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FOREWORD

The penchant of the American military to be on the leading edge of technology
could destroy our perspective of new weapon systems and distort our perceptions of
their most effective use in modem warfare. So it is with cruise missiles, one of
technology’s newest and most sophisticated developments. Dr Werrell’s book
provides the perspective and insight we would otherwise lack.
Although cruise missiles are among the newest and most sophisticated weapons
fielded by the United States, they possess a rich conceptual and technological
heritage. It is important that we understand this heritage as we consider deployment
and employment options. It is also important that we understand the developmental
process illustrated by the history of the cruise missile. Without the perspective
provided by this history, our perceptions of their purpose and use lack depth and
insight.
Many significant events have intervened between the completion of Dr Werrell's
manuscript in 1982 and its publication. The manuscript has not been undated
becauss rapid developments make such updating an endless task. In fact, the rapid ;
pace of continued development serves to reinforce the need to reflect on the .'
development of these systems and to place their purpose in perspective.

| Lot s es

DONALD D. STEVENS, Coloael, USAF
Commander
Center for Aerospace Doctrine,

Research, and Educstion
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CHAPTER1

INTRODUCTION

The outcome of war is determined by 2 omp'ex combination of factors that
include numbers, politics, strategy, taciics, training, morale, leadership,
organization, logistics, weapons, and luck. A slight superiority in most of these
categories, or a great superiority in one, can account for victory. Without
attempting to rank order these faciors, it is obvious that the country possessing
better weapons increases its chances of victory.

Consequently, the United States must come to grips with changing technology if
the country is to remain militarily strong. A leading studeat of military technology
has pat it this way:

. . . new and mere effective weapons have generally been adoped only slowly in spite of their
obvigus advantages. Since the character of contemporary weapows is such that their production as
well as their use can dislocate whole economies, it is probably not too much to suggest that the
survival of entire cultures may hinge upon an ability to perfect superior weaposs and exploit them
fully. Survival itself, then, appears to deper 4 oa speed in both the development and the oplimum
utilization of weapoas.!

Given this premise, the US military must not become part of the problem, but rather
must make the best use of the couatry’s cconomic, scientific, and manufacturing
resources. The services must look to the future. In 1945, the top Amwrican airman
w7ole that:

Nationat safety would be endangered by an Alr Porce whose doctrings and techniques are tied
silely on the equipment and process of the moment. Present equipem2al is but 2 step in progress.
ard any Alr Forve which gacs not keep its doctrines ahead of i3 equipmens, and its visioa far into

i the futiire, can orly delude the raticn iato a false soase of wounty.?

H

‘hile weapons come and go in the military, history provides exampies of classes
of weapous having both a dromatic and a lasting impact upon the conduct of
warfare. These examples involve weapnns which were, at twir inceplion,
revolutionary since they were not merely new but clearly supenior @ equipnent
already in use un the battteticld. Because they dominated warfare they were crucial
to battleficld sucoess; and nationz possessing and using such wespons cffectively
were, more oftca than rot, victorious. Exaraples include the long bow, guapowder,
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EVOLUTION OF THE CRUISE MISSILE

iron-clad steamships, tanks, and airplanes. These weapons not only displaced
existing armaments, they also forced widescale changes in military training,
organization, tactics, strategy, and thought. For example, the airplane has come to
dominate land and sea warfare in addition to introducing a new form of warfare,
direct bombardment of the enemy’s homeland. A number of technological
developments have fundamenially changed the course of airpower during its short

(‘0 history. Some of the more salient examples are jet engines, nuclear warheads,
’)7( radio, radar, and missiles (ballistic and cruise: surface-to-surface, air-to-air, air-to-

round, and surface-to-air).

A class of missile of particular interest, now entering the US inventory, is the
cruise missile. The purpose of this study is to evaluate the cruise missile against the
criteria suggested above, seeking answers to two basic questions: Is the current
cruise missile simply another weapon in the now familiar class of aerial munitions?
Or does it represent a potentially revolutionary class of weapons in its own right?
These questions, and the answers to them, may well have far-reaching implications,
for if the current version of the cruise missile represents not an evolutionary
development but a quantum leap forward in weaponry, then US development and
employment strategies require significant adjustment.

In actuality, the cruise missile, as an operatiooﬂ’%:cept and system, has been
around for some time; and very early on inspired rither far-reaching claims. A
newspaper account in 1915 called it: *‘A device . . . likely to revolutionize modern
warfare,"’? Before World War I was over, the cruise missile, or the aerial torpedo,
as it was then called, was touted as ‘‘the gun of the future'* and compared in

) importance with the invention of gunpowder.® Billy Mitchell saw it as: **A weapon

‘ of tremendous value and terrific force to airpower.’’® The passing of years has not

dimmed enthusiasm for the device, a newspaperman in 1977 writing that: ‘‘Except

for gunpowder and atomic bomb, no weapon has threatened a greater effect on war

and peace than the cruise missile.”’” More temperate ccmments also emphasize its

~ importance. ‘‘The advent of the long-range highly accurate cruise missiles,"”’ one

- high official told Congress, “‘is perhaps the most significant weapon development

of the decade.’’® According to Leslie Gelb, a noted defense analyst: *‘The cruise

wissile could be an invaluable addition to our security or a dangerous

complication.’”®

.. Indeed, there is little doubt that the cruise missile today is important to the overall

US defense effort. At this writing (June 1983), US defense planners are calling for a

large buy of cruise missiles in a variety of forms: 3,000 ALCMs (Air-Launched

- Cruise Missiles), 3,994 SLCMs (Sea-Launched Cruise Missiles), 560 GLCMs

_ (Ground-Launched Cruise Missiles), and perhaps 3,000 to 5,000 MRASMs

_ (Medium-Range Air-to-Surface Missiles) with a total estimated price tag of almost

$30 billion."” This willingness by DOD officials to spend large sums on various

versions of the cruise missile indicates that DOD believes the weapon is crucial to a

successful future defense posture. Such an investment of confidence and dollars
merits serious atiention by military professionals and lay persons alike.

Certainly, the public needs to know more about this weapon in ordet to follow its

o — e g o o A




INTRODUCTION

The Boeing AGM-86B, ALCM (Air Launched Cruise Missile). (USN)

The General Dynamics BGM-109, SLCM (Sea Launched Cruise Misslig). (USN)
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EVOLUTION OF THE CRUISE MISSILE

The General Dynamics BGM-109, GLCM (Ground Launched Cruise Missile). (General
Dynaniics)

progress, to undesstand its importance, and to bear its costs. This point is
fundamental because public knowledge represents the only viable mechanism in a
democracy for generating support for defense projects. For its part, the military
establishment at all levels® needs to know more about the cruise missile for even
more fundamental reasons. Those operating it will be effective only to the extent
that they comprehead the weapon's capabilities and limitations. But even those
military members no¢ directly involved with the cruise missile need to be well
informed to appreciate its importance and te know why it receives so much funding
and sitention. At the higher levels, planners and decisionmakers reed to understand
cruise missiles as much 1s possible in order to make the best decisions and plans.

Students of the cruise missile should focus on the basic characteristics of the
weapon. Consequently, this study addresses these characteristics as well as
questions derived from and inherent in them. Such an approach can put the story
into a more meaningful context and suggest follow-on questions and hypotheses for
further evaluation. A review of the cruise missile’s long historical record csn
illuminate oot only where it has been, but suggest where it may be going. This is
admittedly an ambitious goal. But to be more than “‘just an intevesting™ study,
more than *‘just history for history’s seke,"* this study must raise and satisfuctonily
answer a aumber of specific questions.

At
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INTRODUCTION

For instance, what has changed and what has remained constant between the
aarlier and current versions of the cruise missile? What advantages and
disadvantages are inherent to cruise missiles as a class of weapons? Why were
cruise missiles not successfully introduced on a large scale into military inventories
before? What obstacles has the weapon encountered? Overall, what lessons can be
gleaned from the historical record of the cruise missile? What are the useful
paraliels? Finallv, how important is the cruise missile? Is the cruise missile just
another weapon like so many others, or does it represent a revolutionary class of

weapon?

-
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CHAPTER I

THE EARLY YEARS: TO 1941

Even befure World War I, during the first decade of powered flight, the idea of
an unmanned, automatically controlled ‘‘flying bomb’’ or ‘‘aerial torpedo’
circulated in a number of countries.! The technology making such a device possibie
consisted of gyroscopes mounted in contemporary airframes. The first practical
efforts on record began when Peter C. Hewitt, inventor of the mercury vapor lamp,
approached Elmer A. Sperry of Sperry Gyroscope Company in April 1915 with the
idea of a *‘flying bomb. '’ Together they developed and tested an automatic control
system on both a Curtiss flying boat and a twin-engine aircraft.’> This particular
system showed enough promise by the summer of 1916 to merit a test with an
official observer. In August, Elmer Sperry wrote to Lieutenant Colonel George O.
Squier of the Signal Corps, but the Army did not answer.* Consequently, the two
inventors arranged an official trial with the Navy. On 12 September 1916,
Lieutenant T. W. Wilkinson, Jr. (USN), with Sperry’s son Lawrence as pilot, took
off aboard a epecially equipped seaplane. Under automatic control, the aircraft

| climbed to a predetermined altitude, held a satisfactory compass course, flew a set
distance, dove, and would have impacted as planned had Sperry not intervened.*

EPR

: ,...'_A -ka:‘ » ’ .‘\ki "'-"‘ .._ K . N R .
Eimer Speny's davelopments with gyroscopes made unpiloted missiles possible. In addition,
he was ditsctly involved in both of America’s World War | missiles. (Spatry Corp.)
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Wilkinson wrote what appears, in retrospect, as a realistic appraisal of the
missile’s assets and liabilities. He noted that compared with guns the device had the
advantage of longer range. Further, Wilkinson acknowledged, *‘The moral effect
of such devices may be great. They are practically indestructible, unless a well-
aimed shot disables [the] engine or control devices, and they cannot be driven
off.”'¢ But the device was expensive, required complicated launching facilities, and
its “‘use in long range attacks against forts and cities is of doubtful military value on

account of [the] difficulty of striking at any desired point rather than at random
within the limits of the city or fortress.””’

Foreign Efforts

In the same general time frame, Europeans also worked on *‘flying bombs.”* The
principal efforts abroad were made by the British.® Shortly after World War I
began, the British War Office asked Professor A. M. Low to work on a rangefinder
for coast artillery, apparently because he demonstrated in london in 1914 the
principles now used in television. But the project soon changed to a radio-controiled
*“flying bomb"* to intercept zeppelins and attack ground targets. On 21 March
1917, Low demonstrated the device to Britain’s top brass. The first vehicle
immediately crashed. One cbserver, Major Gordon Bell, fittingly called the **Mad
Major’* because he temrified passengers with loops inches off the ground, flights
under bridges. and in one case a flight through a hangar, exclaimed *'I could throw
my bloody umbrella that far!”*® The second bird got off the ground and flew
satisfactorily—for a while. But it then dove toward the assembled spectators,
scattering them before crashing about three yards from Low and the radio
coatrols. '

H. P. Folland, designer of the famous SE-5 pursuit plane, designed another
missile for the project. Built by the Royal Aircraft Factory, it measured 20 to 22 feet
in span, weighed 500 pounds, and used the same 35 hp engine as its predecessor.
But the Folland missile proved equally unsuccessful, failing to get aitcbome on three
attempted launchings in July 1917. Little wonder the British ended the project.™

The Navy-Sperry Flying Bomb

Meanwhile, America's declaration of war on 6 April 1917 changed everything in
the United States. Eight days later, the Naval Consulting Board recommended that
$50,000 be allotted to Spexsy's *‘flying bomb"" project." Subsequently, Secretary

e e e e o i o it o o b e e T T




EARLY YEARS

The British Royal Aircraft Establishment (RAE) Aerial Target under construction, 1917 The
device was unsuccessiully tasted in July 1917. {RAE, Farnbarough)

of the Navy Josephus Daniels formed a five-man committee to investigaie the idea;
it recommended support for the project, and Daniels approved $200,000 for the
*‘flying bomb’’ in late May."

Experiments began in June at Amityville, Long Island. The Navy supplied five
Curtiss N-9 seaplanes and purchased six sets of Sperry controls. During over 100
flight tests, which began in September, pilots got the Curtiss N-9s off thc water,
monitored the automatic function and, after the mechanism indicated its descent to
the target, flew home. '

The next step came in mid-October when the Navy ordered five special aircraft
(**fiying bombs'") from Glenn Curtiss because Sperry wanted a faster aircraft than
the N-9. Remarkedly, Curtiss delivered the device* six days ahead of the 30 day
schedule!"

But after the success of thc manned N-9, failure dominated the new phase with
the unmanned vehicle. Major problems emerged, the first of which was literally
getting the machine off the ground. Because takeoffs upset the azimuth control, the
cxperimenters used catapult launchings. The first attempted launching on 24
November 1917 ended in disaster, as did a second on 7 December.'® The third
attempted launching on 21 December, with a different catapult system, failed
because of engine problems. Crashes on 14 and 17 January, when **flying bombs®™’
got bricfly airbome, cast doubt oun both the catapult system and the device's
flying ability."

SSec Appendis A for brisile charucicsistice.
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Therefor¢ to improve and hence to prove the airworthiness of the ‘‘flying
bomb,”’ man again took the controls. On 6 February, Lawrence Sperry successfully
flew the machine, fitted with skis, off the ice of Great South Bay, Long Island. The
next day, the missile crashed at lift-off, leaving Sperry unhurt but the machine
demolished.”® Further manned tests disclosed a third problem, a mismatch of
control system and missile. Controls adequate for the N-9 proved inadequate for the
more responsive *‘flying bomb."’ Finding that the machine lacked longitudinal

stability, the testers lengthened the fuselage two feet and made other suitable
modifications.

. R AL .' ey
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The Navy's World War | “flying bomb," associated with Elmer Sperry and Glenn Curliss. A
device c;ﬂhas type parioimed succassiully for the first time on 6 March 1918. {General Mators

The first successful flight occurred on 6 March 1918, when the **flying bomb**
flew 1,000 yards as planned. One month later, however, a similar attempt failed.®

Although the catapult functioned well, Sperry wanted a new launching device.
Consequently, Sperry hired a consulting engineer, Carl L. Notden (later kaown for
his World War I bombsight), to design a third type of catapult.?' The Chief of
Naval Ordnance, Rear Admiral Ralph Earle, reported that the catapult was worth all
the time and effort spent on the *‘flying bomb.''% In retrospect, we can only
speculate as to whether Earle's appraisal was real:sm or rationalization. For while
catapults were to prove important to the Navy i subscquent years, later models
relied upon a much different technology.

Meanwhile, Spervy further tested the **flying bomb.** The test bed coasisted of a
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Lawrence Sperry, the inventor’s son, was very active in the developiment of the “flying bomb.”
Sperry (left) with Lieutenant Bellinger in a Curtiss flying boat in 1913. (National Archives)

Marmon car fitted with an OX-$ aircraft engine and an overhead frame for the
*“flying bomb."’ The auto-missile combination reached speeds of 75 to 80 mph on
the Long Island Parkway, becoming in essence a moving, open-air wind tunnel.
Sperry considered using the combination as a launcher but could not find a straight
road of adequate length. The experimenters did try a straight section of the Long
Isl=nd Railroad, but flanged wheels could not keep the Marmon oa the tracks.?

In any event, while the Norden catapult proved satisfactory, the **flying bomb'’
did not. On 13 August, a *“flying bomb®* moving down the Norden device lifted the
front wheel of the dolly off the track and wrecked the missile. In early September,
another crash occurred because of an electrical power failure in the **flying bomb. "
On the 23d, the device flew about 300 fect before it went out of control and crashed.
Another did little better three days later, flying only 500 feet before crashing.

Mesantime, tests continued with the N-9. On 17 October, the experimenters
launched one with the distance device set at 14,000 yards. But because of a
shostage of ground crew members, the pilot of the N-9 chase plane had to assist in
the launching of the *‘flying bomb’* and when he got aloft, he was unable to close
on the lighter, pilotless N-9. The distance mechanism on the pilotless N-9
malfunctioned and the device was last seen flying straight and level eastward over
the ocean. This was the longast flight in the Navy-Sperry tests.2

On 29 October, the Navy launched a modified “*flying bomb'* with a larger tail
and aileron. The Navy officer in charge, recalling the missile’s last performance,
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EVOLUTION OF THE CRUISE MISSILE

ordered that only two gallons of fuel be put in the fuel tank (to ensure the machine’s
recovery). This proved catastrophic. As the catapult accelerated the aircraft, the gas
shifted to the rear of the fuel tank, stalling the engine and destroying the last Curtiss
*“flying bomb,"*%

These failures discouraged neither the Navy nor Sperry; both parties insisted that
the experiments should continue because the device still had a promising future. *'I
believe,’* Sperry wrote Admiral Earle, “‘that the time has practically arrived when
we have on hand the gun of the future’’ [original emphasis].?’ Hence, on 1
November 1918, Admiral Earle reported to the Chief of Naval Operations (CNO)
that, before spring 1919, the *‘flying bomb’’ could probably be developed to carry a
1,000-pound bombload up to 75 miles with an accuracy of zSout 1.5 miles. Earle
wrote that such a device could be mass produced for $2,500. The *‘flying bomb,”’
he continued: *‘Should have a strong moral effect, and should prove very valuable
in bombarding cities. . . . {But it] will prove of little value against isolated forts or
against ships.''® Once the Navy found a satisiactery aifiame, a production
decision could then occur.®

Although the war ended, the Navy continued the program with the help of two
former Sperry employees, Carl Norden and Hannibal Ford, after Elmer Spetry
bowed out of the project. In September 1918, the Navy supervisor of the project,
Commander B. B. McCormick, pushed for a new “‘flying bomb’’ design and
improved autopilot. McCommick asked Norden to study the Sperry controls and
report back, which he did on 30 October. A day later, McCormick recommended
that the Navy purchase six aircraft from Wittenman-Lewis; on 2 November, the
Bureau of Ordnance order2d five **flying bombs’' from that company. The Navy
fitted two of these aircraft with Spenry controls from the Amityville project, and the
remaining three with controls redesigned by Norden. The Navy successfully flew
the Wittenman-Lewis aircraft in March 1919,

The program continued as McCormick requested a shift of the testing site from
Amityville, New York, to Dahigren, Virginia, a move completed by May 1919. In
addition to the N-9 and Wittenman-Lewis aircraft, the Naval Aircraft Factory at
Philadelphia buiit ten “‘flying bombs."' The latter were very tail-heavy, and
apparently flew oaly with safety pilots aboard; a wise move in view of their
unmanned flight performance. On the first attempted unmanned **flying bomb**
launching on 18 August 1920, the machine crashed after 150 yards. The Navy did
not astempt the next launch until November, This flight lasted twenty minutes, and
the mechine flew in circies. The third *‘flying bomb,'* launched on 25 Apeil 1921,
flew less than two minutes. The missile’s lack of progress, coupled with daclining
funds, led the Navy to cancel the effort in 1922, Meanwhile, the Army had
developed a somewhat more successful **flying bowb,"*®

The Army-Kettering Bug
There is a direct connection betwesn the Armmy and Navy *‘flying bomb™

‘peograms. While Spery failed to interest the Army in the idea befors ine war, a
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flying demonstration in late 1917 did the trick. On 21 November, Glenn Curtiss,
Elmer Sperry, Rear Admiral Ralph A. Earle, and Major General George O. Squier,
now Chief Signal Officer, watched as an N-9 flew over seven miles under automatic
control.®! The flight impressed Squier who, five days later, wrote the Chairman of
the Aircraft Board that immediate and energetic efforts should be made with the
**flying bomb’’ project. He concluded:

The time has come, in the opinion of the writer, when this fundamental question should be
pressed with all possible vigor, with a view to taking to Europe something new in war rather then
contenting ourselves as in the past with following the innovations that have been offered from
time to time since the beginning of the war by the enemy. Wars are won largely by new
instrumentalities, and this Board should be a leader and not follower in the development of
aircraft for war.

The Board approved Squier’s recommendations and, with the Secretary of War's
verbal instructions, experimental work began.*

In December, Squier appointeu & four-man voard to investigate the possibilities
of the weapon. While three members reported negatively, Charles F. Kettering,
inventor of the automobile self-starter and later vice president cf General Motors,
filed a favorable minority report. Not surprisingly, he received a cost plus contract
to develop the device 3

Paraliel to the Navy-Sperry program was an Army progra:n associated with Charles Kettering.
Kaitering (nght) exarmunes a Mmocel of s World War | missile in 1846. (Ganesal Motors Instituts)
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EVOLUTION OF THE CRUISE MISSILE

Kettering formed a team at Dayton, Ohio, consisting of his company, Dayton
Metal Products (control systems); Elmer Sperry (gyroscopes); S. E. Votey of
Acolian Player Piano (pneumatic controls); Orville Wright of Dayton Wright
Airplane (airframe); and C. H. Willis, Henry Ford’s Chief Engineer (engine). The
*“flying bomb”’ that emerged was a biplane smaller than the Navy-Sperry device
and designed to be less complex and cheaper.* Muslin and brown wrapping paper,
doped with glycerine and creosote, covered the machine. Similar to the Sperry
*flying bomb,”’ an air log impeller actuated a standard National Cash Register
counter which **measured’’ the distance and, after a designated number of turns,
cut the ignition and folded the wings. There were no ailerons. Wright recommended
a 10 degree positive dihedral for stability, which gave the aircraft its characteristic
look. The device came to be called the Kettering ‘‘Bug,” perhaps from the way it
flew or looked, although its official name was the *‘Liberty Eagle.**3
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Army-Kettesing missile shown on its launch dolly. Note the missie's smail size and pronounced
wing dihedral. (National Air and Space Museum}

o]
o

The Army ordered 25 Bugs on 25 January 1918. But in contrast to Curtiss's

astenishing performance with the Navy machine, the Army's fist piloted flight,

' : lasting six minutes, did not eccur until 19 July. Two other piloted Rlights followed
X 'i this inifial flight. Foc the uamanned missile, the Army used a four wheel dolly and
- track that, unlike the Navy, did not employ a catapult. Following a launch test crash
i o 13 Septembet, unsuccessful unmanned launchies took place on 14 Sepiemb.r and
again on | October. On 2 October, the missile flew, if oaly for nine sccoads. Two

e Agpensis A for sisesle ipecaficaions.
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Kettering (left} examines wreckage of missile, locatiun and date unknown. (National Air and
Space Musaum)

days later, the machine flew 45 minutes in wide circles covering a distance of over
60 miles, but crashed at Xenia, Ohio, only 20 to 25 air miles from its launch point.
Kettering, Lieutenant Colonel Bion J. Amold, the Ammy officer in charge and a
member of the Naval Consulting Board, and a young aiman, Henry H. Amold,
were watching. To conceal the device's purpose, Bion Amold told a curious farmer
that Hap Amold was the pitot of the downed aircraft.™ Test problems continued,
culminating in crashes on 16 and 17 October, but another successful flight of S00
yards occurved oa 22 October.™

Ovenall, the missile impressed the cathusiastic Army officers. b. J. Amold,
convincad of the **flying borub’s” potential, ordered 75 more devices and foresaw
buildieg 10,000 to 100,000 missiles at a unit cost of about $400 to $500.5 Nok ane
to understate, Squier wrots the Chief of Staff that:

- this mew weapor which has now demoastnxed ity praciicsbility, ks an epach in U
evinaiion of srtitlers for war purposes, of the first magnibude, and coepasadie, foe ingiance, with
the invention of guapowdar in the Fowrtaeath Ceatusy ™

He recommended that the General Staff immediately investigate quantity

production, establish a suitable testing arca, and inform Americzn and Allied forces
of the “*flying bomb.™ Subssquently, H. H. Amold weat to France to disseminate
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EVOLUTION OF THE CRUISE MISSILE

the results of the ‘‘flying bomb’’ tests to the Allies.’ The Armistice, of course,
overtook everything, When the Dayton project closed down on 27 November 1918,
20 Bugs were completed along with 5 airframes, and 11 partially buili Bugs. But
tests continued after the war. 4

In December 1918, the Army sent six Bugs to Amityville for tests. But only one
of four launches of the Long Island tests proved successful.

A three-officer board, in January 1919, recommended further development of the
“flying bomb"’ by the Air Service, prompring the Jast phase of the project, tests in
the fall of 1919. B. J. Amold selected Cazlstrom Field, near Arcadia, Florida, as a
good place for further tests in his 1918 search, In mid-1919, Lieutenant Colonel
Guy L. Gearhart, a 40-year old former coast artillery officer, took over the project
and received authorization on 29 August to ship 12 Bugs to Carlstrom. 2

Bétween 26 September and 28 October 1919, the Army attempted 14 test flights.
Although five Bugs crasbed on or immediately after launching, the sixth attempt
(on 13 Ociober) was successful; the “‘flying bomb’’ covered 1% miles. Other
successful flights of 1% miles and 2 miles occurred before the final shot, on 28
October. On this particuiar t-s;, the Rug flew 16 miles before crashing because of
engine problems. But the 16-mile flight could not conceal the fact that 10 of 14
attempts had eided in failure. Gearhart’s report avoided that point and
recommended only matters of a technical nature: development of a catapult,
improved engines, and experiments with larger gyros. So ended the Kettering Bug
project, at a cost to the American taxpayer of about $275,000 for the period April
1917 to March 1920.4

Besides an interesting and often overlooked episode. what did these World War I
flying bomb projects reveal? First, the experimenters experienced difficulties just
getting unmanned aircraf* into the air. Launch problams caused a number of
crashes, complicating development of the ‘‘flying bombs.”” Second, the
manufacturers found that building a stable aircraft that flew well without pilots was
not easy. Limited knowledge of acrodynamics, lack of testing, and haste in building
the machines guaranteed problems. Little wonder, then, that the *‘flying bombs”’
had basic aerodynamic faults. The developmental method of the day, trial and
error, did nct work well with unmanned aircraft. Manned tests partially solved these
aerodynamic problems; modifications and flight experience led to later, although
somewhat limited, successes. Thind, other technical problems hindered the
programs, In particular, neither guidance systems nor engines performed as
desigited. Fourth, destruction of the *‘flying bombs’’ on most of the tests restricted
the programs. This fragileness was due, in large measure, to the fact that these
machines were designed to be cheap and fly short one-way missions. The Army
was unable to recover many for subsequent testing, thereby rapidly exhausting the
number of available vehicles. Further exacerbating this problem was that these
wrecks yielded little positive data on why the crashes occurred. Finally, despite all
the fanfare, expense, and effort, the ~xperimenters achicved minimal success. Only
1 of the 12 Sperry-Navy tests functioned properiy; and on this particular test, the
“flying bomb"’ flew a mere 1,000 yards. The Keftaring Bug had 2 successes on 6

16

e et

S T U I




N o e T

BARLY YEARS

attempts at Dayton, 1 of 4 at Amityville, and 4 of 14 at Carlstrom. Taken together
then, there were only 8 successes on 36 attempts.

In brief, a few merhanically-gifted visionaries, equipped with limited knowledge
and resources, were unable to transiorm the ‘‘flying bomb’ idea into reality.
Despite their best efforts and a few successes, the theory remained more advanced
than the technology of the day. Nevertheless, the idea persisted in the years that
followed.

Foreign Developments

Work on the pilotless bomber continued not only in the United States but in Gregt
Britain.“ As early as May 1919, the Royal Naval Antiaircraft Gunnery Committee
requested a radio-controlled target aircraft. In response, the Air Ministry attempted
to develop such a vehicle in England and, at the same time, buy one from the United
States; but British Secretary of State, Winston Churchill, vetoed the lattet initiative.
By 1920, the RAF perceived that three lines of potential development existed: a
gyro-guided **flying bomb,’’ a target missile, and a radio-controiled, air-launched
missile. In short c:ler, the RAF dropped the third and merged the first two
categories. The British flew a number of radio-controlled aircraft (with pilot
monitors) in the early and mid-1920s, including a Bristol fighter, a Sperry Avio, a
D.H.9A, and a Wolf.
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Alter the wat, RAE built this rarfo-controliad missiie, shown in 1820-22. (RAE, Famborough)
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EVOLUTION OF THE CRUISE MISSILE

But perhaps equally pertinent to this particular story is the Royal Aircraft
Establishment (RAE) 1921 Target aircraft.* Beginning in July 1922, the British
conducted tests over water for both safety and security reasons. The seventh test, on
3 September 1924, was a partial success; the device, after its catapult launch, flew
for 12 minutes before its engine stopped. On the tenth and final test on 2 March
1925, the missile flew 39 minutes.®

The RAF began work on a true *‘flying bomb”’ in September 1925. Compared
with the RAE 1921 Target missile, the Larynx (Long Range Gun with Lynx Engine)
was smaller, heavier, and faster.* In fact, a 200 hp Lynx IV engine gave the device
a top speed of about 200 mph, making it faster than contemporary fighters. The first
Larynx crashed into Bristol Channel shortly after a catapult launch from the HMS
Stronghold on 20 July 1927. The RAF believed that the second missile completed

its 100 mile course on 1 September 1927, although it was lost. On 15 October 1927, -
the third Larynx flew 112 miles at 193 mph, impacting five miles off target. In -

September and October of the next year, HMS Thanet launched two missiles that
flew approximately SO miles each, one landing within 1.6 miles of its target while
the other impacted 4.5 miles from its target. In May 1929, the RAF land-launched
two missiles from Portland: the first flew beyond its target into the unknown, while
the second performed as programmed.

The RAE Larynx missite on cordite-fired catapult of destroyer HMS Stronghold, July 1827. The
man on the box is De. Goorge Gardner, tater Ditector of RAL. {RAE, Famborough)

$See Apptadis A for miseile specifications.
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Another view of the Larynx. Note the “3" on the-missile’s packing crates, wings, and tail. The
missile's first launch on 20 July 1927 over the Bristol Channel failed. (RAE, Farnborough)

Recause of safety and security considerations, the British shifted their tests to a
200-mile course in the desert wastes of Iraq. The results disappointed the RAF,
however, as the three Larynxs launched in August and September 1929 flew only
27, 60, and 32 miles respectively. In October, one crashed on the launching
platform while another was last seen as it passed the 22 mile mark. The airmen
blamed vapor lock in the engine, rather than the control system, for the failures.
They concluded frota these tests that accuracy was equated with weather
information, and targets beyond 100 mile ranges were therefore limited to area type
targets.*’

By 1927, the British were develcping three types of missiles: a mechanically-
controlled *‘flying bomb,”* a radio-controlled missile, and an air defense missile to
break up enemy aircraft formations. In October 1930, the Chief of the RAF Air
Staff eliminated the air defense missile, shelved the radio-controlled Larynx,
continued the mechanically-controlled Larynx at a low priority, and emphasized
instead a new target missile. Three years later, the Chief of the Air Staff established
pew priorities for the program. Defense against pilotless aircraft received top
research pricrity, shepherd aircraft (manned mother ships guiding radio-coutrolled
unmanned missiles) ranked second in priority (ahead of a new Larynx), with the
lowest priority assigned to a missile that would home in on enemy radio stations. In
1934, the air defense missile regained its number one priority status; but because
this air defense missile required two iother aircraft for guidance, cost as much as a
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single engine fighter, could operate only in daylight, and required three to four
years to develop, the RAF dropped it in 1936.4%

Despite these stated priorities, the RAF really did nothing with the ‘‘flying
bomb’’ until its final cancellation. The RAF’s major concerns were high unit cost
and low accuracy. The RAF estimated that a 300 mph, 250-mile-range missile
would cost £ 500 each in a 5,000 unit run, while a 450 mph missile would cost
£3,000 to £ 4,000 apiece. The British airmen estimated accuracy at 10 miles on a
200-mile flight in average weather conditions. During these studies, the Air Staff
looked at rockets as a substitute for the ‘flying bomb’’ and considered jet-powered
“flying bombs.’’ Finally, in September 1936, the Air Staff reviewed both the air
defense and Larynx missiles and decided that neither merited further
development. ¥

The British, however, did have a successful interwar missile development
program, the target missile. The RAF began this program by converting three
Fairley IIIF float biplanes to meet the 1930 requirement for a radio-controlled
target. Although the initial two, launched off the HMS Valiant in January and April
1932, crashed, the third, launched on 14 September 1932, flew for nine minutes. In
January 1933, the converted aircraft, dubbed the Fairley Queen, survived two hours
of Royal Navy antiaircraft bombardment. The next month, the Air Ministry let a
contract for a cheaper target missile, a conversion of the Tiger Moth trainer. Called
the Queen Bee, it first flew under radio control in 1934. In all, the Fairley
Corporation built 420 such devices between 1934 and 1943.%

Fairley lIIF equipped with radio-control devices and known as the Faldey Cueen. it also acted
as a “shephard"” aircraft, (RAE, Fambaorough)
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Launch of deMavilland Queen Bee. This target missile was a radio-controiled version of the
deHavilland Tiger Moth. (RAE, Farnborough)

The Army-Sperry Experiments

US Amy interest in **flying bombs'’ continued in post-war years. For example,
in late 1919, one officer noted that the *‘flying bomb will be a great asset to the
military forces of the country first perfecting it."’S! Consequently, the Army
contracted with the Sperry Gyroscope Company in [ebruary 1920 to design and
construct four gyro units, and then in April 1920 with the Lawrence Sperry Aircraft
Company to perfect automatic control by installing equipment in three Standard E-1
aircraft and five Messenger aircraft. Mechanical problems, especially with
gyroscopes, hindered several otherwise successful tests flown with pilot monitors in
November and December 1920. Because Lawrence Sperry achieved even greater
success in similar tests between March and May 1921 at Mitchell Field, he won a
secord contract in June to upgrade the guidance equipment and to construct six
Messengers, three as acrial torpedoes. Fursther flights in late 1921 achieved good
accuracy.®? - ,

The contract included one unusual feature, a provision providing $5,000 for
hitting a target 1 out of 12 times a: 30 miles, and a $5,000 bonus for 2 additional
hits. The same boaus applied to trials at 60 and 90 miles.®® Difliculties with the
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Lawrence Sperry's Messenger aircraft. Sperry died in a crash of this type aircraft on 13
December 1923. (National Air and Space Museum)

automatic controls encouraged, if not forced, Sperry to use radio-control guidance.
After gaining approval from the Army's contracting officer on 9 May, Sperry used
radio-control equipment, dzveloped at the Army Engineering Division by
Licutenant Redman, which allowed an aircraft about 1% miles away to guide the
simulated **flying bombs."" Speiry obtained good results in May and June 1922—
better than anything achieved thus far,%

In the tests at Mitchell Field one day before the expiration of the contract, the
Armmy judged Sperry’s devices to have twice hit a target at 30 miles, three times at
60 rniles, and once at 90 miles.%® The Chief of Engineering Division insisted,
however, that Sperry had not carmed the bonus since the contract did not specify
radio control. This particuiar official noted that a system requiring a mother aircraft
to fly a mile o so from the *'flying boinb’* all the way to the target offered little
advantage. Regardless of the merits of the case, the Anmy paid Sperry a $20,000
boaus. >

Despite this negative reaction to a radio-control system, the Anmy proceeded to
conduct its own radio-control tests. The Engineering Division developed a pilot-
monitored system that guided a number of Sperry’s Messenger sircraft between
October 1923 and Apnil 1925 st McCook and Langley Fields. Again, mechanical
problems hampered the flights.”

In 1927, the war department pushed the radio-control idea. However, the two
aircraft purchased in 1929 for these tests, a Curtiss Robin (XC-10) and a Stimson
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Junior, proved unsatisfactory. More importantly, the country’s economic
depression constricted funds and delayed the project.®

Before leaving American Army developments temporarily, one keen proponent
of *‘flying bombs’’ deserves mention. In July 1923, Billy Mitchell suggested using
**flying bombs’’ in the famous battleship bombing tests. The Chief of Engineering
Division recommended against Mitchell’s proposal on the advice of Lieutenant
Redman, who believed that the chances for failure were high because the system
worked only against large targets and, moreover, because the Sperry test results
were due largely to good luck. Therefore, on 18 August 1923, the Chief of the Air
Service rejected the use of aerial to:pedoes in the tests.®

US Navy Efforts

US Navy interest in cruise missiles reemerged in the mid-1930s from a somewhat
different direction than might be expected, for the main impetus came by way of
unmanned aerial iarget programs.

Like the Army, the Navy recognized the advantages of radio-controlled vehicles.
The Navy discussed radio control not only in 1916 but also in the summer of 1917 in
connection with the Spemry device. Radio control work commenced under the
Bureau of Ordnance in January 1921, following an expression of interest by the
Chief of Naval Operations in anti-aircraft targets. Flight tests began in 1921 with
furtker experiments conducted in 1923 and 1924. The first successful unpiloted
radio-controlled flight occurred in Septembe: 1924. Although this naval work
continued, the Navy made little progress after 1925 because of insufficient funds. A
Navy effort to reenergize the program in 1932 fell victim to a budget cut by
President Roosevelt the following year.®

A second Navy cffort beginning in 1935 did better. In April 1935, the
Commander of Aircrait, Battle Fleet, requested that the CNO provide a high speed,
radio-controiled aircraft for anti-aircraft target practice. In August, the Plans
Division, Burcau of Aeronautics repeated this request. The CNO, Admiral William
H. Stanley, who had seen the British aircraft target, the radio-controlled Queen
Bee, supported the program. As the Bureau of Ordnance had little or no enthusiasm
for such an aircraft, the CNO directed the Burean of Engincering and the Bureau of
Acronautics to proceed with the project in May, 1936.

The Navy began flight tests in February 1937, and by the end of the year had
achieved good results. The Navy first used the device as a target in operations “with
the carrier Ramger in August, 1938. These and subsaqueat practice sessions
revealed shockingly poor US Navy anti-aircraft gunnery, considering the low
performance of the target aircraft. Meanwhile, the Navy formulated more deadly
plans for the radio-controlled aircraft.®

Licutenant Commander Delmar Fahiney suggesied combat uses for drones®
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(termed *‘assault drones’’) as early as August 1936, a mere month after assuming
command. Although one author asserts that in the late 1930s naval aviators
prevented this concept from developing, the growth of technology and world events
were certainly catalysts in accelerating the development of combat roles for drones.
Two pieces of electronics equipment emerged at this point to foster the missile’s
progress: television and the radar altimeter. By 1937, RCA demonstrated airborne
television in an air reconnaissance project for the Soviets. In August 1941, TV
received its initial testing aboard an American drone. Intuitively obvious is TV’s
utility in extending the vision of the drone’s cperator, thereby increasing
operational effectiveness. The concurrent use of radar altimeters made drone flight
more practical, since they accurately measure altitude above the surface, an
especially valuable capability when flying over varying teirain. (This is in contrast
to the barometric altimeter, which measures a base pressure.) In January 1941, the
Navy successfully tested radar altimeters in a drone.® A third factor, world evens,
was simply the growing tensions and conflict in the world.

Despite these technical advances, the drone program progressed relatively
slowly. For instance, although the Navy tested target drones simulating assault
drones in September 1940, it was not until November 1941 that the Chief of the
Bureau of Aeronautics ordered 100 obsolescent torpedo bombers converted into
assault drones and 100 missiles designed especially for the same purpose. The Navy
deliberately gave the order to a company not associated with aircraft production so
as not to interfere with the arming of US and Allied forces. While this idea had
some marit, as we shall see, it hindered the missile program.®

The attack on Pearl Harbor changed the entire complexion of the program. The
first impact was that the Navy reclaimed its 100 torpedo bombers for training
purposes. Nevertheless, the Navy conducted two important demonstrations in April
1942. On 9 April, TV aboard a torpedo-carrying dronz (TG-2) detected a US
destroyer eight miles away from ihe drone, which in tum was 20 miles from its
mether ship. The control plane guided the drone to intercept the destroyer and
when the drone was 300 yards away from the ship, the drone released its torpedo
which passed beneath the destroyer as planned. On 19 April. a raft towed at eight
knots was the target of a BG-1 droue. After the drone's TV detected the raRt at 4
miles, the control plane, situated 30 miles away, guided the drone into the raft.®

Early that same month, the Bureau of Acronautics ordered 200 assault drones.
The Naval Air:raft Factory would build 100 TDN-1s, and contracted with Interstate
Aircraft and Engineering for the other 1), designated TDR-1. The coatract
scheduled deliveries to begin before 1 November 1942, The next raonth, the Vice

Chief of Naval Operations expanded the program to 1,000 drones. But the Chicf of
the Bureau of Acronautics, John H. Towess, the grand man of naval aviation,
resisted the move. A “*Catch 22" situation emerged: Emest J. King, the CNO,
wanted to avoid the piecemeal use of the weapoa, as had been the case with the tank
andpmsongasmwmd\vu!.whilc‘fowe:s apposed production until the weapon
pmved to b superior to coaventional weapons. But perhaps the single inost
convmng arganieat sgainst the program was the tremendous codmitment of
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resources (10,000 men, of whom 1,300 were aviators, and $235 million) during the
carly dark days of the war. Towers recommended cutting the order to 500 machines
(100 TDNs, 200 TDRs, 100 TD2Rs, and 100 TD3Rs}, a recommendation approved
by the CNO in August 1942. In March 1943, the Navy considered expanding the
program to 3,000, but only added a 1,500 drone order to the existing order of 500.

gdmir(ﬂéjﬁ;m H. Towers, considered the “{ather” of naval aviatign, resisted the “fiying bomb"
ea.

Meanwhile, drone supporters attempted to get it into action; but timing and
personalitics prevented this. Unlike the situation in 1942, by carly 1944 the US
Navy was growing from strength to strength and defeating the Japanese Navy
soundly. Also, the Commander of the Pacific Fleet, Admiral Chester W. Nimitz,
did not want the device. Why deploy an untried weapon when carrier aviation
seemed to do everything bstter? Further, the drones offered few advantages and
were difficult to maintain in the field. There also were production problems:
Iaterstate could nut tum out the requisite number of machines as specified in its
contract and, if that were not cnough, there were techaical difficulties that led to
crashes. For example, investigation of one droae crash revealed a structural defect.
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EVOLUTION OF THE CRUISE MISSILE

Therefore, in March 1944, the Navy cut the total program buy to 388 (100 TDNs
already accepted. to be followed by 188 TDR-1s, 50 TD2Rs, and 50 TD3Rs).5
Despite such adversity, ae Navy finally conducted combat tests in late 1944,
After a demonstration against a beached Japanese merchant ship off of Cape
Esperance on 30 July, during which drones scored two direct hits and two near
misses, the real tests began. In operations from Sterling and Green Islands, between
27 September and 256 October 1944, the Navy expended 46 TDRs. Technically and
militarily, the drone trials were less than a smashing success. Only 29 of 46 tested
reached their target, mechanical problems accounting for 9 failures, TV problems
for 5 more, and Japanese anti-aircraft fire for the remaining 3. And as this took
place in a backwater of the war, these tests had minimal impact upon Japanese and
- US Navy operations.%
. But even before the Navy launched its last TDR on 26 October 1944, the program
was dead bcoause on 8 September Admiral King cut it off. The Navy offered the
AAF {Ammy Air Forces) the entire program, including control sets, drones, and
personnel. On 25 October, General Amold declined the offer.®
So in the end, the Navy gained little more than limited experience with its 200
pilotless aircraft. A number of factors account for this marked lack of success. First,
the program encountered serious internal opposition from Naval aviators. In
addition, a number of strong and influential personalities opposed the program;
Admiral Towers because it was unproven, and Admiral Nimitz because it was not
needed. On the latter point, timing was against the weapon. When the war was not ; |
going well aad US carriers had not yet shown their potential, drones might have '
\ gotten enthusiastic support, but they were not ready. Later, when drones were
- ready, carrier aviation ruled the waves and there was no need for them. Problems
with both technology and production also slowed the program. Finally, the drone
. program was very expensive in texms of men and moaey. Army airmen were to do
u‘ﬁﬂ' ifany' better.

The Kettering-General Motors A-1

In the late 1930s, two individuals coanected with the World War I Kettering Bug
. reappeared in the cruise missile story. In mid-1936, Hap Amold stated that **flying
: - bomb" development should reopen.™ But no action occurred uniil two years later,
by which time oversess events and the improving domestic cconomic situation
encouraged American rearmament. On 8 August 1938, the Chief of the Air Cosps,
Major General Oscar Westover, requested that the Chief of the Material Division
begin immediate study of the serial torpedo. Westover wanied a fow cost ($300 to i
$800) weapon with a range of 20 to 30 miles, and he wanted it fast. **For your
information,” be concluded his letter, “'the War Depa.rtmcm insists upon some
positive and peactical resuits soon.”' "
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General Henty H. Arnold, wartime chief of the Amny Air Forces. was a firm supporter of the
“lying bomb." {USAF)

The specifications for the missile included a 200- to 308-pound warhead, 20-mile
minimum range, and the ability to hit a 2 square mile target at 20 miles. These
specifications west to the Adjutant General on 29 September 1938 over the
signsture block of the new Chief of the Air Corps who tock command that day,
Heary H. Amold.™ But industry could not meet the challenge, in Apeil 1939, the
siraen judged Vega, the only bidder, to be inadequate for the job. ™

Eater, or reenter, Charles F. Kettering, now Generai Manager of Research at
General Motors and a member of the National Rescarch Council. He initiat
correspondence with Amold oa 7 September 1939, writing: **f believe that a plane
of 150 bp, complete with ¢ceatiols and radio . . . could be builk in the neighborbood
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EVOLUTION OF THE CRUISE MISSILE

of 12 to 15 hundred pounds and I don’t believe should cost, in reasonabie quantities
more than that many dollars.’’™ By this point, however, the airmen had upped their
expectations from the September 1938 specifications to include a range of 100 miles
and the ability to hit a 1/2 mile diameter target. On 15 January 1940, the Army
formalized these specifications, stipulating a new minimum range of at least 20
miles with a maximum range of 100 miles. On 18 February 1941, the Army ordered
ten **flying bombs’* from General Motors for $250,000 and in July 1942 five more.
To guide these aircraft, the Army decided to employ radio control.”

