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I N T R O D U C T I O N  T O  

E N C Y C L O P E D I A S  O F  W E A P O N S  

A N D  W A R F A R E  S E R I E S

Weapons both fascinate and repel. They are used to kill and
maim individuals and to destroy states and societies, and occasion-
ally whole civilizations, and with these the greatest of man’s cultural
and artistic accomplishments. Throughout history, tools of war have
been the instruments of conquest, invasion, and enslavement, but
they have also been used to check evil and to maintain peace.

Weapons have evolved over time to become both more lethal and
more complex. For the greater part of man’s existence, combat was
fought at the length of an arm or at such short range as to represent
no real difference; battle was fought within line of sight and seldom
lasted more than the hours of daylight of a single day. Thus, individ-
ual weapons that began with the rock and the club proceeded
through the sling and boomerang, bow and arrow, sword and axe, to
gunpowder weapons of the rifle and machine gun of the late nine-
teenth century. Study of the evolution of these weapons tells us
much about human ingenuity, the technology of the time, and the
societies that produced them. The greater part of technological de-
velopment of weaponry has taken part in the last two centuries, es-
pecially the twentieth century. In this process, plowshares have been
beaten into swords; the tank, for example, evolved from the agricul-
tural caterpillar tractor. Occasionally the process is reversed and
military technology has impacted society in a positive way. Thus
modern civilian medicine has greatly benefitted from advances to
save soldiers’ lives, and weapons technology has impacted such
areas as civilian transportation or atomic power.
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Weapons can have a profound impact on society. Gunpowder
weapons, for example, were an important factor in ending the era of
the armed knight and the Feudal Age. They installed a kind of rough
democracy on the battlefield, making “all men alike tall.” We can
only wonder what effect weapons of mass destruction (WMD)
might have on our own time and civilization.

This series will trace the evolution of a variety of key weapons sys-
tems, describe the major changes that occurred in each, and illus-
trate and identify the key types. Each volume begins with a descrip-
tion of the particular weapons system and traces its evolution, while
discussing its historical, social, and political contexts. This is fol-
lowed by a heavily illustrated section that is arranged more or less
along chronological lines that provides more precise information on
at least 80 key variants of that particular weapons system. Each vol-
ume contains a glossary of terms, a bibliography of leading books on
that particular subject, and an index.

Individual volumes in the series, each written by a specialist in
that particular area of expertise, are as follows: 

Ancient Weapons
Medieval Weapons 
Pistols 
Rifles 
Machine Guns 
Artillery 
Tanks 
Battleships 
Cruisers and Battle Cruisers 
Aircraft Carriers 
Submarines 
Military Aircraft, Origins to 1918
Military Aircraft, 1919–1945 
Military Aircraft in the Jet Age 
Helicopters 
Ballistic Missiles
Air Defense
Destroyers

We hope that this series will be of wide interest to specialists, re-
searchers, and even general readers.

Spencer C. Tucker
Series Editor
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C H A P T E R  O N E

Origins and Early
Development of the

Aircraft Carrier

Warship design changed rapidly in the second half of the nine-
teenth century, driven by two major technological developments:
steam power and advances in artillery. The challenges these novel
vessels presented to fleet commanders were not just operational but
extended more widely into tactics and strategy. Reconnaissance had
always been a problem that the advent of steam vessels with their
greater speed and mobility exacerbated. While steam made produc-
tion of speedy scouting vessels possible, faster steam-powered enemy
fleets independent of the wind were more difficult to locate. Speed
also brought with it the possibility of surprise, both tactical and
strategic. Naval artillery had changed little in its fundamentals for
three centuries but in the mid-nineteenth century weapon design
took a great leap forward. As guns grew in size warships could carry
fewer weapons. Accurate gunfire consequently became more impor-
tant. Furthermore, these larger weapons possessed greater range
and, as the century progressed, battle ranges slowly extended, while
the battle space became more obscured as it filled with the smoke
from guns and furnaces. At the turn of the nineteenth century gun-
nery officers also came to appreciate the advantage of long-range
heavy gunfire over the close-range battering effect of large weapons.

Both these technological developments encouraged efforts to dis-
cover means by which commanders might see beyond the smoke
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and confusion of the battle zone to discern the enemy’s movements
and direct long-range gunfire, and beyond the horizon to locate and
shadow an opposing fleet. Consequently, admiralties and naval offi-
cers generally showed considerable receptiveness to the benefits of
aviation at sea from shortly after practical aerial vehicles emerged.
The successful development of the balloon led many navies to ex-
periment with its use as a battlefield reconnaissance platform from
the mid-nineteenth century onward. Some, most notably the United
States Navy during the Civil War, deployed balloons operationally
from converted or specially constructed vessels. When self-
propelled aircraft, both heavier and lighter than air types, appeared
around 1900, the world’s major navies were quick to appreciate
their potential for distant reconnaissance and battlefield observa-
tion. Both the German and British fleets moved quickly to acquire
rigid airships from as early as 1908, even though these expensive
vessels were still in the infancy of their development.

Heavier-than-air machines proved even more attractive. Prior to
World War I several of the world’s navies commissioned vessels as
parent ships for seaplanes. Not surprisingly, given that the American
Wright brothers were the first to make a successful controlled flight
in a heavier-than-air machine, the United States Navy was the first
to experiment. Captain Washington I. Chambers, appointed in 1910
to coordinate aviation matters for the Navy Department, arranged
with the Curtiss Aeroplane Company to use one of the firm’s aircraft
and its chief test pilot, Eugene Ely, to conduct a pair of trials operat-
ing aircraft from warships. In the first, on November 14, 1910, Ely
took off in a Curtiss pusher biplane from an inclined wooden plat-
form, 83 feet long and 24 feet wide, erected over the forecastle of
the cruiser Birmingham while it was anchored in Hampton Roads.
In Chambers’ second experiment, on January 18, 1911, in San Fran-
cisco Bay, Ely landed a Curtiss pusher on a platform constructed
over the quarterdeck of the anchored armored cruiser Pennsylvania.
The platform was 119 feet 4 inches long, 31 feet 6 inches wide, and
fitted with a primitive arresting gear formed by twenty-two trans-
verse ropes suspended just above it and weighted at each end with
sandbags lying on the platform. The Curtiss was fitted with hooks
on its landing gear axle to catch the ropes and there was a crash bar-
rier, in the form of a deck awning stretched vertically at the forward
end of the platform in case Ely missed the arresting gear. In the
event, the hooks engaged the eleventh rope and halted the Curtiss
50 feet beyond the touchdown point. Shortly afterward, on February
17, 1911, Glenn Curtiss himself conducted a further experiment for
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the Navy. He flew a prototype seaplane out to the Pennsylvania, by
then stripped of the landing platform, while the cruiser was an-
chored in San Diego harbor. The seaplane was hoisted aboard and, a
while later, set back on the water for a return flight, demonstrating
the practicality of operating seaplanes from surface ships.

The Royal Navy also undertook considerable experimental work
before World War I began. On January 10, 1912, Lieutenant
Charles R. Samson, one of the first four British naval officers to re-
ceive flight training during 1911, successfully flew a Short Brothers
pusher biplane off an inclined track constructed over the forward
turret and forecastle of the battleship Africa while it was anchored
off Sheerness. Soon afterwards, the Navy erected a similar more
horizontal track on the battleship’s sister ship, the Hibernia. Two
Shorts, one the original landplane and the other a new seaplane,
were embarked for the naval review at Weymouth. Samson flew the
landplane off the track while the Hibernia was underway at ten
knots on May 2, 1912, the first such flight from a moving ship, and
landed ashore. The following year the Navy equipped the protected
cruiser Hermes as a seaplane carrier for the annual fleet maneuvers.
The cruiser had a takeoff track over the forecastle, a canvas hanger
for aircraft stowage on the quarterdeck, and a long derrick on the
mainmast for handling seaplanes. A Short Folder Seaplane, fitted
with Short’s patented wing-folding mechanism that greatly eased ac-
commodating aircraft aboard ships, and a René Caudron amphibian
that had wheels projecting through the bottom of its floats, were
embarked. The two aircraft made about thirty flights between July 5
and October 6, 1913, the Short using a wheeled trolley for taking
off. On at least two occasions the aircraft took off while the Hermes
was underway.

These experiments, especially the extended operations using the
Hermes, greatly influenced the Royal Navy’s approach to deploying
aircraft at sea and laid the foundation for the fleet’s aviation opera-
tions during World War I. They also led directly to the Admiralty’s
decision to commission a permanent aviation ship for the Royal
Navy. This vessel, the Ark Royal, was a merchant ship purchased in
May 1914 while still under construction at the Blyth Shipbuilding
and Dry Docks Company. The Assistant Director of Naval Construc-
tion, John H. Narbeth, assisted by Constructor Charles J. W. Hop-
kins, so completely redesigned the ship that all that remained of its
merchantman origins were the keel, framing, and shell plating. The
machinery and superstructure were relocated at the stern of the
ship, leaving the forward two-thirds of the hull available for aviation
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features. It had an enclosed hangar within the hull, specialized air-
craft maintenance shops, fuel and lubricant stowage, and ordnance
magazines. A large sliding hatch gave access for a pair of steam
cranes to hoist aircraft from the hangar. The sheer was completely
flat, allowing seaplanes to take off using wheeled trolleys from the
clear foredeck, although there is no clear evidence this ever oc-
curred. When the Ark Royal commissioned on December 10, 1914,
it was a testament to the Admiralty’s prewar commitment to naval
aviation.

The Ark Royal, however, was not the first British design for an avi-
ation ship for the Royal Navy. In December 1912 the shipbuilders
William Beardmore & Company in Dalmuir submitted a proposal to
the Admiralty for the construction of a “parent ship for naval aero-
planes and torpedo-boat destroyers.” The design envisaged a 15,000-
ton ship 450 feet long and 110 feet in the beam. It featured a flush
deck from end to end, flanked amidships by two superstructures that
each incorporated a stack, mast, and hangar accommodation for
three seaplanes in separate bays. Seaplanes would take off on trol-
leys from the forward section of the flush deck and land on the aft
deck. A bridge connected the superstructures over the flight deck
and carried navigation and conning stations. The deck between the
superstructures could be closed off at each end during bad weather
and an internal hangar below the flight deck could accommodate ten
disassembled seaplanes. The design also envisaged workshop facili-
ties, aircrew accommodations, large magazines and fuel storage
spaces, and a powerful wireless installation. For self-defense the ship
would carry six 4-inch guns. The Admiralty gracefully declined the
proposal on the grounds that “as sufficient experience had not yet
been gained with hydroplanes working from a ship at sea to enable
naval requirements to be definitely stated, it was considered inadvis-
able to proceed further with the matter at present.” In fact, as later
experience with carriers such as the Furious would demonstrate, the
impact of furnace uptake gases and eddies created by the large
superstructure on air flow over the after deck would have rendered
landing on it extremely hazardous if not impossible, but the design
demonstrated considerable appreciation of the requirements for the
efficient operation of aircraft with the fleet.

France also was an early participant in experimental operation of
aircraft with the fleet. In March 1912 the Foudre, originally con-
structed as a cruiser to carry and launch torpedo boats at sea and
operated as an experimental balloon carrier during naval maneuvers
in 1898 and 1901, was converted into an aircraft carrier with a large
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hangar abaft its stacks. From May 27, 1912, the Foudre operated
seaplanes during the regular fleet maneuvers. In early 1914 a take-
off platform was installed over the forecastle and, on May 8, René
Caudron, a civilian pilot and notable aircraft designer, took off from
it flying an amphibian of his own design (identical to the machine
embarked on the British Hermes the previous year). Lieutenant de
Vaisseau Jean de Laborde, one of the earliest French naval aviators,
attempted the same feat on June 9, 1914, but this effort ended in a
crash. The French Navy also began investigating the design of a
flight-deck ship as early as May 1912, a process that was sufficiently
advanced for at least semiofficial authorization of construction by
the end of the year. It also proposed to purchase a British tanker, the
Fornebu, for conversion into an aviation ship to replace the Foudre,
which was regarded as capable of fulfilling the fleet’s needs only
temporarily. In any event, neither the flight-deck ship nor the con-
version of the Fornebu proceeded further after the outbreak of war.

The Russian Navy undertook considerable experimental work op-
erating balloons from warships around 1900, including converting
the old German transatlantic liner Lahn into the specialized aviation
ship Russ, designed to deploy up to nine balloons and incorporating
hydrogen generators and compressors, balloon winches, a clear han-
dling deck, aerial photographic equipment, and air-to-ship tele-
phone communications. The ship, however, was worn out and, prob-
ably fortunately, was unable to accompany the Third Pacific Fleet
on its epic voyage to destruction at the Battle of Tsushima in 1905.
This early experience of specialized aviation requirements proved
valuable during World War I.

Italy succeeded in deploying an aviation vessel in combat prior to
World War I. The converted brigantine Cavalmarino briefly de-
ployed its kite balloon to spot for the gunfire of the battleship Re
Umberto and cruiser Carlo Alberto against Turkish shore positions
around Tripoli before a storm wrecked the balloon on December 12,
1911. Nevertheless, the Italian fleet proceeded very slowly with
shipboard aviation, even during World War I.

As important as all these experiments in operating aircraft from
ships were, there were very rapid advances in the design of aircraft for
naval use. The earliest American and British experiments were con-
ducted using landplanes equipped with flotation bags in case of an
emergency water landing. By the time of the Hibernia trials the Royal
Navy was using seaplanes, which predominated in shipboard use
thereafter until well into World War I. René Caudron and the Farman
brothers in France, Glenn Curtiss in the United States, and the Short
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brothers in Britain all developed practical seaplanes by 1912. They
quickly were joined by other designers, especially after the French in-
dustrialist Jacques Schneider established the valuable Coupe d’Avia-
tion Maritime Jacques Schneider in December 1912 to encourage
the development of seaplanes through international races to be held
annually from 1913. Flying boats also developed rapidly, with very
practical machines emerging from Curtiss, again, in the United
States, Sopwith in Britain, the Franco-British Aviation Company in
France, Lohner in Austria, and Oertz in Germany. Seaplanes, aircraft
with float undercarriages, nevertheless predominated over flying
boats, aircraft with boat-type fuselages, for shipboard operations.

Some further developments were very significant for the emer-
gence of effective aircraft carriers. In 1913 the Short brothers
patented their wing folding mechanism. This allowed them to re-
duce the stowed width of their seaplanes to as little as 12 feet and
permitted rapid and trouble-free unfolding before flight, while
maintaining structural strength for safe operation. This advance
greatly increased the potential aircraft capacity of carriers, since the
relative fragility of early machines required hangar stowage while at
sea if they were to remain operational. In 1914, working very closely
with Commander Charles R. Samson, in command of the Naval
Wing of the Royal Flying Corps (usually known as the Royal Naval
Air Service), and Captain Murray Sueter, head of the Royal Navy’s
Air Department, Short produced more powerful versions of its
folder seaplanes that were equipped to carry and drop torpedoes or
bombs. This enabled the Royal Naval Air Service to conduct experi-
ments in using its aircraft offensively. The greater load-carrying ca-
pabilities of these seaplanes also permitted experiments with wire-
less telegraphy communications, long-distance navigation over
water, and some early trials of night flying operations.

CARRIER DEVELOPMENTS 
DURING WORLD WAR I

When World War I began Britain added mercantile aircraft carrier
conversions to its fleet. The Royal Navy initially opted for simple
conversions of three fast cross-Channel packets that could keep
pace with the battle fleet. Their features owed much to experience
with the Hermes, and initially included only canvas hangars fore and
aft and additional derricks to handle seaplanes. Operations soon
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demonstrated the need for more sophistication, and the next conver-
sion, the Ben-my-Chree, incorporated permanent enlarged hangars
and takeoff platforms over the foredeck, features that also were very
quickly added to the original group of aircraft carriers. The final four
conversions were still more elaborate and were designed from the
outset to operate both seaplanes for reconnaissance and strike mis-
sions and landplane single seat fighters for fleet air defense and in-
terception operations against the German Navy’s Zeppelins.

The Royal Navy quickly realized that the relatively small size of
these carriers limited their capabilities for fleet operations, both be-
cause of their small aircraft capacities and their limitations in heavy
weather. To support aviation operations with the Grand Fleet, the
main battle force, the Admiralty purchased the old but fast Cu-
narder Campania for conversion into what was termed, even then, a
“fleet carrier.” The Campania was much larger than the packet con-
versions, endowing it with much improved sea-keeping qualities,
greater aircraft capacity, and enhanced facilities for maintenance.

In May 1916 Admiral Sir John Jellicoe, commander of the Grand
Fleet, requested that the Admiralty provide a special aviation ship to
supplement or replace the collection of mercantile conversions oper-
ating with the various components of the fleet in the North Sea.
Jellicoe was near obsessive about the threat of the German Navy’s
Zeppelins, and his main concern was for this ship to protect the fleet
against the airship threat. In August the Admiralty decided to ac-
quire the incomplete hulls of two Italian cargo liners whose con-
struction by William Beardmore & Company at Dalmuir had halted
with the outbreak of war. Ultimately, the Admiralty decided to pro-
ceed with just one vessel to be named Argus. The genesis of the de-
sign for this new carrier was a proposal from Lieutenant R. A.
Holmes, RNVR, who had been an assistant naval architect with the
Cunard Company prior to the war and had served aboard the con-
verted carrier Riviera from the time of the ship’s first commission.
Holmes suggested a design whose principal features were a flight
deck running unobstructed by any superstructure from bow to stern
and long ducts running along the each side of the hangar to the
stern for discharging furnace gases. This concept was taken up by
John H. Narbeth, the Assistant Director of Naval Construction, and
modified to a form that somewhat resembled the 1912 proposal from
Beardmore, coincidentally the Argus’s builder, with two side super-
structures but retaining the long ducts from Holmes’s original sug-
gestion. Tests of a wind tunnel model at the National Physical Labo-
ratory in November 1916 demonstrated the operational hazards of
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this superstructure arrangement, so Narbeth cast about for some al-
ternative. One arrangement considered was contained in an idea for
a carrier put forward in September 1915 by Flight Commander
Hugh Williamson. He had served aboard the Ark Royal until he was
injured in a crash and then had been assigned to the design section
of the Air Department. His design incorporated an island offset to
one side that contained all the bridge structure, masts, and stacks,
the superstructure arrangement that has prevailed in most carriers
since the end of World War I. Narbeth seems to have considered the
design too advanced to allow for the changes needed for an island
structure and eventually incorporated a charthouse in the middle of
the flight deck that could be retracted hydraulically during flight op-
erations. As a result of these design issues, the Argus did not com-
mission until September 14, 1918, and was too late for operations
during the war.

Aircraft operations with the fleet showed the Royal Navy that a
carrier required a very considerable excess of speed over that of the
fleet. Flying off and recovering aircraft necessitated diverging from
the axis of the fleet’s advance or stopping to pick up seaplanes. The
Campania’s speed was still insufficient, while its machinery was
worn and unreliable. The advent of Admiral Sir David Beatty, an en-
thusiastic supporter of fleet aviation operations, as commander of
the Grand Fleet in November 1916 also expedited an upgrade of the
fleet’s aircraft carrier capabilities. The Grand Fleet Aeronautical
Committee, in May 1917, recommended the alteration of the in-
complete large light cruiser Furious to a fast seaplane carrier. When
the cruiser joined the fleet on July 4, 1917, its speed of over 31
knots represented a great advance over the Campania’s 24 knots (on
a good day!). It also encouraged Squadron Commander E. H. Dun-
ning, in command of the ship’s aviation personnel, to experiment
with landing aircraft onto the ship’s flight deck forward since, when
the ship was steaming at full speed into the wind, the air speed over
the deck was not much below the landing speed of his Sopwith Pup
single seater fighter. On August 2, 1917, Dunning flew his Pup up
the port side of the Furious while it was steaming at full speed and
side-slipped onto the deck where waiting officers seized toggles spe-
cially attached to the aircraft and held it to the deck, the first suc-
cessful landing onto a moving ship. He repeated the feat on August
7 but was killed when his Pup slid over the side of the deck as he
made another attempt the same afternoon. As a result of Dunning’s
experiments and further operational experience with the Furious in
the North Sea the fleet recommended that it be altered to allow a
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less risky means of recovering aircraft on board. The carrier under-
went a further reconstruction from November 14, 1917, to March
15, 1918, gaining an additional hangar aft with a landing-on deck
above it equipped with fore-and-aft wire arresting gear and a crash
barrier at its forward end. This arrangement proved very hazardous
because of furnace gases and dangerous air eddies created by the
superstructure amidships (only three out of thirteen attempts to
land onto the after deck ended in success) and use of the deck for
landing aircraft was abandoned, although it proved useful for oper-
ating dirigible airships.

The Grand Fleet required a second fast carrier to work with the
Furious. The Admiralty selected the incomplete large new cruiser
Cavendish for conversion into an aircraft carrier very similar in lay-
out to the Furious’s second state. Renamed the Vindictive in honor
of the old cruiser that had led the assault force during the Zee-
brugge raid on April 23, 1918, the new carrier commissioned on
October 1, 1918, just too late for wartime operations.

Early in the war the Royal Navy in the Canal Zone created two
carriers “in theater” from German merchantmen interned at Port
Said. Modifications to the Anne and the Raven II consisted of
adding a 12-pound low angle gun for self defense and erecting can-
vas screens to protect embarked aircraft. These vessels initially oper-
ated under the Red Ensign with mixed naval and civilian crews and
their first aircraft were up to six French Nieuport floatplanes apiece,
originally operated by the French seaplane carrier Foudre, flown by
French pilots with British observers, an extraordinary arrangement
that worked very well in practice. During the summer of 1915 they
were at last commissioned as Royal Navy vessels with naval crews
and served until the later half of 1917.

The French Navy too created a seaplane carrier locally at Port
Said in 1915 from a requisitioned French cargo liner, the Campinas.
This vessel was very similar to the two extemporized British vessels
and operated as many as ten Nieuport floatplanes. In home waters
the French Navy also created a pair of seaplane carriers from cross-
channel packets. The Pas-de-Calais and the Nord acquired two
hangers to accommodate two or three F.B.A. flying boats and were
lightly armed. Their main distinction was their propulsion system—
they were very unusual among aircraft carriers in being side-wheel
steamers.

Other navies also responded to the outbreak of war by adding air-
craft carriers conversions to their fleets. Germany took over two
cargo passenger ships, the Answald and the larger Santa Elena, soon
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after the war began. Both received hangars fore and aft of their mid-
ships superstructures to accommodate three to four aircraft apiece,
and also armed with a pair of 88-millimeter antiaircraft guns. The
initial conversions proved unsatisfactory and both were modified
further, delaying their entry into service until the summer of 1915.
They operated in the Baltic, where they joined another simpler mer-
cantile conversion, the Glyndwr, which had entered service earlier,
in January 1915. The naval commander there, Grossadmiral Prinz
Heinrich of Prussia, was the Kaiser’s younger brother and a quali-
fied pilot who appreciated the possibilities of aircraft operations
with the fleet. As early as November 1914 he embarked two sea-
planes on the armored cruiser Friedrich Karl to provide distant re-
connaissance for the fleet. He made good use of the Glyndwr, until
the ship was mined and heavily damaged on June 4, 1915, and then
of the Santa Elena, despite the disadvantage of their very low speed.
They operated very actively with the German Baltic fleet along the
coast of Kurland and in the Gulf of Riga, providing aerial reconnais-
sance and undertaking bombing missions. Prinz Heinrich also de-
ployed seaplanes aboard the cruisers and destroyers of his fleet for
several operations to compensate for the inability of his aircraft car-
riers to keep up.

In contrast, German carrier operations in the North Sea were far
from aggressive (unlike those of the navy’s shore-based seaplanes
which earned and retained the healthy respect of Royal Navy air-
men, surface sailors, and submariners throughout the war). They
mainly involved cover of submarine, minelaying, and minesweeping
operations, and intercepting enemy and neutral shipping. In early
December 1917 the High Seas Fleet requested provision of a special
aviation ship with sufficient speed to operate with the fleet, some-
thing the mercantile conversions were far too slow to accomplish.
The Naval Office ruled out new construction as too time-consuming
and instead explored either conversion of fast merchant ships or
light cruisers. All the fast merchantmen candidates were eliminated
as either too large or too small and the Naval Office also decided
against light cruiser conversions on the grounds of their impact on
front-line firepower. Nevertheless, the High Seas Fleet reiterated its
urgent request on December 29, and the Naval Office approved
conversion of the cruisers Stettin and Stuttgart on January 20, 1918.
The Stettin’s alteration never occurred but work began on the
Stuttgart in late January and it was commissioned as an aircraft car-
rier on May 16, the only German “fleet carrier” to complete in either
world war. The Stuttgart served as the flagship of the officer com-
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manding North Sea Aerial Forces and was a component of Admiral
Franz von Hipper’s reconnaissance force, providing air cover for
minesweeping operations in the North Sea.

The Imperial Japanese Navy’s first experience with operating air-
craft at sea occurred during the annual fleet maneuvers in October
and November 1913, when the transport Wakamiya Maru deployed
with a couple of Farman seaplanes on board. The same ship recom-
missioned on August 17, 1914, as a seaplane carrier, fitted with two
canvas hangars and carrying four Farman aircraft. It used them dur-
ing the Japanese operations against the German base at Tsingtao,
beginning on September 1. Although damaged by a mine on Sep-
tember 30, the Wakamiya Maru returned to operations before the
fortress surrendered on November 7 and its aircraft also attempted
unsuccessfully to bomb German and Austro-Hungarian ships that
remained in Kiaochow Bay on November 27, the first such effort by
carrier-based aircraft.

