~e mi3siles. 
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Howe~er, the Hystem appeared to surrer trom aeriou' der!~iencie~. 
all ot which usually led to its being given a higher technical 
r1sk rating than any or the other components. The syste~ had 
been tested, but not in any stru_ctu:"ed program nor under "per­
ational conditions, and the results tended to be ambivalent. 
The accuracy and reliab!lity of the system were W\4ely ques­
tioned, TERCOM was subject to occasional false fix s.election 
that threw the vehicle ott course. The sensor could be affect­
ed by the presence of vegetation and snow, which caused ~oliage 
and reflectivity errors. The maJor deficiency, however, was 
extraneous to the system itself. The necessary data base or 
digitized terrain profi.les or the Soviet te'l'l'ain did not exist. 

dk> Between 1968 and 197• incr~aaed testing a~·~eJ~o~lea 
larger data base on TERCOM operations, resulting in 

It also became apparent that w1th 

system was related to developments in terrain-following capa­
bility·and computer technology. Although terrain foll~~ing had 
been studied tor a quarter or a century tor tactical airc~aft 
application, c~~ise missile application created special prob-. 
lems and requirements. These in tut•n involve:! trac!e-offs 
between terrain-following capabi~ 1t:y am' vehicle sur v-i vat!l1t:r. 
A technological breakt~~ough in the computer field pro>1~ed 
the basis tor TERCOM in its miniaturized cruise mis::ile ::10t1e. 
The develo~ment or semiconductors in the early 1950's led, 
step by step, to development of the microprocessor around 1970 
and then, within another couple of' years, to the semi-conductor 
memory t~ go with the computer. Alo~g with the technique or 
Kalman filtering, which permitted optimal use of I!OII'.puter 
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memor, space, these two contributions made it feasible to use 
TERCOM 1n the cruise missile's confined airframe • 

(U) The t1rst step in synthesizing the ab~ve described 
technologies occurred with the SCAD proJect (19S8-73). While 
the proJect was ensnared in the polities. or the 8-1 controversy 
almost trom its inception, prngresa 1n developinf!·-and integrat­
ing the component technologies continued. SCAD lai~ the system 
technological basis tor the later Air Force and Navy cruise 
missile programs. The SCAD concept suggested that a very small 
airframe could a&hleve considerable range and deliver a respect­
able warhead with good accurecy. 

(U) The Navy interest in·a cruise missile can be traced 
along two separate but obviously inte.rrelated lines. One or 
these involved development or an antiship missile (Harpoon), 
beginning in 1967, and the other involved development or a 
strategic/tactical cruise missile, starting in 1971. As did 
the SCAD project, the Navy program moved erraticallY but ~oon 
received impetus from considerations deviving from the SALT I 
agreement. The technologies or the Harpoon an.d the SCAD were 
applied to th~ ~ea launched cruise missile. 

(U) Cancellation or t~e SCAD program, in July 1973, was 
tollowP.d by the inception or the Air Fore~ air launched cruise 
missile (ALCM) program. Since then the Air Force and Navy 
programs have moved not only along parallel technological lines, 
but also under increa~ingly common management. 

(U) The t~chnical issues encountered in the SLCM and ALCM 
programs are similar to those encountered previously in SCAD, 
although the separate applications, air and sea (and especially 
undersea), presented c'ertain unique problems. The viscosity or 

1 high-density fuels, tor example, was more a problem fo:r ALCM 
than tor SLCM; on the other hand, the possible t~xicity or the 
high-density tuels represented a serious problem in the eon­
tines or a submarine but did not arrect the ALCM application. 

z1 

' , . I 

• .,,;·.:it~·.·-.. -_ _: :.:;e..;,;/.6~: -_._. -.s .;;..·;;.,: ::· ,;,..::.i~;,o;-~:..,;.IICWSIEIED ·~--· ... ~--~~,~ ... ·e , .. · ;,;;~ ... ~~~~ 



U~CUSSIRED 

(U) 'l'b•· Cl'\lise miaa11e cas.e maf be viewed as a good 
example ot opportunistic R•D, wherein technologies designed 
originallJ tor other purposes were marri~d to a 1111lit&rJ con­
cept and ·sf71theaized into a weapon system. However, the proceu 
was neither wwnbiguoue nor succeasf'Ul as earlJ as h\d. once 
seemed likely. There appear to have been three signiti.cant 
factors in the cruise missile programs: the perceived milit&rJ 
nedd; the development environment, which comprehends the degree 
ot acceptance or or support tor the systems and the political 
climate ot th•t time; and the state ot the technologies involved, 
The interacticn ot these three ractors conditioned the course 

· ot development • 
(U) The late 1960's was a period ot greater receptivity 

toward the use or unmanned cruise vehicles tor a varietJ·ot 
missions, but thera was never any generallJ agreed-upon 1111litar, ~ 

need ror a long-range strategic capabilitJ. Ranged against the 
scientific community, OSD, and R•D ele~ents or the Air Force 
and· Navy were the most influential elements or the two Services. 
The former group wished to exploit the eno~ous potential they 
saw 1n the cruise missile, while the latter, tor a number or 
reasons, preferred that the woapon have a much more circum­
scribed role. The Air Force either actively resisted a long­
range standort weapon or viewed it at best as a noncrucial 
penetration aid. The Navy's interests were primarily in anti­
ship cruise mi!lsiles and only secondarily ~n a stra~e!!;ic 

~·eserve force ot cruise vehicles. To both Services, then, the 
cruise oissile was a subsidiary weapon system. The long-range 
strategic mission was pushed by the scientific community and 
its DoD supporters. 

(0) The controversial nature or the issue or perceived 
1111litary need 1n lar~e part shaped the development environment. 
It seems likely that the environ=ent, rather than tec~~ological 
tactors, played the dolll1nant role in the development process. 
OncertaintJ or mission, lack or Service support, Congressional 

J 

I .. 
• 

x11 

a ·,;;;0;· e7*+.'·•b· th.\,'jt/ · +•b•;;_;;,,.i. Li,;;:.-1 j , ' ''w:. --. t Cit I 0 sac 



' 
' 

• 

.. _. ~ 

- .,_..,._ ___ . ___.--~.._...~....--.r-·--·-·-...,.._, .. 

DICUSSinEt 

ambivalence, and t1nally, ln 1973, suspicion that the cruise 
11111111e waa .tust a SALT p.swn always lmpedttd the progre11 ot the 
program. In consequence, the cruise 1111aa11G ln lta early years 
did not recelYe either consistent high-level attention or ma,tor 
tundlnl• ..... 

(U) A baste prem1ae ot thla study waa that the cruise mta-
slle technologies were "available," ln the aenae that a great 
deal ezlated on which to build·, when interest ln the 171tem 
revived. While many problema remained in each area, the proba­
bility ot ultiMate aucceaa was good, even though the several 
component technologies were not equally advanced at the outset 
nor did the development processes move 1n step. 

(U) The technical issues involved in developlng·the cru1ae 
llllulle were the optimization or c;,mponent pe!r~·ormance and 
system integration. Because or the evolutionary development 
or the component technologies, it waa the overa~l system inte­
gration that presented the ma1n technological cbPV.enge or the 
crulae m1sa1le, and pro1u~ed the main technological innovation. 
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A~tia!~er!rt artillery 
Advnr.c~1 Eallis~ic P.eentr7 Syster.~ 
Air :!"cree S7s~e~s Co~~and 
Air la~~ched cru!se ~!ssile 
Aeronautieal S7stecs Division (A:!"SC) 

BTU 3r1t1sh thermal unit 
C!P Circular error probability 
ECC!~ 
EC!·! 
E:~P 

!lectronic counter-cour.ter~easures 
Electronic counter~easures 
Electro~agnetic pulse 

I:IS Inertial navigation s1stem 
LACO!'.. Low Altitude Contour ~!atch1ng Syster.l 
!·liLAH 
l·!IP.'l 
!IACO!'. 
P.CS 
ROC 
P.P'l 
SA:~ 
SCAD 
SCAI·! 
SC!'. 
SCUD 
S!'C 
SLAT·! 
SLB!4 
SLC!4 
SP.AM 
SSB!l 
ssr~ 
SS!l 
'!'A 
TAI:IS 
'!'EP.CO!~ 
TERF 
TERSE 

~ult1p!e indepe~dently aimed low altitude missile 
~:ultiple independently a!:ned reentry vehl.':le 
Rapid Contour !·!a':ch1r.r; System 
P.adar cross-section 
Required operational capability 
Remotely piloted vehicle 
Surrace-to-a1r missile 
Subsonic cruise armed decoy 
Subsonic cruise armed missile 
Sea-based cruise missile 
Subsonic cruise unarnP.d decoy 
Speci!'tc fuel consumption 
Superson!c low altitude missile 
Submarine launched ballistic missile 
Sea launched cruise missile 
Short range attack missile 
Ballistic nuclear submarine 
Surrace-to-surrace missile 
Nuclear submarine 
Terrain avoidance 
TEP.Cm!-i.ided Inertial ~a vi gat ion System 
Terra!.n Contour !·Iappin~ System 
Terr.tinal !'ill: 
Terr.~inal Sensing Experiment 
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CRUISE MISSILE BACKGROUND 

(U) For the purposes or this study, a cruise ~issile will 
be defined as an un~nned, self-propelled, ll11·-breathing guided 
vehicle ~hat sustains !ts fli~ht ~hrou~h aerod~na~ic lif~ over 
~ost of its course. ~he latter qualification covers rocket­
aas1sted launchers. ~e definition does not include pure ro::ket­
propelled vehicles. 

(U) T~e cruise ~issil~ pro~ams be~n in ~he earl~ 1970's 
are the la:est ~anifestatiG~s of a lon~-te~ A~ericar. !r.terest 
ln the t-.chnolo~y or u:-:nanned po~1ered aerial vehicles._ ~iS 

interest <:an be traced tack to the First ~·/orld •..rar when ( 1n 
1917) exp~r!nents w!!r~ ur.der':ake:"l ~~i~h robot airc_rart that cou!d 
be rl!ll-In a r'!w r.til'!S. ':'!':!s werk eor.t1:'1ue1. !"cr sc~e l~ :,r~ars, 

and while no nil!:ary applicat!on r!!sulted, there was so~e in­
direct payoff in ter~s or the develop~ent or the autopilot and 
instrument landin~ s~stens. Then, in the late 1930's, the Ua·ty 
made plans to use TV-guided assault dr~r.es with a rar.~e or 20C 
miles. 

(~) Betw~~n 1939 ar.~ 19hO, :he Ar=y Air Corps dev1s~d an u;­
dated v~rsicn of the 1917 drcr.e a!rcra!'t, called t!':e "Eu;:," t!':at 
had a 200-~ile range, but developnent was halted in l9h3 as the 
craft was no longer considered competitive to manned aircraft. 
(Development efforts were not pursued because the technolo~~ of 
the time did not pronise an early achievement of goals.) In 
191111, to counter the first st.:::cess ful cruise miss1le, the '1-l, 
the United States on several occasions used bonb-laden drone 
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l!-17 • a that ·were crashe~ ir.':o the. he1'111:7 derende<l hunch s1 -:n, 
thus ua1n~c·one ur.l!'.ar.r:ed n!".!.cle ac;a1r.s': ano':!".er. 1 

A. INITIAL PROGRAMS 

('') I• "h• "••'od •~·•"'a"el'' •~1•~··1n .. "h• lf•" •to.t ""'"•" .. • ...... to •• - .......... ... ... " .. .# .... .,#f • "!!I ... .. '-• • -·· ~ ···.- .... ... 

S'!at:es att•:::;:t9t! ~o 1e-·f'!!.OJ: a r.:!ss!:.~ ea;:at:!l!'!j. ':'he '!1!-'=!':r.o:.­
ou or both tall!stic ar:~ cru!se ~!ssUes ··:as !:: ! :s !nranc:~, 
but the rocus was rapidl:;' ~ut or. eru1se cissile applications 
because or acpar~nt co~~onal1'::7 wi:h eonver.t!onal a!~crart 
S:;'s':e~s and tecause the ~n1ted Sta':es had 1r.her!':ed ':he ~-1 a::~ 

V-2 technolog:~ alor.s with some or ':he scientists who had crea':~ 
the weapons. (~er~ar. experience wi':h the V-2 ha~ illustrated 
that there was a ~rea:er ':eehr.olo~ieal problem assQc!ate<l ~ith · 
the developmer.': or ballistic ~issiles.) Alth~u~h hard-presse~ 

to show an application ror such a weapon, the A!r :orce under­
l:ook to copy the '.'-1 irnr.~edla':ely arter its appearsr.ce in the 
sur~er o~ 19b4. ey the t!~e the wa~ ended, ~or~ ~han 1,!0~ 
copies or the V-1 ha~ been bu!lt, the A~er1can version bein~ 
called the JS-2. 1 

(U) The pro~le~ w!th the cruise ~issile errorts lay in t~e 
d!rr!cult:;' or adequately replac!r.g the huoan !npu: to the air­
crart system (~1dance, ':ar~et acquisition, mission prov,ra~n!r.~, 
r!exibil!'::;"), as rela~!vely little explo!table tech~olov,y was 
av9.1:.atle. ::eve:-the~ess, t:·.e des1~e ro:- a r:1ss!.~~ ca~~b111t;:t 

pushed ':he t:r.1te~ ~ta':es towar~ develc;:~er.t o!" c:".o!se ~1ss1les, 

1 ('J) J. A. Er.glu;1d, Ad!Ja>telld P.iuilu--'l'•c~>tology a>td Applica­
tio>ts: Tl:11 Cl'uiu .'1-:ssil•--W~at Is It? fll!at Miall~ It 811? 
(ArHngton, Va.: :.:IS<:R, April 30, l97g), p. 2, SE:RET. 

(U) :::t should be r.o1:ed that the V-l was not a ~:".oe cruise 
"1ssile in the classic sense, s1r.ce !t had no ~r.-tcard gu!~ar.ee 
syste~. I': wa~ po!r.ted ir. the d!~ec~!on or its ':a~~et and its 
er.~ir.e automat!cally cut ~ut ar':~r ~he t!me 1esi~a:ed as 
requi~e<l to put 1t over !~s tar~e':. 

1 (t) R. Pe~ry, Systll~ tii!JIIlDp~ll>tt S!1'~t11gi11s: A Co~al'a~i!JII 
sea.dy of :Joc!ri1111. :'•ci!'!olo~y .. cut: cr1aJtiaae-£or: i~ ~~. ~·s~t.r 
Bal%istie arrd Cl'uiu .W.uiZ .. Pl'011'a"'•• 1350-Z:U,, ?:-: ~~53!'!! 
(Santa :~or.1ea, Cal!r.: !!A:::>, Aua:uso; 19,!). 
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o~•:- t~• ~•s:.:-, !'-::- 11 :-!;.!."!:.:~ a':~·J!.:-4!1 -::-·;!:s~ :-.!.3:!.:., -:t;.,t:.:­
!~7 ~~~:-•n tx!s~!~~ ~'eh~cl~~j. =~~h ~r.e A!r :~~:' an~ ~~! 
:~a·t:; !r.!~!tt;,~ ;::"'l~ra:.:s, w1t:h *!!':.• ~!rst: op•rat:!":.r.&l ., •• ~-:r:s 
t'':er.!r.~ a•ta!la~:.. 1n ~ht r.:!~·l1S'J'!Il. 

...~ 

( ~) •• 1•&R ·-···· ·••s' 1 •• ~-r ~R·~ ·~·a····~ .... ., 3·".1· ...... ~ ... ···-~ ......... ., ... ., ... , • ., ..... ., ... 

cal a;:;:l!ea~!o::ns !la-:! been c:!e'ltloped t:J ':!lt Air F?r~e· an:! ::a·''l· 
Table 1 lists most or the cruis~ missile pro~ra~s begun s!nce 
~he la':t l91i''s. ':'!':tir 1!•~trs1t:r 1s surpr!s1n~. ':1-.ert ·~as O:!lt 
::a•f:J ~t~..1lus, :::e·J:-:':e-:! on sut:::arinu a:-:d su:o:'ace s!':.!ps; tl'.t 

in':ercent!ne:-:':al Snark, Which was des1~ned to fl7 a': a s.~~C-~t 
alt1-:·~:!e a': :.:a~!: 0.9:& !'l!l:O 5,500 Mar:-:! dtl1•~tr a 11-:-:t war!':.ta-:!; 
tht!' t;ac-;!eal :·!~:e ar:~ ~·~a-;a1or; the a1r det'er.se !c~are; · t:h~ a!:-­

to.,sur!'ace Pascal and H?u:-:1 !lo~; a:-:d the bo~ber J:e:-:etr·t':!-;r: 
dt~O:JS ~oose and Quail. 1 

(~) So:::e o!' ':htse ~!ssiles had a lon~ and use!'~l lire. 

!!o~a:-e, ~r!. tt ! ts !':uc le!l!" warhead, W!S or.e, and ?.cu:o:c! !>o~;, ':'a los, 
and ~uail are others. so~e had br!tr lives. The r1rst Snark 

~issile was placed on alt:ot 1n ~areh 1;~0 a': ?res~ue I~le, 

:~at:-:e; ~he full 7C2nd S':rate~ic :~1ss1le W!n:t was declared oper­

ationally read:J in :1arch 19~1; the W!ng; was 1r.ac:!•fate~· as 

obsolete ir. June 1951.' 
(l:) Perhaps the :::os': exotic or :!le pro~:;ra~s was the S!.:.:-: 

(Su~er=-or:!e ~cw Alt:1tu1e :-!1ss!le), !r.!.:!.a:ed !.n A':.:~st; 11s: t1 

Ct:a.nce-·!cug~'; ~~de:- A!r !="orce ecn';~act:. ~e- .!~t:!:-:';!.,.,r: was :c 

develop & n~olear-power~d, low-al~!.t:~d~ 1n~er:cn:!.~en:al 

(unl1!:'1ted rar.11:el :::!:ss1le capable or carryir.;: a t:·lclear warhead 

anywhere in the world. ~ile the missile progra~ 1tselr was 

cancelled by 1960, work was continued on some or ~he co~pcr.ents, 

1 (':J) neadq•Jarters, r;sAF, o ... : /Plans and Ooerat!ons, C1'uiu 
Ui••il• Seud~ (DrRrt) (April 20, 1976), p. lll, ~~~?~7. 

'CU) Headqua:o':ers, Strate&;!~ A1~ C~m~Ar.d, ~~. Deue:o~~•~t 
Stra~egia Air Co~~a~d. t34e-191J (Or!'utt AFB: Sept~mter 
19711), p. es. 

.. 

3 

UNCLASSIFIED 

o.' . -•1· 



c: 
z 
" £: 
~ ~ 

en -' ; ... -.. ... 
c::t 

• ~-

Table 1 (U). U.S. CRUISE MISSILES AND rROr.RAHS AS Or 1975 

.,,, .. 
1, I tcot •1-~~.'ro~~'!!!!-........ I SSM Turbojet ........ II no hrbojet ...... sso •••Jtt 

S•arl sso furbajtt 
RIUitor sso turboJet 
Reel SSJI' hrUJtl 
o ..... Decor hrboJU ..... Dot •s• TurboJet 
SUN ISO/ISO luc lur ... ,., ... sso hrboJU 
ftiOI SA• IUJU 
IO•arc SAO •••Jet 
SCAD DtcOI/ASJI hrtof .. 
SLCO CSIUTI sso locltt/t•r•ofaa 
SUR cuc1 sso loclU/hr•ota• 
AUR ISO hrbor.a 

'-·· 
1Lau•c• fro• coeweatfontl SS or lblp. 
•Ltuacb frea aucleer SS or lbfp. 
'C.•ce th• ltSJ. 
40perattoatl 1160, retired 1911. 
11eplace4 br MAC(, 1111. 
1coawerltd to droaes. 
'l••t •••••• ,., 1161. 
•Ltll dlllwtrr 116J. 

-- --···--- -· --- --·-----. -- ...... ......... . ,, ... .. .... , , .. , Co~e•l , .. ,, , ..•.. ,. ------ -- --- . - - ..• - - . 
HI 0.1 u,soo ..... , ....... 

I.IOD •1.0 za.aoo lautlel• 
s.soo J.o JOO.OvO ..... ~··· ISIUI 
I .lOG 0.1 ss.oco ••• ,., ••• ,c •••••••• 

I DO• 
0 ' IJ .ooo Ieier co-••• 

l.lOO 0.1 u.ooo toortl•ll••• ••teat .. ,.. 0.1 1.100 ••••••l•t·ll .. r •r•tr .... • 
I DO• l.O 10.060 loortl•l/st•r-trlcl 

lloL•I •.1.0 1.100 
SO• ci.O I.SOD lcltwo re••r 
IS• I.S , .100 Je•f·ICtlwo r•••r 

uo '·' ... ooo ..... , ....... 
roo o.s r.roo l .. ru" 

I,SOO• ci.O J.OOD t .. rtteiiJUCO. 
JOO• ci.O r.eoo taorrtell•cttwo r•••r 
700• ci.O ••• oo faerrt•IITIICDII 

... -- -- -
I 

-~ 

------ -
Iehto I ····-· 1111 

.... c .., .. 
JttJ• 
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apec1t1cally the n~clear ;~ver pl~n~ •r.d • (Uidance sys~e~ • 
~~ la~ter was to beco~e ~ar~!cularlY s1~ir!eant. As Jar.e's 
f.Ut !.~ in 196!: 

t:nder tu:-ther USA!' cor: tracts 1 Chanct•'!OU:Jht 
ha•ft dl''teloped an a'!vanced selt ccnta!ned a;u!:1-
ance .~o~b-system ca;:at:le or direct in~ mis~les, 
includin~ SLAi~, wHh unprecedented accuracy, · 
Sim~le but relati~ely inexpensive, t~is sys~e~ 
was tli~ht tested !n a Convair T-29 !r: 1961. 1 

'rhus was the '!'erra:.n Contcur :-'.appir.~ ('!'E:RC014) system bo:-n. 
(U) By the late 1950's, as a number or cruise missiles were 

beginning to enter service, interest in a strate~!c :ission ror 
t~ee~ decl1r.ed. For one tt.!::~, 1r.:provements 1n ballistic 1:11Ss1le 
technology promised develop:ent or errect1ve intercon~~nental 
weapons. s~viet scientific successes with Sputnik an~ the r1rst 
Soviet ICBM had inspired .the United States to all-out e~rorts in 
thiS field. t: .s. resour.ces and errorts were directed ~encetorth 
into the ballistic weapons. 

(U) The other r.ajor reason tor cessation or the long-range 
cruise rlssile errorts lay in the technical problems related to 
them. Wl.il~ several or ~he pro;rams had produced actual opera­
tional systems by 1960, the longer range weapons all shared cer­
tain characteristics: large and heavy warheads, inaccurate and 
weighty guidance systens, and inefficient, heavy, turt:oje~ or 
ral:ljet engines. Further, tt.ey i1ad at best inaccurate rud:!.l!'.en­
tary means or obtaining location 1ntorrnat1on to correct their 
guidance systems during flight. To compensate tor these 1nad~­
quacies, high-altitude tligh; was required in order to achieve 
range objectives. This meant the subsoni~ vehicles were vulner­
able to air de tenses. 1 Consequently, tl.e cruise missile became 

1 (U) L. Srid~an, ed., ~an•'• All t~e Vorld'e Aircraft, 19~J-e~ 
[ 1 (!lew York: :·!cGraw Hlll, 190), p. 430. 
~ '(U) Englund, Aduanoed Mieeil••· p. 8, SE:CRE:T. 
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non-coJ:1Pet1t1ve and 1ts function:: were ass!.;ne~ ~o e!~l:er 

tall1st1c weapoo:s or r.-.anne~ ai:-cra!'t.' 
(U) That the r:avy hac! second thoughts about havir:g 

~1ssec! opportunities to utilize the early postwar strate~1~ 
~!ssiles in a tactical role was illustrated by an ~change 

during a Senate Cor.'.~ittee on the Ar~ec! Services hearir:g in 
:·~areh 1971. 'rh'l !:'lf:U~:t Ch!e~ or ~!aval Ct:e:-a~!.~r:s !''l,. S~:-:"a-:~ 

~:ar!'are state:! that "we hac! a r.:issile ca!lec! the ~e~l'Js sor.:.e 
~i=e back, which w~~dropp•d, ~hat tur~s out ~o be s!c1lar to 
thl!r o1ssi\e tl:e· Sovie~s now ha•lt aa:a!ns~ us in ':he cl"Jise 

r.:.isslle ca~ego::oy." In answ~r to a q~est!on as to why we droppe~ 

it, he sta·:ed that !l: was dec!:!e~ tt-at with the arri•ral. or 

~olaris th•t P.egulus, t:hich ·.tas eons!derec! a s-:rateg!c :::1Ss1le, 
seemed sup·!::o!'luous. ·~te telt we had stepped beyor:d it. 'lie were . 

not sr.-.art er:ough to r::ove that oissile into a tactical aps;.Uca­
tior: and •·e should havl'." 1 

(!1) B:! "we" the De;:nlt:f Chie!' was or course referring 

srec!!'ieally to the :ravy, s!nce the Air !'orce :-!at. ad or and :~ace 
we::-e ta-:!:!~al ~:'!apons. '!'he !'Hlure or the llavy tc pursue a 
tactical application has been traced to the ract that beginning 

in 1947, early de•relopment contracts !'or pr~~<Jsed llavy cruise 
missile prograos no longer included ships as target options. 
This rr:striction u!' U.S. target options oay have been a ;:>r1mary 

ir:!'luer:ce on the developr.:.ent or guida:-:~e tech:'!olo~y ar:d "•:tS a 
r.:ain rl1!'rerence be':.ween t: .S. a:-:d Scviet e1forts. S!n~.e the 
Soviets lacked carriers and the a!r support car~·1ers provide to 
othe~ ships, they compensated by developing ant1sh1p missiles 

as a means or 1ncrf!asing the firepower or both sur!'ace ships in 

---------------------' (l") K. Tsipis, "Cruise !U1s1les," Sei•rttifia A.,e,.icart 236 (2), 
p. 20. 