The General Motors (GM) A-1, a monoplane powered by a 200 hp er:_ine, was
designed to carry a 500-pound bomb load 400 miles at 200 mph.’6* After some
preliminary tests at Langley Field, Virginia, the Army flight-tested four machines
at Lake Muroc, California (presently Edwards AFB) in November and December
1941. Consistent with the device’s history, the tests harvested little success. The
first GM A-1, launched on a carriage down a track on 1S November, immediately
crashed. Bird number two flew two and one-half minutes on 5 December, bird
number three for 10 minutes on 7 December, and bird number four 1 hour and 35
minutes on 8 December. The Army concluded that both the automatic (preset) and
radio contiols were unsatisfactory.” Suggested modifications included adding a
power catapult and altitude control, modifying the airframe, and deleting the preset
controls. The next group of vehicles, tested at Eglin Field, Florida, incorporated
these changes. The first such device crashed on 10 March 1942, the second flew 1
hour and 57 minutes on 19 March, and the third for 1 hour and 40 minutes on 2
April. In this group of tests, the airmen noted panicularly poor directional coatrol.™

A Genesal Motors A1 about 10 LACMIGD @ Cagiive launch test on 11 November 1931, Amoid
and Ketteting pushed the GM A-1. bul & periomed lite beitor Yian Keltenng's World War 1
“Bying bomb.™ (USAF) :

“Soe Appeniis A fut Cuissie vpachoissons.
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Despite these aeronautical achievements, some Army aviators experienced
doubts about the utility of the GM A-1, especially because of the small 500-pound
bomb load and the need for a mother ship. General Motors suggested a twin-engine
version which could carry a 1,000- to 2,000-pound bomb load 900 to 1,200 miles;
but the engine production bottleneck made such a proposal impractical.”

Meanwhile, General Motors added landing gear, a monorail launcher, and a
television sensor to the device. On 17 Juiy 1942, the modified A-1 flew only two
minutes, but this was better than the next two atiempts: An accident during taxiing
destroyed one device on 25 September; and five days later, another device crashed
on takeoff.%

In Cctober, a new idea emerged—air launching. Some believed only this
technique, coupled with a TV sensor, would make the A-1 a useful military
weapon. The North American B-25 emerged as the missile carrier, a bit of poetic
justice since the nickname of the twin-engine bomber was *‘Mitchell.** In 1943, the
Army tested models of the missile mounted on the bomber in a wind tunnel at
Wright Field.* Nothing else came of this effost.

These 1122 2 wind tunnet models of GM A-1 alop a B-25 were tested al Wiight-Patterson fiald,
but the ea (ot no huther. (USAF)

The last two A-Is flew in late May 1943 at Lake Muroc. On 24 May, the fisst
remsined aloft for 1 hour and 35 minutes, while the last on 27 May remained
sirboste for 1 howr and 20 minutes. Oace again, the airmen noted ineffective
coatroi.

A repont in August 1943 spelled doom for this particular peoject, noting that
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EVOLUTION OF THE CRUISE MISSILE

developing the device would cost $.7 million and 18 months development time.
Even then, the report asserted, the small bomb load made the A-1 a questionable
military weapon. Consequently, on 6 September 1943, Major General O. P.
Echols, Assistant Chief Air Staff, Materiel, Maintenance, and Distribution,
recommended cancellation of the project.®® Following a demonstration of a parallel
project on 10 October 1943 (see below), the Army cancelled the GM A-1 project.
Amold pulled the plug on 18 November, with General Motors receiving the formal
word on 23 December 1943. The project had cost the Army about $350,000.%

XBQ Aircraft as Aerial Torpedoes

Starting a bit later, but in progress at almost the same time as the GM A-1, was
another American guided missile project. Following Pearl Harbor, some believed
that the quickest way to get aerial torpedoes into action was to use radio-control
target drones. But the Army considered the existing drones either too small or
possessing unsatisfactory characteristics.®® Nevertheless, the airmen tested target
drones as facsimile aerial torpedoes. On the aforementioned tests on 10 October
1943, an airbomne operator guided two PQ-12As fitted with TV and a S00-pound
bomb load; one hit and destroyed another airborne drone (PQ-8), the other hit
within 30 feet of a grounc target. Despite these accomplishments, the Army
considered such equipment inadequate in light of tactical requirements.® :

In March 1942, the Asmy initiated projects involving two types of aerial
torpedoes, one with a 2,000-pound bomb load, the other with a 4,000-pound bomb
load. Flectwings contracted on 10 July 1942 to build two aircraft of the first type
(XBQ-1 and XBQ-2A), while Fairchild contracted on 1 October 1942 to construct
two of the larger craft, designated XBQ-3. The Army Air Forces also requested US
Navy aerial torpedoes for testing—the Interstate TDR-1, XTD2R-1, and XTD3R-1
which the Army redesignated respectively, XBQ-4, XBQ-5, and XBQ-6. The entire
XBQ series consisied of twin-engine devices that looked like aircraft.*?

Although the Fleetwings XBQ-1 was designed to deliver its 2,000-pound
warhead 1,717 miles at 225 mph,* a crash on the first flight ended the project in
May 1944, The next in the series, the XBQ-2A,* was essentially the same aircraft
as the XBQ-1, but high cost led to its demise in December 1943.% In contrast, the
Fairchild XBQ-3* was larger and heavier than either the XBQ-I or XBQ-2A.
Although one XBQ-3 received some structural damage in a forced landing in July
1944, XBQ-3 tests continued at a cost of $1.4 million.* The Army borrowed a
fourth variant, the Interstaie’s XBQ-4* (TDR-1), from the Navy in April 1943 and,
after completing tests, returned it in December of the same year. The last two
prototypes, the XBQ-5 and XBQ-6, never got beyond the proposal stage.”

*Sce Appendia A for missile specifications.
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The Fleetwings XBQ-2A was a radio-controlied missile capable of delivering a 2,000-pound
warhead. Its larger engines and jettisonable landing gear made it different from the XBQ-1, but

no more successful. (LUSAF)

The XBQ-3 was an unmanned version of Fairchild's A”-: ! irainer designed to calry 4,000
pounds, 1,500 rilas at 220 mph. (USAF)
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The Interstate XBQ-4 possessed the most modest performance of the XBQ series. It was to
carry 1,850 pounds. 400 to 750 miles, at 162 mph. (National Archives)

APHRODITE: The Aerial Torpedo In Action

The only AAF “‘flying bomb’’ used in combat during World War II had the code
name¢ APHRODITE. United States airmen stripped armament and nonessential
flight equipment from worn out (‘‘war weary’’) heavy bombers and crammed them
with 18,500 pounds of explosive. A pilot got the modified bomber off the ground
and up to cruising altitude, after which an electronic technician adjusted the radio
control equipment and activated the fuze. Then the two men bailed out over
England. A control ship, using radio control, guided the aircraft to its target.

APHRODITE's first mission, on 4 August 1944, failed. One modified B-17
crashed with the pilot aboard, the Germans shot down a second machine, a third
overshot its target by 500 feet, and a fourth impacted 1,500 feet shott of its target.
Two further attemy.ts on 6 August also failed, one missile crashing in Eigland, the
other into the North Sea ®

T eSae Appundit A for skl tpecificalions.
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Boeing APHRODITE, 11 September 1944. War weary B-17s, such as this one, were stripped of
armor and armament, loaded with nine tons of explosive, and guided by radio control against
German targets. (USAF)

On 15 Qclober 1944 this APHRODITE missile exploded short of its target after beling hit by tlak.
(USAF)
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The white smoke trail was used by the controller to see the missile. The APHRODITE program
was a failure. (USAF)

Concurrently, the US Navy engaged in a similar project, using B-24s, a difierent
radio-control system, and a television sensor. On the first trial, on 12 August, the
weapon blew up, killing Navy Lieutenants Wilford J. Willy and Joseph P.
Kennedy, Jr. A second attempt that day demolished some German facilities at
Heligoland but, because of a poor TV picture, not its target. There were no further
Navy operations.*

The AAF persisted and received better equipment, including TV which permitted
forward vision from the device and readout of the compass, an altimeter which
allowed the aircraft to descend to and maintain a preset altitude, and a radio beacon.
But the results were comparable to the Navy's test. The Germans shot down one
missile 300 feet right of the target on 11 September 1944, Three days later, the AAF
lost two more devices, the second missing its target by 200 feet. On 15 Octeber,
flak downed one missile while another hit a town one quarter mile from the target.
Two more devices disappeared on 30 October, one over Germany and the other over
the North Sea, %

On 27 October 1944, Headquarters US Strategic Air Forces (USSTAF) ordered
that the remaining devices be used against German cities. The AAF added throitle
controls to enable the device to fly a flight profile that included a 10,000-foot
penciration altitude and a 300-foot approach altitude. The next mission on §
December ended with one weapon destroyed by flak and a second downed by icing.
The last mission, oa 1 January 1945, proved equally unsuccessful with one device
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hitting a residential area two miles beyond the target and a second crashing five
miles short of the target. In the end, neither new targets nor new equipment made
any appreciable difference. Fundamental mechanical problems persisted.%

But it was the USSTAF Commander, General Carl **Tooey’’ Spaatz, who in late
January 1945 halted and later cancelled the launching of APHRODITEs against
Germany. He did this not only because employment of such weapons ran counter to
the American strategic bombing doctrine, but more importantly, the APHRODITE
scheme did not work. The weapon proved highly susceptible to weather conditions,
vulnerable to flak, and limited in accuracy. A report on the project concluded that
the system needed more radio frequencies (to allow simultaneous launchings), more

controls, and more instrumentation, as well as a remote detonator. The -

APHRODITE concept simply failed as a strategic precision weapon,; it was instead
a terror weapon, and not a very good one at that. As General *‘Jimmy’* Doolittle,
the Eighth Air Force commander, put it, the scheme was just a bad idea.% So ended
APHRODITE.

In summation, American efforts with *‘flying bombs,”’ before and during World
War 11, failed. Technical problems proved too great; and the results represented
only a slight improvement over the World War I experiments. American *‘flying
bomb" development shifted from pre-set guidance to radio-control from an
accompanying aircraft. But, while radio-control efforts worked in theory and in
tests, they did not work well in combat. Mechanical problems with missile,
explosive, and guidance systems precluded adequate testing of both the equipment
and the concept. A realistic appraisal of these piston-powered *‘flying bombs®*
during World War II must conclude that although they were comparable in cost to
manned aircraft, they proved less reliable, less accurate, and mosre vulnerable than
conventional aircraft. The Germans, however, came up with a hreakthrough to
meke the **flying bomb’* a marginal, if not truly practical, weapoa.
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CHAPTER 11
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e -,

EARLY YEARS

9. A. M. Low, *‘The First Guided Missile,” Flighs, (3 October 1952), 438; Delmar S. Fahmey,
*“The History of Pilotless Airc/aft and Guided Missiles,” n.d., 103, 104, 998-1001 [NHC]. Hereafter
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37. Amold Report, 7, appendices H and L.

38. Bion J. Amold to Dayton Metal, Subj: **Ammunition Carier,”” 10 October 1918, Exhibit M,
Arnold Report; Amold Repont, 6.
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CHAPTER III

WORLD WAR I

A number of spectacular technological developments emerged during the Second
World War. The atomic bomb, jets, and medical advances come to mind, as do the
German V weapons. The V-1 and V-2* ushered in a new type of warfare consisting
of remote bombing of cities by pilotless weapons launched over a hundred miles
away throvgh all kinds cf weather, day and night. Of the two, the V-2 impressed the
layman more because of its thundering takeoff, its virtual in-flight inpregnability to
conventional attack by defense forces, and its silent, faster-than-sound approach.
Of all German secret weapons, it has commanded the most attention not only for its
drama but also for its impact upon subsequent developments in rocketry. After all,
German technicians, who developed the V-2 technology, subsequently provided
much of the initial expertise for US space and ballistic missile programs. Hence, it
is understandable that few lay people realize the V-1 caused greater damage and
casualties than did the V-2.

The Germans first considered “‘flying bombs’* in the 1930s. While two German
companies, Askania and Siemans, did some work in the field, an independent
inventor, Paul Schmidt, achieved success. He began work in 1928 on a pulsejet,
received a patent on the device in 1931 and, beginning in 1933, received modest
government support. In 1934, along with G. Madelung, Schmidt proposed a
“flying bomb’* powered by a pulscjet. The next year, he received a contract; and
four years later, he demonstrated a pulsejet-powered pilotless bomber. While the
German Air Force (GAF) wanted such a device, it shelved the project because of
range (a 350-mile range requirement exceeded the state of the art), accuracy, and
cost problems. Nevertheless, the Argus Company began work on the pulsejet in
1938; two years later, the Air Ministry brought Schmidt to Argus.?

The German V-1

A riumber of factors encouraged development of what would become the V-1.
First, the capiure of France in 1940 reduced the distance to England, thereby ending
the need for some form of radio control which expests thought to be necessasy over
mmu&nmu N atamdi Bor vevgeiag rvgv (vOREOEATE Wingn), Some clanm i ety avd For veranchmiste
eapns wd).! The Goon 3i6a desigaaid B U1 e 5 (Fewtien) 10, waumef(\an e}, F2G-18 (Fladzicizeny. Pk

Avalieey Device, sldough 1o bilieve e wiood for Feracisl Gener bong-dislasce tacget s o sasngliciy § ahali Cue the besa
poociac, bl e amemon Vel
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the much longer distances between Germany and Britain. Second, the war depleted
and dispersed the Luftwaffe’s ranks by 1942, making the pilotless bombers more
attractive. Third, the bombing of Germany infuriated Hitiez. He demanded a terror
weapon for retaliation against Britzin. Finally, interservice rivalry entered in—the
Air Force wanted a weapon to match the Army’s V-2, Therefore in June 1942
Erhard Milch, GAF production chief, gave the highest priority to a proposal by
three Germzan companies to produce a pilotless bomber constructed from cheap
materials: Argus the engine, Fiesler the airframe, and Askania the guidance system.

The: V-1 flew in December 1942, first in a glide test after release from an FW
200, then on Christmas Eve in a 1,000-yard powered flight after a ground launch. In
July 1943, a V-1 impacted 1/2 mile from the target after flying 152 miles.* By this
time, the Germans had decided to build both the V-1 and the V-2.

Or 26 May 1943, some of the Third Reich’s top lcaders visited the German test
facility at Peenemunde and decided to put both weapons into full production. The
V-1's considerable advantages (low cost, simplicity, ease of transportation, and low
fuel consumption) convinced the German leadership of the efficacy of the system.3

The German V-1 was a cheaply built and cast effective “flying bomb." The puise jet powerplant
was inaxpensive, yet gave the missile a lop spasd close 10 that of piston-powered fighters.
{imperial War Museum) ‘

The V-1 was a small missile pow: red by a pulsejet.** The cheap and effective
engine operated a venctian blind-type device which opened to admit air and then
closcd to fire at SO cyctes per second, This propulsion system gave the V-i its
charscteristic sound, however a3 the pulsejet could not operate at speeds of less
than 350 mph, it required a bocsted launch. A catapalt accelerated the V-1 up a
180-foot ramp to a lsunch speed of 200 mph. The weapon’s average range was
about 150 miles, although some got as far as 175 miles. The missile crossed the

- “See Appeniia A fof mistile agiifications.
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British coast at about 340 mph, but as the 150-gallon fuel load burned off, its
airspeed increased to about 400 mph by the time it reached London.” But problems
associated with mass production adversely afiected the missile’s speed, accuracy,
and operational altitude. The Germans used a gyro autopilot, powered by
compressed air, to hold a course determined by a magnetic compass and a
baromeiric device to regulate altitude. These devices sent signals to the craft's
rudder and elevators on the tail surfaces. A small propeller device armed the
warhead after the V-1 flew about 38 miles and then, after a preset number of tums,
fired two detonators which .ocked the elevators and rudder in the neutral position
and deployed hinged spoilers on the tail, presumably over the target. The downward
attitude of the V-1 usually cut the fuel flow to the engine, causing it to stop and
thereby warning those neasvy of the impending explosion.?

The Allies early on knew of German efforts involving secret weapons. Not only
was Germany known for her scientific and technological feats but, in November
1939, the British received the still mysterious **Oslo Report,”” which mentioned
certain unspecified long-range weapons. The British, not knowing about GAF’s
V-1 program, at first focused their efforts on what tuned out to be the German
Amy’s V-2 program.® Increasing information came into the Allies’ hands in June
1943 about an *‘aerial mine with wings.’* By August, the British knew of a baliistic
missile and a pilotless bomber. Further confirmation of German progress occusred
when some Danes smuggled out photographs of a V-1 that crashed on the island of
Bornholm in August 1943.% The French underground also sent word of coastruction
of launching sites in the fall. ULTRA, the decoding of German radio messages,
provided more inforination. In November 1943, the British identified the V-1 in
reconnaissance photographs of Peenemunde and then, in May 1944, examined a V-
1 which had crashed in Sweden.!! Meanwhile, the Allies took more active measures
to counter this growing German threat.

In January 1943, the British began fiying aerial reconnaissance over thie Gennan
test facility at Peenemunde. In June, the British considered bombing the instaliation
but deferved the attack until the longer hours of darkness in August, On the night of
17-18 August (the night following the Anmy Air Forces' (AAF) famous
Regensburg-Schweinfurt mission), RAF bombeys hit the east end of the research
base and set back the V-2 peoject two to cight weeks. But British bombs left
untonched V-1 operations on the west side of the base. ¥

The Allics also noted the construction of taunch sites 10 to 35 miles inland feom
the French coast. Massive structures at seven locations, intended to house varjous
German secret weapons {two for the V-15). becanw increasingly visibie to Allied
photo-intelligence specialists. Allied bombing of these wargets began with a US
aitack on 27 August 1933, In addition, the Allies discovered a large number of
smaller complexes designed stricily for the V-1, which the Allies called ski sites
because of the sppearance of their storage Bui!dmgs from the #ir.'® Extensive seris!
reconnaissance in Qctober, combined with pictures already in hand, revealed 29 ski
sites. ta addition, 40,000 woikers involved in the construction of these sites gave
the French vadesground abundaat iafomuation that helped piupoiat tie location of
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70 to 80 ski sites. A second series of photos in December uncovered 88 confirmed
and 50 suspected sites. !

Although the Allies did not hegin their bombing attacks in earnest until
December 1543, by 10 June 1944 the Allies estimated that they had knocked out 82
of 96 sites attacked. Between 1 December 1943 and 12 June 1944, the Anglo-
American Air Forces, flying 25,150 attack sorties, dropped a total of 36,200 tons of
bombs on the sites. This bombing effort cost the Allies 154 aircraft and 771 crew
members.

The Germans, recognizing the vulnerability of these launching platforms to both
Allied intelligence and bombing, in 1944 built smaller, more easily constructed and
concealed launching platforms that the Allies called modified sites. By June 1944,
the Germans had about half of their 150 sites ready for action. The Allies detected
these modified sites in February, with positive identification occurring by late
April. But, because of inhibiting operational factors, they attacked only one site. !¢

The Aliied bombing of the sites was expensive and, as it turned out, ineffective.
Intense political pressure, iiowever, forced the airmen to pulverize the sites. While
none of the bombed sites went into action, the bombing diverted vast amounts of
Allicd bombs fiom other targets and did not prevent the Germans from building
alternate launching sites.'”

The British also prepared defenses closer to home based upon the initial
assumptions that the pilotless bomber would fly at about 400 mph (which proved
corrcet) and at 7,500 feet (which did not). Later, the British revised these
assumptions to 350 mph at 7,000 feet, and finally to 330 mph at 6,000 feet. The
British completed a detailed plan in January 1944 which would establish fighter
patrol lines (consisting of eight single-engine and two intruder squadrons) and an
artillery line of 400 heavy and 346 light pieces south of London.'® (See figure 1.
_They would later move the guns to the coast, ranging form Dover to Eastbourne, as
indicated in figure 2.) But the demands of supporting the D-Day invasion and
excessively optimistic bomb damage assessment reports of the ski sites led the
British to rev.se the plan in March, reducing the number of guns defénding London

to 192 heavy .nd 246 light pieces.'® The defense commander, Air Chief Marshall

Roderic Hill, pointed out that the antiaircraft artillery would have difficulties if the
V-1s operated at 2,000 to 3,000 feet, not the predicted 6,000 feet.*® Subsequent
events proved Hill’s warning prophetic.
Meanwhile, on the other side of the Channel, German plans called for a V-1
production rate of up to 8,000 per month by September 1944, with operations
_starting from 64 sites on 15 December 1943, Une source indicates that the Germans
wanted to launch 5,000 V-1s per day against England, clearly an unrealistic goal
even within the unrealistic government of Germany. Numerous technical problemss
hindered the program, as did Anglo-American air attacks which some believe
delayed the start of the V-weapou campaign by a minimum of thres months.2!
Although Flakregimen: 155 (W)* began training in the summer of 1943, this
training included only limited firing of the missile at Peenemunde. The Gernians
organized this regiment into 64 launch crews. 2

oW for the uait's commander, Coloz) Mex Wachtel,
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Figure 1. hiitial British defensive deploymeat.

Following the cross-channel invasion of £ jine 1944, Hitler pushed for the start
of the V-1 campaign as one way to relieve his troops. The Germaas hoped to begin
operations on 11 June, but circumstances forced a postponement until the next
night. They planned to begin with a combined bomber and V-1 attack on London
with a salvo of V-1s 20 minutes before midnight, harassing five until 4:45, followed
by a second salvo of 500 V-1s. But because of the disruption of the invasion and
because the crews at 36 to 37 of the sites employed ramps and catapuits for the first
time and without safety equipment, the German plan failed. Flakregiment 155 did
fire two small salvacs; none of the first salvo of nine missiles reached Britain, and
the second salvo of 10 V-1s did little better. Five of the second salvo crashed soon
after launsh and a sixth disappeared, thereby leaving only four to hit England. The
first impacted at 4:18 AM on 13 June. Seven minutes later, the third exploded st
Bethnal Green, killing six, the only casualties from the four V-1s. A lull followed,
as the Germans worked out their equipment and supply problems. The V-weapons
campaign resumed at 10:30 PM on 15 June; during the next 24 hours, the Germans
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Figure 2. Final British defensive deployment.”

launched 244 V-1s against London and 50 against Southampton. People came to
recognize the eetie *‘putt, putt’’ of the pulsejets as they streaked across the English
countryside towards London. Britons quickly iearned that as long as the missile
“‘putted’’ along they had nothing to fear, but once the noise stopped an explosion
soon followed.?

By 18 June, the Germans had lauached their 500th -V-1; by 21 June, their
1,000th: by the 29th, their 2,000th; and by 22 July, their 5,600th.* The V-1 aitacks
continusd until 1 Jeatember when Flakregiment 138 withdrew before the Allied
ground advasce. "

The aumher of V-1s that approached London varied with the day (over 100 were
observed crossing: tite-coast on gbout I8 days) and by the hour.® The average V-1
explo inn ‘inflctea few casuaities; however, some hit crowdsd areas with
devastating offect. For enuaple, at 11:20 AM on Suaday, 18 June, oae impacted on
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the Royal Military (Guard’s) Chapel at Wellington Barracks, one-quarter mile from
Buckingham Palace, killing 121 worshippers. The top echelons of the Allied
leadership quickly leamed of this disaster and the V-1’s potential as a kilicr
weapon. Morcover, the V-weapons” attacks forced the evacuation of 880,000 to one
and one-half million Londoners.?” All of this created intense political pressures. For
these reasons, Eisenhower, in the midst of making the invasion work, on 18 June
gave the V-1 countermeasures’ campaign priority over all other requirements
except the urgent needs of the ground war.2

Tha most dramatic single V-1 hit destroyed the Guard's Chapel at Wellington Barracks on
Sunday, 18 June 1944, killing 121. (imperial War Museum)

The British cabinet discussed deception measures tc shift the mean impact point
of the weapons because statisticians calculated that moving it six miles to the
southeast would reduce casualties by 12,000 per month. Because such an action by
the British had deep moral and political overtones, the Minister of Home Security,
Herbert Morrison, argued against it, convincing the cabinet but not Prime Minister ;
Winston Churchill. The British reported to Germany through captured German 3
agents in the ‘‘Double Cross System,'’ that their weapons fell beyond the target, :
thereby encouraging their foes to shorten the missile’s range.? In fact the V-1s’
mean point of impact until 21 July was about four and one-half viiles south of its ]
aiming point, the Tower Bridge. (See figure 3.) The weekly mean impact points ]
wandered from there, but always temained south of the Thames, with the overall
mean impuct point (12 June—1 October) four miles south southeast. (See figure 4.)
German plots, based on agents’ reports, put the mean impact point ¢ miles north
northwest of the actual one-—right on target.®
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Figure 3. Median points of V-1 impacts for one-week periods. The bridge symbol locates the Tower
Bridge, the principal Gennan aiming point.

(1) 30June to 7 July

(2) 7 July to 14 July

(3) 14Julyto 21 July

(4) 21 July to 28 July

(5) 28 July to 4 August

(6) 4 Augustto 11 August
(7 11 August to i8 August
(8) 18 August to 25 August

(9) 25 August to 1 September
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CONCENTRIC CIRGLES - 2 MILE ;NLE wEs
INTERVALS FROM BRIDGE

Figure 4. Centers of impact of 20 or more V-1s for 12 hour periods, 25 June to 29 August. Circles are 2
miles in radius from the main German aiming point, the Tower Bridge. The cross indicates the median

point of impact,

The Germans also used obituary notices in the London newspapers as another
source of target intelligence. In July the authorities plugged this source, a wise
move as a German plot based upon this data put the mean point of impact one and
onc-half miles west of the actual impact point, certainly much closer to the truth
than other information available to the Germans. The lack of German aerial
reconnaissance permitted these deceptions to work.»

Throughout this missile bombardment, Anglo-American airmen continued
bombing targets related to the V-Is. Between 12 June and 3 September, Allicd Air
Forces flew 26,000 sorties, dropping 73,000 tons of bombs on a varicty of V-
weapons' targets. The two bomber commanders, Arthur Hariis of the RAF's
Bomber Command snd Jimmy Doolittle of the AAF’s Eighth Air Force, opposed
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bombing the launching sites from the start, wanting instead to hit V-1 factories.
Despite their objections and intensified German flak (between December 1943 and
May 1944, the Germans increased the number of heavy flak guns in France from
520 to 730), Anglo-American airmen bombed the launch sites. The ski sites
remained on the target list until 27 June, after which only the large sites continued
to be hit. By 15 July 1944, the Allies had hit 68 of the 88 identified modified sites,
with 24 considered to have been knocked out. The Anglo-American airmen also
attacked supply sites until mid-July, when they realized that storage sites were the
main source of supply. The Joint Crossbow Committee decided at its first meeting
on 21 July to assign storage depots and seven German factories top target priority,
with 57 modified sites receiving second priority, and recommended that attacks on
large sites stop. Consequently, the Allied Air Forces attacked these priority targets
between 2 and 9 August with 15,000 tons of bombs, of which three quarters were
targeted against storage sites. Following this massive assault, the scale of V-1
launchings fell by half. Concomitantly, the bombers also pounded factories
involved in V-1 production: the Volkswagen plant at Fallersleben four times, the
gyro factory at Weimar once, hydrogen peroxide facilities (used in the V-1's
booster) at Pecoemunde, Hollriegelshreuth, and Ober Raderach a total of seven
times, and the Askania factory in Berlin (which manufactured missile controls)
once. It cost the Allies 197 aircraft and 1,412 aircrew.?

Yet accidents hurt the German effort almost as much as the Allied bombing.
About 20 percent of the V-1s proved defective, exploding on the ramp, crashing
shortly after takeoff, or wandering well off course. In German tests between 18
August and 26 November 1944, only 31.4 percent of 258 V-1s impacted within
cither 30 km of the aiming point at 225 km range or 15 km at 100 km range, the
GAF definitions of-success. The Germans attributed at least 35 percent of the
failures to premature crashes.® The V-1's accident rate of 9 percent with its early
138 foot ramp declined to 2 percent with its later 170 foot ramp. Accidents
probably killed more Germans than the 185 killed by Allied bombs. 3

The second line of Allied defense was the fighters. At first, the Allies committed
cight single-engine and four twin-engine Sighter squadrons consisting of the fastest
tvpes available—Spitfire X1V, Tempest V, Mustang Ill, and Mosquito—to the
defensive effort. The AAF and RAF stripped armor, rear view mirrors, and paint
from their fighters, and polished their surface skin. The Allies used higher test
gasoline (150 octane) and greater engine boost to wring every possible bit of speed
out of their aircraft. These measures added 13 to 30 mph to the fighters' top speed.
The Anglo-Americans also employed their first operational jet, the Meteor, against
the V weapons. The Meteor became operational on 27 July and claimed its first V-1
on 4 Aygust.®

Fast for their day, the V-1s crossed the English coast at an average airspeed of
340 mph, building up their eventual speed to about 400 mph. This allowed Allied
fighters about six mirutes to catch and down the missiles before they reached their
target. The missiles’ small size made them difficult to spat, a problem exacerbated
by their low penetration altitude which usually averaged between 2,100 and 2,500
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Aircraft could intercept and down the V-1, but not without difficulty. An aircraft closing within
200 yards of the missile risked damage or destwctlon from the V-1's jet exhaust or its
explosion. (Imperial War Museum)

feet. Therefore conventional tail pursuit tactics proved unsatisfactory. The tactic
finally adopted allowed the V-1 to overtake the fighter, which then closed to
attack.¥ Allied pilots quickly learned that closing to ranges of less than 150 yatds
could result in the loss or damage of their fighter. V-1 explosions or jet exhaust
damaged 37 aircraft and downed 4 or § aircraft, killing S pilots and a navigator in
the first 6 weeks of the campaign.?” Allied airmen used other tactics as well. On 23
June, a Spitfire pilot, Flying Officer K. Collis, flipped a V-1 over with his wing,
upsetting the missile’s gyro controls, causing it to crash. Four days later, a Tempest
pilot achicved the same resuk with his aircraft’s slipstream.® Nevertheless, Allied
pilots found the V-1s not only tough to spot and intercept, but tough to down. One
British estimate asserted that the V-1s were eight times as difficult to attack as a
manned aircraft, even though they flew straight and level.® While that estimate
may be somewhat cxaggerated, the V-1s undoubtedly were a difficult target to
destroy.

By 12 July, the Allies increased fighter interceptor units to 13 single-engine and 9
twin-engine squadrons (6 of the latter were part-time) and 1 month later to 15 day
and 8 night fighter squrdrons (2 of the latter were part-time).* The defenders
worked out rules of engagement which gave the fighter pilots full rein in good
weather and antisircraft artillery gunners complete freedom in bad weather. For in-
between atmospheric coaditions, the most likely situation, the British allowed their
antiaircraft artillery complete freedom up to 8,000 feet With fighter interceptors
operating above that altitude. On 10 July, the British modified a 26 June order
allowing fighters to enter the gun belt in hot pursuit of V-1s. After that, fighter
pilots who eatered areas where guns were firing did so at their own risk. 4
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A less orthodox method of destroyinga V-1 glip a wing under the missile’s wing, and
was to fiy alongside . . . (Imperial War  then fiip the device over, tumbling its gyro,
Museum) causing it to crash. (Imperial War Museum)

England’s third line of defense was antiaircraft artillery. (See figure 1.) When
the campaign began, the Allies rapidly got 192 heavy guns and 200 light guns into
position; by the end of June 376 heavy guns, 594 light guns, and 362 rocket
launcheis were operational.? But a number of problems became apparent as
considerable numbers of V-1s still got through the defenses. The 2,000- to 3,000-
foot operating altitude of the V-1s was the worst possible for the guns: too high for
the light guns to be effective and too low for the heavy guns to traverse well.
(Manually controlled mobile heavy pieces proved unsatisfactory as they could not
smoothly and rapidly traverse.) Radar, sited in liollows and folds in the terrain to
protect it from German countermeasures which did not materialize, operated at a
disadvantage because such siting limited effective range and coverage. The
proximity of the gun belt to London created another problem—a number of
damaged V-1s crashed into London, even though the defenses had done their job.
Finally, the guns and the fighters interfered with each other. The fast, low-altitude
trajectory of the missiles meant that fighters strayed into the gun belt, thus
inhibiting the gunners who, for their part, sometimes fired on fighters as well as the
missiles. But ultimate success did occur because the defenders proved adept at
generating rapid, flexible, and effective defensive adjustments.®

The defenders solved some of their problems more casily than others. For
example, on 18 June, the British resited their radar on higher ground and ordered
guns within London silent. The defenders built permanent structures, consisting of
28 railway sleepers and 12 ties, for the mobile guns. Devised by Brigadier J. K. C.
Burls, these were first called “‘Pile Portable Platforms,” for the AA Chief,
Frederick Pile; they quickly became known as *‘Pile Mattresses.* Beginning in late
June, static guns with power controls and automatic fuze setters replaced mobile
guns. Better gun predictors got irto action in early July 4

But the most intractable problem remsined the interference hetween fighters and
guns. The overall defensive commander, Air Chief Marshall Roderic H. Hill, and
the antiaircraft commander, General Frederick Pile, decided to designate an all-gun
belt from which all aircrait would be excluded. As this idea emerged, two officers,
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Air Commodore G. H. Amber and Lieutenant Colonel H. J. R. J. Radcliffe,
simultaneously suggested moving the guns and radar to the coast, which would
climinate the problem of damaged missiles falling into London and would provide
the radar with optimum range. Such a scheme would also give the fighter pilots a
clear demarcation boundary (the coastline) between the gun and aircraft zones.
About the same time, the eminent British scientist and developer of radar, Robert
Watson-Watt, independently came up with the same concept, giving it even more
force and credibility.*

Certainly such a scheme was risky. First, would the new concept actually
improve the defenses? The most potent defensive weapon, the fighter, which by 13
July 1944 claimed credit for 383 of the 1,192 kills, would be inhibited by a split
zone. Second, how long would such a redeployment, entailing hundreds of heavy
guns, thousands of personnel, and tens of thousands of tons of supplies and
equipment take? What would happen to the defenses in the meantime? A third
problem involved interservice relations. Such a change might improve the
effectiveness of the guns, but the fighters would be restricted. How would the RAF
take such a proposal? Finally, how long would it take to get a clear decision on this
proposal? As each day passed, it became increasingly difficult to redeploy because
the defenders fitted more and more of the mobile guns with the “‘Pile Mattresses,”’
and added more and more guns to the gun belt.%

On 13 July, the overall commander, Hill, made the decision to create an all-gun
belt on the coast. (See figure 2.) His hold and quick exercise of authority is
remaxkable, as is the speed with which the British implemented Hill’s decision: the
defenders had the heavy guns, radar, and supporting equipment &nd supplies in
place by 17 July, the light guns two days later. The move was no small feat, since it
involved the movement of 23,000 people and about 60,000 tons of ammunition,
equipment, and supplies.4” The British placed the guns on the coast between Dover
and Beachy Head, the killing zone extending 10,000 yards over water and 5,000
yards inland. They restricted aircraft to altitudes above 8,000 feet in this area, but
aliowed them to roam free over the Channel and over England between the gun belt
and the balloon line.*

The defenders made other changes as well. The number of heavy guns in the
coastal belt increased from 376 on 1 July, to 416 on 23 July, 512 on 30 July, and
finally to 592 on 7 August. In addition, they emplaced 892 40mm guns, 504 20mm
guns, and 254 rocket tubes.

The British found a new American radar set, S.C.R. 584, especially useful. Early
on, General Pile sent Major P. Blair to Washington with pieces of a crashed V-1 and
an urgent request for more equipment as soon as poss‘ble. Blair spoke to US Army
Chief of Staff, George C. Marshall, who immediately allocated 165 S.C.R. 584s
for shipment on the next boat to Britain.

Other facters also aided the defenders. No. 10 (BTC) predictor for the British 3.7
inch guns and the No. 9 (BTC) predictor for the American 90 mm guns
increased kills,” as did another technical improvement, the proximity fuze. This
type of fuze detonated at a preset distance from the target and proved about five
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Antiatrcraft artillery proved very efiective against the “flying bomb,” downing almest h.lf the
V-1s destroyad in the London campaign and aimost all those destroyed in the continental
campaign. Here Winston Churchill (ight) inspects a gun battery with his antiaircraft
commander, General Frederick Pile (left). (Imperial War Mussum)

times as effective as either a time or contact fuze.’® In addition, the gunners got
betier with increasing practice.

These measures enabled the defenders to improve dramatically their
effect~eness. Prior to the redeployment, allied defenses downed 42.3 percent of the
V-1s observed, after the redeployment, that figure rose io 58.6 percent.' Another
set of data, similar but not exactiy coinciding, indicates that the defense downed
48 4 percent of thosc missiles spotied over land in the first period, 84.1 percent in
the second period.? The high point for the defense came on the night of 27/28
August when the defenses destroyed 90 of 97 missiles reporied; only 4 impacted on
London.%

This dramatic ircreasc in destructiveness resulted largely from the tremendous
improvement in the effectiveness of antisircrast antillery. While the guns got only
21.5 percent of the destroyed credits in the first period, they got 53.9 perceat in the
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second.® In the first week after the move, the guns downed only 17 percent of their
targets, but this figure rose to 74 percent in the last period (29 August through 1
September). s

Some of this increased success of the guns came at the expense of the fighters.
Although by mid-August the Allies deployed 15 day and 6 night fighter squadrons,
the fighters’ scores declined from 74.5 percent to 38 percent of the V-1s downed.
The highest claims went to No. 3 Squadron (Tempest V) with 257'4, No. 91
Squadron {Spitfire XIV) with 185, and No. 96 Squadron (Mosquito XIII) with 174.
Thirty-four pilots received credit for downing 10 or more missiles, with top honors
going to Squadron Leader J. Berry (61'4-V-1 credits).

PR
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Squadron Loadar Josaph Barry claimed the destruction of the most V-1s, 61%4. On two
occasions he destroyed saven in one day, on two occasions five In one day, and on four
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In addition to the bombers, fighters, and guns, the British employed a fourth
defensive agent, barrage balloons. The number of balloons increased from the
initial 500 to 1,000 by 1 July, to 1,700 by 9 July, and to 2,015 by mid-August.
Moreover, by 21 June the British had equipped all their balloons with a double link
system that released the balloon cable at both ends when hit while simultaneously
deploying parachutes at each end. But problems resulted because the British
designed the devive to ensnare an aircraft flying at 250 to 300 mph, not at the V-1's
300 to 400 mph speed. The defenders also used additional wires, nets between
adjacent balloous, and kites, but none of these measures met with great success.
Other factors curtailed the balloon barrage. Although the defenders desired to keep
the barrage flying all the time, in all kinds of weather, this proved impossible. A
shortage of hydrogen, coupled with balloon losses in bad weather, grounded the
entire barrage one-fifth of the time.* The British lost about 630 balloons during the

mmwa&mmmmmabanmmm (imperial War Museum)

On 23 June, the British discovered missiles fitted with a metal attachment on the
wings for cutting the balloon cabdes. Nevertheless, the evidence indicates that the
effectiveress of the balloons increased; that is, the propoition of V-1s craditr d to
the baltoons rose from about 4.4 pervent in the period prior to the redeployment to
7.8 percent aftarwards. ®

During the course of the sumumer campaiga, the Germans introduscd a new
lazmhingmthod.mfmairlamhkmwwthc&iﬁshoccumdoném
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The bailcon’s cable could destioy a V-1, Balloons accounted for almost six percent of the V-1s
dastroyed by the dalendars of Londorn. (Imperial War Mussum)
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EVCGLUTION OF THE CRUISE MISSILE

Almost 6,200 Britons died from the V-1 assault. This elderly man and his dog (right) survived
the blast but ihe man's wife died. Note rescue workers in the background. (imperial War
Museum)

1944 at Peenemunde, with the first recognizable air launch against England on 9
July 1944. A bomber carrying one missile flew towards England at about 300 feet
altitude apd 160~170 mph until, about 60 miles off the coast, it climbed to several
thousand feet and launched the V-1. The GAF air-launched about 90 V-1s prior to
the defensive redeployment, and a further 310 between then and § September. With
the withdrowa® of German forces from French launching sites, thesc air-launched
weapons became the chief air threat to Britain in the closing months of the war.®®

Between 5 September and the last air laur:ching on 14 January 1945, the Germans
hurled about 1,200 V-1s against Britain. Of these, only 66 reached London. During
this cntire operation, the Germans lost a total of 77 missite-carrying aircraft,®
including 16 1o Allied fighters. Significantly, most of the weapons reaching London
achieved very poor accuracy. Compared with the ground-launched missiles, which
fell on the average within 7.9 miies of their aiming point in July and 11.4 miles in
August, in September half of the air-launched weapouns impacted within 24 miles of
the aiming point, a full 29 miles north northeast of the ground-launche? V-1's
impact poiat.5

The Germans did n- ke advantage of the air-launched missile's ability to
outflank the defenses except for upe attack on Manchesier on 24 Decemnber and,
although the Germans that night launched 50 V-1s, only one of the weapons
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While irost ol tha V-1 werte ground

lausched, about 1,600 weie aitdaunchsd against Britain.
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EVOLUTION OF THE CRUISE MISSILE

impacted within the city. Clearly, the Germans by late 1944 lacked all forms of
airpower and could not afford to risk their relatively few remaining aircraft in this
kind of operation. Weather and British defenses restricted the obsolete He 111s.
Finally, the poor accuracy of the air-launched missile did not recommend its use to
the Germans.®

The final act in the V-weapon campaign against Britain came in March 1945
when the Germans introduced a long-range version of the V-1. Fitted with a wooden
wing (which weighed 395 pounds compared with 445 to 480 pounds of the metal
wing) and a reduced warhead, it could fly 220 miles as compared with the standard
range of about 150 to 160 miles. The Germans launched 275 modified V-1s from
Dutch ramps between 3 March and 29 March against Britain, but only 13 reached
London. Because photoreconnaissance and intelligence reports tipped the Allies off
to this new weapon, they ordered the northern defenses reinforced on 27 February.
This reinforcement consisted of six Mustang and one Meteor squadron for day
defense, and two Mosquito and one Tempest squadron for night defense. But the
guns worked so well that the British relieved the jets and five of the Mustang
squadrons. The defenders downed 72.8 percent of the 125 missiles observed.
Nevertheless, one flying bomb hit Smithfield Market on 8 March, causing 233
casualties.®

In all, the Germans fired 10,492 V-1s against Britain, all but 1,600 launched
from ramps. About 2,000 of them crashed shortly after takeoff. The defenders
observed 7,488 missiles. and downed 3,957 (52.8 percent).% The fighters received
credit for 1,846 % kills, the guns for 1,87814, and the balloons for 231% .5 The
defenses downed 69 percent of the V-1s launched o *‘ng daylight, compared with
65 percent at night. The defenses improved their overal! kill effectiveness, downing
42.3 percent of the V-1s observed before the redeployment (12 June to 15 July),
58.6 percent after the redeployment (16 July to 5 September), 63.2 percent of the
air-launched missiles after this period (16 September to 14 January 1945), and 33.1
percent of the graund-launched long-range V-1s from Holland, for an overall kill
percentage of 52.8. Conversely, the percentage of V-1s that reached London,
relative to those launched, declined in these same periods (29.1, 23, 5.5, 4.7) for an
overall figure of 23.1 percent. Nevertheless, about 2,419 V-1s reached the London
Civil Defense Region, killing 6,184 civilians and seriously injuring 17,981.
Additional casualties included approximately another S percent consisting of
service personnel. In all, about 92 percent of the casualties were in the London
area.®

To put the lethality of the V-1s into perspective requires comparison with other
German weapons that killed and maimed British civilians during World War 11
German bombing killed 51,509, V-2s killed 2,754 and long-range guns killed
148.9

There is one more aspect of the V-1 operational story, an aspect frequently
cverlooked by authors. The Germans also launched anywhere from 7,400 to 9,000
V-1s against targets on the continent, with about 4,900 aimed at the key port of
Antwerp. For their part, the Allies deployed 18,000 troops to man 208 90mm, 128
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3.7-inch, and 188 40mm guns. In addition, the defeaders initially used 280 balloons
which, in time, grew to 1,400. The Allies did not employ any fighters in the defense
of Antwerp.”™ This was a political decision, as a SHAEF document stated: ‘‘The
probizm of [continental] defense will rot be approached from the same political
viewpoint as was the case in the U.K.”""!