The Imperial Russian Navy created aircraft carriers by conversion
in both its main operating areas, the Baltic and the Black seas. Only
a single carrier operated in the Baltic. The Orlitza previously a cargo
liner, was commissioned on February 2, 1915, and served primarily
in the defense of the Gulf of Riga. The Orlitza had two canvas
hangars fore and aft of the superstructure, was armed with eight 3-
inch guns and two machine guns for antiaircraft defense, and could
carry up to nine aircraft.

The main focus of Russian aircraft carrier operations was in the
Black Sea. Russia converted two relatively fast modern cargo liners,
the Imperator Alexandr I and the Imperator Nikolai I, and the small
cruiser Almaz into very effective seaplane carriers for service there.
The conversions were very simple and only involved clearing away
superstructure to provide space for aircraft handling and adding ar-
mament to the merchantmen. Nevertheless, these three vessels
demonstrated great efficiency in launching and recovering aircraft
and proved to be very useful carriers during extensive operations
against Turkish forces.

The United States Navy briefly deployed two aircraft aboard the
battleship Mississippi during operations at Vera Cruz, Mexico, in
April 1914. The Navy’s experience there revived work to develop re-
liable catapults for launching aircraft that had been shelved after
Captain Chambers left the Navy Department. The first shipboard
tests took place in November 1915 aboard the armored cruiser
North Carolina at Pensacola. An improved catapult was installed the
following spring and testing began in the summer of 1916. The suc-

ORIGINS AND EARLY DEVELOPMENT OF THE AIRCRAFT CARRIER 11



cess of these tests led to two further armored cruisers, the Hunting-
ton and the Seattle, receiving catapults during refits in early 1917. It
was also planned to fit a catapult to the Montana, creating a com-
plete catapult-equipped cruiser division, but this was abandoned.
The three cruisers carried out tests during 1917 but all had the
equipment removed by the fall of 1917, largely because it was un-
suitable for their service as convoy escorts. Serious efforts by the
United States Navy to take aircraft to sea as part of the fleet did not
resume until after the end of World War I.

SHIPBOARD AIRCRAFT DEVELOPMENTS 
DURING WORLD WAR I

The furnace of war greatly accelerated the development of ship-
board aircraft. The performance and capabilities of seaplanes, both
floatplanes and flying boats, improved dramatically. Much of this
advance came from more powerful engines—in 1914 few seaplanes
were powered by engines greater than 200-horsepower but in 1918
shipboard seaplanes commonly used engines of 375-horsepower.
This greater engine power translated into stronger airframes, greater
load-carrying capacity, and longer range. The Royal Navy’s new
Short Type 166 floatplane in 1914, with a 200-horsepower Salmson
engine, could carry a 14-inch torpedo but only at the price of oper-
ating with a pilot alone and fuel for a round trip of barely 40 miles.
At the end of the war the Short Type 320 floatplane, with a 320-
horsepower Sunbeam engine, could carry a pilot, observer/gunner,
wireless equipment, and an 18-inch torpedo for a distance of just
over 200 miles. Similar advances took place with shipboard flying
boats, deployed extensively by the French and Russian navies on
their seaplane carriers, and also employed on a limited scale by the
Austro-Hungarian and Italian fleets aboard ships. There also was a
widely produced family of small single-seater floatplanes derived
from the winner of the 1914 Schneider Trophy race, the Sopwith
Tabloid. Initial production examples, known as Sopwith Schneiders,
were powered by 100-horsepower Gnome rotary engines and could
carry a single machine gun and a 65-pound bomb at up to 87 miles
per hour, with a total endurance of two and one-quarter hours. The
final versions, know as Sopwith Babys, were powered by 130-horse-
power Clerget rotary engines and could carry two 65-pound bombs
at up to 100 miles per hour. They were used on almost all British
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seaplane carriers for scouting and interception missions, and also
used by the French and Italian navies, with most of the latter ma-
chines produced under license by Macchi in Italy.

The greatest change, however, in the character of shipboard air-
craft during the war, particularly in the Royal Navy, was the domi-
nance of landplane types aboard major warships and fleet carriers by
the later years of the conflict. As early as the spring of 1915, when
planning began for the conversion of the Vindex, facilities for
launching landplane fighter aircraft were incorporated in the design
process. The forward flying-off platform on this and later “mixed
carriers” was intended for launching both floatplanes (using trol-
leys) for reconnaissance and landplane fighters to intercept Zep-
pelins. The first landplanes embarked were Bristol Scouts, with 80-
horsepower Gnome rotary engines, capable of 93 miles per hour at
sea level and armed with a single machine gun. By 1918 British car-
riers embarked a specialized variant of the famous Sopwith Camel
fitted with a 150-horsepower Bentley rotary engine, giving it a top
speed of 117 miles per hour, and carrying two machine guns. It had
a slightly smaller wingspan than the normal version and the rear
fuselage of this Ship’s Camel was detachable for stowage aboard
ship. From mid-1917 most British fleet carriers landed their float-
planes and embarked two-seater Sopwith 1-1/2 Strutter landplanes
for reconnaissance missions, and at the war’s end a specialized land-
plane torpedo bomber, the Sopwith Cuckoo, was entering service in
the strike role. This single-seater, with a 200-horsepower Sunbeam
engine, could carry an 18-inch torpedo at a maximum speed of 100
miles per hour and had a range of some 240 miles.

CARRIER OPERATIONS DURING WORLD WAR I

Carrier aircraft undertook three broad roles during World War I: re-
connaissance, offensive missions, and fleet defense. Before the war
most opinion envisaged reconnaissance, in its broadest sense, as the
likeliest contribution of carrier aircraft to naval warfare. Their pri-
mary roles, officers thought, would be spotting for naval guns in bat-
tle, extending the fleet’s tactical range of vision in the approach to
action, and strategically reconnoitering the enemy fleet’s disposi-
tions and activities in its bases. During World War I carrier aircraft
undertook all these missions, though sometimes the outcomes were
not what prewar opinion had expected.
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The earliest use of carrier-based aircraft during the war was by
the Imperial Japanese Navy. On September 1, 1914, the seaplane
carrier Wakamiya Maru, embarking four Farman floatplanes, joined
the Second Squadron for operations against the German fortress
city of Tsingtao. The aircraft conducted reconnaissance missions
over the target, made several bombing attacks on shipping, and
searched for mines, not always successfully, since the carrier struck
a mine on September 30 and had to return to Japan temporarily for
repairs. In total the Wakamiya Maru’s floatplanes made forty-nine
sorties in support of the assault and dropped 199 bombs (without
sinking any of their targets). This single operation was the sole con-
tribution of Japanese naval aviation to the war.

Fregattenkapitän Max Looff, commander of the German light
cruiser Königsberg, captured the City of Winchester, the war’s first
British merchant ship casualty, in the Gulf of Aden and sank the
small British cruiser Pegasus at Zanzibar before serious engine prob-
lems forced him to take refuge in the Rufiji Delta for repairs. The
British sent a squadron of three modern light cruisers, led by Vice-
Admiral Herbert King-Hall, to locate the Königsberg. On September
30, 1914, they found it, but the cruiser was out of range and their
charts too poor to risk entering the delta. It was clear to King-Hall
that destroying the Königsberg required aircraft to locate it but his
requests to London for support were denied. Instead, he acquired
the services of a privately-owned Curtiss flying boat and its civilian
pilot, Dennis Cutler, who was hastily commissioned into the Royal
Navy. Maintaining the Curtiss was a nightmare—almost all the parts
of a second Curtiss were cannibalized to keep it flying and even then
the radiator had to be replaced by one from a Ford car. Cutler lo-
cated the cruiser on November 22 and maintained constant surveil-
lance of the ship until he was shot down and captured on December
10. King-Hall appealed to London again, and the Admiralty dis-
patched the balloon ship Manica embarking a seaplane squadron,
commanded by Flight Lieutenant J. T. Cull, which arrived on Febru-
ary 20, 1915. Although King-Hall was reinforced by the pre-dread-
nought Goliath in March, even its 12-inch guns could not reach the
Königsberg. Finally, two shallow-draft 6-inch gun monitors, the
Mersey and the Severn, were towed from Malta. On July 6 they en-
tered the delta. At first the Königsberg’s fire, directed by shore ob-
servers, was dangerous but it deteriorated after the shore stations
were knocked out. The monitors used seaplanes to spot their fire
but scored only a dozen hits after expending 600 rounds. A second
attack began on July 11. The Königsberg lacked shore observers and
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the British spotters had learned from experience. Within twelve
minutes the Severn scored a hit, and the two monitors knocked out
all the Königsberg’s guns and wrecked the cruiser within two hours.
Looff ordered the ship abandoned and scuttled.

The contribution of ship-borne aircraft to the defeat of a Turkish
attempt against the Suez Canal in late 1914 also was very impor-
tant. Not only did the aircrafts’ work play a crucial role in this suc-
cess but the entire operation was also a tribute to creative improvi-
sation. The aircraft involved were two-seater Nieuport floatplanes
assigned to the French carrier Foudre, which was sent to Port Said
in December 1914, more as a means of getting the ship and its air-
craft out of the way of the main French fleet than for any strategic
objective. The officer commanding British forces defending the
Suez Canal, Lieutenant-General Sir John Maxwell, quickly realized
that deploying aircraft from ships would greatly extend the reach of
his reconnaissance. The French aircraft initially were carried aboard
British warships, the cruiser Doris operating off the Sinai Peninsular
and the cruisers Minerva and Diana in the Gulf of Aqaba during De-
cember 1914. The cruisers, however, could only embark a single air-
craft apiece, so Maxwell himself seems to have conceived the idea of
extemporizing aircraft carriers from available merchant vessels at
Port Said. Two German cargo liners, the Aenne Rickmers and the
Rabenfels (later renamed the Anne and the Raven II) that had been
seized at the outbreak of war, were selected. The conversions were
minimal, simply fitting canvas screens to protect aircraft stowed on
the cargo hatch covers. The carriers entered service in January
1915. They still flew the merchant service’s Red Ensign, the ships’
officers were from the British merchant marine, and most of their
crews were Syrian and Greek seamen supplemented by a few Royal
Navy and Royal Marines personnel. The Nieuport aircraft trans-
ferred from the Foudre were flown by French naval pilots, the ob-
servers were British officers, and operational command devolved on
a British Army officer, Captain L. B. Waldron of the Dublin
Fusiliers. By all normal standards, this motley assembly was a recipe
for disaster, but it worked brilliantly. The aircrews succeeded in lo-
cating the unconventional Turkish advance, across the Sinai Desert
rather than along the more usual coastal route, and tracked it with
sufficient accuracy to allow British forces to anticipate closely the
place and time of its arrival and have troops and warships for fire
support in place to repel the assault on February 3, 1915.

The next Allied operation against the Turks involving carrier air-
craft was far less successful. From the beginning of planning the
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effort to force the Dardanelles with an Allied fleet, both local com-
manders and planners at national headquarters saw the need for
carrier aircraft for reconnaissance missions and gunfire spotting
duties. Accordingly, the new British carrier Ark Royal, joined later by
the Foudre, formed an important element of the fleet of sixteen pre-
dreadnought battleships, the battlecruiser Inflexible, and the new
super-dreadnought Queen Elizabeth, armed with 15-inch guns, all
led by Vice-Admiral Sir Sackville Carden, that gathered at the
islands of Tenedos and Lemnos for the assault. The performance of
the Ark Royal’s aircraft as gunnery spotters proved disappointing.
The aircraft, although new and of the latest available design, were
plagued by engine problems and unreliable wireless sets. Their en-
gines, when functioning properly, all too often produced too little
power under local atmospheric and sea-state conditions to unstick
the floatplanes or to overcome the weight of their airframes and
equipment, especially the wireless sets, sufficiently to reach an ade-
quate altitude for spotting. Worst of all, the crews lacked experience
in the art of spotting for artillery, let alone for naval guns, and had to
contend with the fact that their sets could transmit but not receive,
so they had to improvise methods on the spot, with uncertain re-
sults. The unreliability of aerial spotting for the fleet’s guns limited
their efficacy, particularly against the mobile howitzer batteries
deployed in the defenses. When the fleet, commanded by Vice-
Admiral John de Robeck after Carden’s health breakdown on March
17, pressed into the Narrows on March 18, the result was a debacle.
Three old battleships were sunk by unswept mines, which also seri-
ously damaged Inflexible, and two old battleships were heavily dam-
aged by gunfire, which also drove away the now unsupported
minesweepers. The effort to force the Dardanelles using warships
alone was over.

During the dismal Gallipoli campaign that followed this failure,
carrier aircraft played a less central role because the Royal Navy dis-
patched a larger force of landplanes to the theater that were based
on the islands close off shore. Nevertheless, aircraft from the Ark
Royal and later from the faster carrier Ben-My-Chree engaged in re-
connaissance and gunnery spotting duties, supported by three bal-
loon ships, the Manica, the Hector, and the Canning, that also em-
barked several floatplanes apiece in canvas hangars aft. The
Ben-My-Chree also carried the new Short Type 184 torpedo planes
and, in conjunction with the Navy’s landplanes, at least seventy at-
tacks were made on Turkish shipping engaged in supplying troops
on the Gallipoli peninsula via the Black Sea. Several attacks used
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torpedoes for the first time and it is possible that they succeeded in
sinking as many as three small Turkish merchantmen, although firm
evidence of their destruction beyond the aircrews’ reports is lacking.

After the Allied withdrawal from Gallipoli in January 1916 the
Royal Navy moved the Ben-My-Chree to Port Said, where it joined
the carrier Empress, newly arrived from home waters, and the ex-
German merchantmen, now commissioned warships. Together they
formed the East Indies and Egypt Seaplane Squadron, the Royal
Navy’s first carrier squadron. Initially, Squadron Commander Cecil
L’Estrange led the unit, but he was replaced by Squadron Comman-
der Charles Samson in May 1916.

Samson was one of the more remarkable characters in the Royal
Naval Air Service. He was one of the first four naval officers se-
lected for flight training in 1911 and the first to graduate. On Janu-
ary 10, 1912, he made the first takeoff from a British warship and
on May 2 the same year the first flight from a ship underway. Before
war came he undertook much experimental work, including bomb-
ing and torpedo-dropping trials and tests of early wireless telegraphy
sets. At the beginning of the war he commanded the naval air sta-
tion at Eastchurch and took its aircraft to Ostend in Belgium in sup-
port of the Royal Marines brigade based there. Even though the
Marines were withdrawn only three days after he arrived, the flam-
boyant Samson contrived to have his squadron attached to French
forces based in Dunkirk. The squadron began using automobiles in
conjunction with aircraft for reconnaissance and raids, leading
Samson to have them fitted with extemporized armor plating manu-
factured at the local shipyard. Using these vehicles, plus newly de-
signed armored cars supplied by the Admiralty (and several trucks
“liberated” from the British Army and fitted with armor and 6-
pounder guns), Samson’s squadron was very active in the defense of
Antwerp and, after the Allies evacuated the city, the region around
Dunkirk. Simultaneously, he also oversaw a series of long-distance
air raids by Royal Naval Air Service landplanes against Zeppelin in-
stallations, culminating in the raid that destroyed the German Army
airship Z.IX in its shed at Dusseldorf on October 9, 1914. In March
1915 the Eastchurch squadron was withdrawn from Flanders,
equipped with new aircraft, and sent to Tenedos to provide air sup-
port for the Gallipoli operation. One measure of Samson’s initiative
was the establishment of a forward landing strip on the beaches
within two days of the first landings, although the proximity of the
strip to the Turkish front lines made its use hazardous—one Voisin
based there was the target of no less than 127 shells in a day, all of
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which missed. During the nine months his squadron served at Gal-
lipoli, it accumulated no less than 2,600 flying hours.

Samson took to his new mission with gusto. During the next two
years the aircraft from his carriers operated all along the coast of the
eastern Mediterranean from Salonika to the Libyan border, through-
out the Red Sea, and even into the Indian Ocean while engaged in
the search for the German raider Wolf. They conducted reconnais-
sance missions throughout the area, often far inland, spotted for the
gunners aboard Allied ships off shore, and bombed port facilities
and ships along with depots, troop concentrations, and supply lines.
The squadron’s aircraft made a concentrated effort to disrupt lines
of communication by attacking bridges, railroad lines, and station
facilities. They also provided air support for T. E. Lawrence’s Arab
irregulars, operating both in the Red Sea and off the Palestine coast.

The only surface fleet action in which carrier aircraft undertook
the tactical reconnaissance role that prewar planners envisaged as
their primary function was the Battle of Jutland. Two carriers then
formed part of the Grand Fleet, the Campania attached to the battle-
fleet itself and the Engadine providing air support for the Battle
Cruiser Force. When Admiral Sir John Jellicoe took the Grand Fleet
to sea on May 30, 1916, signals failures resulted in the Campania
not receiving the order to depart. Although it sailed at midnight, Jel-
lico decided to order the carrier back to Scapa Flow early in the
morning of May 31 because he believed the ship could not catch up
with his fleet and because of fears for its safety from submarine at-
tack while unescorted. The Engadine formed part of the Battle
Cruiser Force’s scouting line. A Short Type 184 seaplane crewed by
Flight Lieutenant F. J. Rutland and Assistant Paymaster G. S. Trewin
was launched at 3:08 pm. They spotted the German battle cruiser’s
cruiser scouting screen, but signaling failures prevented the informa-
tion from reaching Vice-Admiral Beatty on his flagship, HMS Lion.

Operations against German Zeppelins formed the major focus of
Royal Navy carrier operations in the North Sea during World War I.
In large part this was because of the perception of both the Admi-
ralty and the Grand Fleet’s commander, Sir John Jellicoe, of the
danger Zeppelins posed to the fleet and these airships’ effectiveness,
even though at the outbreak of war, the German Navy possessed but
a single operational unit and that number had risen to only four by
the end of 1914. As the number of German airships grew and partic-
ularly after they began a bombing campaign against the British Isles,
the pressure on the Royal Navy to take action increased. Given the
limitations of carrier floatplanes versus airships—they were inca-
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pable of rising to the altitudes of the Zeppelins or of carrying
weapons sufficient to destroy them in the air—the British solution
was to strike at them in their bases. These operations became a ma-
jor feature of the operations of the Harwich Force, led by Reginald
Tyrwhitt, and its aircraft carriers during the first two years of the
war. They also were seen as temptations to the High Seas Fleet, of-
fered the opportunity to cut off and destroy a weak squadron of the
Royal Navy, to come out and be trapped into facing the might of the
Grand Fleet.

Cuxhaven was the target for the first attempts. The attack plan
was for three seaplane carriers, each embarking three seaplanes, to
enter the Heligoland Bight escorted by cruisers and destroyers from
the Harwich Force. Once within range the carriers would launch
their aircraft to attack the Cuxhaven Zeppelin sheds, then await
their return. Tyrwhitt took Harwich Force to sea on October 24,
1914, but heavy weather forced its return. Bad weather aborted a
further attempt in October and two in November. The next attack
was scheduled for December 25, with Vice-Admiral Sir David
Beatty’s Battle Cruiser Force providing heavy cover. This time the
weather cooperated and the seaplane carriers reached their launch
point. Seven of the nine floatplanes succeeded in taking off, starting
at 7:00 am, and headed for Cuxhaven. Fog over the target proved to
be the main impediment to British success. A case of mistaken iden-
tity caused by fog on the river earlier in the morning made the Ger-
man fleet jittery. Fog caused the pilots to lose their way and forced
them to descend to fix their positions, only to be driven off by anti-
aircraft fire. Low on fuel, the British pilots attacked whatever tar-
gets they could find, and then turned back toward the carriers. One
pilot actually succeeded in dropping his bombs on the base at Cux-
haven, without causing any damage, but he most probably was lost
and hit his target by accident. Only two floatplanes reached their
parent ships, the others came down and were located and recovered
by Harwich Force destroyers and submarines. Tyrwhitt ordered Har-
wich Force to retire at 11:45 am, the submarines withdrew after
nightfall, and the raid was over.

The Cuxhaven Raid completely failed in its objective. Neverthe-
less, it served as a model for a series of eight similar operations be-
tween March and July 1915, all of which failed, entirely due to the
inadequacies of contemporary aircraft and available navigational
equipment in the face of North Sea weather conditions. When
Tyrwhitt resumed the campaign in January 1916 matters did not im-
prove. Four operations up to May 4, 1916, resulted in but a single

ORIGINS AND EARLY DEVELOPMENT OF THE AIRCRAFT CARRIER 19



Sopwith Baby reaching its objective, during the final raid on Ton-
dern, where its two bombs missed their target. The Germans, how-
ever, did lose the Zeppelin L7, sent to locate Tyrwhitt’s force, which
was hit by gunfire from two of the Harwich Force’s cruisers, brought
down, and destroyed by the submarine E31’s deck gun. A hiatus fol-
lowed in these operations until the arrival of the newly-recon-
structed carrier Furious and, equally important, more reliable air-
craft in the form of Sopwith Camels, encouraged planning for fresh
attacks on Zeppelin bases. In June 1918 two attempts were made to
use the Furious to attack the airship sheds at Tondern but both were
aborted by weather conditions. The third mission departed Rosyth
on July 17. The Furious was escorted by five light cruisers and an es-
cort of destroyers, and the Grand Fleet provided cover with the five
battleships of the 1st Battle Squadron with more cruisers and de-
stroyers. The Furious embarked seven Sopwith Camels, which it
launched in two flights starting at 3:00 am on July 19. Six of the
seven aircraft found the base (one had to abort due to engine fail-
ure) and bombed the sheds, destroying the airships L54 and
L60.Two of the attackers successfully returned to the fleet, three
made forced landings in Denmark and were interned, and one
drowned, presumably because he force landed in the sea. The base
never became effective again and the attack was a spectacular
demonstration of the potential of carrier aviation and its advances
during the war.

The other great exponent of carrier aviation during World War I
was the Imperial Russian Navy in the Black Sea. From early 1915
the Black Sea Fleet mounted a sustained interdiction campaign
against Turkish sea communications. A particular target was the
coal trade from Anatolia to Constantinople on which the Turkish-
German fleet largely depended and that had to come by sea because
there was no rail line and the road system was inadequate. Accord-
ing to Russian claims, their naval forces sank over 1,000 vessels dur-
ing this campaign, in which the fleet’s aircraft carriers played a cen-
tral role and must have been directly responsible for an appreciable
percentage of these successes. On more than one occasion the bat-
tle cruiser Goeben and the light cruiser Breslau, units technically
transferred to the Ottoman Navy from the German fleet but actually
commanded and manned by Germans, that formed the modern
heart of Turkish naval forces were incapable of putting to sea on op-
erations for lack of fuel reserves.

The three carriers converted in early 1915 were fast enough to
maintain formation with the older battleships that initially formed

20 AIRCRAFT CARRIERS



the core of the fleet and could keep up with even the new dread-
noughts that joined the fleet later. Consequently, there were few op-
erations of any size in which the carriers were not tightly integrated
and in several of those against the Anatolian and Bulgarian coast-
lines, the carriers formed the principal striking force with the battle-
ships relegated to support and distant cover roles. Russian carriers
used Curtiss flying boats initially, which eventually were supplanted
by excellent indigenous Grigorivich boats. The carriers carried large
numbers of aircraft for the period and their crews were highly
trained, so their launch rates were impressive. One American ob-
server timed a carrier launching seven aircraft in fifteen minutes,
compared with the Royal Navy’s standard of twenty minutes to
launch three aircraft (admittedly under North Sea conditions). After
1916, when Romania joined the war, the Black Sea Fleet’s aircraft
carrier strength increased when one Romanian auxiliary, the Ro-
minia, joined the fleet as a full-time carrier and was supplemented
periodically by four other auxiliary cruisers embarking aircraft as op-
erationally necessary. The carriers’ aircraft attacked Turkish and
Bulgarian ports, their facilities, and ships at dock, conducted wide-
spread reconnaissance missions, raided coastal shipping, bombed
shore installations, spotted for the fleet’s guns, and provided cover
for mine-laying operations and convoys.

By the end of World War I, naval aviation had secured for itself an
important place in operations. For the most part, however, naval air-
craft were shore based. While operational experience had confirmed
the potential value of carrier-based aviation, the technical and func-
tional details necessary for success remained immature. Major
navies accepted that aircraft carriers were an essential feature of fu-
ture fleets but the shape, size, arrangements, facilities, and equip-
ment all were uncertain and still required much experiment and
testing.
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C H A P T E R  T W O

The Aircraft Carrier
Matures

By the end of World War I all major navies had concluded that
aircraft carriers would play an important role in future operations.
This conviction was ratified in the Washington Five-Power Naval
Limitation Treaty, in which the only category of warship other than
battleships subject to limits of both size and total tonnage was the
aircraft carrier. Nevertheless, many concentrated discussions of
concepts, expensive experimentation, and drawn-out trials were re-
quired before fully effective warships emerged. The twenty years be-
tween the two world wars encompassed this development, filled
with blind alleys and triumphs as designers and operators struggled
with the challenge of exploiting the potential of aircraft at sea.

The qualitative and quantitative restrictions imposed by naval
arms limitation treaties dominated carrier design during the period
between the two world wars. The provisions of the Five-Power Naval
Limitation Treaty signed at Washington on February 6, 1922, re-
stricted the total tonnage of capital ships (battleships and aircraft
carriers) within the British and United States navies to 525,000
tons each, within the Japanese fleet to 315,000 tons, and within the
French and Italian navies to 175,000 tons apiece. It also imposed an
upper limit of 35,000 tons on the size of individual capital ships and
established a 10-year moratorium on the construction of any vessel
over 10,000 tons armed with anything larger than 8-inch guns. War-
ships of 10,000 tons or less, provided they were armed with a maxi-
mum of 8-inch guns, were not subject to quantitative limitations.
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The provisions of the Washington Treaty were scheduled to re-
main in force until 1936, when a new conference was to be held to
review the naval armaments situation. It soon became clear that the
agreement was not very effective in limiting worldwide naval compe-
tition. An abortive meeting at Geneva in 1927 was followed by a
more successful conference at London in 1930. At this meeting,
representatives from Britain, Japan, and the United States extended
quantitative limitations to encompass cruisers, destroyers, and sub-
marines, and imposed new qualitative restrictions on cruisers and
destroyers, but neither France nor Italy would adhere to the terms
of the London Conference. A further inconclusive meeting at Lon-
don from December 1935 to March 1936 witnessed the Japanese
abrogation of the entire treaty regimen. Nevertheless, the terms of
the various limitation agreements profoundly affected the design of
the majority of the carriers that were to serve during World War II.