1 (U) U.S., Congress, Sena·.e, Heal'irtgs Befol'• tlte Co.,.,-:.tte.r ort 
.ll'.,ed S•l'vices, Fiscal real' 1372 A:.tltal'i:catio>l f'0 ,. .~iT.ital'" 
Pl'roCIAl'.,.llrt '.:, .'1es •c: l'~lt a>1d DB VII z.,p,ll>l t, Cons tl'IAC ti Ort c: rtd P.o!a Z 
El>tC:~B Acquisitio" fol' tlt11 SA,:o!;,;UA.'~D ABf.l, a~.ti P.•s•l'VB 
Stl'•rtgt~s. 92d Cor.g., lst sess., March 26, 1971, p. 981. 
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8. REVIVAL OF INTEREST IN bNMANNED VEHICLES 
..~ 

C'.:i l'!ni·ted :.n:er'!S': in ~ru!se-":jpe :~iss:.lu ·:an -!:e :!a":ed 
t~ &.!:1-:.u:: 19~7, when ":h'! cor.:ept s•J:-:'ace:! o~ a s..:tsorii-~ c:-•Jise 

· arr.:ed deo:o:~, or z:::.o bti th links to th'! Harpoon), the 'i'!'t'!!!op­
=~~': c:' "Ah!-:!1 ~til: te 1-!ser!t.e~ :.a:9~. '!h-! con:'!rn ·Jr.19rljir.g 

:~~D--~h9 ~~'!1 :o solv9 the !n~r~as1n;:7 :!~f1:ul~ pr~tl~= ~~ 
how to per.etra:e hcstile air spa-:e w!tl'". a :::anr.-!:1 b::::ter-­
re:!9:~,a ~ w!:le~ spre!1 con~e~n w1~h regar1 to both ~a~:1~&1 
ar.:! strat'!gic -:.p<!rations. ey th'! later l9<5')'s, a parti~u!ar 
:.et or c1r-:u:::stances r.~ade unmanned vehicles look ::ore -attracti•te 
and bo:h re~otel:1 piloted vehicles (RPV's) and cruise r.~!ssil'!s 
were again being discussed. These circur.~stances r'!su!ted fro:~ 

the tactical '!Xper!ences or Vietr.a:~, consi:!erations ?~ :?st, 
and the gr-:;:·t":h o~ technolog:~. 

(U) ~c:::cat !n Southeast Asia had de:::or.strated tha": d!spro­
portiona:e cost benefit ratios often :::arked r.~anne:! a1rcra~t 

operations aGainst targets that were heavily defended with com­
binations of missiles, conventional radar-gu!:!ed AAA• and 
defensive fighters. As a result, means of elir.~ir.at!ng th'! 
h•J:tan fact;cr in eert;a!.n op'!rat;1ons cca.r.:e un:i'!:- '!Xa!':l•nar;!.cr,. 

(U) Eli~inating the nece!sity a~ ha7!ng a hu~an Fr•s'!~~ !r. 
an attack s)stem carried ~anj advantages. It cc~l:! ~ean th~ 
elimination of life support equipll'.ent, which ·..,ould reduce 
structural size and ~eight, and this !n turn would reduce both 
initial and operatin~ cos,s. Unmanned vehicles could further 
operate a~ a!ticudes, speeds, and acceleration reg!~es that 
vould be too dangerous or unbearable for a h~man. Such a 

1 (U) F.A. Tatur.1, EuoZution o: US <:>•d Soui•t ::rtdBB .llissils Ts~l!­
l'!oLog/1 (Santa l·!cn1ca, Calif.: ·RAllO, July 1978), p. 5, SE.<:RE.T. 
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· 171~e~ coul~ te a one-way sys~em, ~eanin~ ~o~~ ~an~~ ar.~ pay­

loa~ for the sar.e w~!ght, ~r.~ wou!~ thus be ex~er.datle ar.1 r.ee1 

no~ te conseructed ~~ h!gh-qual!:y, long-l1ve1 ~ate~!a~s o~ 

cc~poner.ts. ~e absence or ~eatur~s ex:ernal to the ~~in air­
frtz.e, such as stores or cockp1~, would ~ean a re~qced radar 

cross-sec':ion and thus grea':er penetration capabilit:(.• · 

(~) On the other hand, there were obvious disa:lvar.ta~~s :o 
uneanned atta~k vehicles. The absence or ~an ~ean~ the syste~ 
would be inflexible.._ :~oreover, one-way syste~.s had to t:e 7ery 
inexpensive to ju~tify their use. Cata links could be not only 
I!'X;:l~!':s!:re, b:.:~ a!so un:-el1abl'! ar.d •r..~:.r.e:-a!:!~ to =:~;.:, a.:":.~ o'r'!:-­

all rd!ab1l! tj" had to be high or low con~!:ler.ce in the ~:~apon 
would crute a n~ed for ~ultiple "l~hicles per ::~ission, '.:t.:os 
increasing th~ o~iginal low cost. 10 

(t:) '!'he develop~ent or new inte:oest in c:o:.~ise missiles 

paralleled that for R:!''l' s • 11 As a :oeflection or t!l!s gro.,..1ng 

interest, t!le Air !'orce Systems Co::-.:::and and the ~A~:o Corpora­

tion sponsored a ~.ajor SJ!:Iposium, f:oom :·!ay to June l97C, to 
rev!ew the feasibility an:! practicability of ::>!''!'s. ':'eehn!-:al 
papers established a base for the several technologies that 
could contribute to develop~ent of ?.!''T's, and the ~eport of t!le 
s:;r.:posium stressed the fact that indi•fidual technologies had 
attained develop~ent levels such that they could be in~orpora­

ted into remo':ely pilot e-:! s:rsterr:s !d th 1! ttle or r.o a ttenclant 
technical risk. ~he Report also e~phasize1 tha'.: or.e si~~!~!'!an~ 

advantage of R?V's was that they ~ade possible a r.ew approach 

to lo·.t-cost vehicles. In the past, as missions and def~nses 

10 (U) En~lund, Advanced Nieeilee, p. 7, SECRET. 
11 (tJ) An interest.ing corn!ltned use o~ R!''l and cruise r!!issU'!s 1s 
repor:ed in Aviation Week, June 20, 2977, p. 81. The ::~a~~zine 
recorts that the :ra.,a! A!:- Sys~ems Corr..and clans <;o oroce!!d soon 
with its program to :le'l!!lO? a s~.all ~PV for' use on nona'l!a~ion 
ships to detect, locate, and ~lassify potential tar~ets ~or 
antish!p t;eapons s•1~h as the 11cDonnell-Dou~las Harpoon ar.d the 
Gene~al Dynamics Tomahawk. 
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htd b':o~e =~r~ po~histtcate~, 1~ had te~n ne~~ss~~Y ~o ~~!:~ 
::cr•· e_~lex a~~:-a!'t 1;0 ensu:-1! OP:'!rat;!or.al S'Jr:e:-!-::-! t::r c:- '!•Je~ 

t:as1: lurv1'1al 1:: sue!: an '!l'l'li:oor.:-::.en':. As drc:oa~~ teo:a:-::.e ~o::-"1 

co::~l~tz···to bu!l-:!, the:! beca:'!e ~xt:rer.-:e1:1 cost; l:t pe:- u:-.1-:. :·J'!get;: 

c~nstra~n~s ~creed the A!r Foree to bu1 ~~w~~ ur.!~s ar.~ ~~!s !n 
turn drove ur.i': eost higher. !he ?.eport po!nte1 c~~ that ~~:- a 
decade the Air Foree had te'!n eaught 1n an e'ler-w~~en!ng s;!ral 
ot higher eosts and fewer a1rcra~t. P.PV's see~ed ~o o~~er a 
~ear.s o~ breaking this pal; tern·. 1 z 

(~) !n wr1':1r.g or ?.PV's 1n 1971, the cerense ~:!en~e ::ar1 
;iO!n~ed out tr.at in se•rer~l env!ronr.e~~s, sor.:e al:-ea'!:l ~x;'!:-!­

enc9d a~d so~e f~recast for the future, t;he r.eed ~~~ alter~a~!~e 

s:,rsf;ems to co~plement the capability o~ manned air:ra!"':. '"as 
apparenf;. For some tasks ~~nned aircraft co~ld be ':oo expensive 
to procure and operate, even without allowing for a~~:oit!o~ 
t:oo~ ene~y defenses. Overflight by ~anr.ed a!rcrar~ or ene~y 
or neutral territory eould be politically unacceptable.. Finally, 
the incr~as1ng ca?abil!ty or air defens!s could res~!~ in h~gh 
attr~t1on ra~es--high enough to preclude s!Jsf;a!r.~d c;e::-at!.<'lr.s 
and prevent achievement or the m1l!tar:r objec~!.ve--o::- excessive 
cost 1n human and material resources. 11 

~) Furthermore, cruise missiles could be 

12 (U) RA:m Cor?orat1on, ~epo~t o! the P~oceedings o: !"e AFS~I 
P.A.'lD Sy,.pos£u"' o! May-July 1970, Vol. l (Santa <·tonica, Sal!!'.: 
RA:ID, July 1971), p. i1, SECRET. 

11 (t:) O!'f!.ce Director Defer.se Research and Er.crineeri:::;;;, Defense 
Scienee Eoa::-d, Ints~i,. P.epo~t of ths Pansl on P.P'Is (July 197!}, 
p. 3, SECRET. 
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~~~.~~J'~• technology applicable to c~~!se missiles had 
been developing steadily throughout the 1950's. Work on infor­
mation processing, propulsion, navigation, ~~!dance, and 
sensors showed the po-ential or all these sys~e::ts to impro·re 
the reliability and accuracy, increasing ra~ge and penet~ation 

1 •(u) Center ror Naval Analyses, l!aval Warfare Analysis Grot.:p 
Study 67, The Future P.oZe of Sea-Bas6i St~ategic Cruise 
Missiles (August 1971), p. 57, TOP SECRE~. 

15 (U) Defense Intelligence Agency, Land and Ai~ LaunchP.d c~uise 
Missi Zes (Cu,.J'en t and Pl'oj ected--Eul'asian Co"::nunis t Coun tJ'ies j, 
DST-13305-01~-76 (June 25, 1976), p. 3, SEC?ZT. 

11 (U) J, Olmstead, A. Bien, and R. Keenby, Cr~ise Missil~ Sub­
marins Opera! ions: An Infol'm2t·~on and TacHes Study (t~e!'.lO 
Park, Calif.: Stanford Researcn Institute, Cecember 1971), 
p, 24, SECRE'!'. 
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capab111t7. and decreasin; size ar.d cos~s o:' c~~!se ~1ss!les. 
::eY COI!!II011te ca<:er!&ls had "ilso KPpea:-ed :'o:o use as a1r-:ra:'': 
cocponen';s that were ~o icpro''" aer:ld:/n&r.t1cs, ar.:: to ;:er:i ': 
core freed:lr.t 1.:: design con':ours. '!'h1s 1n tu:on resulted 1n 
lower radar cross-sect1or.s and ~ore et':'1oient &ir~r~~es. 1 ' 

C. CRUISE MISSILES: A CONTINUUM 

(U) As 1r.d1eated in Table l, cruise r.t1ss1les as defined 
ha·re r'.!&ll:l teen part ct' t!:'! A:::er!can ars11r.al s!:-.ce <:he '!~:0:7 

~os~-war :~ea:-s. E'!cause t~e s~eeessrul one-s ':e::~e.1 to t~ !!.:­

defense or taet1cal rar:ge missiles, ':hey ne•rer re::e1'r'.!d :!:~ch 

;::~!!lie at':en~1:ln. :lev'.!r':!:eless, the t' .s. r.t!l1tar:r researeh a:::: 
l!e_'telopc'!nt eor.-.::~uni t'J and con'::oactors were wor'-!n.; al::~ost e:ln• 
t!nuously on so::~e aspec': ot' cruise l!l!ssih teehr.olog7. :,1:!le . 
1t is true that ~&D on long-rar.ge strategic cruise missiles as· 
such was no': con':inuous durir.g the period !'rom the end-of ':h'! 
1950's to ':h'! late 1960's, th'! technolo"!es ne~ded t'or ':hose 
S'JSte~s continued ':o evolve. E'J the ti~e interest in cruise 
rn!ss!les ~ras re•1ived, ':hese teehno!og!es had de•1eloped 'lr.o·~"h 

to enable an i~~ense icprovernent in cruise r.tiss!le capabili':J'. 
(U) By tracing the origins or the several technologies !n 

th'! next several sections, the stage can be set t'or an exacina­
t1on or how those technologies were woven into systems at ':~.'! 

tu:on of the 1970's. Since it is infeasible to descr!b'! bo~t 
coMponent: develop:::er.t and syster.: d!!veloprr.er.t anal:;ses in a 
chronological r~anework, without overlap, some repetition ~as 
unavoid~.ble. 

· .. 

17 (U) Englund, Advanced Missiles. p, 13, SECRET. 
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P~OPCLSION SYSTEM OE~ELOPMENT 

(t:) ':'he des!rable quali'::!es for a propulsior. s:~st~::i ·ror a 
c:-uin :!issUe had been established ir: the earlJ" ~rfor'.:s. Th~:l 

!nclu~~d e!f!c!~n':: ~repulsion (l~w specific fuel c~nsu=ption) 
and '.:he ~ir:i~u~ ~roduc<::ion/g~~era'.:ion or ots~rvabl~s (th~ 
ac~us~~c si~a~ur~ and in~ra~~~ s1gna~ure) ~o ~1n1~!ze th~ 

protab!l!'.::i or de'.:ect!on. Ir addition, the n~ed '.:o avoid detec­
tlon throu;h sonic too::: on o•1e:oland !U;ht seg:::ents ~nn: that 
th~ ~issil~ was r~strieted to at :!OSt a high subsor.ic v~locity, 
whieh had '.:o l:e slo''' enough to prevent significant '::ransonic 
drag rise a~d :~e':: fast enou~h to ma!ntain the ti:::e or flight 
and the !r:ert!al u:1! t requirements at :oeasonable le•1els. Cruise 
miJsile; were essentially restricted to u5e or er.gines that 
p:ooduc~d sp~e~s or rr.ach 0. 9 to l·!ach 0. es. 

cruise missile was the develop-

(U) U.S. c1·..1ise ·missiles before the current generation were 
all powered with turbojet or ramjet engines, excert for three 
or four short-range missiles that were rocket pcwered. The 
engines used were simply versions or those that had l:een devel­
oped for aircraft. The current U.S. progr~ represents a 
char.ge, since an effort is beir.g r.~de to apply the technologj 
or the s=all turbofan engine spec1ficall:i to the cruise Missile. 

13 
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;::-•se::t: c:-.;!.a•· r.:1a:!l~. 1.. r•eent; s~Jr•t'!:/ o!' ':~'! s'Jt:~'!O:'; t:'=~!.:-::s 

o·.:o: -:ha': !n 19!:5 ~\'!s~!::~house J:r':'J'J:'!~ a ~ '!'; ~r:;:!~• 9. 5 1r:. 
!.:: ~1a=e':'!r, ~!'11e!'\ ~:as t! t;t'!'! to ~~· !"!:-st; ::!ss!!'! to te p-:~•:-!d 

'1:7 a <;urbo!et, the t." .S. :!aV"J IJorgon, in Au~s': 191:5. :l:~!::g l': 

lC,OOO ft, the 6€0-lb ~issile a':ta!ned a speed o~ o~~ ~20. ~ph, 
ar:d carried enough ~uel ~or a 2-~~ f!!;ht. ~her;.~ ratio ~as 
onl:l about halr that o~ the c~~rent en;!r.es, and specif!e ~~el 
cor.su:::pUon ~:as a great deal higher. The !lavy cancelled the 
sr.~ll engir.e prograo because the eng!ne apparen~!y had no e~her 
application and was deemed too costl:l to te developed onl:l ror 
cissile research. 

(U) There were also foreign contributions to small turboJet 
engine technology. ~he French began gas turbine work· in 19~7 
that eventuallY produced a series of what were relatively s=all 
engines, coopared to standard aircraft engines. Ir. 1955, 
~rbo:::eca developed an engine 22.5 in. in dla:::eter producir.g 
1,~50 lbs of takeoff thrust at a T/W ratio of about ~ and 
specific fuel consumption of about 1--a per!or~ance close ex=ept 
in terms of sjze and thrust to current cruise missile eng!ne 
perforz:~ance. By 1960 another French fir:::, 14icroturbo, had 
developed small turbojets for sailplanes and target drones, 
some as small as 12.5 in. in diameter with 175-lb thrust. 
Other small engine contributions have been made by English 
firr.~s and by Fairchild in the United States. 1 

(U) ~he large turbofan engine was introduce1 in the late 
1950's and quickly swept the commercial market because of its 
added fuel economy, efficiency, and lift capacity. ~fuen con­
sidered for use in the cruise missile, tt:·~ fanjet has several 
important advantages over the regular turboJet. ~e fanjet 

1 (U) F. Tatum, US and sovist Cruiss HissiZe TschnoZogy. pp. 11-
13, SECRET. 
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pr~~~~•• =~c~ l~ss &cous~!~ s1~~~~r•, s1r.ee ~~ ~as l ~!~~~~ 

~ISS ~l~W ~~~· ~~~ ~ !~~~r ~X~!~S~ ~·~~ei~7• ~:3~, ~~' ~tr.:!~ 

•~!~a ~•sa 1~~~~ed rad!a~!~r. ~r~~ ho~ ttr.~!r.! ~·~~~ ?r ~~~~ ~~· 
~·~ •7.h&'..lst: ~!.t.:::.• t~ar. -=~• t:urto.!e~ teeaua.., ~-;o!tt:- &!r !':--:=: ~!'".at 

~ar. tj~tss r:~w c1x!s ar.d cocls ~he cer• exha~s~ ~·~· ~-• ~lr.­

Jet thus has :he advantage !n to~h in~~~~~d and •ecus~ie 
sig~ao:ure. 

(~) In the ~a';':er or ra~ar cross-sec':1on (P.CS), the ~ar.:e: 

1s at a disadvantage. ~e inlets necessa~~ ~or a!r-br~a':h!r.~ 
engines are r.or~ally ef~!cient ~adar sca:terers and ten~ ~o 
enhance the P.CS o~ the vehicle. r.oo~ design tha~ takes advan­
tage c~ shadowing or uses radar~abs~rbing ~a':erials can counter-
act this so~ewha~. Ho•..,e•fe~, :he ~an,:et requi~es a la:oger 
~~ss flow rate, which 1n turn requi:oes a larger inlet. 1 

A. THE WILLIAMS EN~INE 

a<w .. 

(U) The major 11~erican dotveloper or s:r.all er:gines was the 
W1ll1a:ns Research Corpor3t1on o~ ':Talled La~e, :~1chigan, organ­
ized !n 1954 ror ~he speci!'1c ~urpose or developing small ~as 
turbine engines. Samuel \~1ll1nm3 !':ad been emolo:ted at Chrysler, 
where he had worlced on a !la•ty turbojet project and on an auto­
motive gas turbine. After his company was rormed, work ror the 
automobile compt,nies developed a technology base !'or eventual 
work on aircra!'t engines. Williams• !'1rst engines were ror 
automotive and marine applications, ar.d in 1956 he pr~duc~d ':he 
!'irst successn11 szall turbine engines !'or th~se purpos~s. The 
!'irst Williams a1rcra!'t turbojet was built in 1960 and flew in 
1962. The WR-2 ~irst ran at a design thrust of 70 lbs in 1;62 
and was devel~F~d into industrial and automotive engines of 75, 
150, and 500 shaft horsepower. The WR-2 was !'itted to the 
Car.adian A!l-'U"SD-'501 high-perrormance battlefield reconnaissance 

1 (U) R. E. ne1chenbac:h, Lo~g-P.a~gs Cruise Nissils Study, !DA 
P-958 (June 1973), p. 34, SECRET RD. 
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::-:-1';!· t:arsr•-: '!r':r.•. 
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~r~~~~·~ ~~ t~e A~!~! Pr~~rL~ cr A~PA ~ha~ a ·:~7~r.~ 3el~" te 
de~•l~~·~ ~Qr 1n~~~~~y use, ~~ be r.o~•~~~ t~ 1 tir.j ~~r~•~· 
':he ruult~r:c co::o;rac'! calle-:1 tor ~nelopr:en'; o~ ,~pr?J::.uls!::: 
s:tst::eo !'or th'! Sell :'lj!.r.; Selt:, an !r.~1·tSd~al tl1st!'l~ s:~s-:•~ or 
11~'; device to enable a ~an ~o ~ly 10 r:i at s;:eeds up tc ~0 ~h, 
us1ng onl'/ engine.;:ower ~or l!~t, ;:repulsion, ar:d all control .. 
tu::c~!ons. ~:uuaos research on ';he enc!M us!r:~ co~f)ar:y !':!::tis 
had begun 1n 19~~. and the Jo!nt 3ell-Williar.s pro~ra~ becan ~n 
19E'S. 1 

(U) I11 the spr!ng or 1955, AP.PA re!luested I::IA to exar.ine 
the engine, which was rcunti adequa~e to r.eet '!he requ.!rer.en'!s 
ot' the Fl71n~ Belt. The latest 'lers!on or the engine was ca;:­
eble o~ pro'l!dir:g substantially ~ore thrust than the ~25 lbs or 
standar~ CS'/ sea-level stat!c thrust proposed ori~inally. 
Furthercore, the IDA analyst could foresee no serious '!echn!cal 
or ;:roduc~io:: ;:robleos.• 

(U) Ini'!!al er:g!ne testing was co~pleted in 196'l ar:~ the 
WP.-19 engine developr:ent ar:d a 50-hr ~rel!minar'J Fli~h'! 
Rating-Test were concluded in 1959. ~e WR-19 at this time ves 
a twin-spool b7pass fanjet, 24 in. long, 12 in. in diar:eter, 
weighing 61 to 58 lbs (depending on accessories), and p~oducing 
bJO lbs or thrust. The speci~ic ruel consunptior. was less than 
0.1 ll:s/hr/lb. The engine burned stan~ard JP-~ ~uel. At tl':'! 

tine, both the \o/1ll1an:s turbojet and fanJet were onl:r about 10 
percent as large as thP next largest engines in their classes. 

1 (l1) Willians Research Corporation, Company Baokg~ou~d and 
P.etated Ezps~isnc11 (Walled Lake, :~ich., 1973), !'· 3. 