Despite the non-use of fighter-interceptors, the Allies successfully defended
Antwerp. The German missiles first came from the southeast, then in mid-
December shifted direction to the northeast, and finally by the end of January to the
north. The defenders designated a 7,000-yard radius circle around the dock area as
the vital area. About 2,759 of the V-1s detected threatened this crucial port facility;
the Allies destroyed 1,766 (64 percent), so that only 211 missiles fell within the port
complex.™

The Germans also attacked Liege with about 3,000 V-1s. The Allies defended
this city from 23 November to 11 December when the German offensive in the
Battle of the Bulge pulled the defenders out.

V-1s killed a total of 947 military and 3,736 civilians on the continent, and
wounded an additional 1,909 military and 8,166 civilians. Antwerp suffered

10,145 (1,812 military, 38,333 civilian) of the total 14,758 V-1 casualties on the -

continent.”
The single best study estimates that the Germans built 30,000 V-1s, half the

60,000 planned.” They made a considerable investment in resources for both the

V-1 and V-2, although the exact cost is difficult to estimate.” In any event, the
Germans could ill-afford to put their precious resources into the wonder weapons.
For although a technological accomplishment, the V-weapons certainly helped little
in advancing the strategic interests of Germany. The Germans needed more
effective weapons, superior in quality and in considerable quantity, to meet the
overwhelming numbers of Allied weapons. Consequently, they could have gained
much more militarily by putting these resources into jet aircraft, proximity fuzes, or
flak rockets. As one author has so well put it: *‘Germany preferred the spectacular
to the strategic; she preferred rockets to radar, and it was this that cost her the
war.’’” To be precise, the Germans had more pressing needs thet could not be met
by either of the V-weapons.

But the introduction of the V-1 did impose some considerable cost on the Allies.
From a strictly dollar poiat of view, the V-1 cost the Germans less to build and to
operate than it cost the Allies in damage and defense. A wartime British study went
into great detail analyzing the costs of the Allied campaign to counter the V-1.
Using the German costs as unity (based upon an estimate of 8,000 launched), the
study concluded it cost the defenders 1.46 for damage and loss of production, 1.88
for the bombing, .30 for fighter interception, and .16 for static defenses, for a total
ratio of 3.80:1. Adjusting these figures for the continental defensive etfort and the

total German costs would lower this ratio only to about 3:1. Economically then, the .

V-1 more than paid for itself.”” But it must be emphasized that the Allies could
afford the cost, the Germans could not. This proved cspecially true in the last two
yeas of the war,
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The V-1 certairly had a number of advantages. It was a cheap weapon that did

not use critical materials; therefore, the missile could be employed in mass. The

« V-1 could be easily launched regardless of weather conditions or time of day. It
proved difficult to spot and to attack because of its relatively high speed and low
altitude approach, and it was durable as a target since it had few vulnerable parts
and no aircrew that could be killed or injured. Because it could not be turned back,
it had to be either destroycd or allowed to crash.

Conversely, the weapon had a number of limitations. While the remarkable and
cheap pulsejet engine did the job, the ground-launched version required a booster
and a long ramp which, in turn, meant a fixed and vulnerable launch site. it is both
ironic and illogical that the much larger and more complex V-2 had mobility, while
the smaller and simpler V-1 did not. Fixed V-1 launch sites, along with fixed
targets, meant that the missile’s flight path was predictable. This, in turn, meant
that defenders could mass their forces in a relatively concentrated and narrow zone.
The missile flew a constant course, altitude, and speed which meant that, once
located, the missile was easy to engage. The V-1's poor accuracy limited it to use
against the largest of targets (cities). Therefore, the Germans employed the V-1as a
psychological weapon, despite the inability of bombing to break civilian morale in
previous bombing campaigns. Moreover, poor German intelligence shielded the
large city of London from an accurate bombardment. The GAF’s inability to use
aerial reconnaissance, in turn, permitted British decepiions to work. Finally, the
V-1's small warhead restricted the impact of those missiles that penetrated the
defense and hit their targets.

Because of the success of Allied defenses against the ‘‘flying bomb,’’ postwar
opinion downgraded the device. Observers doubted its future utility: **The V-1 is
not worthy of further development, as it is too vulnerable to counter-
measures, . ..0"

In short, the V-1 proved to be a remarkable technical achievement that was
somewhat cost effective. But, on balance, it proved doubtful as a weapon of war.
Although advanced technically, tactically, and economically, it was just too far
ahead of its time. Fortunately for the Allies, the Germans did not possess the
technologies during World War II to make the V-1 the potent winged weapon it
foreshadowed.

For the German V weapons did serve as a primary catalyst in rejuvenating a
dormant US missile program. The new US effort was to take two different routes—
an American designed missile, the JB-1, and a copy of the V-1, the JB-2.

The American V-1 (JB-2)

On 12 July 1944, 2,500 pounds of salvaged V-1 parts left Great Britain and
arrived the next night at Wright-Patterson Field.” The AAF ordered the staff there
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Lhe AAF quickly copied the V-1 which it designated the JB-2. (National Air and Space
useum)

to build 13 copies of the “‘flying bomb’’; and within three weeks, the AAF had

completed its first JB-2.* Concurrently, a memo recommending US production of s

the weapon went to General Amold.® |
\ But the War Department realized some of the missile’s inherent drawbacks. A :
December War Department message to the European forces noted the JB-2's E
inaccuracy and plainly called it a ‘‘terror weapon.’ In addition, the message
mentioned the opportunity costs in terms of armaments not produced and delivered.
Nevertheless, the War Department believed that if the weapon’s accuracy could be !
improved, the JB-2 might prove valuable. The message ended with the observation
that the main problem area was logistical, not tactical.®

Despite these reservations, before the end of July, General B. E. Meyers ordered
1,000 JB-2s. In August, the AAF contracted with Republic (airframe, later
subcontracted to Willys-Overland), Ford (engine), Jack and Heintz (controls), and
Alloy Products (pressure vessels). Contracts for launch rockets went to Moasaato,
for launch sleds to Northrop.®
But the 1,000 JB-2 order marked only the beginning. Before September ended, 3

the AAF wanted production raised to 1,000 a month, a rate which the AAF expected i
to reach by April 1945, with an increase to 5,000 a month by September.® AAF :
enthusiasm for the weapon grew rapidly, despite the fact that it failed in initial tests.
In December 1944, the airmen ordered a second 1,000 and expected not only to
reach the 1,000 per month production rate by April, but 5,000 a month by June; and
they studied the feasibility of a rate of 1,000 a day!* Some civilian leaders

*So0 Appendia A for missile specifications.
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supported the AAF. Assistant Secretary of War (Air), Robert Lovett, for example,
wanted a production rate of 3,000 a month.* On 14 January 1945, Amold ordered a
further 75,000 YB-2s; he wanted the ability to launch 100 a day by September and
500 a day by January 1946. The next day the project received an AA-1 priority, the
same as that enjoyed by the B-29.%

Airmen in the field gave the weapon a guarded reaction. Leigh Mallory,
commander of the Allicd Expeditipnary Air Force, endorsed use of the weapon as
one way to help overcome poor weather and stiffening defenses.®” Spaatz, who
stated in July that there was no requirement for a pilotless aircraft in the ETO
(European Theater of Operations), also noted the device’s usefulness during bad
weather when he wanted to use it to harass and demoralize the Germans. He
believed it could be used perhaps ten days a month with the firing of about 300
weapons per day of operation. But these same AAF airmen put very specific
conditions on their support of the project: they wanted the missile program i€, and
this was the big if, there would be no significant curtailment of bombs, artillery
shells, or personncl. Most importantly, these officers insisted that the JB-2
production éffort not disrupt the supply of bombs, as it just barely kept up with
operational requircinents.*® Spaatz wrote Aimold of the need for a standoff weapon,
but believed that current pilotless aircraft and tombs cost too much. The senior
American airman in Europe preferred a more traditional course:

We have proven the precision bombing principle in this wat. . . . Therefore, we must develop
bombsights and bombardiers, which, under a!! weather oondmom. cannot oaly literally drop
bombs in *‘a pickle barred"* but in the comect burred.

Later, Spaatz’s Headquarters argued that it did not have time for testing these
devices in the ETO. Other reasons advanced against premature use of the *‘flying
bombs™* by airmen in actual combat included inaccuracy and losing the element of

 surprise if used in a piccemeal fashion against enen.y targets.®

The program met criticism stateside as well. In September, some expressed
concem that the missde program would adversly affect the production of artillery
shells and heavy artillery pieces. A report in late 1944 concluded that the program
would cut field artillery production by 25 percent and bomb production by 17
percent® In January 1945, General Myers leamed that the proposed missile
program would not only cost $1%: billion but would require one-fourth of Allies’
ETO shipping assets. To circumvent the shipping probiem, the planners considered
building the device in Europe, but they quickly dropped this idea because of the
linzited capacity of continental indusiry and the requirement for raw materials from
the United States.?” These factors motivated the War Department’s late January
decision not to mass produce the JB-2. Consequently, oa the last day of January,
General Wolfe halted production until a further investigation could be concluded.®*
The Air Materie! Command study that emerged in February affirmed the earlier dire
projections. Nevestheloss, it did recommend a production rate of 1,000 per month
beginning in November 1345 with a total production run of 10,000.% In fact, the
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AAF ordered 10,000 more JB-2s in February, in addition to the 2,000 ordered in
1944. The new plan called for a launch rate of 1,000 per month by January 1946.
The end of the war resolved the numbers game. When production terminated in
September 1945, US industry had delivered about 1,385 JB-2s to the War
Department.’

The US version of the V-1 differed little from the German otiginal, except for
two features: launching and guidance.® The danger of the German catapult
propellant (hydrogen peroxide and potassium permanganate) and production
problems encouraged US airmen to use something else to get the missile aitborne
and attain the minimum speed required for pulsejet operation. The AAF considered
a number of alternative launch technologies: a flywheel, a cart powered by an
aircraft engine, and powder. They adopted the latter, but a shortage of powder in
December led to consideration, and testing, of air launch.9” The AAF concentrated
its efforts on ground launch, first from a 400-foot inclined (6 degrees) ramp, then a
level ramp, and finally from a 50-foot ramp mounted atop a trailer.*

Early American efforts with the JB-2 ware unsuccesstyl, as this one damonstratad on 21
Novamber 1344. (USAF)

The first attempted flight on 12 October failed, as did many others that followed.
By 3 December, the AAF record stood at 2 successes in 10 attempts. The AAF
persisted—and did better by June 1945, it had achieved 128 successes in 164
atterpts.®

Because the AAF's major concern centered on accurady, it worked on an
improved guidance system. Tests with presel controls, the German method,
achieved resulls similar to the Germans; the Americans experienced an aversge
ercor of over eight miles at a range of 127 miles. Ther«fore, the airmen installed
radio-control guidance in the missile. The AAF equipped the JB-2 with & medar
beacon, which assisted tracking by a ground rafar it (SCR 584) up to the radar's
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EVOLUTION OF THE CRUISE MISSILE

But AAF persistence led to success. On 5 June 1945 a JB-2 at Eglin releases its booster as a
P-38 chase plane observes. (USAF)

Tha AAF also dir-launchad the JB-2 from B-175. This Flying Fortress, complate with gun turrets,
is fiying over Holioman Flekd, New Mexico. (USAF)
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maximum range of about 100 miles, and remote control equipment. One observer
forecast in February 1945 that this system could achieve accuracies of 500 yards at
50 miles and 1,000 yards at 100 miles, which would put the *‘JB-2 into the class of
very flexible, extremely long range artillery.””'® But the tests disappointed the
weapon’s enthusiasts with an average error of about 6 miles at 80 miles on 14 tests
and almost twice that at 127 miles on 20 tests. Clearly these resuits fell below
expectations and equaled the accuracy (or inaccuiacy) of the preset system. But, in
the end, accuracy did improve; postwar tests indicated an average accuracy of 5
miles at 150 miles for presct and one-fourth mile at 100 miles for the radar-

controlled system. 19!

The Navy first launched its V-1, designated'Lcon, in January 1946, and first from the deck of
the surfaced submarine Cusk on 18 February i347. This Loon is aboard USS Cusk on 12
Novemper 1948, {National Archives) -

The US Navy also involved itself with the V-1, In September 1944, the Bureau of
Acronautics suggested firing the JB-2 from an escort carrier. The next moath, the
Chief of Naval Operations endorsed the idea and requested 51 of the flying bombs
from the AAF for carrier trials. By April 1945, the Navy had named their version o
the V-1 "'Loon,’’ and extended their study of launch platforms to include landing
craft (LSTs), PBaY-1s (the Navy's B-24), and off the beach. But a May 1945 study
indicated that a reasunable date to expect operations frowm either ship or shore was
not until August or Sepiember 1946.'%

The Navy launched their first Loor on 7 January 1946, it glided to its destructioa
as the enginc dicd. In March 1946, the Sccictary of the Navy appioved the
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conversion of two submarines for Loon operations. The Navy also considered
converting other vessels in June and July of 1946, specifically one Essex class
aircraft carrier and one battle cruiser; but by the next year, it had dropped the idea.
In January 1947, the submarine Cusk entered the Mare Island naval facility for
conversion, On 18 February, it fired its first Loon, which flew a little over 6,000
yards before crashing. After a number of other failures, the Navy achieved success
on its fifth try on 7 March. The submariners fired more Loons from the surfaced
submarines and, on 26 January 1949, launched one from a surface ship, the
converted seaplane tender Norton Sound. In March 1950, the Navy terminated the
Loon program to make way for the more advanced and promising Regulus. ¢

The Navy also had difficulties with the missile. This Loon exploded in July 1938 but did not
setiously damage the submasine (National Archives)

The Northrop J5-1/JB-10

The same month the JB-2 program began, so did another pilotless boriber

programy: on | Juiy 1944, the AAF initiated a US-dasigned missile designated th»
JB-1. To expedite the design provess, the Nowtuwop Cosporation, the primary
coatrictor for G JB-1, used phwtos of the Waliag templates from its MX-324, a
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rockei-powered mockup of its equally obscure XP-79 rocket-powered
interceptor, 14

Northrop powered the JB-1A* with two General Electric Bi turbojets and
designed it to carry two 2,000-pound bombs, 200 miles at 427 mph. On its first
powered launch on 7 December 1944, the IB-1A climbed rapidly, stalled, and then
crashed 400 yards from the iaunch point. Problems with the device incluced leaking
tanks, inaccessible engines (each wing panel was secured by 270 screws), low
thrust (each turbojet produced only half of the expected 400 pounds), as well as
obtaining sufficient st engines.

Priof 12 buitding its “fying bamb," Northrop built a manned tailless glider, which it iew in 1944
over Muros Dey Lake. Duo to longiludinal instadility, thesa tests. aknost ended in disaster.
(USAF) '

Therefore, Neithrop fitted a pulssjet pivated from the JB-2 program to the
- Nosthrop airframe. On 19 February 1945, the AAF redesignated the re-engined and
slightly larger device, JB-10.%' But the JB-10's tests at Eglin Field disappointed
the AAF, which considered only 2 of the 10 flights even a partial suceess. On its
longest Dight (13 April 1945), the missile covered ealy 26 miles dus to longitudinal
instability. This pazticulzr problem highliglited the need for extensive development.
Most significantly, each JB-10 cost approximately $55,423 oompared with $8,620
for cuch JB.2. Mosthrop built a missile just to clegant and cxpensive for its
mission; in esseace, Nowduop built a missile to aircralt specifications. The AAF
realized this pronounced tendency to overbuild the JB-16. This contributed to the
AAF's November 1944 ecision to lower the missile's peosity. Finally, in Marck
1946, the AAF cancelled e project. ™

*Sec Afpondia A for sl wpocifnsbes.
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Northrop developed the glider into a “i'ying bomb," the JB-1A, which crashed on its first
launching on 7 December 1944. It carr.ad two 2,000-pound bombs on either side of the
tuselage which housed twin Genaral Elact: ‘¢ jet angines (USAF)

Peoblems with the JB.1A'g power pant fgroed the AAF 1o instal! a Fosy COPy ¢ the V.1's pulse
Bt The missile. with the row enging arg caryig o 1,625-pound warhaads withen the wing,
w3t designaled JB8-10. Keta the Northvop missiie is reattied for test al Egin on & April 1545,
(USAF)
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CHAPTER 1V

POSTWAR DEVELOPMENTS

Thus far, this narrative has centered on the technical development of the cruise
missile; rightly so, for this was the focus of the story until 1945. But political
considerations and intraservice and interservice rivalry emerged even before the last
shot sounded in World War II. This competition occurred mostly between members
of the Army and members of the soon-to-be independent air arm.

The intraservice disputes arose as the airmen used the war to advance their move
towards independence. This is not to say that they put their interests above that of
the nation; rather, they saw the two as intertwined since in using airpower to win the
war, ihey could also advance the cause of air autonomy.' Senior airmen included
the guided missile in this effort. For example, Amold wrote Assistant Secretary of

l War Lovett in August 1944 that he wanted to get the JB-2 into action as soon as
possible to stake out another role for the AAF (Army Air Forces).? A more
charitable view can be seen in a letter written by Amold’s right-hand man in
February 1945 that:

We [in the AAF] believe the JB-2 to be representative of a new family of very long range weapons
whose capabilities will profoundly affect future warfare and especially aerial warfare. We want
now to explore the possibilities of very long range missiles to the utmuost extent which will not
involve a serious diversion of effort from the essential business of prosccuting this war.?

But as Chapter III indicated, the closest the airmen came to getting such a missile
into combat during the war involved the less-than-successful APHRODITE project.

The AAF also made considerable efforts towards winning autonomy at home.
The Air Staff produced a memo in September 1944 that, if approved, would place
missiles that were essentially aircraft, launched or controlled from aircraft, directed
against aircraft, or were alternatives or additions to bombers or fighters, under the
AAF.* Such a position surely did not leave much for anyone else!

A meeting between representatives of the Joint Chiefs of Staff, the Anny’s three
forces (air, ground, and service), and the War Department’s General Staff on 14
September 1944 framed the hasic Army missile policy.” On 2 October, Lieutenant
General Joseph T. McNarney approved the document that served as a comerstone in
the evolution of future Army-Air Force missile roles and responsibilities.

Because the McNamey memo recognized that missile development was in its
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early stages, it maintained that exclusive assignment of missiles to one arm or
service was unwarranted. Further, the memo divided research and development
responsibility on technological, not tactical, grounds. The memo assigned all
responsibility for research and development of air-launched missiles and those
ground-launched missiles depending primarily on aerodynamic lift to the AAF. The
Army Service Forces (ASF) received responsibility for ballistic missiles launched
exclusively from the ground.S In short, the McNarney memo divided responsibility
on an evolutionary basis: winged missiles looked and performed like aircraft and
therefore went to the AAF, wingless missiles looked and performed like artillery
and, hence, went to the ASF. Although this solution appeared reasonable and
tactful, it sought to avoid the key issue: operational control. In view of the
accelerated JB-2 program, the issue could not be avoided. Consequently, in January
1945, Marshall assigned operational control of the JB-2 to the AAF. But as
subsequent events revealed, this neither settled the matter nor stilled the airmen.”

In February, the airmen proposed a change to the McNarmey memo which would
give them both planning and operational responsibility for all missiles, except those
replacing artillery, close support aircraft, and antiaircraft artillery. In short, the
AAF wanted control of those missiles that supplemented or complemented aircraft.
In contrast, the War Department’s G-3 wanted to retain the McNamey memo
guidelines for research and development, but proposed an operational division
which would give the airmen control over air-launched missiles and those missiles
used in missions of strategic bombardment, fighter escort, and distant interception.
At the same time, responsibility for missiles used for supporting artillery, tactical
bombardment, and antiaircraft guns would be split between the AAF and Army
Ground Forces (AGF). The AGF, supported by the War Department General Staff
Operations Plans Division, apposed this scheme, thereby forcing G-3 to revise
slightly its proposal which the airmen supported for political reasons.® Marshall,
however, maintained his position that the McNamey memo would guide research
and development and that operational assignments would be made only after
missiles developed sufficiently to be compared to mission requirements.®

Despite Marshall's position, the jockeying continued. Spaatz proposed assigning
unguided missiles to the ASF, and controllable ones to the AAF, since the airmen
did not like the line drawn in the McNamey memo between winged and non-winged
missiles. Numerous meetings in 1946 failed to produce a solution.®® The
participants realized the importance of the issue; for example, in September 1946,
Major General Curtis LeMay, the first Deputy Chief of Air Staff for Research and
Development, argued that *‘the long-range future of the AAF lies in the field of
guided missiler’” and thereiore the AAF **must “stick to its guns’."™ In October
1946, The Amy resolved the issue momentarily by placing respousibility for all
Army guided missile research and development under the AAF."?

When the airmen achieved independence in the fall of 1947, the issue of guided
missiles remained unsettled. The 15 Septemiber 1947 document creating a separate
air force gave the fledgling USAF responsibility for pilntiess aircraft, strategic
missiies, and area air defense; it gave the Army respoasibility for airfield air
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defense. The separation agreement left unstated responsibility for point air
defense. "

The issue of responsibility for specific weapons has since been reopened on
several occasions but never settled to the satisfaction of all concerned. Most of the
participants viewed missiles as evolutionary weapons, devices to supplement or
replace existing equipment. To the Army, missiles were a way to extend the range
of the artillery; to the Air Force, missiles were a way to enhance aircraft. The
problem is, of course, that these activities iake place in the same gcographic area.
In summary, this digression points out that the issues of roles and responsibilities
for missiles were raised at an early date (1944), argued forcefully, but never
satisfactorily resolved.

Posiwar Adjustment

One result of the massive war effort and service competition was that when the
war ended, the United States had 19 different guided missile projects in progress,
including both powered and unpowered missiles.'* By January 1946, that number
rose to 21 and continued to climb. Although the military revised he program in
1946, dropping many of the World War Il projects (mostly the unpowered air-to-
surface types), they added new ones; by mid-year, they cairied 47 projects on the
books. The inevitable came in December 1946 when the Administration siashed the
fiscal 1947 missile budget from $29 to $13 million."

Such a massive cut forced the military to make hard decisions about their future
missile programs. ' The airmen cancelled !l of their 28 guided missile projects, but
even mwore reductions were necessary. A study by Air Materiel Command
recom:nended that AAF axe *he so-called **insurance missiles, " thercby cutting the
number of funded projects to 12.'7 Thus, USAF cut the number of surface-to-
surface missiles from 12 tr ?: one 150-mile, two 500-mile. one 1,500-mile, two
5,000-mile, and the BANSHEE missile. But in March 1948, the total shrank to
fovr: the Air Materiel Command BANSHEE, the Nosthrop Snark, the Notth
Amgerican Navahio, and the Martin Matador.'®

Alr Materiel Con:mand BANSHEE

In Januaty 1946, Lisutenant General Ira C. Laker suggested that the best way for
the Air Force to press its case for guided missiles war to impress the American
public by demonstrating a missile having at least a 1,000 mile range. USAF
selected the BANSHEE for this task because it scemed best abie (0 succeed.
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Unfortunately for USAF, BANSHEE might be known as the son of APHRODITE,
for the device (a modified B-29) failed in its mission as had APHRODITE (a
modified B-17). Because BANSHEE encountered considerable problems, USAF
terminated it in April 1949." The other three surface-to-surface missiles did
somewhat better.

Northrop Snark

In August 1945, the AAF established a requirement for a 600 mph. 5,000-mile-
range missile with a 2,000-pound warhead. In response to an Air Force solicitation
for such a device, Northrop presented a proposal in January 1946 for a subsonic,
turbojet-powered, 3,000-mile range missile. That March, the company received

one-year research and study contracts for a subsonic and a supersonic missile with -
range of 1,500 to 5,000 statute miles, and a 5,000-pound payload. fack Northrop,
the company president, nicknamed the former (MX-775A) Snark, and the latter
(MX-775B) Boojum, both names from the pages of Lewis Carroll. 2

The 1946 Christmas budget reduction deleted the subsonic Snark from the AAF
missile program, but retaiaed the supersonic Boojum. But the matter did not end
there. Jack Northrop personally contacted Carl Spaatz, Chief of the Air Arm, and
others, to save the Snark. He promised developmeat in two and one-half years, at an
average cost of $80,000 for cach of the 5,000-mile missiles in a >,000-unii
production run. The noted airciaft designer and manufacturer contended that it
would take several years to develop the turbojet-powered missile, with G0 percent
of the effort going iato the guidance system. Before 1947 passed into history, USAF
reconstituted the Snark program, slightly modificd from the August 1945
specifications, at the same time relegating the Boojum to a follow-un status. 2!

~ Air Materiel Command authonize 10 flight tests of the Snark, the first by March
1949. In July, Geuneral Joseph McNamey called e Snark America’s most
promising missile project. But th: Army and the Navy criticized both the Snark and
Navzho for their high cost relative to their overall piiority and unproven concept.
Even Air Force enthusiasim for the Snark cooled; in March 1950, the airmen
reduced the program to the development of oaly its guidance systers. ¥

The compeny designated the initial version N-25. Larger zud heavier than
previous “*fiying bombs,"" Snark also possessed much greater performance; its 133
engine pushed it at a cruising speed of Mach .85 (with 2 maximuam tevel speed of
Mach .9) to a range of 1,550 statuiz miles.* A B-45 mother slhup controlled the
N-2§, which Notthrop designed to be vecovered by mieans of skids and a drag chute.
The desigoers expected that recovering the test vehicles would cut the time and
monsy roquired io develop the missile.

Nunwrous problems became apparent in testing the N-25 at Holloman Air Ferce
Bsse. Despite a schedule calling for flight tests in 1949, the experimenters did ©ot

" Appundia A for @isil spuciicaions.
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B The first version of the Snark (MX-775) was designated N-25 by Northrop. The slesk, tailless
missile successiully flew for the first time on 16 Aprit 1951, (USAF)

N-25 al Hollaman, 15 Aptl 1950. {USAF)
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EVOLUTION OF THE CRUISE MISSILE

This phatograph of a N-25 (#972) on 11 December 1852 clearly shows the “saw togth" leading
edge on the wing. {(USAF)




POSTWAR DEVELOPMENTS

make the first attempted launch until December 1950. It failed. After another
failure, the first successful flight took place in April 1951 when the missile flew 38
minutes “efore recovery. During this series of tests, the 16 sled-launched missiles
flew 21 times, achieving a maximum speed of Mach .9-and a maximum endurance
of 2 hours, 4% minutes. With the conclasion of these tests in March 1952, § of the
16 N-25s reve...ned .3

The prose description and a quick glance at a photograph of a Snark fails to
highlight the uniqueness of the missile. The Smark flew in a ncse-high flying
altiiude because it lacked a horizontal tail surface as did so many of Northrop's
m.achines. Instead of conventional cowtrol surfaces (ailerons, elevation), the Snark
used elevons. A profile view reveals that the missile also had a disproportionally
small vertical tail.
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The sixth N-25 (#9372} flaw 81 munutes belore it was racoverad at Halloman on 26 June 1051
On 21 attempled N-25 flighis between 21 December 1950 and 28 March 1852, 10 missiles
were recovered. (USAF)

To meet the toughest challenge for the program, guidance over the proposed

monitored by stetlar navigation. Northrop accompiished the first daytigh: (ground)

st of this stellar device in January 1948, This was followed by flight tests aboand

B-29s in 1951-52. Beiween 1953 snd 1958, 196 flight tests aboard b-4$ aircraft

provided about 450 hours of guidance experience. The large and haavy (almost one :

ton) guidance system worked. but not e very lang. The company cla:med that the :

Saark could achieve a CEP® of 1.4 pin
I June 1950, the Air Foive increased Snark requireiments o includ: 2 supersonic

dash st the end of the 5,500 nm mission (6,350 statuse mites), a pay inad of 7,000

pounds {later reduced w 6,250 pounds), and a CEP of 1,503 1. Thiv key decision,

infeasing petformance requirements, invalidated the N-35.

“CliZacs Ecvor Peobabie (OETS e e sacasar of avre sccxincy. that is. one-Dalf the wergions will (a2 wihis st suias.
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Northrop therefore produced a new design. Basically a scaled-up N-25, the N-69
was initially called *‘Super Snark.”’* The company lengthened the fuselage,
sharpened the nose shape, replaced the externai scoop with a flush scoop, and
increased the launch weight. More noticeably, Northrop added a larger wing.
Although Northrop slightly shortened the wing span, it broadened the wing by
extending it further aft, thus increasing the wing area from 280 to 326 square feet.
In addition, because wind tunnel and N-25 tests showed some instability in pitch
(pitch-up), Northrop redesigned the wing with a leading edge extension, thereby
giving the Snark wing its *‘saw tooth’’ shape.? A J71 engine powered the -V
“B.” and ‘‘C” models before USAF adopted the J57 in December 1953 for the
“D’" models.

»n

L B

>

I
L

Northrop designated the enfarged Snark, N-69. Note the “saw tooth” leading edge and straight
trailing edge on both the wing and shadow of missile N-3268. (USAF)

But testing was necessary before this could occur. First, the experimentors tested
three unpowered dummy missiles with ballast to simulate the N-69. Then between
November 1952 and March 1953, they flew four modified N-25s fitted with two
47,000-pound-thrust boosters. In contrast, the N-69A used twin, four-second
duration, 105,000-pound-thrust boosters, while N-69C and later models relied on
twin, four-second duration, 130,000-pound-thrust rockets.?

But numerous problems beset the Northrop missile during testing. The Spark
proved unstable in all but straight and level flight. Northrop compounded these
difficulties when it took engineers off the Snark project to help the company’s
ailing, but priority, F-89 all-weather interceptor program. Despite the reduction of
test vehicles to 13 (as of February 1953), the program exceeded its budget by $18.3
million. The movement of testing from Holloman to the Atlantic Missile Range in

5o Appendix A for missile spscifications, -,
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POSTWAR DEVELOPMENTS

Side view of N-69C (GM-13107) showing the proportionally small rudder. This missile broke up
in the firscterminal dive test on 6 April 1955, (USAF)

The fallure of the Snark in terminai dives forced a change in concept and design to a
detachable ballistic nose with fin stabilizers. The new nose was fitted to a modified N-69D

(N-3296) and first fiown on 26 October 1955, (USAF)
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As GM-11111 drops its boosters it shows the profile of the new Snark wing with the extended
trailing edge. (USAF)
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1952, a move opposed by Northrop, also hindered the program. In fact, the slow
construction of test facilities in Florida restricted testing between 1953 and 1957.
There were also powerplant problems because the J71 engine exceeded its fuel
consumption specifications, necessitating a number of engine changes. If these
problems were not enough, the first missile delivered for flight tests was in serious

disrepair.

GM-11111 crashed, 3,000 feet from the launcher, due to electrical failure. The talling boosters
c¢an be seen in center and right of the picture. (USAF)

The program also suffered numerous test failures. The initial launch attempt on 6
August 1953 failed, as did the next four. On 3 June 1954, the missile flew three and
one-half hours but exploded on landing. While USAF recovered 10 N-25s on its 21
flights, the first successful N-69 recovery occurred on the 31st flight on 2 October
1956. The lack of recoveries retarded the testing of the N-69. Northrop completed
these tests by May 1955, well after the Snark’s tentative activation dage of April
1953 and operational cate of October 1953.2

The problems grew worse. By May 1955, wind tunnel and flight tests indicated
that Northrop's operational concept, terminal dive of the missile into the target,
would not work because of inadequate elevqn control. Five flight tests of the
N-69C, a nonrecoverable radio-controlled missile with fuselage speed brakes
(designed to test the Snark from launch into the target) confirmed these findings. In
July 1955, the Air Force accepted the company's proposal for a different delivery
coicept involving a nose which detached from the aivframe near the target and then
foliowed a ballistic trajectory. The redesigned missile (N-69C, modified) first flow

on26 September 1955.8
These acrodynamic, cost, and scheduling problems brought the missile under fire
and generated unfavorable publicity. One bit of ridicule which outlived the program
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EVOLUTION OF THE CRUISE MISSILE
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Another viaw of the modified Snark wing, circa 1955. (Northrop)

Initia} attempls to fecover the N.69 faled because the skid system crealed adverse
aetodynamics This N-69A (GM-3394) got to the skid strip bul, because the seat skid was nol
locked, crashad and explodead on 3 June 1954, (USAF)
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The first successful recovery of the N-69 (N-3303) did not occur until 2 October 1956. (USAF)

Even with wing damage, this tecovery of N-3313 on 18 Apeil 1857 was considated successiul.

Note the two Llandiing struts and pylon wing tanks, (USAF)
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dubbed the waters off Canaveral ‘'Snark infested waters’’ because of the numerous
crashes. (In fact, to some, this may well be the most memorable aspect of the entire
program.) At the other extreme, a Snark in December 1956 flew too far; that is, it
failed to respond to controi and Wwas last seen heading toward the jungles of Brazil.
As one Miami paper put it, with apologies to Henry Wadsworth Longfellow: ‘‘They
shot a Snark into the air, it fell to the earth they know not where.”’® In 1982, a
Brazilian fatmer found the errant missile.

g 1t

Snark (N-3303) in flight with skids extendad accompanied by a Northiop F-89 director aircraf,
2 October 1856. (Northrop)

Snark in ight. The missile tiew in a n0se kigh atitude. (USAF)

92




POSTWAR DEVELOPMENTS

More importantly, Strategic Air Command (SAC), the intended user of the
missile, began to express doubts about the Snark by late 1951, Although some may
suspect the motives of a unit dominated by bomber pilots regarding a pilotless
bomber that would take the man out of the machine, valid questions conceming the
weapon’s reliability and vulnerability emerged at this point. As early as 1951, SAC
decried Snark’s vulnerability both on the ground and in the air. On the ground, the
missile would be based at unhardened fixed sites. In the air, the subsonic (Mach .9)
Snark lacked both defensive armament and the ability for evasive maneuver.®
Indeed, it is difficult to quarrel with the 1954 SAC command position, which was
*‘conservative concerning the integration of pilotless aircraft into the active
inventory in order to insure that reliance is not placed on a capability which does not
in fact exist.””*! But some SAC officers in 1951 saw value in the Snark program as a
way to get the command into the missile business. Cr perhaps they just wished to
make the most of a bad situation.

Criticism of the Snark came from other quarters as well. In early 1954, a blue
ribbon panel, The Strategic Missile Evaluation Committee, found important
aspects of all three American long-range missile programs (Snark, Navaho, and
Atlas) unsatisfactory. The committee concluded that, in general, the missiles” CEPs
were outdated and their bases were vulnerable. The panel assessed the Snark as an
“overly complex’’ missile which would npot become operational until
*‘substantially later’’ than scheduled.

The panel went on to make three recommendations. First, it recommended that
USAF employ a variety of means to assist heavy bombers: area decoys, local
decoys, and ECM (electronics countermeasures). Second, it suggested that USAF
extend missile CEP requirements S-om one quarter nm to three-to-five nm. Clearly,
. Ulanstion mace sense in view of the much greater warhead capability soon to
be availabie with the evolution from atomic tc hydrogen explosives, and the
accuracy limitations of the existing guidance systems. (By mid-1954, USAF had
loosened Snark's CEP requirement from 1,500 to 8,000 feet.) Third, the panel
recommended simplification of the Northrop vehicle, entailing cancellation of both
the Nosthrop and North American celestial navigation systems. The committee
estimated that Northrop could produce a simplified Snark by 1957 with quantity
peoduction in 1958-39.%

But the Snark program did not appreciably improve. In fact, test problems
demonstratad serious deficiencies in the weapon. In 1958, General Irvine of Air
Research and Development Command (ARDC) cited the Snark as an outstanding
example of unwarranted funding; and General Power, Commander of SAC, noted
that the missile added little t0 the command's strength. The latter wanted a
reevaluation of Sawk in order to either correct deficiencics or terminate the
program.*

But despite Air Foroe reservations about the Snark, journalists peesented the case
for the Nowthrop missile in the aviation press in the period 1955-58. They
emphasized the missile’s major advantages, chicfly resulting from the fact that it
was a oac-way, uunanied weapon. Besides uol reuising 3 tanker flect, advantages
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Launch of N-63D {N-3316) on 20 November 1357, Both the boasters and pyion tasks are
clearly visibie. Because of a fipped drag chute, N-3316 was destroyed in anding. (USAF)

included fewer requirements for ground handling, repair, and safety. Snak’s
advocates noted that it could fly as fast as contemporary bombers, could be
programmed for cvasive mansuvers (so they claimed), and could be adapted for
low-level (500-foot) operations. Suggestions that would reduce preiaunch
vulnesability included rotating the missiles between sites (tnore sites than niissiles)
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and deploying them on old aircraft carriers. But the crucial argument for Snark
focused on low cost. About 1/8th to 1/10th the size of a B-52, the Snark cost as little
as 1/20th as much as the Boeing bomber. % Simply put, the Snark was cost effective.

Meanwhile, the program luinbered along. Northrop designed the **D’’ model
Snark as a recoverable vehicle equipped with a 24-hour stellar-inertial system. In
the most visible change, Northrop added two pylon tanks carrying a total of 593
gallons of fuel to the wing. The overall result increased the Snark’s empty weight
from 16,616 pounds (**C*") to 20,649 pounds (**D"") and the gross flying weight
from 36,074 pounds to 44,106 pounds. The N-69D first flew in November 1955,
but did not accomplish its first successful stellar-guided flight until October 1956.

The “E" model followed shortly.* While Northrop cut 2,000 pounds from the
“D's’* empty weight, the *‘E"* weighed 5,000 pounds more at gross flying weight.
The company first launched the N-69E, the prototype vehicle for the SM-62 (the
operstional designation, ‘*strategic missile’), in June 1957 (it crashed within
seconds), initially with a workable rudder that it later deactivated. An Air Force
crew launched its first Snark on 1 Qctober 1957. These operations by SAC crews
illustrated the Snark’s severe problems. Of the first seven Air Force launches, only
two reached the drop zone and oaly one of these impacted within four miles of the
aiming point.’

The central problems remained guidance and reliability. While the first full-range
test revealed that existing maps mislocated Ascension Island, this meant little to the
Snark program because of the missile’s gross inaccuracy. On flights out to 2,100
miles, the Northrop missile averaged a CEP of 20 miles. The most accurate of seven

Launch of SM-62A (N-3425) on 12 February 1960. (USAF)

.

5ot Appenfia A G maa ke specitiicataon.
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EVOLUTION OF THE CRUISE MISSILE

Launch of SM-62A (N-3445) an 16 June 1960. Because af flight cantral failure, it stalled and
crashed six minutes after taunch. (USAF)

full-range flights between Jane 1958 and May 1959 impacted 4.2 nm left and .3 nm
short of the target; in fact, it was the only one to reach the target area, and occ of
only two missiles to pass the 4, 400 nm distance mark. Not until February 1960 did
Snark successfully complete a guidance trial. Based upon the last ten launches in
the program, the guidance system showed less than a 50 porcent chance of
performing to specifications. In addition, the guidarce systein, along with the
control system, accounted for about half the test failures; the other half were
attributed to random factors. Test results indicated that Snark had only a one in
three chance of getting off the ground and oaly cae of the last ten launches went the
plannzd distance ™

Nevertheless, the Air Force began to incorporate the Snark into its inventory. In
March 1957, Headquarters Air Foroe approved the sel. tion of Presque kle, Maine
2s the first operational Snark base; and that Deceniber, ¢ -tivated the 556th Strategic
Missile Squadron at Patrick Air Fore2 Base, Florida, the Saark's test site. The §56th
Missile Squadron completed the tiest Air Force ynit launch of a Snark in June 1958,
shoetly before USAF deactivated the snit. In January 1959, the Air Foree activated
the 702nd Strategic Missile Wing® at Presque Isle. It received its first Snark in May.
But ir November 1959, within a yeai of Power's reguest for a program evaluation,
SAC recommended cancellaticn of Snask (the recommendation was endorsed by
ARDC). Hzadyuasrters USAF, however, rejected that proposal. SAC put the first
Snark on alert in March 1960, almost a year before the 702ad bevarze operational in
February 19617

But the Snaik was living on borrowed time. Shorly after taking office in 1961,
John F. Kennedy scrapped the project. Kennedy, in his budget message to Congress
on 28 March 1961, requested the imvnediale phase-out of Snark.** calling the
T e pragrien sk, e XiOad Stwiga: blaksike Weag eovdad up opoeng B¢ Savke Srods. widt whbiait o o8
*xmmtmaywammm He¢ stappod Father $:)leymiet of St Tiean ICM (lcrovet et
Baitric Mo, Wreiormnd e phad oo of 8487, redaced v 3 X1 progem feom 1340 2 oo (effactivaly biling il \rmuatod e
anclon-prowesnd sscoalk. ad canccliod e plas 40 isce Pilaces simasales on varace g
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missile both obsolete and of marginal military value relative to ballistic missiles.
The President cited the weapon’s low reliability (a particularly sore point to his
Secretary of Defense), inability to penetrate, lack of positive control, and
vulnerable, unprotected launch sites. Thus, the Air Force deactivated the 702nd
Strategic Missile Wing on 25 June 1961.% Surely the unit’s and Spask’s service
must rank as one of the briefest in peacetime US military history.

The reasons for the demise of the Snark were linked with its air breathing
companion, the Navaho. Thercfore a fuller explanation and summary must await a
discussion of that missile.

North American Navaie

Concurrent with the Snark, another cruise missile had its brief moment in the
sun. Compared to the Saark, the North American Navaho was much more dramatic
and ambitious. Although the two air-breathing intercontinertal missiles developed
together, USAF planned to get the subsonic Snark into operations first, followed by
the supersonic Navaho. Eventually, both would move aside for ballistic missiles.

Ir December 1945, the Technical Research Laboratory of North American
Aviation submitted a proposal to the Air Force to continue German missile
research, apparently in response to military requirements issued late that year.
North American proposed a three stage effort: first add wings to a V-2, then
substitute a turbojet-ramjet powerplant for the German rocket engine, and finally
couple this missile with a booster rocket for i stercontinental range. In April 1946,
the Air Force bought the first part of this scheme under project MX-770, 2 175- to
500-mile range surface-to-surface missile.® In July 1937, it added the 1,500-mile
range, supersoric ramijet to the program. By March 1948, the program cailed for a
1.000-mile test vehicle, a 3,000-mile test vehicle, and a 5,0600-mile operational
missile. [n 1950, the Air Force considered favnching a Navaho tfrom a B-36, an idea
dropped the next year. Finally. in September, USAF firmed up the program., that is,
ot fusther changing it. The Navane prograin called st dor the design,
construction, and test of a turbojet test vchicle, followed by a 3.600-mile-range
intenim missife, and culminating in a §,500-mile range opevational weapon.

USAF designated the first step, the turbojet test vehicle, the X-10. Two
Westinghouse JOWE-1 turbojets powered the X-10, which fisst flew in October
1953, The missile was 70 fect tong, configured with a canand, **V** i, and 28-
foot delta wing. Radio controls and landing gear permitted recovery. Io afl. 11
vehicles flew 27 fights. On the 19th fest, the Noeth Amicrican anissils reached a
- xaxinmurn speed of Mach 2.05, establishiag a speed recond for twrbojet-powered
aircraft.®

Unfostunately, preblems hindered the foilow-on (interim) missile, the XSM -64,¢
and schwdules slipped badly. In March 1952, USAF estimated that the fisst

*Sat Agpoadis A K cesade guakcsiate.