BRITISH CARRIER DEVELOPMENTS 
BETWEEN THE WORLD WARS

British operational and design experience exerted substantial influ-
ence on the early post–World War I carriers of all nations. In July
1917 the Admiralty ordered the Hermes, the Royal Navy’s first car-
rier designed as such from the outset, and followed by purchasing
the incomplete Chilean battleship Almirante Cochrane for conver-
sion into the carrier Eagle. Naval attachés from France, Japan, and
the United States eagerly monitored the progress of both vessels and
also closely observed the Royal Navy’s operational carrier practices
with its existing vessels, especially the Furious. The two new British
carriers, destined to be completed well after the end of World War I,
were still semi-experimental vessels that also crystallized the Royal
Navy’s hard-won experience of aircraft carrier operations during
four years of war.

The Hermes was designed as a scouting carrier to work with the
fleet’s cruisers and deploy its aircraft to increase their range of re-
connaissance. The Hermes’s size, structure, machinery, speed, pro-
tection, and defensive armament emulated those of contemporary
light cruisers. The initial design featured a flush flight deck flanked
on either side by small island structures accommodating the furnace
uptakes and conning and flying control facilities. The flight deck
formed the upper flange of the hull girder and side passages en-
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closed the hangar, which was also closed forward. These design fea-
tures were standard British design practice thereafter. The hangar
was open aft to admit seaplanes landing on a special slip extending
over the stern. Forward there was a rotating catapult so that aircraft
could be launched without having to turn the ship into the wind. A
Grand Fleet officers’ conference reviewed the design on January 8,
1918. It objected to the seaplane slipway and forward catapult, both
of which were then eliminated and the flight deck widened forward.
The outcome of trials with the Furious after reconstruction high-
lighted problems with the dual island arrangement and the design
was changed to a single large island structure to starboard, an alter-
ation that created its own major problems requiring the addition of
500 tons of fuel to port to correct the heeling movement and neces-
sitating water ballast in the port bulge as fuel was consumed. Trim
problems were to be a permanent feature of the ship’s career, espe-
cially as modifications added weight, so that even the specific grav-
ity of fuel oil became a significant factor in determining the ship’s
stability.

When the Admiralty decided to take up the incomplete Chilean
battleship Almirante Cochrane for conversion into an aircraft car-
rier, the ship’s construction had been suspended since the outbreak
of war. The hull was almost complete but no armor had been in-
stalled, although it had been manufactured and delivered. The de-
sign initially prepared featured a flush deck from bow to stern
flanked by islands staggered lengthwise on either side and con-
nected by heavy cross bracing, leaving a clear passage between them
68 feet wide with 20 feet overhead clearance. To increase the ship’s
speed the designers proposed to greatly reduce the original battle-
ship scale of armor protection and also to modify the furnaces to
burn both coal and oil while at cruising speed but oil only when the
ship was operated at high speed, thus boosting output from 37,000
shaft horsepower to 55,000 shaft horsepower. After the completion
of the carrier Furious it became clear that the superstructure
arrangement proposed for the Eagle posed an unacceptable hazard
to aircraft operations. Alternative arrangements were explored, in-
cluding hinging or telescoping stacks, exhausting furnace gases
through the side of the ship, and making the islands and stacks very
narrow, but ultimately the best arrangement was a single island to
starboard that incorporated two stacks and all navigation, conning,
and aircraft and gunnery control facilities. The only substantive
change required was to offset the forward elevator to port and
slightly reduce hangar overhead clearance in the vicinity of the flue
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trunking. At the same time, because of the concerns of the Air De-
partment about the corrosive impact of coal firing on aircraft
longevity, and the desire to endow the new carrier with the highest
possible speed in the most economical way, the previous mixed fuel
furnace arrangements were replaced by an exclusively oil-burning
system. It was in this form that the Eagle was finally completed, af-
ter a very extensive series of arresting gear trials that delayed com-
pletion but provided valuable data.

At the end of World War I the Royal Navy accepted that the Furi-
ous, in its existing state, was effectively useless as a carrier. A major
reconstruction would be necessary to fit it for service. This was an
attractive option since its cost would be about one-third the cost of
constructing a new carrier from the keel up. In July 1920 design
work began. Wartime experience demonstrated that a flush deck
was essential but the major problem for a ship of such power was to
determine an effective means of combining this feature with dispos-
ing of the smoke from the carrier’s furnaces. John Narbeth, by now
the Department of Naval Construction’s expert on aircraft carrier
design, proposed to trunk the furnace uptakes along the side of the
hangar and to offset the loss of stowage by adding another hangar
below it. The design Narbeth produced incorporated two hangars,
each with 15 feet of overhead clearance; a long flush flight deck,
which was also a strength deck and thus reduced hull stresses sub-
stantially, that terminated well short of the bow; and a shorter fly-
ing-off deck accessed directly from the front of the upper hangar.
Two elevators served both hangars and the deck arrangements (the-
oretically, at least) allowed the carrier to launch two aircraft from
the upper flight deck and another from the forward flying-off deck
simultaneously. Navigation and flying control stations were set on
either side of the flight deck at deck level and there was a re-
tractable central charthouse. Large bulges improved the ship’s sta-
bility and helped maintain a reasonable draft. The one feature of the
Furious’s design that always proved unsatisfactory was the arrange-
ment of the furnace ducts. The spaces surrounding them could be
unbearably hot and smoke low down around the stern could cause
landing problems. Ultimately, as aircraft grew in size, the forward
flying-off deck became too short for safe takeoffs, and the limita-
tions of the relatively short flight deck became more serious.

The Naval Staff concluded in 1920 that the postwar Royal Navy
would require five carriers to provide adequate aircraft for its needs.
Accordingly, it was decided to convert one of the two remaining
large light cruisers, half-sisters to the Furious, into a similar carrier.
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While planning for the latter’s conversion was still underway, the
provisions of the Washington Treaty forced a reevaluation of plans
for the future carrier force. In particular, the impending additions to
the American and Japanese fleets of a pair of very large fast carriers
apiece, converted from incomplete capital ship hulls, made it impor-
tant to add another large fast carrier to the British fleet. The Admi-
ralty therefore decided to convert both the Courageous and the Glo-
rious into vessels similar to the Furious. The design, as a result of
initial experience with the Furious, was modified, primarily by fitting
more conventional furnace uptakes to starboard incorporated into a
small island. This change eliminated the problems encountered in
the Furious with the long horizontal ducts, enlarged hangar space,
and also reduced topweight, allowing the hangar height to be in-
creased to 16 feet for the two hangars. The two new carriers also
marked a break with previous defensive armament concepts since
they carried no low-angle guns but relied on a powerful antiaircraft
battery to fend of air attack and the guns of escorting vessels to de-
fend them against surface attack. Neither the Courageous nor the
Glorious were fitted with arresting gear until their pre–World War II
refits.

The first British carrier designed as such from the keel up since
the Hermes was the Ark Royal, which entered service just before
World War II began. The design had an extended gestation, having
its origins in studies begun in 1931. It included the double hangars
of its immediate precursors but eliminated the forward flight deck,
since larger and faster aircraft had rendered this feature obsolete.
Aerodynamic considerations necessitated long round downs fore
and aft. To compensate for their impact, the flight deck extended
considerably beyond the stern. From the outset an island structure
was envisaged and the final design compensated for its weight to
starboard through an asymmetric hull. The three elevators were of a
new design. They had two levels, so that on each upward trip the
upper level transported an aircraft from the upper hangar to the
flight deck while the lower level simultaneously brought a machine
from the lower hangar to the upper. This shorter travel distance
translated into simpler lifting machinery (a single hydraulic ram
rather than cables and balance weights) and a fast 20-second cycle
of operation. The final design also incorporated transverse-wire ar-
resting gear, a crash barrier, and two catapults from the outset, al-
though the principle of a deck park was not accepted. The antiair-
craft armament also was changed late in the design process, when
the guns were raised to gallery deck level, thus increasing sky arcs.
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The Ark Royal’s loss to torpedo damage at the end of 1941 was in
part a result of the impact of policies and limitations on its design.
To save weight and keep vital equipment within the smallest possi-
ble armor box it had only steam-powered generators, which were lo-
cated inside the machinery compartments, and no backup diesel
units. The furnace uptakes were led below the main deck armor to
keep down weight and also avoid encroaching on the lower hangar
space—features resulting from arms limitation treaty restrictions
(that limited tonnage) and British carrier operational practice
(which eschewed a deck park). Ultimately, its loss owed more to
less-than-optimal damage control practices, which were corrected
rapidly.

The final British carriers designed before World War II repre-
sented a major departure from earlier types. They were a response to
two clear problems: protecting the carrier’s greatest vulnerability—
the hangar and its explosive and inflammable contents—against aer-
ial attack, and preserving the reconnaissance and strike aircraft vital
to its mission against the same attack threat. During preparation of
various design studies for the new class, planners had to wrestle
with the outcome of many fleet exercises demonstrating that de-
fending fighters could never intercept all incoming aircraft in time
to prevent an attack. In this scenario, passive defense gained in im-
portance, while that of defending interceptors diminished, espe-
cially as exercises also inflated the efficacy of the fleet’s antiaircraft
batteries. Rear-Admiral R. G. H. Henderson, the Third Sea Lord
(and therefore responsible for overseeing new construction), was
also the Royal Navy’s most experienced carrier commander, and his
opinions on the vulnerability of carriers and the importance of strik-
ing an enemy fleet hard carried great weight. The final outcome was
the decision to construct carriers that, within the upper tonnage
limit of 23,000 tons imposed by the recently-signed London Treaty,
sacrificed hangar capacity for protection against air attack in the
form of flight deck and hangar side armor sufficient to defeat a 500-
pound bomb.

The central feature of the Illustrious class design was its armor
protection. The flight deck over the hangar and the hangar deck re-
ceived 3-inch armor, the hangar sides and ends and the deep side
belt that extended from the hangar deck to nine feet below the wa-
terline were all 4-1/2 inches thick, and there were 2-1/2-inch armor
bulkheads enclosing the magazines and machinery spaces. Weight
limitations prevented applying armor to the elevators, but the wells
were isolated using 4-1/2-inch thick vertical shutters. As a result of
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the scale of armor protection, the double hangar that was a promi-
nent design feature of British interwar carriers was reduced to a sin-
gle hangar 458 feet long and 62 feet wide with 16 feet of overhead
clearance. Aircraft capacity therefore fell to only thirty-six machines
but, to avoid alerting foreign observers to the radical change in de-
sign, the air group published (as required by the London Treaty) was
fifty-four aircraft including a notional deck park, though there was
no intention of adopting such an element operationally. Other fea-
tures of the design strongly resembled those of Ark Royal, but the
machinery rooms were more widely spaced and all auxiliary machin-
ery was located outside the main machinery compartments. The de-
sign reverted to a symmetrical hull, compensating for the offset
weight of the island by widening the port oil fuel tanks (which also
formed part of the anti-torpedo protection system) and including
400 tons of fixed ballast. As in all interwar British carriers, the de-
signers paid considerable attention to aerodynamic features in this
class. The flight deck incorporated long round downs both fore and
aft and streamlining of the island and stack was carried further than
in previous designs. The main antiaircraft battery remained eight
twin 4.5-inch mountings, but these now were fully enclosed and
power operated. Only a single, more powerful catapult was fitted to
port on the flight deck, a further concession to topweight limita-
tions. The design was so tightly constrained by treaty tonnage re-
quirements that at one point the designers suggested expanding the
number of noncommissioned aircrew and pilots at the expense of
commissioned officers so that accommodation demands could be
reduced, and the problem of overcrowding only increased as
wartime additions and modifications impacted the class.

Two elements dominated the characteristics of British interwar
carrier designs. The first was the focus on aviation qualities in the
structures of the ships themselves. This showed itself externally in
an emphasis on the aerodynamics of the hull, flight deck, and super-
structures, all of which were optimized to ease aircraft operation. It
also was apparent in the central need for stowage of aircraft within
the hangars while they were not flying—carriers had to accommo-
date all their air group within the hangar which, in turn, imposed a
significant upper limit on the size of the air group. The second was a
focus on survivability, manifested in the isolation of hangar spaces
by surrounding the hangar with flash-tight bulkheads, voids, and
ventilation systems built within the hull structure and, most promi-
nently, by the eventual adoption of armor protection for the hangar
and flight deck.

THE AIRCRAFT CARRIER MATURES 29



FRENCH CARRIER DEVELOPMENTS 
BETWEEN THE WORLD WARS

During World War I, the French Navy devoted relatively limited re-
sources to carrier aviation, in keeping with the national concentra-
tion on the land war on the Western Front. French naval officers,
however, maintained a close interest in British carrier developments
and this continued in the years immediately following the war. In
1919 a French naval mission was sent to the United Kingdom to
study these developments more formally and examined both the de-
sign studies for the Hermes and the Eagle and the existing flush-
decked carrier Argus. The mission’s January 1920 report recom-
mended the addition of a flush decked carrier to the fleet, and
suggested the conversion of the incomplete hull of one of the Nor-
mandie class battleships, whose construction had been suspended
on the outbreak of war. The design for this carrier owed much to the
commission’s observations of the Argus. It envisaged a hangar 325
feet long and 98 feet wide surmounted by a 490-foot long flight
deck, with two large elevators linking them. It would have 6-inch
guns and torpedo tubes for defense against surface vessels. The
bridge was to be suspended beneath the forward edge of the flight
deck and the furnace uptakes would be trunked to exhaust at the
stern as far as possible below the level of the flight deck. The Con-
seil Supérieur approved this project and selected the Béarn, the
member of the class in the least advanced stage of construction, for
conversion. The hull was launched in April 1920. During the sum-
mer it was equipped with a temporary wooden flight deck carrying
twelve wires weighted with sandbags for arresting gear. A series of
deck-landing trials by Lieutenant de Vaisseau Paul Teste concluded
in October and prompted funding for a full conversion. There was
much debate about the decision to proceed with a conversion rather
than design and construct a new vessel from the keel up. Ultimately,
the possibility of completing a conversion within two years at a
much lower cost than new construction (which would take five
years) prevailed.

Even though there was a concern that the ship might be rendered
obsolete by rapid advances in carrier design, construction proceeded
at a relatively leisurely pace and did not begin until August 1923.
The vessel as completed differed appreciably from the original 1920
proposal. The Béarn originally was to have used turbines on all four
shafts but was reengined with the machinery intended originally for
the Normandie—two turbines on the center shafts and four-cylinder
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triple expansion engines on the outer shafts for use while cruising.
This plant also required fewer boilers but the result was a reduction
in power from 45,000 shaft horsepower to 37,500 shaft horsepower,
limiting the carrier’s maximum speed to 21.5 knots. The Béarn as
completed also had a longer flight deck than originally envisaged,
much improved workshop and overhaul spaces, an additional eleva-
tor for a total of three, and a prominent island enclosing a large con-
ventional vertical stack on the starboard side in place of the long
trucked vents in the 1920 design. This island featured very elaborate
arrangements for air cooling the furnace gases prior to their dis-
charge in an effort to limit their impact on air flow over and behind
the flight deck. The Béarn also received a sophisticated transverse-
wire arresting gear produced by Schneider-Fieux that used friction
drums to control run-out and featured an effective reset mecha-
nism. Schneider-Fieux sold a similar system to Japan to replace the
original longitudinal system, derived from early British practice,
aboard the Hosho and the Akagi.

The French Navy considered the Béarn a semi-experimental ves-
sel to be replaced by new construction as soon as was practicable.
Between 1930 and 1932 seven design studies were prepared (PA 1
through PA 7) for carriers in the range 15,000 tons to 18,000 tons
standard, armed with 6-inch guns, and capable of accommodating
twenty to thirty aircraft. Four further designs (PA 8 through PA 11)
were considered thereafter, between 1932 and 1935. They were of
similar size but emphasized speed (the designers sought between 32
and 35 knots) in vessels of 14,000 tons to 19,000 tons standard,
protected on a light cruiser scale, and armed with antiaircraft
weapons only. In 1936 the Conseil Supérieur again emphasized the
need for new carriers and put forward the idea of converting
France’s first Washington Treaty heavy cruisers, the Duquesne and
the Tourville, into carriers. Two studies retained one 8-inch gun tur-
ret, the other two eliminated the main battery entirely. The displace-
ment would rise to 12,000 tons standard and the ships could carry
twelve to fourteen aircraft. This idea too was dropped in favor of
new construction. After the Conseil Supérieur completed yet an-
other series of four studies (PA 12 through PA 15), an acceptable
design (PA 16) emerged and funding was authorized to construct
two new carriers. 

Displacement: 18,000 tons (standard), 20,000 tons (normal)
Dimensions: 774’0” (oa) x 80’6” x 21’6” (mean)
Flight deck: 656’2” x 91’10”
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Machinery: Parsons geared turbines, 8 Indret boilers, 2 shafts.
120,000 shp = 33 knots

Bunkerage & range: 7,000 nm @ 20 knots
Aircraft: 40
Armament: 4 x twin 5.1” AA, 4 x twin 37mm AA, 6 x quadruple

13.2mm AA
Complement: 1,250

The design incorporated a number of unusual features. There
was a very long island to starboard that accommodated not only the
navigation and flying control spaces and the stack but also all the
principal armament. To counterbalance its weight the flight deck
was offset to port, which also served to eliminate the encroachment
of the island on the flight deck and limited narrowing of the
hangars. There were two hangars, one above the other. The upper
hangar was 521 feet 7 inches long and 68 feet 3 inches wide, the
lower was 259 feet 2 inches long and 51 feet 2 inches wide and they
were connected to the flight deck by two large elevators. The flight
deck carried transverse-wire arresting gear but, unlike many of their
foreign contemporaries, no catapults were fitted. The Joffre and the
Painlevé were ordered from Chantiers de l’Atlantique (Penhoët-
Loire) at St. Nazaire in 1938. At the outbreak of World War II the
Joffre was about 25 percent complete and the Painlevé only just
started. Both hulls were dismantled on the slip after the fall of
France in June 1940.

JAPANESE CARRIER DEVELOPMENTS 
BETWEEN THE WORLD WARS

During World War I the Imperial Japanese Navy’s direct involve-
ment with carrier aviation was limited to the brief deployment of the
Wakamiya Maru during the operations against Tsingtao in 1914. Of
much greater import for future indigenous carrier developments
were the observations and analyses of the Royal Navy’s experience
with aircraft at sea and carrier operations by Japanese naval officers
attached to the Grand Fleet. Their recommendations led to the in-
clusion of an aircraft carrier in the 1918 “8–6 Fleet Expansion Pro-
gram” as one of six auxiliary vessels proposed (the other five were
oilers, which has led to a common misconception that this first Jap-
anese carrier was a conversion rather than designed as such from
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the outset). The Hosho was the world’s second carrier designed as
such from the keel up and the first to complete. The Hosho’s small
size and simple design, plus considerable assistance from the British
Aviation Mission to the Imperial Japanese Navy led by Colonel the
Master of Semphill, resulted in its completion within just over three
years from keel-laying, compared with well over five years required
to construct the Hermes, the first carrier laid down as such.

The design for the Hosho’s hull and machinery owed much to
those of contemporary light cruisers for the fleet, though with re-
duced power. The aircraft stowage arrangements were unusual.
There were two separate hangars. One was amidships 225 feet long,
30 feet wide, with overhead clearance of 13 feet. At the stern there
was a two-level hangar the full width of the hull. The upper level
was 150 feet long and had 18 feet overhead clearance, the lower
level was 90 feet long and 15 feet high. Two elevators linked the
hangars to the flight deck, the after elevator serving both levels of
that hangar. Japanese designers consulted the British Aviation Mis-
sion on the design of the flight deck and its arrangements. As a re-
sult, it featured the forward downward slope and longitudinal arrest-
ing gear of contemporary British practice. As completed, the Hosho
carried a small island with a large tripod mast to starboard but these
were removed very shortly after commissioning since they interfered
too much with operations and also caused stability problems, and
the ship was conned thereafter from a bridge at the front of the for-
ward hangar beneath the flight deck.

The provisions of the Five-Power Naval Limitation Treaty signed
at Washington on February 6, 1922, allowed Japan to convert the
incomplete hulls of two large warships scheduled for disposal under
the treaty’s terms into large aircraft carriers. Two 40-percent com-
plete battle cruisers, the Akagi and the Amagi, were selected for
conversion and design work began, led by Constructor Captain Fuji-
moto Kikuo. Before construction work could begin, however, the
Amagi’s hull was irreparably damaged by the great Kanto Earth-
quake on September 1, 1923, and the incomplete hull of the battle-
ship Kaga, another vessel schedule for scrapping, took its place. The
two aircraft carriers that resulted were based on the same design but
there were significant differences between them, due largely to the
different hull forms on which they were based.

The common design featured two long hangars built on top of the
original hull’s upper deck with a short shallow hangar built into the
hull itself at the after end of the main hangars to accommodate spare
dismantled aircraft. A long flight deck stretched from the extreme
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stern to the front of the main hangars, stopping about one-quarter of
the ship’s length short of the bow. A pair of flying-off decks projected
forward of each hangar, staggered so that there was clearance for air-
craft to take off from both decks simultaneously (while other aircraft
flew off or landed on the main flight deck at the same time), and the
arrangement also obviated the need to raise aircraft to the flight deck
with the elevators from the hangars below. The design also featured
very heavy antiship armament in the form of ten 8-inch guns dis-
posed in two twin turrets and six single casemates, along with twelve
4.7-inch antiaircraft guns in twin mountings.

The Akagi and the Kaga differed in some important respects. The
Akagi’s flight deck, at 624 feet overall, was some 65 feet longer than
that of the Kaga. It sloped slightly down toward bow and stern from
a point about 325 feet from the after end to improve the airflow over
the deck. The Akagi also was fitted with British-style longitudinal ar-
resting gear that occupied almost the whole of the after sloping sec-
tion. The Kaga’s flight deck was flat and fitted from the outset with
Schneider-Fieux transverse wire arresting gear purchased from
France. The two carriers also differed in their arrangements for ex-
hausting furnace gases. The Kaga used very long flues trunked to
the stern along the side of the upper hangar, while the Akagi used a
large stack that vented downward on the starboard side, supple-
mented by a smaller vertical stack abaft it.

In service the unusual triple deck arrangement on these carriers
proved much less useful than anticipated, especially as aircraft in-
creased in size and weight and thus required longer takeoff runs.
Aircraft growth also emphasized the disadvantages of the short main
flight decks. Japan therefore reconstructed the two carriers, expand-
ing their hangars, removing the auxiliary decks and extending the
main flight decks from bow to stern, fitting islands, improving
smoke disposal, upgrading their antiaircraft defenses, and, in the
case of the Kaga, replacing the machinery and lengthening the hull
in a not very successful effort to raise the ship’s speed. These
changes increased aircraft capacity by 50 percent and greatly in-
creased their operational capabilities. Since the carriers were ex-
pected to operate together as a koku-sentai (carrier division), the Ak-
agi’s island was fitted amidships to port. The Imperial Japanese
Navy’s practice for landing operations was for aircraft to orbit to one
side of the carrier, peeling off and landing as ordered by the air oper-
ations officer. When a koku-sentai operated in formation, the carri-
ers were abreast one another, each carrier’s aircraft were orbiting
outboard of the formation, and it was considered advantageous to
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locate the islands to suit. In practice, this island location proved to
have serious disadvantages: it limited the landing space, caused ex-
cess air turbulence over the flight deck, and obstructed the normal
path for aborted landings. Consequently, by the time the carriers of
the Shokaku class were fitting out for service, this island arrange-
ment was abandoned in favor of the conventional position forward
of amidships on the starboard side.

The provisions of the Washington Treaty greatly influenced plan-
ning for new aircraft carrier construction by the signatories (Britain,
France, Italy, Japan, and the United States) throughout the period
before World War II. Nowhere was this more obvious than in Japan,
where planners found the combination of both qualitative and
quantitative limitations on the size and composition of the navy’s
carrier fleet to be major obstacles to the creation and maintenance
of a balanced powerful force, especially in view of its treaty-imposed
inferiority to its likeliest opponent, the United States. Because the
Hosho was under construction in 1922, it was classed as experimen-
tal and its tonnage did not count within Japan’s total. The carriers
Akagi and Kaga, however, consumed two-thirds of Japan’s allocation
of 81,000 tons, leaving only 27,200 tons for further construction,
barely more than the maximum tonnage permitted for a single car-
rier. The Ryujo, Japan’s first new carrier subject to the treaty restric-
tions, therefore was also designed so that its tonnage was not
counted against Japan’s total allocation, taking advantage of the
treaty’s definition of an aircraft carrier as a vessel with a displace-
ment in excess of 10,000 tons standard by constructing a vessel un-
der that size.