'(U) K. Campbell, Ths WiZZiams WR-%9 ~an-Jst E"~in• fa~ a 
Propoesd Jet Flying Bett, IDA P-195 (July 1965), p. 31. 
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~r ~~~ :~•!a• ~:ss!!• ~~71~, w~~~ ~~• A!~ :~~~•·a ~~~~·~ ?•~•­

~~~!~~ !~~~7 ~~ :;~·. ~~·~• ~~~ ~~r.~~~~•rs'l 11 :o ~~•~h•~ 1 
!:~'' a a•o~ts-:r.:~ "!:"".:!se ~r.•~•i ~~e':7 ~!':"::ll, '!J:- 1 s·•~s-:::!~ 

-::-·.;!.s• -~·'S ~!Ss!.l• C!:A:-~) VII t;~· ;:-•~•:-:-•~ t;:~:-':l':h. :·:'ha~-

• ._..,:' -:~• ~!r.al :--::.• o~ ~~· ~!s!!l•, ~.,, •..•• :-, -:!':• ;.!!- ?:.:-~• ~o:·J:.~ 
!':a·t• •7.;9:"!•~ 1 !:~ct-"!•~. ~:~~-:-isl: "!-!"!4~'::'!!"':4-~"! -:~ • ·!~a:.l 

a:~-tr•a~h!r.' •~~!r.e ~or 1~. ~· ~a!o:- e~~!r.e ~ar.u~a:"!•r•rs 

·~=-• :.~ss!~!s~!: ~~a"! a~ ·~~1r.• ~~ ~~• s~sll s1:e r~c~!=-•~ 
-.,::·J~~ !:• •!'~!e!•~"!. ~-:v'"''='• "!~e A1r ::re• !.4!a:-r.•'1 ~~·~ ';!':t'! 

~t4 ~:!l!~s ·~~:ne ex!s~e~ ar.i ~!~h~ ser7• as 1 t;eehr.c:~~!:al 

tu •. 1 

~·:) ':'h• '111l:.!a~s ~·~~!• reeo~!:t!'i t;he ~!~!'!ae;!,r:s :~ ~t.• 

ex!s~!r.~ •r.~1r.~ ~o~ sc~e ·~~11ea~1er.s. A ~!!l!~s ~~~~~~rir.~ 
rer.ort 1'=-'•::a:-~~ ro~ !..eek~t!~~ ~1ss1les ar.d S;:aee Cor.:~ar.:t !r: :_u!y 
l '3~~ or: the r~as !.t! l! '::I o!" ~ s :A:-! s ta~e~ tha ~ ""!. -;t1~ "!~!' cre­
s•r.~ s~a~e o~ ~~~ sr':, r.o en«1~e ~e:!~ a~~~a~4~ ~o t• :!;at~~ 
o~ 2~~~-r.~ ra~~~ a~ s~a l~v!'l ~ae~ ~.:~ ~!~h!.~ e;~~ ~s~ah!!s~!'i 

"14~!ele S!%e, •r.d xh!'r. prop~r al!eilanee ~as ~-~~'! ·!"o~ ~!':• SJ:a:~ 

r~G~!rte~en~s or pa:,·load, g-.J!~a:o:e~, anfj eor.~r'll sys~en:s. • ~e 

r~port st~essed tha: :~e use o~ high~r.e~~/ ru~ls woul~ te 
re~~1re~ ~o~ ~ax1~~~ rar.~~. po1~t1n~ out that Shelldyn~ a~pea~~~ 
~e orre~ the tes~ ~hanee beeaus~ ~~ 1:s ec~t~s:1on ~ha~a::er1s­
~~es, wh1eh ~ere s!~1lar to thos~ o~ J?-~. Shell~yr.e a:s: 
pro~!sed a ~~-per~~~~ «~~a~er r~~~!'. ~~reror~, ~he use o~ 
h1~~-~n~~~ ~uel~ ~o ~o with t~~ ~n~1r.~ alse r.ad ~o te ccr.­
s1dered a d~v~lcp~~n: ob~eet1ve. 1 

'(U) Interv1~w with :~::-. Samuel 'o'!ll1ams, Williams Res .. areh Cor­
poration. 

1 (r) W1111a~s ~ese~reh 
ror ~oekhee~ ~:ssiles 
Su~eo~ia C~~i•• A~~•d 
CO!!FIDE~r!'!.\L. 

Corpora:ton, En~1neer1ng ~~port 
ar.d ~pa:e ~o~pan7, E~a~~• Study 
.'!iuiZ• (July 15, 196~). p. 3, 

~!"'!;ared 
,tor a 

(:;) Later test1:-:~ ·.~as te show that the ~riginal expezta~ton 
1n regard to th~ ra~~e benertt from Shelldyne was ~0 pe::-e~n~ 
too high. · 
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UNCUSSIRED 

(''l •• ... ,s p,.. , ..... 1. , .. .,. -~.- ..... ' ... ":" ....... 
, • •• I• .... • lolooo.o • •I • ,.._ • •••• "-• o 'Jo .v 

~!·t•r. -;~, ~e:o:t;:aa:e: t;: ;::-~.,!.~• ~:-:t;O'!:l"P• !~l'!.t~es r-::- t!':'t !Cft!) 

pr~~rm~. ~. F-!07-n?.-100 des1~n ~hat res~lted was bas1:a!l7 
:!~:-!'1'!1 !":-:~ t;!'l~ ~-19 !".a::!l:l o!" ena:!n•s. ~n l!r:~1~-....was a 
s::al!, 11~~.-:w~!~ht -=~:-to!'an w1t;h s;e':!al pr":a•·is!or.s !"or . .h!~!':­
al'!1t;ude s-:a:--;~~~. 

(l:) A!'':otr th-. SCAO r::ro~an was well •;nderway, ':h!t llavy 
h-:a~• i::':'!r'!s':e-:1 !r. a ::tc:~. All !'our cor.:peU~ors !'or ':he 
r::ro:otc': !n •a~l7 13~? chose the Willia~s •n~!ne, but a second 
cor.:r::•t:. ';!on was dot~a::d'!d w! th W1ll1a:ns u;ains~ ':'elec!:~ne, Av.a1n 
~11!!!a~s was nlo!c~e1. I!OW'!'Ier, the ::avy el'!ct'!1 te us'! ·tw') 
en~!::<ts, the ':'el'!~:lr.e en~ine, which ca:ne rroo th'! Harpoon, !'er 
tt:.e tac~ical vers!on or th<t SLC:'. and the 1>'1ll1ar.:s '!:"l~ine 'ror 
the s':rategic ~ers1on. In ~id-1973, when the SCAO pro~rBr.l was 
cancelled a::d the ALC:~ pro~ar.: begun, the ~11ll1a~s engine was 
selected by th!t Air Force ror their n<tv long-rang• cruise 
:::1ss1le syster.:. 

(l:) There was el-.arlY sone concern over the de~-.e or ':e-:h­
n1cal risk involved in usin~ the :f1ll1ar.:s !"-107-'HR-'.00, the 
advar.::otd version or ':he 'tnl-19. It had not 7et beer. proven that 
such a s~All engine could achieve the necessary ruel'econo:nies 
~n orcter to reaeh the ob~<tcti•te range. F'tJrther~ore, by th'! 
spring or 1974 the W:!.ll1ans SCAD-1er1•tative engine had still 
not !'lottn in a n1ss1le. The Nav:r attempted to spread the tech­
nical risk ror the strategic missile by -:ont1nu1ng c!evelopr.:ent 
or the long-range Teledyne engine that had lo~t out in the 
SCAO con:pet1t1-:>n. 

(U) The strategic version or the SLCM thus was to use 
one or the other or the turboran engines designed originall: 
ror the SCAO, while the tactical version would use a ~odiri~j 
Ha~poon turbojet. The decisive ractors in the tactical case 
w&•~ the !ower cost or the turbojet, the shorter rar.ge 
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rt~·J1r•r.:•r.-:s 1 ar.-! t;h• r.l!-!'1 ~or h~~!':.!:' e:!'::-as~ t;o enccast• a r.:~·t!.r.l 

t:a~~·-;·' 
(';) ~-; t;!l!l ':1::'1 t"':h 'tlr!ar.':S 'l~ a;!':! s':~!':I!~!.C eiss1!• 

•r.;r!r.l! ~·~ :Trt': to L• rtJn· on ~!ih-dens1~1 ~u!l:J. ':'her• was· . . 

~en:err. ~hl~ th• h~;h-d~ns!t7 !uels ~ight or~a:e s~oke pl~n•s 
er, thr~~th ~oul!~~. r~1uee the err1c1er.c7 o~ the en~ir.e. ~~~ 

~!!l!a=s ~r.~!r.e ~Ad b~en t~st~d earl7 !n the S~AO pr~~~ usir.~ 
the r.ew ~uels, an1 !uel viscosit7 (as a result or low te~pera­
tures ·at altitude) had been a problem, with the ruel tending 
to st!e~ to the walls or the fuel container. !he Willians en­
~!ne ~ad a slinger, ~hich atomize1 the fuel and d!stribu~ed it 
e~uall7 in the combustor. This innovati~n was derived fron 
W!llia~s· exp~riene~ with ~ruck en~ines us1n~ hea·r.r O!esel 
fuels, which tended :o react to low temperatures in the saMe 
~anner as the new high-energy aviation !uels. This experience 
gave Williams the technological base fr~m which to attack the 
viscosi~y !ssue. ;.ortunately the smo~1ng en~ine problen did 
no': de•telop as feared. 1 

S. THE ENGINE EXPERIENCE 

(U) The development of the engine technology needed for 
the cruise misa!le was strAightforward an1 evolutionary, typi­
cal or the engine business. Once an operat~ng engine has been 
developed, lar~e advances can be made on it. The init!al 
breakthrough was tht> !"lyir:g !lel t engine, t·thich aeh1ev"1 a high­
pressure ratio in a very small engine without undue cor:p:i.exity. 
After that, no r.la'Jor issues of engine techr:olos;y were at stake. 
l.fany improvements have been r.~ade, but no maJor changes. As an 
engine it itself a cor.~posite of r.~any interrelated technolog,es-­
pumps, co:nbustors, mate:rials--improvementa in several spec11'ic 

7 (U) U.S., Senate, Co~~ittee on Armed Services, Hearings, 
F1 191S, 93d Cong., 2d sess., April 12, l97h, p. 3~6~. 

1 (U) Interview with :4r. Samuel Williams. 
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ar•a·a '!f)r.t;:-1but• ~c ~~" o·t~:-a!l S'J~c~~tss o!' ~h~ ~nsr~r.t!. ~uo:!':. 

1::~~·r•r.:•r.t;a ha•to! 1r.-:lt..:ie~ '!h~ '!e·,•l'='t:~•r.'! ,~ sol!-j ":::~b1r.• 

wh'!tl cas'!~r.srs, "r 1'!si;n ~lh!ch d'!r.:an-.1'!'.1 th'l': a sir:s;h ;:11r': '!? 

several jots, re1ucir:~ ~o':h co~~lexi':~ and wei~ht. 
(U) Inr:ovat!ons in the use or ~~ter1als wer• also attecp:­

ed, althou~h the allo~s ut1l!ze4 were the sace as tho'' 
ut!lized ir. large en~1nes. Experiments were cad-. in emp~0yin~ 
cera:!c coatir.~s tor cor.:bustcrs and rotor blades while research 
e~for:s to 1ncreas' the r.:ax1r.:um ~as t'!r.:perature for the W~-lS 
ani! !':s derivat!•res ttere- cor:t!nuous. '!'he temperature actuall~ 
u!ed at the turn o!' the 70's ttas at:out 1, 750° ~., wi ':!I ':he 
materials in us-. (Ha~nes 31 cobalt-base allo~ for inlet gu!de 
vanes, Inco liJO tor r!rst-stage turbine blades, ar:d !n:o 713 
tor other hot parts) having a poten:!ai limited '!o about 
l,J50°, Despite the mech~nical dif!'iculties involved !n work­
ing on auch scall components, with the turbine rotor disc ar.d 
blades cast as single units, Williams continued to experiment 
with a!r-cooled turbine rotor blades, with the goal of develop­
ing an engine to operate at a gas temperature h1~her than 
2,000° ~-' 

(U) For both SCAD ar:d AI.C:VSLC:~. the engine development 
ex~erience was the same. The major problems were related to 
packag!ng the eng! ·tt as part o!' the overall weapon s7stem; 
system integration rather than '!ngine t;echnolog;y per se was 
the issue. Relati"ely modest improvements were made to the 
basic small t Jrb;:,fan e.:gine, but these still allowed conserva­
tive operating conditio~s and thus permitted a large area of 
potential engine development. 

'(U) J. W. Taylor, ed., JanB'B Att thB Vortd'• Aircraft, 
29?1-72 (London: Jane's Yearbooks, 1971), p. 715. 
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Ill 

-FUELS DEVELOPMENT 

(';) I~ !s ger.ersll:t accepted t!:a'.: ~he ttt., tec!:r..,lo!!1~al 

ad•1a~e~.:. ke=t ~o th~ de•Jelo;:::!lnt; o:- ':~e ct.::":"'!nt ger.era~ !.:)r. o!' 

~ru1se ~1ss1les are ~!:r.,-elec~rortc devices, which led to .. 
1::pro•Jed ~..;!.1ar.ee a:euraei~s bj se·1eral ord'!rs o!' ~a'!;r.1 ";~'!'!, 

ar.d '.:h'! de•t'!lOJ:r.t'!n~ o!' the sr.:all, e!'f1c1en~ fan~et er.g!ne that 

for every hour of ~l!gh~ cor.sur.:es no ~ore than (an1- pre~eratly 

lus than) one po1.0r.d of fuel for e•tery pound cf th::'llst. .r..noth'!r 

cr·~c1al, altho'J;h less publicized factor 1n the ~~velop~ent of 

the propulsior. s:tster.t has been ~he creation of a r.ew generati~n 

of Jet fuels. These are s:tnthesized liquid hydrocarbon fuels 

that incr'!las~d the r~ng'!l of the cruise missile by as much as 
19 percent O't'!lr ~he range possible when conventional cor..r.tereial 

ar.1 r.:1l!ta:-y a•t!ation fuels are used. 

(U) Before the develop:::ent of the :ravy Tales at th'!! end of 

the 1950's, the only fuels available for turbine-powered air­

craft .,r n:issile:: were JP-!i ar.d JP-5. Fer Tales, the :ravy 

chose to use a specially synthesized liquid hydrocarbon fuel 

called RJ-4; since then both the :rav:r and Air Force ha•te con­

tinued to develop fuels with increasingly higher densities. 

(Air Foree and :ravy fuel requ!rements differ sor.:e~<hat because 

of the operational characteristics o!' their vehicles.) 

(U) The difference behtPen the BTU/gal of standard aviation 

fuels (JP-4 r.nd JP-5) and the BTU/gal of the newer high-density 

fuels developed in the 1960's and 70's is ~Arked: 
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PJ-5 (Shell4~r.e Hi 

--:.-·-:.· 

""' """' .. ·- .... .# J , ....... .. 
-~::.~-· 
1~':,':~~ 
lJ2,':'J': 
!.42,~~~ 
l~l.-~~:J ..... 

~~• or th~s~ n~w~~ tu~ls has resul~t~ !n ir.~r~ast~·ra~~- ar.~ 

(d'Je to expi!r1~~n~ation 11n~ t!~·t~lop~o!r:~ ch:r1::g ~!':~ !·a·s~ l~ 
~ears) the desi~atle'low-:e~p~ratu~e o~erational c~arac~-.r~s­
t!~s associa~ed w!:h JP-b and J?-5. 1 

(~) One o~ ~~e earlies: o~ ~~e hi~h-der.s!~~ ~els was 
S~elld:~ne. !~ was develope4 exper!~en:all~ in :he early l?~?'s 
as a hil!!':-enerot:l fuel !'or use tn •rolu~e-11~!'.:e1 ve~!cles ·~s!:'!R: 

a!r-treath!ng en~ines. The ~Jel ha4 a lew ~eez!r.~ point, a 
high specific gravity, and a calorific value per un!~ volur.e 
then believed to be some 30 percent higher than that or con­
ventional aviation fuels. It could be ~ixed with ex!stin~ fuels 
to increase overall calorific value and was thOUI!:ht to be 
compatible with all materials likely to be used in the construc­
tion of supersonic a!r 'lehicles. 

(U) Shelldyne was not prepared from crude oil by the con­
vent1cnal process used to make gasoline, kerosene, and wtdeeut 
fuel types, but rather was specially prepare~ from spee!f1c 
petrochemical intermediates. 2 The process for develop1n~ Shell­
dyne was independently originated in the Shell laboratores. 
Synthesis was f1rJt carried out on a batch latoratory an~ pilot 
plant seale in England, Germany, and Holland, and ~Y the end of 
the 1960's the fuel was being produced in California. Shelldyr.e 
was found to be unstable in storage in regard to ~m fornation. 
The hydrocarbon was hydrogenate~ and in this form, ren~ed 

1 (U) G. W. Burdette, H. R. Lander, and J. R. !~cCoy, Rig 'It Enel'g'J 
Fuels fo:o C1'11~se .VissiZes (paper presented at the A!,\A Aero­
space !~eeting, Hunts•1!lle, Ala., January 19'18), !lP. 3-11. 

2 (U) Shell International Petroleum Company, S'lteZZdyns. Report 59F 
(London: Shell, April 1965), p. 2. 
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(•;) !7-.~!".• ~'!:;!.~~!.:":.; ~~ !i~!, 4!7.-:!~s!.·:! ·: .S. ":!:e;s -=~ 

!~~::'!::r.• ~r.~!:t.":!1 t;~rtt; -=~~ !':!;~-~l!r.s!":i !".J~:-'!~a.:-~:~ !'".:~:s ..... ·-. 
-;~~ •f!S~~s!'::/ c~ t!';'! !'-..:~1 &'! lo~ 

;:-~t~~~. :~ ~a1 t~!n r'!ee~r.!z~1 

~~~;~:-a-;~~~~ was ~ ::~~!~4!~~ ......... 
4!1!.:-:., a-: ~~~ll -:!':~:':· -;~~- ·:!.!-

·~· *'··•" ~ft· "'" ......... -~sa .. ..... !. o,. ............ , ...... c·a" · ,. ..•• ....... ••t;- n~.oa '*-•.•••• '""·-•• ••• .. • .... .,., •. ••••• •• • • .... -., 

(~) In ~he e11rl7 l97~'s the Ai~ For~e A~ro ~~'J~~ls!-Jn tat, 
S~'!ll, a~d Su~ 0~~ WP.r~ ~a~rJ!.~~ o~t ~Xt!~S!'l9 re!~a~~~ !nan 

~x~~r.se or er.erg~ coret;~r.t. 

as :'-Jllows: 

S~elld~l~'! .. 

Shelldyne H 

Blend Co'"-oor.er:~ 

Xet~7l cycl~~exa~~ 
50/50 bj' :·1e!;;ht 

Meth7l cyclo!:exar.e + 
TH-Ci~er (52/33/15) 

'!1secsi ':.7. 
(cent!s':.?~es 
at -~::o ?") 

5~ 

!s 

1 (t:) J. ~. ?•J:!~z and!!. ~. tar:der, ."HS fSheZldyne .:n ':2;:• ?"~Ae!s 
all Pzoopella>!tll for> Volu1'!e-£i . .,it.ed Atzo er>eatlri>!g .'!~1!1r~!es 
(paper p:-'!pa:-eo::t rc'!' .7A~:~:A? Propulsion :ne~t;!r..g, ~:o·1e~!:e:- 1;:"2), 
p. so~, co::::-IJE. ':'!f.~. 

"(t:) !n~e~v1~ ... wt;n t!St.!'" Pr-Jg:oao :·:ar.a;~r, SCAD Prog::-a=. 
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ar.~ •.:s!n; :":11!., !":.:.11!1 r.ozz:.~s. 1 

.... ~· a..-AaA ................. 

~"·•o .. . ... .. ... 

(!:) Ct;~9!9 II!X:I':!e !\:.t:!.S -..:11!:'~ 11'/!!latl'! W!".ll!r. !~';'!:'!!: ir. t:h'! 

c:".:!s~ r.:1ss!.le was r'!r.eif'!~, sue~ as !''.:els ~s!.~~ ... ~e-::al s!~:':"'!~s 

~~~~~ :etal!!= co~pour.1s. ~II! !1eas ~e:' such ~~e:s·~a~ tell!~ 

aro,.::-:'! ~':lr j"ll!ars, !lt:-= the !"ue!.s we:-e r.ot c":-:s!~~!'ll!':! !t;:- ::"·.:ise 

~!ss!l~s, al~tough the1 ~A1 have had ex~~e~el7 high-e~e~g7/ 
~!~~-t!e:-.s!. t:r eha:-ac -::e:-!.s~ !': s. Ir: g~n'!:'"a!., t~ll! ex~at.Js': ; !:.:!:":es 

t;~e7 e:-ea-:'!<j e':r:t:air.ed sol!':! =~tal ox!'!e par~!e:-!s, A~!.:!'l wo,~l1 

ha·rll! en~a:'!e'!d t!':e 'list.:al s1J!nat:.ure o~ t!".e veh!c:e. S!.::ee the 
g!"ll!a~ v!r~~e o~ the e:"uisP- ~1ss1le was ar. or.-t~e-de~~ ;~~etra­
tior. espa~il!~1. s v!a!~le exhaust s!gnal would ha?e ~~~e ~uch 
~c !r.et·ll!ase ·.-.:lr.e:-ab!l!t;,. F'~rther~o:ooe, !t ~e1 teen· ~~t;::d :~at 

slu~~1es ~en1e~ ~o eause cor.~~~!nation o~ en~~ne :urb~~e tlades 
anj ot;~e:- eng!:-:~ pa:-ts, which .n turr: :-educe":! e:'!gir.e e~~!e.ier.cy.' 

('!) E7 the ';i::!e bo':h the Air ?orce ar.d ::a•:y cr•..:!se :-.!ssile 
pr-:~a~s we:ooe u:-:-:'!:oo•tra:r in 197!&, the ~igh-ene:-g~' fuels !:ad been 

or.l1 leng~h7 tes:!ng unde~ opera~!onal-t]pe cond!t!ons could 
resolve. '!'he ::a•17 had decided b7 1973 to use ':'!-:-D1r.:e::-· !~ the 
SLC:·t, but the A!:- Fo:oo-:e did no~ de!'!r.!tel:f choose h!.~~-e:-:.e:-~:r 

fuels ror the ALC~ until early 1977. 

1 (U) David J. ~·lelch, C1'ui.se ft!issi.Z• Teehnolo{!y s~:~.dy, 
TR-~e00-001 (RDA, October 1973), p. 3-2, SECRET. 

1 (U) ?.. Me1chentach, Long ~ange C1'ui11e Ri11siZe S!udy, ~. ]7, 
SECRET. 

! 
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GUIDANCE SYSTEM DEVELOPMENT 
.., ... 

(t:) 0~ +;h~ S'!Vol!ral ~ajor ec::o:pon&ni!s 'l~ .e;h~ e~:·s.~ :"::!.s~!.:.~, 

i~ is t~~ gui1anc~ syste~ th~t has prctably t~~n, o~~~ the 
y'!ars, the r.:ost consist~nt ly c!it'r!cul t to 1~·1dop. !:: t!:~ 

earl!'!r f!rt.;is~ r.:!ssil'! :rears, e;he r;n1t9d States e~.;:-:;'!1 !'!~111!::-al. 

tyc~s cr g~o~::c!-based radio ~idan:~ syst~r.:s (~!:ora~. ~~ar.ic:e) 

tha<; t:s~d :·ro~l1 /!ar !I techr.olor;;y; a rada~ ~Ap-r::ate!:!::g sys<;~:: 
1!'4 f;!':'! :.:a'!'! (lS!C) :"~r r:tn;;e exter.sicr:; a::d s41!•J-eral ·::ar!at:.!.ons 

ot 1ne~tia: ar.~ s~ellar-ir.e~~!.al syste~s. ~ere has teen 
r'!search or: other technic;~es as ~:ell. !!owe·,~~. sinee the !::-.r.:e1-
iate post-war years, inertial guidance syst~~s, '!it!:'!~ a:on~ o~ 

in co!:ltinat!on :·:ith suppo~tir.g syst;ems tl':at prov!d~c! ;:os! '.:!en 
upde.~~s, have been ur.der ::or..t!nuous de•1elcpr.:en~. ~o:.:e !"or!: o!" 

in'!rtial syst~~ was ~!ther a!readJ a co~;or.en~ o~ o~ ~as ~~1'!r 
cons!derel;1on !'cr e'Tery cru!.se r.lissile und~r develc;:::'!!lt;. 

(U) The inertial syster::s ~~the earlier pe~ioc! we~~ larg~, 
cumbersome, ir.accura':~, ar.c! ~x;:ensi•1e. '!'he1~ ·,rc!;;ht a::1 vo!~r.:e 

co~ld only be acco~:::oda':ec! !n a siz~able 'le~!cl~. '!'he ~a.Jo:­

operational problem :.as ::lr!.f':, ·,:hich arter r.:an:; ~!les '="·~11 

seriously af!'ect acc·-~acy. ·: .::. ~xperience w!~h r~:a':!'lely 

lor.~-!':!~ht-tir.:e, lc·,-acce~~=-a~!.,n aerodyr.a!:!c ?eh!~:~s ~a'! 

teen that the gyrcsco,e ran1=:n drift rate was the c:-~:!.al ele­
ment in sys~em perro~r.:ance. Developing the technology to 
reduce the d~it't ra:e ~as been the pa~ing re~uire:nent. 

(U) Improver.:ents in inertial syste1:1s techr.ology ov~~ t~e 
last 20 years have led to a rec!~~'.:ion in ~J~Cscope ra~~o:n 1~!!'': 
rate. Advances in g~·~oscope technolog;y led '.:o a reo:iuct!cn in 
short-te~ drift rate ~rorn 0.03 c!egrees/hr !n !958 to ~.j01 1n 
1971. 
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.,l~:l!nt:l aeec1.:::t'!~ !'-"J:' .a~ ~.u:h -t! :r:'!-~al~ -:~ t:Y...,-t:h~:"~! -:~ -=~' 

~~~al ~r:~r-;1a~ s:;s~tt::: "-"41!'!.~~~ • .,.,~~ ·,ri~~ ~~~ :-tt!e'!!·:'!l;t tf!t•:j 

c-:,~pu~9!'s )t!t?: ::a;r.~~!c d!.se r.:er.:~~:r e~~~ents ap;:ft!"~~ .. ate·.:-: t:!-.• 

:::!':leU~ o!' t!:e 19:~ 's an~ were l:o':!: bu::.k:r ar:d !:ea't:/ ,.· ~re!~!'.!:-:g ·~J: 

to s~·l'!:"al h'Jr.-1:-'!~ pounds and· oecup:,rir.g s~'t'!:-al c~t1c t''!'!-:. 