EVOLUTION OF THE CRUISE MISSILE

The North American X-10 was the test vehicle for the Navaho project. The missile’s size,
canards, and twin tail are visible in this picture of 52-5. (USAF)

acceptance would occur in Januury 1954; 1t occurred in April 1956, 27 months late.
Similarly, a January 1954 estimate expected the first flight in September 1954, a
flight actually rot attempted until November 1956. The first successful flight did
not come until well into 1957. Theze was no single problem; difficulties seem to
affect just about everything except the airframe. The most serious problems,
however, centered on the ramjets and auxiliary power unit, the latter not operating
successfully until February 1956.4

Between the summers of 1954 and 1955, USAF considered pushing the XSM-64
into operational service, but problems and delays in the basic program killed that
idea. The Air Force did accelerate the Navaho program in late 1955, giving it a
priority second only to that of the ICBMs (intercontinental ballistic missiles) and
IRBMs (Intermediate Range Ballistic Missiles), aiming to get the intercontinental-
range missile operational by October 1960.%

The XSM-64 resembled the X-10 in size and configuration. The big difference
was a 76-foot, 3-inch long booster that was used piggy-back fashion with the XSM-
64. Together, the two measured 82 feet S inches in length and were launched

vestically.®

As impressive as the XSM-64 looked on paper and to the eye, in reality the
system proved far different. The XSM-64 flight tests disappointed all, earning the
project the uncomplin: 2ntary appellation, ‘‘Never go, Navaho.”® The first XSM-64
launch attempted in November 1956 ended in failure after a mere 26 seconds of
flight. Ten unsuccessful launch attempts occurred before a second Navaho got
airborne on 22 March 1957, for four minutes and 39 seconds. A 25 April attempt
ended in an explosion seconds after liftoff, while a fourth flight on 26 June 1957
lasted a mere four minutes and 29 seconds, 4’
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Takeoff of X-10 (GM 52-5) on 24 September 1958, This missile
1956, but on this test as a Bomarc target, it falled to engage th
funway, and burned. (USAF)
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EVOLUTION OF THE CRUISE MISSILE

X-10 (GM-19308) in flight. (USAF)

Little wonder then, with the lack of positive results, cost pressures, schedules
slippages, and increasing competition from ballistic missiles, that USAF cancelled
the program a few weeks later in early July 1957. The Air Force did authorize up to
five more XSM-64 flights at a cost not to exceed $5 million. These tests, “‘Fly
Five,” occurred between 12 August 1957 and 25 February 1958. Although harassed
by problems and failures, the vehicle exceeded Mach 3, with the longest flight
lasting 42 minutes and 24 seconds. The final Navaho tests consisted of two launches
w1 project RISE (Research in Supersonic Environment), which were equally
unsuccessful. On the first flight on 11 September 1958, the ramjets did not start and
on the second and last flight on 18 November 1958, the missile broke up at 77,000

feet. It cost the taxpayers over $7C0 million to gain less than 1% hours of flight
time. So ended the Navaho project.*

Nevertheless, USAF saw the Navaho project as a leap forward in the state of the

art of missile technology. The Navaho required new technology that resulted in a
complex missile. For example, aerodynamic heating (300° at Mach 2 and 660° at
Mach 3) demanded new materials. North American used titanium alloys, much
stronger than aluminum and yet 40 percent lighter than steel, as well as precious and
rare metals at contact points on much of the electrical gear. Other untested
technology and areas of risk included the canard configuration, ramjets, guidance,
and the massive rocket booster. The situation required North American to develop
and then manufacture these various pieces of new technology concurrently .

On the posiiive side, although the Navaho did not get into service, some of its
components did. Some went into other equally unsuccessful North American
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The Navaho was farger than the X-10, and

launched vertically. Here, it is lowered for .
mating to its booster on 5 Marsh 1957. The next day, the pair were elevated to the
(USAF) verical nosition. (USAF)

projects such as the F-108 ar 1 B-7u. Others fared better. The Redstone used the
rocket engine concept, and the Thor and the Atlas adapted the engine. The Hound
Dog (sce below), the nuclear submarine Nautil::s for its epic under-the-ice passage
of the North Pole, and the Navy’s A3J-1 Vigilante bomber, all adapted the
Navaho's inertiai autonavigation system.® Therefore, while the Navaho proved
costly, the program did have positive benefits.

But those successful adaptations cannot obscure the fact *hat Snarl and Navaho
failed to produce anywhere near the expected results. A number of reasons account
for their demise. First and foremost, the technology of the day couid not meet the
arnbitious requirements of accurately and reliably flying 5,000 miles over many
hours without the intervention oy pilot or navigator. Therefore, many of the missiles
crashed or performed unreliably.

Second, the manufacturers failed to master the situatior.. Ovetly optimisti.
estimates and loose management led to cost overruns and schedule slippages. All-
in-all, the record of American indusiry in these two programs i. not a glorious one,
for the private sector failed to produce a viable weapor despite promise, priority,
and considerable money. One student of the US missiie program sums up the dismal
story: ‘‘At the cnd the Snark was a technological delinquent made vp of
indifferently compatible subsystems.”’s! The same, of course, apylies to the
Navaho. The inability to recognize these technological defects early enough and
appropriately respond, Robert Perry asserts, helps explain the fate of both.
Significantly, he found no evidence that financial factors hurt either prog:am.
Crashes may be an unfortunate part of the process of gaining aeronautical
knowlzdge and perfectiug a uew technology, but the chronic fallures and crashes of
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The third Navaho (AF 53-8272), “launched™ on 25 April 1957, felt back on the pad and
exploded. (USAF)

. ‘.y . _‘v

The last Navaho launch was in the RISE program on 18 November 1958, it broke up at 77,000
feel. (USAF)
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the Snarks and Navahos revealed severe deficiencies of missile technology, design,
and production.

These problems* delayed the development of the cruise missile, thereby
upsetting the sequence which planned for the cruise missile to precede, not coincide
with the ballistic missiles. This coincidence in timing led to competition between
the two types of missiles, the third factor in the demise of the Snark and Navahe.
For the ballistic missile proved it could do the same job as the cruise missile, and do
it better. In the final analysis, the cruise missile just could not successfully compete
with either the uld and proven technology (bomber) or the new and unproven one
(ICBM).

At this time, the cruise missile seemed to offer only two advantages over the
manned bomber. First, it appeared to be cheaper. ‘‘Appeared,”’ because a lower
percentage of cruise missiles launched would have penetrated to the target than
bombers, and those that did would have impacted further from the aiming point than
would bomber weapons. Second, man was not put at risk, a very important
consideration in the American style of warfare that emphasized reliance on
machines to minimize risk to men.

But the list of disadvantages overwhelm these two advantages. The technology
of the 1950s produced a cruise missile that looked like an aircraft, but which
performed less well. Cruise missiles could fly as high and as fast as bombers, and
far enough, but they lagged in a number of other areas. First, compared with the
bomber, they were inflexible. A bomber can be recalled, rerouted in flight, used as
a show of force, or used in a nonnuclear conflict. It can hit numerous targets, targets
of opportunity, and report back its observations. The bomber is reusable. Second,
cruise missiles were vulnerable. They could not defend themselves with either
maneuver or active defenses, as they essentially fly straight and level at a constant
speed. Third, cruise missile accuracy was much less than that of a bomber. Fourth,
taking man out of the loop with this level of technology left serious reliability
problems. In contrast, bombs and bombers were proven, reliable weapons. As
General LeMay put it, missiles could not replace bombers because missiles could
not think.

Moreover, the airmen’s prejudice against the unmanned weapon cannot be
oveilooked. As one Air Force officer wrote in 1954:

Unfortunately, the actual reaction within the Air Force [to the guided missile] appears to be the
exact opposite of that which might logically be expected. The attitude of Air Force personnel,
individually throughout the Air Force and collectively in the major commands, seems to best be
described as a combination of skepticism, indecision, and indifference. This is a swecping
statement, but it appears to be well supported by the facts.

General Thomas D. White, Chief of Staff of the Air Force, agreed. In a
commander’s conference in 1957, he noted that some believed the sinmen to be as
wedded to the airplane as the cavalrymen was to the horse. *‘The senior Air Force

mummmwmmswfamwmmwmnammmmw Al 8 ek e
program lost comdieesbic time (A8 monthe betweon te first (light of each). This overstaies e npect somendal. however, &1 dilfaaidics
with the guidance Lycion) &3 well o2 alirframe seak the program.
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EVOLUTION OF THE CRUISE MISSILE

officer’s dedication to the airplane is deeply ingrained, and rightly so,”” White told
the generals, ‘‘but we must never permit this to result in a battleship attitude. We
cannot afford to ignore the basic precept that all truths change with time.”’** He
admitted that USAF belatedly realized the potential of missiles and insisted that his
top commanders remain flexible and ready to adopt superior technologies, once
proved. White put forth a guide (namely, the USAF position) for top level thinking
and activitics regarding missiles. First, USAF must admit that the missile was here
to stay since it should be a highly effective weapon. Second, USAF wants to get
into the missile business as quickly as possible despite the constraints of money and
technology. Third, once missiles proved themselves they would be quickly
integrated into the Air Force.> Finally, White commented that cruise missiles were
inferior to ballistic missiles; many missilemen saw the air breathers as nothing more
than a stopgap weapon.%

Nevertheless, the intercontinental ballistic missile also got off to a slow start. The
Convair Atlas began in 1945, but the program dried up in 1947 due to restricted
funds and low pricrities. Although subsequently revived, it was clearly secondary
to USAF's two cruise missiles as made clear by missile funding. During fiscal years
1951 through 1954, the Atlas program received $26.2 million, while the Snark and
Navaho got a total of $450 million. Prior to 1952 or 1953, the Air Force favored the
winged cruise missile over the wingless ballistic missile despite quantitative studies
indicating that the former would be less accurate and dependable, as well as more
costly than the latter. The primary reasons for this situation seemed to be emotional
and cultural resistance. As one student of the missile program of these years writes:

»

The balistic russiles overcame the cruise mussiles in the lale 1850s. Here a Thor IRBM is
peepared lor its first thght on 23 Jaruary 1857, {USAF)
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EVOLUTION OF THE CRUISE MISSILE

To people who had grown up with: the manned bombers before and during World War IT and who
had mostly stayed with them through the early part of the next decade, a cruise missile was a less
painful and certainly a less abrupt departure from what they were familiar with than would be a
totally alien ballistic missile. Those who favored the evolutionary approach to the creation of a
new generation of weapons, predominantly missiles, were people to whom aircraft had a meaning
as a way of life, a symbol, a preferred means of performing a military assignment.*’

Emotion did give way to reality. In October 1953, the Air Force learned that a
megaton-class warhead weighing 1,500 to 3,000 pounds would become available
shortly, making the ICBM much more feasible and enccuraging its development.
Studies conducted in December 1953 and February 1954 indicated that the Atlas
could be operational by 1960. Probably as important, the decisionmakers learned
of the energetic Soviet efforts in the ICBM field and thus, in July 1954, the Air
Force assigned the highest priority to ballistic missiles. Despite the clamor over
Sputnik, launched in October 1957, and fears of a missile gap, the Russian ICBM
missile threat proved, in retrospect, to be overstated. Regardless, the American
ICBM program got the top level support it required. As a result, the Americans
launched their first medium-range ballistic missile (Thor) in January 1957, the first
Atlas in June 1957, and the first Titan (another liquid-fueled ICBM) in February
1959. The Atlas became operational in September 1959 and went on alert in
October, five months before the Snark.’® The ballistic missile had passed the cruise
missile. There were significant performance differences as well.

, T
The first Titan ICBM tiight was on 6 February 1859. (USAF)
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Another important ballistic missile was tha Navy's Polaris. (USAF)




EVOLUTION OF THE CRUISE MISSILE

At first glance, the two appeared to have relatively comparable capabilities; that
is, they both could deliver nuclear warheads over intercontinental distances. But
closer examination of these weapons systems reveals something else. In the 1950s,
the ICBMs had an edge in accuracy due primarily to their much shorter flight time.
(Inertial guidance accuracy depends on flight time, the longer the flight the less
accuracy.) Second, the Snark and Navaho test record indicates that their reliability
was also substantially less than that of the ICBM’s. Probably the only major
advantage the cruise missile had over the ICBM was cost.

Three additional factors probably explain the triumph of the ICBM over the
cruise missile. First, the ICBM got to the target much faster than did the cruise
missile, in minutes as compared to hours. (A rough estimate for the time required to
fly the 5,000 to 6,000-mile mission would be on the order of one-half hour for the
ICBM, compared to the Snark’s 10 to 11 hours.) Second, once launched the ICBM
was invulnerable to countermeasures, while the cruise missile could be downed by
fighters and, increasingly after 1960, by surface-to-air missiles. A third factor was
political-psychological. While the ICBM was a new weapon, the cruise missile
physically resembled the bomber. Periaps the greatest impetus was psychological.
The fact that the Soviets had made so much of the Sputnik forced the United States
to counter with some sori of equally modern and impress've weapon. So, for

domestic and foreign political/psychological reasons, the United States needed
ballistic missiles.

In the end, American industry failed to produce a cost-effective cruise missile
relative to either the bomber or ballistic missile. In contrast, industry successfully,
if not brillisntly, managed the ballistic missile program—which accounts for much
of the ICBM’s success. As a consequence, the land- and sea-based ballistic missiles
took over the field of strategic missile delivery, which they continue to dominate.
Cruise missiles, however, served well in other roles.

The Martin Matador

The third important USAF cruisc missile under development in the 1940s and
1950s was the Martin Matador. In August 1945, the AAF established a requirement
for a 175- to 500-milc range 600 mph surface-to-surface missile. Martin received a
one year contract in March 1946 to study buth a subsonic and supersonic version,
but the military deleted the latter in December. Despite its subsonic specd, the
Martin missile survived the 1947 cut. In March 1949, however, the Guided Missile
Committee of the Research and Development Board recommended its elimination.
The Matador continucd, although USAF cut it back in August 1949. The Air Force
rescinded that decision in December 1949 aud then in September 1950 gave the
missile top priority, no doubt becausc of the Korean War. %
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POSTWAR DEVELOPMENTS

The Martin Matador was smaller than the Snark, and launched from a mokite launchar it flew
successiully for the first time on 19 Jaiiuary 1949 at Holloman Air Force Base. (USAF)

The Matador possessed about the same size and looks as a contemporary jet
fighter.* A booster generating 57.000 pounds of thrust for 2.4 seconds got the
12,000-pound missile airborne and up to a flying speed of 200 mph from a zero-
length launcher.® Powered by a 4,600-pound-thrust J33-A-37 cngine, the missile
(designated TM-61A) carried a 3,000-pound warhead over 650 mph to a maximum
range of 620 miles.®!

Testing of the Matador began at Holloinan Air Force Base with the first flight on
19 Janvary 1949. Like so many of the missiles. the initial flight caded in a crash.
Testing continued with 46 prototype missiles until March 1954, then with 84
production models between December 1952 and spring 1954, Between August 1953
and February 1954, USAF tested a second series of missiles with strengthened tail
and wings to alleviate structural problems.

The Matador's guidance system presented another problem because the guidance
radar’s range proved less than the missile’s {lying range. This guidance system

- required a ground-based operator to track and guide the missile, which, with line-
of-sight communications, limited guided sange to 250 miles. n late 1954, USAF
added a guidance system called Shanicle and redesignated the missite TM-6IC. In
this system, the missile autontatically flew a hyperbolic grid %' Based upon results
of 74 TM-61Cs launched on the Atlantic missile range between Apeld 1957 and
September 1960, USAF calcutated the missile's overall reliability at 71 percent and
CEP at 2,700 feet. However, these avcuracy figures inciuded student lauaches;
_‘;:Wo\v‘w-ﬂ:m
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This Matador (#11042) launch on 17 November 1952 was the first for the B-61A. (USAF)

The missile’s JATO unit ealfunchioned, - .. causing the Malador to impact 400 feat
penelraliny tha rdssile . . (USAF) trom Launch. (USAF)

instructors achieved CEPs of 1,600 feet.® But Skunivle still limited the range of
TM-6IC to that of linc-of-sight transmissions; moreover, this guidance system
could be jammed. To beeak this dependence, the Air Force installed a third
guidance system.

The Goodyear Aircrafi Covporation developcd ATRAN (Automatic Temazin
Recognition And Navigation), a radar msp-matching system. The company began
Iab tests in Masch 1948, Right tests in October of that vear. Mastin showed little
iaiﬁdixuaw.hupmbkmswnhﬂwuamhr‘sguhhmcmiwodadmgc.h
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The Matador had difficulties with the terminal dive phase. Here, GM-11081 is 175 feet above
impact at Grand Bahama on 4 August 1953. it was the first of the structurally reinforced
B-61As. (USAF)

August 1952, Air Materiel Command initiated the mating of the Goodyear ATRAN
with the Martin Matador. This mating resuited in a production contract in June
1954.% ATRAN could not be easily jammed and was not range-limited oy line-of-
sight, but its range was restricted by the availability of radar maps and missile
range. Although in time it became possible to construct radar maps from
topographical maps, ATRAN initially performed poorly.

USAF installed ATRAN in the TM-61B variant, nicknamed Mace.* The missile
differed from the “*A”" and **C"* models in more ways than just designatien and
name. Mace had a longer fuselage, shorter wings, and more weight than the “A™
and “*C."* The Mace also had more power, with its 5,200-pound-thrust J33-A-4]
turbojet engine and a 97,000-pound-thrust booster. It first flew in 1956 and could
reach Mach .7 to .85 over a 340-mile range at low level (as low as 794 feet). and
1.285 miles st high altitude. Because of these substantial differences of
configuration and capability, the Air Force redesignated Mace TM-TOA. But these
improvements did not come cheaply: tie TM-TOA cost about $250,000, compared
w $60,000 for the TM-61C. USAF installed a different navigation system. inertial
guidance, aboand a Mace (designated TM-76B) which had a range excecding 1,300
wiles.*

Meanwhile. the Air Forve ok action o get the missile into the ficld by
activating the Ist Pilotless Bamber Squadron in October 1931, This unit weat to
Gennany with TM-61As (Matadors) in March 1954 and became operational in
1935. USAF deployed the Mace in Europe in 1939, and it scived alongside the
Matzdor before the latter phased out in 1902, Eventually, six missile squadrons
{comprising the 38th Taciical Missile Wiap) served ia Europe with just under 200
.—gwauwm‘

L |

L S P




EVOLUTION OF THE CRUSE MISSILE

TM-61s and TM.-76s. But the missile proved less than satisfactory. Missile firings
in Florida and Libya dramatically demonstrated low reliability and poor accuracy.
Nevertheless, the Matador soldiered on. USAF deactivated the last unit, the 71st
Tactical Missile Squadron, in April 1569 as the Army’s Pershing missiles took over
the Quick Reaction Alert Force role. 5

In Korea, the 58th Tactical Missile Group became combat ready with 60 TM-
61Cs in January 1959. It ceased operations in March 1962, only a few months after
the 498th Tactical Missile Group in December 1961 took up positions in semi-
hardened sites on Okinawa. These two squadrons of TM-76B/MGM-13C continued
on active duty until December 1969.%8
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Mace laurch cn 11 February 1960. The B-

61B Mace was larger and heaviar than the .
B-61A Matador. (USAF) Mace dropping booster on 11 February

1950. (USAF)
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Likc the other guided missile programs. numerous problems beset the
Maiador/Mace project. Product:on, engines, and mest of all, guidance, were
especially troublesome. The Martin Company must bear much of the responsibility
for these difficulties. In 1€33, the USAF Project officer wrote that the ‘*Martin
Matador program was delayed excessively because of [Mantin's) poor design,
inadequate testing, and difficulty in reiaining qualified people.”® Throughout its
service, observers criticized the Matador for its low inflight reliability, high CEPs,
and questianable control over long distances. A 1656 study roted that USAF did not
develop Matador according to procedures and military requirements, but rather
devised the missile around existing components and techiniques. Further, at the time
the Air Force intially deployed the Mantin missile, the weapon had not
demonstrated  operationally  acceptable  performance and  roquired major
modiiications. ™

Moscover, the Matador's limited wmobility concerned the Air Force. With the i
podding of the Wright Air Development Center, Goodyear developed a :
combination treasporterflauncher. The new cquipment cut both launcher weight
{from the omginal 40 tons to 17%4), and the number of differeni type vehicles
required o suppost the missile (from 23 with the Matador to 2 with the Maee). To
enhanoe mobility, Martin designed the Mace's wings to fold for transport (the
Matador's wings were transported separaiely and thea bolted oa for flight). "
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Navy Programs

The Navy was, of course, also interested in niissiles. As already described in
Chapter 111, the Navy was deeply involved with the American adaptation of the V-
1, the JB-2, or as the Navy referred to i:, the Loon. Even before this activity, in July
1943, the Navy designated the Navy Aircraft Factory at Philadelphia to handle a
guided missile project code named Gorgon. In this effort, the Navy developed a
bewildering number of missiles, some rocket-powered (Gorgon IIA, IIIA, IIIC),
some turbojet-powered (Gorgon IIB and IIIB), some pulsejet-powered (Gorgon IIC
and Pollux), and one ramjet-powered (Gorgon IV). While most of these need not
detain us, as they are either rocket-powered or air-to-air missiles, three are of
interest to this study.

At first, the Gorgon IIC (also known as JUN-1, CTV-3, KDN-1) received the
most emphasis after the Bureau of Aeronautics (BuAer) initiated the ship-to-shore,
pulsejet-powered device in May 1945. By the end of January 1946, the Navy
planned to use the missile in combat from escort carriers and landing craft supported
by a production rate rising from 200 a month in December 1945 to 500 a month by
April 1946. Except for its canard configuration and guidance, Gorgon IIC
resembled the V-1, with its 14-inch pulsejet mounted above an 18-foot fuselage and
straight wing which spanned 11 feet. After a catapult launch got the 1,688- to
1,984-pound missile airborne, it flew about 400 to 450 mph under radio control
approximately 60 tc 90 miles to its target. The first sucvessful tlight occurred in
September 1946. In the late 1940s, the Navy tested 35 to 100 of these missiles.™

Also during the 1940s, Martin built another surface-to-surface missile, the
Gorgoa IV (also known as the KUM-1). The company delivered eight of the
conventionally configured and ramjet-nowered missiles. It first successfully flew
after an air Jaunch in November 1947.

The last vehicle in the Gorgon program was named Pollux. It differed in two
ways from the Goigon 11C. First, the builders mounted the pulsejet underneath its
28-foat fuselage. Second, the missile’s wings (spanning 10 feet) were swept back at
a 35 degrec angle. The 2,350-pound missile first flew in October 1948. But wo
months after its third and last free flight in December 1950, BuAer cancelled the
catire Gorgon pivject.”

Regulus I, Rigel, Reguius II, Triton

In October 1943, Chance Vought signed a study contract for a 300-mile range
pilotless missile that carvied a 4,000-pound wathead. But litfle transpired until tiv
sooa-lo-be-separated AAF provided the impetus for the Navy Progiam. In May
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EVOLUTION OF THE CRUISE MISSILE

1947, the Army airmen awarded Martin a contract for a turbojet-powered subsonic
missile which became the Matador. The Navy saw this as a threat to its role in
guided missiles and, within days, ordered BuAer to start a similar Navy missile that
could be launched from a submarine, using the same engine as the Matador (J33)
and components on hand. By August 1947, the project had gained both a name
(Regulus) and performance requirements. The Navy wanted the missile to carry a
3,000-pound warhead to a maximum range of 500 nm at Mach .85 with a CEP of .5
percent of the range. The vehicle would be 30 feet in length, 10 feet in span, 4 feet
in diameter, and would weigh between 10,000 and 12,000 pounds.*7

Another factor fostering the development of the Regulus program, and which
became increasingly important, was the Navy’s desire to deliver a nuclear weapon.
The Navy’s problem centered on the heavy weight of atomic weapons in the late
1940s (about five tons), just too heavy for almost all carrier-launched aircraft. The
Navy converted twelve P2Vs (twin-propeller-powered patrol bombers) for such a
role, but while they could take off from carrier decks, they could not land on them.
Only the AJ Savage could do both. The Navy converted the North American
bombers for nuclear delivery, but they were limited in range to about 800 miles.
Captain Fahrney, of World War II drone fame, proposed a pilotless version of the
Al with a range of about 1,400 nm. But the Navy cancelled this TAURUS project in
1948. So despite mechanical and tactical limitations, the AJ represented the only
carrier aircraft capable of delivering a nuclear weapon in the early 1950s. New
urgency to develop nuclear delivery systems followed the Soviet nuclear test in the
summer of 1949, Therefore, the Military Liaison Committee to the Atomic Energy
Commission recommended consideration of Regulus along with three other missiles
for this role.”

Certainly interservice competition complicated the missile’s development.
Navy’s Regulus and USAF's Matador not only looked alike; their performance,
scheduie, and costs were about the same, and they used the same engine. With
pressure to reduce defense spending in 1949, the Department of Defense (DOD)
impounded fiscal 1950 funds for both missiles. Because most observers considercd
Matador to be about a year ahead of the Regulus, DOD ordered the Air Force to
determine if Matador would indeed work, and BuAer to slow development of
Reguius and fund a study to determire if Matador could be adapted for Navy use.
But the Navy successfully argued that Regulus could perform the Navy mission
better than could Matador. Regulus advocates pointed to its simpler guidance
system which required only two stations (submarines) while the Matador required
three. Also, the Matador’s single booster had to be fitted to the missile after it was
on the launcher while, in contrast, the Regulus was stowed with its two boosters
atteched. This meant that in comparison to the Regulus, the Matador would require
mofe men and cachinery and that the submarine had to remain on the surface
longer, thereby increasing its vulrerability to enemy action. In addition, Chance
Vought built a recoverable version of the missile, which. mesnt that while each
Regulus test vehicle cost more than the Martin missite: to build, Regulus was
cheaper to use than Matador over the seties of tests. Whils some of the Maador's

S Apga aka A for issile spcificaticas.
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problems would doubtlessly have been resolved, the Navy insisted on a separate
program; a* 1 in June 1950, the joint service Research and Development Board

concutred.’™ The Navy program continued.

< . > H-ST

. o s

During the Korean War, the Navy employed F6F-5Ks as assault drones, but only one of six
taunched scored a hit. Here a drone clears the deck of the USS Boxer in August 1952 as its
mother ship, an AD4-Q, prapares to launch from the right catapuit. {(National Archives)

S A, '

The Nawy's Chance Vought Regulus | migsile, similar in many respects ¥ the Matador, used
the samd (J33) engine. (USN)
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EVOLUTION OF THE CRUISE MISSILE

Two 33,000-pound-thrust boosters launched Regulus, which first flew in March
1951. The first submarine launch of Regulus occurred in July 1953 from the deck of
the USS Tunny. After such a launch, the Navy guided the Regulus toward its target
by two other submarines and, later, with the Trounce system, one submarine.
Regulus could also be launched from surface ships. Cruisermen were enthusiastic
about this weapon which would extend both their offensive range and mission. The
lack of a capability to pass control of the missile from the cruisers and submarines,
however, limited the weapon. The Navy also launched the missile from carriers and
guided it with a control aircraft. Problems included booster launch (the launcher
weighed eleven tons and sometimes spectacularly malfunctioned), control aircraft
(which lacked adequate speed and range to do the job), and the entire radio control
system. Engineers resolved these problems but naval aviators, like their Air Force

brethren, strongly pr.ferred aircraft and this preference may well have undermined
the Reguius program.”

Regulus 1. launched from the USS Halibut (SSGN-587) on 31 March 1960. The Navy fired
Regutlus | from q variety of ships ari it eventually served abowrd aircralt caniers, cruisers, and
submarines. (USN)

Nevertheless in 1955, Regulus became operational, eventually serving aboard
diesel- and nuclear-powered submarines, cruisers, and aircraft camiers. The last
versions of the missile could carry a 3.8 megaton warhead 575 miles at Mach .87,
Regulus phased out of production in January 1959 with delivery of the 514th
missile. The Navy lauached perhaps 1,000, obviously intluding many of the
recoverable versions, before it took Regulus out of service in Augusi 19647
Admiral Zumawalt calls that decision the **single worst decision about weapons [the
Navy] made during my years of service. '™ But careful examination of Regulus
veveals few advantages over the V-1. While the Chance Vought ilew somewhat
fusther and faster, American guidance was not much better than the carlier German
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Regulus | in flight, 10 April 1956. (National Archives)

missile guidance system. The principal American missile improvements were the
nuclear warhead and increased reliability.

Another Navy cruise missile of this period was the Grumman Rigel. In May
1950, the Navy planned to get the Kegulus operational in 1953, Rigel operational in
1955, and the ‘‘ultimate cruise missile,”” the Triton, operational in 1960. Plans
called for a Marquardt ramjet to power Rigel, whose all-up weight was 19,000
pounds with booster. The missile was designed to fly 400 to 500 nm at Mach 2.
However, because there were no facilities large enough to test the 48-inch ramjet,
the testers used a 28-inch version. This powered a six-tenth's scale test mode! which
fiest flew in March 1950. But the program encountered what proved to be insoluble
problems. By October 1952, 11 of the flight tests had failed. Therefore, the Navy
cancelled Rigel in August 1953.%

With the demise of Rigel, the Regulus successor became another Chance Vought
product designated Regulus H*. In March 1954, the Navy planned to have Regulus
1i operational by 1957 and Triton operational in 1965, Vought began design of the
supersonic winged missile in Apel 1952, receiving a development contract in June
1953. Thirty-six months later, the first Regulus i flew when a 115.000-pound-
thrust booster launched the canard-configured miissile. Regulus W could camy its
2,920-pound warhead S70 nm at Mach 2, and over 1,150 nm at reduced speeds.™
Onc suggestion in 1957 was to fit wing tanks on the missile o extend its range.

The Navy successfully tested a recoverable Regutus 1 test vehicle in 30 of 48
tests, achieved partial success in 14, and failed in only 4. The govemment signed a
production coatract in January 1958. That September the Navy fired a Regulus 1l

‘QM A fof wsiale spaciiications.
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The Navy planned to replace the Regulus | with the Regulus I1. A recoverable version of the
latter was very successful, shown landing at Edwards AFB on 19 March 1958. (USN)

The Ragulus Il in its first launch from a suctace ship, the USS King County (AG-157), on 10
Decenber 1358, (USN)
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This view of Regulus I clearly shows its long lines and its canard configuration. The Navy
cancelled the missile in December 1958. (USAF)

from the submarine Grayback, the only such launching. The Navy scheduled one
other snorkel submarine to be equipped with Regulus II, along with four cruisers,
and planned in 1956 to eventually put Regulus on 23 submarnines. But on 19
November 1958, the Office of the Secretary of Defense withdrew its support from
the program; and on 18 December 1958, Secretary of the Navy Gates cancelled the
project. At that point, Chance Vought had completed 20 of the missiles with 27
others still on the production line. The missile’s cost (one million dollars each),
budget pressures, and the greater attractivencss of altemative nuclear delivery
systems doomed Regulus.®

Indeed, a number of technological developments in the 19505 helped push the
cruise missile aside. The most important was a smaller and more powerful
thermonuclear weapon. Another development was in naval aviation. The evolution
of aircraft carriers, with such innovations as slanted deck, steam catapult, and
nucleas peopulsion, allowed the operation of heavier and higher performance jet-
powered aircraft off cavier decks. The Navy also developed the nuclear-powered
submarine and the Polaris bailistic missile.

Thus, the *‘ultimate civise missile,” the Triton, did not appear. It was to have a
12,000 nm range, fly at Mach 3.5 at 80,000 feet, be guided by radar map-matching,
and deliver a 1,500-pound warhead within 600 ysnds of its aiming point. It eatered
full-scaie development in 1955, but never got into production.®
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EVOLUTION OF THE CRUISE MISSILE

The Crosshow

USAF develcped two other categories of cruise missiles during the 1950s: air-to-
surface and decoy. During World War II, the AAF had paid some attention to
guided bombs but very little to powered air-launched missiles with the exception of
the air-launched V-1/JB-2. As we have seen, the Navaho was briefly considered for
this role; but there is little to refute the notion that in the minds of most Air Force
officers during this period, strategic air campaigns wouid be waged by the tried and
true: the manned penetrating bomber.

In the early 1950s, Radioplane responded to a USAF request for a missile to
home in on and destroy enemy ground radar. The govemment awarded a contract
(in March 1953) to Radioplane, despite the company’s limited experience and
personnel. The GAM-67* had a low and straight wing and twin tail, and caried a
1,000-pound warbead. SAC planned to load at least four GAM-67s on their
bombers and launch the GAM-67s outside enemy radar range at about 34,000 feet.
Then the Crossbow would climb to 40,000 feet and fly at 480 knots to about sevca
miles from the radar, where the missile would make a 30-degree power-on dive into
its target. Specifications called for 75 percent of the devices to impact within 75 feet
of the target. The weapon’s estimated range was 247 nm.

The Ratioplane Crossbow {GAM-67) was designed as an gir-lo-sudface missile. It few under
s own powe for the first time in March 1856, about the time of this pholograph. {USAF)

“See Appiaiia A ot waissile soeceticatiol.
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Crossbow tests began at Holloman in December 1955, with the first powered
flight occurring in March 1956, the first successful flight (lasting 18 minutes) on 2
July 1956, and the first guided flight in May 1957. But because of financial
pressure, Headquarters Air Force cut the program back in November 1956 to
emphasize guidance. In addition to money problems, the Crossbow flew 5Q mph
slower than expected and had less range than Soviet radar. Thus, the Air Force
Chief of Staff cancelled the project in June 1957. Ironically, the weapon had its
greatest success about three weeks later (26 June 1957), flying through the target’s
radar antenna.®

The Hound Dog

In March 1956, Headquarters Air Force issued a General Operations
Requirement (GOR 148) for an air-to-surface missile for the B-52. In August 1957,
Secretary of the Air Force James H. Douglas telephoned J. H. Kindelberger of
North American Aviation to tell him that his company had won the contract. In
February 1958, growing concern about both the perceived unfavorable shift in the

strategic balance and the increasing vulnerability of penetrating bombers prompted

USAF to accelerate the weapon that came to be called the Hound Dog.* The

- missile, first designated GAM-77, then AGM-28, initially flew in April 1959.%

North American built the Hound Dog** with a canard, a delta wing
configuration, and an underslung J52 engine. The design requirements called for a
350-mile range and Mach 2 speed at over 55,000 feet. The AGM-28B carried a
1,742-pound warhead (four megatons) 652 nm in a high-level profile, 340 nm in a
low-level (1,000 fest at Mach .83) profile. A B-52 could camry two of the
inertially-guided missiles.V

North American delivered the first production Hound Dog in December 1959.
SAC launched its first AGM-28 in February 1960; by the following July, one wing
was operational with the weapon, although the first airbome alert with it did not
take place until January 1962. SAC crews soon found that they could shorien B-52
takeoff rolls by using the Hound Dog engines in addition to the bomber’s eight
engines. (Bomber fuzl could later be transferred to the missile.)

Accuracy, while exceeding one wm at full range. was probably adequate
considering the four megaton warhead. But two other problems hindered the
missile. Reliability was a constant concern and in addition the iwo five-ton missiles,
carried on pylons, degraded B-52 flight performance.

Nevertheless, the numbeyrs of Hound Dogs in the B-52 fleet rapidiy grew from 54
in 1960, rising to 230 the next year, 547 in 1962, and 593 in 1963. By August 1963,
29 SAC wings were operational with the AGM-28.

Hound Dog production ended in March 1963 and the number of operational
missiles declined in the late 1960s and early 1970s to about 308 in 1976.% USAF

LIS AF lted the mame fromm the e of o Elvia Puciliy hit wong 53
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EVOLUTION OF THE CRUISE MISSILE

The North American Hound Dog {AGM-28) was a supersonic air-to-surface missile powered by
an undarslung ramjet. The company tumed the first oparational missiie over to Strategic Air

Corrwnandm1961.(USAF)
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A B-52 could carry two Hound Dogs But the unreliable missile reduced the bomber's
performance, making it less than a success. (USAF)

phased out the Hound Deg in 1976, replacing it with the smaller (14 feet in length),
faster (Mach 3), and lizhter (2,230 pound) SRAM.* The cruise missile had lost out
again to a bellistic missile.

The Buck Duck

Decoy missiles were the other major subdivision of cruise missiles developed
during the 19505 and 1960s. The decoys were desigoed to appear on enctny radar
the same as the SAC bombers, and thus to confuse, ditute, and degrade enemy air
defenses. Those respoasible for the naming of the decoy missiles nwst have been
hunters w have come up with the names they did: Buck Duck, Bull Goose, and
Quail.

USAF planned to fit six Consolidated-Vultee Buck Ducks (GAM-71) on that
company’s giant B-36. Unlike the vather exotic-looking Navaho and Hound Dog,
the Buck Duck was a conventivnal-looking missile, with a high straight wing
aeasuring 14 feet in span (which folded to five fect).** While the Buck Duck
underwent both glide and captive tests in Febiuary and March 1955, there is oo
record of any powered trials before USAF cancelled the project in Jaouasy 1956,
"Henbpue iy A% ot sem ot Quaitaive Opetvican Kaosc s (QOR %1 m Syvees 1963 S SEAM i Short Range Mg
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The Air Force conducted seven gl. _ 3 tests

Convair designed the Buck Duck as a B-36 of the Buck Duck in March 1955. Shown

decoy. Here, the missile is mounted on a here is the fourth, recovered with minor

B-29 pylon for captive tests on 16 February damage on 9 March. Note the missile's
1955. (USAF) parachule in the background. (USAF)

Slippages in the decoy schedule and the impending replacement of the Convair
bomber by the B-52 meant that the Buck Duck would have only about 12 moaths of
useful life.®

The Bull Goose

The XSM-73 (\WVS-123A) Buli Goose was an intercontinental range surface-
launched decoy missile. Work on the concept stasted in December 1952, although
USAF did not release a request (GOR 16) watil Masch 1953, and did not siga a
coatract with Fairchild until December 1955.

The Air Force planned to field 10 Bull Goose squadrons and buy 2,328 missiles
in addition to 53 for research and develooment. The first squadron was to he
operational in the first quarter of Fiscal Year 1961, the last at the cad of Fiscal Year
1963. Br* nroblems with funding, the subcontractor's fiberglass-resin boaded wiag,
the booster, and the engine (383-3) delayed the program

The delta-wing XSM-73 weigli2d 7,700 pounds st launch, including a S00-pound
payload.* A J83 or J85 engine providei the Bull Goose with 2,450 pounds of thrust
after a booster with a S0.083-pound thyust got it aloft. The specifications called for
24,000-mile range at Mach .85 with an accuracy of pius or minus 108 nm.

Sled tests bezan at Holloman in Febwuary 1957, with the fust of 1S Jights taking
place at the Adantic Missile Range in june 1957. While five ®esis in 1957 were
successful, those in 1958 were less 50, Construction of the miissile sites began in
August 1958, a few mouths before the first Bull Gouse flight with the Y383 engine
in November. USAF considered wrming the Goose, but in easly Devember
cancelled the piogram because of budgetary pressures and because the Fairchild

*Sor Appundia A for animie wpecificataons.
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The Fairchild Buli Goosa (XSM-73) was a ground-launched decoy missile with intercontinentat
range. (USAF)

missile could not simulate a B-52 on enemy radar. The Goose program amassed a
total of 28 flying hours at a cost of $70 millica.®

The Quail

The most successul of the decoy missiles proved to be the McDonnell Quail-—
mast syccassful because it not ouly became operational, but it served SAC for more
than ten years. USAF lirst discussed the requirement for such a device in October
1952, but did not iritiate the missile until Apeil 1955 and did not establish a formal
requirement (GCOR 139) untl January 1956, The next month, US+F selected
McDonnell as the contractor. Fligint tests began in July 1937, with the first glide test
in November 1957 and the irst successiul powered flight, which lasted 14 minutes
and covered 103 miles, in August 1958, The prugress of the tests enabled
McDonneil to gain 2 production contract in December 1958, about the same time
the Air Force terminated so many ather projecis.™

The GAM-T2 {ADM-20A) was a tilless high-wing delia with four vertical fins.*
McDoancll designed the maissile to operate at 35,000 to 50,000 feet, at Mach .75 to
.9, with a range {dependiag on altitude) of 357 to 445 am. While cight could be
carried on tie B-32 and Zour ca the B-37, the normal loading was, respectively, foue
and wo. ™
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EVOLUTION OF THE CRUISE MISSILE

Buli Goose launch, 28 August 1958. (USAF)

The Quail simulated the bomber in a number of ways. First, its operational
performance was comparable to the B-52; and it could be programmed (cn the
ground) to make at least two changes in direction and one in speed during its 46- to
55-minute flight. Second, its slab sides and twin vertical ventral and twin vertical
dorsal fins produced a radar image similar to the bombes. In addition, the GAM-72
carried a 100-pound ECM payload consisting initially of a respoader, later of both
chaff and a heat source.

A Genersl Electric J85 powered the decoy and caused most of the problems on
the project, even though the same engine also powered the Northrop T-38. These
problems led to modification of thie engine, one of the major differences between
the original GAM-72 (AGM-20A) and its successor, the GAM-72A (AGM-20B).
The latter used ths J85-GE-7, which had eight compressor stages instead of the
seven stages in the J85-GE-3. The GAM-72A weighed almost 200 pounds more
than the GAM-72, but had the .ame engine power and less wing area. Hence, it
carried less payload a shorter time and distance at the same speed. The GAM-72A
first flew in March 1960.%




oy L

Quall In fight. it catied 8 100-pound glactronics countsrmaasures nackage qver
(U3AF)
127
- o "'«'**'H“-'*"MMW«- »»»»»»
* R - ."J\» °,, A ‘m . ’0\:\

300 mites.

."-\R‘ HS

R et ,%

s, e

R I




EVOLUTION OF THE CRUISE MISSILE

SAC received its first GAM-72 in September 1960. By February 1961, one
Quail-equipped B-52 squadron was operational. USAF declared operational the last
of 14 B-52 squadrons with the device in April 1962, the same year it accepted the
GAM-T72A. SAC had 492 Quails at its peak inventory in 1963. In all, McDonneli
produced 616 of the missiles.”’?

But while the Quail served on, there were major problems. Reliability declined.
Improvements in enemy radar rendered the Quail less effective. Ina 1972 tes,, radar
controllers correctly identified the B-52s 21 out of 23 times. By then, USAF
recognized that the Quail was no longer a credible decoy. In 1971, the comimander
of SAC wrote the Air Force Chief of Staff that the Guail was only slightly better
than nothing.*® The General’s candor may have reflected the fact that the Air Force
was already taking action to provide a mo re effective decoy.

Before turning to these programs, two important points require emphasis. First,
America’s experience with cruise missiles in the 1950s and 1960s was largely
unsuccessful. Not only did the devices prove costly and unreliable, but they offered
few advantages over competing systems. Based upon this record, the US military
establishment’s skepticism of cruise missiles is both undeystandable and well
founded. Second, those cruise missiles and their records were based on the out-
dated technology of the 1940s and 1950s. Dramatic technical changes in the {960s
produced a more techrologically advanced weapon.
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CHAPTER V ]

US CRUISE MISSILES REVITALIZED ;

:
|
1
The connection between the Hound Dog and Quail of the 1960s and 1970s and |
the cruise missile of today remains vague and complex to the uninitiated. |

dcca

Superficially, there appears to be little direct connection since the present cruise

missile is a new and substantially different weapon system. Yet, the present cruise

, missile does have certain historical and intellectual antecedents. The transition from

© past to present is through evolving technology, Remotely Piloted Vehicle (RPV)
‘ successes in Southeast Asia, USAF's decoy (SCAD), and the Navy’s antiship

(Harpoon) program.

Advancing Technology

Advancing technology transformed the large, unreliable, inaccurate cruise
missile of the 1950s and 1960s into the much different cruise missile of the 1970s
and 1980s. Improvements in engines, fuels, materials, and guidance account for
this change. With the possible exception of guidance, all were evolutionary '
deveiopments; that is, the technology grew slowly and in predictable steps.

Of all the technologies associated with the cruise missile, the most crucial is, and J
has always been, guidance. As has been amply demonstrated, one of the constant
problems throughout the cruise missile program has been its inaccurate and
unrcliable, large and heavy guidance systems. But significant incremental
improvements in inertial sysiems and computess, and the development of terrain
contour matching (TERCOM), yielded radically new capabilities.

In 1958, inertial systems had an inherent inaccaracy (drift) of about .03 degrees
per hour. By 1970, this had been cut to about .005 degrees or one-third om per
bour. Concurently, the size, weight, and power requirements of inertial systems
shrank, decressing weight from about 300 pounds in 1960 to 22 pounds a decade
later.! The total cruise missile guidance package, inciuding computer, radar
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altimeter, and inertial systems, now measures one and one-third cubic feet and
weighs 115 pounds. Therefore by 1970, a smaller inertial guidance system had
achieved much better accuracy, on the order of one-third nm per hour (about one
nm for a 550-knot vehicle traveling 1,650 nm).

Perhaps even more amazing than the remarkable size/weight/power reduction of
inertial guidance systems was the even greater impact of the computer. Engineers in
the 1950s measured computer size by the number of rooms its components
occupied; within a quarter century, the computer had shrunk to the size of a loaf of
bread. Accounting for this improvement were the transistor and magnetic disc in the
mid-1950s, followed in the mid-1960s by microcircuits with solid state memories.
In the early 1970s, microprocessors and semiconductor memories on chips became
available. Thus, computers became much smaller with greatly increased
capabilities.?

Along with these advances, a new type of navigation system emerged. The early,
mostly unsuccessful, attempts with radar matching systems in the Mace and Triton
in the mid-1950s have already been described. In 1958, the LTV-Electro Systems
Company patented a system called TERCOM* as part of the ‘‘fingerprint”
guidance for Chance Vought's strategic attack missile called SLAM (Supersonic
Low Altitude Missile), a system cancelled the following year. Effoits in the 1960s
to put TERCOM into Hound Dog missiles also failed.?