The Ryujo’s initial design envisaged a cruiser-type flush-decked
hull carrying a long single hangar over the midships three-quarters
of its length, topped by a flush flight deck that terminated at the for-
ward end of the hangar. The limitation this concept imposed on the
size of the carrier’s air group soon was realized and the design was
recast very rapidly by adding a second hangar level, thus doubling
the aircraft capacity. The furnace uptakes were trunked to the star-
board side and vented through downward inclined stacks; the bridge
was located immediately below the forward edge of the flight deck;
and the main antiaircraft battery carried in twin mounts sponsoned
to just below flight deck level, which gave these weapons excellent
sky arcs. The combination of changes, however, had a drastic
impact. The design’s tonnage increased substantially, and most of
the added weight was high in the ship, especially as all armor pro-
tection was eliminated to restrict growth. Within eighteen months
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of commissioning, the Ryujo had to be modified to compensate for
its inherent problems and in reaction to a fleet-wide concern about
the stability of vessels constructed under the limitations of the
Washington Treaty. The changes (bulges, hull strengthening, and
topweight reduction) largely succeeded in correcting its deficien-
cies, but only at the cost of increasing tonnage by over 25 percent
and cutting antiaircraft armament by a third.

The Washington Treaty limited both the maximum size and each
nation’s total tonnage of aircraft carriers. The Ryujo’s design was an
effort to circumvent the tonnage restriction. The provisions of the
later London Five-Power Naval Limitation Treaty, signed on April
22, 1930, extended the total tonnage limitations to cover cruisers
and eliminated the loophole exploited by the Ryujo. It also included
a clause allowing up to 25 percent of a nation’s cruiser tonnage to
be made up of ships with flight decks. This provision prompted Jap-
anese designers to investigate the possibilities of creating “cruiser-
carriers,” vessels with both powerful gun batteries and useful air-
craft capabilities. In the summer of 1932 design “G6” proposed a
vessel similar to a scaled down Akagi minus the forward flying-off
decks and with three superimposed twin 8-inch gun turrets in their
place on the foredeck. The double hangars were 420 feet long and
60 feet wide under a 625-foot long flight deck. Aircraft capacity was
similar to that of the Ryujo at forty-eight machines. The designers,
however, failed completely to accomplish this project within the
10,000-ton size limitation applicable to cruisers—the design would
actually displace some 17,500 tons. A second effort, “G8,” followed
the next year. The designers reduced the gun armament to five 6.1-
inch weapons in a twin and a triple turret on the forecastle, moved
the hangars forward, extended the flight deck to cover the full
length of the ship and included a very large overhang at the stern to
bring its total length to 850 feet, and proposed a large vertical stack
for the furnace gases, for the first time in Japanese carrier design.
This project, too, greatly exceeded the permissible individual cruiser
tonnage, and also was abandoned, although it became the basis for
work leading to the pure carrier design constructed as the Soryu.

The Soryu and the Hiryu were half-sisters and the models for all
subsequent fleet carriers. The Soryu design evolved from the earlier
cruiser-carrier studies but rejected all the larger caliber weapons
featured in those designs in favor of six twin 5-inch dual-purpose
mounts. The hull was very long and narrow and the powerful
cruiser-type machinery made the new design exceptionally fast. The
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double hangars that characterized earlier Japanese fleet carriers also
featured in this design, although this was not apparent externally,
since the lower hangar was constructed within the hull itself.
Hangars were 65 feet wide and the lower hangar was about 100 feet
shorter than the 520 feet of the upper hangar, due to the narrowing
of the hull forward. Three elevators linked the hangars to the full
length flight deck. The Soryu had very light passive armor protec-
tion, only 1.8 inches thick on the sides and 1 inch on the deck over
the machinery spaces, with 2.2 inches of deck armor over the maga-
zines. The heavy antiaircraft weapons were supplemented by four-
teen twin 25mm mountings for close-in defense and the small is-
land was to starboard.

By the time the Hiryu was ordered, Japan decided to abrogate the
Washington Treaty. The Soryu’s design was modified to increase the
beam and widen the flight deck, raise the forecastle by one deck to
improve sea-keeping, and strengthen the hull structure, all probably
as a result of the lessons learned from the storm damage suffered by
the Fourth Fleet during maneuvers in September 1935. The design-
ers took advantage of the lack of tonnage restrictions to enhance
side armor protection substantially. Belt armor rose to 3.5 inches
with 5.9 inches abreast the magazines. The Hiryu, like the Akagi af-
ter its major modernization, carried its island amidships on the port
side for the same reason—to facilitate operation within a koku-sen-
tai with the Soryu.

In the design of its interwar carriers the Imperial Japanese Navy
placed a premium on high speed, long range, and large aircraft ca-
pacity (measured by stowage within the hangar). Its carriers had
fine lines, light structure, capacious bunkers, powerful machinery,
and capacious hangars. With the exception of the Akagi and the
Kaga, armor protection was limited to save weight. All Japanese car-
riers proved very vulnerable to action damage since their designs
featured enclosed hangars with very limited flash protection or ven-
tilation combined with wooden flight decks that offered little resis-
tance to bombs. While the navy was very cognizant of the impor-
tance of quickly launching large numbers of aircraft, enclosed
hangars, the lack of facilities for arming or fuelling aircraft on flight
decks, and the almost complete absence of catapults on Japanese
carriers potentially inhibited this goal. Equally anomalous is the fact
that relatively few Japanese carrier aircraft incorporated folding
wings that could maximize hangar stowage, despite the imperative
for the largest possible embarked air group.
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UNITED STATES CARRIER DEVELOPMENT
BETWEEN THE WORLD WARS

Prior to the entry of the United States into World War I, the United
States Navy’s interest in shipboard aviation centered on catapult-
launched floatplanes and flying boats, although individual officers,
such as Lieutenant Commander Henry C. Mustin, had envisaged
the potential of specialized aircraft carrying vessels from as early as
1914. It took the experience of operating with the Royal Navy dur-
ing the war to generate official interest in the design and acquisition
of aircraft carriers. The secondment of the British naval constructor
Stanley V. Goodall to the Bureau of Construction and Repair in late
1917 proved important in translating the advocacy of sea officers,
most notably Admiral William S. Sims, into concrete designs, for he
brought with him plans of many of the newer British warships, in-
cluding the Hermes, and summaries of the Royal Navy’s war experi-
ence. A preliminary sketch, owing much to Goodall’s recommenda-
tions, appeared in October 1918 and, modified somewhat the
following spring, became the basis for the first American carrier de-
sign, intended for carriers requested in 1920 and again in 1921.
Congress, however, turned down both requests and instead author-
ized only the conversion of the new collier Jupiter.

The new aircraft carrier, renamed the Langley, was a very simple
conversion that clearly was intended to be no more than experimen-
tal and essentially added little more than a flight deck, aircraft han-
dling gantry crane, and elevator on top of the collier’s original struc-
ture, placed stowage for aircraft, fuel, munitions, and spares in the
former coal holds, and modified arrangements for smoke disposal.
There was no hanger; aircraft were stowed disassembled in the
holds, moved to the lowered elevator platform for assembly, and
raised to the flight deck. Striking down aircraft required reversing
the procedure. Initially, the Langley’s flight deck carried British style
longitudinal wire arresting gear and a single catapult. The latter was
soon replaced by a pair of compressed air powered units that be-
came irrelevant to flight operations as procedures improved and
were subsequently removed entirely. Transverse wires were added to
the original arresting gear in 1926 and completely replaced the orig-
inal system late in the following year. Although the work of Captain
Joseph M. Reeves (promoted to rear-admiral in 1927) as Comman-
der Aircraft Squadrons, Battle Fleet transformed the Langley from
an experimental vessel into a fully operational aircraft carrier, al-
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though its limited speed severely restricted its utility, especially after
more capable ships entered service.

The navy continued work on designs for large carriers, culminat-
ing in a vessel of some 39,000 tons (normal). The General Board re-
quested the priority construction of three such carriers in July 1921.
The similarity of this design’s dimensions to those of the battle cruis-
ers under construction and the prospect of these ships’ cancellation
as a result of the upcoming international conference on naval arms
limitations led to consideration of converting incomplete battle
cruisers into aircraft carriers instead. When the terms of the Wash-
ington Treaty demanded the cancellation of all six battle cruisers,
the United States negotiated an exception to the restriction on the
27,000-ton limit of the size of individual aircraft carriers to permit
vessels converted from existing capital ships to displace up to 33,000
tons standard. This allowed the conversion of two battle cruisers into
the carriers Lexington and Saratoga, although it still required the use
of 3,000 tons for notional upgrades to protect against air and subma-
rine attack (permitted by the treaty to modernize existing ships) in
order to avoid a drastic reduction in machinery output.

The design of these huge converted ships incorporated much of
the British practice derived from the Royal Navy’s experience late in
the war and immediately thereafter. The hangar was a fully enclosed
integral part of the hull structure, the flight deck was the hull’s
strength deck, its arresting gear took the form of longitudinal wires
intended to engage hooks on the axles of landing aircraft to prevent
their deviation from the deck’s axis, and the ships carried powerful
antisurface guns in addition to a strong antiaircraft battery. None of
these features reappeared in subsequent American carrier designs
until after World War II. The large size of these vessels was contro-
versial at first, especially as they consumed a hefty proportion of the
navy’s limited carrier tonnage permitted by the Washington Treaty.
The enclosed hangar, of necessity smaller than an equivalent open
structure, was a particular target for criticism. Until Reeves demon-
strated the overwhelming value of the deck-load strike, with these
carriers,, and therefore the importance of large flight decks, in the
1929 Fleet Problem, critics equated aircraft capacity with hangar ac-
commodation. By that standard the big carriers were deficient com-
pared with later keel-up designs with open hangars. The enclosed
hangar design indeed limited the capabilities of these carriers, not by
reducing their aircraft capacity but by preventing aircraft from
warming up their engines in the hangar and therefore increasing the

THE AIRCRAFT CARRIER MATURES 39



time required to prepare a massed strike. The placement of the
heavy antisurface guns in turrets to starboard incurred the penalty
of ballast to offset the instability it caused, while the weapons them-
selves also proved of dubious value relative to their space, weight,
and crew requirements. Nevertheless, the sheer size of the Lexing-
ton and the Saratoga conferred great flexibility and enabled the
United States Navy to develop particularly effective operational car-
rier doctrines during the 1930s. Their speed allowed them to oper-
ate with the battle fleet and their size and aircraft capacity gave
commanders invaluable opportunities to appreciate the importance
of efficient deck-handling procedures, rapid aircraft launch and re-
covery, and concentrated mass attacks; all elements that served the
navy well during World War II.

The major issue confronting United States Navy planners after
the decision to complete the Lexington and the Saratoga as large air-
craft carriers was to determine the size of future vessels, given the
strict limits on individual size and overall tonnage available under
the terms of the Washington Treaty. When planning began for new
carriers only the Langley was in service and the British had termi-
nated communication of their operational experience. Experience
from war games simulations at the Naval War College therefore
played a central role in determining the best composition of the fu-
ture carrier force. The 69,000 tons that remained unused would
permit the construction of five carriers of 13,800 tons, four of
17,250 tons, or three of 23,000 tons. War games indicated that the
ability to launch large numbers of aircraft quickly was crucial and
that carriers were extremely vulnerable to air attack. Both factors
pointed toward constructing a larger number of smaller carriers,
since deploying more carriers lessened the risk of losing all of them
and increased overall aircraft capacity, especially as this was viewed
as a function of hangar space at this time. A long series of studies
emerged between 1922 and the final design for the United States
Navy’s first carrier constructed as such from the keel up.

The Ranger was designed as a relatively slow flush-decked
13,800-ton vessel. The carrier was envisaged as the first of five new
vessels of similar size permitted within treaty limits. The Ranger’s
lower speed resulted from the General Board’s desire for the largest
possible air group which, combined with the Bureau of Aeronautics
insistence on a flush deck, required limiting power to minimize ma-
chinery space and reduce the problems of smoke disposal absent a
more conventional stack arrangement. The Ranger introduced sev-
eral features characteristic of subsequent American carriers that en-
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tered service before the mid-1950s. The hangar deck formed the
main strength deck of the hull and the hangar and flight deck made
up the ship’s superstructure. It was the first American carrier to fea-
ture an open hangar, which allowed aircraft to warm up in the
hangar before being lifted to the flight deck for takeoff and simpli-
fied access for reprovisioning and resupply. The Ranger was also the
first to eschew a large-caliber single purpose armament intended to
combat enemy surface vessels—its design instead incorporated a
large antiaircraft battery for the period (eight 5-inch antiaircraft
guns plus forty heavy machine guns). The design also introduced
the flight deck gallery decks, prominent in later designs, which
eased access fore and aft and provided additional crew space.
Weight limitations, however, prevented installation of any of the
four catapults originally envisaged or the provision of any armor pro-
tection, and led to the elimination of torpedo stowage. Operational
experience with the Langley’s enlarged air group, plus the demon-
strated advantages of the island structures aboard the Lexington and
the Saratoga also led to the addition of an island to the design in De-
cember 1931.

Even before the Ranger’s completion there was concern that the
design sacrificed too much capability in order to limit displacement
and, therefore, maximize the number of carriers. From the outset,
designers focused their attention on designs displacing either
18,400 tons, which would allow construction of three identical ves-
sels, or 20,700 tons, which would produce two vessels and leave
13,800 tons to build a smaller carrier compatible with the Ranger.
The main objectives were to increase speed, incorporate both anti-
torpedo and armor protection, enhance aircraft operations with an
enlarged hangar, more and better arranged elevators, and possibly a
second flight deck (or hangar deck catapults), and expand the anti-
aircraft battery. Further refinement of preliminary sketches demon-
strated that the 18,400-ton design was a poor compromise and, in
September 1931, it was decided to proceed with the construction of
two larger 20,000-ton carriers and enlarge the smaller vessel to
15,200 tons, using the 1,400 tons thus saved. Design work, how-
ever, veered away from the direct line of development as designers
responded to the request of Secretary of the Navy Charles F. Adams
that they investigate the possibilities of constructing “cruiser-car-
rier” type vessels instead, motivated by the fleet’s liking for the 8-
inch guns of the Lexington class and the concept of independent
carrier operations that might require carriers to embark heavier ar-
mament in order to defend themselves while away from the main
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fleet. A series of design studies quickly demonstrated the aviation
costs—two 25,000-ton cruiser-carriers together would barely carry
half the combined aircraft of the proposed three pure carriers.
Adams, in December 1931, promptly approved proceeding with the
original plan, but construction was delayed further by the vicissi-
tudes of the Great Depression and it was not until the passage of the
National Industrial Recovery Act on June 16, 1933, that funding
was authorized for the two 20,000-ton carriers Yorktown and Enter-
prise. A third unit, the Hornet, was ordered in 1939 after the Wash-
ington Treaty expired. To speed the ship’s entry into service, this car-
rier used the same design with only minor modifications that added
some 200 tons to its displacement.

The Yorktown class proved very successful. They were fast, long-
ranged, and could accommodate and operate a powerful and bal-
anced air group. The deep girders beneath the flight deck that con-
nected the gallery decks provided space to stow large numbers of
spare aircraft—theoretically sufficient to replace up to half the air
group. They also reintroduced catapults into fleet carriers. The four
catapults, two on the flight deck and two fitted athwartships on the
hangar deck, could launch aircraft of up to 7,000 pounds at 70 mile
per hour. In fact these catapults were used very infrequently until
late in World War II. The hangar deck catapults, in particular, were
hardly ever used (the Enterprise, for example, used its 19 times in
1939 and 3 times in 1940) and they were removed in June 1942
from the two vessels then still in service. The class’s main deficiency
was the vulnerability of its machinery arrangements to underwater
attack, since a single torpedo that penetrated the relatively weak
side protection could knock out the entire power plant, a weakness
that contributed greatly to the Hornet’s loss.

The Wasp was the final prewar carrier for the United States Navy.
Its design proceeded in parallel with that of the Yorktown class and
used up the last remaining carrier tonnage available under the
Washington Treaty. The reduction in tonnage from the 20,000 tons
of the Yorktown to the 14,500 tons of the Wasp (modifications to the
Ranger had absorbed 700 tons) entailed the elimination of almost
all armor and any substantive anti-torpedo protection, a much re-
duced power plant that cut speed to 29-1/2 knots, a smaller air
group that excluded torpedo bombers and their heavy weapons, very
limited accommodation for spare aircraft, and an appreciably
shorter hull and flight deck. The Wasp was unusual in having an
asymmetric hull to balance the island structure without requiring
added ballast. Despite all these efforts to save weight, the ship as
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completed substantially exceeded its design displacement, which
caused concerns for its stability. The Wasp, like the Yorktown class,
carried four catapults (two on the hanger deck). It also introduced
an important feature of later carriers, the deck-edge elevator in
place of a conventional elevator amidships. In the Wasp’s case this
was a T-shaped structure rather than a full platform, no doubt to
save weight in a tight design, but its value in improving the flow of
traffic on the hangar and flight decks led to the adoption of this fea-
ture on all subsequent large American carriers.

CARRIER AIRCRAFT DEVELOPMENT 
BETWEEN THE WORLD WARS

It is commonly accepted that conflict greatly accelerates technologi-
cal advance. While that may have been true of the impact of World
War I on aviation development, the advances in aircraft design in
the twenty-year period between the two world wars tend to belie this
truism. At the end of World War I shipboard aircraft were almost ex-
clusively fabric-covered wire-braced wooden biplane airframes. En-
gine outputs were between 150 and 320 horsepower, top speeds
were between 90 and 120 miles per hour, and few aircraft were en-
dowed with ranges in excess of 200 miles. Twenty years later the
majority of front-line carrier aircraft were all-metal low-wing mono-
planes, often of stressed-skin construction. Their engines produced
between 700 and 900 horsepower, giving fighters top speeds in ex-
cess of 300 miles per hour and strike aircraft top speeds of over 200
miles per hour. The operational ranges of these aircraft were be-
tween 700 and 1,000 miles. These advances took place within an
environment of very limited aircraft production, tight military budg-
ets, and largely without the spur of combat operations.

Experience from World War I generated four principal roles for
carrier-borne aircraft: reconnaissance, gunfire observation, strike,
and fleet air defense. During the twenty years before World War II
carrier-operating navies developed a wide range of aircraft and oper-
ational practices, within the constraints of flight deck and hangar
dimensions and vessel size, to fulfill these missions effectively in ac-
cordance with each fleet’s priorities.

Navies placed considerable emphasis on the reconnaissance and
gunfire observation missions from the outset. The Royal Navy’s first
such aircraft was the Parnall Panther, whose design originated late
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in World War I as a dedicated carrier machine. It featured a wooden
monococque fuselage that folded for stowage. Powered by a 230-
horsepower Bentley B.R.2 rotary engine, it attained a top speed of
108 miles per hour and had a maximum range of 350 miles. British
carriers then embarked a series of three-seater biplanes from the
Fairey Aviation Company, derived from a successful medium-size
floatplane design that saw limited service during World War I. The
first of the series, the Fairey IIID, was a sturdy wooden machine
powered by either a 375-horsepower Rolls-Royce Eagle or a 450-
horsepower Napier Lion engine, giving it a top speed of 106 to 118
miles per hour and a range of 550 miles. During the production run
of its more streamlined successor, the Fairey IIIF, the type made the
transition from an all-wood to an all-metal structure. Thanks to a
more powerful Napier Lion engine of 570 horsepower, top speed
rose to 128 miles per hour and range increased to 750 miles. The fi-
nal development was the Fairey Seal, first deployed in 1933, which
introduced a 600-horsepower Armstrong-Siddeley Tiger radial en-
gine. Speed rose to 140 miles per hour and range increased to 850
miles. The Fairey Swordfish began replacing the Seal from 1936, its
arrival signaling the end of the Royal Navy’s commitment to single-
purpose carrier-borne reconnaissance types.

Unlike other fleets, the Royal Navy also briefly deployed highly
specialized gunnery observation aircraft equipped with facilities in-
tended to maximize their effectiveness in this limited role. The first
was the Westland Walrus, a much-modified variant of the Airco
D.H.9A light bomber featuring an observation cupola below the
fuselage to accommodate the gunfire spotter. Powered by a 450-
horsepower Napier Lion engine, it reached a top speed of 124 miles
per hour and had a range of 350 miles. Its successors were the Avro
Bison and Blackburn Blackburn. Both aircraft featured large cabins
with good observation facilities to accommodate gunnery spotters
and their equipment. Their Napier Lion engines gave them top
speeds of 105 and 122 miles per hour respectively, while their maxi-
mum ranges were 360 and 440 miles. By 1931 the Royal Navy de-
termined that the performance penalties of their accommodations
and the burden of incorporating such specialized aircraft within the
limited size of carrier air groups made further development of this
category unnecessary, and the mission devolved on the fleet’s regular
reconnaissance aircraft.

The French Navy too introduced dual-purpose observation and
reconnaissance aircraft in 1928, when the Levasseur PL.4 entered
service aboard the Béarn. This three-seater biplane, with an all-
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metal structure, was powered by a 450-horsepower Lorraine 12eb
engine, giving it a top speed of 111 miles per hour and a range of
560 miles. Its successor, the Levasseur PL.10, entered service in
1932. Its 600-horsepower Hispano-Suiza 12Lb engine gave it a
maximum speed of 137 miles per hour but its range fell to 450
miles.

The Imperial Japanese Navy gave up deploying carrier-based re-
connaissance aircraft when the Mitsubishi C1M left front-line ser-
vice in 1931. This aircraft was introduced in 1922 as the Type 10
Carrier Reconnaissance Plane, one of a trio of designs by Herbert
Smith who came to Mitsubishi from the defunct Sopwith Aviation
Company and created the navy’s first machines specifically designed
for carrier service. It had a 300-horsepower Mitsubishi Type Hi en-
gine giving it a top speed of 127 miles per hour and a range of 350
miles. Thereafter, until well into World War II, Japanese carriers re-
lied on dedicated reconnaissance support from aircraft deployed on
accompanying heavy cruisers and, to a lesser extent, on missions
flown by their own attack aircraft.

Dedicated carrier reconnaissance types fared considerably better
in the United States Navy. The Chance Vought Corporation pro-
duced a series of two-seater biplanes, derived from the successful
VE-7 advanced trainer, that formed the backbone of the fleet’s car-
rier observation aircraft from 1922 until 1934. These machines
started as all-wooden airframes and switched to steel tube fuselages
in 1927. The original engine was a 200-horsepower Wright J-3 ra-
dial that gave the OU-1 a top speed of 124 miles per hour and a
range of 400 miles. The improved O2U, powered by a 450-horse-
power Pratt & Whitney Wasp radial engine, could reach 150 miles
per hour and had a range of 600 miles, while the final SU-4, with a
600-horsepower Pratt & Whitney Hornet radial engine, had a top
speed of 167 miles per hour and a range of 680 miles. An early
Grumman Aircraft Engineering Corporation product, the SF-1,
briefly supplemented these Vought types until 1936. This biplane
aircraft, with an all-metal structure and powered by a 700-horse-
power Wright Cyclone, featured a retractable undercarriage and
could reach 207 miles per hour with a range of 920 miles. The real
replacement for the Vought observation aircraft, however, was a se-
ries of scout-bombers, introduced in late 1935, that combined the
scouting role with the dive bombing mission.

At the end of World War I, naval officers all generally agreed that
torpedoes offered the best prospects for successful aircraft attacks
against ships. The Royal Navy’s first dedicated carrier-based torpedo
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bomber, the Sopwith Cuckoo, entered service just before the
Armistice. It was followed by a series of rugged designs from the
Blackburn Aeroplane Company. First of the series was the Dart.
Like the Cuckoo, it was a single-seater, to conserve weight and allow
it to lift an 18-inch torpedo. The Dart was a biplane of mixed metal
and wooden construction. Powered by a 450-horsepower Napier
Lion engine, it attained 107 miles per hour and had a range of 285
miles. Its successors all were two-seaters. The Ripon had a 570-
horsepower Lion engine giving it a top speed of 126 miles per hour
and a range of 450 miles. The Baffin introduced a 565-horsepower
Bristol Pegasus radial engine, whose lighter weight raised the top
speed to 136 miles per hour. The final Blackburn torpedo bomber
was the Shark, which entered service late in 1934. It introduced a
monocoque fuselage and all-metal structure. Speed rose to 152
miles per hour and range to 625 miles, thanks to a 760-horsepower
Armstrong-Siddeley Tiger radial engine. It was replaced in service by
probably the most famous British naval aircraft of the period, the
Fairey Swordfish, a biplane designed to combine the torpedo strike
and reconnaissance roles in a single airframe in order to offset the
limited space available in the Royal Navy’s carriers’ hangars. In
many ways the Swordfish was a less advanced design than its pre-
cursor, but its reliability and flight deck handling characteristics
compensated for a somewhat lesser performance. Powered by a 690-
horsepower Bristol Pegasus radial engine, the Swordfish reached
139 miles per hour and had a range of 546 miles.

France’s first carrier-based torpedo bomber was the Levasseur
PL.2, which entered service in 1926. A three-seater biplane with
mixed wooden and metal structure, the PL.2 was powered by an un-
reliable 580-horsepower Renault 12Ma engine, giving it a top speed
of 90 miles per hour and a range of 440 miles. The similar Lev-
asseur PL.7, with a very reliable 600-horsepower Hispano-Suiza
12Lbr engine, quickly replaced it in 1929. Its speed remained the
same but range increased to 600 miles. The French Navy developed
a number of prototypes of aircraft intended to replace the PL.7 in
service, including the ambitious twin-engined all-metal stressed skin
construction monoplane Dewoitine D.750 and SNCAO CAO.600
torpedo bombers intended to deploy on the Foch and the Joffre, but
no production machines emerged before the outbreak of World War
II, leaving the obsolete PL.7 to soldier on.