':''!n :rears later, ~icroeircu!t cor.tpu':ers with so::.1~ state r:e::t­

or!'!S ~a~e ~a~o:- }~!ght reduct!on r~as!ble. R~~u::1on !r. ~~· 
W'!!g~'.: o!' the co:::p1.0ter tras parallele-.1 b:t s!r::!lar r•d•.:.ctions :.n 

t!:e w~!~tht of the inertial co:r.ponents. ':his ~ras eecor.t;:ar.!ed by 

an ~r.o~ous incr'!ase !n cor::pu':at!onal capab111t:J. 
we!ght dropped fro~:~ about 300 lbs 1n 19~0 to 20 lts 

A. DEVELOPMENT OF TERRAIN CORRELATION PROGRAMS 

':'otal s7s':er:: 
1, 1977 ,I 

('!) ?er!:aps !:ecause 1': r'!presents the r.tos'; r.r-:l:::.i!~a':!cal 

teeh:-:olog:r 1n'IO!.•Ied in ~he c•.1rr"!nt cruise ~1ss!le ~ro~rar::, thi! 
ar~a o! l"..i1dar.':e syst:er.t d9·l~!.o;:!'!lent seer.:s to ha•t'! r-!'!41!1'11!1 a 

greatP.!" deg!"e9 or !':isto~!.cal a~t.ent;1on th~~ has the :e·lelop::en~ 

or other co~ponents. ':'~e se~t1on that ~ollows 1s drawn in larg~ 
par'.: !'rol:l two chronolo~t1cal su::-.r.~aries ~!' the de•1elo;l~:en'.: o!' 

TE~C'):I;, one by the ::a•1al Air S:rste~s ~or.-r..and and ~!:e :>t!l'!r l:y 
th~ Ae~onaut ica! S:,rs~e~s !l! •t!s1on, A1:-- F'")re~ Syste~s -'~cr.o .. ~a~':!. ~ 

(t:) '!'-::t sol'le the p:-obl'!'~ o~ gyrcs~~pe d:-1!'"t; !.~ a~ !.~'!:"~~~: 

sjs~e~. a va:-!ety or pos1~1on upda~i~~ ~~~~r.!~~es ~~~ teen ~~~­
s1dered !n the early !.9SO's. A h!~h-altitu~e s~p~:-sc~!c 

1,500 n~ missile called the Triton was to hav~ used an 

1 (tJ) F. Tatum, Crr.du .W.ui.Ze Tec'lmotogy, pp. 20-31J, SE:CP.ET. 
1 (~) Haval Air Sjste!!:s Cor.o.mand, Crt.:1se ~~!ssi!e ?r-,.~e:t cr~!e'!, 
':E!~CCtl For C:r..,i.se .•!~sail•• ( ~ect'!r.~ber 19 7 5), SE:C?.E:7. Also 
t:SA?", A?SC/ AS I:, C!.rl!c t:orat;e o!"· S:tst ~:-.s Ensz:!nee~!..~S(. ::ezet-2i ~ 
Co>~ tour l.ft:tehi>~g (':!F.t:C!O P!'i,er, ASD-TR-77-61 (~·l~S'; l9i7). 

26 

UNCLASSIFIED 

.• ~ .. 

I 

l 



·. 

i 
• • 

I 

' 

t 

I 

I 

J· 

UNCLASSIFIED · 

...... , ............. ,. •• ,.,. .. t ..... "•a•" ,.,,. ., ... .. 
,. •• ,.-••• ,..-•.• ":&. ······~ ......... -"!.. ..-a .. .. ..... • •'a• 

( ••) ·r. s•-·,• ·~--s a ~'r'~,..,....,. sys•.•.-.. -... a•.~." .. •s ... ... . -···~... .. .. ... . ·-···· ... . -
terra~n ~le~a~~on ~~asur~r.~n~s to stcr~~ ~~r~a!r. p~o~!:es ~~~ 
ljf!ter~i~'!s ~ec;raJ:t.ic l~ea.:!~n t:t ~!~~!~;r ';!".II! tl!st !'!~. ':'!:?":::.~ .. 
op~rate~ en the pre~ise tha'; s~lee~ed ~eo~~p~!: s!~~s cr. ~~~ 
land sur~ace or the earth are uniq~ely ~e~!ned ty ~he ~er~!:a! 
cor.~ours o~ th~1r t~rra1n (~~e a~alc~J ~o ~~e h~=a~ ~~n;!~;~!~~ 

trras recognized early). Like !'1ngerpr!.nt1r.z, ~?.CC~-: requ!r~s 

previous rnapp!ng o~ terrain contours !'or ~he a!"ea ov.e:o ~rhi:!l. 

the •rehicle carrying it 1S to ny. Stored terrain ~ro~!les 
(digitized r::aps or :::a trices) a:oe p:oepared .!'ror.1 the at".:'ial 
pho~ographs, ar.d the resulting :oe!'erence r::ap is then stored !:1 
a co~puter carr!ed aboard the r.lissile. During ope:oa~!cnal 
!'l!~ht, the TEP.CO:·! system measures the vertical cor.tc'lr o!' >;:Je 
terrain along !ts flight path, using a radar altir.:eter to 
r.1easure ground clearance and using primarily a barometri~ alti­
aeter tc provide a reference. By subtracting instantaneous 
groun:! clearance f':ooa the reference al~1tude, ':'E!lC0:4 de~err:!:tes 

the te:ora!n cor.tcur. ':'hen ~he system searches its cor:puter 
r::er.1ory to ri:td the stored terrai:t contour wh!c~ r:ost n~arl~ 
matches tne measured one. Since the coordinates or the stcr~d 
terrain contour are known, this serves to fix the vehicle cos!­
tion in geo~raphic coordinates. 

(t:) n:~cor~ re~u1res only star.dard avionics equ!pr.:en': and an 
expanded d1~1ta! cor.:puter capacity. ':'he radar altime':e:o 
measures ground :lea:oar.ce ar.d the ta:oome~r!c a:t!r.:e~er r:eas~res 

the al -:! t~de ato•te sea level. ':'~e 1r.~rt!al r.:easu!'"!~en~ 1.!~! ~ 

r::eas'lres t~e r.:l~~t!e pos!~!on 1r. order to (!) nav!vate ~he 
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UNCUSSIFIED .......... 

~~ ~~· a;~r~~r~~~~ ~~~,, ~!) ~a!~~~~n ~h~ ~!s3!~~ or. ~h~ e~~­

!'4t~'! ~l!a'!!!~~ '=»"tl!:- -=~" ':!~:-::-~ ~a'!r1'!4S, e.~1 C ~ l s;:ae! -.::he ':'!?':':>:·! 

~•a3u~•~·~~~ -.::~ ~e~~.,:-~ ~~ ~h• a~~rer.~1ate e~ll size. Alsc, 
t;h~ "t'!:''!!.eal e.:el!l-!:--,~et:•r 1r. e:!':.• !r.ert!al s:ts'!!e !s t:~p!e11ll7 
'Js•A. ':o eor.:~l•r.:•r:-: '!he t!:-e:'!" .. e'!:-1'! al t:.i~et•r s~~al .. ~h. c!!.~i­
'!a! :er.:pt.:-.::otr ;:~r~";r~s '!h-! '!'!R':~:-: and na·r!;a~!:u:al ecr.:;n.t"t8.t:!.~:ts 

(U) ':he 1-jea ~ha~ a :er:-a!n ;::-o!'ile is ur:!que and- that that 
•:r.i'1,~er.ess ea:: te us'!'i r:~r a ~!.x--.::ak1r.~ tee!':n!~~e t~a-: updat;!s 
.an !r.•rt!al r...'J .. t!~a'!!or. SjS'!!~ ;.tas er!r,!nall!l ~e·r•lope4!1 at 
,.,.!l""e ••o··,"• (' ... , ~lA ........ os••s~·-s T.,., .. ) in '9"' to" use ~-.h-........ - .... ~··· .... ·-- .......... J ...... , .•• -··-· - <~• • ..._ ... 

~atc!:ir:g sys~e::: was t'1:-st oallec! !"in~.e:-pr!nt. ":'t.e S!.A:~ pro­
;ra~~: !tsel!' was cal".celled 1n 1559, la1t Chance-·:oug;h~ cont!::ued 
researc!: on ~he ::a7igatior: syste~ us1ng co~par:y ~unds. Our!ng 
that yea:-, Cha::ce-'lou;ht ins~ru:=:en~e1 a ':'win ~ee~hcra!'t-air­
cra!"~ ar:':! fl'!w o·r'!r thre~ test a:-'!as: one n'!a:- ?'lr~ Bl!ss, 

'Z'exas; en'! near San Saba, ':exas; and one n'!a!" '::-:ah!, !!ebraska. 
The overall CE? ach!eved ty the guidance syste~ was 370 rt, 
tased on 1511 runs. The :-eterence data 11ere prepared from U.s. 
Geological Survey ~~ps. 

(U) The potential for us!r:g this !'ix-taking ~echnique in 
lor:g-range, low-altitude r:-uise missiles was re~ogn!zed ty oer­
sonnel a~ the Air ~orce Sys~ems ~o~~and Aerona~~ical Systems 
Division, ~!right-Patte:-son A~!!, an-i in Ap:-!1 195~ a ;ear's 
contract was gi•ten LTV-Ele~trosys~ems, Inc. for continued 
research i:: the field. The objective or the resulting progr~, 
known as TEP.COM, was to demonstrate the feasibility or using 
terrain contour catchi~g to determ!ne vehicle geo~aph1c pcs!­
tion. E=phas1s was placed on a flight-test deeor:strat!on or 

1 (U) ::a val Air Systems ~c=and, ':E!lCOl/ fozo Czouiu .'lissi Z•s, 
pp. 1-l, 3-l, SEC~T. 
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~~• S7S~•='a ~!x-~ak!~~ ;~r~or~ar.e~ ~sir.~ •~ c~~-~~~-sh4l~ 

=-•~~~ a!e:!r.:t";"!!' •~1 p"!r~,r~!r.f:\ t:~! ~or:-'J!at;!~r. !"'.:~et:!or: p":s-:­
~~!.i~-:.. ':•s~s ~t!r~ '!-::o:1•.:c':~1 o·r'!~ 1 ~t!."!'! r!::~'! '!~ a!-;!.e:,~1~s • a 
w!~t s;:•ee:re.:~ o~ -;.,rra!:":. ~~ar~"!t:'!:'!.s~:.cs, !.:":d ~t..::-1nst •ta:-!o~s 

-;;r~es _,~ -,:'!te:hi!r an-i S'!ttor:s ~~ the y'!ar. 

(~) As par~ o~ ~he ~~st pr~~~a~, a ~-293 airer~~~ was 1~­

s~r~::~nt:'!'J ar.'J !'le·11r. f~J•f'!:" 2lJ ~1f~'!rt!r:~ si~'!S a~ .. ar1c_us 

alt!tu~~s (ran~1~~ ~re~ 50~ to 2~,oc~ !~) !~ var!ou! r~~icns. 
Ttree dit't'~rent radar alti~e~ers wer~ evaluated. 7h~ terra!n 
or the ~a~r!x areas ran~e~ ~re~ flat (Chesapeake ~a1, a~1 
i!ashi~gt:or:, Ir:1ia~a) to extrer.1el1 rou~th (~rj'ee Canj'en, ·:~ah, 

an>! Sarar.ae Lake, ::ew York). A tl)tal o!' 105 post-rl!;ht ':'!::::!~0:1 

!'ixes were ~a1e. Accurate t'!xes wer~ r.~de in all eases wher~ 
r.~easure~ent and instrumentation equipr.~ent was !'unet!onin~t 

properly. ~he seale or the CS~S ~aps used ranged ~ro~-l:2U,~OO 
to 1:125,000, with cell sizes or ~00 to 6,000 rt. 7he ~EP's _ 
achie\'d ran~ed ~ror.1 160 to 2,uoo rt over these extre~es. Test 
r!sults on TE?.COi·: showed that if one could l!et within the 
correct cell of the r.~atrix, the CEF would be o.u the size or 
the cell. 

(U) ~rem 1963 to 1965, LTV-Electrosystems, Inc. con1ucted 
t'Jrther research into terrain contour mapping, the ob.! ect1 •1e or 
this program (knoNn as LAC011, for low altitude contour matching) 
being to design ar:d develop a co~plete t'ix-takins:: subs::st:em 
usable with a family or guidar.c'! Sj'Stems for lo~1-alt~ tuc!e air­
craft. Another p~;duct or the pro~ram wa~ the developm~n~ c~ a 
semi-automatle technique for preparation or the d1~1tizec! ref~r­
ence matrix tnat is stored on board the vehicle and used in the 
terrain contour matching process. 

(U) Flight testing or the LAC011 subsystem was carried out 
in late 196U and early 19€5 in a T-29 aircraft. The system 
exhibited an overall CEP or 165 ft for 75 fixes in the Fort 
liorth and Lano, Texas, and Hillsboro, Ohio areas. 
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wh!:h so•Jg!':.': .e.:o dndop r.ter'! rapid cor.:puta':!onal ~~:hods t.:::: 
:::e:o'!&S'! s:,rs:'!~ aceurae:,r. In a brief ~light test, a s~all 7! 
las'!:' rangi::~ unit was flown by hel!eopter over ~~ ~allas ar~a 
an'i da~a wer~ gathered at 50-tt intervals. These da;a'we:-'! 
:a';ehe'i agains'; a 1:5,~00 scale r.~ap with 2-ft eontour !r:';erva~s 

that had beer: specially prepared by a leeal surveying co~pany 
ar.:t against a 1 :24,000 tiSGS r.~ap with lO-ft eon tour 1nter·tals, 
:r. b~:h cases the position fix was aceurate to within 50 ft 
(ene eell). 

(r) ~e use of a terrninal ~ix system tor an experi~er.~al 
~~neuverable ballistic reentr:r vehicle was explored in the 

'~te~inal sensing experiment (TERSE), terminal fix (TERt), ar.d 
~~~!nal sensor overload flight test (TSOFT) prograrns. These 
prograrns were conducted as part of the Advaneed Ballist1r 
P.een':r:l Systern prograrn under tt:.e USAF S!;ace and Missile Syster.:s 
Or~ar.izat1~n. 

(~) TERSE (196~-67) dete~ined that (1) the terminal fix 
sensors could wi~hstand the reentry environr.:ent; (2) the radar 
alt1r.:eter would perform satisfaetor!ly provided that the vibra­
tion le•rels were within ,pee1t'1cations; and (3) the radar 
altimeter experienced plasma blackout between 106,000 and 
49, ceo 1't. !lo TERCO:·! fixes were made. 

(U) ":'ERF was conducted from 1966 to 1968. An !'-101-B ~'as 

flown in a steep dive from ~0,000 ft to simulate ballistic re­
entry. A total of 105 flights 11ere made over "he areas of 
Ellsworth, Kansas, Green River, Utah, and Black Top Mountain, 
tlew l~exico using t:SGS source data. The actual trajectory of 
the aircraft was reconstructed from tracking I'adar and onboard 
carnera data. The terminal guidance accuracy was found to be 
280 ft (CEP). 
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Ct:) ':'SCF': (17~!-71) lnvcl't'!d ':h& !'!r!r.~ o!' tlfo l.':her.a 
r~!.ss!l••· w1~t ~·r.c-29 •t!h!.el~~ 1~to ~·.~1~e Sar.~s :~!ss!le Far.~'· 

P~s':-!'l!gM !'1x1r.~ a;alr.st l:S~S source da•a show'!~ l ':'!:~:::~ 
!'!x accurac1 or about ?00 !'':. 

Cti) Further ':'EP.cc:-1 ':estin& included a !'11~ht tnt !n :.1~1 
in support or SCAD s1st'!~ s':udies carried out by the Beech Air-,. .. 
cra!'t Cocpan:~ ar:d I!!:-~. !n cooperation. !:sing re!'~renee · 
matrices with 1,200-rt cell size prepared rroD t:S~S-~ps o!' 
Flint; Hills and Ell:worth, r.ar:sas, a Beech aircrar~ ~ade 29 
passes over 5 d!!'f'erent rli~ht courses at altitudes or 500 to 
1,000 rt. !lo ralse r1xes occurred. 

(ti) In 17~8 the SCAD proJect ir:volved the Boein& Co~pan1 !n 
an examination o!' T::~co:-! !'or SCAD system studies. !!oei::g con­
ducted a !'light test in 1970-72, flying a Piper Tw!n Corncanche 
aircraft over six areas in the Stnte or Washinl!;ton. -A -total or 
12 false rixes occurred in 34 attenpts. Although Boeing d!gi­
tized 1:24,000-scale USGS maps to 500-rt cell size, the indica­
ted r:agnitude or TERCer-: noise was quite large. Also, the 
terrain was re!atively flat. The theoretical results produced 
by Boeing were siMilarly pessiMistic. 

(U) All the above described ·experimentation was conducted 
berore the formal inception or the !lavy and Air Force cruise 

1973-74. 
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::A'IA!R, 1n ccoperat1on with the A1r :.,rce Aeronautical 

S::~•~e~s Division, cor.tract~d With Electrosystems, Inc, in cid-
1972 to pert'om a TERCO!~-a1ded inertial nav1gat10~!-..S1Steo 
'(TAiliS) t'Hght test, to feature operational source ~a.t'a ar.d 
simulated mission tligh~s. The objective or the 2-y~ar test 
program was ~~1nly to determine the reas1b1lity or using the 
TAr:rs ror the strat"egic cruise missile mission and, as a 
secondary ubjective, to evaluate the errects or snow coverage 
on terrain pro rue acqu1s1 tion and TEP.co;~ operation. The '!'A IllS 
tlight test der.onstrated that TERCO!~ was a viable concept ror 
cruise missile use it' the terrain were properly selected. 

rl> Both !~cOor.r.ell-Douglas and General conducted 
cornpan::~-runded, TERCO:~ flight tests in 

McDonnell-Douglas was also working on ALCM guidance t'or the Air 
Force, and NAVAIR's request ror proposals on cruise missile 
guidance in early 1974 resulted in selection or NcDonnell and 
Electros;·ster.ts, Inc. to develop coMpet1 t1 vely prototype crt:ise 
missile guidance sets. 

(U) Exhibit 1 ar.d Table 2 summarize the TERC0!1 de'lelopr.:ent 
steps and test results. 

'(U) A concept siMib.r to TERCOM, called ~bottor.t ~atching," has 
been operational on t'leet ballistic Missile subMarines since 
1971, ha\'ing been developed in the 1960's • 
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Exhfbft 1 (U). TERCO~ DEVELOPMENT SUMMARY 

Sponsol' 

ChaM'!•'T-:lu~!\'; 

~SA?/Ae~-:l~autieal S7S';'!~S 
Division 

USA~IA•ronautieal S7ste~s 
DiviSion 

USAUA?S': 

USA!"I.!!=IiC'i! & :.:tssil!! S:;ste~s 
Or~~;ar:!zation 

t:SAF/Spac!! & =·~!ssih Syseei'IS 
Organization 

USAF/Space & !~1ss1le Syste:ls 
Organization 

Beech Aircraft Cor.lpany/rB14 

Boeing Co~:~pan:; 

:lA 'TA!?./t:SA!"-ASD 

McDonnell-Douglas, ~eneral 
Dyna~:~ics 

I 
'!l 

Pel'fod 

l31i'.l-~:!,: 

I 

1962-~7i 

' 
I 

19~3-~6: 
I 

19~~-R 
I 

I 
1966-69; 

'1958-?1 

1972-7t 

1973 

I 
I 

$ource: G. Beck and D. !·/Ul1ams, Fil'st In tel'im Flepol't-­
Technical Evaluation of the :41'1'ain Contcul' 
Matchi11g-Aided Inel'!ial ;:avi~ation System (:!aval 
Air Test Center, April 16, 197b), p. 4, ~~C~ET. 
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Table 2 ST RESULT SUMMARY (U) 

11959 
I 

64 3 j C!l\nce~Vought 

1960-61 -- 24 400-6,000 105 · WAoo· (USAF) 

1964-65 75 LTV-E 

1963-66 so -- LTV·E 

1966-68 105 TERF 

2 -- -- TSOFT 

34 500 -- Boetn9. 

29 1,200 Beech 

16 -- General 
Dyna:nlcs 

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 ~he SCAD, SLCl4, 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 TE!lCOr1 concept had been around for 10 years 
before the SCAD concept appeared, even in th~ early 1970's 
there remained some general concerr. that the syste~ ~~ght be 
only margir.ally effective. One expert has expressed that doubt 
by suggesting that TERCOM was bought for the cruise missile 
more on faith than as a proved-out system. The main problem 
was that there had been relatively little structure~ and cor.­
s1stent testing of the system under operational cc~ditions, 
and the resalts of what testing haj occurred t~nded to be 
ambiguous. Both accuracy and reliability remained questionable. 

CEP 
A"-"' 

tJu,..B•IIJ 

C.L.Atr 1 Fdi'l 
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1(U) Interview with !1r. Carl Tross, DIA (!"ormerly with ll'l'IY 
Cruise Missile Project Office). 

1 {U) Center for Naval An~lyses, Sea-Based Strategia Cruise 
Niesites, p. 35, TOP SECRET • 
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7 (U) Interview w1th Mr. Harry Da•11s. 
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TERRAl~ FOLLC~I~G 

·on te:ora!n !'o:!.:!.o:~i:uz; (':':;)/~erra!n avo:!danee ( '"'A.' an"' "'-s··e ... ,..,.,_ •J ~·-a• !"'"'..; 

c!\.:.c~d a c~nsiderable literat;•Jre. ':'!':.~ ea:"lie:- st;·.;~!.'!s ¥4!!'"'! 

concernoed ~.,i th i!'.ar.ned taet;ical airc:-a~t ~!ssio~s, -..:1 t!': '!~r.:::as!s 

en f"or'ltar1-~ool:!~g ra1ar ~o ::1~!r.t1Z'! t:!:e ;.:"cta~ili";J c!" ::!~Jt~er. 

!·:uc!'l 'J! t~e w,.,:-k "j·as don'! a~ t;!'l'! t.:o:-~e!.l ;.-!r,~a-..:";!:~1 ~ .. atlj:"!.~cry. 

(U) ~'E' s:.·s';er.:s t:ave teen 1n produc::i?:-: f'or a r.t:r.:!ler ?f 
years, althou~~ ty the early l97C's C?r.:prehensive des!~ cr!­
ter1a apparer:tly had not yet "bee:: de·t~:!.ope:!. ::arl!er e!'!'orts 

r.!er.ts 1r.. r~la-;~1 areas such as per~cr=;.ar.:'! .a:":1 safe-;:,. E'!·:a:.lse 

or th!s, specific bu~ so~et!~es confl!ct!:":~ :"e~~1:-e~e~~! were 

appl!~d ec :he de'lelop:ent cf 7?. ~~~r teehn!~~es we:"~ 1e7~!­

oped ";O ~er~orrn T~ funct1or..s for var!cus a~~cra~~. bu~ ~~t!l 
about the tir.:e the formal cruise misst:!.e pro~ra~s bega~. there 
had been no detailed criteria to speci!'y \·Jhat ':'? ce.pat~l!';ies 

were necessary t? fulfill strategic and tactical requ!~e~ents 

adequately. , Per!'orrnance evaluation =:~easures had varied !'rcr.: 
one system to another, and ~eetir.g specifications did ~ot 
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~!:e !"o~~r was 9 :a:-.uall7 o;'!:-at-!1 3j'S~~~ t;:O:~~ 1!s;!.i.::.,-:! ~!"'.! 

t~rra1n i~~~e1!a~~:1 a~ea1. 7h9 ~~~w r~s;e~1~1~h~~ ~~~1~1. 
,· 

':'~9 t'!~ "':e!":-a!:-:. a·;'=l11a:-:-::ll!" ~as c-:~o:~!:: a;;::.!e~_.-:: t;!":.t!S4! 

wh1~h t.:S'!~ a '!c-..:n:,(a::-1-l':)oic!~g se~. 

( '") ~e -•cu•-·-·~·s ~o~ a-~ c·•-a·~~" o~. a ----~-·-··.· -...• •ss•.·-•. "' .... ... .. - ·- -···-··"' . -- .... :-- -· .. __ .. -
~ s:rst'!:::. d!!':-e:- s!g~1!"!·::ar.~:7 !':-:::t <:!':.e =-~~·.::!.:-'!::~!':':3 ~:"'.:! e;:~:-~­

t!c,n o!' S'lch a s:~s:e:t for ::ann'!d -:a-:':!:a!. a!:o":~:s!"-;. ::'1 '::he !"!:-s: 

place, t~caus'! o!" ~~e cru!s~ ~1ss1!~'s ~!ss!~~. ~a~!~-=~~r. !s 
usuall:l :=tore prec!se (tl':'!r'! is ;:-eat'!r k::ctrrlei~e o!" -=~'! t;'!.:-:-a!n 

over ~1hic1:l the rr.ission is to be rlotm). Second!:!,. ~~e er•Jise 

missile is not li=!ted !n ter~s o~ possitle a:celera~!c~ ~a~eu­

vers b:t t~e r£eii!d ~= allo-..r ror pi let: co::!'ort, .ith!:!: !..~:-:~:! ~c:-.1! 

des1gr: f"rl!et!c::. ~!rdly, sine'! ...... 
~ ..... 

a higher protabilit7 of clobber car. be tolerat~d. =~~~~hly. 

because of long fl!g!l~ d~.stance :.nd rli~z:ht ti:::e, ~!:e ;::r.,llab111tY 

or detecticn must be o1n1n1ized for the cruise r.:!ssU.-e. :'his 
suggests that fortrard-looking radar ~:~ay not be des!:-ab~e dt:e 

both to the resulta~t forward eoissior:s a::d the f;;ct ':ha': it 

1ncr~res system cc~plex1ty and requires space. 2 

'l: 1·/hile t 

~ ~r. has 

1 (U) G. Bergmann and •1. De Backer, Terl'ain Fotzowing Cl'iteria 
(AFSC, June 1, 197~), p. lX. 

2 (U) Applied Physics Laboratory, 
Cl'uise Ni.saile Desi~f'! Studies: 
l·!P-5-88 (January 197:.), p. 2-l, 
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1 (U) The d!.fferer:ce bet1·:een a Cl"'.lise ~:~issUe tak~!:l> ':';.. '!C~~c:o:s 
ar.d a missile fly~ng a straight course at the sar.:e a·rer'l;:;e 
altitude. 
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"CUl !!. Swanson a."ld s. :·:usa, :"l:e I"'Pa~~ o' "'e:r:rai" :'oi.Zcui11g 
!!equire,.erl:• ott Cr:du .Viui!e ~uigtt, !!lA. !'-1022 (Jar:uary 
1975), ~p. 2, 1;, SE:!!~ • 

.· ... ·" 

.... /'' 

; ¥' 

.:, ' . 1""'' •-..; 

.,-~~ 

'· .; 
f·.' 

' 
. ~ 

.. -~ 
;i 

. ·¥; 

•• 

~-: . 



r 

' I 

i 
' ' 

JG 

I 
UNCLASSIFIED 

"":,· ·-:· 

VI 

CO~PUTER DEVELCP~E~T 

A. MIC~OPROCESSORS 

r.:1ss1le d'!"t'!les:~er.': ;::-cc-,ss. 
(~) ~~!le tas~e se~ie:~d~~~~r w~~k ~~~es t•~~ ~, ~~~ :~~~ 

191IO's, it was Ce•t~lop~e~~ o!'" ~h~ ~ra~s1st:--:~ c:~at !:!'~tt:'! t;~!' 

process o! ~1r:1a~ur1za~!c~. ~e~el~pe1 tJ =~:l :ats as·~~~~ 
or a resea~ch pr~~ra~ or. s~~!cond~e~o~s, C:he t;ra~s1s~~r Y~s 

viewed as a r!i!place::-:en~ ~?:- •rae a!:.:: t;~bes. 3:r :-:::u.ll~:/. 1:1::, -:!:e 
poss1b111~y that; transist?rs· could te used 1~ ~1~~11! ~r ~~~~~ron 

tages over tubes in ter::~s o!' s~aller size, lo·-re:- heat; diss!~a­
tion, and inpro•red reliability set the stage ~-,:- ':he cor.:!::~ or 
new and snaller mass-produced conputers. 1 9ell :ats r.;ade ':he!:­
patents freely available and there followed a ~e:-!od ~~ s!::gle 
trans•stor use. 

(U) ~he idea of puttir.g r.:ore ':han one de,,i~o (•·a~s•s•c· •• ~ ... ....,_ .............. "J.o. 

acti•t.g element) on a chip s~rraced c!urir.g· Fa:!.rc!':!l1's "t!c:-r. c:-: 

planer devices. 0:-iginal transistors were three dir.:ensior.al 
devices with c"nnections on all three planes. Planer de•r:!.ces 
had connections from the top only. Development of a success!'ul 
planer geometry transistor in the early 1960's ~arked the 

1 (U) !lational Sec uri ~Y Ager.cy, Infl..ence of US C-rypto logic 
0Pganisatio'l!s on tlte Digital Compute-r Industry (:·!ay 1977), 
p. 3. 
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!ao!a'!!_~l ~1-·1!.:~s 1:: er~l!:- -:o al!~w r~r ~.,e cr ~o=-~ 1!-~t~o::'!s 'lr. 

a =~!~~; 
(•;) A~ atout -:his t:1~e a s!:abl~ a~"'Jr.t; o!' :'!par~:"!l!r:t; ~~ 

=~~•r.se ~or.~7 t~;an to tle~ int:o eo~~uter r~s•ar~h as ~a:~ c~ 
~he ~~~or~ ~e p~~ s~v~ral ~ev1e~s on a s1n~le eh!~~tr.d ~~er~b7 
~~~4e~ i~~at1: ~!~1atu~~zat1on. ::~SA also suppo:-~e1 r~s~!reh 
~!'!or-:s !:t a!~ l:.!' !ts own appl!c:aUor.s. ~~0 ::tOM:/ ear.:e f!"c::: 
toth ~he ~cverr.r.:er.~ and 1r.dustry a1r.:ed at t~e goverr.:::ent ~Arket. 
~ere was also a gr~w1n~ de:::and rcr these pro~uets !or eo==er-- . 
e!al :o:::pu~ers. ~Y the late 1950's ser.:1cor.duetors. were te!:t~ 
used !n ee~erc!a! eo::tpu~ers, and· ty the early l9~0's 1solat!on 
~~V1':es wer~ te1r.g used ror 1ndustr!al eornpu~er appl1eat1or.s. 

