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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 modern 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 updated
because 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.

LorallfLoeune

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

Research, and Education
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CHAPTER 1

INTRODUCTION

The outcome of war is determined by a complex combination of factors that
include numbers, politics, strategy, tactics, 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 factors, 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 student of military technology
has put it this way:

... new and more effective weapons have generally been adopted only slowly in spite of their
obvious advantages. Since the character of contemporary weapons 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 weapons and exploit them
fully. Survival itself, then, appears to depend on speed in both the development and the optimum
utilization of weapons.'

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

National safety would be endangered by an Air Force whose doctrines and techniques are tied
solely on the equipment and process of the moment. Present equipment is but a step in progress,
and any Air Force which does not keep its doctrines ahead of its equipment, and its vision far into
the future, can only delude the nation into a false sense of security.?

While weapons come and go in the military, history provides examples of classes
of weapons having both a dramatic and a lasting impact upon the conduct of
warfare. These examples involve weapons which were, at their inception,
revolutionary since they were not merely new but clearly superior to equipment
already in use on the battlefield. Because they dominated warfare they were crucial
to battlefield success; and nations possessing and using such weapons effectively
were, more often than not, victorious. Examples include the long bow, gunpowder,
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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 fundamentally changed the course of airpower during its short
history. Some of the more salient examples are jet engines, nuclear warheads,
radio, radar, and missiles (ballistic and cruise: surface-to-surface, air-to-air, air-to-
ground, 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 operational concept and system, has been
around for some time; and very early on inspired rather 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 comments 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
missile 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 attention by military professionals and lay persons alike.

Certainly, the public needs to know more about this weapon in order to follow its
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The Boeing AGM-86B, ALCM (Air Launched Cruise Missile). (USN)

The General Dynamics BGM-109, SLCM (Sea Launched Cruise Missile). (USN)
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The General Dynamics BGM-109, GLCM (Ground Launched Cruise Missile). (General
Dynamics)

progress, to understand 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 comprehend the weapon’s capabilities and limitations. But even those
military members not directly involved with the cruise missile need to be well
informed to appreciate its importance and to know why it receives so much funding
and attention. At the higher levels, planners and decisionmakers need to understand
cruise missiles as much as 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 can
illuminate not 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 interesting’’ study,
more than *‘just history for history’s sake,’’ this study must raise and satisfactorily
answer a number of specific questions.

‘Seg App.endix B for a survey of the Air War College class of 1982, including a rough test of the knowledge level of Air Force officers on
the cruise missile.

4
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For instance, what has changed and what has remained constant between the
earlier 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
parallels? 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?
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CHAPTER II

THE EARLY YEARS: TO 1941

Even before World War I, during the first decade of powered flight, the idea of
an unmanned, automatically controlled ‘‘flying bomb’’ or ‘‘aerial torpedo”’
circulated in a2 number of countries.! The technology making such a device possible
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. 2 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 Licutenant 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 specially 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.$

' i i issi ible. In addition,
Eimer Sperry's developments with gyroscopes made unpl!otgd missiles possi
he was girergtly involved in both of America’s World War | missiles. (Sperry Corp.)

7
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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 1
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-controlled
“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 observer, Major Gordon Bell, fittingly called the ‘‘Mad
Major’’ because he terrified 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
controls.'®

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 airborne 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 Sperry’s ‘‘flying bom " project.'? Subsequently, Secretary



EARLY YEARS

The British Royal Aircraft Establishment (RAE) Aerial Target under construction, 1917. The
device was unsuccessfully tested in July 1917, (RAE, Farnborough)

of the Navy Josephus Daniels formed a five-man committee to investigate 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 the 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
(‘*flying bombs’’) from Glenn Curtiss bgcause Sperry wanted a faster aircraft than
the N-9. Remarkedly, Curtiss delivered jthe device* six days ahead of the 30 day,
schedule!'s '

But after the success of the manned N-9, failure dominated the new phase wit
the unmanned vehicle. Major problems emerged, the first of which was literall
getting the machine off the ground. Because takeoffs upset the azimuth control, the
experimenters 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 briefly airborne, cast doubt on both the catapult system and the device’s

flying ability."

*See Appendix A for missile charscteristics.
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Therefore 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 ~esponsive ‘‘flying bomb.”’ Finding that the machine lacked longitudinal

stabi*i*v, the testers lengthened the fuselage two feet and made other suitable
modifications. !

N N Kt
— |I il A 1

-..Mvo-"“' i '& , w‘*’ A
H"" “ MJM l.*,a i Lt' L»»"“"“""’L {ff{ U

The Navy's World War | “flying bomb,” associated with Elmer Sperry and Glenn Curtiss. A

device of this type performed successfully for the first time on 6 March 1918, (General Motors
Institute)

«IX

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. Norden (later known for
his World War Il 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 realism or rationalization. For while
catapults were to prove important to the Navy in subsequent years, later models
relied upon a much different technology.

Meanwhile, Sperry further tested the *‘flying bomb.”* The test bed consisted of a

10
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Lawrence Sperry, the inventor's son, was very active in the development of the "flying bomb.”
Sperry (left) with Lieutenant Bellinger in a Curtiss flying boat in 1913. (National Archives)

Marmon car fitted with an OX-5 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
Island Railroad, but flanged wheels could not keep the Marmon on 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 feet before it went out of control and crashed.
Another did little better three days later, flying only 500 feet before crashing.

Meantime, 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
shortage 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 longest flight in the Navy-Sperry tests.?

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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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.”’2

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 about 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 satisfactory airframe, 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 Sperry
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. McCormick 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 ordered five ‘‘flying bombs’’ from that company. The Navy
fitted two of these aircraft with Sperry 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 Dahlgren, Virginia, a move completed by May 1919. In
addition to the N-9 and Wittenman-Lewis aircraft, the Naval Aircraft Factory at
Philadelphia built ten ‘‘flying bombs.’’ The latter were very tail-heavy, and
apparently flew only 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 attempt the next launch until November. This flight lasted twenty minutes, and
the machine flew in circles. The third ‘‘flying bomb,”’ launched on 25 April 1921,
flew less than two minutes. The missile’s lack of progress, coupled with declining
funds, led the Navy to cancel the effort in 1922. Meanwhile, the Army had
developed a somewhat more successful ‘‘flying bomb.”’%®

The Army-Kettering Bug

There is a direct connection between the Army and Navy ‘‘flying bomb”’
programs. While Sperry failed to interest the Army in the idea before the 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 3! 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 than
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 appointed a four-man board 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 of General Motors,
filed a favorable minority report. Not surprisingly, he received a cost plus contract
to develop the device .3

Parallel to the Navy-Sperry program was an Army program associated with Charles Kettering.
Kettering (right) examines a model of his World War | missile in 1946. (General Motors Institute)
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Kettering formed a team at Dayton, Ohio, consisting of his company, Dayton
Metal Products (control systems); Elmer Sperry (gyroscopes); S. E. Votey of
Aeolian 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