The Mitsubishi Aircraft Company’s British designer, Herbert
Smith, was responsible for the Imperial Japanese Navy’s first two
carrier-based torpedo bombers models. The first, the Type 10 Car-
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rier Torpedo Bomber, was a very unusual single-seater triplane with
an all-wooden structure. Smith adopted the triplane arrangement to
provide the additional lift to enable his design to carry an 18-inch
torpedo. The machine had a top speed of 130 miles per hour and a
range of 250 miles. Although it was well-received by its pilots, the
aircraft’s height made it hard to handle on deck. A new Herbert
Smith design, the Type 13 Carrier Attack Bomber (also known as
the B1M), quickly replaced it. This similarly-powered conventional
two-seater biplane’s performance at first closely matched that of the
Type 10. Later models changed to the indigenous 450-horsepower
Mitsubishi Type Hi engine and added a third crew member. This cut
the top speed to 121 miles per hour but greater engine efficiency ex-
tended the range to 400 miles, enabling the B1M to supplant the
navy’s dedicated reconnaissance aircraft from 1930. Mitsubishi also
produced the next Japanese torpedo bomber model, contracting the
design from the Blackburn Aeroplane Company in Britain. The new
three-seater Type 89 Carrier Attack Bomber (also known as the
B2M) had an all-metal structure and was powered by a 650-horse-
power Mitsubishi Type Hi engine, giving it a top speed of 142 miles
per hour and a maximum range of 1,100 miles. The uprated Type Hi
engine proved somewhat unreliable, so the B2M never totally re-
placed its precursor.

The navy was disappointed with the B2M design so it turned to
its own resources in designing a replacement. The First Naval Air
Technical Arsenal’s engineers, led by Suzuki Tamefumi, designed
the three-seater biplane Type 92 Carrier Attack Bomber (also known
as the B3Y1) that entered service in 1933. Wing structure was of
wood and the fuselage structure of welded steel tube. Powered by a
750-horespower Type 91 water-cooled engine, the B3Y1 had a top
speed of 136 miles per hour and a range of 500 miles. This model’s
engine also proved unreliable and the performance, especially in
range, was unsatisfactory, so a new design was prepared by Kawasaki
Sanae at the First Naval Air Technical Arsenal that entered service
in early 1937 as the Type 96 Carrier Attack Bomber (or B4Y1). The
new design married the wings of the successful E7K1 shipboard
floatplane to a new fuselage and tail unit to produce a three-seater
biplane with all-metal structure. Powered by an 840-horsepower
Nakajima Hikari radial engine, it had a maximum speed of 173
miles per hour and a range of 978 miles, both markedly superior to
any of its precursors or any similar machine in service, although this
superiority was cut short by the introduction of Douglas’s mono-
plane TBD-1 later in 1937.
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The navy viewed the B4Y1 as a stopgap type pending the intro-
duction of a more modern machine. This took the form of the Naka-
jima Type 97 Carrier Attack bomber (or B5N1), designed by Naka-
mura Katsuji in 1936. This three-seater all-metal monoplane of
stressed-skin construction featured folding wings to enable it to fit
standard carrier elevators, flaps to keep down landing speeds, and a
retractable undercarriage to boost performance. Powered by an 840-
horsepower Nakajima Hikari radial engine driving a variable-pitch
propeller, it had a maximum speed of 229 miles per hour and an ex-
treme range of 1,400 miles. When the B5N1 entered front-line ser-
vice in early 1938 it was the best torpedo bomber in service with any
of the world’s navies by a substantial margin.

Torpedo-bomber development for carrier deployment in the
United States Navy generally followed a similar pattern as in other
fleets, although a small number of very large Douglas T2D twin-en-
gine aircraft briefly operated from the Langley in 1927 before they
were fitted with floats and redesignated patrol types to avoid politi-
cal conflict with the Army Air Corps. American carriers used essen-
tially a single design from 1925 until 1937. The initial version, the
Martin T3M-2, was a three-seater biplane powered by a 770-horse-
power Packard 3A-2500 water-cooled engine that gave it a maxi-
mum speed of 109 miles per hour and a range of 630 miles. Subse-
quent versions, introduced from 1928, used radial engines, either
the 525-horsepower Pratt & Whitney Hornet or the 620-horsepower
Wright Cyclone, which gave the final version, the Great Lakes TG-
2, a maximum performance of 127 miles per hour and a range of
330 miles. The Douglas TBD-1 re-equipped the fleet’s torpedo
squadrons in 1937 and 1938, marking a great advance in capabili-
ties. This all-metal low-wing monoplane of stressed-skin construc-
tion also introduced flaps to aid slow-speed handling, a retractable
undercarriage, and power-operated wing folding. Powered by a 900-
horsepower Pratt & Whitney Twin Wasp radial engine driving a vari-
able-pitch propeller, the TBD-1 had a maximum speed of 206 miles
per hour and a range of 716 miles, both vastly superior to the per-
formance of its precursors.

Fighters for fleet defense against air attack formed the third com-
ponent of carrier aircraft complements at the end of World War I.
The Royal Navy replaced its Sopwith Camels with Nieuport Night-
jars in 1922. This variant of the Royal Air Force’s Nieuport
Nighthawk was powered by a 230-horsepower Bentley B.R.2 rotary
engine that gave it a maximum speed of 120 miles per hour and a
range of 200 miles. It was soon replaced by the Fairey Flycatcher, a
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very sturdy and nimble machine with excellent flight deck charac-
teristics, thanks to its Fairey patented camber-changing mechanism.
The Flycatcher’s 410-horsepower Armstrong-Siddeley Jaguar radial
engine gave it a top speed of 133 miles per hour and a range of 310
miles. In 1932 the Hawker Nimrod entered service. It featured all-
metal structure and was powered by a 590-horsepower Rolls-Royce
Kestrel liquid-cooled engine that gave it a top speed of 195 miles per
hour and a range of 225 miles. The urgent need for a Nimrod re-
placement led the Admiralty to adopt a navalized version of a bi-
plane Royal Air Force fighter as the Gloster Sea Gladiator in 1938.
Its 840-horsepower Bristol Mercury engine gave it a speed of 245
miles per hour and a range of 380 miles. The Royal Navy also
adopted two-seater fighter-reconnaissance aircraft in the 1930s.
The Hawker Osprey, a version of the fast Hawker Hart biplane light
bomber, entered fleet service in 1932. It had a top speed of 176
miles per hour and a range of 225 miles, courtesy of its 640-horse-
power Rolls-Royce Kestrel engine.

Development of carrier fighters for the French Navy followed a
very distinctive course. The first type embarked on the Béarn in early
1928 was the Lévy-Biche LB2. This wooden biplane had a detach-
able undercarriage, a boat-shaped lower fuselage, and small floats
under the lower wings to allow it safely to alight on water in an
emergency. Its 300-horsepower Hispano-Suiza 8Se engine gave it a
top speed of 135 miles per hour. It was replaced late in 1928 by the
Dewoitine D.1, a parasol-winged monoplane with an all-metal struc-
ture and a monocoque fuselage. With an engine similar to that pow-
ering the LB2, it attained 140 miles per hour and had a range of 250
miles. In 1931 another parasol-winged all-metal monoplane re-
placed the D.1. The Wibault 74’s corrugated metal stressed skin pro-
duced a strong, light, and relatively durable structure. Using a 420-
horsepower Gnôme-Rhone 9Ady radial engine, its performance was
almost identical to its precursor’s, but had the advantage of a much
superior rate of climb and greater structural strength. The final
French carrier fighter to enter service before World War II was yet
another parasol-winged design. L’Aeronavale accepted two versions
of Dewoitine’s D.37 fighter, the D.373 with fixed wings and the
D.376 with folding wings, in 1938. These aircraft were of all-metal
stressed-skin construction, and their powerful 930-horsepower
Gnôme-Rhone 14Kfs radial engines gave them a top speed of 255
miles per hour and a range of 560 miles. Their engines, however,
were unreliable and low-wing monoplanes clearly offered greater
performance potential. Consequently, the French Navy ordered an
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export version of Grumman’s F4F-3 to replace its Dewoitines, but
these Grumman Model G-36A aircraft were not delivered before
France fell in June 1940 and instead served with the Royal Navy.

Carrier fighter development for the Imperial Japanese Navy fol-
lowed a more conventional path. Its first carrier fighters were export
versions of the Royal Navy’s Nightjar. Mitsubishi’s Herbert Smith
then produced a fighter design that entered operational service as
the Type 10 Carrier Fighter in 1923. It was powered by a 300-horse-
power Mitsubishi Type Hi engine, giving it a top speed of 147 miles
per hour and a range of 200 miles. In 1929 it was replaced by the
Nakajima Type 3 Carrier Fighter (also known as the A1N) that was a
modified version of the Gloster Gambet. Performance with a 450-
horsepower Nakajima Kotobuki radial engine was not much better
than the earlier Mitsubishi type, but it was much sturdier and more
maneuverable. Nakajima’s engineers then designed a replacement
fighter with an all-metal structure that incorporated many features
of contemporary Boeing F2B and Bristol Bulldog fighters. This en-
tered service as the Type 90 Carrier Fighter (A2N1) in 1932. Its
Nakajima Kotobuki radial engine now developed 580 horsepower,
giving the new fighter a top speed of 182 miles per hour and a range
of 310 miles. The company took advantage of the availability of
more powerful radial engines to improve its biplane fighter design.
The new aircraft, the Type 95 Carrier fighter (A4N1), entered ser-
vice in 1936. It had a top speed of 220 miles per hour and a range of
525 miles, thanks to its 730-horsepower Nakajima Hikari engine.
Nevertheless, the day of the biplane carrier fighter in Japanese ser-
vice was soon over, for Nakajima’s rival, Mitsubishi, had developed a
remarkable new aircraft. Designed by Horikoshi Jiro, it was an all-
metal low-wing fighter of stressed-skin construction. The first ver-
sion of the Type 96 Carrier Fighter (A5M) had a 600-horsepower
Nakajima Kotobuki engine. With this lower power output it attained
a maximum speed of 252 miles per hour and had a range of 550
miles, while later models, with 785-horsepower engines, reached
270 miles per hour and increased their range to 750 miles, thanks to
the use of drop tanks.

The first fighters to serve aboard United States Navy carriers were
variants of existing U.S. Army fighters. Both the Curtiss F6C-3 and
Boeing FB-5 were powered by 435-horsepower Curtiss D-12 water-
cooled engines that gave them virtually identical performances: a
top speed of 155 miles per hour and a range of 360 miles. They also
were the last American carrier aircraft powered by liquid-cooled en-
gines, since the navy decided to use only air-cooled radial engines
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because of their lighter weight and greater reliability. Curtiss re-
sponded with its F6C-4, powered by a 410-horsepower Pratt &
Whitney Wasp, whose performance matched its precursor. Boeing
produced two new designs, the F2B-1 and F3B-1, with very similar
performances and succeeded in netting orders for over 100 exam-
ples delivered between January and December 1928. Less than a
year later the company delivered the first examples of the very suc-
cessful Boeing F4B series that formed the backbone of the navy’s
carrier fighter strength until 1936. Early models had a top speed of
176 miles per hour and a range of 370 miles using a 450-horse-
power Wasp engine, later models could reach 188 miles per hour,
thanks to an additional 100 horsepower from improved Wasp radi-
als. Boeing’s dominance was brought to an end by the new Grum-
man Aircraft Engineering Corporation, whose tubby biplanes, with
retractable undercarriages, all-metal structure, and monocoque
fuselages, constituted almost all the navy’s fighter force prior to the
outbreak of World War II in Europe. The F2F-1 was powered by a
700-horsepower Twin Wasp engine and had a top speed of 231
miles per hour, while the ultimate F3F-3 used a 950-horsepower
Wright Cyclone that endowed it with a top speed of 264 miles per
hour while maintaining a range of 980 miles. As war loomed in Eu-
rope, the navy also received its first monoplane fighter aircraft in the
form of Brewster F2A-1s. With the same Cyclone engine as the
F3F-3 Brewster’s barrel-like fighter had a top speed of 311 miles per
hour and a range of 1,545 miles, an indication of the still greater in-
creases in performance to come.

In several navies during the 1920s fighter pilots discovered the ef-
ficacy of diving attacks on moving warships but only in the United
States Navy was this technique systematically explored and quickly
incorporated into operational carrier practice and organization. Ini-
tially the navy continued to use existing fighters, redesignating cer-
tain squadrons as bombing squadrons instead of fighting squadrons.
It then ordered modified versions of fighters for use as dive bombers,
epitomized by its two only moderately successful Curtiss Hawk vari-
ants, the BFC-2 (with a fixed undercarriage) and the BF2C-1, whose
undercarriage retracted. The best solution, though, was to develop
purpose-built dive bombers. The Martin BM-1 biplane entered ser-
vice in 1932. Powered by a 625-horsepower Pratt & Whitney Hor-
net, it had a top speed of 146 miles per hour and had a range of 413
miles carrying a 1,000-pound bomb. The more powerful 750-horse-
power Twin Wasp of Great Lake’s BG-1 raised its speed to 188 miles
per hour and increased its range to 549 miles. The introduction of
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the all-metal stressed skin monoplane Northrop BT-1 in 1938
marked a dramatic increase in performance. Top speed rose to 222
miles per hour and range increased to 1,150 miles, even though its
Twin Wasp only offered an additional 75 horsepower.

Even before Northrop’s BT-1 entered service, the navy had con-
cluded that it would be more effective to combine the scouting and
dive-bombing missions into a single more effective airframe, differ-
entiating between the two missions through specialized training of
scouting or bombing squadron crews. Vought and Curtiss produced
biplane scout-bombers, the SBU and the SBC, both powered by
700-horsepower Pratt & Whitney Twin Wasp radial engines. The
SBU, despite its fixed undercarriage, could reach a top speed of 205
miles per hour and had a range of 550 miles, while the SBC-3, with
a retractable undercarriage, attained 220 miles per hour and had a
range of 635 miles, both with a 500-pound bomb; again, a low-wing
monoplane replaced these last biplanes. Vought’s SB2U, which en-
tered service in late 1937, had an all-metal structure but both the
wings and the after half of the fuselage were still fabric-covered. A
more powerful 825-horsepower Twin Wasp gave it a top speed of
243 miles per hour and increased the range to 1,120 miles with a
500-pound bomb.

The Imperial Japanese Navy observed the effectiveness of dive
bombing and introduced its own dive bombers into service in 1934.
The Aichi Watch and Electrical Equipment Company imported an
example of Ernst Heinkel’s He 66 dive bomber from Germany and
modified it to suit the navy’s needs. Powered by a 580-horsepower
Nakajima Kotobuki 2 engine, Aichi’s Type 94 Carrier Bomber
(D1A1) had a top speed of 174 miles per hour and a range of 656
miles with a 550-pound bomb. The improved Type 96 Carrier
Bomber (D1A2) took advantage of the 730 horsepower available
from its Nakajima Hikari engine to raise its speed to 192 miles per
hour but at the cost of a reduction in range to 576 miles. This ver-
sion gained notoriety by sinking the United States Navy gunboat
Panay on the Yangtse River on December 12, 1937.

In 1934 the British Admiralty issued a specification for the design
of a dive bomber for the Royal Navy, which entered service in Octo-
ber 1938 as the Blackburn Skua. This all-metal low-wing mono-
plane of stressed-skin construction was also required to operate as a
fleet fighter, due to the chronic shortage of aircraft stowage space
aboard British carriers. As a fighter it was far too slow, but it was an
effective dive bomber, with a top speed of 225 miles per hour and a
range of 720 miles carrying a 500-pound bomb. The French Navy
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also came to appreciate the potential of dive bombing. Unsuccessful
trials of the prototype Loire-Nieuport LN.140 in 1936 delayed
adoption of dive bombers until just after war had begun in Europe,
when the same firm’s LN.40 entered service, albeit operating from
land bases as the Béarn was occupied in transporting aircraft from
the United States. It had a 690-horsepower Hispano-Suiza 12Xcrs
liquid-cooled engine, giving it a top speed of 238 miles per hour and
a range of 750 miles with a 550-pound bomb. As a stopgap the
French Navy turned to Vought’s successful SB2U instead. The
Vought V-156-F, differentiated mainly from United States Navy
equivalent models by its dive brakes, was just entering service as
World War II began.

NAVAL AVIATORS BETWEEN THE WORLD WARS

At the end of World War I the vast majority of naval pilots were com-
missioned naval officers, as were most observers, while the majority
of radio operators and air gunners were enlisted men. (Although the
British air services combined to form the Royal Air Force as a sepa-
rate service on April 1, 1918, its members still retained the right to
revert to their original service arm without loss of rank or privilege).
Thereafter, each carrier-operating navy followed its own diverging
path for training and manning its aircraft and aviation units.

The French Navy after World War I maintained a dozen or more
front-line land-based aviation units in metropolitan France and
North Africa, seaplane units spread throughout the French Empire,
and embarked aircraft aboard battleships, cruisers, seaplane carri-
ers, and its sole aircraft carrier, the Béarn. The majority of its pilots
and observers were commissioned officers, graduates of the Naval
Academy at Brest, who received flight training and anticipated pro-
fessional naval careers. Aspiring enlisted aircrew also received spe-
cialized training. In general, aircrew tended to remain within their
specialized fields (fighters, reconnaissance, etc.) throughout their
flying careers. There were some uncertainties, since naval aviation
was a relatively small part of the navy and its survival was always
subject to political influences.

Naval aviators, both officers and enlisted men, underwent initial
flying orientation prior to beginning specialized training at the base
d’aéronautique navale (BAN) Rochefort. Successful graduates then
proceeded to basic flying training, officers to BAN Fréjus-Saint-
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Raphaël (1919–1922), then to BAN Istres or BAN Rochefort
(1923–1930), and enlisted pilots to BAN Istres. All those who suc-
cessfully completed basic flying training and who opted for carrier
service then completed advanced training at BAN Fréjus-Saint-
Raphaël. Other aircrew (non-pilots) underwent training at BAN
Hourtin as observers, bombardiers, or air-gunners. In 1931 the navy
merged its training system with that of l’Aviation Militaire (which
became l’Armée de l’Air in 1933). Basic flying orientation took place
at Versailles, with flying training at either Villacoublay or Avord,
though non-pilots continued to train at BAN Hourtin. In 1933 the
government transferred the bulk of the navy’s land-based units, both
aircraft and personnel, to l’Armée de l’Air. Consequently, these units
retained a strong naval flavor for some years afterwards and some of
their members reverted to naval service when the navy was able to
reestablish shore-based units in 1938. Furthermore, the French
Navy never established a clear career path for its aviation officers.

The United States Navy followed a slightly different path. The
bulk of its pilots immediately after World War I were commissioned
officers who had graduated from the Naval Academy at Annapolis
and who volunteered for flight duties. In 1917, the navy also began
training limited numbers of enlisted men, usually petty officers, to
qualify as Naval Aviation Pilots, though relatively few continued to
serve in the peacetime fleet. The establishment of the Bureau of
Aeronautics in 1921 gave naval aviation an institutional base within
the navy. This led the Naval Academy to add courses in naval avia-
tion to the syllabus in 1925 and also offer midshipmen limited flying
experience. The following year Congress passed the Naval Aircraft
Act in response to the recommendations of the Morrow Board. It
authorized the addition of 1,000 aircraft to the fleet’s inventory and
restricted command of aircraft carriers, seaplane tenders, and naval
air stations to naval aviators or naval aviation observers, thus open-
ing a clear path for career advancement and offering the prospect of
flag rank. In response to concerns that the appetite of naval aviation
for commissioned officers, especially with the imminent entry into
service of the two very large carriers Lexington and Saratoga, could
excessively deplete the officer corps, the act also required the navy
to expand the number of enlisted Naval Aviation Pilots to 30 percent
of the number of commissioned pilots.

Until 1935 the navy drew all its officer pilots from the ranks of
Naval Academy graduates. After their first two-year tour at sea, en-
signs were eligible to apply for flight training. Basic training lasted
one year, followed by seven months of advanced training, during
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which they familiarized themselves with all categories of aircraft the
navy operated. Finally, the new pilots underwent operational train-
ing with fleet squadrons at shore bases. Because pilots did not spe-
cialize in a single aircraft category, most of them had very varied fly-
ing careers. A pilot might well serve successively with a battleship’s
floatplane observation unit, with a carrier-based fighter squadron,
and with flying boats from a seaplane tender.

When the navy began expanding after the Depression it became
clear that its needs for pilots far exceeded the capacity of the Naval
Academy to graduate ensigns. Congress passed the Aviation Cadet
Act in 1934, authorizing the navy to recruit mainly college gradu-
ates for flight training. Those found suitable underwent one year of
basic training and spent three years on active duty as aviation
cadets, following which they were commissioned as reserve ensigns
in inactive status. The program succeeded in recruiting pilots but
the navy found it challenging to retain them since, as aviation
cadets, their flight operational prospects were restricted, pay was
low, and prospects for advancement in the reserves were minimal.
Consequently, the number of naval aviation pilots (including mem-
bers of the Marine Corps) only increased from about 1,200 in 1935
to 1,800 in 1939.

The provisions of the Naval Aircraft Act led to a modest increase
in the numbers of Naval Aviation Pilots in the fleet, manifest most
publicly by the formation of Fighting Squadron Two, composed en-
tirely of enlisted pilots except for flight leaders and the squadron
commander. Naval Aviation Pilots followed the same training sched-
ule as Naval Academy graduates and had similar flying career paths,
although they were barred from commanding flights within
squadrons. In 1931 the navy abandoned recruiting enlisted pilots,
citing a shortage of funding for training that made it difficult to
train sufficient numbers of officer pilots. When naval aviation began
expanding the navy resumed recruiting enlisted pilots in 1935 but
the total number still fell very far short of the 30 percent mandated
by Congress and was closer to 10 percent at the end of 1939.

When the Imperial Japanese Navy began to build up a large car-
rier force it took a very different tack from other fleets in providing
naval airmen. It was unique among the world’s navies in its reliance
on enlisted men to provide the vast bulk of its aircrews; only about
10 percent of its pilots were officers. Initially the navy’s intake of en-
listed aircrew came from transfers of suitable candidates from the
fleet. Established in May 1920 as the hikojutsu renshusei (flying
technique training program) and renamed the sohju renshusei (pilot
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trainee program) in June 1930, it accepted both enlisted seamen
and noncommissioned officers. Standards were very high; anecdotal
evidence indicates that only about 5 percent of applicants were ac-
cepted for training, while only about 40 percent of each class gradu-
ated. In 1930 the navy introduced the hikoyoka renshusei (flight re-
serve enlisted trainee program), a direct-entry program for civilians,
while still retaining the intake from the fleet. This three-year pro-
gram took suitable young men straight out of primary school (boys
between fifteen and seventeen years of age educated to the equiva-
lent of the second year of American middle school), gave them a ba-
sic naval education and put them through flight school. In 1937 the
navy introduced a second direct-entry program, the koshu hikoyoka
renshusei (Class-A flight reserve enlisted trainee program) which
drew from young men aged between sixteen and nineteen who had
completed three and one-half years of middle school education
(equivalent to the middle of the first year of an American high
school education), resulting in qualification of these trainees in a
two and one-half year period. (The original program simultaneously
was redesignated the otsushu hikoyoka renshusei (Class-B flight re-
serve enlisted trainee program).

Aircrew officers were almost all graduates of the Naval Academy
at Eta Jima who had first served a year at sea before volunteering for
flight training. Despite its early development of a coherent and ef-
fective command structure for naval air operations, the Imperial
Japanese Navy never established a career path for its flying officers
outside the aviation branch. The navy did not require its carrier cap-
tains, kokutai commanders, or flag officers in command of larger
aviation units to be qualified naval aviators themselves, so there was
little incentive for more senior officers to learn to fly. As the need for
larger numbers of commissioned aviators became more apparent, a
direct entry program for university graduates was introduced in
1934. The koku yobi gakusen (air reserve student program) drew
from members of the Japan Student Aviation League. Its numbers
never were very large because of resistance from Naval Academy
graduates to what they perceived as dilution of the ranks of commis-
sioned officers.

Training emphasized quality over quantity. Primary training,
which lasted for six months, was very intensive and designed to
weed out the less suitable candidates. Intermediate training took a
further four to six months and was followed by three months of op-
erational training in one of the various specialties. The pilots then
were posted to an operational unit, by which time officers generally
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had logged some 400 flying hours, enlisted men about 250 hours.
Operational units considered that pilots required a further year of
extensive training within the unit before they were ready for combat
operations. Starting in 1928 aircrew specialized in one of the vari-
ous operational types: fighters, carrier attack or bombers, seaplanes,
or land-based long-range bombers. In general, they remained in
their specialty throughout their flying careers.

The Royal Navy’s situation was completely different from that of
other fleets, since it did not directly control either its aircraft or its
aircrew and squadron personnel after the formation of the Royal Air
Force on April 1, 1918. Initially all aircrew were Royal Air Force per-
sonnel, but the navy soon determined that this was unworkable,
since pilots and observers rotated in and out of the Fleet Air Arm too
rapidly to maintain competence and efficiency. In 1921 the Admi-
ralty therefore created a specialist Observer Branch in the Royal
Navy that would provide suitable officers for spotter-reconnaissance
units serving on carriers. The interim report of the committee, led
by the Marquess of Salisbury from March to June 1923 to examine
the manner in which Royal Air force operations should be integrated
with those of the Army and Royal Navy, also led to further changes.
The need for continuity resulted in the Royal Air Force agreeing that
70 percent of all naval pilots and all naval observers would be
commissioned officers in the Royal Navy who would hold parallel
commissions in the RAF, a situation that could be fraught with
confusion.