(r:) '!'!le '!e•relopr.ent process was thus an ~volu~1or.ary one-­
planer work, !solat!cn work, inflow or government rnor.ey; Or.ee 
sev~ral de•ti~es were successfully put on a single chip and a 
v!;;cro::~.:s -:o:::r.~erc1al r.arl:et had been created, 1nereas1n; the 
densi':7 o~ dev1c~s on a ch1p tras or.ly a rnatter or further evolu­
tion. ay 1970 1: had beec::~e evident that hundreds, !t' not 
thousands o!' ur.!':s could te put onto a chip. 

(U) ~e f!rst ~icroprocessor was produced around 1970 b1 a 
eo::~par.y called In~el by simply putt1n~ an entire eo~pu~er on a 
chip. The next step, which o.:eurred around 1970-72, ~tas to use 
se:::!condue~or ~ernories on the -:hip to ~o wi~h ~he co~puter. 
7he r~!!ne~en~ process cor.t1r.ued, driven pri~ar1ly ty the co~­
r:~:-eia!. narket s~ek!.r.~ s~all eoe.puters t;o ·.!se for sr.:all cor.lpu­

tat1ons. ~he ealc~lator and watch ~arkets also beca~e ~aJor 
use!"S or theqe technological develop~ents, although the commer­
cial computer ~arket ~1d not pick ~P on the ~icroprocessor 
until ~he las~ two or three years. 

B. KALMAN FILTERING 

(~) Another rnaJor con~r1but1on to the cruise missile guid­
ance systec was ~he develop~ent or a proceJs or recursive data 
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~:,~ -;~:-!.r.' t;!'l& e; :sa•r•s a ~=-~e.t: 1'lttl 'l!' '!':~~·Jt;~il· ~'!!'!':Or1 at:•~•. 1 

Ar~~r.~ ~3!? c~~i~al ~1l~•r t;9=~~!1~~~ tas'!1 "" s~a~•-s~a~•. 
t;!::'-'!":-.a!:: !'o:-::"J:Il-;1 ':nS :·:~=-~ 1!•t1 s•~. ':"!':'! .a;:!)~oae:: ~t !l!z !.::.; 
t;h,s•- t;!'!~::!~·.:es, r:o:w k:t'=:·:r. as ':hi! r.a!::ar. !1l ';'!!" a!'t:ll!:" !. e;s 

co~~u~~r an1 has becoee the rou~daticn ~or data mixin~ in 
~o1ern ~ultiser.scr s7ste~s. ... 

(r;) ':'he preble::! o~ :iata !'1l~er!r.~ Wt>.s ~irst ~r.cour.ter'!!1 as 
par~ o!' the process or det'!!rminin~ fire contro! of antiaircraft 
!!'.Ins in }lorl1 Wa::o II and cor.tinued to be encour.•-·· ~d !n ai::o 
de!'e~se, sp~c1r1ca!lj in ~9~'!:'~1n1n~ the tes~ ra ~r t;:-~ek ~r:~ 

a gr'!!at r.:ass of data. l':al:::.an pro•1!ded a ger.e::oa!ized ~h'!or7 
under w~!eh al! ~he smaller cases become specialized eas'!!s. Ee 
esser.tial!7 ·prcvi:ied an analytical structure for se!ee:ing ~he 
opt1~ur:1. 

(~) ':'he application o!' the filter to ~idance problems was 
an obvious cne. There are sev'!!ral different naviga~ional 
s:ts:e~s on an aircraft, ~r!'.:h much data co:::ing in from the several 
sources. Y.a!:::an filterin~ provides a means of collating the 
mass o!' data and selecting the best. 

(U) The technique (an algorithm or eo:::puter software pro­
grac) has been best described as follotiS: 

Application of modern estimation techniques 
to mu1:1-ser.sor navi~aticn systems be~an in 
the :::id 1960's, shortly after optimal recur­
sive filter theory ~:as develcped and published. 
Because the errors in a typical r.avigat!~n 
s7stem propagate in an essentially linear 
m.:.:mer and linear ccr.tbinations of' these er"rors 
can be detected from external me?surements, 
the Kalnan filter is ideally su~ ~d for the!r 
estimation. It also provides useful estimates 
of all system error sources with significant 
correlation times •••. The Kalman filter pro­
vides for the optimal use of any number, 

2 (U) A recursive solution is one that enables sequen~!al rather 
than batch proeessin~ of the measurement data. 
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c~~t1na~!~~. ar.~ s•~~~~e• o~ ~x~~~na! ~~a3u~•­
:o.'!r.~s·. =~ !s a t~e!':::!~·,.'!' !"~r s:~se;'!::at;iclll:.:,· 
•:.:;1~7!.~-~ .a!l a·re.!.:.!~!~ 9Xt!~~al r.:'!asurt!t:l!r.e;s • 
r1srar-jl!SS ':J!" ":hi!~~ 11!~:",:-! • t" !~.~r"''f! ';h9 
a-:C'Jr&':j ~~ r.:a·r1ga~1~!'. s;,st:l!r.ts. 1 

(1:) ~~ !n':!"':'i'Je':1on or !~cr'!u1ngl7 soph1st1ca':~d coc.;:';.l':~rs 

t.as ~1~ 1t even easier to a~pl:f th~ fil':er1ng ~echn!qu•~ ~nd 
1': teca::e ':he lte:;s':or.~ o~ t~e ':'!~CO:·! s:rste:::. ·A LcckMed a~a·l:r­
s1s 1r. 19'59 s':ated that Y.al::an !:'1lter1ng "afford-s substan':ia"­
tr1mm1ng o~ da:f :o da:r stab111t:r errors which prev!ousl7 l1::1ted 
operational accurac:f. This reduces the separaticn be:~een l~b­
oratcr:f and. opera:!onal per~o~ance."" 

1 (U) ~e Analy:ic Services Corporation Technical Staff, Applied 
Optimal Estimation, ed. b;r A. Gelb (Cambridge: t·riT Press, 
19711), p. 5. 

• (U) Lockheed :-:!ssiles anc Space Compan:r, AG/1 B6A-SCAD-Design 
Concept Studies, ,Tol. III, Cuidancs Systems (September 196~), 
pp. l-6, SEC~ET. 
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VII 

WARHEAD DEVELOPMENT 

(C) While sr.All nucl9ar warheads were not ava!labl~ ·1r. the 
early pos':-war years, such weapons were a·:a1lable well be!'~re 
the accurate guidance syste~s ':hat ~Ade their use ir. cruise 
missiles desirable. Tke whole evolution or warhea~s was a!:9d 
toward sr.taller size and greater yield per pound or :1eight. 
That mtniaturization of warheads was possible had teen der.to~­
strated by the Ar~y's 280-~m gun in the early 1950's and a !'ew 
years later by the B-in. howitzer shell. These were low-y!eld 
tactical weapons, but by the end or the 1950's sim!lar evolu­
tionary developr.tent of the larger yield Gtrategic warheads had 
occurred. 

(U) ~e necessary technological expertise was essentiall7 
available by 1?60, with the developr.tent of warh~ads ·ror the 
Polaris and l'.inuteman weapon systems. By the end or the l9€0's, 
when interest in cruise missiles was renewed, all that appeared 
to be required for the warhead was repackaging to !1t the con­
rtgurat1on--rirst or the SCAD and then the SLC!·I and A!.Cl':--and 
to do so j.n a nonatm,spheric test environment. f!owe•1er, the 
SCAD was not intended to use an existing warhead, but rather to 
use an existing warhead as a cost effective starting point. 
Development work was necessary to produce the specific warhead 
required ror SCAD. 1 

(U) For the cruise missile, the size of the warhead was 
signiricant in terms of how it could affect the other elements 

1 (U) U.S., Congress, Senate Committee on Appropriations, 
Hearings of Subcommittee on Department of Defense Appropria­
tions, Fl ?J, 92d Cong., 2d sess., February 21, 1972, p. 807. 
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or the s1stecr. Sr.~&llness was nee_essar:7 both in trdght and 
volu~e, since the less space taken up by the warhead ~~e ~ore 
apace was avaiiablt ror tuel, while the lighter the payloa~. 
the rurther the tuel could take it. The size or the warhead 
was dictated bY the s1ze or the a1rrra~e, which was dic~~ed b:7 

' the desire to have the s~allest feasible radar cross-section • 
.fl{ In the teasib111ty studies tor the SCA!-1/SCAD systeo 

perrorrned in ~d-1968, the several contractors agreed on· th& 
type ot' warhea•:l to be used in the a~ed vehicle. The warheads 

SCAD warhead development errort no 
rrom the SRAM program, which was several years ahead or the 
SCAD. Development 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 SRA!~ air­
rr~e was smaller than the SCAD airframe, being 168 in. long 
and !7-1/2 in. tn diameter, the ability to develop a warhead 
ror the SCAD-si2e vehicle had recently been demonstrated. 

~The SLCI1 concept, with its torpedo-tube-launched missile, 
creLed a new 

2 (U) Boeing Co~pany, Subsonic Cruise Armed Missile (SCAM) 
Feasibility Study, Final Summary Report (July 1968), p. 15, 
SECRET. 
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mov'!!ment tot·rard it seemed slow. August 1975, was 

1 (U) J. Luttrell, J. Hesse, and C. Kettenbach, Submarine 
Laun-:lrlld Crt~.ise Missile Phase I Study (White Oak, :-~d.: :raval 
Ordnance Laboratory, August 1973), p. 5-l, SECRET RJ. 

'(U) Office Direc~or Defense Research and Engineering, Cecision 
Coordinating Faper !or the AGM 88 ALCU FuZZ ScaZe DeveZoFner.t 
Prograwr, DSARC II·, Preliminary Draft (December U76), p. 2, 
SECRET. 
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VIII 

THE SCAD PROGRAM 

(U) The year 1967 can probabl1 be designated as ~arking the 
beginning of the current cruise missile pr~~rams. In that 7ear 
several studies appeared concerning long-range deco1s and 
standoff weapons and the pressures from several agencies to 
develop such weapons began to build. Both the ~litary and 
scientific col!'.munitj.es were involved. 

(U) Consideration of lightweight decoys in the scientific 
co~unity had begun at least as early as the previous year, an 
IDA study on the subject having been published in July 1966. 1 

A foll.owup study the next year carne 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 lightweight 
turbojet decoy/ASH's capable of carrying radar au~entation 
and ECM suffici~nt to saturate fighter defenses and current SAM 
systems of the Hercules, Hawk, and SA2 types. 

(U) The study asserted that nuclea~ warheads of respectable 
yield could be carried by decoy/ASM's possibly weighing as 
little as 4uO lbs, thus providing a dual-purpose capability 
with the offensive function in no way subordinate to the EC:~ 
function. High-explosive or chemical warheads could also be 
employed for aa. 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, Lightw•ight D•ccys fo~ Ai~c~aft, IDA P-269 
(July 1966) • 
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turtofan,ensine, then un~er develo~ment, and an autopilot plus 
the TE:P.cor•. s:~stea. 1 

(U) In the saae period, scientists at the P.A:m Cor~cration 
were considering wa7s to solve the bomber penetration problem 
by usins the SRAM. 1 They suggested a sch&me to reqlace the 
SRA!4 with another m1ss1le of the same size to fit the_ .a1rcra~t 
rotary rack. Since the missile was volume- and not weight­
limited by the rack ~equirement, it was possible to change the 
characteristics of the missile significantly. What was sus­
seated was a missile that could fly cuch further than the S~~ 
because it flew at the aircraft's subsonic speed rather than 
at the SRA!('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 a~ed 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 do~. It was 
not intended that the SCAM be invulnerable. What was inte~ded 
was a basic transformation. Instead of one aircraft and 20 
bombs/warheads, there would now be one aircr<>.tt and 20 missiles. 
It was not that the Soviets would not be able to find any of 
the missiles, but that th~y would have to find many of them. 
This idea, essentially that of Dr. Albert Latter, came to be 
known as "MIRVing the bomber." 

(U) Early in 1967, work began on a Defense Science Board 
Task Force r~port 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 deteetors to locate low-flying 

1 (U) Benson Tucker, SmaZZ Long Range Airaraft Decoys and ASMs, 
IDA P-358 (August 1967), SECRFT. 

1 (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 SRAI~ had a rangP. of 30 nm at low altitudes and 
10 nm at high altitudes. 
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" 'bot:l:ers L~'! use of SA:·!' s wi ~h nuchar ~re.rheads ':o d'!s':rc:r tl':el:l. 
!~ reccc:::enoiec! :f:!:!'!ir:; th'! 'be:-:t:er ~ri ':h a Jo::;-ra:::::e cru!se 
r:!ss1le," an extended rar:ge for~ of !:our:d tog. ~.e :oepcr': a::.so 
asserted that the effecti?eness of the weapon wcu!d de;end on 
its t:eing used in large nuot:ers rather than on 1~s speed. It .. ~ 
proJ)csed a misSile that could fl7 up ':o 2,000 nr.,- 'll!.th cl':ar-
acterist!cs ver:r sio1lar to those or the cruise r.:!ssile ~hat 
eventually apJ)eared in the 1970's. The original r.~~e a':tached 
to this concept ~~'3,~,_:1:::tA:·t C:::ultipla independently a!:::'!:! lew­
altitude m!ssile).• 

(U) The idea of developing a longer range decc:r a!so sur­
faced in the Air ?orce that sar.:e year as the result of a study 
at the West Coast Study Facilit7 on tom'ber penetrat!ori. This 
was a langthy and comprehensive technical analysis of-alterna­
tives. A replace~ent was suggested for the Qua!l decoy, which 
had·teen designed in the 1950's for use with the B-52 at high 
altitudes and had become operational in 196?.. It had a high­
altitude rlinge of 250 nm. The Quail's low-altitude range >:as 
quite limited and so it could not carry out the ger.eral!y 
accepted tactic of low-level penetration. The study showed 
that a tenfold increase in decoy miles could be produced by a 
vehicle with the same volume as Quail. 5 

(U) A variety of sizes were considered for the proposed 
d'!C07, allo·rl1ng for one, two, four, or eight decoys ;:er SRA:·t 
space on the aircraft rotary rack. The ~ost 1nteres~ was 
evinced in the smaller decoys. Another suggestion ~~je ty the 
West Coast Facility study was for a supersonic missile, ramJet 
po>rered with rocket boost, of about the same size as the 
vehicle that finallY emerged as the SCAD. This con~!guration, 
called the ASAL!'I!, was to be a longer range replacer.:ent for SRA!1 

~(U) Interview with Dr. Albert Latter, fGrmerly of P~:m and 
member of the DSE • 

1 (U) Interview with Lt. Gen. Glenn Kent, USAF (Ret.), for~erly 
head of Development Plans in APSC. 
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~cr use a~a!ns-; So·r!et; ! '.ght:e:-s I!)~ a Se·r!et; ;..iiJ..CS. 

('') "~~••••• t'"• s••·c!•• ... ~~" ·1••we1 II S .. ~s~~·~ ••~~·• es a ... ..., .. - # ... J ,.,.. ... ~ " ~· w ,.. -... ...... .......... ... ..... ~J ~ 

lov•:- techr.!cal r1sic ar.d had :.:c:-'! co~!"!:::!'J!::~ !r. t;~! a·:a!!at: !.l-
1':7 of the te~hnolos:~ to c!e•:elcp cr.e. AFS::, o~ ':l'.e ::':he:- !':ar.c!, 
had li~~le con!ic!er.ce in a scall ~~rbc~an c!eco7 a~! !a~ore~ a 
ra!:Jet. 

(U) ~~at the Air Force wanted at th!s t!:e ~aa a s~bscn!c 
cruise unarmed decoj, a lot.ger range vehicle than· ':~e ~~ail. 
As a fo~lproo! decoy could not be achieved, !t was ;:-o;ose~ 
that l of e•1er7 10 decoys be arced wi':h a 11a:-l':ead. :'l'.e er.e!'!'.:r 
air defenses would th~s have to treat all ':~e c!eco7s w!th 
respect.' The study group deco1 was also tc carr7 e:ectronic 
equipment that, given weight, space, and ;oYer liri!':a':!cns, 
could at least for a few frequer.cies recei·:e a Sov!e": radar 
signal and send back an aug=ented one. 

(U) Once the ideas of the study group began to !ell, in­
vestigation into the available technolo~J began •. ~e i~itial 

and major concern was with the abil!t7 to p:-oduce a s:all 
engine cheaply. Wright-Patterson and the ~~jor eng!r.e ~anu­
facturers reacted negatively. However, precec!ents ~e:-e un­
covered: a man in California had built a sr..all turto_ret to 
power a glider; the Garett Corporation was found to be building 
smaller engines for helicopters, not as small as r.e~ed and 
neither cheap nor free of bugs, but still a good deal s:aller 
than the standard engi~e; the l{illi~.ms ·engine ~:as re::ogr.ized. 
Thus b7 late l96i the study g:-oup was convir.ced that ~e requi­
site small turbofan engine could be built. 