In the TERCOM system, engineers divided a terrain map into a matrix of cells
which have ranged in size from 100 feet to 3,200 feet on a side. Thus, each map
measures a pumber of miles. (See figure 5.) The E-Systems matrix consists of 64
cells, each 400-feet on a side, yielding a 4.9 nm strip map. Engineers assign each
cell an average elevation derived from a coatour map or satellite reconnaissance
map, and this information is stored in the system’s computer. In flight, a radar
altimeter measures the actual elevations and then at checkpoints matches that
sequence with the digital map stored in the computer. (Sce figure 6.) Here,
**voting"* takes place; that is, the system checks three maps and if one is found to
disagree with the other two, the odd reading is disregarded. To date, no false update
has resuited from three TERCOM fixes. The system is based on assumptions that
the mapping information is available and accurate, unigue land coatours can be
used, and the radar altimeter and computer can do their jobs.*

TERCOM is mated with an inertial system-—the two sometimes known as TAINS
(TERCOM Aided Inertial System), which describes the system, but more
commonly and simply, just TERCOM. The inestial guidance system navigates the
missile to the first TERCOM checkpoint and between subsequent checkpoints en
route to the target. At each checkpoint, the computer updates the inertial guidance
system and corrects the missile's course. Theoretical accuracy of TERCOM is 4
times the size of the cells, which are progressively reduced in size the closer the
map set is to the target. The overall accuracy of the system depends upon the
distance between the target and the last TERCOM fix and the size of the cell: the
less distance and smaller cell size, the greater the accuracy. The open literxture
states that the system's accuracy is normally between 100 and 600 fect, with a

TOer namis aisxcioted ¥ e 1yiem incdod LACOM (Low Alicade Coutous Makiiing) sd RACOM (Fin Ragid Conkonr
Makciing, loter abeled Recuriive Al) Weathes Comionr Makcag).
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165-foot accuracy supposedly demonstrated in 1960. Whatever wie precise figure, it
is significantly more accurate than existing inertial systems.*

Some claim that difficulties with mapmaking, and problems caused by seasonal
changes (snow and foliagc) and flatlands, invalidate the system. Others assert that
these problems have been surmounted and that the present system can operate
successfully, regardless of weather or season. Despite patent problems, TERCOM
has been extensively tested beginning with Beech tests in 1959, and further tests on
T-29s, Pipers, C-141s, A-7s, B-52s, drones, and the cruise missiles themselves. As
of February 1982, the TERCOM system had logged over 2,300 test hours on a total
of 946 test flights, involving over 4,800 fixes. These tests used at least 212 maps in
16 states and 2 Canadian provinces.®

Another important feature of the cruise missile, indirectly linked with guidance,
is its ability to fly at extremely low altitudes. USAF first employed terrain-
following devices, using radar altimeters and forward looking radar, in FB-111s and ;
B-52s. These devices permit very low flight that follows the contour of the ground,
making detection and interception extremely difficult. The offensive-defensive ‘
cycle has szen radar and surface-to-air missiles force aircraft from high speed, high
altitude operations to low altitude, high subsonic speed operations. Here, limited
radar range, ground clutter, and terrain-masking greatly complicate the defender’s ;
task by custailing both range of detection and tracking, and, thus, reaction time. i
The next defensive move was toward an airborne waming angd coatrol system
(AWACS) for detection and interceptors with a look down/shoot dowan capab:hty !

| At this point, the cruise missile enters. |

The cruise missile can make even better use of low flying than can a manned |
aircraft. First, it flies a known track, presumably over known obstacles and
elevations. Second, Iacking a pilot, the cruise missile can wnthstand more Gs and
thus maneuver beiter than a manned aircraft. Finally, s.memamsnotaxnsk e
<hances can be taker.

The temain-following system on the eruise missile coasists of 2 downward
looking radsr altimeter (also used by the TERCOM) linked to the missile’s controls.
The planners set a preplanned separation altitude that is 2 tradeoff beiween flying
very low (making detection and tracking mote difficult) and flying a% 3 higher
aliitude (vith less risk of hitting the ground).” The adiition of forward looking “adar
(such s fitted on the B-52 and FB-111) could further lower these sltirudes, tut
would also add weight, increase complexity, and radiatz a signal that defenders
could detect.

Advances in guidance technology were the most impostant development. inthe
cvoluticn of the cruise missile. New manufactaring peocesses and matensls did i
reduce weights and costs, but neither was 2 major fucior in the overal) success of the i
wmigsile. There was another major technological developeneni, howewer: the
evolution of a smal! fuel-efficisnt jet engine.

Desigo of smail jet engines began with the Navy's Goigon B aad UIB projects
in 1945, Their designers planoed to power these air-to-susface surfsce missiles with
a 9-inch dianseler Westinghouse engine. By 1960, the French had developed the
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Not quite James Bond! in the late 1960s, the Williams Company built the engine for this “jet

belt.” This engine was the pradecessor of a farrily of small efficient engines that pawer current
American cruise missiles. (Williams international)
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Microturbo series with engines as small as 12¥2 inches in diameter, producing 175
pounds of thrust.®

In the United States, small engines for the cruise missiles can be traced back to
Sam Williams, who worked on Navy turbojets and gas turbines for Chrysler and, in
. 1954, organized the Williams Research Company. His first engine, the WR-2, ran
e in 1962 with 70 pounds of thrust and powered the Canadian AN-USD-501
: reconnaissance drone and the US MQM-74 target drone. Williams’ work led to a
significant step, the development of a small fanjet.* In 1964, the Williams
Company proposed a turbofan engine for ARPA’s (Advanced Research Projects
Agency) ‘“flying belt,”’ a device strapped on a man’s back, propelling him up to 10
A miles at 60 mph. The initial tests of the WR-19, completed in 1967, demonstrated
¥ that a 12-inch diameter (24-inch length) engine, weighing 68 pounds, could
produce 430 pounds of thrust at a fuel consuraption rate of .7 pounds of fuel per
hour per pound of thrust. So an engine with very good performance and about one-
tenth the size of the next largest available engine existed. By late November, the
WR-19 had successfully met 36 hours of hot testing to the almost complete

satisfaction of the military. ' '

At this same time, USAF was considering a 2,000 nm Mach .85 SCUD (Subsonic i
Cruise Unarmed Decoy), or SCAM (Subsonic Cruise Attack Missile), but responses
from major engine manufacturers as to the feasibility of these missiles ranged from , |
skeptical to pessimistic. A 1968 Williams report also concluded that such ambitious
performance could not be met by using conventional fuels. But, with high energy i

fuels under development, it would be possible. Shelldyne seemed the best bet,
promising an increase of up to 30 percent in range.!!

: In April 1969, USAF awarded Williams a contract for prefiminary design and
i preparation of engine specifications for a version of the WR19 engine. A second
contract followed, in November 1969, for component development of the engine,
and for design, construction, and testing of these engines. Thus, as the 1960s ;
closed, Williams had a lead in the field and the Air Force potentially had a small, {
high performance, turbofan engine.!? Therefore, the development of a number of
different technologies at about the same time made a smull, very accurate, low-
flying, long-range missile possibie. Decreases in the size and weight of both
guidance and engines, along with markedly enhanced capabilities, were key
developments. Finally, the miniaturization of nuclear warheads inade the cruise
missile a very potent war machine.

*Ait enters and is compressed in both the turbojet and turbofan engine. But while all air passes through the combustion process in the
former, part is diverted and bypasses combustion in the latter. A turbojet is simpler, less expensive (173 to 1/4), and has a relatively smaller
diameter (therefore, less frontal area and drag) than a turbofan, The turbofan, bowever, is more efﬁck\g& (15 to 20 pescent less fuel
consuraption at subtoalc speed), and loaves a smaller acoustical and infrared signature thau docs the turbojet.
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Remotely Piloted Vehicles (RPVs)

Another iine of the current cruise missile’s genealogy extends through RPVs.*
As already described, the first practical unmanned missiles served as radio-
controlled anti-aircraft targets prior to Werld War II. More diverse uses emerged
with the appearance of the Ryan Firecbee (BQM-34A). This drone sprang from a
joint Army, Navy, Air Force project which began with vehicle glide tests in March
1951. The first BQM-34A flew in December 1958. Powered by a 1,700-pound-
thrust engine, it was 22.9 feet long and had a 12.9-foot span. Weighing 2,500
pounds, the BQM-34A could fly up to 600 knots with an endurance of one hour at
altitudes between 300 and 50,000 feet. It was about one-third the size and one-
twentieth the weight of the standard fighter of the day (the F-4).%

Development of the Firebee accelerated during the 1962 Cuban Missile crisis
when Ryan produced 147 within 3 months of receiving an Air Force request; but
although ready, the Firebee was not used. The weapon flew its first operational

The USAF flaw over 23400 RPV sarties over Vietnam. C-130s carried, launched, and directad

the drones. This Db 1308 corries AQM~34H and AQM-34J drones over Nellis AFB in
November 1871. (L'SAF)

*RPVs differ fron cruise misstles in \’cm-m“m dexignedt 1y be recovered and some are controlled in flignt by oulside (real time)
direction. Otherwise, < veliiclas thamsalv - .3 very similar, snd could be the same, See the discussion in SALT, below.
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’
- Recovery of a Firebes [! target drone by a H-53 in Septembar 1972. A variety of Firebees ilew
v E as reconnaissance RPVs In the Vietnarm war. (USAF)
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sortie as a reconnaissance vehicle over Red China in August 1964. Some were lost
over China, presumably to mechanical failures as well as to hostile actions. By May
1965, the Chinese Communists claimed to have downed eight—and they displayed
three American drones. In tests against US air defenses, the missiles proved
undetectable at low altitude.'*

The BQM-34’s extensive use in Vietnam revealed not only the RPV’s promise,
but its overall operational reliability and low-vulnerability in combat. The most
used version was the AQM-34L (*‘SC’’), which measured 29 feet in length and 13
feet in span. Of the 1,651 SCs launched in Southeast Asia, 87.2 percent returned.
The drones flew more than 3,400 sorties in Southeast Asia, the majority over North
Vietnam. Unclassified sources state that in 1971 and 1972, the Communists
downed 81 drones on 743 sorties.'S The low loss rate was due in part to the fact that
Soviet radar in North Vietnam could not detect drones flying below 300 feet. One
AQM-34L, ““Tom Cat,”’ flew 68 missions before being downed on its 69th on 25
September 1974. Considering the dense antiaircraft defenses in North Vietnam, and
that the drones fiew in the most dangerous areas, this record is outstanding. Also,
the Israelis used Model 1241 Firebees as decoys in the 1973 Mid-East War and at
least two types of drones in their 1982 invasion of Lebanon. !¢

If new technology pushed the development of the cruise missile, then the combat
performance of RPVs indicated some of the potential of low-flying, unmanned
vehicles in combat. Concurrently, new requirements evolved, producing a feasible
and visible, but not, as we shall see, viable program.

SCAD,* SCAM, SCUD

In the 1960s, the major powers showed little interest in the cruise missile. Rather,
these nations rapidly added ballistic missiles to their inventories; and these weapons
dominated strategic thinking. Meanwhile, cruise missiles served as weapons on
both American and Soviet bombers, and as decoys on American bombers. In the
early 1960s, USAF believed that successtul bomber operations entailed the use of
low-level tactics, ECM (Elecironic Countermeasures), defense suppression, and
decoys. Toward the end of the decade, the Air Force sought a replacement for the
Quail, which a 1967 Strategic Air Command (SAC) study considered obsolete
because it had limited range at low altitudes and because of its size could be carried
only in limited numbers. Improvements in Soviet radar, the impending Soviet
deployment of AWACS and advanced interceptors, the cancellation of the B-70,
the Vietnam experience, and the appearance of new technology were also factors in
the Air Force push for a new decoy.'? In 1966 and 1967, Air Force contractors (The
Institute for Defense Analysis and RAND) and the Defense Science Board Task
Force studied the situation and suggested possible successors to the Quail. Two
concepts put forth were a more advanced decoy (SCUD) and an armed version
(SCAM).'¢
" *Subsoni Cruise Armed Decoy.
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RAND suggested a lower speed, longer-range missile that could be used in the
B-52’s rotary SRAM (Short Range Attack Missile) launcher. The basic concept
was no longer to evade, confuse, and dilute enemy defenses, but to overwhelm the
defense with great numbers of SCAMs which would ‘‘MIRV the bomber.”’ The
Defense Science Board Task Force report recommended a missile (dubbed
MILAM, for Multiple Independently Aimed Low Altitude Missile) with an
effective range of 2,000 nm. Also in 1967, a report by the West Coast Study
Facility foresaw the possibility of a decoy with the same volume as the Quail flying
ten times as far, It recommended & supersonic missile (ASALM, Advanced
Supersonic Air-Launched Missile), the same size as the Quail, as an air-to-air
missile, but conceded that a subsonic decoy missile would be a much lower risk.!®
The Air Force wanted a longer-range decoy missile, but considered arming some of
the new missiles, apparently between one-tenth and one-third, to enhance their
credibility.? The air arm has identified with the bomber for the majority of its
history, from the B-17 through the B-29, B-36, B-47, and B-52 up to today’s B-1B
and tomorrow’s stealth bomber. In SAC, many believe that future wars will be
fought and won by men flying bombers into the enemy’s airspace and destroying the
enemy’s homeland. In the minds of cruise missile advocates, this viewpoint has had
a negative and important influence on USAF’s treatment of the cruise missile. In the
minds of cruise missile critics, however, such a position is unfounded.? In faimess
to the Air Force flyers, it should be noted that naval aviators were also leery of
cruise missiles, which they feared threatened carrier aviation, prompting Admiral
Zumwalt to suspect the opposition of an *‘aviator’s union’> when he was Chief of
Naval Operations.?

Nevertheless, General Glenn Kent, Commander of Air Force Systems Command
(AFSC). initially proposed putting a warhead and a 20-pound ECM package on a
missile called SCAD, but later suggested two missile programs, one armed and the
other not. The issue of arming or not arming the new missile remained unresolved
for the next number of years, and proved critical to the SCAD’s ultimate fate.?

On 12 January 1968, Headquarters Air Force issued a Requirements Action
Directive to Air Force Systems Command for a subsonic, armed cruise missile,
superseding a document issued only three weeks earlier that called for a pure decoy.
Strategic Air Command issued a Required Operational Capability (SAC ROC 68-1)
for an improved unarmed decoy on 19 January .2

As a consequence, the Air Force initiated in-house studies of SCAD and
contractor studies of SCAM. The contractor studies (awarded to Beech, Bocing,
and Lockheed) concluded that the SCAM was technically feasibie, requiring no
techaological breakthroughs. In addition, these studies found that SCAM could not
only be made compatible with the SRAM launcher, but that it would provide
increased flexibility to the bomber force in three roles: decoy, amed decoy, or
attack missile. These studies identified propulsion, guidance. and possibly the ECM
decoy payload, as critical areas in any such missile program. They recommended
inertial navigation with TERCOM as the guidance system. Finally, the three
coatractors noted that for ranges of 1,500 to 2,000 um, the missile would probably
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be restricted to external carriage. USAF could not resolve ihe basic question,
however, *‘Should the missile be a SCAD, SCAM, or SCUD?"’ Nevertheless, the
Air Force established a SCAD (not SCAM or SCUD) project office headed by
Lieutenant Colonel Robert B. Shaw in October 1968.%

The Air Force also debated the question internally. SAC pushed for short-range
decoy missiles, while AFSC advocated a iong-range armed missile. In early 1969,
Secretary of the Air Force Robert C. Seamans, Jr., set out the official USAF
position in testimony before the Senate Armed Services Committee. He supported
the SCAD primarily as a decoy, with an arming option, although personally the
Secretary was not enthusiastic about the cruise missile. The battle lines werc drawn
between the Aif Force and the Office of the Secretary of Defense (OSD) at these
hearings as Dr. John S. Foster (Director of Defense Research and Engineering)
pushed for an armed SCAD. In short, SAC wanted the cruise missile to assist the
bomber’s penetration while OSD saw the missile as a standoff weapon, reducing if
not eliminating the need for penetration. OSD cut the Air Force fiscal 1970 SCAD
budget from the $30 million requested to $17.1 million.?

The government contracted for two additional sets of studies. Completed in
1969, the studies by Beech, Boeing, and Lockheed confirmed the findings of their
1968 studies that a SCAD was technologically practical, while those by Raytheon
and Philco-Ford concluded that a credible decoy was possible. In response to an Air
Force request on how an austere decoy could be built, Beech, Boeing, and
Lockheed proposed a new airframe, McDonnell proposed a modification of the
Quail, while Northrop, North American, and Ryan proposed a modification of their
drones.?

Meanwhile, in September 1969, SAC affirmed its pesition in SAC ROC 20-69
that it wanted a decoy. But the missile had already outgrown the low cost decoy
with which SAC had begun. Probably because of the pressures of SAC, Congress,
and OSD, the Chief of Staff of the Air Force divided the program into two distinct
patts; a low-cost, low-risk decoy for the B-52, with an early service date and
warhead option; and a modular missile that could be either decoy, armed decoy, or
attack missile for the B-1. In December, the Air Force established a Special Projects
Office.*

1970s

In June 1970, General Ryan approved the austere, modular, low-cost SCAD,
primarily as a decoy for intemal casriage for the B-52 (with a later arming option).
This was the weapon that SAC wanted, although OSD continued to see three
options: pure decoy, armed decoy, and attack missile. In July 1970 the Deputy
Secretury of Defense, David Packard, approved the USAF concept—an unazmed
decoy.
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Congress, however, evidenced less enthusiasm for the program, cutting fiscal
year 1970 funds from $17.1 million to $9.1 million, and cutting out all fiscal year
1971 funds. The congressmen also picked up on the standoff concept; Senator
Thomas Mclntyre of the Committee on Armed Services repeatedly raised this point,
At a hearing in March 1971, Mclntyre suggested improving the accuracy of the
SCAD, arming it, and using it as a standoff weapon, thereby possibly eliminating
the B-1.

USAF responded unfavorably to the committee recommendations. First, the
airmen emphasized the failings of the cruise missile. They argued that the cruise
missile was inaccurate, could carry only a small warhead, and could be stopped by
terminal defenses, a SAM barrier (a line of surface-to-air missiles), or AWACS.
Second, the airmen advocated the advantages of a mixed (cruise missile and
manned penetrator) force. The mixed force would cost Soviet defenders more than
would a defense against either a standoff or penetrating foree. The Air Force
insisted that penetration was better than standoff tactics and that man must be kept
in the loop. Meanwhile, OSD cut the fiscal 1972 request for SCAD from USAF’s
original $45 million to $10 million.*

Some advocates of the cruise missile suspected that the Air Force was dragging
its feet on the guidance system. For decoy puiposes, simple guidance would be
adequate, which is exactly what USAF wanted. OSD pushed for more precise
guidance, as did Congress. The Senate Ccramittee on Armed Services advocated
that USAF give the highest priority to increased accuracy and a dual role for the
missile. Despite these prods, the Air Force spent little on guidance as compared to
much more spent on decoy equipment. !

Adding to the impression that USAF was igroring the weapon’s potentia!
(perhaps in this case unfairly) was that service’s insistence that the SCAD fit the
B-52's rotary SRAM launcher. This insistence would have far-reaching
consequences because the dimensions of the B-52 SRAM rotary launcher
constrained the design of the SCAD and, as we shall see, its descendant, the ALCM
(Air-Launched Cruise Missile). The rotary SRAM launcher not only determined the
size (length and diameter) of the SCAD but also fostered its triangular or trapezoidal
cross section (for greater volume in the pie-shaped compartment of the launcher)
and the initial **duck bill"’ nose shape on the Boeing SCAD (to clear the launcher's
rotary mechanism),

Substantial arguments existed for continued use of the rotary launcher. (1) The
B-1's planned offensive armament consisted of three SRAM launchers; changing it
would upset the entire design.® (2) The penctrating bosubers needed SRAMs (for
defense suppression), which could best be camried in the rotary launcher. (3)
Interchangeable SCADs and SRAMs gave SAC planners maximum flexibility. (4)
Both the SRAM and SCAD require a launcher, Neither can be just dropped from the
bomber; both must be ejected within certain jimitations of velocity and attitude,
otherwise they will not function properly. (5) Costs preclude a new launcher. (6)
SAC had a considerable investment in its inventory of both SRAMs and SRAM
launchers.
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Therefore, in July 1971, the SCAD Project Office released letters to potential
contractors, but it was not until February 1972 that Dr. Foster approved release of
the RFP (Request For Proposal) for the various components (airframe, engine,
decoy, and navigation-guidance) to 64 companies. Congressional insistence (also
recommended by the comptroller general) on competitive prototypes, *‘fly-before-
you-buy,” presented one complication.”® The Air Force argued that such action
would increase the missile’s costs and the time to initial service, and that much had
already been accomplished. The airmen’s view essentially prevailed, but there
would be parallel development of two engines.

In May 1972, USAF gave Teledyne and Williams a total of $7.4 million in
contracts for engine development; and in June, awarded Boeing a $43.4 million
contract for engineering the interface between the SCAD and the B-52. In July, the
government announced the other contracts: $66.6 million to Boeing for the
airframe, $5.2 million to Litton for navigation-guidance, and $14.2 million to
Philco-Ford for a decoy package. The next month, the Deputy Secretary of Defense
approved full-scale development engineering of the SCAD, 3

But basic problems did not go away magically with the award of contracts. Air
Force Magazine wrote in 1972 that USAF leaders *‘categorically deny’’ the claim
of foot-dragging on the project.®® The article went on to quote these leaders
(partially from congressional testimony) that it ‘‘makes no sense to substitute a
small, subsonic, relatively inaccurate missile for the ballistic missile’’ and that
SCAD was too small to be a standoff missile.’” Conveniently, the article failed to
mention that USAF was responsible for the SCAD being small and inaccurate. The
article ended: ‘‘The Air Force is determined to make SCAD meet these [decoy]
goals, but SCAD is not, and never was meant to be, a new strategic weapons
family.’"*® In short, USAF meant it only to be an adjunct to the bomber, not a
replacement. .

Senator Proxmire, in Juae 1971, was the first publicly to make the charge of Air
Force obstruction to protect the B-1. Cancellation of a number of DSARC (Defense
Systems Acquisition Review Council) meetings and the feeble effort to extend
SCAD range did not help the USAF case. (The Air Force insisted that it did not
need extended range for a decoy—that extended range was needed only for the
armed version.) The engineers took two approaches to extend the missile’s range:
lengthening the missile’s fuselage, and adding a belly tank. But as neither of these
missiles would fit the SRAM launcher, both had to be varried externally. The Air
Force opted for the less aesthetic belly tank asrangement, which they claimed
offered longer range than the extended fuselage version, because six could be
carried externally on pylons versus only three of tiie extended fuselage types and
because the SRAM launcher could still be used with the standard missiles.’® The
specifics of SCAD range are still shrouded by classification but we know that the
belly tank SCAD would degrade bomber performance more than the extended
fuselage version, and today’s pylons carry six extended-range missiles each.

Even more damaging to the Air Force position were two studics released in early
1973. A Goverument Accounting Oftice study criticized the SCAD program for a
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number of reasons, but its most telling point deait with schedule slippages. It noted
that the SCAD would not be operational until two years after the threat it was
designed to counter. Even more damning and embarrassing was an Air Force study.
After requests from the Director of Defense Research aad Engineering (DDRE) on
12 January, Headquarters Air Force ordered an examination of both bomber tactics
and the role of SCAD in the 1980s. A little over one month later, USAF briefed the
study, Saber Penetrator V. It concluded that while SCAD was vital to the B-52,
increasing the Boeing bomber’s probability of penetration by SO percent, SCAD
was not vital to the B-1, whose probability of penetration increased only one

percent. . o
It soon became evident that the Air Force had been less than candid with

Congress concerning the SCAD and the aircraft that would employ it. Since 1971,
Air Force spokesmen had insisted that the missile would be used to aid both the
B-52 and the B-1, and that the missiles carried on the two bombers differed only in
their electronic decoy package. Later testimony indicated that in fact the two
versions would also have different airframes. In May 1973, an Air Force General
admitted to a Senate Committee that: ‘‘SCAD would exactly be the wrong shape,
size, and [too] sharp comered . . . to provide a standoff vehicle.”’#

At a DSARC meeting on 13 April 1973, Dr. Foster found the Air Force plan
unsatisfactory because it did not call for simultaneous fielding of the decoy and the
armed, extended-range versions of SCAD. In addition, the DSARC participants
were not convinced of the absolute value and urgency of a B-52 SCAD. Foster
requested that USAF return within two weeks with additional rationale for the
device and a plan for simultaneous IOCs (Initial Operational Capability). The Air
Force insisted that it wanted a minimum cost decoy and did not comply. The
inevitable came in short order. On 20 June, Foster directed USAF to submit a plan
for simultaneous IOCs for the armed and unarmed versions. The resuiting plan of
28 June left Deputy Secretary of Defense Packard unimpressed, as he ordered
cancellation of full-scale engineering development of the SCAD on 30 June. The
cancellation orders went out in July. Thus the Air Force did not get its decoy missile
replacement.

A number of factors killed the SCAD project. First, costs appeared to exceed
benefits. Development costs skyrocketed, more than doubling in six months, from
$285 million to $700 million. Procurement costs of $604.7 million must be added,
pushing total costs to $1.3 billion.* Second, the failure of the Soviets to deploy
AWACS and lock-down/shoot-down fighters (the antidote to low-flying aircraft) as
rapidly as feared represented another factor in SCAD's demise because the existing
defensive threat did not justify SCAD. Other factors involved late availability,
marginal capacity to penetrate, and ineffective ECM.

Air Force reluctance to support the armed version of the missile, however, was
probably the key. The airmen simply did not want SCAD; at the very best, they
appeared to be lukewarm. Insistence on the decoy version, simple guidance, and
restrictions on SCAD's dimensions, and hence range, indicated the Air Force's
position. This position ran directly counter to that of both OSD and Congress. A

cougressional report sharply concluded:
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The Air Force has proceeded with this program solely as a decoy, not withstanding the
direction of the Congress. It is generally recognized that the Air Force has resisted pursuing
SCAD with an armed warhead because of its possible use as a standoff launch missile. This
application could jeopardize the B-1 program because it would not be necessary to have bomber
penetration if a standoff missile were available as a cheaper and more viable alternative. >

The final question concerned mission: Why build SCAD to help the soon-to-be
retired B-52, a device not needed by its successor, the B-174

SCAD was finished. But the decisionmakers continued de¢velopment of its
technology to keep the SCAD ovption open if the Soviet threat materialized.
Congress directed that the two similar cruise missile programs, Air Force and Navy,
be merged.®

Harpoon

The US Navy never put a high priority on the cruise missile either. One reason
was that naval aviators had dominated the sea service since their glory days in
World War II. They championed their weapon, and saw little need for cruise
missiles. In conirast, the Soviets compensated for their lack of carrier aviation by
developing a large family of cruise missiles. Another factor accounting for this
imbalance was the difference in the size of the two fleets; the Soviets had many
more ship targets than did the US Navy. Although the American Navy knew of
Russian cruise missiles and the potential and feasibility of cruise missiles, it was not
until the sinking of the Isracli destroyer Elath in October 1967 by Soviet Styx
antiship missiles that the US Navy moved purposefully into this area.

Fortunateiy for the Navy, McDonnell-Douglas had already initiated antiship
missile studies in 1965 so that the company was ready in late 1967 for a Navy study
contract for ship- and air-launched antiship missiles. The Navy wanted a 40-nm-
range missile to carry a 250-pound conventional warhead that could use existing
naval missile (Talos, Tartar, and Terrier) magazines, hoists, and launchers.

To meet this objective, the US Navy established the Harpoon program in 1969. In
November 1970, DSARC approved the development of two versions of the missile,
AGM-84A air-launched and RGM-84A-1 ship-launched. In June 1971,
McDopnell-Douglas won the airframe contract and the next year #eledyne beat out
Garrett for the turbojet contract.* In January 1972, the Navy added submarines to
the two other launch platforms.

Powered tests began in July 1972, the first flight occurring in December of that
year.** The basic missile can camry a 500-pound warhead 60 am. In June 1974, the
DSARC authorized pilot production of 150 missiles and in July 1975 the Harpoon
reccived production go-zhoad. Two years Liter, the Navy approved a deployment
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decision. McDonnell-Douglas delivered the 1,000th missile in late 1979, and by
early 1980 had a further 1,735 on order.*’ The Harpoon’s importance to this study is
that it provided the basis for bigger and better things. But the transition between
Harpoon and follow-on cruise missiles went through a number of confusing naval
programs in the early 1970s.

STAWS and SCM to SLCM

The concept of an underwater-launched cruise missile did not receive serious
consideration until 1970, when a study by the Center for Naval Analysis concluded
thut such a missile was indeed feasible. The Systems and Analyses Section within
OSD initiated discussions of fitting cruise missiles into ten old Polaris boats with
three missiles in each ballistic missile tube. Meanwhile, the CNO (Chief of Naval
Operations) established a panel with an unwieldy title, Submarine-Launched Anti-
Surface Ship Interim Missile Ad Hoc Panel, which recommended an encapsulated
Harpoon* as the quickest way to achieve a submarine-launched cruise missile
capability. In April 1971, Nava! Air Systems Command took a differens tack when
it proposed a rew class of nuclear-powered submarines armed with 20 vertical tubes
to launch 30-inch diameter, 300- to 500-mile-raage cruise missiles, a concept
referred to as the Submarine Tactical Antiship Weapons System (STAWS).%

Thus, by late 1971, the Navy had two paralle! cruise missile programs going: the
encapsulated Harpoon short-range missile, and STAWS, sometimes known as
ACM (Advanced Cruise Missile), a somewhat longer-range missile. At this point,
intraservice politics entered in the person of the hard-driving maverick, Admiral
Hyman Rickever, who saw the latter concept as a way to advance nuclear-powered
submarines. In 1971 ard 1972 he repeatedly told the congressmen of the system's
great value, testifying that it was the “‘single most important tactical development
effort the Navy must undertake.’'! In essence, Admiral Rickover, never popular
with the Navy brass, proposed to siphon off Navy money for nuclear submarines.
The negative reaction to Rickover’s initiative is evident in the Navy's fiscal year
1973 budget request: only $4 million for ACM/STAWS but $16 million for the
encapsulated Harpoon.

The Navy's revived strategic cruise missile program really begins in January
1972 with a memo from the Secretary of Defensc to the DDRE to start a Strategic
Cruise Missile (SCM) with Fiscal Year 1972 supplemental funds. The CNO ondered
that priority be given the encapsulated Harpoon. &

It was an outside event. however, that pushed the strategic cruise missile program
foicefully forward. The May 1972 signing of the SALT (Strategic Arms Limitations
Treaty) agresment (sce below), instead of limiting the cruise missile, nurtured it.
For within a few wezks of the signing, in a move that seemed to coatradict the spisit

*The sissile is coabied i nttad capme St gonxction ed oaie of Wading. The Coing sequeice s dictdod i Hipu 7.
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START CRULSE ENGINE
BOOSTER JETTISON
CLOSE WING DOCRS

DEPLOY WINGS

DEPLOY INLETAND —_
OPEN WING DOCSS

FIN CONTROL ACTIVAT!

FIN ERECTION
SHROUD SEPARATION
KILET COVER JETTISON
WING PLUG JETTISON

Figure 7. Submarine launch sequence. The SLCM launch procedure requires approximaiely 20 minutes
to align the missile’s guidance, and check out the missile's system. Then the submar.xc’s torpedo tube is
flooded, the intemal missile’s pressure cqualized with the tube, and the outsic tospedo tube door
opencd. When fired, » hydraulic device propels the missile inside the capsule and the torpedo tube. (The
capsule is later ejected.) Thirty feet from the submarine, a lanyard ignites the bocster waich pushes the
missile toward the surface, guided by four jet vanes around the booster’s no2zle. The Tomahawk emerges
from the water with an escape velocity of about 75 fps. Once clear of the water, covess from the wing
slots and the booster-missile junction fly off, permitting springs to Jeploy and lock the four cruciform
configured (+ shaped) (il fins into position. These fins roll the missile 180 degrees. When the booster
bums out after 32 seconds, it is jettisoned and the wings deploy. At this point the missile is 1,100 to
1,300 feet over the water and above flying speed. Meanwhile, the air intake beneath the fuselage extends,
and a gas castridge fires to stant the turbofan engine which powers the missils in the cruise phase.

and promise of the newly concluded treaty, Secretary of Defense Melvin Laird
requested an additional $1.3 billion from Congross for strategic weapons, He
reasoned that the United States needed the increase in defense spending as both a
hedge against a breakdown of detente and as a bargaining chip for future discussions
with the Soviets. (Some insist that Laird used the niove to win the suppost, or at
least acceptance, of both the Joint Chiefs of Staff (SCS) and conservative paliticians
for SALT in the critica) senate ratification hearings.) The request provided
primarily for the bomber (B-1) and Trident SLBM (Submarine-Launched Bailistic
Missile) progiams, but included $20 million for SCM. Apparently Laird had not
interded to push the cruise wmissile, but the Navy coavinced him that the United
Siates could get both strategic and tactical weapoas at a relatively low cost.™
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SALT I introduced another twist into the cruise missile’s story due to the agreed
limits on SLBMs. The overall ceiling on nuclear weapons meant that as the newer
Poseidon-armed nuclear submarines became operational the older Polaris-armed
boats would have to be retired. But the Americans saw an opportunity in this
situation, for the treaty did not mention cruise missiles. (The Soviets would not
seriously discuss them, as only they had the weapon.) Therefore, putting cruise
missiles aboard these older subs had considerable appeal by keeping these boats
operational, increasing the number of strategic weapons, and, incidentaily, closing
out Admiral Rickover’s bid for a new submarine. In addition, administration
officials noted that the Russians had cruise missiles aboard their submarines,
neglecting to mention that these missiles were large, short-range weapons, vintage
early 1950 tecknology, mostly on diesel-powered boats. Finally, the proponents
asserted that the new weapon, called yet another name, SLCM (Sea-Launched
Cruise Missile)* by Laird, would stress Soviet air defenses.>

But up to this point, SLCM was just a vague idea; the Navy did not know
precisely what it wanted. They considered four launch options: vertical from
converted SSBNs (nuclear-powered ballistic submarines), horizontal from SSNs
(nuclear-powered attack submarines), horizontal from SSBNs, and vertical from a
new SSN. Laird and OSD liked the first option, the CNO the second, and Adtrizal
Rickover and his submariuers the fourth.

The missiles for these platforms were as varied as the options and their
advocates.® In mid-1972, the Navy considered five different cruise missiles, at
least three vertically launched, ranging in diametcr from 19 inches to 36 inches, and
in weight from 1,850 pounds to 8,350 pounds, and two 19-inch diameter
encapsulated missiles. The variety of missiles expanded by January 1973. By then,
the Navy considered five SCM contractor proposals, each designed to fit three
missiles in a Poscidon tube.® In addition, therg wese five coatractor proposals for
cacapsulated vertical-launched missiles.

During 1972 the choices narrowed as the Navy dropped STAWS, merged the
strategic and tactical cruise wassile programs, and scuttled the proposed new ciuise
missile submarine. In November, the Navy pejected the four options under
consideration in favor of a new option, a SLCM launched from a torpedo tube. This
vide of operation, however, restricted the missile to the 2i-inch diameter and
246-inch length of the torpedo tube, and the 4,200-pound weight o: the handling
eguipment. This new missile would bave both strategic and tactical versions,
sithough the Navy emphasizot the former. The Navy insisted that thess two
versions would be about 85 percent comvmon. The proposed missile ensured
wazisaum versatility of iaunchars by retaining submarines as a platform. In fact the
new missile would not be tied to a particulay lrench platfora, but would be suitable
for air, surface, and subsurface lauach it would employ existing techmology:
boosters Grome the SUBROC progtam (@ sulinarine-lavached antisubmaios
veapon) and sagines from SCAD, fot cxample. Thercioce the Navy assesssd the
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program as a medium risk. After soliciting 12 companies, the Navy awarded design
contracts to five in December 1972,

The Navy and Air Force programs, already linked in some minds, officially
converged in the summer of 1973. The Department of Defense (DOD) was in the
process of cancelling SCAD when SALT intervened again. On 11 June 1973,
Kissinger wrote Clements of the utiliiy of the strategic cruise missile as a bargaining
chip in the SALT negotiations. He repeated this view a week after SCAD’s
_ cancellation on 13 July. Secretary Clements :esponded to the Secretary of State
-f; that there were two cruise missile programs, one Navy and one Air Force. So there |
' were. As we shall see shortly, the USAF Program received new life and a new l
name on 20 July when it was reconstituted as ALCM. A memorandum from the |
D.puty Secretary of Defense on 14 August 1973 set out in general terms the two )
separate programs. The Navy would conduct competitive flights in 1973 to §
demonstrate underwater, air, and surface launches. While DOD emphasized the }
strategic missile, it also wanted to demonstrate the tactical missile.” ;
{
|
i
4

DOD ordered the Air Ferce and the Navy to cooperate with each other in
. developing the key components of cruise missile technology; Air Force shared its
turbofan engine and high energy fuel, Navy shared its TERCOM guidance system.
DOD put this rather loose arrangement into a formal program decision paper on 19 ;
December 1973, and DSARC approved it in February 1974, ‘

Secretary Clements stressed missile commonality and interservice cooperation. !
He believed deploymenrt would be postible for the ALCM in late 1978, and for the §
SLCM in 1980.%°

-—sr

The Navy Effort: General Dynamics Wins the SLCM Contract

In December 1973, the Deputy Secretary of Defense ordered the Navy to conduct
2 {lyoff to choose its SLCM contractor. The next month, Naval Air Systemns
Command seiected Convair (General Dynamics) and Chance Vought (LTV) as the
two finalists. These two companies proposad quite different designs to meet the
Navy’s goals, wiiich included a 1,300- to 1,400-nm range.*

The Vought missile’s stainless steel fuselage measured 214 inches in length (plus
_ 32 inches for the booster). The missile carried two unusual features: a three-piece
e curved wraparound tail that extended in flight, and a one-piece fiberglass wing
which spaaned 126 inches. From its stowed position atop the fuselage, the wing
pivoted 90 degrees around its center through narrow slots to tiie extended posiion,
Panels ther closed over the slots (a modification to the onginal {lyoff covers),
permitting both surface and air laurching. A Teledyne CAE 471-11DX turbofan
engine powered the Vought missile.5?

Convair took a different approach to the problem. A 1%-inch steel capsule,
weighing sbout 1,000 pcrnds, enclosed the missile until it fired from the torpedo
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tube. (See figure 7.) The missile’s welded aluminum fuselage measured 18 feet in
length, its wings 8Y2 feet in span. Like the Vought missile’s wings, the wings of the
Convair entry were also unconventional; they were stored scissor-like, that is, one
above the other, which means that, deployed, one wing is higher than the other. A
Williams F-107-WR-100 turbofan engine powers the General Dynamics {(GD)
missile.53

The flycff* . smpetition required each contractor to qualify its missile with one
successful transition from . ;rwater launch to inflight glide on two launches. GD
achieved success on both 3 and 15 February 1976. Vought did not do as well. On
the Vought missile’s first test, the hydraulically actuated torpedo tube failed, a
failure correctly charged to the Navy. On the second attempt on 24 February, the
missile broached the surface but the wing did not deploy. The Navy scheduled
another test for 24 March, but on 8 March cancelled the program. Vought’s cost
overruns and test failure, as well as GD’s successes, were factors in the Navy’s
decision. After rejecting a Vought proposal to finance a second test, on 17 March
the Navy awarded the missile contract to Genera! Dynamics. Two months later, the
Navy named Williams as the winner of the engine contract.®

Between 1973 and 1977, the Air Force and Navy cruise missile programs
continued to converge. A memorandumn from DDRE in January 1975 ordered the
two programs restructured so that they would share common milestones as
mandated in December 1973. The services complied and presented their revised
program to a DSARC 1A review on 18 March 1975, a program approved by the
Deputy Secretary of Defense in May. The DDRE memo instructed the Navy to
select a guidance contractor by Getober 1975, and scheduled the first ALCM flight
in February 1976, the first SLCM flight in May, and fully guided flights in
September and October, respectively. The memo urged maximum commonality for
the ALCM and SLCM with the goal of a common warhead, navigation-guidance
system, and powerplant. By April 1976, the Air Force would help the Navy begin
work to launch an SLCM from a B-52.%

The Navy selected the guidance contractor in October 1975. E Sysicmas, the
originator of TERCOM, designed a new system for the competition while its rival,
McDonnell-Douglas, used off-the-shelf components. The Navy aimed for an
avesage accuracy of .1 nm for its strategic missile. In the flyoff competition flown
in an Air Force C-141 over a 1,500-am course, McDennell-Douglas recorded five
successful flights, E Systems none. Therefore, the choice was not difficult. The
Navy awarded McDonneil-Douglas a $12.8 million SLCM guidance contract and a
$1.4 million ALCM contract.% :

In February 1976, the Navy began its siudy of air launching an SLCN. from &
B-52 and established a January 1980 10C for ALCM. But in August 1976, this date
slipped to July 1981, The Navy sot July 1980 IOCs for the conventional land attack
and antiship Tomahawk, January 1981 for a surface-launched conventional variant,
and July 1981 for a land-launched nuclear missile.¥

%&mu&‘ymwwum 1913, the ONO apgroved e anme Tomabiek for tho SLOM.
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L 4 ALCM

On 19 December 1973, Secretary Clements established the ALCM program from
the SCAD program: *‘The ALCM will make maximuni utilization of the terminated
SCAD engineering devélopment program for a vehicle design and small turbofan
engine development.’’® USAF went ahead with the existing weapon rather than
start over again with just the SCAD technology. After DSARC endorsed this move
in a February 1974 meeting, a change order went out to Boeing and Williams,
caricelling the stop order of the previous summer.®
But it was not long until some questioned the necessity of two cruise missile
programs. In 1974, DDRE (Malcolm Currie) favored the SLCM over the ALCM to
the extent of standardizing on the Tomahawk, even though the naval missile was
_ thought to be two yedrs behind the Air Force one. An important factor against the
. ALCM was the Air Force’s lack of enthusiasm for it. USAF clearly maintained its
" position that the ALCM was useful to assist the bombe: (B-52) but, in the words of
the Chief of Staff, the ALCM ranked in importance behind the new Air Force
bomber (B-1) and the new Air Force ICBM (MX).™ The Air Force attitude toward ;
ALCM changed, however, as the naval criiise missile program began to pick up :
technical momentum and, even nbre important, political momentum.
Congress also entered the fray. In late 1975, the House of Representatives
deleted all money from the ALCM program while retaining financing for the SLCM »
program. Congress was awdre of the Tomahawk’s progress as well as the Air |
Force’s reluctance to support the ALCM program. Congress, however,
| overestimated the similarity between the two missiles and considered the two
seemingly parallel programs unnecessary. In early 1977, the estimated saving by
using the Toiahawk as both ALCM and SLCM was thought to be about $3G0
million. While the Senate restored the ALCM funding, the trend was clear. USAF
reluctantly and, slmost, belatedly hurried to *‘get on board”’ to avoid getting *‘a
torpedo rammed up its bomb bay.**" For a very real and growing possibility existed
that if the A'r Force did not produce a suitable cruise missile, DOD and Congress
would see that the Navy did. (This is an excellent example of how civilian leaders
expleit interservice rivalry.) Little worder then that the ALCM program took a
different turn in the mid to late 1970s. As a SAC internal document put it in early
1976, “‘SAC’s position . . . has mellowed, because of the political atmosphere, and
is [now) in line with higter echelon thinking. '™
The case of adapting the Boeing SCAD simplified that weapon's transformation
into ALCM The two missiles looked the same, differing only in payload (nuclear
wainead substituting for the ECM package), removal of 21 antennas, and wing
construction (mctal replacing fiber-glass). It is most important to remember that
Boeing designed ALCM to fit the B-52's SRAM launcher, just as GD designed its
SLCM to fit a submarine torpedo tube. These factors constrained both missiles’
lenpth and shape, thus their performance.™
The Boeing AGM-86A had a wapezoidal cross section, elevoa controls, and duck
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| |
The launch of the Bosing AGM-86A on its first powered flight on 5 March 1976. Dropped from ;
: the weapon’s bay at 10,000 feet, it flew 10 minutes and reached Mach .65. (USAF) ]
2 %
: !
o |
AR LAUH. Lo CRUISE
. MISSWE
E FLIGHT TEST WISSILE NO.
1
3t

N v R e 1 e o

. This view of the AGM-86A revaals the inlet above the fuselage and the “duck bill" nose.
o (Bosing)
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AGM-86A being uploaded into SRAM Rotary Launcher alongside SRAMs. Note the cruise
missile's size, nose, and folded taii fins. (Boeing)

One way to extend the range of the AGM-86 was 10 attach a belly tank. No such missile was
built; shown hare is a 3/4 scale modal. (USAF) W
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EVOLUTION OF THE CRUISE MISSILE

A second way to extend the range was to extend the body of the missile. The difterence in size
can be seen in this picture of mockups of the AGM-868B (left) and the AGM-86A (right). Also
note the small swept back wings and regative dihedral tail. (8oeing)

AGM-868 (FTM-2) being launched from the This 6 Sepiember 1979 flight was the AGM.
taft pylon of a B-52 on 6 Saptember 1979 asa'sseoc;ndpoumedﬁigght (Bosing) -
duting the flyolt compatition. (Boeing)
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FTM-10 over Utah. After this first low altitude
FTM-2 flew 249 minutes and was  launch from the SRAM rotary launcher on
successtully recovered, even ifinthis rather 29 November 1979, the Bosing missile flew:
undignified position. (Bosing) 265 minutes. (Boeing)

Four key individuals involved in the ALCM program at the roill.gut of the first AGM-868 on 20
March 1679. From ight to right are: LTC Gene P. Burbey. Oftensive Avienics Progrem Manager,
Mr. Ray Utterstrom, Boeing Program Managert, Rear Admiral Waller Locke, Director of the Joint
Lrusa Missies Moot Dliice, and Colonel Alan Chase, ALCM Program Managet. (Boging)
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EVOQLUTION OF THE CRUISE MISSILE

There were of course others invoived in the developmant of the cruise missile. Shown taking

the oath of office from Secretary of Defense Robert McNamara (right) on 1 Ociober 1965 are

(left to right) Norman S. Paul, Undersecretary of the Air Force, Thomas D. Morris, Assistant

Secretary of Defense (Manpower), Dr. John S. Foster, Jr. Director, Defense Research and

Engineering, and Dr. Harold Brown, Sacretary of the Air Force (and later Secretary of
l Defensa). The last two were directly involved with the cruise missile. (USAF)

bill nose. (See figure 8.) The wings were stored switch blade fashion and, when
extended, were swept back 35 degrees, spanning 115 inches. The subsonic (Mach
.65 to .85) missile could fly 650 nm. The Air Force conducted the first jettison test
from a SRAM launcher in June 1975. Flight tcsting began in March 1976.%

The Boeing AGM-86A flew its first powcred flight on 5 March 1976. AGM-86A
flew successfully on its next two attempts, and on 9 September successfully
completed its first fully guided flight. The missile negotiated four TERCOM map
se1s, demonstrating its terrain avoidance ability by flying at 180 fect above ground
level and as low as 30 feet above the ground during its 31-minute flight. But due to
an ervor in filling the fuel tank, the missile ran out of gas and crashed one mile short
of its target. That may have been an il omen for the next two tests. On test number
five, 14 October, the gyros tumbied after ight minutes of flight, resulting in a
crash. The last test of the series, on 30 Movember, also failed—this time because
the engine refused to run, flaming out three titmes. But the missile, released at 7,060
feet, glided for 75 seconds, climbed 1,000 feet to clear a mountain, and landed 10
miles from its release peint. Because Boeing did not fit the missiles with recovery
cquipmeat, only missile number seven remained. ™
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Another kay individual was William P. Clements, Jr. than Deputy Secretary of Defense, later
Governor of Texas. (USAF)
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Meanwhile, the Tomahawk program caught and passed the Boeing ALCM. The
GD missile’s first flight on 28 March took place only three weeks after Boeing’s
first free flight. But the Navy conducted its first fully guided test (lasting 61
minutes) in Jure, three months ahead of USAF. In 1976, the Navy flew 16 flights,
amassing about 13 hours of flying time compared with the Air Force's six flights
and 1% hours of flying time.