Naval officers volunteered for aircrew training after spending one
year at sea. Observer candidates attended either the Naval Ob-
servers Course or the RAF Fleet Observers Course (held only during
1922 and 1923) for six months, after which they joined the fleet for
further operational training with a front-line unit. Pilot candidates
attended the Naval Pilots Course for basic flying training lasting
seven to nine months. Successful graduates then took an advanced
training program for a further five months, after which they were
posted to a front-line unit. Most of this training took place at RAF
facilities but naval officers made up the entire class. In 1922 the Ad-
miralty also initiated a six-month training course for enlisted aircrew
(Telegraphist Air Gunners). The need for additional aircrew as the
carrier fleet expanded led to the addition of Observers Mates
courses in 1935 and Ratings Pilots courses in May 1939, both draw-
ing on enlisted volunteers.

Royal Air Force officers serving with the Fleet Air Arm followed a
similar pattern of training, joining their naval colleagues for
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advanced training in carrier operations after nine to twelve months
of basic flying training. In general, RAF officers rarely spent more
than four years of their careers serving with the Fleet Air Arm, since
longer service limited their prospects for professional advancement
within their own arms of service. Naval officers who became naval
aviators also found their flying careers could inhibit their long-term
prospects, since no track toward senior rank existed that accommo-
dated aviation service. Consequently, the Royal Navy suffered from
a dearth of senior officers with direct aviation experience due to
wastage among the more junior ranks.

The return of control of aircraft and aircrews to the Admiralty in
1937 did not materially change the situation before World War II
began, since the navy had to set up its own infrastructure to gener-
ate replacements for RAF aircrew and squadron personnel. Some
technical ranks among ground crews aboard carriers were still filled
by RAF personnel to the end of the war.

CARRIER OPERATIONS BETWEEN 
THE WORLD WARS

Carrier-borne naval aviation was a radically new weapons system
that presented great challenges to its users. Navies that deployed
carriers learned they had to invest heavily in experiments, exercises,
training, tactical studies, and new equipment in order to exploit its
strengths and compensate for its pitfalls. Most carrier operations in
this period concentrated on the practical development of effective
procedures and techniques. Only the Imperial Japanese Navy,
whose carriers intensively participated in the conflict in China, en-
gaged in significant combat operations prior to the outbreak of
World War II.

Determining the most effective deck-handling techniques and
procedures required much experiment. From the earliest trials of
landing aircraft onto the after deck of the Furious, the Royal Navy
experimented until late in 1920 with arresting gear. Unlike later ar-
resting gears, the objective of these British systems was not to slow
down the aircraft after it had landed but rather to catch the aircraft
from the moment it touched down and prevent it from being blown
over the side. In large part this preoccupation arose from the fact
that the Royal Navy was a pioneer in deck landing and its aircraft
therefore were small and light and, thus, very susceptible to the ef-
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fects of eddies and crosscurrents of air. The first system laid the
foundation for later arrangements and used a series of longitudinal
wires spaced about 9 inches apart and suspended some 15 inches
above the deck between a pair of ramps. The aircraft landed within
the confines of the wires and was held to the deck by hooks on the
undercarriage engaging the wires. First installed on the Furious, the
same system was fitted to the Argus from the outset and was the sub-
ject of a whole series of tests to determine the best form. Ultimately,
the wires on the Argus were raised pneumatically and a shallow re-
cess was fitted across the deck into which the aircraft wheels
dropped as they ran along the deck. Further trials aboard the Eagle
in 1920 demonstrated the efficacy of the system, which was length-
ened and lowered so the wires were about 9 inches above the deck
and supported by hinged flaps that fell as the aircraft ran into them.
The American and Japanese navies both installed very similar sys-
tems on their first carriers, influenced by British practice (the Lang-
ley also carried an early transverse wire arresting gear system derived
from a 1918 design by British naval constructor, W. A. D. Forbes).
Nevertheless, the longitudinal arresting system had some serious
failings, not least that it made a second attempt at landing very risky,
since the pilot could not know if the hooks had engaged, and also be-
cause it was all too easy to catch wing tips under adjacent wires. Af-
ter 1926, Royal Navy carriers were stripped of the longitudinal wires
and operated without any arresting gear whatsoever until later in the
1930s. The Langley’s longitudinal wire system was removed in 1927,
leaving only the transverse wires, and the Japanese replaced the Ak-
agi’s longitudinal arresting gear with transverse wire gear in 1931.

The British conducted experiments with transverse wire arresting
gear aboard the Furious and the Vindictive at the end of World War I
but preferred the longitudinal system. The Langley’s transverse wire
gear was designed to stop a landing aircraft and used friction brakes
to modulate run-out. By the time the Lexington and the Saratoga fit-
ted out for service, the United States Navy developed a hydraulically
damped braking system for its arresting gear that remained un-
changed in principle until after World War II. France used a trans-
verse system from the outset, installing a sophisticated transverse-
wire arresting gear produced by Schneider-Fieux that used friction
drums to control run-out and featured an effective reset mecha-
nism. Schneider-Fieux sold a similar system to Japan to replace the
original longitudinal system, derived from early British practice,
aboard the Hosho and the Akagi. The Japanese navy further im-
proved this equipment by substituting hydraulic damping and used
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this version on all its later carriers. In Britain, trials began of fric-
tion-braked transverse-wire arresting gear in 1931, also drawing on
W. A. D. Forbes’s 1918 design. Although these were satisfactory, an
improved hydraulically-damped system finally was adopted from
1932, because it offered smoother operation.

Arresting gear had a major impact on carrier aircraft operational
cycles. With the longitudinal system, which was designed to slow
down landing aircraft and prevent them from sliding sideways off
the deck, each aircraft had to be struck down to the hangar below
before the next plane could land, since otherwise there was a serious
danger of an aircraft crashing into a machine that had landed but
was still on the flight deck. This requirement greatly slowed aircraft
operations and also limited aircraft capacity strictly to the number
that could be stowed in the hangar. All navies initially adopted this
procedure (in France, this was more a consequence of the complex,
slow operating cycle of the Béarn’s elevators than of the type of ar-
resting gear). When Captain Joseph M. Reeves, then the United
States Navy’s leading battleship gunnery expert, took command of
Aircraft Squadrons, Battle Fleet aboard the Langley in October
1925 he found this slow operating cycle incapable of meeting the
fleet’s aviation requirements and began working with the ship’s com-
plement and aircrews to change it.

The replacement of the Langley’s original longitudinal arresting
gear with transverse wires, the installation of a crash barrier, the
training and deployment of Landing Signals Officers, the creation of
specialized deck handling crews, the development of the deck park,
and replenishing aircraft on the flight deck all served to transform
operations. Previously, early carriers had barriers at the forward end
of the flight deck to prevent aircraft from going over the bow. The
new crash barrier prevented aircraft from running into machines
parked forward on the deck. After each plane landed the barrier was
lowered, the plane moved forward into a safe zone, and the barrier
reerected. This procedure greatly increased the rate at which air-
craft could land on the carrier. A shorter landing zone, the great im-
portance of catching an arresting wire, and the faster tempo of land-
ings required taking away the decisions about their approaches from
the pilots and giving them to the Landing Signals Officer, a specially
trained pilot who could observe and control their approaches from
his vantage point on the carrier flight deck. The faster tempo also
required creating specialized crews to handle the various aspects of
deck operations. Once it became standard practice to park landed
aircraft ahead of the barrier, it quickly became clear that respotting
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them aft for their next flight was much faster than striking them be-
low to the hangar. Keeping aircraft on deck rather than in the
hangar in turn required making arrangements to refuel and rearm
them on the flight deck. The transformation wrought by these
changes in practice was dramatic. In 1925 the Langley was hard
pressed to keep more than six aircraft in the air at any one time (be-
cause of the time needed for their recovery). By the end of 1927 the
Langley could launch a 42-plane strike and Reeves believed he
could raise that number to 48. American carriers subsequently stan-
dardized these procedures to maximize their striking power.

Other navies did not adopt these procedures in their entirety,
even though all appreciated the importance of launching the maxi-
mum number of aircraft in the shortest possible time, and the ur-
gency of minimizing turnaround between missions. The Royal
Navy’s carriers, in particular, embarked much smaller air groups
than comparable contemporary American vessels. British naval avia-
tors, fleet commanders, and ship designers were aware of the poten-
tial of the American procedures in the early 1930s but were ham-
strung by the Royal Air Force’s lock on personnel, both aircrew and
maintenance staff, that inhibited expanding air groups and thus di-
minished the urgency of changing operating practices. The Royal
Navy introduced Deck Landing Control Officers (better known in
the fleet as batsmen) in 1937 and simultaneously began develop-
ment of a crash barrier, but operational barriers did not go to sea un-
til the Ark Royal began operations in 1939. Although all the compo-
nents for their use were in place, the Royal Navy was not to adopt
deck parks and thus larger air groups until well into World War II.

Japanese carriers, by the 1930s, used a landing cycle similar to
American practice but did not adopt the deck park. Instead, the air-
craft parked forward of the crash barrier and usually were struck be-
low to the hangars for refueling and rearming after the entire land-
ing cycle was complete, then brought back to the flight deck for the
next mission, so the tempo of operations was somewhat slower than
on American carriers. Instead of a Landing Signals Officer, Japanese
pilots relied on arrays of colored lights, adjustable to suit the various
aircraft types, positioned one on either side of the flight deck. If a
pilot could see a green light immediately above a red light, he was
exactly on the path to land safely. Other light combinations indi-
cated he was either too low or too high and needed to correct his ap-
proach. A steam jet forward gave wind direction and a flag signal in-
dicated wind speed. The carrier’s air operations officer and the
seibiin (a crewman under his command) stationed aft signaled to
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“wave off” a pilot. Japanese carriers were fully equipped for night
flying operations—white lights outlined the deck and its centerline,
red lights indicated the crash barrier and aft end of the deck, and a
trio of colored lights signaled wind speed and direction.

The Langley carried catapults, primarily for launching seaplanes
rather than for faster deployment of its air group. These were essen-
tially identical to the catapults, powered by compressed air, that ear-
lier were fitted to some armored cruisers, and saw very little service.
The Lexington and the Saratoga also carried a catapult apiece, an
unusual type powered by a flywheel and designed by the same Carl
Norden who later was responsible for developing high-altitude bomb
sights. Subsequent American carrier catapults installed on the York-
town and later classes were hydraulically powered. The H2 model
available before World War II could launch a 5,500-pound aircraft
at 65 miles per hour in a distance of 55 feet. Catapults were rarely
used until well into World War II because it was faster to launch air-
craft under their own power.

Catapult development for British aircraft carriers also began in
the early 1930s. Interestingly enough, the same naval constructor,
W. A. D. Forbes, who had designed the transverse wire arresting
gear in 1918 that was later revived and developed into the hydrauli-
cally-braked system used on British carriers, was the designer of the
British catapults too. His design used the ship’s hydraulic system to
power a flush-deck catapult that, even in its initial form installed on
the Courageous, the Glorious, and the Ark Royal, accelerated a
7,000-pound aircraft to 56 knots. This had considerable impact on
British flight operations, even though the preference remained to
launch aircraft under their own power, since it allowed carriers
equipped with catapults to launch fighters while in harbor and even
while under weigh from within its protective screen, thus obviating
the need to turn into the wind to provide air cover for a force at sea.

From the early 1930s the principal focus of American and Japa-
nese carriers became conducting strike missions, as the composition
of their air groups demonstrated. Attack aircraft formed at least 50
percent of an American carrier’s air group from the outset, and this
rose to 75 percent with the introduction of the scout-bomber cate-
gory. Fighter aircraft always made up 30 percent or less of a Japa-
nese carrier’s complement. The Royal Navy remained wedded to the
observation mission longer than the other two fleets, though it too
accepted the primacy of strike operations in the later 1930s.

Torpedo attack initially ruled over bombing and retained its pri-
macy in the British and French navies throughout the period be-
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tween the two world wars. The Langley’s aviators showed the effi-
cacy of dive-bombing at San Diego in 1926 and this success, fol-
lowed by later spectacular demonstrations by aircraft from the Lex-
ington and the Saratoga, led the United States Navy to concentrate
on this technique and pay less attention to torpedo attack. Japanese
aviators took note of dive-bombing and, while fully embracing it, de-
veloped very effective attack techniques that combined it with low-
level torpedo attacks to overwhelm the target. Just before World War
II broke out, both Britain and France also incorporated dive-bomb-
ing into their arsenals, developing indigenous aircraft for the mis-
sion and also, in the case of France, purchasing suitable American
types.

The most important proving grounds for testing tactics were the
regular unit, squadron, and fleet-level exercises that all the carrier-
operating navies conducted. Such exercises allowed naval aviators to
explore new ideas and validated their concepts to squadron and fleet
commanders so that the tactical possibilities offered by improved
aircraft and weaponry could be incorporated into operational doc-
trine. In these venues carrier aircraft units demonstrated the effi-
cacy of coordinated torpedo attack, dive bombing against fast-mov-
ing warships, tactical search missions, strike operations against
shore targets, and distant reconnaissance. They also enabled fleet
and squadron commanders to evolve effective combinations of carri-
ers and escorting surface warships, and to develop concepts to inte-
grate fast-moving carrier forces with battle fleet operations. These
exercises also revealed the limitations of aviation: the vulnerability
of carriers to tactical surprise brought on by deficiencies in search,
the impact of weather, and, above all, the magnitude of the task of
maintaining an effective defense against an enemy air attack. Navies
discovered that it was very difficult to provide adequate fighter
cover, since the warning time of an incoming attack was more often
than not too short to allow quick launch of defending fighters while
it was impossible to maintain a large enough standing covering force
without crowding out attack aircraft from the carrier’s air group.
This problem would not be solved until the advent of radar and ac-
counts for the emphasis navies placed on striking fast and first with
the most aircraft possible, the attendant diminution of fighter
strength in favor of attack aircraft, and even the adoption of ar-
mored carriers by the Royal Navy.

Beyond the annual routine of exercises, carriers also engaged in
the usual flag-showing operations of peacetime navies, provided as-
sistance in times of emergency, and supported imperial policing (in
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the case of the British and French fleets). Royal Navy carriers sta-
tioned in Chinese waters, for example, regularly found themselves
engaged in antipiracy patrols and strikes.

Japan’s carrier force alone saw combat in the period before World
War II. The 1st Koku-sentai (the Hosho and the Kaga) deployed off
Shanghai on February 1, 1932, to support Japanese troops during
the Shanghai Incident. Chinese fighter aircraft engaged Japanese
bombers and escorting fighters sporadically throughout the month,
including one well-known action on February 22 during which an
American pilot, Robert Short, who was flying for the Chinese, was
shot down in his Boeing 218 and killed in combat with three Japa-
nese Type 3 fighters. Japanese carriers withdrew after a cease-fire
was negotiated on March 3.

Much more significant was the deployment of Japanese carriers
during the war in China that erupted after the Marco Polo Bridge
incident on July 7, 1937. The Kaga deployed off Shanghai on July
15 and was joined by the Hosho and the Ryujo the following day.
Japanese carriers thereafter engaged in offensive operations against
Chinese land targets from Shanghai to Canton almost continuously
until the end of November 1939. Their aviators learned very valu-
able lessons from these combat operations, most important the
value of long range aircraft, strong fighter escort for attack aircraft,
formation flying for coordinated self-defense, and effective unit
fighter tactics. Consequently, when the world war came, Japan’s
naval aviators collectively were probably the best trained and most
effective in the world. On the other hand, it is remarkable that the
Imperial Japanese Navy, despite its experience of the drain from
combat losses, did not accelerate or even seriously explore options
for training larger numbers of naval aviators that would be needed
in a global conflict.

NAVAL AVIATION IN 1939

Before the end of World War I the Royal Navy, on the basis of its op-
erational experience, had accepted that ship-borne aircraft were an
essential component of the main fleet’s strength, vital both for de-
fense against enemy aerial search and attack and for its own recon-
naissance. The United States Navy had come to a similar conclusion
as a result of extensive war-gaming at the Naval War College and
from observing British practice. During the period between the two
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world wars, all major navies came to the same realization, and added
two further missions: gunnery observation and antiship strike at-
tack. Effective aircraft carriers joined the American, British, French,
and Japanese fleets, and by 1939 carrier aviation was no longer ex-
perimental but an integral part of the arsenal of the world’s major
navies.

Fleet commanders were well aware of the importance of carrier
aviation in future combat operations, not as an ancillary but in a
central role. Carrier reconnaissance, strike, and observation mis-
sions all were accepted as essential components of any future major
fleet action. Some ardent carrier advocates, especially in Japan and
the United States, proclaimed the primacy of naval aviation. Some
Japanese officers envisaged superior naval aviation as capable of
nullifying the United States’ numerical advantage in battleships and
other surface warships. Some American officers came to see carrier
aviation, capable of long-range flexible assaults, as the most effec-
tive platform for enabling the United States Navy’s drive across the
Pacific that formed the center of its strategic planning. Neverthe-
less, the vast majority of officers in all navies still were not con-
vinced that aircraft could displace the battleship’s heavy guns in a
fleet action. While accepting the importance and potential of carrier
aviation, they doubted that aircraft alone could destroy modern bat-
tleships on the high seas.
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C H A P T E R  T H R E E

Capital Ships

When war broke out again in Europe in September 1939 be-
tween Britain and France allied against Germany, all navies under-
stood that aircraft could strongly influence the outcome of naval op-
erations. Those fleets with distant oceanic commitments had
developed over the previous twenty years an organic aviation compo-
nent, based on aircraft carriers, to support their operations. The im-
portance of aircraft carriers in defending naval forces, searching out
and locating their enemies, and projecting naval power beyond the
horizon was widely accepted. Aircraft carriers had become a vital
support element in the arsenal of oceanic navies.

During the 1930s more senior naval officers began advocating a
larger role for carriers. They envisaged carrier aircraft forming the
first line of the fleet’s defense and dominating its offensive opera-
tions, with battleships and auxiliary warships operating in support of
the carriers. Over the course of the six years of World War II, their
vision became reality, as aircraft carriers supplanted battleships, be-
coming the new capital ship of the world’s fleets.

BRITISH CARRIER DEVELOPMENT 
DURING WORLD WAR II

When design work began for the two carriers Implacable and Inde-
fatigable of the 1938 program, the Admiralty decided to reassess the
armored carrier design. The principal objective was greater aircraft
capacity, since the limited air group of the armored carriers seemed
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too great a price to pay for their enhanced protection. By reducing
the hangar height to 14 feet it proved possible to incorporate a 208-
foot long lower hangar aft, which increased the stowed aircraft ca-
pacity to fifty-four. Hangar side armor was reduced to 1-1/2 inches,
while the elevators and catapult were upgraded to accommodate air-
craft up to 20,000 pounds in weight. These vessels gained enhanced
survivability from an improved four-shaft power plant, arranged in
the unit system, which also increased their speed.

Many of the changes featured in the 1938 carrier design were ap-
plied to the final unit of the Illustrious class, the Indomitable. It had
its hangar reduced to 14 feet in height and the hangar side armor
limited to 1-1/2 inches, which allowed the construction of a 168-
foot long lower hangar and increased aircraft capacity to forty-eight
machines. The Indomitable also carried the uprated elevators and
catapult of the Implacable class.

These three vessels, together with the three Illustrious class ships
from the 1936 and 1937 construction programs, were the only large
carriers to join the Royal Navy during World War II. All were of pre-
war design. The Royal Navy’s overwhelming need to construct and
commission warships for antisubmarine warfare diverted scarce re-
sources from carrier construction until late in the war. Conse-
quently, the only large carriers laid down during the war, the Eagle
and the Ark Royal, did not commission until the 1950s. Orders were
placed for the four very large carriers of the Malta class that incor-
porated the fruits of British operational experience. Their character-
istics were:

Displacement: 46,900 tons (standard), 56,800 tons (full load)
Dimensions: 916’6” (oa) x 115’9” x 29’6” (mean), 34’6” (full load)
Flight deck: 900’0” x 146’0”
Machinery: Parsons geared turbines, 8 Admiralty 3-drum boilers,

4 shafts, 200,000 shp = 33 knots
Bunkerage: 6,000 tons
Aircraft: 80
Armament: 8 x twin 4.5” DP, 8 x 6-barrel 40mm AA, 3 x single

40mm AA
Complement: 3,520

The Malta class design represented a substantial shift in British
thinking. It included a single-level open hangar, as in American car-
riers, which allowed aircraft to run up their engines before rising to
the flight deck, although the presence of side plating up to the flight
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deck in the bow and along much of the side obscured this. The
hangar deck formed the strength deck, for the first time in a British
design. Four elevators were included, two along the centerline and
two on the port side. Two catapults were included on the flight deck.
All four ships of the class, however, were cancelled by January 1946
before any were laid down.

Concern about the slow pace of fleet carrier construction led the
Admiralty to explore other options for more rapidly expanding the
carrier fleet. It considered conversions of cruisers or fast passenger
liners, but both categories were important for the war effort and in
short supply. Ultimately a new design was selected for a light fleet
carrier that was based on mercantile scantlings to allow construc-
tion in merchant shipyards and thus not disrupt warship deliveries.
The new design dispensed with all armor protection and heavy anti-
aircraft weapons in favor of better subdivision and a large light anti-
aircraft battery. Two elevators linked the single-level hangar to the
flight deck, which carried full arresting gear, crash barriers, and a
single catapult forward. Sixteen vessels of this type were ordered, al-
though it was decided to use a revised design for the final six ships
that incorporated a strengthened flight deck to accommodate faster,
heavier aircraft. Only the first four ships of the Colossus class com-
missioned before the end of World War II, although too late for
combat operations, but the light fleet carriers became the mainstay
of British carrier operations in the years immediately after the war.

Two of the Colossus class, the Perseus and the Pioneer, completed
as maintenance carriers before the war’s end and joined the pur-
pose-built Unicorn in this unique category. The type was intended to
support carrier squadrons by undertaking major aircraft overhauls
and transporting replacement machines. Unlike the two later ves-
sels, the Unicorn was fully capable of combat operations, although
appreciably slower than contemporary fleet carriers. The Royal
Navy, therefore, relied primarily on escort carriers to fulfill much of
the maintenance carrier role, although all three vessels remained
operational into the 1950s.

Like both the Imperial Japanese and United States navies, during
the 1930s the Royal Navy explored conversion of suitable merchant
ships into aircraft carriers in the event of war. Unlike its contempo-
raries, however, the Royal Navy’s interest was exclusively in conver-
sions for service as trade protection carriers. When war broke out in
September 1939 the Admiralty’s interest in trade protection carriers
revived and designs were prepared for mercantile conversions with
three distinct levels of capability.
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Escort Carrier Type A
Maximum speed: 20 knots
Endurance: 15,000 nm
Flight deck (minimum): 550’0” x 75’ 0”
Elevators: 2 (45’0” x 34’0” rated at 15,000 pounds)
Arrester wires: 6
Barriers: 2
Aviation fuel stowage: 75,000 gallons
Aircraft: 25 (hangar stowage for 16)
Armament: 2 x twin 4” DP, 4 x four-barrel 2-pdr AA, additional

20mm AA
Escort Carrier Type B
Maximum speed: 18 knots
Endurance: 15,000 nm
Flight deck (minimum): 500’0” x 70’ 0”
Elevators: 1 (45’0” x 34’0” rated at 15,000 pounds)
Arrester wires: 6
Barriers: 2
Aviation fuel stowage: 50,000 gallons
Aircraft: 15 (hangar stowage for 12)
Armament: 2 x twin 4” DP, 4 x four-barrel 2-pdr AA, additional

20mm AA
Escort Carrier Type C
Maximum speed: 16.5 knots
Endurance: as great as possible
Flight deck (minimum): 450’0” x 60’ 0”
Elevators: 1 (42’0” x 20’0” rated at 10,000 pounds)
Arrester wires: 4–5
Barriers: 1
Aviation fuel stowage: 33,000 gallons
Aircraft: 10 (hangar stowage for 4)
Armament: 1 x twin 4” DP, 4 x four-barrel 2-pdr AA, additional

20mm AA

Shortages of suitable vessels for conversion and the exigencies of
the wartime situation effectively blocked concrete action on these
plans.

After the fall of France in June 1940 the North Atlantic convoy
protection situation seriously worsened, since bases on the French
Atlantic coast gave German U-boats and long-range bombers greatly
enhanced access to assail British sea lanes. In January 1941 the Ad-
miralty ordered a very basic conversion of the captured German
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merchantman Hannover into an escort carrier. The superstructure
was stripped to the upper deck, a flight deck with arresting gear and
crash barriers fitted atop accommodation and aviation stowage
spaces, the diesel exhausts rerouted clear of the sides, a basic navi-
gation platform added to starboard, and a limited antiaircraft battery
installed. There was no hangar (and therefore no elevator), so all air-
craft were carried on deck at all times. Renamed the Audacity, it
commissioned in June 1941 and, during a brief six-month career be-
fore its loss to a U-boat torpedo on December 20, thoroughly
demonstrated the potential utility of small slow auxiliary carriers in
escorting convoys.

The Royal Navy ordered four later escort carrier conversions from
incomplete mercantile hulls and also converted the liner Pretoria
Castle, but relied primarily on large numbers of American-built es-
cort carriers to fulfill its requirements in this category of warship.
After the shocks of the loss of the Avenger to explosions after a sin-
gle torpedo hit on December 15, 1942, and the accidental destruc-
tion of the Dasher by aviation gas explosion on March 27, 1943, the
Admiralty ordered substantial changes to aviation fuel and ordnance
stowage arrangements, internal subdivision, and hangar integrity in
American-built escort carriers before their entry into service to im-
prove survivability. This provoked serious complaints from the
United States Navy that the modification program substantially de-
layed their entry into service and contributed to the decision to hold
back the Casablanca class escort carriers slated for transfer to the
Royal Navy. Interestingly enough, despite the modification program
the working-up period for both American and British escort carriers
actually was virtually identical at the time, though it probably was
fortunate that no further vessels were transferred, since the Royal
Navy was suffering from acute shortages of manpower by mid 1944
and would have been extremely hard pressed to put them into
service.