(U) Examination of TERCOM revealed that the first problem 
with it was the inability of the patent hold~.!:g compa:11 to test 
the system properly. The several ~roblem areas that ~ould 

1 (0) Interview with Dr. Alexander Flax, ror~erly Ass!s~ant 
Secretary of the Air Force for R&D. 
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c·:! :.:~ ~!':.!'. -:!.!'!':~ ~:"'.'! s-:· .. ~~· .;::--:·..::: ~:'~4!~~~ !.-:s :''!r:":!"~ !:: :a":<! 

!;~1, ~h~ ~~~~'!:'S W9!"'! ~~~~~~~'!~ ~~~~ ~~~ ~:'~;~s~1 ::~~-:"'·~~9 

'.:!ee~7 '!:-..::."! til! ~1!-:11!~~;,•'! -::; '!x;:!:!o:!~; -;~~! t;'!::!'".:::::-:;!'!! :'::- ' 

" s• .. -·--- ·-· .............. • ... a -= _ ..... ~ .-a .. l!l • ..... ---·· 

,.., ............. ~ ... , .. ... • .. --·.A.)....... .. ...... _ ..... 
• ~ ........ _, .... oil' .. ~~-::~-; •••• .., .•• ··- -··· 

a warhea1 a~d a 2~-lb -:- ... ·~ ............ . _ .......... ---
............ ....... ~ .... 

·~ .. ~,. .... -·"-· 
preposal ~as i~~er.de~ to ga!~ e~oug~ s~~~~~-: ~~=~ ~~~ A!:-. :::-:'! 
to enatle a progra~ tote i~!t!ate1 • 

(U) !n retros~ect, ~eneral Ken~ feels tha~ i~ was pr:ta~l"/ 

unwise to have tried to achieve both ob:ectives ~i~h ~he s~e 
progra~, and that conc~rrent but se9arate progra=s would ha'le 
teen better. ':!hile the vehicles to be develope1 trere 'l!.rt,;a:.ly 
identical, their !~notions were co~pletely different. ~e 

decoy was intended to s!mulate the signature of a B-52 and thus 
to be detected. The art::ed decoy cr SCAr·l had to avQid detection 
in order to make its low-level subsonic. penetration. 

(U) The basic !ncompa~!b!lity of these two objectives was 
never resolved and led ulti~~tely to the cancellation of the 
project. Require~en~s ke~t shifting from one set cf ur.real1s­
t!c speci!'ications to ar.cther. 11oreover; fror.t the start SCAD 
was a victim or the pclit!cs of the B-1 controversy. The Air 
?orce quickly saw the su~~ested SCAD as a threat to the 
sought-after 3-1, since the air defense saturation and 

'c·;) !r:~e:-·r!e~·: wi~~ :·!a~. ::i'!.!. Jasper ·ael::l, ':SAP', !'::-:::e:-:.;,· :ii":!'l 
~es: Cc~3t ~:~d7 Faci:!~7. 
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s:ene'!:-&':.~~:: l)ote::':1al IJ!' a s':anc!o!'!' )teapon see~ec! to r.:a:.:e ':he 

r.e~ tcr.a· ,er.e~rt~!~~ t~te~ q~est!:~~bl~. !n ~ae~, ~~~se 
sus~!6ioUa_that ~1r ?o~~~ !r.~er~s~s ~~re pa~oeh!al tad !~~4r­
l)re'!~':!:e- 1!::1 '.:a~!er.s l)laeed or. ':he S?.:.:·! ran~e as re!"lee'::1n~ 
a s1::!lar a':t1':~de tewa~ star.c!or!' weapons o!' a~7 sert. 

A. T~£ SCAD DEVELOPMENT ROUT£ 

c~·) :r. 4!8:-!;; :a::t.;ar;t e-r :.?E~, S~: 1ssa~d a ~~~t.:!!-4!-:i C;e:-a­
~1~~al ~a~a~1:!~~ C~CC) s~a~e~en~ ~cr a ~epl9ee~en~ ror ~~e 
:ua!~. -... '"o ........ :o .... -,. • a• • ,.. .. =,a~ ~ac:·~· -1-•e"' ..... a, ~-··•lo~-• .............. :"" .... ., •...•• ·-··· .. - •. ,. n.~~-= ·- ····-- - w...... .... 

call!::~ ~=~ an a!~-!~~~:he-:i ~!ss~~e srs~e~ ~~!:~ ~~ul1 e~e~~~e 
as a ~..... ............. !!11-... ...e,..... .. .. !•• !l ... ·~ -• • • • , • 1 ~ ....... ·.·.a·-.·-"'··-,. .... .,.- •••"'./ t ~ ......... -- --~ t ""• • • ... A ...... ..;~~--·• -

,."' .... """'": ... , .. _ ........ ,. ............. , --e•• • .. •••e•a"' '···· ... e !l•-~ .... IOJ -7··· ... -~·· ......... ;~• ............... ,. .... ···-·--........ ..... ... -· 

-:-..... .. . ... .. . 
ranges w~re f!Xar.l!ned--~c~~. 1,0~0, :.,:~~. a~~ 2,~':': ~~. ~e 

earliest reasor.able ICC was de'.:e~!~~d to te 1172. 7he s~~~7 

concluded that ~he develcp~en~ c~ a su1~at:~ ~a~:~~ ~r.~!~e 

woulc! b~ the pac:ir.g ractor. 11 

(U) A SCAD ProJect O!'rice was es';abl!s!:e:! ea:olj' !n ::~? !.~ 

Wright-Patterson, ""d SCAD reasib111t::; stu::!!es i~':e!:de•! '::l 

1 (U) Headquarters, USAF, History of the Directorate o~ O~e:oa­
tionaZ Requirements and Development Plans, DCS/H&D (Januar7 1, 
1969-June 30, 1969), p. 105, SECRET. 

' (U) U.S. , Cong:oess, ·Senate, Armed Services Commit tee, .'ie 2r; "fiB, 
Pl ?3, 92d Cong., 2d sess., February 19, 1972, p. 2366. 

11 (U) SCAM Study, Vol. II!, Pinal Report Summa:oy (Eoeing 
Company, July 1968), SECRET. 
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atle or lor 'r ~ange ~l!;h:. :a~t :~ ~~e ft!~ ~~,~~ !~;;e~~~1 

the APSC vi~ ~oint. Cor.sequ~~~l1, ir. :ee•~~e~ ~;49 ~~~ ~~!•~ . . 
ot Sta!'t red1. ~cted t~e progr-..::: ir:'!c: a twc~phan !e·:'!!:;::~e::::. 

· There would be .· SCAD A--a low-cost, low-r!sk 1ee:::: !'or ~S'! 
only with the l ·· .. •.nd with early opera'!!o::al c!e•:e:.e;:r.:'!r:'!, a::1 
a SCAD B, a ~odular ~issile tor the 9-l, ca;::atle :!' te~::i :cr.­
figured as an una~ed decoy, a~ed deeey, or attack ~iss!le. 
SCAD A would also have a warhead option. 

(U) In an April l97C Develop~ent Concept Plan, '!h~· DC~,~. 

Or. John Foster, took issue with the Air ?oree ap;:roa~h, 
reeor.:mending a more flexible program directed toward deve!op­
men'! ot a weapon system that would yield a long-range attack 
and decoy ~1ssile, which would be carried externally·and be 
adaptable !'or !r:terna! carry. A high-perfo~ance guidance 
s:;ster.: t:ould g!•1e the ar~ed decoy a good attack capability. 
~e carryin~ arrangements for the SCAD beca~e part cf the 
pel! '!!cal-cur.:-technieal battle that raged bett1een the A!r Force 
a::d the Office or the Secretary or Defense concerning the SCAD. 
~e ~lr Force !nsisted that the SCAD should be carried en the 
roo;ary racl': o!' ':he.· B-5'. and the B-1, along with the SRA:·!, in­
so;oea1 -:,!' on ·.r!~g p:rlor.s . 11 This ~rould have constra!r:ed the 
s!.:~ -=~ ~!":.'! ~:A:: a:--.d ~!'lus l1r.t1~ed its range potential, "tt!'lich 

see~e1 o;c te !n ac~ord w!th Air :orce.preferences in regard to 
s~andor~ weapor.s. 

(':) !r. J·~!".<e 19 .. , the Air ;:'orce stated that the SCAD would 
te 1es!~ed pr!~~r!ly to act as a decoy, and would incorporate 

11 !~) ~s~:. A~~~. S~etoPy of !~e ~aPcr.au!~eaZ Systsma Diuiaio~, 
J:.til lJ':-J:.:i! !J12, '.'ol. !, p. 109, SECP.ET. 
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o:r.:.;; s-.::!': 1.-:!'!!. ~!~~•:. !"•a:~:-es, a-: ~!.r.!:.:a.! :-:a:, &3 -,;~:-~ :o:•ed.•-i 
f•) •'-•• •••••A• 
\- ···~- -··- ... ·--

a s:~~l• ~;!~a~e~ S73~er. S •• ,.,. ..... ·""·, •• --.--- -·· ... ., 
~a~a••a••~• 4••-•Ao• II ....... ~ ....................... . 

(
,., .. _ 
... ..._ .. !5, 2;~~. ~~• =·~~':7 See~e~ar~ ~,~ :e~e~se •~-

·-~ .. -__ ,.: 
~r ~s·-··-· ·-.. ~-.. A•-•" "'""_ .. .,.. ,. ' .. • ....... ,... ,. .. r:· s••a• ... ,. ..1 ..,; ........................................... ~ .......... -··--

~x;:er.s! ·re a:":c! !. -; vas r.o4! :lea:- v!':a: ! ~ ec-..l~ :!·: a;!':a-: ~ ... a!!, 

::~unc! no~, ar..d S::!;:.: could nc: :!o. 1 1 ~!s :cr:gress!':ftal e:a;!?!': 
~as reversed, however, a~c! !~ :ar.~ar7 :97: a ~:-=on:h ~e~elep-· 
:en~ p:-cgra:: a;c pro•:!~e an ~r.a.r=ed c!eeo:~ !:7 :~::e !9"'~ vas 
approve!! • 1 • 

(~) ~e o~jee-;1~es e~ :~e S~~: ~ro~a~ vere ex~~es:e~ t7 

1971: 

,., ... ·.·!1. ......... , :) . ...... a.·-··--· 

We hav~ decit!~ to cor:eent~a~~ ~!~s~ cr. ~~~~s 
to assis~ the ~o==e~ ~~ ~~n~~~a~e ~~e a~~a 
de~er.ses and :"''!ach ~!':e S~~=·: :'~!~ease ;~!.:-:~. 
!o do ~his, we a~e de?elop!~~ ~he SCft: !.~!­
t1al17 as a te=~er dec~7. ft: ~he sa=~! ~!=e, 
it is being designed ~!~h ~he ~odu:a~ 

I!(U) USAF, Directorate or Cpe~ational P.equ!re::ten~s a:-:d ~e·:el­
opment Plans, Semi-Annual P.ie:o~y (January l, 1970-Ju:-:e 30, 
1970), p. 259, SECP.E~. 

11 (U) USA?, Oirectorete or Operational P.equire::tents a:-:t! :evel­
opment Plans,· Semi-A,nual Eistc~y (July l, !970-Cece~te~ 31, 
1970), p. 200, SECP.E~. 

1 "(U) USAF, Headquarters, Stra.~eg!c Air Cozr.mand, SA·: !Ea=~~Y 
Fl 72, Vol. II, p. 30C, SEC?.~. 
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•x;:a!":.!:!:~ -:t;a~!:.!.-:!'!1 : ~!':~"ii s: ~~~ 1•• t:s-: 
~-.:.:.~!.:" .. ~ ~ ·:~~-~'!:~! "1:~.!.-:!-., -,;!,*:~. ;:--::,'!:' ~~-'1~.;;11!!. 

-::'!I~ to! ·.;:~":! !:: a :.:!':;o•:-'1::~• se;=!!":.1·-=~~ :--:::-!', 
<:-!'!- !s, ;.:-•=:~"!·.;:-'! -:-: tl!:!~'! ::o:~-: -:-: ;·.;-: !:: :·..::-
\=:·-·w ·-- -~- ·~~·· -~~~- s·~·~-~~· -·s··~-~ •• : '7~11!,.W ••• o •• • • .- .... •,. ':l.oor. • o 'ao o • .., • • • .,., .;: • • • 

task~~. t~"! ~~~ 1~~•::~~e~: ~:an l•a~~s "!h!s 
,. •••• .., ...... ., .. 1S ... ,. ...... '"':"···· 

(~) :o:!"!~~ •x~la!~~~ ~ha"! se'!r.~1 ":~ t~ a w~":~~~awal ~~~ 
... ... • .. "' .. ,..,.. ... t ..... -·--· .•• 3- !&:a •• ~r !.'!"!4o:r~ s·~r.;.':_:-f!. c. 9::. ar::9 ... II! ....... , s-.. a ..... ~. 

! ~a~~~:: "!~ a~~·• w!~h ~~e A!:- Fe:-:~ e;~a~ "!~9 
l~r.~-:~a1 ~~c~r"!!!::"!r ~e:'e is ~~~ 1e7-!':c;~en~ 
~~ ":~e 1~:~~. s~ : ~a~9 s~;~:~"!e":! ~~~= !~ 
~~s~:~: ~~~"! as;~c"!. : ;~:-:~~a!:y a~ s~~ewh~~ 
;;:-~:·~~!'!I!~ ~-=wa:-':! p~t;~ !.::~ t;h~ "':a:-!:e~~ !:': all 
:!'" -=~er.: :-~"!he:- t;!':a:-:. s:~~ t;!' "!!".~:-., t:'~t: : ~~ ~ot; 
s~~ ar:7 ~~~1 ~::- a:-~!n~ t:~a"! !ss~~ at: ~~~ 
~o=~~t;, s!r.c~ -;~~7 a:~ w~ll te ca;~Cl~ ~~ 
:a:-:-j•!::~ '!. ~.;art:ea~. :-; se~~s "!c ~e ":~e t!l!.n;r · 
-:o ~: !s ~'!~ s::":":~ r.:!ss!.:.es ~1::!:-::g e.r:':! S'!~ how 
"!~ey ;'!r~~:-~, s~'! ~cw ~uch o~ ~h~ :urr'!r.t; 
;:--:=-:!s~ ca:: t'! e'~·:~:-t:~~ ~o ~:-act;!.c'!, a~~ then 
=a~~ ~ec1s!:~s. 11 . 

Cc~1~~ee r~:-:~~e~1ed :-er~~C!::~ "!~e. progra~, it· exp:-esse1 "!he 
be!1et t!':at; ~~e ~!!" F~rc~ should attach fi~st ~~!ority to ~he 
ear!.1es~ pos:!!.~le 1e·relo;:::e~"! o~ the inc:-eased ae::.tra~y '.:!~al­

r~h s:;.::: s::;s':'!:::. :·ihen r.ew h'!ar!:o:l!;s ·•ere held 1:-: 1::172, <:!:e Air 

(~) .'.1-:!!:::!.~n:.l S"ll=PO!"": :.;as t!'lr~\\'n t:e~!~d ";!'".e ar~ed ·1'!:-sion 

"·hen, !:'l ~e;:;:e~te:- :;11, an C!'!"!.ce or Science ar.~ ':"echr.olo.g:" 

ad ~oc par.'!l on strategic lon~-range standorf wea~cns cor.cluded 

11 (~) ~.~., Con~:''!SS, 
i~gs, F! 12, Part !, 
p. 1191. 

ll(t.:) !b!c!, ll· 1120. 
1 'Cr> t.s., Cor.~ess, 
i~e•. F! 78, ?art 11, 
p. 2371 

Senate, A~~ed Se~vices Co~~!':~ee, He~r-
92d Cong., lst sess •• ~ar=h 13, 1971, 

Ser.ete, Ar~ed Se~viees Cor.=!~~ee, Ee~r-
9~d Cor.~ •• lst sess., ~arch 16, 1972, 

\ 
... .:.. .. ·~ ·. ·. '··· 
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l 

on h~w ~~ e~ap~ star.dofr ~eapcr.s ror use 
~etruar1 1972, OCDR&! requested that the 

w1 ':h tl:'! l!-1. ~~ ..... 

concept thorough!~. As a r'!sult, alterations were prc;.cse1 for 
the SCAD and a prograo initiated. P.owe?er, ev'!nts ~OV'!d ve~7 
slowly. 11 The Air Force had never geared the p~~am :o tea .. 
specific roc, and in early 1972 the Chief or Air Force ~'D told 
a Congressional co~ittee that by mid-FY 75 sufficient data 
should accumulate from the flight test progra~ to permit a pro­
duction decisicn. 11 

(U) By earl7 1973, in view or the seemingly irreconcilable 
differences between the Air Force and the OSD posi~i~ns, t~e 
operational rationale tor the SCAD had.become incr'!asir.gly 
difficult to defend. The Air Force was still adarnantl~ pursu­
ing a decoy for the B-52 with range extension and arming 
options, but OSD now wanted i~~ediate concentration on a long­
range attack decoy ~quipped with an accurate guidance syste~ 
inst·ead of the simple system required of a decoy. ODDR&E 
challenged the Air Force in !4arch 1973 on issues of cos~, 
schedule, and range, as esti~~ted costs were increasing and 
range was decreP.sing. Furthermore, in the words of the SAC 
history, "The DDR&E was also concerned, in regard to the un­
arned decoy, about how pressing the need was to en sur'! bon.ber 
penetration." 20 

~ At the end of June 1973, the Deputy Secre~ary of 
Defense de~ided to term!nate the full engineering develop~ent 
or :3CAD and 'directed the Air Force to pursue a broader apprc.ach 

11 (U) Headquarters, USAF, DCS/Plans and Operations, Cruiss 
Nissils Study (Ap~il 1976), p. 18, SECRET. 

11 (U) U.S., Cong~ess, Senate, Committee on Appropriations, 
Hsarings of SubcoMmittse on DoD Appropriations, FY ?3, 93d 
Cong., 1st sess., !'ebruary 21, 1972; p. 807. 

20 (U) USAF, Headquarters, Strategic Air Command, SAC History 
FY ?3, Vol. III, p. 503, SECRET. 
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(~) 7he history of the SCA~ progra~ is outl1r.e1 t9low, 

09sign conee~t studies 
Ad•f'!r:e91 de·:.,lc!)::tent initiated: 

Engine test progra~Jpre1!:1nary 
sp9ci!'ications 

F.ngine co~por.ent develop~ent and test 
Decoy electronics specifications 
Decoy b~eadboard and flig~t test 
Decoy 6red!b1l1~y assura~ce program 

?rogra::t approval (PCP ~7~) 

Temporary Congressional cuto!'f of fur.d!ng 
P2P's for a!rfra::te, engine, decoy, 

navigation, and guidance released 
Contracts a•,rarded for engine competition 
Program cancelled 

a. TECHNOLOGICAL ISSUeS IN THE SCAD PROGRAM 

Jar:. 195a 
!·~:o.-Jun'! 136: 

'Sept;, 1963 
llov, 1969 
!·!ar. 1969 
Dec. 19€9 
Oct. 1970 

JUl7 15, 1970 
tee. 1970 

Feb, 1972 
l·!ay 1972 

July 1973 

(U) It should be noted that despite the political clirnate 
surrounding the SCAD prograrn, there was continual prcgress in 
developing component technolo~ies and in systern integration. 
According to the documentation available and discuss!c~s with 
personnel from Boeing, Lockheed, and the SCAD Project ~ff!ce, 

11 (U) 0. Jo'elch, Cruise Missile Teehnotogy Study, p. 1, SE:C:lET. 
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<;here is C'J::s:.~era'b::.'! a~r'!'!!:'!n': as to ,,ha'; wer'! the ':'!chnolo~i­
cal issu'!s in the SCAD pro~ar.. ~e ':wo areas or concern W'!re 
t!:.'! e~:'eet!'t'!r.ess o~ '!'E?.Cc:.: ar.d th'! propulsion s:tster.~. The 
l>"arhead was ne•t'!r seen as a protler.~, and neither contractors 
nor A?SC :'oresaw maJor probler.~s with technolog:~. 7!\is sect!'Jn 
will brierl:t review the technical issues that were :'ound to ... ~ 
exist during the 5 or 6 7'!ars the SCAD concept was pursued. 

r!1 !!either Lockheed, tlhich bid on the proJect, nor Boeing, 
tlhich becar.:e the 

e requirement that the 
able on the rotary rack with the SRAI1 made engineering 

22 (U) Interview with SCAD Program Director, Boeing Cor.:pany. 
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sol~~!.~:-.s ~~~!'!.~-.tl~. ':h'! •tol•Jr.t~ 11::1~at!.ons an~ !'a:~ ~hat; t!':e 
sha~e ~~ ~~! ~~~!~~~ e~uld ~o~ b~ e~an~~1 r~1~e91 ~he pa~~a~!r.~ 

et:ot1ens a•railat l~. F'Jrf:!':er::o~"!, a!'t;er a fe., ::o~t;hs, ~hi! ~!.r 

Fere~ r~l!7.!~ ~!':~ pac~aging ~~~1e!~ne1es ~n1~!all7 r~~u1~91 o~ 

th'!! ::c;~ work. ':'!:!s aoon ler! to an inci·'!!ase in ~he volur.:e ar.r! 
weight or th'!! ::c:( gear, w! th ~he cons'!!quent los:: o~-.t'Uel s':or­

age spac'!! and !:~nc'!! reduct!~n !n range. 11 

(U) Technical aspects or th'!! a!rrrar.:e, the fo!dir:g )/~ngs 
and tail, did net represent a l!'.aJot- teo:hnolog1cal ;:robler.!, nor 

did !aunch!ns;; the r.:issile rre-m wing p;(!.ons. ':'hese wet-e 'l!ewed 
as engir.eering preble~~ only. 

(t!) ~lh,;,le most concerr: probably centered on the ':!?.':0:~. 

the:oe was also a sur;:r!s!ng ::!egree o~ conce:-n o·1er tl".e a:lequac7 

or th'!! 1·/illiar.:s engine. Several aspects we!'e worr1sor.:e, but on 

tne whole there was confidence that the sr.:all fanJet could 
ev'!!ntually te engineered to do the required Job. These engineer­

ing prol::ler.:s, ho~rever, were not insignificant. For eT.a:r.ple, 

the engine had been designed for vertical o;:et-at!on on the 
?lj'ir.g Belt, but in the SCAD it 1~ould function on a l':orizontal 
plane. 

(U) Some of the skepticism surrounding the Williar.:s engine 

was apparently due to the reluctance or the engir:eers at 
Wright-Patterson to use the product o~ a relative ur:knotrn in the 

aircraft engine field (~i1111a:ns previousl:r had :·ro:-ked in the 

oarine and au':omotive fields). l·lhen the Air !"orce surveyed the 

aircraft eng~ne manufacturing co~~unit:l in its first investiga­
tions into the SCAD concept, the reaction of the manufacturers 

was generally that the engine required would be too sr.:all to be 
efficient. Air Force supporters of the Williams e.u1;ine bel!eved 
that there was a tend~ncy in A!'SC to view the ':/illiams product 
as "not a real aircraft engine" because it did not !'it the 

21 (U) Ibid. Also mentioned in interview with Lockheed personnel 
who worked on SCAD proposal. 
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':!':~ap e'lst; an'.! teea~s~ th~ '!o:-.eepi; o!' · 9. "t;t':~e.,t-a:-:a7" e~;;!.~! Y!.S 

t!a::-1 t;o ace9pi;, ~~e:-CJ -..ras a :le~:- ;::-!.1'Jt!iee a~a!'tst; the e::;!:':.e 

that: res•Jlted in considerable foo':~raggin; on t!':e engine iss•~e, 
I': pro•red difficult later e·rer: to ;;ers~.:.ade A!'SC to test t!:e 
lfill!ar.:s engine in a Wrigl:'::-!'at'::erscn wind '::unnel.,. ~·•ooorters . ' 
ot t!:e engine had difficulty getting the engine fund~ and 
s1.:pported. 

(U) Evidence of continuir:g concern with the engine was re­
flected in Air Force testioor.y to Con~ess in !'etruary 1972. 