Two aspects help explain the Tomahawk’s surge. First, the GD missile had fewer
failures, apparently only one. Second, the Temahawk was reusable. Fitted with a
parachute and flotation gear, 80 percent of these first GD birds were recovered and
reused.” Hence, the Air Force and Boeing saw what many had thought in 1974 was
a two-year developmental lead disappear during 1976 as the Tomahawk swept on
by.
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1977 TO THE PRESENT

The movement toward a redefinition of the cruise missile program grew as the
weapon developed, its visibility increased, and political pressures inside and
outside the services built. The Air Force continued to insist that they needed only a
short range ALCM (Air-Launched Cruise Missile), a position strongly criticized by
Deputy Secretary of Defense William P. Clements. Following a meeting on 21
December 1976, Secretary of Defense Donald Rumsfeld asked E. C. Aldridge,
Director of Department of Defense Planning and Evaluation, and Malcolm Currie,
Director of Defense Research and Engineering (DDRE), to write a plan for the
future of the cruise missile. The Secretary of Defense expressed special interest in a
ground-launched version of the cruise missile.!

The culmination of these discussions came in the Defense Systems Acquisition
Review Council (DSARC) meeting of 6 January 1977, probably the most important
decision point in the evolution of the weapon. Before laying out the corclusions of
that critical meeting, two factors that played major roles in the outcome require
emphasis. First, the US Government showed a marked reluctance to cancel any
military program on the ecve of the SALT (Strategic Arms Limitations Treaty)
negotiations. (See below.) Second, in the wake of Jimmy Carter's defeat of
President Gerald Ford in November 1976, many velieved that any basic decision
should be postponed so tuat the incoining President would have maximum latirude.
These factors gave the Boeing ALCM a respite, as some within the Department of
Defense (DOD) wanted to use the General Dyramic: Tomahawk in botk: the air-
launched and sea-launched role.

Nevertheless, the DSARC meeting made significent reconunendations that
markedly shaped the program. First, while stressing commonality between the two
missile programs, DSARC recommended continuing both the Navy's SLCM (Sea-
Launched Cruise Missile) and the Air Force’s ALCM programs at a wiore advanced
level tcrmed “'Full Scale Engineering Development” (FSED). As the Deputy
Secretary of Defense later staved, **a common airframe for all applications may
impose unnecessary and unwarranted performance compromises on both weapons
systems.""? However, this line of thought did not preclude a single cruise missile for
all launch modes. Second, to manage the two progiams and ensure maximum
commoaality, the council recommended establishing a joint office (Joint Service
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Cruise Missiles Project Office, JSCMPO) with the Navy as the lead service and
Captain Walter M. Locke (USN) as director. Third, DSARC recommended that the
ALCM program concentrate on the long-range version (AGM-86B) having at least
1,500 nm range, rather than the short-range AGM-86. (The AGM-86A option
however, would be maintained.)® USAF would strive for an ALCM initial
operational capability (IOC) date of July 1980, using the B-52 as the carrier.
Fourth, the council recommended refocusing the SLCM program from its previous
supposedly equal emphasis on both the conventional antiship and theater nuclear
versions, toward a long-range (at least 1,500 nm) nuclear land attack missile
capable of launch from submarine, surface ship, and the ground. DSARC also
recommended development of a ground-launched cruise missile (GLCM) from the
Navy’s Tomahawk for the Air Force as a mobile theater nuclear weapon* with *‘an
expeditious I0C.”’ Finally, the council recommended that the antiship Tomahawk
snould also enter FSED and that the JSSCMPO would explore ground-launched
antiship versions and initiate research and development for advanced cruise missile
technology. Deputy Secretary of Defense William Clements approved the DSARC
recommendations on 14 January 1977.4

The Joint Office played the major role in the development of the ALCM between
1977 and 1980, and continues to play the key role in the development of the GLCM,
MRASM (medium range air-to-surface missile), and SLCM. In late March, Navy
renamed the office JCMPO (Joint Cruise Missiles Project Office). DOD did not
establish the office until the fall of 1977 due to the complications of setting up such
a structure and the jockeying for positions between the two services. -As far back as
1973, the aviation press had speculated that the Navy would take over leadership of
the program; and the success of Navy’s Tomahawk clearly favored the sea service.’

Within the arena of a joint office, friction inevitably occurred. In general,
interservice cooperation is notable because it is so rare; the historical record reveals
few successes and many failures of such efforts. The Navy and the Air Force have
different systems and styles of weapons acquisition. subjects beyond the scope of
this study, which increase the probability of problems.

Another difficulty arose from JCMPO’s location in Washington D.C., and
USAF's acquisition system location in Dayton, Ohio. At first, USAF detailed
airmen on temporary duty to the nation's capital, and only gradually brought the Air
Force complement up to strength after November 1977, a process taking a year.
Thus far, the joint program has been essentially successful.

Cruise Missiles and SALT

During the period the cruise missile matured as a weapon, it became increasingly
coanccted with arms liraitations. Although these continuing discussions are a

*Ualike the ALCM, the S and GLOM required @ booiter which Geoeral Dynamics slready had well under dovelopaieat.
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separate subject which are only tangential to this study, nevertheless, the cruise
missile increasingly affected the talks and the talks (and agreements) increasingly
affected the cruise missile. At first the negotiators paid little attention :o the infant
cruise missile although they discussed it early on, albeit without results. In April
1970, the United States pronosed a limit on the number of SLCMs, other than those
of short range, as well as a ban on both GLCMs with ranges over 1,000 km and
additional medium- and intermediate-range ballistic missiles. The Soviets objected,
arguing that their weapons were tactical, and attempted to pull US carrier aircraft
into the discussions.® The Americans came back in August with a proposal to
prohibit intercontinental cruise missiles but leave all other cruise missiles
unrestrained. Eventually, cruise missiles were not included in the provisions of
SALTIL

Yet as we have seen, following the 1972 agreement, the Secretary of Defense and
the Secretary of State pushed cruise missiles to placate the JCS (Joint Chiefs of
Staff) and use as bargaining chips in future arms talks with the Soviets.” Two years
later, at the November 1974 Vladivostok meeting, the negotiators apparently did
not seriously discuss the weapon. But following the meeting and the agreement
reached there, the cruise missile emerged as a contentious subject. An aide-
memoire to the agreement counted air-launched missiles with ranges greater than
600 km in the overall launcher ceiling. While President Ford offered to limit air-
launched cruise missiles to a range of 1,850 miles the preceding August at Helsinki,
the Americans maintained that the Vladivostok agreement applied only to ballistic
missiles, not air-breathing ones. As the only American bomber-launched missile
under development at this point was the cruise missile, the US interpretation was, at
best, strained.?

By 1975 the Soviets began to take the American cruise missile more sericusly.
Now, the Americans linked the missile with an equally troublesome Soviet weapon,
the Backfire bomber, which the Russians began to deploy in 1974. One American
proposal in September 1975 attempted to limit both weapons by excluding 200 to
400 of the supersonic, long-range Russian bombers from the Vladivostok ceiling,
for the exclusion of an equal number of American cruise missile carriers. The
Soviets rejected this offer in November. The United States regarded ALCMs as just
another piece of bomber armament and therefore not accountable under existing
agreements. On the other hand, the Soviets wanted to either ban all missiles over
600 km (wnich would not affect operational Soviet missiles as none of them exceed
this range in low-altitude flight), or to count them against the overall strategic
missile ceiling.®

When the Russians did not make a counter offer, the Americans tried again, no
doubt eager to reach an agreement before the 1976 US presidential campaign heated
up and paralyzed action. The American proposal in January would permit the
Russians to deploy 275 Backfires apart from the 2,400 launcher limit between 1977
and 1982 and, from then unti! the expiration of the treaty, unlimited numbers. The
Soviets would be restricted, however, on how they operated the bomber. The
proposal banned Backfire participation in exercises simulating attacks on the United
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States, Backfire deployment to bases from which they could reach the Uwited States
unrefueled, and Backfire tankers. The Americans proposed to count each bomber
armed with 12 to 20 ALCMs of ranges greater than 600 km against the Vladivostok
ceiling of 1,320 MIRVed (multiple independent reentry vehicle) launchers and to
limit the range of the ALCM to a maximum of 2,500 km. The deal left the
submarine-launched SLCMs with no numerical limit but a range limit of 600 km
which, because of geography, would close them off as a viable strategic weapon
against Russia. Finally, the American proposal would not limit the surface-
launched SLCMs in range, but would restrict their numbers to 250 missiles on 25
ships, 10

The Russians responded that Backfire should not be counted as a strategic
system, although they did indicate a willingness to restrict its basing. On the cruise
missile issue, the Soviets wanted each bomber carrying 10 or more ALCM:s counted
against the 1,320 MIRYV subceiling. In addition, they wanted ALCM range limited
to 1,000 miles (presumably statute miles) and all other cruise missiles limited to a
600 km range. So the differences between the two proposals came down to: (1)
Backfire numbers, (2) ALCM range, and (3) surface SLCM range. Most observers
believad that the two sides could quickly hammer out an agreement.

This consensus proved incorrect as these final issues remained unresolvable. The
Soviets insisted that the Backfire was a tactical bomber, and therefore should not be
counted against the strategic launcher ceiling. At the same time, they maintained
that all but a few ALCMs (accountable under the treaty) should be limited to a 600
km range. The United States stuck with its basic proposal. In February, President
Ford attempted to bypass the trouble spots by including the agreed-upon portions in
a SALT II agreement and leaving the bothersome cruise missiles and Backfire to a
separate protocol. The Americans offered not to deploy SLCM and GLCM with
ranges greater than 600 km, although they wanted the option of testing them up to
2,500 km. The Soviets rejected this proposal the next month. Thus, the SALT
process broke down as the American political system went its colorful, quadrennial
course.!!

The fail election brought a new president and a new approach to SALT, for
Jimmy Carter campaigned to reduce nuclear weapons. When he first tock office it
appeared that he would build on the Ford-Kissinger work, at least this could be
concluded from his remarks in his first formal press conference during which he
indicated a desire for a quick overall agreement and the relegation of the Backfire
and cruise missile issues to SALT III. But in March, Carter submitted a far-reaching
proposal to the Soviets; indeed, in the context of the US-USSR negotiations, a
radical one. He called for major reductions in the agreed-upon ceilings of SALT |
and Viadivostok, reducing delivery vehicles from 2,400 to 1,800-2,000, the MIRV
limit from 1,320 to 1,100~1,200, and other changes. The President proposed that
the Soviet bomber not be counted as'a strategic weapon if the Soviets provided
assurances that were not made clear in the open literature. Cruise missiles would be
limited in two ways. First, they would be limited to a 2,500 km range and second,
only heavy bombers (counted against the MIRV ceiling) would be allowed to carry
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cruise missiles capable of flying between 600 and 2,500 kin. There would be no
restriction on cruise missiles with ranges under 600 kms. 12

Why did Carter take this tack? From the President’s point of view, such an
approach fulfilled his campaign promise of arms reductions, deflected conservative
criticism that the United States had been out-bargained at SALT I and Vladivostok,
and permitted the new President to be a formulator of policy, not just a follower of
the Ford-Kissinger line. In addition to these political considérations, the proposed
reduction would help relieve what American strategists considered the most serious
Soviet threat, the buildup of heavy missiles which increasingly imperiled American
ICBMs (intercontinental ballistic missile).!?

But this strategy failed; the Soviets rejected the initiative cold, without a serious
counterproposal and with harsh words. In addition to substantive objections, the
Soviets apparently resented the break from the Ford-Kissinger work, the public
style of the Carter administration, and Carter’s emphasis on human rights. In
addition, the proposal would force the Soviets, with larger forces, to make greater
cuts than would the Americans.' Therefore, the Carter proposal derailed the SALT
process.

To get the train back on the tracks, the United States proposed a three-tier process
in May consisting of an eight-year treaty containing agreed-upon areas, a three-year
protocol with temporarily agreed-upon areas, and a statement of principles to
provide guidelines for future negotiations. By September the Russians had accepted
this procedure and before 1977 was over, the two countries reached a number of
major agreements. The most important of these (pertaining to the ciuise missile)
limited ALCM range to 2,500 kms, made ALCM-carrying bombers accountable
under the MIRV subceiling, and dealt with non-ALCMs. A protocol permitted
development and testing of GLCM and SLCM up to a range of 2,500 kms, but
banned their deployment.'S A number of serious questions remained: (1) How
would the range of cruise missiles be measured? The Russians, attempting to limit
the weapon as much as possible, wanted to measure total range, while the United
States wanted range measured from launch to target, not including the ups and
downs of terrain-following, and the deviations from route. (2) What type aircraft
would carty ALCMs and how would this be verified? (3) How many ALCMs
would each aircraft be allowed to carry? (4) Apart from nuclear-armed missiles,
what provision would be made for nronnuclear-armed cruise missiles and
reconnaissance missiles? (5) Would third parties, specifically American allies, have
access to the weapon or technology?

The agreements signed by Chairman Brezhnev and President Carter in Vienna on
18 June 1979 seemingly settled all these issues.

(1) Range. The agreement defined range as the maximum distance in the
standard flying mode until fuel exhaustion. But the 2,500 km limit on ALCM did
not appear in either treaty or protocol. Apparently the Soviets dropped the ALCM
range restriction in exchange for other concessioas. '®
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(2) Cruise missile carriers. The agreement defined any aircraft equipped to
launch ALCMs of ranges greater than 600 km as a cruise missile carier. Once any
aircraft is so equipped, all aircraft of that type shall be so regarded. But aircraft
fitted with *‘functionally related observable differences’” which can be detected by
national technical means, in this case primarily satellite photography, were
exempted.

(3) ALCMs per carrier. As in most bargains struck over numbers, the end
result landed halfway between the starting position of each side. The Russians
began with a figure of 20, the United States with 36.'7 The agreement limits the
number of ALCMs on present US aircraft (B-1s and B-52s) io 20, and on future
aircraft to a fleet average of 28.

(4) Nonnuclear cruise missiles. This agreement treats conventional and
nuclear cruise missiles the same. Once a missile flies beyond 600 km, it comes
under the provisions of the treaty. External observable differences must delineate
which cruise missiles have ranges of niore than 600 km. In addition, reconnaissance
cruise missiles of ranges greater than 600 km count the same as armed crvise
missiles unless they exhibit observable differences. The treaty also prohibits the
conversion of cruise missiles to RPVs (Remotely Piloted Vehicles) and the
coaversion of RPVs to cruise missiles above the 600 km threshold.

(5) Third parties. The signatories pledge to make no international treaties that
would confiict with the agreement.

Ancther provision of the treaty prohibits testing and deployment of multiple
warhcads on ALCM. Finally, the protocol bans deployment of SLCM and GLCM
of ranges greater than 609 km, but not their development or flight testing.

The negotiators intended the treaty to remain in force until 31 December 1985
and the protocol until 31 December 1981."* While the two nations” leaders signed
both in June 1979, the US Secnate ratified neither. Today the prospects of
ratification appear nonexistent, yet both sides continue to act as if the treaty (not the
protocol) is in force. Just as the SALT discussions were long and involved, so was
the connection between the B-1 and the ALCM.

The B-1

The drawn out and competing stories of the B-1 and the cruise missile came to a
conclusion, most thought, in the summer of 1977, Friend and foe alike saw the
cruise missile as an obstacle to the deployment of the B-1. Therefore, some
supported the cruise missile as a counter to the B-1 and, coaversely, scme opposed
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the cruise missile because of their support for the manned penecating bomber.

In short order the argument between these two weapons focused on Modernizing
the Strategic Bomber Force, a 1976 Brookings study critical of the B-1. Its authors
noted that the bomber failed to meet its original performance estimates, probably on
the average of 11 percent less, and suffered horrendous cost escalation, from $39
million per aircraft in 1969 to $84 million in 1975, and perhaps (as reported by the
authoritative Aviation Week), over $100 million. The study concluded that there
was ‘‘no reason to make a commitment to produce the B-1 although there was
considerable justification for exploring alternatives based on the use of standoff
missiles.’’"

The Air Force responded with the Joint Strategic Bomber Study (JSBS)
completed in December 1974, essentially a line-by-line critique of the Brookings
study. The outside observer encounters difficulty assessing the arguments of these
two different, complex, and detailed studies since they employ different basic
assumptions and costing rules. For example, Brookings used ‘‘equal
effectiveness’” forces while the JSBS used *‘equal cost’’ forces.?

Partially as a result of these arguments, on 30 June 1977, President Carter
cancelled the B-1 project. According to Secretary of Defense Harold S. Brown, the
administration considered six air-breathing options: a modemized FB-111, a rebuilt
and upgraded B-52, a less expensive penetrating bomber, a standoff cruise missile
carrier, a ieworked existing B-52, and the B-1. The choices quickly narrowed to the
last two options. After considering how well each would survive preemptive attacks
and Soviet en route defenses, Brown concluded that “*a B-1 force that would have
equal capaoility to B-52s with cruise missiles would have been about 40 percent
more expensive **2' Brown put the savings at $10 billion (fiscal year 1978) over the
next six years. While the B-1 could penetrate at a higher speed than the cruise
missile, it also penetrated at a higher altitude. Browr expressed more confidence in
the missile’s small radar cross section (RCS) to confound the Soviet defenders than

in the B-1's ECM (electronic countermeasures). Conscquently, the administration:

baszd its choice on cost and military effectiveness. Other factors influcncing the
decision included the missile's growth potential, which simply meant the weapon
could easily and quicklv be proliferated. The decisionmakers also considered the
impact the cruise missile wouid have on *‘the world's perception of the potency of
our forces.'' The United States would retain and demonstrate **clear tcchnological
superiority ' with a weapon lacking first strike capability. 2

Carter's B-1 decision shocked the top echelon of USAF. They had caleulated that
the Air Force would probably get 150 B-1s, and even in the worst case obtain 90.
Some of the impact of this decision can be sensed in the lead sentence in an Air
Force Magazine article: “The Strategic Air Command (SAC), with gnwm
professionalism, is picking up the picces of a planned force structure and a doctrine
shattered by cancellation of the B-1 bomber.''®* Now the Air Force found itself
without its future penetrating bomber and ' vith the cruisc missile instead. Clearly,
this gave new impetus to the ALCM program.

177

H
NI it s

bt S 8 s el L




EVOLUTION OF THE CRUISE MISSILE

ALCM Selection

The B-1 cancellation made the cruise missile more important than ever. For now
it, not a new bomber, would modernize the air-breathing leg of the Triad and ensure
the bomber's continued effectiveness in the face of increasingly potent Soviet air
defenses. The military establishment (most of all, USAF) must now get to the issue,
take it seriously, and select an ALCM. Decisionmakers again carefully considered
adopting a common ALCM/SLCM. Such a selection would save $165 to $373
million. But the dollar savings had to be weighed against a loss of performance; a
1976 study, for example, noted that SLCM was not optimal for the ALCM role.?

By the time of the B-1 decision, the two American cruise missile pregrams
possessed distinct characteristics. While both evolved from the same basic
technology and utilized the same engine and guidance, they developed in somewhat
different ways. The General Dynamics missile could fly further than the Boeing
missile and had flown 16 tests while the ALCM A had flown only six times.
However, Boeing designed its missile specifically for the ALCM role, and from the
start built it to be integrated with a Boeing bomber. In addition, only six
Tomahawks could be camried in a B-52 rotary launcher versus eight Bocing
missiles. Finally, while all six ALCM A launches were ‘‘cold-launched™ (the
engine ignited after the missile was dropped) as would be the operational procedure,
in all 14 of the SLCM’s air iaunches from A-6s, the missile’s engine was started
prior to the drop. Because of these unequal factors and the prospect that a flat choice

\ one way or the other would probably provoke a strong protest, if not a legal
challenge, DOD ordered a direct competition.

On 30 September 1977, the Dircctor of Detense Research and Development,
William Perry, set the wheels in motion with a memo to the Secretarics of the Air
Force and Navy. He came right to the point, opening the memo:

It is 2 matter of highest nationas paotity, especially in the light of the B-1 deciston, th develop an
air-laenched cruise missile (ALCM) with eptimum performance and minimumn cost and schedule
delays. 1 helieve we can best accomplish those program ebjectives by conducting a competitive
fyoif between Bocing and General Dynuaics to determnine which of their missiles will be the
ALCM o be flown on the B-52 and, as apgeopeiate, ether cruise missile carriers ™

Perry insisted that the emphasis ¢n component commonality between the ALCM,
SLCM, and GLCM continve. The ALCM pregham would maintain an early 1980
target date for a limited 10C and receive the highest national priority. JCMPO
would continue to manag> the program uniil DSARC approved the ALCM
production decision.

The Joint Office would conduct the competition, which would include
operational tests by SAC crews. The selecaon itself would be recommiended by a
Source Selection Adviscy Council consisting of equal numbers of senior Air
Force and Navy officers, one of whom, the Commandser of Air Force Systems
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Command, would serve as chairman. So the selection of a key weapon for the Air
Force would not only be assisted by the Navy, but the final recommendation would
be partially made by naval officers as well. The Secretary of the Air Force would be
the Source Selection Authority.?

The competition used three areas of selection criteria: operational design/utility,
adequacy of the program, and costs. The military subdivided the first and most
important area into six equally important parts: survivability, operability, accuracy
and time control, mission preparation, life cycle cost realism, and range. The
testers divided the second major area, program adequacy, into nine items of equal
importance. The third major area consisted of production and remaining research,
development, test, and evaluation costs.?

An important question for the testers was exactly what would compete. At first, it
appeared as if all but the common equipment (such as the missile engine and
guidance) would be involved. In due course, however, the government deleted the
test equipment, ground support equipment, and pylons, leaving only the two
missiles to compete. In February 1978, the government awarded full scale
engineering development contracts to the two companies. The schedule called for
the first test flight in February, a decision in October 1979, and a limited 10C in
March 1980.%

One area of conflict concemned the protection of proprictary data. General
Dynamics claimed that since Boeing Wichita was the contractor for integrating the
missile to the B-32 (pylon, wiring, ctc.), it would be at a disadvantage.*
Conversely, McDonnell-Douglas built computers and incrtial platforms for both
manufactuiers. Since Boeing used only the McDonnell-Douglas hardware and its
own software, while General Dynamics got bath from McDonnell-Douglas, Bocing
asserted that McDoancll-Douglas would gain more from a General Dynamics
vicwry than one by Bocing. Boging objected in February 1978 that the arrangement
between General Dynamics and McDonnell-Douglas constituted a teaming
arrangement, making McDoanell-Douglas a competitor of Bocing, an objection
sustaired by the military »

At least some of the Bocing people thought that Navy invalvemeat n the
selection of the ALTCM put Boeing at a disadvantage. They feared that the Navy-run
JCMPO would go through the motions of a competition before selecting General
Dynamics. In fact, the competition was well-run and fair; neither the documents nor
conversatioas with involved individuals indicate any major problems.

At the same ume, it should be noted that Bocing maintained two major
advantages going into the competition. First, it enjoyed a long and successful
association with the Air Force dating back to the 19205 and extending through such
stalwart USAF bombers as the B-17, B-29, B-50. B-47, and continuing with the
long-lived B-52. In addition, that company built the SRAM. Boeing knew the Air
Force, and the Air Foroe kaew Bocing: in short, Bocing kuew how to please
USAF.M

Before the competition occurred, the wilitary conducted another series of tests
consisting of soven Tomahawk flights flown against US equipment (such as F-14,

nidet e Bocang corponiic wactone, the s teet of She kuusile. Bacang Acsupaie Comady. Scikic, o cowatizly & Sficresd
cmpany S Bt of Qe B-52 wicprskar. Bacsag Mistay Axcead Comgiaxy. Wixista
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F-15, AWACS, Chaparral, improved Hawk, Roland, Stinger, and Patriot) and
captured or borrowed (from third parties) Soviet equipment. The tests sought to
simulate Russian defenses preseut and futurc to answer some of the questions
regarding the cruise missile’s ability tc penetrate Soviet defenses. The military
concluded from the tests completed in September 1978 that current Soviet air
defenses were ineffective against cruise missiles.

These survivability tects revealed one major problem, that the radar al*imeter, a
commercial instrument, could be letected up to 30 nm away. Therefore, the
nulitary installed in later missiles # modified device which varies its power as
required, which, along with other featuses, greatly reduces its detectability. During
a test of the new device, operators 2t the receiver ..te asked: **Are you sure the
altimeter is turned on?**%

According to William Perry (DDRE), the Soviets required 50 to 100 SUAWACS
(Soviet Airborne Waming and Control System), a fleet of 2,000 advanced
interceptors (look down/shoot down)* equipped with new air-to-air missiles, and
500 to 1,060 SA-10 missile sites. Such a defensive effort, Perry estimated, would
require $30 to $30 billion and S to 10 years to build and yet would destroy only half
of the 3,000 cruise missile attack it might face. In February 1980, a gencral put the
figure at $90 to $100 billion; nevertheless, a defensive effort which the cruise
missile would largely negate. Various sources put the ratio of defense spending to
offense spending at least at 10:1.%

The government st the general conditions of the flyoff competition and allowed
the two companies to work out the specific details. The flyoff gave each contractor
10 flights to perform certain tests and to reach certain goals. The Air Force supplizd
a B-52 to cach company and. to ensure that both companies got a fair shake,
compartmentalized the operation **

The GD Tomahawk enjoyed a considerable lead over the Boeing missile by the
time the flyoff competition began in July 1979, having successfully flown 36 times
on 43 flights for a total of 37 hours and 12 minutcs. However, tic Tomahawk
SLCM version differed from the Tomahawk ALCM, as GD had to adapt the BGM-
109 to the harshier envirenment of the air-launch from just above sea level to over
40,000 fect. The most obvious change removed the booster and capsule. In
addition. GD added oxygen for engine start, an. changed the fucl from the safer TH
Dimer to less viscous and iess dense fuel (JP-9) for operations at the oxygen-rare,
and colder, higher altitudes.**

Meanwhile Boeing considerably changed its missile. As relaied above, USAF
ok (wo approaches to extend the range of the AGM-86A. USAF cancelled the
first, the beliy-tank version, in 1977, at about the same time # cancelled the AGM-
B6A. " The other effort was to enlarge the missile. To do this, Bociag stretched the
AGM-86A, referred to by Boeing as the hasic air vehicle (BAV), into the heavier
and longer extended range vehicie (ERVL™ (Sce figure 8.) In time, the ERV
evolved nto the AGM-80B whicn s almost 3 pounds heavier and almost 18
inches loager than the ERV, and has a rounded. rather than a duck-bill, nose. But
the ERV and AGM-86B share esseatially the same wings and proiife.” Similarly,
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the fuselage of SCAD, the **A’’ model, and the first eight ‘‘B’* models are the
same, consisting of 28 welded forgings which required considerable time and skill
to properly machine and align. In early 1978, Boeing adopted bolted aluminum
castings wich cut the number of pieces to four. Although the new process added 80
pounds to the airframe’s weight, this procedure cut structural costs, which are
almost half the missile’s cost, by one-third. Henry Runkel, Boeing’s chief engineer
for the ALCh- 3ets special credit for this innovation.® These measures almost
doubled the range of the missile, to over 1,300 nm.*' But other problems remained:
the SRAM launcher cnuld accommodate neither the new Boeing missile nor the
Tomahawk ALCM; finally, und most importantly, the AGM-86B had never flown.

The military rescheduled the flyoff for May, but poor weather and contractor
problems with support equipment, as well as problems with the B-52 carvier
aircraft, forced a postponement until the summer. The 20 competitive ALCM
soities required a considerable organizational and logistical support effort. In
addition to the 20 free-flight sorties (54 hours of flying time), the flyoff competition
included 23 captive sorties (the missile retained aboard the carrier aircraft) and 17
jettison sorties (the missile simply dropped without the engine starting).*? (See
figures 9, 10, and 11 for air-launch sequence.)

VERTICAL DISTANCE FROM
STORED POSITION (FT)

FIRST MOTION (-10.6 m3)
O ARM SEPARATES (O ms)

- o oy

L

-——

Fgure 9. Extereal (Senicr pasition? Si-lsuach ssguanse.
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‘The Tomahawk successfully flew its first free-flight on 17 July 1979. On its ten
flight attempts, GD logged a total of 22.2 hours while suffering four crashes. It
auccessfully flew its tenth and last flight on 8 February 1980. GD recovered two of
its missiles on two attempts,*?

The Zoeing missile also logged six successful flightson its ten test flights, even
though it crashed after 44 minutes of its first test flight on 3 August. Despite
mistaps, however, the Boeing missile registered 31.7 hours of free flight time
(almost one-third more than the GD missile) and logged 67 TERCOM (terrain
contour matching) updates. It also completed 9 jettison and 12 captive carry tests.
But Boeing had difficulties in recovering its missile, succeeding on only two of five
iries.“

Both companies encountered problems with excessive oil consumption of their
common engine. Just as the survivability tests indicated a problem with the radar
altimeter, the flyoff confirmed what JCMPO already knew; the engine used too
much oil, or more specifically, its consumption rate exceeded engine
specifications. While the specifications called for an oil consumption rate of .014
gallons per hour, the Tomahawk averaged a consumption rate of .236 gallons per
hour on its ten flights while the Boeing missile’s consumption rate ranged from .018
to a rate twice that figure,*

The Source Selection Evaluation Board, consisting of 200 Air Force and Navy
officers, assessed the results of the competition and the Source Selection Advisory
Council, a joint board of senior Air Force and Navy officers, reviewed these
findings. They concluded that both missiles met the performance goals set by the
Air Force and differed little, but that these differences were significant. Although
each company lost four missiles, the testers regarded the Boeing crashes as less
serious. In contrast, the evaluators considered the causes of three of the four GD
crashes of a major nature. Therefore, the Boeing missile was recommended in a
unanimous decision.*

Secretary of the Air Force Hans Marks announced his decision awarding the
entire contract of 3,418 ALCMs to Boeing on 25 March 1980. In a news
conference following his decision, Marks cited three reasons for selecting Boeing.
The Secretary first mentioned superior Boeing guidance performance, which meant
that since McDonnell-Douglas manufactured the hardware for both missiles,
Boeing’s software was best. Second, the military believed that the AGM-86B
promised cheaper and asier maintenance than did the AGM-109. Finally, the
Boeing bird demonstrated lower terrain-following abilities and flew better over
rough terrain than did the Tomahawk. These advantages may stem from the basic
design of the two missiles; efter ali, the Boeing effort is essentially a small
unmanned aircraft while the GD product is a winged torpedo. (The latter's small
fins and noncoinciding wingline undoubtedly complicate stability and control.)
DSARC 1l approved the decision on 17 April, as did Deputy Secretary of Defense,
W. Graham Clayton, Jr., on 30 Ajwil. Consequently, the ALCM returned to USAF
coatrol. JCMPO retained authority over ithe cruise missile's common items
(guidance, altimeter, and engine), as well as over the SLCM and GLCM. This
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decision also authorized the production of up to 225 ALCMs in Fiscal Year 1980
and a buildup to a production rate of 40 per month,*’

Testing, of course, continued after the flyoff, especially since that endeavor had
been less than an overwhelming success. Although the competition demonstrated
the missile’s design, the crashes also damaged the missile’s public image. Crashes
are bad publicity because, regardless of their cause or how much is learned from
them, the public views crashes as simple, clean, and dramatic evidence of failure.
William Perry expressed dissatisfaction with the missile’s reliability, and expanded
the original 11 planned follow-on tests to 19. Despite this expansion of the test
program, the ALCM’s IOC remained as it was.*®

The tests began on 12 June 1980 and continued into 1982; by January 1982, 15
tests had been conducted, accumulating over 48% hours of flying time. During
these tests, the AGM-86B suffered four failures, including one crash on 20
November 1980. Therefore Boeing’s AGM-86B did better than it had in the flyoff,
crashing only once on 15 flights, compared with 4 on 10; and in addition, the testers
recovered 6 birds on 8 attempts, compared with only 2 out of 5.4°

Nevertheless, USAF is less than overwhelmed by the resuits. In 1980, AFTEC
(Air Force Testing and Evaluation Center) stressed the limits of the tests and the
need to do more testing. It rated the cruise missile satisfactory in 13 areas, deficient
in 3 (test launch payload, technical data, and mission reliability), with results

inconclusive in 8 other arcas.* The testers singled out as the most critical area the
lack of testing of the operational carriers, the OAS (Offensive Avionics Systems)-
modified B-52. AFTEC’s other two areas of concen focused on the lack of
complete testing of the support equipment, especially the ESTS (Electronic Systemn

. Test Set), and the reliability and maintainability testing. In spite of these
reservations, AFTEC gave an overall positive assessment to the ALCM. OSD’s
director of defense test and evaluation concluded, in April 1980, *‘The ALCM air
vehicle is potentially capable of meeting operational requirements. There were no
major problems found in the basic design. .. [so that] there are no test related
issues which preclude commitment to production of the AGM-86B." '

A Septem’er 1981 AFTEC report, however, stated, **Based on testing to date,
operational effectiveness and operational suitability are both rated deficient when
measured against the test thresholds established by the user.”'s' AFTEC noted four
areas of particular concern: missile performance (especially terrain-following),
mission planning, reliability/availability, and pylon uploading. The evaluators
criticized the ALCM as too heavy for both its wing area and engine power which
contributed to two performaice shortcomings: large turning radius and limited
climbing ability. A number of other areas such as terminal accuracy, launch
envelope, and time of arrival could not be assessed. AFTEC also lacked adequate
inforation on storing the missile and the resulting reliability, and thus
availability.®

Understandably, testing continues. On 10 October 1982, USAF completed
ALCM test number 20 of the series begun in Jupe 1980. The Air Force plans 15

'Omﬂlnperumdeﬂcwmu wrmingd wounmcy, tomis following. launch eavelope, mission plasaing, softwene suiabiidy,
weapn's sydem compadibility, aadd interopecability,
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integrated weapons system tests by SAC and AFTEC. These tests got off to a bad
start, with missile failures on the first two attempts on 19 December 1982 and 24
May 1983, the latter culminating in a crash which the Air Force attributed to an
isolated failure in the software. The next two test flights in June were successful.
Another series of 15 test flights is scheduled in Canada.”® As Canadian terrain and
foliage resemble that of the Soviet Union, this test series will provide the most
realistic test of t!.> system.** Thereafter, SAC will operationally test 12 cruise
missiles a year.>’

The first SAC unit equipped with the AGM-86B is the 668th Bombardment
Squadron, 416tk Bombardment Wing, stationed at Griffiss Air Force Base, New
York. USAF selected it because of its location relative to Soviet targets and initial
TERCOM n.apping resirictions. The unit received its first modified B-52G (sn 58-
0247) with non-jettisonable pylons orr 15 August 1981 and received 13 ALCMs
on 3 Septemher. The 668th became the first operational ALCM squadron in
December 1982.%

The first production missile (number 25) rolled off the line in November 1981,
varying slightly from the test (or preproduction) models. (See figure 12.) The most
noticeable changes are a new all-metal whale-shaped nose (reducing RCS, possible
flying object damage, and production costs) and the removal of the winged US
insignia and lettered ‘‘Air Force.”’ Boeing made other changes to cut costs:
substituting an elevon housing machined from a titanium casting for a steel forging,
and graphite epoxy elevons for aluminum ones. In addition, USAF adopted a new
fuel. JF'-4 powered the ALCM until the Air Force authorized the use of high density
fuel. But JP-9, the new fuel used in the flyoff, is very expensive, currently costing
about $45 to $50 a galion. In April 1981, the Air Force began using JP-9 as a primer
and JP-10 (315 tn $20 a gallon) as the principal fuel in the AGM-86B. The two have
about the sane energy, which is 20 percent more per unit volume than JP-4.%

One last aspect of the missile deserves treatment. USAF adopted the unusual
*“‘wooden round’’ concept of maintenance, essentially **store and ferget,”” first used
by USAF with the SRAM, for the ALCM. 71:ne concept ret=. &3 the massive
electronic systems test set, originally designed tor the SRAM, wiiicih tests the
AGM-86B for both factory and field acceptance. ESTS checks the guidance
system, altimeter, controls—everything except the cngine and expendable
actuators. USAF stores the missiles, loaded on pylons, for 36 months before
another ESTS test and cngine certification in the fictd. Thirty months later, the
ALCMs retum to the factory for further checks, an engine change, and a fuel
check. %

Cruise Missile Carrier

For the imunediate future the cruise missile camier will be the QAS-mdified
B-52, the first of which Boeing delivered in June 1982. USAF considered other
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aircraft as the cruise missile carrier but because of the B-52’s availability, it was the
logical choice. The electrotiics modifications on these B-52s give the Boeing
bomber markedly increased capabilities, improving navigational accuracy perhaps
by a factor of four. This is very important because the more accurately the launch
point is fixed, the easier is the missile’s task of navigation. In addition to doing the
basic job of navigation, the new system also increased reliability and supportability
while decreasing the aircrew’s workload.*®

USAF will modify all but 67 B-52Gs to carry 12 ALCMs éxternally. SAC will

store the six ALCMs and pylon, which weigh about 25,000 pounds, as a unit to
facilitate rapid uploading and easy handling when no. mounted between the
bombet’s inboard engines and the fuselage. There is, of course, a performance cost
for carrying the weapons externally. Flying at 6,000 feet and Mach .55, the loaded
pylons increase drag by almost 12 percent. Following the modification of the “‘G”’
and **H”* fleet with these external missiles, USAF will fit these same B-32s with a
rotary launcher (carrying eight ALCMEs) for internal carriage. USAF does not now
have such a rotary launcher for the AGM-86B; therefore in late 1980, it instituted a
competition involving eight contractors. The Air Force wants a rack compatible
with the B-1 to meet an October 1985 I0C.%

There are of course structural differences on the cruise missile-carrying B-52. In
addition to the pylons and interface equipment, Boeing added a strakelet to satisfy
the unratified SALT Il agreement regarding ‘‘functionally related observable
differences.”” (See above.) It can be described best as a rounded faring smoothing
out the juncture between wing and fuselage. Estimates in 1980 put the cost of these
modifications at $11.5 million per B-52 ($5.4 million for OAS, $5.6 million for
carriage, and $.5 million for FROD).%

USAF considered a number of different airframes for the cruise missile carrier
following cancellation of the B-1 in 1977, beginning with wide-bodied commercial
transports. It wanted such a carrier to supplement or to replace the B-52 if the new
bomber failed, or if it needed to deploy more cruise missiles. Within a year, the
search widened to include quite diverse aircraft. In May 1978, USAF let study
contracts to Boeing (to examine the 707, 747, and C-14), to Lockheed (C-5, C-141,
and L-1011), to McDonnell (DC-10 and C-19), and later to Rockweli (B-1).

Commercial aircreft offer a number of advantages as cruise missile casriers,
primarily ease of manufacture and cost. As these aircraft are in production and
service, they could be quickly bought and maodified, presumably at considarable
cost savings. In this way, large numbers of cpiise missiles could be rapidly
deployed.

While this option may look good at first glance, especially to the layman, it does
present serious problems. USAF wants a cruise missile camier with good escape
characteristics (rapid takeoff and climbout), nuclear hardening, offensive and
defensive avionics, long range, ard heavy payload. But commwercial transports,
designed for an understandably more benign environment than military aircraft,
require extensive modifications for camrying and launching the ALCMs, for
increasing takeoff and cscape performance, and for adding nuclear handening and
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the required communications, command, and control equipment, and wartime-
capable navigation equipment. But attempts by penetrating bomber supporters to
tag the wide-bodied transport costs (purchase plus modifications) at the same level
as that of the B-1 are ridiculous. From the Air Force’s point of view, the biggest
problem with using wide-bodied transports is that such an aircraft would not be able
to penetrate Soviet defenses, an issue which, while relevant to this study, goes far
beyond its scope. Less controversial are two other criticisms of the civilian
transports. First, the transports possess poor escape characteristics relative to USAF
bombers. Second, the large aircraft create very lucrative targets. The 747 could
carry 48 to 90 cruise missiles, the C-5, 69 to 72, and the DC-10, 48 to 75, clearly
making them high value targets. Congress also criticized this idea and,
consequently, it died in August 1979.%

Not surprisingly, the Air Force opted for the B-1 as the best cruise missile carrier
in a report dated November 1979. As a strategic ALCM launcher, the B-1 requires
considerable modification to accommodate an eight-ALCM launcher internally and
14 missiles externally. USAF scheduled a flight demonstration for the second
quarter of 1982 to include two live ALCM launches. In 1980, the Air Force made its
pitch .0 Congress, stating if the air service were to design a cruise missile carrier
fror. scratch, the carrier would look like the B-1.% In 1981, the Reagan
Administration restoved the bomber as the B-1B.

Rationale for Multiple Cruise Missile Variants

Why then are cruise missiles being built? Throughout the 1970s, the question was
asked in this manner: **What is the mission of the cruise missile®" Critics
answered: **The weapon has none.™ Before we can answer, thiee factors must be
clarified.

First, those involved with the cruise missile regarded the different types of cruise
missiles differently even though these variants share the same technology. During
the years 1973-77, nuclear-urmed strategic ALCMs and SLCMs were the two chief
actors. Since 1977, however, there has been a relative decline of interest in the
nuclear-armed SLCM. Meanwhile, the GLCM aad MRASM and tactical versions
of Tomahawk became impaoitant, as we shall see. S0 one musi specify which cruise
missile variant is being discussed.

Second, different groups had dissimilar views of the wespons. For example, the
Air Force hierarchy wanted most of all to restrict the ALCM inrange so as not to
endanger the B-1. On the positive side, USAF saw the cruise missile 25 a means to
extend the useful life of the B-52. On balance then, the resulting USAF attitude
towand the ALCM fell somewherc between ostile and ambivalent; favoring the
wissile 15 2 bomber 4id, but resisting it as an independent weapon system.

The Navy developed ciuise missile techaology, but used the strategic cruise
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missile as a stalking horse for the weapon it really wanted—the long-range, tactical
antiship weapon. There, too, the aviators, principally those on carriers, wanted the
weapon restricted or at least not emphasized.

DOD took an opposite view to that of the military. It saw cruise missiles as cost-
effective and flexible weapons with great promise, and therefore pushed both
SLCM and ALCM during this period, using competition to spur the missile
contractors and interservice rivalry to probe both the Air Force and Navy. High
officials in the executive branch initially saw cruise missiles as pawns in both the
arms control game and the propaganda game. Here too, the importance of cruise
missiles changed over time.

Third, the cruise missile must be set in the context of its times because the
missions, or purported missions, changed as part of the evolutionary process.