In addition to modifications to improve survivability, the British-
operated escort carriers received specialized outfits to optimize
them for one of three different roles: antisubmarine warfare, fighter
operation, or assault missions. In large part this reflected the short-
age of British fleet carriers to provide fighter cover and fighter-
bomber support for landing operations or to conduct strike opera-
tions against enemy shipping. Several escort carriers also were fitted
out to provide night-fighter cover for the British Pacific Fleet, re-
flecting the impact of such specialized aircraft on the limited air
groups of the Royal Navy’s fleet carriers.
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In view of the urgency of the situation during mid-1942 in the
North Atlantic Gap, the area then beyond the range of shore-based
aircraft coverage, the Royal Navy also began deploying Merchant
Aircraft Carriers (MAC-ships) to compensate for shortages of full-
fledged escort carriers. The initial MAC-ship design simply added a
flight deck atop a grain carrier hull, because this type’s cargo-
handling gear was unaffected by the change. There was a small
hangar aft served by an elevator, and each ship could carrier three or
four obsolescent Swordfish biplanes, whose exceptional slow-speed
handling characteristics allowed safe operation from a flight deck just
over 400 feet long. Tankers also were suitable candidates for conver-
sion, but their cargo-discharging pipework precluded the erection of
a hangar, so their aircraft at all times were carried on the flight deck,
which consequently was extended by some 100 feet. It was planned
to convert thirty grain carriers and tankers into MAC-ships, but the
arrival of quantities of far superior escort carriers cut short the pro-
gram in May 1944 after six grain ships and thirteen tankers had been
converted. Unlike escort carriers, MAC-ships retained most of their
cargo-carrying capacity and operated as normal merchant vessels
with merchant service commanders and crews. Only the aircrews
and necessary aviation maintenance staff were naval personnel.

All the large British carriers that entered service during World War
II were ordered prior to the conflict’s start. They represented the Ad-
miralty’s thinking on carrier design and operation immediately before
the war elevated aircraft carriers to capital ship status. It is clear from
their designs that the Royal Navy already was moving beyond its con-
cept of hangar space determining aircraft capacity toward the United
States Navy’s ideas of permanent large-scale deck parks. Shortages of
both aircraft and aircrew delayed full implementation of this change
until well into the conflict, but the design features of the Malta class
in particular clearly demonstrate the Admiralty’s acceptance of this
more effective and powerful operational paradigm.

The British approach to light carriers, exemplified by the Colossus
class, was remarkably effective. There is no disputing that the Amer-
ican decision to deploy conversions of existing hulls as light carriers
enabled the United States Navy to bring more carriers on line much
earlier than the British, but the Royal Navy’s light carriers proved
vastly more capable and adaptable, as demonstrated by their very
long and varied careers over more than sixty years since they first
entered service.

British wartime escort carriers derived from prewar appreciation of
the potential of small carriers as valuable participants in the trade
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protection campaign. Their deployment as front-line assault and
fighter defense vessels reflects the shortages of more effective large
units resulting from limited resources and the overarching priority of
warship construction for trade protection and antisubmarine duties.

GERMAN CARRIER DEVELOPMENTS 
DURING WORLD WAR II

The Seekriegsleitung (Naval War Staff) began exploring aircraft car-
rier requirements in early 1934. It suggested a 15,000-ton vessel ca-
pable of 33 knots with a cruising range of 12,000 nautical miles to be
armed with either nine 6-inch or six 8-inch guns in triple mountings,
armored on the cruiser scale, carrying 60 aircraft and fitted with 2
catapults. In April 1934 it was decided to proceed with a carrier in
the 1935 construction program and design work was entrusted to a
team led by Wilhelm Hadeler. In view of the novelty of this type of
vessel in the German Navy, Hadeler started from the design of the
British Courageous. He also was able to obtain useful input from Jap-
anese experience, sending a team of investigators to Japan in 1936.

The final construction design featured two hangars linked to the
flight deck by three electrically powered elevators. The flight deck
carried transverse-wire arresting gear and two compressed-air pow-
ered catapults forward that each could launch nine aircraft in four
minutes, after which it would take almost an hour to recharge the
compressed air reservoirs. The starboard island was long and low,
and incorporated a large part of the antiaircraft battery either on or
fore and aft of it. Four high-angle directors were provided to control
the heavy antiaircraft weapons. The main antisurface battery was
disposed in casemates along the sides of the hull, where its position
made it likely to be of limited efficacy at sea. Fitting separate anti-
ship and antiaircraft batteries, although typical of German practice
on heavy ships at this time, was very wasteful of tonnage and space.
During World War II the design was modified to incorporate large
bulges, mainly to offset light antiaircraft battery additions and some
stability problems that had emerged. These bulges stowed additional
fuel, raising the total bunkerage to 6,740 tons.

Two ships were ordered, “Carrier B” on February 11, 1935, from
Krupp Germania Werft at Kiel, and “Carrier A” on November 16,
1935, from Deutsche Werke at Kiel. Only “Carrier A” was launched,
on December 8, 1938, and christened the Graf Zeppelin by the
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Gräfin Hella von Brandenstein-Zeppelin, the famous airship de-
signer’s daughter. Construction of “Carrier B” was stopped on Sep-
tember 19, 1939, after World War II began and the incomplete hull
was broken up in February 1940. Work on the Graf Zeppelin also
ceased until greater appreciation of the value of carriers made its
addition to the fleet more important and the ship was dry-docked for
completion to a slightly revised design in December 1942. The de-
bacle of the German heavy ships’ excursion into the Barents Sea
(Operation Regenbögen) later the same month, however, put an end
to serious consideration of deploying long-distance raiding
squadrons, and work ceased once again on January 30, 1943. The
abandoned hull was scuttled at Stettin on April 25, 1945. It was
raised by Soviet Union forces and renamed PO-101 on February 3,
1947, then used as a target for bombs and torpedoes. The hulk fi-
nally was sunk on August 16, 1947, off Swinemunde.

In the late summer of 1942 the Seekriegsleitung came to the con-
clusion that future fleet construction should center on aircraft carri-
ers, although building battleships should continue, so that the
Kriegsmarine could operate balanced carrier-battleship task forces.
Initial sketch designs envisaged two different types of carriers: a
15,000-ton vessel suitable for series production, carrying 4.9-inch
guns and about twenty aircraft, and a large unit of 58,000 tons car-
rying 100 aircraft, armed with twenty 5-inch dual-purpose guns, and
featuring a 4-inch armored flight deck. Further elaboration of these
concepts resulted in two more refined sketch designs for a grosse-
flugzeugträger and an Atlantikflugzeugträger. The smaller grosse-
flugzeugträger displaced 40,000 tons at full load, was 820 feet long
with a beam of 105 feet and drew 28 feet 9 inches. A three-shaft
280,000 shaft horsepower plant gave it a top speed of 34 knots and
a range of 18,000 miles at 15 knots. The single hangar, 689 feet
long and 69 feet wide, accommodated 26 bombers and 12 fighters.
Protection included a 6-inch belt, 4-inch hangar deck and 2-inch
flight deck, and the antiaircraft battery comprised 8 twin 4.1-inch
and 10 twin 37mm guns. The larger Atlantikflugzeugträger displaced
67,500 tons at full load, was 919 feet long with a beam of 125 feet
and drew 36 feet. A 4-shaft 280,000 shaft horsepower plant gave it a
top speed of 34 knots and a range of 20,000 miles at 15 knots. The
single hangar, 820 feet long and 85 feet wide, accommodated 38
bombers and 12 fighters. Protection included a 9-3/4-inch belt, 6-
inch hangar deck and 2-inch flight deck, and the battery comprised
8 twin 5.9-inch surface guns and 8 twin 4.1-inch and 10 twin 37mm
antiaircraft guns.
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There also was much discussion of cruiser-carriers, vessels com-
bining aviation facilities with a powerful gun armament and primar-
ily intended for the guerre de course against merchant shipping.
Two equivalent sketch designs were prepared for a grosse-
flugzeugkreuzer and an Atlantikflugzeugkreuzer. The former corre-
sponded to the grosseflugzeugträger, but had a smaller 525-foot long
hangar accommodating ten fewer bombers and added eight twin
5.9-inch surface guns to its armament. The Atlantikflugzeugkreuzer
matched the Atlantikflugzeugträger’s dimensions, except that dis-
placement rose to 71,500 tons as a result of fitting two triple 11-
inch turrets, while the smaller 623-foot long hangar accommodated
twelve fewer bombers. Both these designs incorporated full flight
decks that were supported above the antisurface ship weapons.

Several other sketches were worked out at this time for three
much smaller carrier-cruisers and two tenders (flugbootträger) in-
tended to support oceanic operation of large flying boats. None of
these projects, however, moved further toward fruition because Ger-
man dreams of powerful surface forces were shattered by the reality
of British naval power and, in particular, its carrier strength, as
demonstrated only a few months later. In March 1944 there were
some discussions about converting small merchant ships into emer-
gency carriers, but these were clearly unrealistic in view of the mili-
tary situation at the time.

Simultaneous with its approval of the resumption of work on the
Graf Zeppelin, the Seekriegsleitung also took some concrete action
to address the perceived need for additional carriers. The incom-
plete hull of the heavy cruiser Seydlitz, on which there had been lit-
tle progress since late 1940, was selected for conversion into a car-
rier. The superstructure was razed to the upper deck in preparation
for erecting a hangar and flight deck but, as with the Graf Zeppelin,
all work ceased at the end of January 1943. The hulk was towed to
Königsberg and scuttled there in April 1945. The Kriegsmarine
never commissioned a carrier.

ITALIAN CARRIER DEVELOPMENT 
DURING WORLD WAR II

The Regia Marina (Royal Italian Navy) explored various projects for
adding one or more aircraft carriers to the fleet in the 1930s but
took no action beyond developing a basic design for constructing a
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new vessel and identifying suitable candidate merchant ships for
conversion. In mid-1940, as Italy prepared to enter the war as an ally
of Germany, a design was prepared for a simple conversion of the
fast liner Roma into an aircraft carrier, but again was deemed less of
a priority than other construction and set aside in January 1941.

It took the shock of defeat at Cape Matapan (March 28, 1941),
which the Italians largely attributed to effective British deployment
of its carrier Formidable, to revive demands for a carrier as an urgent
requirement. In July 1941 the Undersecretary of the Navy author-
ized the conversion of the Roma into a carrier, using the design
studies of the previous year as a basis. In the event, the project be-
came much more ambitious and required a major transformation of
the relatively elderly liner into the carrier Aquila.

Displacement: 23,350 tons (standard), 27,800 tons (full load)
Dimensions: 759’2” (oa) x 96’6” x 24’0”
Flight deck: 700’0” x 83’0”
Machinery: Belluzzo geared turbines, 8 Thornycroft boilers, 

4 shafts, 140,000 shp = 30 knots
Bunkerage: 2,800 tons = 4,000 nm @ 18 knots
Aircraft: 36
Armament: 8 x 5.3”, 12 x 65mm AA, 22 x 6-barrel 20mm AA
Complement: 1,420

The superstructure was razed completely and a large hangar 525
feet long and 59 feet wide was erected beneath the steel flight deck.
The Roma’s original power plant was replaced completely with two
sets of machinery originally intended for light cruisers of the Capi-
tani Romani class, raising the carrier’s speed from 21 knots to 30
knots. The furnace uptakes were trunked to starboard into a very
large stack that was incorporated into a substantial island structure.
Two elevators connected the hangar and flight deck, which carried
two catapults and full arresting gear. All armament was fitted on
platforms sponsoned out from the ship’s side. Magazines and avia-
tion fuel stowage were created and protected by 3-inch armor decks.
To ensure stability and provide effective defense against torpedo at-
tack, the hull was fitted with deep bulges on each side.

When Italy surrendered on September 8, 1943, the Aquila was
virtually complete. The Germans seized the ship but it was heavily
damaged by United States Army Air Force bombing on June 16,
1944 and a human torpedo attack on April 19, 1945. On April 24,
1945, the ship was scuttled at Genoa. After World War II the ship
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was raised and taken to La Spezia in 1949. Initially the Italian Navy
considered refitting the Aquila for service as a carrier but this plan
was abandoned and the ship broken up in 1952.

In late 1942 the Regia Marina decided to add a second carrier to
the fleet and began a simple conversion of the liner Augustus along
the lines originally proposed for the Roma. When the ship, by then
renamed the Sparviero, was seized by Germany after Italy surren-
dered only the superstructure had been razed. The hulk was scuttled
on April 24, 1945, in an attempt to block the entrance to the harbor
at Genoa. It was raised in 1947 and scrapped.

SOVIET UNION CARRIER DEVELOPMENT 
DURING WORLD WAR II

The Soviet Navy explored designs for two different types of small
carriers in the years immediately before World War II whose con-
struction was included in the 1938–1942 Five-Year Plan. Since its
designers realized the extent of their ignorance of carrier design, im-
mediately after the conclusion of the German-Soviet Non-Aggres-
sion Pact on August 23, 1939, the Soviet Union requested assis-
tance from Germany, offering to purchase either the unfinished
carrier Graf Zeppelin or design plans for the ship. Germany rebuffed
both offers, eventually leading Josef Stalin to delete the two pro-
jected carriers from the construction plan.

More carrier design work began in November 1943, under Pro-
ject 72, that generated draft designs by November 1944, again not
translated into shipyard steel. In January 1945 the central govern-
ment set up a commission to examine existing warship designs in
light of wartime experience and develop fresh concepts. Its carrier
branch developed a huge array of sketch proposals: two for heavy
carriers, four for fleet carriers, three for light carriers, and no less
than twenty-four for escort carriers. Given the complete absence of
suitable aircraft and the lack of appropriate design experience, these
concepts tended toward the fanciful. One heavy carrier was 1,148
feet long, 134 feet in beam, drew 35 feet, and displaced 82,379
tons, requiring 384,000 shaft horsepower to attain a top speed of 34
knots. Its air group comprised 24 fighters, 24 light attack aircraft,
and 40 medium attack aircraft. A fleet carrier proposal was more re-
alistic: it was to be 899 feet in length with a beam of 106 feet and a
draft of 34 feet, displace 35,270 tons, and attain 34 knots on
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277,000 shaft horsepower. 24 fighters, 24 light attack aircraft, and
24 medium attack aircraft made up its air group. Another sketch de-
sign, for a light carrier, again envisaged very powerful machinery de-
veloping 242,000 shaft horsepower to drive the 30,560-ton ship at
34 knots. It was 794 feet long, 97 feet in beam with a draft of 27
feet, and could embark 36 fighters and 27 torpedo bombers. Finally,
one of the escort carrier concepts was for an 18,410-ton vessel ca-
pable of 20 knots on 33,500 shaft horsepower and carrying 24 fight-
ers and 18 antisubmarine aircraft. None of these design efforts re-
sulted in serious plans to construct aircraft carriers and it was to be
more than twenty years before the Soviet navy took delivery of its
first air-capable warship.

JAPANESE CARRIER DEVELOPMENT 
DURING WORLD WAR II

The final fleet carriers completed before Japan entered World War II
represented a great advance on earlier vessels while retaining many
similar features from the Soryu class. The hull again was long and
narrow but its much greater size allowed the designers to incorpo-
rate much enhanced passive armor protection and a larger antiair-
craft battery. Belt armor increased to 6.5 inches along the machin-
ery spaces and 8.3 inches beside the magazines, while deck armor
was 3.9 inches thick except over the magazines, where it was
strengthened to 5.1 inches. The bulbous bow form below the water-
line that featured in the contemporary Yamato-class battleship de-
sign also appeared in the new carrier and contributed to its ability to
attain very high speed. Hangar arrangements replicated those of the
earlier Soryu design but on a larger scale, with the lower hangar
built into the hull itself and the longer upper hangar forming the su-
perstructure. The elevators were much larger than in the earlier pair
of ships. The Shokaku and the Zuikaku were unique among Japa-
nese carriers in carrying a pair of catapults, derived from units de-
veloped for use on the Yamato-class battleships, on the flight deck.
As originally designed the two ships were to have islands on opposite
sides, one to starboard and the other to port, as with earlier pairs of
vessels operating in koku-sentai formation. By the time construction
reached the point of fitting islands the disadvantages of the port side
island amidships had made themselves apparent, so both vessels re-
ceived islands forward of amidships on the starboard side.

78 AIRCRAFT CARRIERS



The largest fleet carrier to enter Japanese service during World
War II, the Taiho, combined the basic features of the preceding
Shokaku class with several innovations: a 3-inch armored flight
deck, a greatly enlarged island that accommodated the stack within
its structure, and an enclosed bow plated to flight deck level. The
Taiho retained the double hangar without side protection of earlier
Japanese designs and sacrificed one deck level within the hull to re-
duce freeboard in compensation for the topweight of the armored
flight deck. It was strongly protected elsewhere with a 5-inch hangar
deck and 6-inch side belt armor. Five further vessels, similar to the
Taiho but slightly enlarged and somewhat better protected, were
projected but none was ever laid down before war’s end.

When it became clear in 1941 that Japan was going to war with
the United States, the Imperial Japanese Navy prepared a fleet car-
rier design for large-scale production. Based on the successful Hiryu
design, it differed mainly in incorporating only two elevators rather
than the three of the earlier design, and in reverting to the starboard
side island of the Soryu. Two vessels were ordered under the 1941
program, one of which was cancelled the following year and re-
placed by seven very slightly different ships. Finally, a further eight
carriers were ordered late in 1942, again slightly enlarged, making
this class the largest ever envisaged by the Imperial Japanese Navy.
Ultimately, the realities of Japan’s material shortages caused only six
units to be laid down, of which only three were completed (one of
which, the Katsuragi, did not commission), and none saw front-line
service.

To address the shortfall in carrier tonnage imposed by the Wash-
ington and London treaties, Japanese naval planners added to the
fleet a number of modern auxiliaries whose design incorporated spe-
cific features allowing their relatively straightforward conversion
into full-fledged aircraft carriers if required. A total of seven such
vessels were ordered, three submarine depot ships (the Taigei, the
Tsurugisaki, and the Takasagi) and four seaplane carriers (the Chi-
tose, the Chiyoda, the Mizuho, and the Nisshin). All but two of the
seaplane carriers (which were sunk while operating in their original
role) were converted into carriers either before Japan’s entry into
World War II or during the conflict. Most of these vessels also fea-
tured somewhat unusual machinery arrangements—all three depot
ships and seaplane carriers Mizuho and Nisshin (which were never
converted) were diesel engined, while the seaplane carriers Chitose
and Chiyoda had mixed steam turbine and diesel machinery. The de-
pot ships’ diesels, among the earliest installed in the navy’s surface
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ships, were not very reliable, so they were replaced with destroyer-
type turbine installations when the ships later were converted into
aircraft carriers.

The seaplane carriers were characterized externally by very flat
sheers, largely clear upper decks over two-thirds of their lengths, and
minimal superstructures: features that greatly eased their conversion
into aircraft carriers. Internally, their designs included foundation
assemblies and pits for elevators, plus spaces appropriate for use as
magazines and aviation fuel stowage. The depot ships were similar,
although they had large midship superstructures, much of which
was designed for simple conversion to form the hangars of the new
carriers. Conversion involved razing superstructure as required,
erecting a long hangar over the midship three-quarters of the hull’s
length, installing elevators at each end of the hangar, constructing a
wooden full-length flight deck over the hangar complete with arrest-
ing gear, fitting antiaircraft batteries sponsoned along the flight deck
edge, and trunking furnace gases to starboard. The converted carri-
ers embarked about 30 aircraft and carried 4 twin 5-inch mountings,
plus varying numbers of lighter weapons for self-defense. Within the
limitations of their small size, restricted air groups, and minimal pro-
tection, these “shadow” carriers were useful, though clearly they
were much less effective than purpose-built vessels.

The Imperial Japanese Navy also established a further “shadow”
carrier program based on subsidized liners suitable for conversion.
The construction of the three 21-knot 17,000-ton liners of the
Asama Maru class that entered service on the trans-Pacific routes of
the Nippon Yusen Kaisha (NYK–Japan Mail Steamship Company)
between September 1929 and March 1930 was subsidized by the
Ministry of Transportation with the proviso that their design incor-
porate features specifically intended to allow their conversion into
aircraft carriers within three months. In 1933 and in 1935 NYK and
Osaka Shoshen Kaisha (OSK–Osaka Merchant Ship Company)
planned to build further subsidized 24-knot 20,000 ton vessels, also
suitable for conversion into carriers, for their North American, Eu-
ropean, and South American services, but financial constraints
forced the abandonment of these projects. Subsidies allowed NYK
to build the three smaller 21-knot 17,000-ton Nitta Maru class lin-
ers for its European routes in 1937, and also aided OSK in con-
structing two 21-knot ships of the still smaller 13,000-ton Argentina
Maru class for service to South America in 1938. Finally, in late
1938 NYK ordered a pair of large 24-knot 27,700-ton subsidized lin-
ers of the Kashiwara Maru class for its trans-Pacific routes. All seven
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of these ships incorporated substantial provisions for rapid conver-
sion into carriers into their design.

As war with the United States became increasingly probable, the
Imperial Japanese Navy began to convert much of this “shadow”
carrier fleet. It took over the Kashiwara Maru and its sister, the
Izumo Maru, in October 1941 while they still were incomplete and
converted them into the fleet carriers Junyo and Hiyo respectively.
Since they had been completed only to the main deck, conversion
work was rapid because there was little superstructure requiring
prior removal, and both vessels commissioned within eight months.
As front line units their principal deficiencies were slow speed, lim-
ited internal subdivision, and the absence of armor protection, but
they otherwise compared quite favorably with purpose-built Japa-
nese carriers.

The Kasuga Maru of the Nitta Maru class was still under con-
struction when it was taken over on May 1, 1941, for conversion
into the prototype Japanese escort carrier at Sasebo Navy Yard. This
was a limited conversion involving clearing the hull to the upper
deck, erecting a 300-foot long hangar topped by a 492-foot long
flight deck, fitting two elevators, trunking the furnace uptakes to ex-
haust on the starboard side, and adding an antiaircraft battery. It
commissioned some four months later as the Taiyo, and was fol-
lowed by its two sisters the Yawata Maru and the Nitta Maru, which
became the Unyo and the Chuyo respectively after six-month con-
versions at Kure Navy Yard. The two smaller OSK liners Argentina
Maru and Brazil Maru also were slated for similar conversions in
late 1942 but in the event only the former commissioned as the es-
cort carrier Taiyo because the Brazil Maru was sunk while serving as
a troopship before conversion could begin. In its place the ex-
German Norddeutscher Line liner Scharnhorst, which had been
trapped at Kobe by the outbreak of war in Europe and taken over by
Japan in early 1942, was similarly converted into the escort carrier
Shinyo during 1943. The three Asama Maru class liners, the original
group of subsidized “shadow” carriers, never converted into aircraft
carriers because all were sunk while serving as naval transports.

The original intent of the subsidy program was to expedite expan-
sion of the front-line carrier fleet. Although the Japanese escort car-
riers were much larger than their British and American counter-
parts, they were too slow, small, and weakly-armed for front-line
operations. Within Japanese fleet doctrine there was no real place
for the escort carriers either, since the Imperial Japanese Navy did
not develop a coherent policy for deploying antisubmarine forces
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until very late in the war. Consequently, the escort carrier conver-
sions spent almost their entire careers operating as aircraft trans-
ports and training carriers. Only the larger, faster, and very much
more sophisticated conversions Hiyo and Junyo fulfilled the promise
of the “shadow” program.

The impact of Japan’s carrier losses in 1942 and the realization of
the limitations of the nation’s shipbuilding capacity led to the deci-
sion to undertake conversions of other warship types on an emer-
gency basis in an attempt to rebuild the carrier fleet. Nevertheless,
shortages of suitable candidates for conversion, raw materials, ship-
ways, shipyard equipment, and labor all combined to limit severely
Japan’s ability to follow this course successfully. Just two warship
conversions were initiated, and only one ever put to sea. The Ibuki,
the first of a pair of improved Tone class heavy cruisers, was laid
down at Kure Navy Yard on April 24, 1942, and launched May 21,
1943. Construction of both cruisers was suspended in midsummer
1943, and conversion of the Ibuki into an aircraft carrier was initi-
ated at Sasebo Navy Yard in November 1943.

Displacement: 12,500 tons (standard)
Dimensions: 672’7” (oa) x 69’7” x 20’8” (mean)
Flight deck: 660’0” x 75’6”
Machinery: Geared turbines, 4 boilers, 2 shafts, 72,000 shp = 

29 knots
Aircraft: 27
Armament: 2 x twin 3” DP, 8 x triple 25mm AA, 6 x 28-barrelled

120mm AA rocket launchers
Complement: 1,105

The superstructure was razed to the upper deck and replaced
with a single-level hangar under a full-length flight deck served by
two elevators. Internally, four boilers were removed to provide space
for additional fuel and stores stowage and the furnace uptakes
trunked to starboard. A typical Japanese-style island was to be fitted
and the armament installed in sponsons at flight deck level. Very
large bulges were fitted to the hull as compensation for the added
topweight and to improve stability. Conversion work proceeded
slowly, largely because of material and labor shortages, and was
abandoned in March 1945. The incomplete hull was scrapped in
1947.