At that tir.te it ~1as stated that there ·.-~as a 

••. cedium risk in getting the exact specifics 
tl:at we ha~e specified for.tne SCAD'& engine. 
It is qui':e low because of the earlier efforts 
which essentially demonstrat~d the basic feasi~ 
bility or doing this sort or thing with the 
light turbofan engine. 2 • 

(U) One factor in concern over the engine was the iss1.le of 
tuel. SCAD had originally been intended to use J!'-4, the 
standard aviation fuel. ·rt:e high-density fuels were attractive, 
but investigation revealed problems. The low-temperature f!ow 
characteristics or the high-energy fuels were not satisfacto~y. 
Fuel heating could probably have resolved tile difficulty but 
would have r:ecessitated further weight compromises and thus 
reduced rar:ge once again. ':'he flo~' problem required changes in 
metering and the size of the flow char:nels. It ~as, in fact, 
because of these problems, especially with regard to visccsi':y, 
that JP-4 had originally been selected. There :·1ere other 
unknowns as well. Shelldyne looked like a good fuel, but its 
shelf lite had not been determined nor :utd its effects on 
gaskets and seals. Furthermore, production facilities for 
Shelldyne at the time ~1e1·e sl!'.all. 

u(U) Se:.ate Armed Serv:lces Committee, Hearings, FY 73, 
p. 2374. 
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a::!=ar'!~-;l1·";'.:~s':1o::-:s :!r. s-:~1! A!.r :~~"!e ~·.:a:-<t;!!'S 'lS -;: :!to;s !'"!!.!.­

:s.t!.l!-;7 ar..'! .l!'!'!'..trae:,, an a:~1t:"J'!e e;ha': :.o:a:t ha·r'! tee~ ~r::-:•Jra~.g1 

bj t;h~ o•t9ra!l A1r :o:-e1 at~1t,..tde t;o-..:a:-~ t:.!".~ ar~'!'i ·:~!"si-:n "!' 

t!"'.'! St::An. :-; is uneloea:- as te ~-~!':~~t.er ':''E:!=~'j:·: ·11as !.r.~'!~1e1 to 
t~ put into th~ pur~ d~co7 'ler~!cn, toe. All ~e deeoy ~ee1ed 
):as a si:::ple 1;.1!dance s7ste::: a1ec;uate to kee;: it tt!th1n the 
to~h'!r e-:rr!~c:-, ar.d r,'!n'!~al Y.~nt, ro:- or.e, :-'!s!ste~ ~~'! ~se 

o!' ':'E~co:.: in ';he d9COj. ~h'! !.ockh'!'!d ~ea:"! )!'~.~ t:i1 c:: ':~'! SC~D 

1n 19~e-€s, ho~:eve!:', telie•ted the decoy •,tas als':l to t:.a·te ':'E~(;O:•:. 

By 1;12 the Air ?'o:-ce •:as tel11n~; ~on~!:''!SS that t!:e r~ason the 
S(;A!) ~tas Mt being developed s!.r.:ultar.eously :.r. toth a=ed an1 
u~ar~ed versions was that the unar~e1 ve!:'s1:n d11 net r~qu!re 

as sophisticated a guidanc~ syste~. The 1~p!:.eat!on was that 
gu1dar.ce was the element holdin~ tack develc;::::ent c~ the ar:::ed 
sc.a.o. 

W> ':here is a r.Ja!'ked dic~oto~y in the v!.~~:s on ':'E~'::'j~.: !.n 

4;he p~!r!od U!J to 1973. Sorr:e conn4!cte1 t·rith t:!'le ~ro~ra::, l!k~ 

Colonel 1·/ood, t!':e SCAD Project Off:!.cer 1n 1959-70, felt ':hat 

. - ... . : .• · . :~.·~=;. .. ;: __ .... •· ~·" ... ..... :;.-::._·..::.·~ ... · .... 

; ,, 
v 
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(T:) 0;::1n1or.s ',11!'!'~r as to whether a!l the eor.:por.ent 
':ecl:nolo~:!.'!s -.re:-e "a"la1labl~" to bu:!.ld a successful SCA!l ty 
the original targ~t da~e. The pro~r~ is p:-obab!y a pcor case 
study to use !'or exploratio:: of this contentious pili::t •. since 
it was hopelessly er.tw!ned with the B-1 issue. A~at those con­
nected with the pro~am do agree on is that the system technol­
ogy represented a g:-eater challen~e tl:an any o!' the compo::er.~ 
technelogies. In the conf~r.ed space of the SCAD, ~inte:-face 

~:~anager::en~ •" as Lockheed called :!.'.: • was a·ll'.&jor area of progra::~ 
concern. The Air Force, too, in February 1972, stated that the 
risk in the SCAD was essentially in the packaging area, "'.:he 
actual ability to configure the co~:~ponents in small e~ough 
size • ~Ieight • ar.d volume to !'it in the limited space in the 
SCAD vehicle. " 2 1 The Air F.lrce at that time called the whole 
progra1:1 low-to-medium risk. 

21 (U) Senate Armed Services Coll'mittee, Hearings, FY ?J, p. 2375. 
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IX 

THE NAVY AND AIR FORCE CRUISE MISSILE PROJECTS 

... ~ 
( '") ' ~u"•O"S ar.:'"•-u• .. ·• s,,.__ ..... .._ds .... ., .. -4-•.-3 ·-·· ...... ··a···, 

J 1\ ... --.... . ...... ~ .,, ....... ..,....... ... .... --~--· .............. #., 

i i i , As "'a"l"• ·s •., •. , ·~72 ., ...... ··s''"'" ··'"o er'J Sl! !:! S3 -'! pro~:-a~.. ... • J :a. .., .... _J -;~ , 1 ...... ~ ,. ___ '··· 

s!l~, D~. ::-os~'!r s~:t~'!.:, "'!'~at is _;r-,i~;: -:o :~ ~a~1 ':c -::-~~-=­

!~ tSls tee!'l ~alke1 c!" !'or S.t!'leral y.l!ars. " 1 !~ .l!a:-lJ :?:= t;:·:o 

st~,~~e.s !4'au<:t :nstf. t:ute 'Fl'oceet!i.'l!gs that "':'':::·:A?:A:·rr.' s C:""!g!!'ls arl! 

obszure." 1 

( 1;) '!'!le ?!avy c:-uise :n!ss1le ;::-ov.ram can lle t:-aced alor.o; ti'IO 

separate tu~ obviously intertw!ne~ lines cr develop~en:. One 

is t!:e de·r~lool!len':: or the antis!li;: ::~issUe Earpoon, the ether 
tl'.e d~·relc;l::oent or th'! lor.;;-:-am;e st:-ates;;!c r.:issi:.e. ~e '::l·ro 
pr~~r~~s te~a~ sepa:-a~ely but ~ere 1n~~rac~!7~ u~t!l 1972. As 

the F.arpocn pro"ra::t started earlie:-, it r.:ay be best '::o d!scuss 

it first. ':'!:e F.arpoon was the fi:-st I!avy effor~ in the new 
crui~e ~issile era and the technical achie~er.:ents of the ;l:'O­

gram, a lor.;; :~ith those of the SCAJ, laid the foundation !''Jr the 
rravy SLCI~ p:-ogra~. 

A. DEVELOPMENT OF AN ANTISHIP CRUISE M!SSILE 

(U) On paper the F.ar0oon antedates tl:e SGAL. Altl'.oug~. the 
:Iavy t:ad been uneasy for years abou~ the capabil!ties of' Sovi~t 

1 '•J) Sena~e Ar::ted Services Commi';'.:ee, Hearings, F'! ?3, p. 11353. 
2 (1j) :r. Polr.:a:- and Cap~. D. Paolucci, t'SII (!'et.), "Sea-2as~d 

'St;rateg!c' ~-!~a;:ons ~or the 199Cs and Eeyor.-::!,'' TJnit11d S4;a.tes 
f!av'lZ Instit~te Proceedings, 'fol. l')b/5/Cl03 C:·!ay 1978), OJ· 9. 
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a:-.e:iah•; -::-·.;.!.sl! ~!.zs~:~s, 1-; ~·:as -;!:~ s!.nl:!.~'; t:~ t;!".'!' E~::::-:!a::.s 

-:.!' 1.~ :s:-~~-:~ "!!St;!"":j.~::" .. !!'l !t~7 -..r:! ~~ a S~jX ::-·..;!.!'! ::.!ss!.:'! ~!":~"; 

.. .. f'J&• -~­.n -~~ ... , ... 

~-"' .. -. . .... 
S':? was 

re•,·:!sed to ~d1 a :-equ:!r'!r."ter.t ~~r sur~11ee sh1;: :a~e.: ;.c. t:ha.t; 

!'or air la~nc!'l. !!owe•rer, the St~ 'A'as noo; acte::! cr. 1~.-.<e-:!!at;el:r, 

ar.d r.c~ ur.~il the <end o!' 1970 was an R:? eal!!r.~ !'or a:: a!~-
la~n~~'!d ant!sh!p ~issi!e sent ou: ~o 

!.:c~or::v:!l-::lc~~las ~tas chosen as pr!.=te cont,raet::-. 
( '') ,. ~h· •t h t 1 d • " v A • .., .~s w ce =-~searc. was e r.; cor. uc .. e~ 

J ..... , ~op., ....... -.., -

Ocean s·,st'!r.:s Center !'IOSC) or. the bou:;ant; ca;:st.:le- la-..:r:ch or 
r.1ss:!le111 in -..:h:!.ch a capsule ro~e to the S'..:rt'aee b.J bouj'ar.cJ' 

or.ly. ::esc s'! 1ent1st s in!'orr.:oed Coll':.tandoer ( notz ?.<ear Ad:::!~a!) 
~/alter Locke, the ?.arpoon Project C!'!'~cer, thar. underwa~er 
launch frorn a 21-in. torpedo tube rr.ig;!'lt' possibly have sc~e 

applica'::io:: fo~ th<e incipient Earpoon, and the~· solicit~-: 

Locke 's suppo:-t for a !"easib1:!.! ~:; :!~:"!io:'lstre.tior.. Hi th ~is 

ag~eer.1ent, :·!cDonnell-Douglas and 110SC ~1orked toget":er O"l a 

t'easibil1ty demonstration of a boos'; test •rehicle, McDonnell­
Douglas defining the missile and NO~C the capsule. In earl~· 

1972 the syst~rr. was tected successful:y. 
(U) The ~a~poon program 'A'2S now re\'ise1 to ir:clude ':hP. ~•.tb­

marine-lau!'lched variar.t, the "encapsulated P.ar?con. '' ri~! t~1:-~e 

ef!'ort:;"7-a~::--, sur t'ace-sh~p-. and s~.;:Jr::arir.e-la~:-.~hed--':!~·~e :~;;ed 

in parallel with equal er::phas1s. 
(U) The missile ~·~s at this time 180 i~. lor.~ and l,:;c l~s 

maximum weight, with a diameter of 13-l/2 in. ~e caps~!~ w~s 

big enough to carry the weapon tu :·.,e surface at the pr~;:er 

a,gle, while the booster had er.ough punch to tess the rr.~ss!le 

clear before ';lave action could cause the missile to fli;: as i': 
• exited the capsule. ~~eker acquisition had bee~ part o~ ':he 

R:P sent to ir.d ... ~tr~·, s!nce there ~1as no 1r.-hand guidar.:e s::ste:r.. 
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B. DEVELOPMEnT OF SEA-LAU~CHED STRATEGIC CRUISE MISSilES 

c!' 

=~'!t;!r:.~s !::"! t~'! sp:-1~~ o:J!" !.9i'J bet·,:e'!r. persor.:-:e!. ~~t:)r: 

t;S:/SJS~~r.:s A::a!~·s!s e!"'.~ ~!':'! ::·'!nt'!:- ~e:-· :::rral A::a!'lS'!S ~:-::;..). 

, .. ' 
~-.. :-· ... ·;: ": 
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.. ,._.) :!'11'!~ o~ ::a:."'ll!. ":;~:-a':!.':l:-:s, :::c ;,c-:!c:: ~::~~-= 
(:~:y ~. 1;7:), SE:?~7. 

Sea-Eased S!!'~tegic ~ru~sq ."-.'-:.eai !es, ':'0? 
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~-- -~-~- ~A••o·-~-.~~ . . . . ... -. ... ..... :-· ....... .. 

progra~ should be !~it!ated. 

developr.:ent t!nes SUI!:gest~d by C!!A !'or p:oep:o-:g:oar.l ~!'!'-::o';s, 

d~sign co~petition, concept forr.ulation, and ~roposal ~~aluation 

se.el!.ed optin!stic, in vie~r of past perf'ornanc~. 
(t') ~he c::A study stated at the outset t~a~ it gr~~: ou'; o!' 

';h~ id~a that the technology or t~e Air !'o:oc.e SCA!l cc'-1::! be us~1 

to develcp a s~all strategic cruise missile. T;·;o :r.a:!.:: :-~asor.s 

:tere orrere1 as to ~rhy sea-based cr;.;ise missiles (SC:-n ·::ere of 

inte:o~st: 1) they represented a rnear.s of strategic d!·rorsifi­
cati~n to inprove deterrence, and 2) the current tect.nology 
c-::u:!.1 p:oct:abl::; pro•r!1e then! wi';h !r.:pressive capRbilit:; at a 
:"'~as:~a::.l!' cost. ~e~Jlus had crigir.ally bee:-: abandor.~1 !.~ 

~~·:?~ ~~ ?~:a~is t~eause ballistic ~~ssiles we:-e s~pe~!.or in 
·a:~:s~ ~7~:"'7 way--lc~ge:"' ra~~e, bigger payload per su~~ari~e. 
~~!~~~ ac~~:"'a:y, ar.d tetter penetration of e~e~y defe~s~s. 
~=v.~7~:"', ~~~~~!:a: a~var.:~s in the 19~a•s ha~ reduce~ ~~e degr~~ 

,I .__ ...... __ L 
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'~-~:-;:r :.._~~!!.!, a~'i !::;:--:·~·-!'! !:":!':'":!:: !~--~':4!:-:s :.::1 :-:!;;!:--.:-. 
;;1 ~ • ., ........ '!!'•·--·~·o"" ....... ~•4c.-~-·~ .. ,.,. t:a••a .. !l" .. ,,.,. .... a.•• 
.,, .,,., .., o ··~ -•".."; ,.., ", • '"'.~··-.., •, o • o'"' .,,, " 0 - • I •• -- ,..., ,. , ,., .,,, o 

..... ~~. ..... -s ,. ... _ "'a, ...... loo ...... ~,.._.,,.. ~:=;:·: -·~'!!'c: ~~-=··• .. r·: -·~ 
:o---a .......... • _ ..... ····-··-··~ ........................................ - •. ~ ; .......... -

... ,.,.. ... :... -.. ••":: .... ' 
2~-1n. ar.1 1~-1~. ~!a~e~~r; 3,2~~ l~s ar.1 1.~~~ lts. 7h9 s~~:l 
~!ssil9 ve~!j te la~r.e~e1 ~=-c~ :he a~~ack s~~~a~!~9 cr ~~=-:-!~:-

s':l!t~ 
'fl~ c~:~ reporte-:: tl':at a c:-uis'! 

e!':!.:-aet~r!sti"!s 

~a~;e a~ 200-ft alti~ude: 
Te::-r!er or ss:: basir.g) 

Speed: !1.ac!l 0. 75 

(U) The contribution of t!'le SC~-~ '-'1."\S analyzed. !-:-:. ter~s or 
cost e!'fecti·reness, sc:·!'s cor.:pared fa·torably \'t1th c:~e~ s~rsterr.s 

p::ooJected to ;;'!! a•1a1lat:le in the !:lid- to late-1970's. \·.'l:ile 
SCM's wo~ld contribute to diversification of the strategic 
arser.al, the!r pr!nc!pal contribution would be as a ~edge 

agair.st the develcp~ent o!' efrective threats to the su::-v!\·atil-

1~7 o!' lan-1-tased rorces ami agai~st ~he !n-rl!~ht ·rulr.e:-a!::!l­
it7 o!' tall!s~ic c1ss!les ar.d bo1:1ters. sc~•s could te 1e~loye1 



e':r.:;:l~~l!~, a:::! wc,.:lcl a!s~ be a ~~1~~ a~a:.~s~ ·'~'=:.a"':!.:!":s ,!' 
Sft:! a~~~~=~~~s. 