What then is the rationale behind the various versions of cruise missiles? The
ALCM will enhance the bomber. The principal question that arose was whether the
ALCM was required to maintain the viability of the penetrating bomber, which in
turn raised the issue of whether the cruise missile would be strictly an aid to the
penetrating boniber or simply a standoff weapon. Clements, in his December 1973
memo, merely called ALCM an ‘‘adjunct to the strategic bomber force’’ which
would *‘present a highly proliferated low altitude attack to avoid and/or exhaust the
defense system and provide improved penetrativity for manned strategic
bombers." ' But the ALCM contribution, while significant, and perhaps even vital
for the B-52's penetration ability, was nearly inconsequential from the standpoint of
the B-1's penetration ability. Therefore, some believed that the B-52 could
substitute for the B-1; that is, a standoff missile could replace a penetrating bomber.

The rationale for SLCM was much more complex and variable. As already
related, SLCM began officially as part of Secretary of Defense Laird's move in
1972 to bolster US strategic capabilities, to respond to domestic political pressures,
and to amass bargaining chips for future arms agreements. Three other reasons put
forth by missile proponents in June 1972 for pushing the weapon were that it was
not limited by SALT I, it was highly survivable when based on subinarines, and it
would greatly stress Soviet defenses.

In March 1973, Naval officers stated that the cruise missile would provide a
credible deterrent and more diversified offensive mix. You will recall Kissinger's
two letters to Clements, in June and July 1973, emphasizing the value of cruise
missiles as a bargaining chip. On his own part, Clements, in his key December 1973
memo. saw SLCM providing *‘a new dimension to our strategic retaliatory forces.'
It not only *‘would provide an effective, low-altitude strategic penetrator from the
highly survivable launch base of our nuclear submanine force™ but would **further
provide for proliferation of the submarine strategic force in that every tactical and
strategic submarine becomes [a potential SLCM carrier].”"®

The SLCM rationale shifted as the Navy replaced older nuclear-powered,
ballistic missile submarines as platforms with newer ones in 1974, At a
congressional hearing in 1974, Admiral G. E. Synhorst noted that a few cruise
taissiles aboard highly survivable attack submanines would multiply the aumber of
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American nuclear weapons. Moreover, Navy witnesses repeated that SLCM would
stress Russian defenses and would be a hedge agairst a successful Soviet
antiballistic missile. At this time, Synhorst, and the SLCM program manager,
Captain Walter M. Locke (USN), publicly introduced a new concept: submanne-
based cruise missiles as a survivable, strategic reserve force.

Late in 1974, the Assistant Secretary of Defense for Program Analyses and
Evaluation wrote that, aside from being a SALT chip, there was no strong reason
for deploying SLCM beside compounding the Soviet's defensive problem. The
Secretary noted, however, that SLCM would be valuable as a flexible response in a
tactical situation; that is, its one warhead was less ambiguous than the existing
option, Poseidon’s 6 to 10 warheads. He also raised the advantagss of SLCM's
better survivability and its use as a reserve force.%

The next year, the Director of Defense Research and Engineering stated that
SLCM would be a desirable augmentation, giving an unambiguous, controlled
single weapon response and an invulnerable reserve force. Aviation Week wrote that
US SLCMs could prevent reloading of Soviet ICBM siles. At the same time,
because of the cruise missile’s relatively long travel time to the target, it cannot
realistically be seen as a first strike weapon.?

Following President Carter’s decision cancelling the B-1 in August 1977,
Secretary of Defenss Harold Brown set out two issuez beyord the actual US-USSR
military balance. He defined the first of these as a **hedge against the unexpected,”
such as a defensive breakthrough in antisubmarine or anfiballistic missile
technology. Brown's sccond issue concemed the percepiion of American-Russian
strategic balance which had been moving away from US superiotity. ‘We must be
sure,”” Brown told Congress, “‘that perceptions are such that no doubts as to our
capability or our will exists in the minds of the Soviet leaders, or in the miuds of our
allies, or even in our own minds should we be faced with a mowment of deep
crisis. "

Since 1977, the concept of perception appears to have motivated American
decisionmakers. Two major studies of the cruise missile agree on this point. The
first attributes the cruise missile's overall development to this factor.

The peoposal (o develop the strategic cruise missile was, in essence, psychologically motivaed: to
streagthen the signal to the Soviet Union that the United States would vigorously coatest any
Soviet bid for strategic superiority, and to help dleviate intemal snxictics that the Unlled States
bad lost its self-confidence and the will to compete.

The other study states that cruise missiles make an obvious contribution to US
strategic posture. They will somewhat offset Soviet strategic nuclear advantages
because of their newness, diverse platforms, and “‘alleged capabilities.”” More
specifically.

at a minimum, the ALCM will mitigate the peroeption of US stratepic inferionty by preserving the
role of the bomber leg of the triad. At a maximum, it will encourage tie perception of a net
increase in capability that will help plug the window of vulnerabilily brefore more impeessive
counierfonce capabilities (the MX and D-5 ballistic wissiles) decome available, ™
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Perceptions of American strategic power at home and abroad surely are important
factors in the deveiopment of the cruise missiles. The perception of a shifting
strategic balance in favor of the Soviets became increasingly imponant in the late
1970s and early 1980s. Since the cruise missile has appeared in many variants and
has changed over time, no single factor can be identilied as most important in its
development. The perception issue is just one of a number of factors that help
explain the missile’s development.

Among these other factors, two basic characteristics of cruise missiles intrigued
planners and decisionmakers from the outset: its relatively low cost and the absence
of man. The first meant that a significant number of missiles could be procured, a
vital consideration in an era when costs increasingly preclude perchasing more than
a handful of machines. Absence of man meant that the weapon could be stripped of
redundant systems and flown in conditions where man could not safely operate.

Another factor ic the ‘‘newness’ of cruise missiles which appeals to the general
public and especially to Americans who have an enduring fascination with
technology. While cruise missiles are not really new, as the foregoing chapters
demonstrate, they are new weapons in the public’s mind. The recent cruise missile
technelogy yielded enhanced characteristics and capabilities (small size, loag
range, low altitude, and extreme accuracy) to be integrared into a new weapoa,

The Unitad States’ commanding tecbnological lead provided a powerfui pull, just
as Soviet numerical superiority provided a powerful push, for developing the
weapon. Finally, two events played a major role in fostering the missile’s
development. (That is not to say that without either event there would be no cruise
missile, caly that they markedly changed both the direction and speed of the
missile's development.) The first event was the ongoing SALT discussions. The
cruise missile played various roles in SALT, including bargaining chip, loop hole,
and major companent, if rot a stumbling block, in those discussiens. In shout, it
cvolved from a lever to fotce concessions foum the Russians into an issee of almost
unmanageable proportions. The SALT proce s brought the cruise missile not only
to the attention of the public, but te the aitention of the military as well. The second
major event was the cancellation of the B-1 in the summer of 1977, As 2 result, the
ALCM becane vital to extend the effectiveness of the B-52 agaiast improving
Soviet air defenses; it evolved into a crucial weapon, aat just a **aice-to-have' one.

SLCM

Aftzi its initial prominence, the SLCM’s populanty with the military declined
during the 1970s, as that of the ALCM rose. The main argurment against the SLCM
is that it ties down submarines from othet missions and competes for scarce spaee
aboard the boats. Nevenhieless, the numbers of SLCMs programmed incicased from
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U.S. Navy's Harpaon being launched from an armared box launcher 12 Decamber 1979. The
rzfsr%wn program began in the early 1970s and was the Mavy's shont range tactica’ missde.
(USN)

1,200 missiles in July 1977 (on:-half nuclear, one-half antiship), to 2,994 in August
1981. Twe IOC for sub.aarine cruise missiles is Septeber 1983 for the antiship
-ersion and September 1985 for the follow-on land attack conventional vession
{vertical attack capable)

The naval Tomahawk (see below for GLCM Tomahawk) comes in a number of
versions, albeit all with the sare airframie and engine.™ (Sce figure 12.) The first
SLCMs (0 1oin the fleet were the conventionally armed, land attack version and the
antiship variant fitted on the USS Vew Jersev in March 1983, Tue fonmer carvies a
1.000-pound warhead 500 to 700 nm. The Tomahawk antiship rmassile camies the
same 1,000-pound warhiead less than half the distance of the land attack version
since it reguives more sophisticated guidance (sceker) dquipment ¢

While seme may question the military efficiency of the coaventionally armed
land attack missile, the antiship Tomahawk is anuther watter. The success of the
1960 tochnology antiship missiles, the Soviet-built Styx against batk Isreeli (1967)
and Pakistani (1971) destroyers, ard the achicvemants of the bench-built Exocet
against British warships (1952) have shaken all navies. Compared to the Hxoout, the
Tomahavk incveases sange tenfold and washead weight fourfold, while adding
other features. The chief question may well bs, are these cnough kostile targets
Justify such a weapon? '

The Navy schiduled the nuclear-armed, land-attack versivn s the last SLCAM 0

PThe ot STh0a 2t of Seagrangt o Exlcp sasiics imaiuce g The US Nary Gowt Jommmaimind i g3
aciaoe spunom COralaw Shask ) io Sanuacy V677 e ’ o
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EVOLUTION OF THE CRUISE MISSILE !

become operational, but this weapon has gained a higher priority as refiected in its
accelerated I0C (June 1984) for both submarines and surface ships. It will carry a
nuclear warhead, with many times the power of the Hiroshima bomb, up to 1,400
nm.”

The launch mode and the renewed interest in vertical launch of the SLCM require
discussion. You will recall that the Navy considered vertical launch beginning in
1972 but cancelled it by 1974. A test in April 1976, however, showed such a
method to be feasible, reliable, 30 percent cheaper, and 25 percent lighter than a
horizontal launch system. Two basing schemes emerged, the first from submarines.
DOD and Congress considered arming the eight usable and retiring Polaris
submarines with vertically-launched cruise missiles, four to seven SLCMs per
ballistic missile tube. The Navy rejected the idea because of the cost ($2 billion),
the short remaining life of the boats, and its desire to use these boats as attack
submarines.

To select a strategic missile, the Navy conducted a fiyoff between missiles built by Chance
Vought and General Dynamics. Here, the Chance Vought BGM-110 emerges from the sea.
{Vought Corporation)
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The BGM-110 had two unusual features, its wing and tail. An explosive sheds the shroud
(upper left) from the missile, parmitting the three-piece, curved, wrap around tail o deploy
(upper right). Then, the one-piece wing pivots 90 degrees through thin slots in the fuselage
(lower left) toward the extended pasition (lower right). (Vought Corporation)

The General Dynamics BGM-109 won tha Navy's SLCM missile competition. (General
Dynamics)
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EVOLUTION OF THE CRUISE MISSILE

BGM-109 Tornahawk in flight. The major external differences between the Boeing and GD
missile are the location of their inlets and the sweep of their wings. (USN)

. US AR FONCE

General Dynamics also competed for the USAF ALCM contract with its SLCM. A fiyolt (os that
contract was held betwesn Boeing and GD in 1972-1880. (USN)
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AGM-108 being launched during the i, off crmpetition. Note the empty ALCM pylon on the
B-52's lafi wing. (USAF)

Boging won the ALCM contract The fiudt ALCM equipped B-52 unit (tha 4 h Gombatdment

Wing) becam?2 tully operational with the weapon in Decomber 1682 This Do shows a
Gritfiss based B-S wimﬁmpyioniouaolm.cu. mmmede‘sm

toct. (USAF)
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EVOLUTION OF THE CRUISE MISSILE

The present plan calls for initially fitting torpedo-tube launched SLCMs on the
new Los Angeles (688) class attack submarines. Later, the Navy will install up to
12 vertical tubes in the forward ballast tanks outside the pressure hull where they
will not interfere or compete with other weapons. In this way, the boats will serve as
a strategic reserve. The Navy plans to put 88 aboard 11 attack submarines by 1983.
The Navy’s other basing scheme will put both vertically-launched and
horizontally-launched Tomahawks aboard surface ships. These ships will include
destroyers (963 class), cruisers (CGN9/36/385 and CG47), and four Jowa class
battleships. The battleships will be taken out of mothballs and will initially be
armed with 32 cruise missiles, later with over 300. The Navy completed initial
modernization for the first of these, the USS New Jersey, at a cost of $326 million in
Deceinber 1982.7

The GD Tomahawk can also be fired from surface ships. On 19 March 1980, the destrayer USS
WI(DE(}U%LG)) taunched the lirst such missile from an armared box launcher that camies tour

9




A number of U.S. Navy ships will operate with the Tomahawk, including the renovated
battleship USS New Jarsey. Initially, the New Jersey will carry 32 Tomahawks. (General

Dynamics)

Tm&%mz@atmﬁ-ﬁﬁpnﬁsﬁbmﬂuadﬁwﬁt%m%ﬂwﬁe&uh&w1981.

{Generai Dynamics)
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EVOLUTION OF THE CRUISE MISSILE

Tomahawk squarely hitting and emerging from target at Tonapah Test Range, Nevada an 10
July 1981. The missile was launched from a submarine and flew 300 miles. (General
Dynamics)

First faght of BGM-109 GLCM on 16 May 1980. (USN)
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GLCM

The ground-launched cruise missile is the third major sub-division of the cruise
missile. As related above, USAF cperated such land-launched weapons at both
European and Pacific bases during the 1950s and 1960s. The first consideration of
the new technology cruise missiles (SLCM} for a land-launched tactical nuclear
force role came in 1973. Indeed, political and military considerations in the North
Atlantic Treaty Organization led to the pr:sent development of GLCM.™

The military pressures on the alliance stemmed from the growing capabilities of
the Warsaw Pact Alliance during the 1970s which threatened the survivability of
western tactical nuclear forces. Clements wrote in his crucial December 1973
memo that cruise missiles could be deployed on land as ‘‘an effective potential
replacement for the existing forward based [theater] nuclear force which is
vulnerable to prelaunch attack.’’” Because of the apparent shift in the nuclear
balance toward the communist bloc, NATO simply wanted more nuclear and
conventional firepower. By deploying nuclear-armed cruise missiles, the western
allies would enhance nuclear capabilities as well as release tactical aircraft
committed to the nuclear role.

Growing political considerations superseded these military pressures. Sc:ne of
the NATO allies viewed with alarm rot only the communist buildup but also the US
reactior or, better put, inaction. The war in Southeast Asia and the development of
detente fed the lingering European suspicion that the United States could not be
relied upon. The former stripped men and machines from American forces stationed

in Europe, while the latter restricted the Europeans from acquiring certain
equipment and limited American cruise missile deployment. (See SALT above.)
The Europeans sensed a growing imbalance of theater forces even before the
Soviets began deploying their new mobile ballistic missile, the 55-20. After that,
the defense issuc took on new life, also becoming one of perception of modemity,
balance of forces, and political resolve and thus a priority issue. In this context the
GLCM scemed an effective way to help bolster the western military and political
cause.

In October 1977, West German Chancellor Helmut Schmidt spoke of the nead to
deal with the imbalance of East-West tactical nuclear weapons and specifically
urged the United States to meet the challenge of the Soviets' new, three warhead,
88-20 intermediate-range ballistic missile. It is not surprising that in a January 1979
meeting in Guadeloupe, the leaders of Britain, France, Germany, and the United
States agreed to President Carter's proposal to deploy Pershing I ballistic missiles
and GLCMs to NATO. The allies linked the missile deployment with a
simultancous US offer to begin nogotiations with the Soviets on limiting
intermediate-range missiles in Europe. NATO unanimously approved this two-track
proposal in December 1979.7

The GLCM possessed many military advamtages. First, the mobile GLCM is
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General Dynamics GLCM fired from ils TEL (T £
ics) (Transporter-Ereclor-Launcher). {General
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Mockup of GD Tomahawk MRASM in front of a B-52 at March AFB MRASM will give US gircraft
a standoff capability against heavily defended targets. (General Dyramics)

much better able to survive prelaunch attack than either aircraft on the ground or
stationary missiles. Second, its deployment will release aircraft now assigned te
tactical nuclear roles for other tasks. Third, the device potentially has extraordinary
accuracy.* And most important, compared to other tactical nuclear weapons
(Pershing and Poseidon), it is more cost effective, perhaps three times that of the
Pershing Il in the nuclear role.™

The political advantages are even more striking. Unlike the Poseidon, the cruise
missile is a high visibility weapon that vividly demonstrates US resolve and
commitment. It also permits the United States to capitalize on its technological
superiority, as the Soviets preseatly lack this new gensration of cruise missiles,
Some maintain that deploying GLCM ir a number of NATO countries will bind the
alliance closer together as thess countries and the United States mutuaily share the
burden of defense. But demonstrations in 1983, protasting missile deployment, cast
some doubt on this conclusion. The cruise missile will help arrest the swing in the
theater balance of power away from the west that has come inCreasingly to bother
western  Europeans. Centainly GLCM will give the NATO military wore
capabilitics.®

————
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EVOLUTION OF THE CRUISE MISSILE

As with the other cruise missile variants, GLCM’s support came from a strange
coalition. First, the US Army had little to no interest in the weapon. Prior to 1977,
the ground service considered using cruise missiles from Lance launchers, one
missile per launcher. But the precedent of the Matador/Mace, the prospect of
deploying a manpower intense weapon, and the allure of the Pershing led the Army
to withdraw from the cruise missile project. Some, particularly in the State
Department, proposed the Pershing II as the theater nuclear weapon. The cruise
missile’s support came mainly from within DOD and NATO. Except in Tactical
Air Command, which had the tactical nuclear mission, USAF demonstrated little
interest in the weapon. %

As DOD could not choose between the Pershing and GLCM, it used a traditional
bureaucratic solution, adopting both with the rationale that they complemented each
other. In December 1979, NATO accepted the American plan to base 464 GLCMs
(160 in Great Britain, 112 in Italy, 96 in West Germany, 48 in Belgium, and 48 in
Holland) and 108 Pershing IIs in Europe. The first weapons became operational in
December 1983. Quite vocal support for the cruise missile in general and the
GLCM in particular emanates from the Reagan administration, especially from
Secretaries Weinberger and Carlucci.®

Three factors inhibit implementing this decision. First, an active antinuclear
movement is forcing western politicians to rethink the NATO deployment decision,
if only for political effect. For example, in December 1982 the Danes suspended
money intended to support deployment of the GLCM and Pershing II. Despite the
election of conscrvatives in Germany and Great Britain in 1983 who support the
NATO nuclear buildup, clearly there is deep public sentiment on both sides of the
Atlantic to at least slow, if not stop or reverse, the arms buildup. The second major
pressure is the intense Soviet reaction. The Russians appear to be genuinely fearful

of the missile, especially in German hands, sometimes calling GLCM the
*‘German-launched cruise missile.'* The third major pressure is cost. In early 1983,
DOD announced the cost of 560 GLCM missiles and associated equipment to be
$3.6 billion. These rising costs, coupled with the need to trim defense budgets, may

very well adversely affect the weapon's future.

As of this date (August 1984), the cruis¢ missile and GL.CM seem secure as the
Reagan administration coatinues its plans to camry out the NATO cruise missile
deployment despite opposing pressures. However, the situation must be considered
against the background of arms reduction talks such as the dramatic Reagan nuclear
cutback proposal for a complete withdrawal of all tactical nuclear weapons from
Earope. Arms reduction talks resumed in the spring of 1982. President Reagan
responded to a Soviet call for a freeze on nuclear arms with a counterproposal to cut
long-range missiles on each side to a common cceiling of 85C. In November 198i,
Reagan also proposed foregoing the planned GLCM and Pershing 11 deployment if
the Russians would withdraw their present force of medium-range missiles. The
New York Times reported that the Soviets are willing to accept the latter deal with
certain reservations, including **strength restrictions on all future cruise missile
deployments.”™ Soviet and American negotiators wotked out 3 possible
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compromise in Geneva in July 1982, limiting GLCMs and SS-20s in Europe to 75
on each side. While this gave the Soviets a superficial advantage in matching
three-warhead ballistic missiles against single-warhead cruise missiles, the
agreement permitted the British and French to retain their 162 missiles. However,
neither Washington nor Moscow would go along with this proposal. The new Soviet
leader, Yuri Andropov, made a counterproposal in December 1982 to reduce the
number of S§S-20s aimed at NATO to 162 (to match the 162 French and British
missiles) if the United States would not deploy the Pershing IIs and GLCMs. The
diplomatic and political sparring continued until the Soviets broke off the talks
when the United States began the initial cruise and Pershing missile deployments in
December 1983. A negotiated settlement seems most unlikely in 1984 as both sides
seek public favor and political advantage, and as the American election
approaches.®

In contrast to the complicated diplomatic maneuvering, USAF organization and
concept of operations for the GLCM are rather straightforward. A mobile
transporter erector launcher (TEL) carries four missiles, organized four TELs to a
flight. Each flight has two launch control centers (LCCs), a primary and a backup.
The Air Force normally will base the GLCM:s in sites hardened against nonnuclear
weapons on well-protected bases. When necessary, USAF will disperse the GLCMs
into the countryside in convoys consisting of 22 vehicles and 69 personnel. In the
field, the units will be capable of self-contained operations for a period of time.®

Meanwhile, the missile itself continues to progress. (See figure 12.) It
successfully completed its first platform launch in February 1981, and its first
successful launch from its TEL a year later. By June 1983, GLCM had completed
its ninth test, all but one successfully. Although initial deployment began as
scheduled in December 1983, doubts remain. For example, a March 1980 USAF
report on the ALCM noted problems with terrain-following, accuracy, and
reliability. It also commented on mapping problems, namely that, while 86 percent
of the terrain in the European operational area has little roughness, only 26 percent
of the test terrain was of a similar roughness; specifically, while only 7 percent of
the European terrain has roughness exceeding 200 feet or mere, half of the test
terrain has such roughness. The report also raised questions on the number of test
crashes and the possible deleterious effects of long term storage on the missiles.®

MRASM

The last subdivision of the cruise missile is the medium-range air-to-surface
missile {MRASM). Essentially paralle! programs began as studics by USAF in 1975
and Navy in 1977, the Air Foree’s Advanced Conventional Standoff Missile and the
Navy's Supersoaic Tactica! Cruise Missile. In the late 1970s. Congress made clear
to the Navy that only a joint program with the Air Force would suffice. In Junc

205

[P P

TS e
SR




EVOLUTION OF THE CRUISE MISSILE

1978, Aviation Week mentioned the cruise missile’s ability to carry submunitions.
Before the year ended, the aviation press reported a successful demonstration of
MRASM neutralizing airfields. In May 1978, a modified Tomahawk flew 403 miles
from its launch point to the Dugway Proving Ground, guided by TERCOM and
scene-matching area correlator (SMAC) terminal guidance, and dropped 11 of its
12 bomblets dead on its runway target. It then returned over the target, simulating a
photo reconnaissance run.2

The United States assigned little priority to the program until March 1980. In the
wake of the ALCM decision, Under Secretary of Defense Perry wrote: “‘It is a
matter of national importance that a joint tactical medium range air-to-surface
missile (MRASM) be added to our strike warfare systems as soon as possible.’’%
Interest emerged at this point probably because of the successful demonstration of
the strategic cruise missile and its maturing technology. Perry went on to state that:
*‘Only by taking advantage of the BGM-109 conventional land attack cruise missile
development and the AGM-109 assets can an early IOC be attained and can
minimum cost be achieved.’’® Some suspect that General Dynamics got the
contract because of its loss of the ALCM contract. The fact that MRASM
underwent no competition, as did the ALCM, fed these speculations. This
overlooks the fact that competition takes time and money and that Perry’s emphasis
was on speed. In addition, many of the MRASM’s subsystems had already been
competed for within both the SLCM and ALCM programs.®

The MRASM differed from the strategic cruise missile in three ways: requiring
much less range, a terminal guidance system, and a different munition. The
demands of range and accuracy appear to be well in hand. The technology to geta
cruise missile hundreds of miles within hundreds of feet of a target, with TERCOM,
and then within tens of feet of the target, with terminal guidance (DSMAC or
SMAC), is both available and demonstrated. Thc developer’s biggest problem
centers on the munition, which according to the aviation press is the reason for the
conservative schedule. The cancept is to crater the runway and taxiway at 2,000~
foot intervals. The MRASM car carry 50 to 80 submunitions totaling up to 1,000
pounds of payload.®

Beginning in 1976, the United States and Great Britain jointly developed such a
munition, the JP-233 runway buster. **Was®' is the key word, because in carly 1981
Congress decided the United States should withdraw from the program, primarily
because of cost, much to the chagrin of the Air Force. The iP-233 contains cratering
and delayed action mines as well as antipersonnel devices. The RAF used it in the
1982 Faikland Islands campaign ¥

Ocher runway-busting munitions under development included the Lawrence
Livermore Laberatory’s tactical sirficld attack munition (TAAM). ltis a 3.35-inch
dismeter, 13-pound, (wo-charge munition fitted into mortar tubes. The cruise
wiissile discharges 60 to 80 of these devives, cach retarded by a parachute before
detonation. But the US military canceiled TAAM because of technical probiems in
July 1952. The Germans demoansirated the same type of weapos, the STABO, to
American authorilics at Eglia AFB in September 1982, The Gennan STABO also

206




1977 TO THE PRESENT

uses a two-charge system, as does a similar munition—the boosted Kkinetic energy
penetrator (BKEP)—under development by the Air Force Ammament Division.
Afier release from MRASM, a rocket charge in the BKEP drives a steel spike
through the runway concrete where it explodes and creates a large crater. The Air
Forcc MRASM can carry 28 BIZEP: or 30 STABOs. ™ Cthe: mtactions concidersd
for this role include the 70-pound BLU-81 Grasshopper, the 16-pound Martin Dual
Charge, and the 45-pound cluster airfield denial munition (CADM). But to knock
out a 240-foot-wide runway may require multiple sorties (the kill probability of a
15-shot load of BLU-81s is .5, a 40-shot load of Martin Dual Charge is .6, and a
20-shot load of CADM is .3). The Air Force narrowed its attention to the STABQO
and BKEP, and conducted a direct competition in September 1982 to choose
between the two. In February 1983, the JCMPO recommended purchase of the
BKEP.9

While runway-busting has received the most attention, USAF envisions other
missions for the conventionally ammed creise missile. These include defense
suppression, antiarmor, ECM, and reconnaissance roles. (See above for antiship.)
Another submunition linked with the cruise missile is the BLU-97B combined-
effects bomb. It weighs 3.2 pounds and measures 6.6 inches in length, 2.5 inches in
diameter. The device has three modes of operation: fragmenting, armor-piercing,
and incendiary. The bascline Tomahawk (219 inches in length) can carry 320 BLU-
97Bs.* A number of the other munitivns considered as a payload on the cruise
missile against unprotected vehicles, structures, and personnel include the .4-pound
M-42, .9-pound BLU-63B/M-74, 1.3-pound MK-118, 2.7-pound BLU-61, 14-
pound BLU-87/BLU-498. and 990-pound Builpup fragmenting warhead. Finally,
unitary warheads, a 90-pound BLU-73 fue! air explosive, and a 13-pound shaped-
charge hard structure munition are also possible conventional cruise missile
payloads.®

Just as the warhcad for the MRASM differs from the baseline strategic missile
around which this study centers, so does the vehicle. (The commonality between
the MRASM and SLCM is put at 15 percent.) The Air Force and Navy are building
twu different missiles based on a GD Tomahawk guided by TERCOM and DSMAC
with strapdown ingrtial ring laser gyros. (See figure 12.) US Navy ammunition
clevators and the safe retumn weight of its primary attack airerafi, the A-6E, restrict
missile weight and length; therefore, its versions, the AGM-108C, |, L, and J,*
weigh 2,200 pounds and measure 192 inchas in length. The Navy variants cany a
unitary warkead of 650 pounds and are distinguished by the 15 degree swoep of
their wings. Aa FI109 turbofan powers the "C'* mwdel which is slated for operation
in fiscal year 1983, to be followed the next year or twe by the ), a low cost
model. In Juiy 1980, Secretary of Defense Brown cancelled the 1™ which would
use 3 low cost TERCOM and imaging infrared (JIR) rermingl guidance and a
wark2sd from the Condor peogeam. A Teledyne J402 twrboiet cagine powers both
the Navy 109C and J and the Air Force's 109H.»

In contrast to the 192-inch, 2,200-pound Navy missile, the Air Force’s AGM-
10941 mcasures 230 inches, weighs 2,700 pourds, and bis 3 straight wing. Like the

T S0 MBA @ e enciont ad sliach vemapn, e IRALE anciadp, oad Wi G i the GLLME. S figue 14,
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AGM-109C, it is guided by TERCOM and DSMAC, and is scheduled for IOC in
fiscal year 1984 to 1985. USAF is also considering a **K”* mode! (with IIR) as a
land and sea attack missile. Unlike the H's 1,200-pound multiple payload, it will
deliver a unitary 1,000-pound warhead.”” The Navy plans to fit four MRASMs on
the A-6E, F-18, and P-3, while the Air Force will load eight externally on the B-52,
two (possibly four) on the F-16, and is considering using the F-111 as well.%

Cancellation of the Navy’s low cost *‘I”” version, what they really wanted,
encouraged that service to investigate an IIR sensor mounted on a Harpoon missile.
While MRASM would be perhaps 1¥2 to 4 times as expensive as such a weapon, the
MRASM will carry a heavier warhead (1,000 versus 510 pounds) further (over 300
miles versus 60 nm). Left with two missiles it did not want and a USAF missile too
big for its purposes, in February 1981 the Navy withdrew from the joint project with
the approval of DOD.*® But the incoming Director of Defense Research and
Engiucering, Richerd D. Delauer, promised congressmen at his confirmation
heasing, in his words, “‘to revisit’’ that decision. He did just that. Within a few
month:s the Navy 1gjoined the program, although it continued to develop the IIR
Harpoon.. USAF alsc wanted *: kill the joint project during that same time frame.
But after initially approving such action, the Department of Defense retained the
program, to some degree because of strong congressional support, 1%

But the problems in tne joint MRASM project remain unresolved. In 1982, the
press published reporis thut DOD planned to allow the Navy to withdraw from the
MRASM program and considered cancellation of the program. The Navy insists
that the improved Harpoon is adequaie for its needs and less costly than MRASM.
In addition, the Navy is also looking at Norway’s Penguin and the 20- to 25-mile-
range Standoff Attack Weapon (SAW) as alternative systems. Estimates are that
MRASM will cos: 3.9 to $1.5 million each, Harpoon $.78 million each, and SAW
$.1 million each. Congress maintains its sappoit for a joint effort while the aviation
press continues to report that neither Air Force nor Navy want the weapon. '®

Since 1978, the United States has planned a total buy of 3,500 MRASM missiles,
with about three out of four going to the Air Force. By 1981, the press reported a
total buy ranging between 3,000 and 5,000 MRASMs with an IOC scheduled for
1987 or 1988. Escalating costs, however, continue to be a factor, Estimates of the
total costs of the MRASM program are now $3 to $6 billion. '®*

ALCM ¢“C,” ASALM, ATCM

The quest for improved cruise missile performance continues, even as the °
services deploy the initial weapons. These efforts have essentinlly gone along three
lines.

The evolutionary line began in late 1980. US studies indicate that big

SMRASM was cancslled in 1984,
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performance gains could be derived from increasing engine performance and
decreasing observability. The press reported that an upgraded Williams engine
would be fitted into the ALCM, beginning with the fiscal 1984 buy. There are no
present plans to retrofit ALCM B missiles with the improved engine. The new
engine, scheduled to be installed in the SLCMs and GLCMs beginning in fiscal
years 1986-87, will have SO percent more thrust and yet have a specific fuel
consumption 6 percent less than the engine in the ‘‘B”° model. Such improved
engine performance is quiie an accomplishment, exceeding the goals of increasing
thrust 35 percent and decreasing fuel consumption 5 percent. In addition, the new
engine will extend the time between engine certifications from three years to five, 1%
The press claims revised softwar will be fitted to the ALCM C. Gther changes
offer little performance gains, although extending the fuselage will permit longer
range; and Jengths of 304 to 315 inches have been proposed. !

In February 1983, the Air Force reoriented its ALCM program by reducing the
planned ALCM buy from 4,348 missiles to about 3,000. The USAF now plans to
field about 1,715 ALCM Bs and about 1,300 new generation cruise missiles, called
advanced cruise missiles (ACM). This missile, with the modifications already
discussed, may have double the range of the ALCM B. Further, stealth technology
will greatiy reduce the defender’s chances of detecting and intercepting the missile
by significantly reducing RCS. Unclassified reports also mention the incorporation
of a *‘passive” TERCOM system that would reduce or eliminate the ALCM’s
electronic emissions. The result is a much longer range, less vulnerable, more
accuraie missile, aibeit a much more expensive one. In April 1983, the Air Force
awarded the ACM contract to General Dynamics. In view of the company’s
manufacturing difficulties (sec below), this selection surprised some observers.!®

Why the change to a more sophisticated cruise missile? Most of the unclassified
reports attribute the move to improved Soviet defenses. These relate that the
Russians deployed their AWACS, their MiG-235s with look down/shoot down radar,
and their SA-10s faster than had been anticipated. But Secretary of the Air Force,
Verne Orr, testified that Soviet defenses did not drive the change. Others advance
more sinister motives. Representative Norman Dicks is reported as suspecting that
the Air Force made the change to assure the development of the B-1B bomber and
the Advanced Technology Bomber. It should be noted that Representative Dicks is
from Wushington, the home of Boeing, which builds the ALCM B but neither the
ACM aor B-1B. Some “oeing proponents claim that the ACM move was the
Pentagon's response to Bosing's attempts to overturn the government's decision in
the purchase of the C-5A transpost, another aircraft not built by Boeing. A third,
less couspiratorial reason for the ACM decision may be technological determinise.
Students of technology have noted that frequently something is built because it can
b built. '™

USAY awarded design study contracts for the Advanced Swategic Air Launched
Missile (ASALM) in 1971, ramiet engine study contracts in 1971 and 1972, a
propeliznt contract and guidance coutracts in 1972, and ASALM integration,
propuision, and guidance in 1974.'9 In late 1977, the military restiuctured and
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accelerated the program. In March 1980, it validated the propulsion unit after seven
test flights. The ASALM guidance will be an updated inertial system coupled with
both passive antiradiation and active radar homing devices for its air-to-air role. By
1980, Raytheon and McDonnell-Douglas were teamed for ASALM development
while Martin Marietta and Hughes were collaborating for guidance subsysters. !

Another line of development is the ATCM (Advanced Technology Cruise
Missile). The Air Force restricted the ATCM in two ways. The B-52’s bomb bay
and eight-missile rotary launcher dictated a maximum diameter of 19 inches while
its external tandem carriage dictated a maximum length of 249 inches. The resulting
paper designs emphasized survivability and missile ranges of 2,300 to 2,600 miles.
According to the press, General Dynamics, Boeing, and Lockheed were competing
for a full scale development contract beginning in the spring of 1983.!%

Another concept that need not detain us is the Long Bow, a cruise ballistic
missile, underway since at least 1979. It is intended to be vertically launched from a
Minuteman silo, then transition to a cruise missile configuration, cruise toward its
target, loiter if recessary, and finally fly a ballistic path into the target.
Unclassified accounts describe it as the size of a Boeing 727 with a 88-foot wing
span. In early 1983, Vought won a $12.1 million contract to study this concept. !

Three rapidly developing technologies (computers, airfame, and engine/fuels)
promise the rext generation cruise missile increased capabilities. Greatly increased
computer capacities will enhance guidance, maneuver, and ECM opportunities with
no weight and volume penalties. The resulting cruise missile will do much more
than just terrain-follow to the target; it will be more accurate, and be able to respond
to hostile defenses. In 1983, USAF will test a satellite updating navigational
system, using the NAVSTAR GPS (Global Positioning System).

Stealth technology will be incorporated into cruise missile airframe designs.
Although Jess-than-ideal from an aerodynamic standpoint, steaith technology will
make the individual cruise missile much more difficult to detect and track. The
prospects of hundreds, if not thousands, of such weapons must give defenders
sleepless nights.

The third and perhaps miost critical technology centers on engine and fuels.
Greater efficiency permits greater range, to outreach expanding Soviet defenses,
and greater power compensates for the weight and drag penalties produced by
adding the improvements to the cruise missile. Because engine and fuels appear as
key elements to future cruise missiles, considerable effort has gone into their
development. A 1975 study reported that substituting ceramics in the F107 turbine
would offer over 30 percent greater thrust as well as 8 percent lower fuel
consitnxion. It went on to state that redesigning the engine would reduce fuel
censunysion by almost 27 percent for 1985 and that 1995 technology offered a
reduction of 46 perceni. !

A numnber of new engine designs being tested provide even better performance.
In the Williams Ressarch eecuperative desiga, hot engine gases recycle through the
engine 10 boost inlet temperatures and thus signiftcantly increase thrust. Gerrett
Corpocation's compound twbine cycle consists of a high bypass ratio engine driven
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by a high speed, supercharged diesel engine. A third new engine type is Teledyne’s
eccentric turbine engine with a third spool mounted perpendicular to the engine
shaft. 12

Final Words

In August 1982, the Navy replaced Rear Admiral Locke (Director of JCMPO)
with Rear Admiral Stephen Hostettler. Locke learned of his removal only one day
before the Navy informed the press; and Hostettler took over a mere week later.
Locke’s operation was under review at the time, but coutrary to normal practice,
JCMPO had not yet received a wriiten report (it had not been written) and hence had
not been able to respond to it.

The press used words such as *‘relief,’’ *‘firing,’’ ‘‘dismissal,’’ and *‘ouster,” to
describe the action. For its part, the Navy insisted that the change was appropriate
as the missile moved from development and testing into production. In any event,
the reader should recall not only Locke’s long connection with the program, but
most especially the considerable progress the weapon made under his command.

The press speculated that two major reasons actounted for the move. Most
frequently mentioned were the problems with the missile’s reliability. The Navy
considered Tomahawk’s-68 percent test success rate inadequate compared with their
standard of 90 percent. While some claim there was no pattern to the failures, others
focus on quality control. General Dynamics received a series of warnings from
JCMPO on the issue of quality control, including a ‘‘Method D** in June 1982, the
strongest measure possible short of a stop work order, and the only such ‘‘Method
D*’ issued since 1945. JCMPO went so far as to take award fee funds away from the
San Diego firm. Secretary of Defense Weinberger told the House Appropriations
Defense Subcommittee that quality control was a central issue to Locke’s remeval.
The second problem area mentioned by the press involved the schedule delays for
the conventionally armed land attack and anti-ship missile which failed to muke the
scheduled JOC in the summer of 1982.

To be sure, Locke and the joint program kad a number of opponents. Neither
service liked the idea of a joint program. Some in the Navy apparently feared that
Locke might become another Admiral Rickover. After all, he had been with the
cruise missile program for over 10 years and had become popular with the civilian
leadership in the Pentagon and with congressmen. GD reportedly made a strong
effort carly in the year to displace Locke, aftar the govemment granted a second
source contract for the Tomahawk to McDonnell-Douglas. '3

The direction the program takes under Admiral Hostettler may explain much of
the story of this personnel change. The twe arcas to be especially watched are the
concepts of commonality and second sourcing. Both of these gave the joint
program its particular character as well as many of its problems. These were also
two of the main items pushed by Locke.

21




EVOLUTION OF THE CRUISE MISSILE

Since the change in command, a number of events have taken place. In
December 1982, the Navy lifted the ‘‘Method D’ from General Dynamics. In
1983, the Tomahawk’s test failures were less visible. While some problems
continue, the program appears to be coming along. In June 1983, for example, the
Navy recorded the fifth straight successful Tomahawk flight.!!*

The point is that there are problems with the cruise missile, but how serious
remains to be seen. The most prominent of these is reliability. In view of the
weapon’s long history, these problems should not be unexpected.

Nevertheless, the future of the cruise missile is bright. The first generation
missile is in production and in service. Its performance has exceeded expectation
while its schedule and costs are consistent with major systems developed during the
1970s.115 A second generation missile is on the way. While there are questions as to
the impact arms limitations agreements might have on the entire family of cruise
missiles (one senator recently suggested limiting SLCM deployment!!6), the cruise
missile appears secure at this moment. Improvements of the present generation
missile are well underway and are being incorporated into later versions of the
ALCM production run.

Technology for the future generation cruise missile is also well advanced. At this
time the key areas appear to be electronics, engines, and fuels. These promise to
produce reliable and markedly improved performance in short order. Therefore,
these next generation cruise missiles should maintain the lead the present ones enjoy
over current enemy air defenses. This prospect of continued technological
superiority ensures that the cruise missile will be vital to American security in the
foreseeable future. As such, the cruise missile will come to occupy an increasingly
important place in the weapons arsenal of the West.
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Artist’s conception of a MRASM attack on a hoslile airfield with nmu#ay-busw submunitions.
{General Dynamics)
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Artist's conception of a foliow on to the cruise missile. This is a view of ASALM (Advanced
Strategic Air Launched Missile). (USAF)

Artist's conceplion of the dela-shapad, advancad tachnology cruise missile, (USAF)
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NOTES

CHAPTER VI
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CHAPTER VII

CONCLUSION

The two major themes that emerge from an examination of the historical record
of the cruise missile are the impacts of technolegy and politics. From the early
American, British, and French experiments with the missile in World War [ until
the 1970s, inadequate technology prevented the cruise missile from becoming an
effective military weapon. Since 1970, new technology improved the missile,
making it a potent weapon, At the same time, political considerations became
increasingly important, complicating deployment of the weapon. Today, politics,
not technology, tends to dominate the cruise missile story.

The missile originated with incorporation of gyroscope technology into existing
aeronautical technolegy. Gyroscopes permitted more-or-less stable, straight and
level, constant-heading fligk for small biplanes powered by piston eugines. Thus,
the first guided missiles were miniature, unmapned aircraft.

Despite numcrous fforts. however, these early winged missiles achieved limited
success because severe problems of reliability hampered development. Taking man
out of the mac .ine left it prey to many seemingly overwhelming technical
pioblems—and crashes resulted. Even when the missile worked as designed,
in‘requently as that tumed out to be, its accuracy was far more a dream than a
reality. Indeed unreliability and inaccuracy hindered the device from its inception
until recently.

In the next major technological advance beyond the gyroscope, engineers
installed radio control. While experim=nts conducted with this method duning
World War [ failed, designers achieved some success in the early to mid-1920s. But
the airman's options were restricted because a mother ship was required to escort
these radio-controlled missiles to their tagget.

World War 11 brought an owpouring of funds and a new urgency to the field of
unmanned powered weapons. Nevertheless, the United States could not produce a
militarily effective guided missile based upon existing guidance and propulsion
technology. Not that both the Army and the Navy did not try. The US Navy
produced a number of useful target drones, as well as several offensive devices.
Prior to Pearl Harbor, the Navy conducted a series of successful cruise missile
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experiments, including one that launched a torpedo and another that crashed into a
moving target. The Army also reentered the cruise missile field with a device that
first flew just prior to World War II. But because this missile differed littie in
performance from its predecessors of the previous two and one-half decades, the
Amy Air Forces (AAF) cancelled the project. Both services employed guided
wmissiles in combat, but neither the Navy assault drone program in the Pacific nor
the essentially joint Army-Navy radio-controlled unmaaned aircraft program in
Europe offered significant military advantages.

Concurrently, the Germans »mployed a cruise missile in combat; the V-1 or
*“flying bomb.”’ The V-1 differed from American cruise missiles in using a new
technology engire, the pulsejet. The cheap V-1 had relatively high performauce for
its day.

But the V-1 bombardment of England, waile politically, psychologically, and
diplomatically startling, had little military impact. First, the Allies devised a
formidable defense within a matter of weeks that destroyed most of the incoming
missiles. Second, competing priorities, such as the V-2, left the Geimans with
inadequate numbers of V-1s. Third, poor German intelligence hindered their
operations. But perhaps most important, the V-1's technical failings (unreliability,
inaccuracy, and small warhead) limited its military effectiveness.

The Americans quickly built a copy of the V-1, si.amelessly copied from
salvaged German pieces. Although the AAF’s grandiose plans for massive
employment of this weapon against both the Germans and Japanese never came to
pass, the United States built over one thcusand JB-2¢, which provided both AAF
and Navy considerable missile experience. In addition to ground-launching the JB-
2, the AAF air-launched the device while the Navy sea-launched their V-1, the
Loon, from the deck of a submarine. Meanwhile, the AAF’s other flying bomb
project, the Northrop JB-1, turned out to be an cxpersive failure, even after the
airmen fitted it with & pulsejet engine. Nevertheiess, after numerous falss starts, the
V-1/JB-2 got the US military establishment finally and firmly into the cruise missile
business.