.1. sy.n 
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t;~e :::.:.!~a:-7 -:!"~SJ.ra"!~'!=-~·f-:!.-:s 'l~ ~~., ~!ss!.l~. ?:-?to~:t~~ -=~ .. ,t:-:'Jr,.­

~~~-; ·l!.:. s:.t~;:'!s~~1 !! ':~! t'!S~ a;.;.:'':ae~, s!.::'!~ -:e·1'!l"~~t!~~ e~ 

& s•.:-:eess!'-.:! ;:-?t;O~j·ye w~ul1 ;:rc·tide t;f:e f:t!o:!'.::o:o~1ca.l ~ase !"'jr 
....... ,.. 1,. ... A., 0 .,.,.. ..... -.1ko ...... ..,,.o..a ' 
•':lot"_ .. ·.l .. :;.l• ..~ ....... ., , ................... ·..!· ~ .. 

(~;) '::!A W.I!S s•.:.ppor":e1 !~ "!hi! stut!y e!"fo:-': !:J ~oekh'!~~, 

~:h!-:h di1 tht! rt!as1!:111tj s~u11es. Lo~!kh'!~d a~;ar~~tl:r ;:·.:.t a 
g~~'! '!-!al o!' 9!'!"~:-t 1::':o ~!'1'! p:'o.! '!-:t, p~rsu!n~ t;h'! ·1'!hi.:!e 

g;;;:-~.e.'!h '.lS~1 !:: ~!':.'! !:CA~ 'P:"~~a.~. ':'!'-.~ 3":U1~· a~~!.c:!.r;~t~1 t;!"ta~ 

no ~xt:'-!~~1.:,r ~!~!'!-!ul t .''=o!c!'lni~al protl~~ !.:"A!as l-:ould appea~ 
t!':a'; ~cu!1 r:o': l::~ r~sol·r~1 during· d~V'!lopr.:en':: '!::;1n'!'!rir:g. 

:-t!th r'l.;g,:-~ to '!!?.CO:·~. the !..oekh'!'!1 stud:~ co:::~n~ed: 

ilh1le a cor.:pl~";~ ':'E?.CCi·: system has tc ~at~ .. 
n~ver be~n d~~cnstrated in an applicat!cn 
s1~1lar ~o th~ cruise ~1ss1l~ sys~e~'s 
rl!qu1re~t!:'1t s • ! t; t·ras eor,s1dered nee4!ssa~7 !'or 
this st'J·!:J to a!!::c:st cate~or!cally ass'J::eo t!'le 
credibility -:>!' s·~c:h a s:,rster.:, en the ass·.;.'"p­
ticn b~l1oe,.re1 vel!d ·,rh~n cot.'lpa:-'!t! to t~.i! 
asscc!a~~-:! st.a.a:P.-tJ!'-~he-art tgchno!og:,'_, ~~th 
in cor.;poMnt ha:-1~;ar~ and funct1onalizat!on 
t~chn1ques. 7 

This sug;gests that Lockhe~d was accep'::1ng TERCer.: as an article 

ot faith ra':her t!'.an as a proven system. 
(r!) ~/hen th~ c:u .. report appeared, th~ :ravy ~<e:-.'!:-ally d!d 

not show ~uc!'l interest in strateg!c cruise miss!!es, althou;h 

support an1 interest were generated !n DDP.&E an~ :sn/Syst~~s 

Analysis. 'tiithin the !>ia•ry the only real interest H'l.S sho•,:n by 
the CHO and to some extent by OP 96 (Office of tl':e Chief of 
Haval Operations, Systems Analysis Division). 

. ' 

'(U) !bid. 
7 (tl) Lockheed 1~1ss1les and Space Company, Czouiae l!!.aeite Study 
Final P.epozot. pp. 3-4, SECRET. 
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COIF~IAL 
;:a:--;!...'!~1..:- t.._;p'!al !"':~ :!:U~h ':~ th4! !1a:l:f, e·ren !.!" w!':at; was 

=~ar.t was an ar.~1sh1p nissil~. ~~ere was a s!:::pl~ prcb!~= in 
that t;!'!•. ::a·r:~ 1!.d :-:.ot rea!.l7 kno~ hc~·r ~o u~!l!.ze an a~-;!.sh!p 

cruise nissile with a 300-nc ran~e. ~ere was the :atter ~~ 
detecti~n or a ship target at such a range and detern!naticr. cr 
az1::1uth. ?or ranges be:~ond 1110 :::1, the !la•rJ be::.:!.~e'i targeting 
would ha·re to te controlled fror.! o. supporting plat~o~; 1 

, At this point, however, the possibilit:J' of a SA!.T 
agreement began to assume significance. 

1 (U) Interview with ~x. Carl Tross. 
'CU) USAF, Directorate of Doctrine, Concepts, and Object!ves, 
Dlato~y (Jan 1ry 1, 1972-June 30, 1972), p. 6, SECRET. 
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10 (U) !ntervie>t .,,ith tl:e ':echnical nirector, .Jo:!.r:t Cruise 
Missile Pro~~ct Office. 

11 (U) Interview with personnel of the Lockheed :-:issil,~s ar:c 
Space Company. 

12 (U) Headc;aa:-~ers, USA:, DCS ?lans/Opet•ations, Cr:.ise !-tiss·;.le 
Study. 
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':~:-n!::g a st;:'a~~rg!.-: !!:1ss1le, t;he ::a·r:r au~hor!ze'! f!. ·:'! ecr.t;:-9c~or 

~!&S!b11!~7 s~u~!.~s a~ ~~~ end o~ 1972. ~es~ were ~~es~~ablj 

(U) On August 14, 1973, and again on December 19, 1973, the 
Deputy Secretary of Defense directed that the Na•ty proceed at 
once with the advanced development of a baseline cruise missile 

11 (U) Interview with personnel of eoeing Aerospace Co~pany; 
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c;~r:t~aet rc:- :h~ air~:-a:'!e ar.::! t!':'! sj"ster.t !.r.4;o!~at:!.~n •. ·The 

cor:pet! t!::;,n !'~r th~ gu!·:!ar:~'! s:,-·s~e:l at!d the en;;i ::~, hcw'!ve:-, 

toolc ::::-::!: lcr.g~r. ':'elec!:rne ar.-:1 :·/!lliar::s co~peteo:! !'or the 
e::gine, ~r!-:1!~ :-•e::Jor.r.ell-:lc::glas and Electros:rste!:!s, Ir.c. bio:! 
for the guiO::ar.ee s:•s'.:er.t. A DSA!'!C I review in F'ebr::ary 197!: 
directed t!-:e ::avy to proceed with the subr.:arir.e-launched cr•~i~e 
r::issile, to continue close cooperation with tha Air ~orce, a~d 
to address sur!'ace-launc!'! ~odes during prototyp~ validation.'' 

. C. ·TH~ AIR FORCE AIR-LAUNCHED CRUISE MISSILE 

(t:) ~·lh!le. this process, slow and con•roluted '!.~ !.t 1-1as, 

gradually moved the ::av:r to~rard develcp~ent of strat:l•gic and 

1 '(U) Syst;~r.:s Plannir.g Corporation, Backgrou~d P~per on Cruise 
Missile Concepts (Decer.tber 1977), p. 2, SECRET. 

1 5 (U) OSO, Land A-ttack TOMAHAWK Cru~se f.!issiZ,,, DCP #125 
(December 22, 1976), p. 1, SECRET. 

11 (1J). ·Uaval Air Systems Col!'.r.:and, Anti-Ship TO:!t.HAII.'i: Cruise 
. !.fissf..Ze, Progra.o:~ !•!er.:orar.dur.: #117 (Octob~r 28, 197~), p. 1, 

SECRE':'. 
17 (!J) OSD, T'JUAHAW.'i: Czouiu Missile, SECRET. 
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ot;a:":1eal s~a-la-..:o:e~e1 ::.!.ss!.l•s, t:!':'! ~11: SCA:·: !-!'!a was !"~·r!,·.·'l-1 

1r. t;!':.~. A1:- :,r-:~. :his !"~n~·..:'!'! !~t;'!!"~St '::a~ ~'! -::-ae'!: ~~ 

(wi t;h S'!)r.:e t~4;h) :!':at; CS!: _!nspir'!t! an~ !r:~':)'.Arag'!d -:!':'! ::a"t:; 
s~ra~eg!o e~1se·~!ss!l9 p:-~~9: as a ~'!ans ~~ pro~p~!~g ";~'! 

A!~ :eree t;o ~a~e r.:r~ ~oree~~l ae~ion 1r. developing a s~ando~~ 
weapo~. A~o~her !"eascn !or :-e:o:~wed A1:- Foree ir.t;•.~s~.~~ 1oub~ 

~ras ":hat ~entat;i•re accept;ar:ce ~:- ":he 9-l pro~rar.1 ha1· :-es,..l":e1 

in less A!r Force a~xiety over the effect of cr~!se :!ss!le' on 
the ~ate o~ that p!"~g:-a~. Al";hcu;~ the SCAD pro~ra~ ::a: ~een 
eane'!lled, ";~e A!r Force had bee~ dir'!et'!d to be~in a ";ec~nclcgy 
progr~ tc ~eep al17e the opt;1on or r~v1v1ng a SCAD a~1 to 
ass-,c!ate t!':e e!'!'crt. closely wi t!t the :ravy 's cruise :::issUe 
J;.rograr.t. 1 1 

(U) Another and perhaps cr~cial factor was a letter ~ror.t 

t!te Assistant to the ?::-es!dent ~o::- l:ational Security A!"!"a!rs, 
:•!r. !':issinger, to Ceputy Sec::-eta::-y o~ Defense Clemen~s 
(June 11, 1973). :·!r. Kissinger stated: 

We conside::-ed that a long-range air~to-sur!'ace 
missile prog::-am r.tade se~se strategically an1 
would help SALT. You i~dicated that you would 
get a lor.g-rar.ge ASt·! p::-ograr.: under ·,ray tri thi~ 
a week. I :.·ould appreciate a progress repor-:: 
on the prog::-am. 1

' 

The Deputy Secreta::-y of Defer.se replied, on June 22: 

~Te have two on ·going prograr.ts which could be 
adapted to meet the req•.!i:-err.er.~--the Air Fc!"~e 
SCAC anc. the :ra•Ty SLC:·!. The SCAD is in the 
initial de" elopment stage.. . . SLC:·'! is prese!". ": :!.:: 
in very early stage as a technology program. 2 

.' 

11 (U) Immediately after the SCAD had .been cancelled, ';he Air 
Force directed AFSC to inaugurate yet another strateg!c bomber 
penetration decoy program. 

1 '(U) USAF, DCS/Plans and Operations, Cruise Missile St~dy, 
p. 18, SECRET. 

·20 (t!) Ibid. 
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l•~~~~. '::: J·J.'!j C':! ~!)?~E :!:-~-:t:~1 t:~9 ..:.!:- :"c:-~9 ~t: t9;!r. !! 

:r;:--:;:-a:: !"~:- -!e•,e.!':~:!.~~ 1?::;-rar.;! A:.::.:•s e~:.-:;:a~ible !'I!~~ ~~! 

'!X~s-;:.::; S~A:·: Sj'3t;e~. 21 :"~.e !r.i~!:al eap!l~i!!~~· ;:as t;~J be 

a:-:1/o:- deploj' an ALC:-:," a:1 a1~en!.~!on ~o dcutt prc=.p~ed bJ t;!'le 
sr.a1l-l!~e ~:'e~~ess ~a~e ~7 t;~e S~A: pr~g:-a=..az 

(';) ?.!ss!:'!.ge:-'s !!"l~e:-•rent!cn ·.-:as tc !'la·re cc~t;:-a-!!.~t:o:-j 

~~!"eet;s. ':r. t;!'le cr..e h!n1, ! t; u::1en!atly ;:ro•t!1e1 t;!':e !:-:;:et:~s 

ear.d!-::!l!.t;e ~·:as te!r:; k!.!led. Cn t~e other ~and, ?.1ss!r:.g-e:-'s 

aetio::s see:: to t!e t:he cruise ~1ss1le to SALT in a n'!'l: ""~:!-· 

::~~the:- he :,·as se:-ious a!:ou':: a:1 .t..Lc:.: or wheth~r it was ah:ays 

!nt:er.~ed to be a t~rga!r.ir.g ch!p for further SAtT r.egotiati~ns 
is ur:kno·::r... 2 , ~·n:a~ is appare!":t; is that !"ror.t its incep~ion the 

wea~on was late led a ~ivea~·raj. '!his :abel, of co~rse, also 
ea::e t-, be a;:;:l!ed to th~ S!..C:·!, and i;here is a. bodJ o!' opL'!!':!"l 
that ascr!tes ~he slo.,r ce~relop::!ent of c::-uise ::1ss1les and t;he 

co:'ltinu:!.:'lt;; r~la':i·1~ lack o!' r:avy or Air Fo::-ce ir.'.:e::-est i:'l_ the::t 

to this belief.· It ~rould have seemed pointl~ss to push to 

d~v~lop a :·reapon that ultir.ta':ely ·;rould be s;i·r~n a:1ay ty poli ti­

cal agr~er.:e!"l~. 
(U) At the er.d o!' July, A:!.r ?orce F.eadquarters d~::-~cted 

A~SC to de::~ccst~ate the capabil:!.~y to develop a loc~-ra:1ge AL~X. 

21 (U) USAF, AFSC, History, VoL I (January 1-Decer.:ter 31, 197€), 
p. 200, SECRET. 

2 2 (U) ODDP.SE, Decision Coordinating Paper for the A t;J.! 86 ( Arc:o 
Futz Sc<:te Z:elietor>,ent Proaram--DSA.~C II (!'rel!!:!!car:; Draft) 
(:rovember 1975:. p. 2, s:::c~:::'!'. 

21 (C) Opinions va::-y, but ic is bel!ev~d that ~iss:!.r.~~r eve:'ltu­
ally ca=e to su;port cru!se r.:iss:!.les because of ':he!r 
ictr1ns!c ::!.l1tary worth. 
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ad·r.11ne~d e!.pat!l! t;:f .,e'Jld be estab!!shed !'!"c~ the tee:-.~,1~~!.-:al 

bas~ o~ th~ p~o;~ar.. 

(L') S:,r :::i1-.:.u~.1st th~ All:·! !!6-A ot"rice was elb;;as;e~ in ;:.:-e­
li~ina~:,r studies ot an ex~ended-rar.e~ ar~ed cruise·:::issil~. 
Ope~ating en'IP.lopes and range perfor~ances were being deter­
o!r.ed tor a oissile confi;u~ation that bor~owed heav!l:,r ~rom 
the SCAD baseline vehicle. ':he confis;ura':icn ~eature-.:1 a •:rarr.ea1 
in the forward section, a bell:,r f~el tank, i~c~eased in<;e~nal 
fuel capacity, and use of J~-9 h1s;hoo'.:lensit:,r f~el •. 

(~) !n o1d-Cctober DDP.&E requestea a preli:::!na~:,r pro;ra~ 

plan for the de•teloprnent of a cruise missile basl!d on the SCAD . ' 
concep~. The l!!issile would be carr!ed internall:,r in both the 
B-52 and the !l~l on the SRA:-! racks and carried ex':-err.ally ·onl:,r 
on ~he B-;2. There· would be no prov!sion for decoy electron!cs 
and th-e mi:..slle ·,:ould eoploy the SCAD eng!ne. This pros;rao was 
suggested for the bo:::ber force to be considered ins~ead of 
adopting a !!avy cr-uise missile. 

(U) On Dece:::ber 14, 1973 .DDR&E recommended cruise :::issile 
programs for both Air Force and Na~J to the Deputy Secretary. 
The Air Fo:oce ~ras to demonstrate an ALC!~, based 
concept, bj mid-1976, with deploymen~ by 1980. 

on ~he SCAD 
The :ra·1y ~:as to 

demonstrate a SLC~, both tactical and strategic va:oiants, also 
·for deplo:.·~e!'!t ~r. 1980. The De?uty Secretary approved these 
recommendations on December 19. The Air Force missile would be 
developed as a!'! adJunct to the bomber force, to be launched in 
a low-altitude attack outside Soviet defenses, thus 1m?rov1ng 
the penetration capability of the bomber. The 1'11ss1le would 
utilize SCAD engineering developments for the air vehicle ar.d 
the turbofan engine. Hhereas the SCAD ~rould have depende-.:1 on 
ECl~, detection of the ,ALC:~ would be minimized throus;h 
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'JIM ~er !"t.:el. 

(t:) ~e ~e;:'J~:f See:-~t;a!':! a:. so a.~=-~'l'! ~'=' t;!".e ~:. ::·!, ~·.·! :r. ~~t! 

~act1c4l. 7~r~ant d~l!v~ring a l,~CC-lt pa7loa: c~~r ;a' r.~ ~~1 

~he st~a~e~ie Sjs~em prcv!~1r.~ ar. etfec~!ve low-leve: ~~clea~ 
warhead per.etrato~ ~ro: :he launch base o~ ~he nuclear s~t~ari~~ .. ~ 
rorce. '!he SLC:·: would result; !.n a p:-cl!rerat!.~jr: or· tr.e s~:a-
teg!c subr.-.arir.e force because e•rer:t ':act1cal sut:::ar!~e ~:o•Jld 

also beco~e a platform for strateg!c cruise missiles. ~~e 

cruise :::issile ~ras also seen as ar: e!'fecti•re rep:·acer.:er:': !'•Jr 
forward-based n~~lear forces. 

(V) The Deput:t Secretary pointed out that the techr:olog!:al 
efforts o!' both the Air :'orce ar:d the !la•r7 wou!'! ?:a·re. r::uch in 
cocmor:. The Air ?or~e ~ad cor:centr~ted on development of a 
s:::all turbofan engine and high-energy f~els, wh!ch ~ere sui':able 
to both systems. The r:avy !".ad pursued the de•relop!:len': o!' 
guidance syste:::s, which were also useful to both develop:::ents. 
The Air Force :·ras thus g!•ren the leadin~r; role 1r: eng!::~ de•relcp­
r.:ent ar:d t~e llavy !n guidance. 2 " 

0. TECHNICAL ISSUES IN THE CRUISE MISSILE PROGRAM 

(U) ile have already touched upon the te~hnical issues e!'l­
countered !n the cours:e o!' ':he de·reloprn!mt of both t!":e sr.c:-: and 
the ALC:~. Both ~~:'ere deri·:at!•res of the SCAD, ar:d as has been 
pointed out, it was ~he SC~D ~hat showed that a ve~y s~a~l air­
fra:::e could hav~ cor:siderable rar:ge and accurately deliver a 
warhead or respectable size. 

(U) The submarine-launched missile did not present any 
completel:r net·r probleos to the )1a•l:t, nor did it require any 
maJor technological advances. ~here· were proble~s w!t~ the 

2 "(U) USA?, A~SC, His~ory o: ~he AeronauticaZ Syste~s D~visior., 
Vol. I (Jul:r 1973-June 1974), pp. 206-20:, s~c?.~~. 
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~orp~do. tut~ launet, par~~e~~arl7 !n ~r.s~~!~g ~~~!~~ s~ar~ w!~~ 
the ~·1r1nc-._o~ -a si~;le ea:-~r!d.;~. C:he ?~lar!s ~·ras r.ot; a:: 
exaople or· this sir.ee i~ earr!~d 1~s o~~ ox!~!zer.) A r.~~cer 
or char:tges ~o the sc;.o er.:r!ne ·11ere required rcr the s::.c:-: a;~pl!­
cation: engine perrormnee had to 'be opt!cized for sea-le•:el 
c~ise ins~ead or hig~ al~!t~de; the s~rue~ure/co~t!r.g ha~ to 
be redesigr.ed ror high-shock env!::-on~er.~; the gea.:-bolt .was ~o·re~ 

. rroo the bottom to ~he top or the engine; the inlet was :-a­
designed for diffe~ent distortion c~araete::o!stics; and ~he 
exhaus~ r.ozzle was redesigned rcr a different cant angle. 25 

-... __ 

(U) ?or the sutoarir.e-launched SLCM there was also the 
p::oob~er.: or the possible tox!eit:T or the high-e'lerg:f f"Jels. It 
was not :Cr.own how sat'e Shelld:Tne or E-Dir.:er would be it' stored 
in the cor.!ines or a subr.~rine for long periods Jr tice. This 
was crucial, since no toxic substances could_ be .allowed on 
undersea c::-art. 21 

(U) The antiship variant or ~he SLC~I (naoed the .Tocaha'1k by 
the r.id-l970's) was able to make extensive use or antiship 
technology and hardware developed for the F.arpoon. The radar 
seeker, altimeter, and midcourse guidance unit were transferred 
directly !roo F.arpcon with little or no ehange. 27 

21 (U) U.S., Cor.gress, Senate, A::-med Services Committee,_Hear­
'nge, FY 15, 93d Cong., 2d sess;, April 12, 197~, p. 3b36. 

21 (U) :nterview w1th :~r. Car! T::-oss. 
27 (U) !laval Air S:,rstems Coll!l!'.'ln1, :o:u •. 'iA'iiK Cruise ,\fiu~ ~e, 
p. 1; SECRET. 
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:be point r.ot ~o te ~13sed here is the ir.~ol~e­
:::en: or the De~~!"!se :.:appin;r Ager:cy. '!'h~ we\k 
l1r.l! in t!:tt 10 :f'!!&:os cf '!!Xplora~ory do.t't'!!!cpr.:!!r.~ 
werk ~ha: was dc~e b9~ore is that ~eal!s~!e 
scur~e da~a was ~o~ used. ~~e cru!se ~iss!le 
project office hasl actually in•rclved the a~~:ency 
~ha~ go.tts tho.t opera:!or:al r.:aps, · · 

!!e s~ated that the D!t.A task would tei.<e 3 to 5 yea:os. 21 

......... .......... 

t> In fact, in 1977 CDll!Ul!:, !.ir :'e:oce Stud!e_s and ;.:::!l­
ysis, and CARPA sponsored a Strategic Per.eo;ra:ior: Technolo~ 

that the 

21 (U) Senate, Arr:~ed Services Corr.mittee, Hearings, FT ? S • 
s:. 3638' 

.,... . 

~ .. . .. .. . 

21 (U) Systems Planning Corporation, ~ackground Paper on ~rui•• 
NiseiZe ~oncepts, p. 22, SECRET. 
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AN R&D PERSPECTlVE 

(•;) 'l'!r:'!ral!z!:-:~ atou': P.!!l pr?eess'!s ?:"! '"I- , !: •'l!s o!' a 
s1r.~l9 eas41! is, a'; b'!st, ~1sky. ~·:or~ov~:-, t~1s s~u!lj' e~r.:~:-~s 

or:l~ t~'! te~!r.n1n~ of the cruise ~1s31le ~evelop~ent pro~ra~s, 
ar.d 1~'!all7 a case stud7 should not te ~a1e o!' a s:~s~e~ un':1l 
1'; 1s o~era~!c:~el a!:.1 &11 i:he ~rot:!er.:s 9!ther se!·4·e1 or aceo::­
~'dat9~ tj ·~r:~i~e'!:-:!~~ J:!.djust;~er..~s. ~~at ~s st:!.ll r:ot··~h~ 
s'!':'-'t!.~ier:. -,:1t:h re~!r1 ~o·· the eru1se ~1ssil4!. · ':~9 prol!_'!ss ~as 

taken l~nger than is usual tor a major weapon Sjste~, the t!me 
from concept to deployment being t~picall7 about 10 to 12 
:~ears, ':'he process has already passed th'! 10-7ear ~ark, w!th 
the ver~ earliest cruise ~1ssile roc forecast ror the end of 
19e1. Yet here is a system ror which little ha~ to l:e invented, 
aHhoUS!:h r.-.ueh ttas r<!lfined and adapted in the !nt'!;ra':ion process, 

(U) Zt the cruise missile ease can be characterized as a 
type of R&D, it could best be te~ed opportunistic. The co~­
~ination of a ~ilitary concept with already ex!stir.g technologies 
~tas ulti~ately to lead to the developrnent or weapon systens. 
l!o~ever, the prccesc d' developrnent .,,as both tur!::.~lent and 
surpr1s!ngl7 slo~: in aehievin!l: success. 

(U) In the cur!cus his~ory or the cruise ~issile develop­
ment three factors, technical and nontechnical, apoear to have 
been significant: the perceived military need; the environr-ent, 
meaning both the·de~ee or acceptance of or support ror the 
weapon system and the political cli~ate or the tir.!e: and the 
state of the technologies involved. The interaction or these 
three factors conditioned the course or developr.!ent. 

(U.) 1-lhil'! in the 1 ate 1960's there appears to have been 
greater receptivity toward, it not indeed general perception or 

.. -- .. -.... ....... : -··- .. ··-- ... --·· 
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~~e c111~ary ~~e~ ro~, newe~ and te~ter ur~ar.ned sys~ems tor 
se::•--_:aunet1,ns. t:~er4! ·~ta:s r.~·r~r l!t:j ;t!neral a~!''!o!e~r.~ as -:, 
wha~· thos~ ~~otions c!;h~ te. Or. one side of ~~e Ques~!on 
were ~he cost influential ele~ents in the Air ~oree and t~e ...... 
::avy; or. the other were the. scientirtc coi:'Jmln1~:r ·and the Cf!"iee 
or the Secretary of Oef'ens~. with support f'roo Service ~S~ 
elenents. ~e latter saw the cruise missile as a weapon with 
enor:ous potential; the for~er preferred that it have a ~uch 
co~ ctrcuMscrited.role. The Air Foree,.when not openl7 re­
sisting a long-ra~ge standort weapon, considered the cruise 
missile ~e~ely a usefUl system, not one really needed in 
conJuncticn with a penetrating bomb_e~ force. The :ravy was 
interested in the weapon onl:r as a strate~ic reserve to be 
deployed on attack su!loar1nes or as a longer. range l!arpoon. 
The cruise missile, in short, was always seen at test as a 
subsidiary weapon by the Services for which and by which it was 
developed. After all, the revived interest in cruise missiles 
ha~ begur: on the Air Foree _side with a decoy and on the tlav:,· 
side with a sh•)rt-range ant1ship l!arpocn. It was the scient1f'1c 
community whic~ had pus•ed for the long-range strategic mission. 

(U) It seems likel· ;hat the main pressures originally 
driving the cruise missile programs were not technological, but 
t'ather environmental. This development envtronr.:ent was 1r. large 
part the consequence of' c:on';roversy over ':he issue of perc:e~ ·re1 
n:il1 tary need. From the earliest SCAD/SCAH conceJ:>~ progeni ~or, 
the operational concept, desirability, and future of the cruisP. 
missile seem alw4ys to have been in contention. The lack of a 
clear mission and or solid Service support from ·either sponsor­
ing Servic~·seem to have made the system a struggling orphan. 
Even when support could be rr.ustered, the suspicion, engendered 
in 1973, that tne missile might' ultimately be expenda~le as a 
SALT negotiating pawn tended to dilute it. As ev1denee 9f ·the 
ambivalence that has surrounded the program 1s the fact that as 
late as.Jan~ary 1977, more than 9 years after articulation of' 
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OcJ ~a~ag9r.~r.~. 1 

(U) ':h!s 1e·t!l:p:":9n~ ~nv1:-er:.'!:t~ u~'ioutt'!'!!!.:t !':e.'.! a -!a~p•r.-

1ni ~~~~~~ on -~he ~ft~elop~,n~ pr~c~ss. ~~ lae~ or anj p~!cr!~j 
o~ sens~ or ur;~ne1 ~~a~~ ~ha~ dev~lep~!~t '!~~or~s ~1~ r.o~ 

rece!ve the high-level a~ter.tion or ~!seal sup~or~ ~hat 
!".!.gh-pr1e:-1ty strat;~~!e ::1ss1!.e ;.:-o~!"11!:S 1 S'.;C!': as :·!!nU~'!::'l:: ?:' 

Po::.ar1s, had rece! •1e1. 

(~) Even the rol~ ot the cos~ ~ac~or in cruise :!ss1le· 
~e?!lop~en: s~~~s to ha~~ been a~~i~uous. !~9 ar.~tC!pa~~1 c~s~ 

or the cruise S:Jster.:s s"!er.:.ed attraet:i ve on t~ro bases. The 
· ststeo could use relat1vel:J well-developed available techr.')lo­
-~1es, and thus avoid ~he intrinsic costs or developin~ these 
spec1:'ically for '..he pro~;rart. Seco::-:lly, on a comparat:I,•Je t.asis 
the cruise missile see.r<!!d to orrer the capabiUt~ to execu~e 
certa!r. ~ssions more cheaply ~~ar. alternative syste~s coul1. 2 

Thls latter evaluation or ~he cost or thP s:rstem ~ras ah ilYS · 

controversial, however, !nvolvin~ as it did the broad issue3 
or strateg:J and Service interests. There was less·controverst 
ove~ the intrinsic cost or the o•1erall S:JSter~, r.!nce it ini­
tially prcr.:isec! to be astonishingly low. llor_d!d 1t seem 
lU:el:r that tl!e price tag on :my specific compor.ent ·.-rould C:ela:J 
developmen~ of the weapon system. Ye~ costs continued to r!se. 
By the end or 1970 the SCAD program was already under attack 

1 (~) U.S. ~overr~er.t Accounting orrice, Status of Ai~ and Ssa 
Lau"ahsd C~uiss ,lfissits P~og~affls. PSAD-77-36 (Januar:J 1977), 
p, 2, SECRET. 

1 (U) For supporters or the· missiles the estimated cheapness or 
the systeo ~:as one of its major attractions, since this would 
pero1t ~proliferation" or the weapon to such a degree that an 
air derer.se wr.uld be saturated. 
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~or ·s~e-d111 incr~as!n~ eos~s and equally st~adily deel!nin~ 
rang•~)-·· 

(~) ':'he t!'l:.rd !'actor s·igni~ican': te the de•relopr:".en-: process 
was the state or the technologies. The cc~ponent technologies 
had been under steady development sir:ce the earl:,?crube mis­
sile pe:oiod, although usuall::1 for other reasor:s, and· ~heir 
progress had been evolutionar1 for the most part (the ~icro­
processor was probably the great "breakthrough"). Furthermore, 
as has alread::~ teen suggested, cruise missile development was 
fsirly continuous during the 1950's and 19€0•s, with cruise 
missiles or one mission or another always either in service or 
in develop6ent. The advent or the ballistic ~ssile did not 
cause an abrupt discontinuit::l, but_ r.ather the appearance o.r 
one. Even the long-range cruise missile lay dormant tor only 
a rew years, fro~ the deactivation or the Snark in 1961 until 
the appearance or the 3CAl1/SCAO concept 5 or 6 years· later. 

(U) A basic ~remise of this study was that the technologies 
were a•ra1latle wh~n the cruise· missile pro~~;ra~s· got underway, 
available n:eanirg (1) the basic knowledge existed of how to 
build the comp~nents, and (2) while all the problems had r.ot 
yet been solved, the probabilitY of success was high. If 
technical r~sk can be solved by the application of enough re­
sources, tnen there was never n:ore than a medium risk even for 
TEP.CO!~, which usually got higher marks for risk than the other 
proble~ area, propulsion. Yet neither the cruise missile nor 
'!'EP.CC':~ received major funding in the period under study. 

(U) Some of those interviewed for r.his study stated that 
tt.e development of a cruise missile was generallY felt to be a 
''piece or cia.ke" technologically. There was. even some senti~ent 
that the cruise 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 
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11111B1le·revived, nor did their subsequent development occur at 
the same pace. The tact that the Air Force specifications 
kept changing certainl1 did little to improve that situation. 
TERCOM ma1 well have been delayed by Air Force reTuct~nce to 
pursue development or a really long-range attack m1ss11~. 
Regardless of the reasons, however, the fact remains that 
development has continued for a long time of technologies that 
were widely viewed as v1rtuall1 "off-the~shelf" at the turn of 
the 1970's. 

(C) Even if all the component technologies had been equally 
advanced, and development had moved faster, system i1'ltegrat1on 
would have continued to pose the problem'or determin~ng neces­
sary trade-offs. The requirement for a ver.y small .. trframe 
that could fly long dis'tances at very lov a::utude, navigate 
with great accuracy, and daliver a respectable size warhead 
really represented an advancement in the state-of-the-art of 
integration, if not in the component technologie!. 

(U) The real technological chanenge or the Ct"..lise missile 
was therefore not in component developcl.:"lt but in _the overall 
integration of the aystem. Probably the crucial factor was 
l.'ir.e. The airframe had to be small to permit large numbers o.f 
the weapon to be launched from the ·carrier vehicle &nd to re­
duce the degre~ 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 
TERC~steadily reduced in weight and .volume. · 

f> Ironically, the most problematic element in the enUre 
cruise missile system turned out to be one extraneous to the 
miaa1le 1\.aelf. 
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issues involved in the cruise missile .. 
development were thus optimization of component performance .. and 
SJstem 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, 1t would appear that the act of 
assembling the components· was in 1ta~lt an act or 1nvent1on. 

90 

-· - ··- . -·· ~-· ........ ,.~ .. -, ....... ··-- ' ..... ··~ _, __ ........ -·.····- _,,,.· ....... ····--· 

... 