American interest in missiles continued after the war, as did the technical
problems of reliability and accuracy. The Air Force's intercoarinental range
Northrop Snark and North American Navaho dominated the winged missiles of the
late 1940s and 1950s. Considerably larger than the World War Il V-1, the two
differed from the German missile in propulsion and guidance. A turbojet engine,
the samie as those used in jet aircraft of the day, powered the Snark, but the major
innovation of the Noithrop project was its inertial stellar guidance system. The
Snark went into service, but only for a few months because inaccurscy,
unreliability and crashes fatally marred the program. In contrast, the Navahc was a
much bolder project: a missile pushed to supersonic speeds and intercontinental

range by ramjets. But Navahio encountered even greater technical difficultics than

the Snark, prompting the Air Force to cancel Navaho well before it entered service.
So despite cousiderable effort and expense, neither of these iwo cruise missiles
could successiully compete with cither the tried and proven bomber or the new
intercontinental ballistic missile.
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) . Unlike these dramatic, large, and unsuccessful intercontinental missiles, the
. : shorter-range Martin Matador and Mace and the Vought Regulus were much more
: successful. The Martin missiles used various guidance systems from ground-based
_ radio control to radar map-matching systems, and served operationally for about 15
& ' years, During the 1950s, the Navy got a similar missile, the Regulus, operational
froin submarines, carriers, and cruisers. The Navy planned a number of follow-on

) » projects, but none, except the Regulus II, flew.

e ' In the 1950s, the Air Force also worked with two other categories of missiles in
the cruise missile family: decoy and standoff missiles. Together these represent an
increasingly important additional theme in the cruise missile story, and a radical
departure from previous concepts; these missiles were to aid, not replace, the
bomber. In the 1250s, USAF planned to deploy a family of decoy miissiles to
deceive enemy air defenses. Three were tested but only the Quail went into service.
However, the Quail’s size and weight cut the bomber’s range, speed, and weapons

_ load while newer radar systems seriously diminished its effectiveness. By 1970, the

. Air Force considered the Quail obsolete. During this same period, USAF tested two

‘ standoff cruise weapons, and put the North American Hound Dog into service. It
gave the B-52 a standoff capability, but the Hound Dog’s weight and drag cut the
bomber’s performance; and the missile’s reliability and accuracy proved marginai.
Therefore, the American military made numerous efforts with winged missiles
during the quarter century following World War II, albeit with only meager
success. Because of the cruise missile’s inherent technical limitations (inaccurate )
and unreliable operation), more effective weapons pushed aside winged missiles. ‘ |
l The promise of cruise missiles seemed illusionary, their problems insurmountable, '
and their value limited. So it seemed in 1970.

At this time, two technological breakthroughs transformed the cruise missile.
The first of these came in the area of guidance. Rapid technological advances not
only greatly reduced the size, weight, and cost of computers, but also dramatically
increased computer capabilities. Coupled with satellite mapping, these computer
developments permitted the emmergence of a small, practically autonomous,
reliable, long-range, and highly accurate guidance system called TERCOM. The
computer also enabled the vehicle to fly very, very low, making it difficult to detect
and destroy.

N ‘ The second major technical development came in the area of propulsion. The

small, efficient turbofan jet engine allowed use of a smaller airframe. Small is

beautiful, for the less weight, volume, and drag, the less power and fuel required.

o » This smaller size also reduced radar cross section (RCS) and costs, and increased

e : both the number of weapons that could be carried aboard aircraft or submarines and

' : the relative ease with which the land-launched version could be handled and
coricealed. Development of high density fuels and miniaturized warheads also
; assisted in this shrinking process. So, at the same time the missile’s size

i dramatically decreased, its capabilities markedly increased.
While these technologies coalesced, events in Southcast Asia laid the
groundwork for the emergence of the present cruise missile. The success of RPVs
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(remotely piloted vehicles) in the Vietriam War indicated the promise of small,
unmanned, low-flying air vehicles against intense and advanced air defenses.

Concurrently, USAF required a replacement for both its bomber decoy and
standoff missiles. To fill this first need, the Air Force developed the SCAD
(subsonic cruise armed decoy). the first cruise missile based upon the new
techinologies. Although intended by different groups for different ends, SCAD
emerged with remarkable performance and offered great potential for the future.
Small enough to fit into the B-52's SRAM launcher and yet fly 800 nm at low
levels, the missile could either deliver a nuclear warhead with astonishing accuracy
or confuse ¢nemy air defenses,

Meanwhile the Navy’s cruise missile emerged from its surface-to-surface anti-
ship missile program, the Harpoon. When coupled with the new technologies,
SLCM too had nothing short of spectacular performance. Therefore, a long-range,
very accurate missile, flying low, and small enough to baffle air defenses, could be
based on and fired from essentially invulnerable nuclear submarines.

But while the engineers basically solved the device’s technical problems in the
early 1970s, political consideration became increasingly important. Some in the
military opposed the new weapon. Resistance to the cruise missile centered around
aviators, both in USAF and USN. Air Force flyers saw the ALCM at worst as a
bomber replacement, at best an unneeded bomber aid. On balance, the airmen
perceived the cruise missile more as a menace to the B-1 than as a helpful bombet
decoy or standoff weapon. At the same time, naval aviators, primarily those aboard
carriers, viewed the cruise missile as unnecessary. Some in the military were, of
course, for the weapon; however, its most vocal and influential support came from
civilians within the Department of Defense. Additional support for the missile came
from others within the Executive Branch, who saw it as a bargaining chip for SAL.T
(Strategic Arms Limitation Talks), and Congress, intrigued by the potential cost
savings.

Technical progréss continued after the redirection of the program in 1973, The
Navy picked General Dynamics to build their missile, while the Air Force stayed
with Boeing, the manufacturer of SCAD. In 1976, both services first flew and
began testing their missiles.

Subsequently, a crucial event in the development of the cruise missile was a
Defense System Acquisition Review Council (DSARC) meeting held on 6 January
1977. The council recommended full-scale engincering development of the ALCM
and SLCM under the management of the Joint Cruise Missiles Project Office
(JCMPO) established under the leadership of the Navy. The Air Force would
emphasize the long-range missile version while the Navy would eraphasize both the
anti-ship and nuclear versions of the Tomahawk. Finelly, DSARC recommerded
development of a GLCM derived from the Navy's Tomahawk,

Another major influence on the missile’s progress was the arms limitation talks.
Initistly, the negotiators thonght little of the cruise missile and did rot inciude it in

SALT L. Gradually, however, they realized the missile’s impoitance. By 1973, the -
United States regarded the missile useful for domestic and foreign political
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purposes; and within two years the Russians also paid it attention. The SALT II
treaty and protocol, agreements signed in June 1979, banned deployment of the
GLCM and SLCM, and restricted the ALCM. While the treiity has not been
ratified, both parties are adhering to its terms.

Besides signing SALT 11, President Carter cancelled the B-1 bomber. The
President’s decision in June 1977 increased the importance of the cruise missilé, for
ALCM now became the means by which the United States would maintain the
viability of the aging B-52s and the air-breathing Isg of the Triad. Hence over the
short run, the various versions of the cruise missils will be the major new
technology to modemnize the American military,

In the early 1980s, the cruise missile went into service. The first Air Force
squadron became -operational with ALCMs in December 1982. The Air Force
considered a variety of aircraft as the carrier of the ALCM, but chose the B-52 and
the B-1. This decision and the adoption of the extended—rangc ALCM (AGM-86B),
which is not compatible with the B-52’s SRAM launcher, medns that both bombers

must be considerably modified. Initially, USAF will fit 12 ALCMs exterhally on

B-52s modified with improved affeasive avionics systéms. Once USAF configures
most of the B-52G and H fleet, it will install eight more ALCMs in an internally
mounted rotary launcher. The concept of operation with 12 missiles is to shoot and
then penetrate; with the 20 ALCM load, it is to strictly standoff and shoot. Later,
the Navy fitted the modemized banleship uss New Jersey thh the first of 1ts
planned complement of SLCMs.

A recenit and important event to impact upon the cruise missile program was the
Navy's release in August 1982 of Admiral Locke, the only Director of the JCMPO
and whose connection with the cruise missile program spanned over 10. years.
While the Navy maintains that the move logically followed the missile evolution
from developinent and testing into production, the press emphasized problems with
both the Tomahawk's reliability and General Dynamics® Quality control. But more
impogtant than whytheNavymadeﬁuspersonne!chmgelswhntwdlresult What
happens to the cruise missile, the joint program, andtothccouceptsof
commonality and secon i-sourcing remain to be szen.

While there are clear military reasons for deploying the family of cruise missiles,
there is also a strong, if not predominit, polmcal element involved as well, Cruisé
missile deployment perntits rapid expansion of US nuclear weapoas and forcefully
demoastrates American will to friend and foe alike. Moreover, missile deploymesit
also seems to mvolvcmelenwntoftechmhgncaldﬂemmum—-uhnzadvanuge
of atechnclogical lead.

Rationale for deployment differs for the cruise missile variants. The ALCM will
enhaneethcm-bmthmgthmt The reasons for the MRASM are sbout as
simple—to increase the conventional capability of western aircraRt. But the reasons
for the GLCM are not quite as easy (o follow. Thay include political symbolism,
releasing dual purposs aircraft for other tasks, and improving theater nuclear
capabilities. Probably the most complex and changing rationale involves the
SLCM. memphmmSLCMhlsmwshxﬁcdeequﬂmwm
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ship and nuclear versions, the latter justified as a secure strategic reserve force.

The US military continues to plan improvements in the cruise missile. The
ALCM “C”’ (AGM-86C) will have an improved engine and pext :ps active snd
passive defense devices. Later, this new engine will be fitted in bo?*: the GLCM aad
SLCM. More advanced cruise missile designs are also on the drawing boards. New
types of engines and fuels promise greater power and less fuel ccnsumption. Stealth
technology will decrease the cruise missile’s visibility and diminish the enemy’s
chance of detecting, engaging, and destroying it. Improved coimputers will increase
accuracy and permit lower flying; and they may allow evasivc maneuvers. Present
trends indicate that the cruise missile will maintain its lcad over the enemy’s air
defense, thereby presenting a relatively cheap weapon that can foil much more
expensive enemy defenses. In short, the cruise missile is a cost-effective weapon
now and for the foreseeable future.

Having reviewed the evolution of the cruise missile, we have now arrived at the
time of reckoning. What are the explicit answers to the research questions posed at
the onset?

Question: What has changed and what has remained constant between the earlier
and current versions of the cruise missile?

Answer: While at first glance today’s cruise inissile resembles its predecessor,
close examination reveals significant teclniczl improvements. In one sense, the
cruise missile is like its ancestors, a ministure aircraft: it has the same type of power
plant and the same basic airframe as ccntemporary aircraft. But while inaccurate
and unreliable operations hobbied its predecessors for 50 years, today's cruise
missile is fundamentally difierent. Advances in computers, the evolution of the
TERCOM and terrain-following s'stems, and the development of small and
cfficient jet engines as w=ll as smali nuclear warheads, give the weapon radically
increased capabilities. These developments enable the present cruise missile to fly
very fer, very low, ana very accurately. This marks the difference between the
acrial torpedo/flying bomb of yesterday and the cruise missile of today.

Question: What advantages and disadvantages are inherent to cruise missiles as a
class of weapons? -

Answer: The cruise missile attracted the attention of the military for a number of
reasons. Built for a one-time, onc-way trip with no crew, the wmissile was relatively
cheap to build and operate. It could be used in large numbers, thereby increasing the
likelihood of successful penetration of enemy defenses; and it could be employed in
the most hazardous of conditions since man was not put at risk. In addition, because
there was no crew to be inhibited by psychological factors, the weapon could only
be defeated by direct intervention. Certainly the missile®s small size and crewless
flight made it less vulnerable than a manned aircraft.

Coaversely, the cruise missile also has a common list of disadvantages
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throughout its history. Taking man out of the machine had a number of important
consequences. First, if anything went wrong, nothing could correct the situation.
Another result of removing man from the machine was that, once launched, the
missile followed its program and nothing more. And because it lacked both
flexibility and real time reaction capability, the cruise missile could be defended
against, and could be defeated.

Nevertheless, today’s cruise missile offers a number of important and obvious
advantages over other weapons. Militarily, it offers excellent (if not unparalleled)
accuracy and a high probability of penetration. Also significant is the variety of
launch platforms available to the cruise missile, enhancing both flexibility and
survivability. Because of its high mobility, low cost, and high accuracy, the cruise
missile has potential to supplant today’s more costly and less accurate fixed ICBMs.
At the same time, the cruise missile’s low cost, high accuracy, ubiguitous
platforms, small size, and low flying ability challenge the manned penetrating
bomber. At the very least, the ALCM will be very important to preserving the air-
breathing leg of the Triad. The relatively low cost permits many cruise missiles to
be deployed. Finally, the cruise missile has the potential of staying ahead of air
defenses. And it is a threat which will cost enemy defenders many times what it will
cost the United States. While other weapons equal or out-perform the cruise missile
in some areas, the cruise missile combines these advantages.

“The cruise missile also offers a number of distinct political advantages. Its
newness demonstrates continuing American technical superiority. Cruise missile
Jeployment shows US will to both foes and allies, and should help assuage
domestic political groups demanding a rapid and massive arms buildup. If need be,
the cruise missile can be bargained against weapons the United States considers
most dangerous to its security. At the same time, it is not inherently a first strike
weapon; and because it is not a first strike weapoa, it is not destabilizing as are
ballistic missiles.

Question: Why were cruise missiles not successfully introduced on a large scale
into military inventories before? What obstacles has the weapon eacountered?

Answer: Throughout its development, technical problems have hindered the
cruise missile. This resulted, in pant, because designers did not sufficiently
recognize the impact of removing man from the machine, cspecially the crew's
ability to respond to unforeseen problems, to corvect them immediately, and to
report back the results. Neither guidance nor relisbility received adequate
attention. In short, the developers just did not do their homework patiently and
systematically in designing, testing, and then integrating the requizred components.
Therefore, the cruise missile could not deliver on its promise because of technical
failings and could not compete with other strategic weapons, In the one lasge-scale
use of the cruise missijes in combat, the V-1 failed as a militarily effective weapon.
Similarly, Amesican cruise missiles developed between 1545 and 1970 left much to
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be desired. The record of American missiles range from disastrous (Navaho), to
failures (Snark), to mediocre (Matador, Mace, and Regulus), to helpful (Hound
Dog and Quail). In brief, aircraft and ballistic missiles could deliver more
ordnance, more accurately, more reliably than could the cruise missile.

In general, the development of the cruise missile has been a sideshow. That is, a
small group of military men, an individual, or a company have pushed it, but, with
the exception of the Snark and Navaho in the early 1950s, until recently cruise
missiles have never had massive national support similar to that received by
ballistic missiles and bombers. While some within the military enthusiastically
championed the weapon, the services as a whole never have.

Until recently, the cruise missile’s sorry record certainly justified skepticism.
The military repeatedly tried the device over a long period of time, but it never
delivered on its promise; instead, the cruise missile proved unreliable and
inaccurate. Technological breakthroughs in the late 1960s, however, seem to have
overcome most of the weapon’s technical difficulties.

Unfortunately, military attitudes have not changed. If anything, they seem to
have hardened as the improved missile threatened existing force structures. As a
result, today’s problems with the cruise missile are more in the arena of politics
(numbers, costs, and modes of deployment) than in the area of technology. The Air
Force's reaction to the ALCM in the 1970s is a classic, if tragic, example of service
parochialism. Indeed, the services can take little credit for fostering the cruise
missile’s recent development. If anything, the machine developed in spite of their
opposition or apathy. More recently, the staunchest suppoiters of the missile were
civilians within the Department of Defease.

Question: Overall, what lessons can be gleaned from the historical record of the
cruise missile? What are the useful parallels?

Answer: It would appear that there are at least five. First, although the cruise
missile looks like a miniature aircraft, may perform somewhat like one, and has
often been treated like one, it is, in fact, quite different. The obvious, basic, and
key difference between aircraft and winged missiles is man. The military must
recognize from the outset that the cruise missile is not just a small aircraft, and that
taking man out of the machine makes a considerable impact upon both the positive
and negative sidss of the ledger. To get the most out of the weapon, and at the same
time not overestimate its potential, this fact must be fully appreciated by all hands
from the design phase all the way through deployment of the missile. In other
words, the cruise missile requires different handling than aircraft.

Second, the cruise missile possessed a number of basic characeristics throughout
its history. * Its principal advantages continue to be its relative cheapness, compared
with aircraft, and the fact that it operates without putting man at risk. At the same
time, its main disadvantages also stern from taking man out of the loop:
inflexibility, unreliability, and inaccuracy.

“Sae Air War Colicge Suvey, Agpeadia 8, on e iksnc of sdviingcs aad disecantages.
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Third, it must be emphasized and reemphasized that the technology which
emerged in the late 1960s radically improved the capabilities of the cruise missile,
giving the present day missile performance superior to its predecessor. Its small
RCS and low-flying ability ensure that the cruise missile has a high probability of
successfully penetrating enemy defenses. Moreover, its small size enables it to be
stored in numbers and launched from a wide variety of platforms. Another key
attribute is the missile’s high accuracy. In sum, these enhanced and new capabilities
make the new cruise missile quite different, and far better, than its predecessors.

Fourth, the cruise missile case illustrates the difficulty of incorporating new
technology into military force structures. The missile story tells, in almost classic
fashion, how domestic and foreign politics, including complications introduced by
interservice and intraservice rivalry, can influence the introduction and deployment
of a new weapon.

Fifth, the historical record indicates that weapons must be rationally assessed or
there will be problems. Novelty by itself is not an adequate reason to deploy a
weapon. The examples of the V-1 and Snark illustrate missiles put into service well
before they were ready. Prior to 1970, the cruise missile was hampered more by
technolegical shortcomings than by policy or political considerations; since then, an
influential number of individuals within the military have retained their negative
attitudes while the machine has considerably improved. The cruise missile should
be judged strictly on its merits—what it can do for national defense, not what it
might do to individuals’ careers, services’ missions, or contractors’ profits.

Question: Finally, how important is the cruise missile? Is the cruise missile just
another weapon like so many others, or does it represent a revolutionary class of
weapon?*

Answer: If the estimates of today are close to the realities of tomomow, the cruise
missile will be very important to the future of US security over the short run. In
shoring up the air-breathing leg of the Triad and increasing US capabilities vis-a-vis
the Soviets, the cruise missile will help close the much talked about ‘‘window of
vulnerability’ if, in fact, such a vulnzrability exists.

The influence of the cruise missile may be even greater over the long run, since
the missile has great potential for growth. By making use of advanced technology
such as computers, clectronics, and small jet engines, the cruise missile represents
the cutting edge of new and better technelogies. Greater fiying performance will
result as new engines and new fuels are used. As engineers mate stealth technology,
ECM (electronic countermeasures), and real time reactive capsbilities to the
machine, its detectability and vulnerability will decreass, thereby improving
military performunce and putting greater stess on the dzfense. Other new
technologies will surely emerge and, in turn, will be added to the missile, further
increasing its already considsrable capabilities.

%uw«wwmw.ma.ummuummumwmmm
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As a result of these developments, there remains the distinct possibility that the
penetrating bomber will be supplanted as a primary strategic delivery system.*
Improving enemy defenses make successful penetration increasingly difficult for all
but the most sophisticated bombers. At the same time, the rapidly escalating costs
of such aircraft compared with the costs and military effectiveness of ballistic and
cruise missiles raises serious questions about the cost effectiveness of the
penetrating bomber. At some point in the future, the penetrating bomber may well
be assigned to a standoff role, penetrating only in follow-on missions (after the
initial nuclear exchange) when the manned bomber’s flexibility and real time
reaction are needed and cnemy defenses are degraded. So there has been a shifting
in roles over time; the cruise missile which, at one point, was strictly an aid to the
bomber, may now become the bomber’s chief weapon. The overall result will be a
more capable and credible bomber force.

The cruise missile alsc promises to be a carrier of conventional ordnance. Since
the machine has the capabilities, the significant question is simply one of cost: can
the price of the device be lowered sufficiently so that a large number of the missiles
can be put into service? If so, the impact could be very important, and possibly
decisive, in a battle in western Europe. For in the first days of an intense war there,
NATO forces will require large numbers of air strikes to survive. Such airpower
could be provided, at least in part, by large numbers of highly accurate cruise
missiles. This mode of operation would conserve aircraft for later use when enemy
air defenses are dislocated, enemy forces are more vulnerable, and maximum use
can be made of the aircraft’s advantages.

Another area of great promise i conventional operations is the use of the cruise
missile as an RPV. Ccupling the aerial performance of the cruise missile with real
time direction will greatly enhance the missile’s military impact. And if the
machine could be recovered, then the all-important question of cost could probably
be satisfactorily answered.

Therefore, the prospects are that the cruise missile will play an important role in
American defense over both the short and long run, and its impact on western and
American military establishments will be major. But since the missile performs
roles now primarily handled by the Air Force, the impact on that service will be
much greater than that on any other. If the cruise missile eclipses the ICBM and
peaetrating bomber as a primary strategic weapon, and if in the first days of a major
war the tactical aviation needs of the military are met largely by the cruise missile,
then that device will have a revolutionary impact on the Air Force.

But to play such a role, the cruise missile must prove itself so as to convince both
military and civilian leadership of its value. The cruise missile must demonstrate
that it can do the job not just as well, but better than altemative weapons. It must
deliver on its promise and five up to its prese. The military must rationally assess the
cruise missile’s woith, then accommodate the new weapon, adjusting both its

organization and strategy to make best use of the missile’s advantages.

*3ae Air War Colitgs Survey, Appeadis B.
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Just as the military must properly assess the cruise missile, so must the
politicians. Civilian leaders must avoid the temptations of bartering the weapon
away for illusionary gains in arms limitations agreements, and of saving money by
not adequately funding it. This is not to say that the cruise missile should be blindly
built and protected, but that the device must be carefully assessed for what it can do
for national defense either as a deployed weapon or as a bargaining counter.

Having written a number of things that will certainly startle, upset, or irritate
many readers, I wish to make sure that these conclusions are put into the proper
perspective. All of these speculations are based upon the assumption that the cruise
missile will approach its potential; that is, there will be no major political or
technical obstacles to prevent the cruise missile frem achieving its promise.

The last note is one of optimism. The cruise missile is a weapon with great
potential for western defense. But to realize its potential, it must be properly
appreciated znd skillfully handled. Those responsible or interested in national
defense must keep in mind that knowledge is the first step on the way to
understanding which, in turn, must come befosé adequate plans and decisions can
be made. One of the challenges the western defense establishmient, especially the
United States, must meet in the 1980s and beyond is to krow and to undetstand
cruise missiles so as to make optimum use of them. Hopefully, this study will assist
decisionmakers, planners, and operators to successfully meet this challenge.
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APPENDIX B

DISCUSSION OF
AIR WAR COLLEGE CRUISE MISSILE SURVEY

In the snring of 1982, the anthor distributed a survey on the cruise missile to a
selected sample of one-third of the USAF students in the Air War College class of
1982. Of the 60 surveys distributed, 49 were reiwrned and used. The two-part
survey included an eight-question quiz and a number of questions relating to
attitudes and opinions on the cruise missile and other weapon systems.*

The level of knowledge shown by thie group on the first part was not high. Over
two-thirds of the respondents (34/49) missed four or more of the muitiple choice
questions.

On the attitude/opinion part of the survey, the consensus was that the most
important reasons why the US was building the cruise missile were, first, to add to
America’s military capabilities and, second, to aid the penctratiig bomber. These
were considesed more important than political considerations. One set of questions
asked the respondents to rate six current US weapons systems** in order of their
importance in three time frames. The respondents believed that, of these new
weapcens, the cruise missile will be fairly important in the short run (second to the
Trident-SLBM), but then decline in relative impoitance. The next question asked
was what were the most positive attributes of the cruise missile. High accuracy was
ranked most i:nportant, with smail radar cross scction (RCS; listed second. As to
what were the most negative attributes of the weapon, the respendents noted the
missile’s long time to the target and that it had no recall capability. The entire group
was then asked what might prevent the cruise missile from being deployed. The
factors rated highest were arms limitation agreements and political action by the
president or Congress. A series of questions followed regarding the relative value
of various versions of the cruise missile (ALCM, GLCM MRASM, and SLCM) in
three time frames. The group's rank ordes of their importance was ALCM, GLCM,
SLCM, and MRASM, with the first two declining ir importance over time, while
the last two increased in importance. The next question asked: “'In your opinion,
can the cruise missile replace tie manned penetrating sirategic bomber?™ Of those
who answered this quesuon, 14.8 percent responded yes, 23.4 pescent responded
maybe, and 61.7 percent answered no. The last guestion asked what impact the
cruise missile will have on the USAF. While the majority (53.1 percent) thought it

SSee Appendix C for the questionasire and the oversl] responees.
“4The six sysicms were he B- 18, cnise missilo, MX ussle, spac systeaus, izalth bomber, 218 Tridass-SLHM.
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would have considerable impact (similar to the MIRV), 28.6 percent believed it
would have a major impact (similar to the ballistic missile), and 18.4 percent said it
would have only a minor impact (similar to weapons such as the SRAM and Hound
Dog).

The survey results were then cross-tabulated in a variety of ways.* First, those
who missed the fewest questions on the eight question quiz (15 missed three or less
questions) were compared with those who missed the most (14 missed five or more
questions). The second cross-tabulation compared those 34 respondents who had nc
official contact with the cruise missile with ite 15 who stated they had anywhere
from slight to considerable official contact with it. The third series of cross-
tabulations compared the responses of the 26 rated respondents with those of the 22
non-rated ones. The final cross-tabulation compared the responses of the 18
respondents who answered that the cruise missile could or might be able to replace
the bomber, with the 29 who answered negative to that question.

What impact did knowledge, or at least command of iestable facts, iave on
opinions and attitudes? Those respondents who had no contact with the cruise
missile and those who were rated (pilots or navigators), tended to miss more
questions than those who had some contact with the weapon and those who were
non-rated. The group that did best on the quiz rated the cruise missile as a weapons
system about the same as did the less successful group. There were few differences
between the two groups on each cruise missile variant. The informed group rated
ALCM, GLCM, and SLCM about the same as did the less informed group, but .
rated MRASM higher in the pericd 1987-97. Finally, the better informed group was
more likely to believe that the cruise missile could replace the bomber and that it
would have a major impact on the USAF than did the less informed group.

Simiiar to the better informed group, the group with contact valued the cruise
missile as a weapons system about the same as did the entire sample. As to the value
of the four cruise missile variants over these three time frames, the group with
contact put a lower value on MRASM in the period 1982-87, and rated SLCM
lower for the period 1982-92 than did the group witkout contact. The rest of the
time, the group with contact put about the same value on the variants as did the
other group. The group with contact was more likely to belicve the cruise missile
could replace the penatrating bomber.

The survey dees not indicate resistance by rated officers to cruise missiles. Rated
respondents ranked the cnnse missile as & weapons system the same as did non-
rated respondents over th2 entire perick!. The rated group slso ranked the cruise
missite variants the same as the non-rated group, except for the GLCM which they
rated lower for the period 1992-97. Yet the flyers answercd yes or maybe to the
question of whether the cruise missile could replace the bumber only slightly less
(33 percent) than did the non-flyers (41 percent), and the entive group (38 pexcent).

The subgroups which might be expected to siow the widest difference of opinion
were those who believed the cruise missile either could, or perhaps could, replace
the bomber and those who believed it could not. 3ut the results refute the

*50¢ D) far Daced St O the orons tadwdation.
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expectations; that is, the group that answered yes or maybe to this question thought
the same of the cruise missile, as a generic type, as did the group that answered no.
However, the group that answered yes or maybe thought less of the ALCM
(1982-87, 1992-97) and GLCM (1982-87) variants than did the group which
answered no. The two groups ranked all other variants and all other time frames the
same. The two groups put the impact of the cruise m:issile on the USAF at about the
same level.

Like most survey efforts, there is both more and less here than meets the eye.
There is possibly nore that could be ferreted out both by a survey more detailed in
content and one distributed over a broader population. In other words, more and
improved research may be justified. Putting guesses and opinions, whether
educated or not, through a computer may tell us something about the respondents;
but it tells little about the subject.

AR i pn s et n
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s APPENDIX C

) CRUISE MISSILE SURVEY
: f AIRPOWER RESEARCH INSTITUTE
| AIR WAR COLLEGE

The Airpower Research Institute is chartered to study major issues confronting

I the USAF now and in the future. One research project currently underway concerns
g : - the cruise missile. While this study is intended to reach a wide audience, two key
B ; groups are commanders and plarners, groups with which you have already been, or

soon will be, a part. This survey is probing for information on: (1) how well AWC
students are informed about the cruise wissile, (2) what value they place on the
cruise missile and why, and (3) what future they see for cruise missiles.

PYOwrY

; : | Instructions | |

This survey t2 divided into two parts. Part I Jeals with your knowledge of the
cruise missile aiid is mainly factual. Part If asks you to rate various asgects of
the cruise missile and is mainly opinion,

The term ‘‘cruise missile’’ is used in a generic sense referriag to all versions

. ! of the weapen (i.e.; ALCM, GLCM, MRASM, and SLCM).
e The term “military velue’’ refers to both deterrence and to war-fighting
« ; capabilities, conveational and nuclear.
X After you have completed the 24 items, you ure encouraged to add any
comments as to the context or structurz of this surve;. These comments will be

- read and appreciated. 3
- As with other surveys you have cumpleted here, your idertity will be l

R : Please circle your responses.

i Please return the completed form to the evaluation drop box no later than

1700 7 May.

; 'NOTE: Thisis s actual questionnalre used, exoept that the added marbers in the toft swrgin for questioas 111 and 22-24 are frequencics,

§ for questions 1221 the average scove for the eatire group,

§° 81 PREVIOUS PAGE @

& 1S BLANK :
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Biographical Information

1. Have you had direct official experience with cryise missiles?

. tone - .

. slight (infrequent contact)

. some (occasional contact) ,

. considerable (direct duty for 1% years or less)

. great (direct duty for 1% years or more)

o0 oOe

2. Areyou rated or non-rated?

24 a pilot- .
2 b. pavigator
22 c. non-rated
1 {missing]

Part]

3. How. well informe‘d do you believe you are on the subject of cruise missiles
relative o others in your class?

. waybelow .

. below average

. dverage

. ebove average

. way above
{missing]

.-—-ug«-—
[+ I -V - -

4. What type engine wili power the cruise missile?

11 a ram jé;

3 b, rocket

21 ¢ turbofan®

2 d tubojet

2 [missing}

S. The ALCM, GLCM, and SLCM share the same:
7 a. airframe

%2




booster

1 b.

19  c. engine*

9 d. all of the above

9 e. none of the above
4 [missing]

6. The cruise missile uses what kind of guidance system?

. inertial only

. inertial plus TERCOM*
. inertial plus stellar

. TERCOM only

. none of the above
[missing]

N-o—gw
oA o

7. The first version of the cruise missile to become operational is the:

1 ALCM*
GLCM
MRASM
. SLCM
[missing]

NOO NS
aooe

What company is building the GLCM airframe?

[- -
.

Boeing

. General Dynamics*
McDonnell-Douglas
. North American
[missing]

company is building the SLCM eagine?

Garrett
General Electric
Teledyne
Westinghouse
Williams®*

{missing]
10. What s the range of the ALCM?

o
6o o

©
spaecgs é

4 a. 800nm
4 b. 1,000am
“Comect sapwer




36 c. 1,500nm*

0 d. 2,000nm
3 e. 2,500nm
2 [missing]

11. How many missiles will the B-52 INITIALLY carry?

. 6

. 8

. 12¢

. 16

. 20
[missing)

.-qms;u-
OO oR

Pantll

Ratethefdlowingitems by assigning a value to each. More than one item
may be assigned the same value.

The values are arrznged from the lowest (or most negative) on the left, to the
highest or most paositive on the right.
These are opir:lon questions.

12. Please RATE the importance of each of these reasons for building cruise
missiles today, using the following:

1. noimportance 2. low 3. some 4. high 5. highest.

n bargaining chip

a. 1. 2. 3. 4.5
443 b. add new military capabilities 1. 2. 3. 4. 5§
3.88 c. political signal to the Soviets l. 2. 3. 4. §
4.04 d. aid the penetrating bomber 1. 2. 3. 4. 5
3.65 e. force Soviet defence spending 1. 2. 3. 4. 5
3.20 f. increase the number of warheads 1. 2. 3. 4. 5

13. Please RATE the systems identified below in your view of their order of
military value for the period 198287 using the following:
1. novalue 2. little value 3. some value 4. high value §. highest value

3.61 a B-1B 1. 2. 3. 4. 5.
422 b. cruise missile 1. 2. 3 4. S
343 ¢ MX 1. 2. 3. 4 S
3.18 d. specesystems . 2. 3. & 5.

izt atvecd




2.69 e. stealth bomber 1.

2. 3. 4
447 f{. Trident/SLBM 1. 2. 3. 4.

5.
5.
14, Please RATE the systems identificd below in your view of their order of

military value for the period 1987-92 using the following:
1. novalue 2. little value 3. some value 4. high value S. highest value

400 a. B-1B 1. 2. 3. 4. 5§
4.21 b. cruise missile 1. 2. 3. 4. 5§
418 c. MX 1. 2. 3. 4. 5
4.18 d. spacesystems 1. 2. 3. 4 5§
3.60 e. stealth bomber 1. 2. 3. 4. 5
438 f. Trident/SLBM 1. 2. 3. 4.5

15. Please RATE tae systems identified below in your view of their order of
military value for tiie period 1992-97 using the following:
1. novalue 2. little value 3. some value 4. high value 5. highest value

355 a. B-IB 1. 2. 3. 4. 5
3.92 b. cruise missile 1. 2. 3. 4 5§
419 c. MX 1. 2. 3. 4. 5§
4.63 d. spacesystems 1. 2. 3. 4. 5§
4,18 e. stealth bomber 1. 2. 3. 4. 5§
415 f. TridentySLBM 1. 2. 3. 4§

16. The following are considered positive attributes of the cruise missile. Please
RATE each of these attributes in your view of their order of contribution to the
cruise missile’s effectiveness using the following:

1. novalue 2. littic value 3. some value 4. highvalue 5. highest value

3.73 a. low cost(more affordable) 1. 2. 3 4. 5§
3.92 b. small size (camry more, conceal easier) 1, 2. 3. 4. 5§
4.31 c. small radar cross section (less vulnerable) 1. 2. 3 4. 5§
4.54 d. highaccuracy (military effectiveness) 1. 2. 3 4 5§
3.67 ec. noman atrisk (military effectivencss) 1. 2. 3. 4 5§
4.06 f. low altitude {less vulnerable) 1. 20 3. 4 5
17. The following are considered negative attributes of the cruise missile. Please
RATE how negative using the following scale:

l. Mostnegative 2. 3. 4. 5. Leastoegative

3.64 a. vulnerability 1. 2. 3. 4 5§
2.87 b. aorecall capability . 20 3 4. 3
275 ¢. longtime totarget . 2. 3. 4. 5§




3.02 d. inflexibility (no man in the loop) 1. 2. 3. 4. 5
2.98 e. nopost-strike target information 1. 2 3. 4. 5§
3.54 f. unreliability 1. 2. 3. 4 5

18. Please RATE how likely the problems identified below will prevent the
successful deployment of the cruise missile? For rating use the following:
1. notlikely 2. little 3. somewhat 4. very S. most likely

2.71 a. costoverruns 1. 2. 3. 4.5
2.54 b. unreliability 1. 2. 3. 4. 5
3.44 c. arms limitations agreements 1. 2. 3. 4 5
2.73 d. failure to meet performance goals 1. 2. 3. 4. 5
3.33 e. political (congress or president) I. 2.0 3. 4. 5
2.67 f. competition with other weapons . 2. 3. 4. 5

19. Please RATE tue military value the specific cruise missiles will have in
1982-87 using the following:
1. novalue 2. little value 3. some value 4. great value 5. greatest value

432 a. ALCM 1. 2. 3. 4. 5.
409 b. GLCM 1. 2. 3. 4. 5§
298 c¢. MRASM 1. 2. 3. 4. 5.
3.67 d. SLCM 1. 2. 3. 4. 5.

20. Please RATE the military value the specific cruise missiles will have in
1987-92 using the following:
1. novalue 2. little value 3. some value 4. great value 5. greatest value

425 a. ALCM 1. 2. 3. 4. 5.
4.15 b. GLCM 1. 2. 3. 4. 5.
342 c. MRASM I 2. 3. 4. 5.
390 d. SLCM 1. 2. 3. 4 5.

21. Please RATE the military value the specific cruise missiles will have in
1992-97 using the following:
1. novalue 2. little value 3. some value 4. great value 5. greatest value

394 a. ALCM 1. 2. 3. 4 5
39 b. GLCM 1. 2. 3. 4. 5
343 c¢. MRASM 1. 2. 3. 4.5
3.88 d. SLCM 1. 2. 3. 4. 5

22. How should the ALCM primarily be used?

35 a. standoff

e e e i




i1  b. shootthen penetrate
2 c. suppress enemy defenses
0 d. none of the above
1 [missing]
23. In your opinion, can the cruise missile replace the manned, penetrating,
strategic bomber?
7 a. yes
11 b. maybe
29 ¢ no
2 d. cannot tell at this time é
i
. 24. What impact do you think the cruise missile will have on the USAF?
_ 0  a. revolutionary (change the entire way of thinking) i
: 14 b, major (similar to the ballistic missile) ;
; 26 ¢. considerable (similar to the MIRV)
9 d. minor (just another weapon like the Hound Dog or SRAM)
0 e. little or none (it will not live up to its press reviews)
0 f. none of the above
‘ Thank you very much for your help. : |

You are encouraged to add any comments regarding either the content or
structure of this survey.

u
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APPENDIX D

CRUISE MISSILE SURVEY CROSS TABULATION

Questions 13-15: Rate weapon sysierm over time (1982-87/1987-9%/

1992-97

Missed fewest: Some official Rated: Replace/

Missed most contact: None Noan-rated Maybe replace

Bomber: Not
Replace

B-1B 00 - 000 000 - ==
Cruise Missile 000 00O 000 000
MX - - - 000 + 0 - 0 - -
Space System 0 -0 0+ 0 + + 0 -00
Steqlth Boraber - -0 ++ 0 ++ 0 - - -
Trident/SLBM 000 000 00 + 000
! OUS PAGE
'“l:‘auuk @
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Question 16: Positive Cruise Missile Attributes

Mmcd fewest:

Rated:

Replace/

Some pfﬁcial
Missed most contact: None Noa-mated Miybe replace
Bomber: No«
. Replace
Low Cost 0 0 + 0
Sinall Size 0 + 0 ]
Small Radar Cross + 0 0 -
Section
High Accurscy + - + 0
No Mari at Risk 0 0 0 0
Low Altitude 0 0 0 0
Question 17: Negative cruise missile attributes
Missed fewest: Some official Rated: Replace/
Bomber: Not
. Replace
Vulnerability 0 - + 0
No recall + 0 - +
Loag time to - 0 0 0
targed
Iflexidikity 0 0 - 0
Nao post-strike 0 1] 0 +
inforwation
+ - + 0
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Question 18: Problems likely to preclude cruise missile deployment

Misscd fewest: | Some official Rated: Repiace/
Missed most contact: None Noa-rated Maybe replace
» Bomber: Not
Replace
Cost overruns - + 0 o -
Unreliabitity 0 + -
Arms agreements 0 0 0 0
Failure iougeet - + 0 -
performance goals
Political 0 0 + -
(Congress
orPresident)
Comgetition with 0 0 + 0
other weapons

Questions 19-21: Rank cruiss missile viriant over time (1982-87/1987-92

1992-9%)
' Bombes: Not
Replace
ALOM 0Nno 000 000 -0 -
GLOM 000 000 00 - -00
MRASM 0+ + -00 000 000
StiM 060 - -0 000 000

251
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Question 23; Will the cruise missile replace the penetratisig bomber?

L R

Missed fewest: Sohe official Rated: Replace/
Missed most contact: None Noao-rated Maybe replace
Bomber: Not
) ] Replace
Yes F 43 24
Maybe 52 29 €5
No 71 8:21 16:13
Question 24: Impact of the cruise missile on USAF
Nissed fewest: Some officiz} Rated: Replace/
Missed most contact: None Noa-vated Maybe replace
Bomber: Kot
Replace
Mzjor 5 4:10 68 59
Considerabie 5:10 818 15:4 14
biinor 53 k3 53 36
52
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APPENDIX E
SNARX FLIGHT RECORD
T Sesial Durstion
bem  Dae  Number (Minutes) Remaris

Holloman AFB Tests - N-25

21DecS0 - Leuncker failuge. i

1
2 SMarsi - * Ground radio conirol failure. ;
3 16ApSt 38 Recovered.
| 4 SMayh 58 Recovered. |

5 24MiyS1 - Launcher failure. :
6  26JunSl ' 81 Dynamic stability. Recovesed.
7 17581 7 Destroyod landing.
8  8AugSl %0 Stall & siability tasts. Recovered.
8 21Augst 3 Autopilot maifunction,
10 3Ausst - Booster miafired.
1t 25Sepsl $ Ematic autopiict.
12 2005 % Lost in etall test,
i3 160ct51 8 Unintentionsd sall.
14 240ct51 142 Dynamic stability tests, Recovercd,
1S 15Novsi 127 Dynamic siability wests. Recovend,

. 16 29NovS1 183 Performance & statality tisis,

'. Mach. 63, 35,000 . Recowzsd. 3
17 14DecSt 150 Pesformance tesi, 1,600 L
18 25Mas2 165 Aisspoed catibration, stall ste, :

Recowered.

19 {Rebs2 % Aurspoad calibeation.
0 20RenS2 66
2 28MaS2 146 Mach .57 in dive. Recoversd.

N




Snark Flight Record (Continued)

Serial Duration
“em Date Number (Minutes) Remarks
Atlantic Missile Range
2 29Augs2 Dynamic Model #2 1st Snark test at AFMTC.
Stage 1 firing.
23 10ct52 Dynamic Mode] #1 2nd test of N-73 launcher.,
24 300ct32 Dynamic Model #3 3rd zero-length launcher test.
25 26Novs2 (N-25), GM-246 1st N-25 launch from
zero-length launcher.
26 19Dec52 (N-25), GM-972 2nd N-25 launch over AMR
27 6Feb33 (N-25), GM-974 Failed structurally during
terminat dive.
28 t0MarS3 (N-Z5), GM-2337 Completed Stage 1 tests.
29 6Augs3 (N-69A),GM-3391 4 1st N-69 launched AFMTC.
ki) 150¢153 (N-69A), GM-3393 4.6 Lost wings & burst into flames.
3 2FebS4 (N-69A), GM-3395 1.7 Qut of trim, pitch up,
N-3270 lost wings and exploded.
k7] 18FebS4 (N-69A), GM-3396 3 Dive brakes jam open.
N-3271 Imoact 200 yds off shore.
3 26AprS4 (N-69A), GM-11111 2 Electrical failure, impact
N-32712 3,000 f from launcher.
kT JlunS4 (N-69A), CM-3394 211 Isi attempt to skid land missile
at Cape, redr skid not locked,
excessive sink rate, explosion.
215054 (N-69A). GM-3392 168.3 Last in acrodynarnic test sevies.
N-3267 Engine surge after skids extended.
36 218¢pS4 (N-69B), iM-11113 51.5 Fuel cransfer sysiem maifunction.
N-327a Missite return uprange for shatlow
waler dump.
37 120c54 (N-69B), GM- 14 17 Lost telemetry at launch,
N-3275 became unstable afier tanding
skids extended impacted 23
miles off showe.
33 12NovS4 (N-63B), GM-11116 159 Carried Notth American guidance
N2 capsule. Sl after skids exiendad,
10DecS4 (N-65B), GM-1i11$§ 3 Hydraulic system failure.
N-3278 Went out of contnl.
Lt 132055 (N-698), GM 13097 49 Last of madified B type swrrying
N-3278 N2C data recder, eagio fire.,
41 10FedSS {N-69C), GM-13106 2.3 Start of Phase i testing.
151 C mode] Srari, steep climb
atlaunch, stall.

ks s sk
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Snark Flight Record (Continued)

Serial Duration
Item Date Number (Minutes) Remarks
42 6Apr5s (N-69C), GM-13107 181.8 1st terminal dive test,
insufficient controf effectiveness,
broke up in terminal dive.
43 26AprsS (N-69C), GM-13108 3 Rudder trim failure, N-69C
N-3289 broke up at T+15 seconds.
4 13Mayss (N-69A), GM-11112 110.3 Collided with photo piane,
N-3273 T-33 OK, missile crashes.
45 13Julss (N-69C), AF 51-17579 1.1 Engine fire, impact §
GM-13112, N-3293 miles off shore.
46 9Aug5Ss (N-69C), AF 51-17580  88.9 Last of unmodified N-69C
GM-13113, N-3294 missiles.
47 260ctS5 (N-€9C), AF 52-1710 69 1st N-69C with modified
GM-52-10972, N-3298 tistic nose.
48 26Nov5S (N-69D), AF 52-10977 257.5 ist unmanned flight with
GM-52-1715, N-3301 stellar-inertiaf guidance.
Guidance power failure, switch
to radio control. Skid off runway,
fire.
49 9DecSS (N-6SC), AF §52-10973 77 Ballistic nose performance
GM-52-1711, N-3297 excellent.
50 16DecS5S (N-69C), AF 52-10974  63.3 Divergent oscillations due to loss
GM-52-1712, N-3298 of pitch rate. Nose delivery
not satisfactorily demonstrated.
31 2