The second warship conversion was of the incomplete Yamato
class battleship Shinano. When the decision was made, the hull was
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complete only to the upper deck, simplifying the project. A large
hangar supporting an armored flight deck served by two elevators
was constructed on the upper deck, the uptakes trunked to a single
very large stack incorporated into an island that was an enlarged ver-
sion of that fitted on the Hiyo class, and an extensive antiaircraft
battery installed in sponsons at flight deck level. The Shinano was
conceived as a floating support platform for carrier task forces
rather than an operational front-line combat unit, but never entered
service. While sailing from Yokosuka to Kure for final fitting out, the
carrier was torpedoed by the submarine Archerfish on November 29,
1944, and sank as a result of uncontrolled flooding, since the water-
tight doors had yet to be installed.

Japanese carrier development during World War II in large part
continued the two central themes of prewar design efforts: a search
for both qualitative excellence in individual vessels and for quantita-
tive equality or superiority relative to the United States Navy. The
search for qualitative excellence was demonstrated by the Taiho,
which combined the performance and aircraft capacity of the
Shokaku class (the epitome of Japanese prewar design) with greatly
enhanced protection, while the demand for quantity production was
exemplified by the Unryu class and the Imperial Japanese Navy’s
very extensive “shadow” carrier fleet. The limitations of Japan’s in-
dustrial base made this an impossible task. Most of the “shadow”
carrier designs required major qualitative concessions of speed, air-
craft capacity, or protection that limited their contribution to carrier
task force capabilities, the Unryu class represented a step back in
Japanese carrier quality, and the Imperial Japanese Navy abandoned
its hopes of producing further carriers of the Taiho’s excellence.

UNITED STATES CARRIER DEVELOPMENT 
DURING WORLD WAR II

The end of treaty restrictions on the individual size and overall num-
bers of carriers presented the United States Navy with the opportu-
nity to construct a carrier force incorporating all the lessons and ex-
perience from the fleet’s experiments and operations since the
1920s. The new Essex class design, derived from the earlier success-
ful Yorktown class, featured a 25 percent larger air group, a 50 per-
cent increase in defensive armament, machinery rearranged for bet-
ter survivability, and substantially improved armor protection, most
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notably the addition of a 3-inch armored hangar deck. All these im-
provements came at a price. Overall dimensions increased by some
10 percent to meet requirements for more accommodation space,
stowage for bunker and aviation fuel and munitions, and 25 percent
more powerful machinery to maintain speed, while displacement
rose by 37 percent.

The Essex class was a highly successful design. Improved passive
protection demonstrated its value, especially in the face of kamikaze
strikes that caused very serious damage to four of the class, all of
which survived. The larger flight deck and deck-edge elevator greatly
facilitated large-scale rapid aircraft operations. The design was large
enough to accommodate bigger air groups of larger machines than
envisaged originally (late war examples operated as many as 103 air-
craft rather than the 91 as designed). As the war progressed, the
light antiaircraft battery of Essex class carriers more than doubled in
size and there was a major expansion of the radar suite. Neverthe-
less, by war’s end the class was very crowded, since complements
had grown by 50 percent to serve the larger air groups and enhanced
batteries and equipment suites.

The succeeding Midway class was the ultimate development of
the characteristic American open-hangar type of carrier that first ap-
peared as the Ranger in 1934. The design was very unusual in that
its size was driven primarily by a demand for enhanced protection
rather than by requests for greater aircraft capacity and aviation fea-
tures. British and American operational experience appeared to
demonstrate both the vulnerability of carriers to relatively modest
bombs and shells and the effectiveness of armor protection. The Bu-
reau of Ordnance’s development of super-heavy shells and the more
general deployment of heavy bombs led to the decision to upgrade
protection to defend against an 8-inch shell rather than a 6-inch
shell (the previous standard) and also to add substantial armor pro-
tection to the flight deck. This increased scale of protection re-
quired greater power to maintain speed and more power necessi-
tated a larger hull to accommodate the machinery, initiating a
growth spiral that resulted in a 45,000-ton design.

The great size of this design endowed it with an air group 50 per-
cent larger than that of the previous Essex class. Standard World
War II-era operating procedures meant that the Midway class air
group was too large for effective deployment, since the time re-
quired to launch and recover multiple complete deck load strikes
plus aircraft for combat air patrol and anti submarine patrol ex-
ceeded one-half of normal daylight hours. Nevertheless the large
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size of both the hull and the flight deck proved very useful after the
war when larger thirstier jet aircraft, that demanded more space and
fuel to operate, entered service. The class really came into its own
after major postwar reconstructions that incorporated significant
advances in design.

During World War II the United States Navy developed three ad-
ditional series of carriers, all originally extemporized in response to
concerns about carrier shortages or to fulfill unanticipated roles.
Concern that the United States faced an impending short-term car-
rier deficiency in the event of war with Japan led President Franklin
D. Roosevelt to press for more carriers as a matter of urgency, for
which he suggested conversion of some of the large Cleveland class
light cruiser hulls already under construction. The navy demurred,
since it considered such conversion would be entirely inadequate
compared to carriers designed and built as such, especially as the
light cruiser hull would be too narrow to carry a useful hangar and
flight deck or provide sufficient stability in service. The outbreak of
war strengthened Roosevelt’s case and he eventually prevailed, lead-
ing to the conversion of nine incomplete Cleveland class hulls as
light fleet carriers.

The conversion was very basic, requiring large side bulges to pro-
vide stability and allow fitting a 320-foot long hangar supporting a
544-foot long wooden flight deck served by elevators at each end of
the hangar. The individual furnace flues were trunked to starboard
and a small bridge derived from the units fitted to escort carriers
was installed, supported by braces so that it was clear of the flight
deck. In service they proved cramped with minimal potential for up-
grade and much less capable than the big carriers of absorbing com-
bat damage, as the loss of the Princeton on October 24, 1944,
demonstrated. Nevertheless all nine units commissioned between
January and December 1943, providing an important boost to Amer-
ican carrier strength at a crucial moment in the Pacific War.

Somewhat surprisingly, the navy decided it needed to make up for
anticipated combat losses of light fleet carriers, and ordered two
units designed and built as such, using the hull of the Baltimore
class heavy cruiser as a basis. The new ships were essentially en-
larged Independence class light carriers with a much larger air
group, but the Saipan and the Wright, both commissioned after the
war’s end, saw little useful service and represented a dead end in
American carrier development.

During 1940 the British convoy situation in the North Atlantic
and the clear threat of a Pacific war that would require small carri-
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ers for support duties led the United States Navy to consider acquir-
ing several type C3 diesel-engined merchantmen for conversion into
auxiliary aircraft carriers. The first, the Mormacmail, was taken over
in March 1941 and converted as the Long Island by stripping most
of the superstructure, fitting a small hangar aft, served by a single
elevator, supporting a wooden flight deck, and adding basic arma-
ment for self defense. The Long Island’s success led to further simi-
lar conversions and the construction of almost identical escort carri-
ers from the keel up, the majority of which were rather more
sophisticated, with longer hangars served by two elevators and small
island superstructures for navigation and control. The great majority
of the first fifty escort carriers based on the type C3 hull design was
delivered to the Royal Navy under Lend-Lease, while the balance
mainly served on antisubmarine warfare and aircraft transportation
duties with the United States Navy.

Mass production of escort carriers exclusively for United States
Navy service began with the Casablanca class. The design was based
on a modified Maritime Commission type S4 hull design with
hangar and flight deck arrangements similar to earlier escort carri-
ers. The design differed markedly in its propulsion, however, since it
employed a pair of triple-expansion reciprocating engines driving
twin screws. All fifty ships of the class were ordered from Kaiser
Shipbuilding by the Maritime Commission and commissioned
within twelve months from July 8, 1943. These escort carriers were
a very successful design, though rather cramped and with limited
survivability in the event of significant combat damage.

The third series of extemporized carriers emerged from the press-
ing need for additional escort carriers in early 1942. Four large type
T3 tankers serving with the United States Navy as replenishment oil-
ers were converted into escort carriers as the Sangamon class, which
entered service in the early fall of 1942. They were similar to earlier
conversions, though their greater length allowed for a much longer
hangar and flight deck, and their configuration allowed for some
continued limited service in a replenishment role. Their greater size
and speed also led to their occasional deployment as front-line units
and they proved very popular in service. Consequently, when the
navy itself set out to design an escort carrier, it used the Sangamon
class design as its basis. The resulting Commencement Bay class was
very similar in layout and size but better armed and carried two cata-
pults. It is significant that only this class remained in commission af-
ter the war’s end and formed the core of the United States Navy’s an-
tisubmarine warfare fleet until the late 1950s.
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The large American carriers developed or delivered during World
War II represented the ultimate expression of their central design
concept: launching the maximum number of aircraft in the shortest
possible time. Freedom from limitations of size allowed American
designers to add greater armor protection, improved machinery lay-
outs and internal subdivision, enhanced antiaircraft batteries, and
ever more sophisticated electronics, all of which endowed these de-
signs with greater survivability. Their larger size endowed them with
a remarkable capacity for modification and improvement, which al-
lowed them long and successful post-war careers. Nevertheless,
they also represented the end of the line for that particular approach
to carrier design, as the Midway class’s limitations on effective air-
craft operation demonstrated. The extemporized carriers also repre-
sented evolutionary dead ends. Both the Saipan and the Commence-
ment Bay classes were fine designs but they were incapable of
further useful development and, especially in the case of the light
fleet carriers, lacked the flexibility and adaptability of both their
larger sisters and their British equivalents. Having pushed their fun-
damental design to its limits, American carrier designers had to start
afresh after World War II.

CARRIER AIRCRAFT DEVELOPMENT 
DURING WORLD WAR II

In 1939 a major transition in the design of naval aircraft was under-
way. All metal monoplane machines of stressed skin construction
were in front-line service with all the world’s carrier operating
navies, but they also still operated large numbers of fabric-covered
biplanes. The war years would see the biplanes virtually vanish from
the scene and a great leap in aircraft performance, in large part a re-
sult of a doubling of engine power outputs. Aircraft became larger,
faster, very much tougher (thanks to armor protection and self-seal-
ing fuel tanks), and capable of carrying heavier loads of ordnance
over longer distances. By the end of World War II the final genera-
tion of piston engined naval aircraft was on the horizon.

Operating these larger faster aircraft imposed a penalty. Even be-
fore the war, efficient use of the restricted space aboard carriers
(both for stowage and for operation) led navies to deploy aircraft ca-
pable of undertaking multiple missions. This tendency accelerated
during the war, although a simultaneous demand to embark aircraft
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for specialized missions arose late in the conflict. Thus, while fight-
ers increasingly took on a large part of the strike role, air groups
came to include additional specialized aircraft to fulfill the demands
of electronic warfare.

When World War II began all navies assigned the reconnaissance
mission to strike aircraft: scout bombers (SB) in the United States
Navy, torpedo strike reconnaissance (TSR) aircraft in the Royal
Navy, and attack bombers in the Imperial Japanese Navy. The Japa-
nese found that this was not an entirely satisfactory situation, in
large part because attack bomber units did not place sufficient em-
phasis on thorough training in reconnaissance techniques. The Im-
perial Japanese Navy therefore decided to reintroduce specialized
carrier reconnaissance aircraft into its air groups. In response Naka-
jima’s Fukuda Yasua and Yamamoto Yoshizo designed a very clean
three-seat monoplane that entered service in the spring of 1944 as
the Carrier Reconnaissance Plane Saiun (C6N). Powered by a
1,990 horsepower Nakajima NK9H Homare 21 18-cylinder radial
engine, it attained a top speed of 397 miles per hour at 20,000 feet,
cruised at 242 miles per hour and had a range of 1,914 miles on in-
ternal fuel or 3,300 miles with a 200-gallon drop tank. The Saiun’s
performance closely matched that of contemporary United States
Navy fighters, rendering it close to immune to interception.

In all navies, however, the majority of carrier reconnaissance mis-
sions were undertaken by less specialized machines. The Royal Navy
initially used its venerable Fairey Swordfish torpedo bombers. From
early 1941 they were supplanted by the Fairey Albacore, an all-metal
biplane with fabric covered wings, a monocoque fuselage, and en-
closed cockpit. Powered by a 1,085 horsepower Bristol Taurus 14-
cylinder radial engine, it reached 159 miles per hour at 4,500 feet,
cruised at 113 miles per hour, and had a maximum range of 930
miles. It could carry one 18-inch torpedo or up to three 500-pound
bombs and was equipped with air brakes for dive-bombing attacks.
Its successor was the Fairey Barracuda, which entered front-line
service in early 1943. This all-metal monoplane was powered by a
1,640 horsepower Rolls-Royce Merlin 323 V-12 engine, giving it a
top speed of 235 miles per hour at 5,000 feet, a cruising speed of
170 miles per hour, and a maximum range of 1,150 miles. It could
carry one 18-inch torpedo or up to four 500-pound bombs. Its
Fowler flaps made the Barracuda a very effective dive-bomber,
which became its principal role.

In 1939 Japanese carriers deployed Nakajima B5N attack
bombers, probably the best of their kind at the time, for strike and
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reconnaissance missions. In mid-1943 another Nakajima product,
the Carrier Attack Bomber Tenzan (B6N) began replacing the earlier
type. Its improved performance resulted from the substantially
greater power of its Nakajima NK7A Mamoru 11 14-cylinder radial
engine that produced 1,750 horsepower and gave the B6N a top
speed of 289 miles per hour at 15,000 feet, a cruising speed of 207
miles per hour, and a maximum range of 2,142 miles. It could carry
one torpedo or up to 1,800 pounds of bombs.

The Imperial Japanese Navy deployed its first monoplane dive-
bomber aboard carriers in 1940. In order to save weight, the Aichi
design team, led by Goake Tokuhishiro, used a fixed undercarriage,
but otherwise its Type 99 Carrier Bomber (D3A) was a thoroughly
modern machine. Powered by a 1,070 horsepower Mitsubishi Kinsei
14-cylinder radial engine, it attained 240 miles per hour at 10,000
feet, cruised at 184 miles per hour, and had a maximum range of
915 miles with up to 800 pounds of bombs. Its successor, the Yoko-
suka Carrier Bomber Suisei (D4Y) that entered service in mid-1943
was the fastest of its class in the world, thanks to its 1,280 horse-
power Aichi AE1P Atsuta V-12 liquid cooled engine, which endowed
it with a top speed of 360 miles per hour at 16,000 feet, a cruising
speed of 260 miles per hour, and a range of 910 miles carrying up to
1,200 pounds of bombs, or 2,240 miles with maximum fuel. This
performance came at a severe price, however, for the D4Y had nei-
ther armor nor fuel protection and proved terribly vulnerable to
American fighters.

The United States Navy began replacing its earlier scout bombers
with the excellent Douglas SBD in mid-1941. It used a 1,000 horse-
power Wright R-1820 Cyclone 9-cylinder radial engine, giving it a
top speed of 245 miles per hour at 16,000 feet, a cruising speed of
144 miles per hour, and a range of 1,100 miles. The SBD could
carry up to 1,600 pounds of bombs and all operational versions ex-
cept the very earliest were equipped with armor protection and self-
sealing fuel tanks. In mid-1943 the Curtiss SB2C Helldiver began
replacing the SBD. This large scout bomber was powered by a 1,900
horsepower Wright R-2600 Double Cyclone 14-cylinder radial en-
gine, with which it reached a top speed of 295 miles per hour at
16,500 feet, cruised at 158 miles per hour, and had a range of 1,165
miles with a 1,000 pound bomb load.

Grumman’s TBF Avenger began replacing the earlier Douglas
TBD in United States Navy torpedo squadrons in mid-1942 and
continued in service until war’s end. A 1,700 horsepower Wright R-
2600 Double Cyclone 14-cylinder radial engine powered the TBF,
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giving it a top speed of 271 miles per hour at 12,000 feet, a cruising
speed of 145 miles per hour, and a range of 1,215 miles. It could
carry a single torpedo or up to 1,600 pounds of bombs in its en-
closed bomb bay. Unlike contemporary United States Navy dive
bombers, very large numbers of Avengers were transferred under
Lend-Lease to the Royal Navy, in which they came to equip a major-
ity of that service’s strike squadrons.

The Royal Navy’s fighter squadrons began World War II equipped
with either the Blackburn Skua, a monoplane designed primarily as
a dive-bomber, or the Sea Gladiator, a fabric-covered biplane
adapted from a Royal Air Force fighter type. From mid-1940 both
types were replaced by the Fairey Fulmar, a two-seater all metal low-
wing monoplane. The Fulmar, powered by a 1,080 horsepower
Rolls-Royce Merlin V-12 engine, reached a top speed of 246 miles
per hour, cruised at 160 miles per hour, and had a range of 830
miles. It was armed with eight 0.303-inch machine guns in its wings
and was equipped with pilot armor protection and self-sealing fuel
tanks. Its principal deficiency was that it simply was not fast enough
to be an effective fighter, a consequence of the decision to include a
navigator in its crew. The Fulmar’s lineal successor, the Fairey Fire-
fly, entered front-line service in mid-1944, but was tasked primarily
with strike and reconnaissance missions. Its 1,990 horsepower
Rolls-Royce Griffon V-12 engine gave it a top speed of 319 miles per
hour at 17,000 feet, a cruising speed of 200 miles per hour, and a
range of 1,088 miles. The Firefly was armed with four 20mm can-
nons in its wings and could carry either eight 60-pound rocket pro-
jectiles of two 1,000-pound bombs under its wings.

The Royal Navy followed two separate tracks toward deploying ef-
fective fighters aboard its carriers thereafter. The first was to pur-
chase or obtain via Lend-Lease sufficient numbers of American car-
rier fighters. The second was to adapt existing British single-seat
landplane fighters for naval service. Consequently, both the Royal
Air Force’s Hurricane and Spitfire fighters served extensively aboard
British carriers. The Hawker Sea Hurricane began deploying in early
1942. Most were powered by 1,030 Rolls-Royce Merlin V-12 en-
gines that gave them a top speed of 315 miles per hour, a cruising
speed of 208 miles per hour, and a range of 500 miles. They were
armed with eight 0.303-inch machine guns in their wings and were
equipped with pilot armor protection and self-sealing fuel tanks. Sea
Hurricanes were not fitted with folding wings which restricted the
number that could be embarked. The naval Spitfire, the Superma-
rine Seafire, began its service in the spring of 1942. Early aircraft
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had fixed wings but a version with folding wings began deployments
in late 1943. These later versions used a 1,585 horsepower Rolls-
Royce Merlin V-12 engine, giving a top speed of 352 miles per hour,
a cruising speed of 250 miles per hour, and a range of 400 miles
with a 90 Imperial gallon drop tank. They were armed with two
20mm cannons and four 0.303 machine guns in the wings and were
equipped with pilot armor protection and self-sealing fuel tanks.

The Imperial Japanese Navy began replacing its successful Mit-
subishi A5M fighters with the even more successful Mitsubishi Type
0 Carrier Fighter (A6M2) in the summer of 1941. Powered by a 950
horsepower Nakajima NK1C Sakae 14-cylinder radial engine, the
A6M2 reached 331 miles per hour at 15,000 feet, cruised at 207
miles per hour, and had a maximum range of 1,930 miles with a 90
gallon drop tank. It was armed with two 20mm wing-mounted can-
nons and a pair of 7.7mm machine guns in the fuselage. Popularly
know as the Zero, it was very maneuverable and had an astonishing
range for the period, but was slow in a dive and very fragile in com-
bat, both because of its light structure and its lack of pilot protec-
tion and self-sealing tanks. Japan also never succeeded in develop-
ing a replacement for the Zero, so it continued in service until the
end of the war. Later model Zeros (A6M5) used a 1,100 horsepower
Sakae engine, which increased performance to 351 miles per hour,
with a cruising speed of 230 miles per hour, but reduced range to
1,194 miles. Armament was increased by replacing one of the
7.7mm machine guns with a 13.2mm machine gun. The wings were
given thicker skins to permit faster dives, limited pilot protection
was added, and automatic fire extinguishers for the fuel tanks were
fitted. Nevertheless, the Zero’s light structure placed it at a severe
disadvantage in combat with United States Navy carrier fighters.

The United States Navy began deploying Grumman F4F-3 fight-
ers aboard its carriers in January 1941. Powered by a 1,200 horse-
power Pratt & Whitney R-1830 Twin Wasp 14-cylinder radial en-
gine, it could reach 328 miles per hour at 21,000 feet, cruise at 155
miles per hour, had a range of 845 miles, and was armed with four
0.5-inch wing machine guns. Pilot armor, self-sealing fuel tanks,
and robust construction made the F4F a tough opponent. A version
with folding wings and six machine guns entered service in mid-
1942. Speed fell to 315 miles per hour and range dropped to 770
miles. The Royal Navy acquired large numbers of F4Fs as Grum-
man Martlets and made extensive use of the type. The F4F’s succes-
sor was the Grumman F6F Hellcat, designed as a private initiative
in response to feedback from fleet aviators, which entered front-line
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service in mid-1943. It was powered by a 2,000 horsepower Pratt &
Whitney R-2800 18-cylinder radial engine, giving it a maximum
speed of 376 miles per hour, a cruising speed of 168 miles per hour,
and a range of 1,090 miles on internal fuel or 1,590 miles with a
150-gallon drop tank. The F6F was armed with six 0.5-inch ma-
chine guns and also could carry rockets or bombs. The Royal Navy
also operated substantial numbers of F6Fs as the Grumman Hell-
cat. The United States Navy’s chosen successor to the Grumman
F4F was the Vought F4U Corsair. With a 2,000 horsepower Pratt &
Whitney R-2800 18-cylinder radial engine, it reached 417 miles per
hour at 19,000 feet, cruised at 182 miles per hour, and had a maxi-
mum range of 1,015 miles. It was armed with six 0.5-inch machine
guns and most versions also could carry rockets or bombs. The
F4U’s deck landing characteristics, however, were judged unsatis-
factory. So, from February 1943, it was issued for front-line service
only with shore-based United States Navy and Marine Corps
squadrons. The Royal Navy also received large numbers which,
since it needed every modern carrier fighter possible, successfully
undertook an urgent modification and trials program to suit the
Corsair for carrier operation. Corsairs began front-line operations
aboard British carriers in the spring of 1944 and were in action by
the beginning of April. As a result, the United States Navy con-
ducted new carrier trials the same month and Corsair began opera-
tions from American carriers in the late summer of 1944, going on
to become probably the most successful carrier fighter of the entire
war.

NAVAL AVIATORS DURING WORLD WAR II

While constructing carriers and producing aircraft to operate from
them required great effort and investment, the biggest single chal-
lenge the carrier-operating navies had to meet was recruiting and
training the huge numbers of competent naval aviators needed to
fulfill the demands of a global war. Both warships and aircraft be-
came more technologically sophisticated and operationally effective,
but most often it was the training and skill of their operators, espe-
cially the naval aircrews that determined the outcome.

Although Japan was engaged in a major conflict from the fall of
1937, its training program for naval aviators did not accelerate very
substantially to cope with more extended operations and combat
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losses. In November 1940 the flight training components of all the
various enlisted entry programs were made uniform and the number
of units enlarged (the old program for direct entry from the fleet
also was renamed the heisu hikoyoka renshusei (Class-C flight re-
serve trainee program and integrated more completely with the
other reserve trainee programs). Selection standards remained high,
training continued to be rigorous, and consequently relatively few
new aviators graduated. It was not until April 1943 that there was
any substantial change in the system. The need for more aircrew by
then had become so pressing that it was decided to significantly re-
duce entry standards and cut the standard flight training period by
six months. The heisu hikoyoka renshusei was terminated and the
toku otsushi hikoyoka renshusei (special class-B flight reserve trainee
program) took its place. It established an accelerated five to seven-
month training regimen for more mature entrants into the regular
otsushi hikoyoka renshusei. There was a parallel expansion of the
koku yobi gakusei (air reserve student program) to encompass young
men completing high school (the equivalent of the second year of
undergraduate college in the United States), who received commis-
sions on completing the course. The net result was a tenfold in-
crease in the number of graduating pilots. The following year saw a
lowering of the educational requirements for enlistees and a further
massive increase in the number of pilots graduated, but fuel short-
ages put an end to all training programs on March 1, 1945, when all
supplies were reserved for combat operations or defense against an
anticipated American invasion of Japan itself. During the period
from 1937 to 1945 the Imperial Japanese Navy graduated over
50,000 pilots from its various courses.

Until the end of 1942 the quality of new arrivals at front-line
units remained high but aircrew losses in the great carrier battles in
the summer of 1942 and during the Guadalcanal campaign began to
have a disastrous impact on the quality of Japanese aviation units.
Before the Pacific War began, the Imperial Japanese Navy relied on
front-line units for the operational training of new aircrew. Heavy
losses of experienced aviators and the retention of units on the front
line rapidly diminished the quality of operational training. The dilu-
tion of unit quality accelerated after the fall of 1943 as the few sur-
viving veterans could no longer compensate for the reduced skills of
less well trained replacements. The disastrous outcome of the Battle
of the Philippine Sea in June 1944 demonstrated the failure of the
Imperial Japanese Navy’s flight training programs to adapt to the de-
mands of a major war.
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Unlike the Imperial Japanese Navy, the United States Navy made
major efforts to increase the numbers of its pilots and establish
training programs that would meet the requirements of a major war
well before the conflict came. In 1939, as a massive expansion of
naval aviation began and war in Europe loomed, Congress passed
the Naval Aviation Cadet Act. Aviation cadets henceforth were com-
missioned as reserve ensigns on completing basic training, their ac-
tive term of duty expanded to seven years, and they became eligible
for promotion to lieutenant (junior grade) after three years of ser-
vice. The Civil Aeronautics Authority Civilian Pilot Training Pro-
gram also started in 1939, offering very low cost basic training lead-
ing to a private pilot’s license. This program generated a very large
pool of young men with basic flying skills that all the armed services
could tap as their air forces expanded.

The basic curriculum established in October 1939 served the
United States Navy well throughout World War II. Aspiring aviators
first spent one month at a naval reserve air base for elimination fly-
ing training, by the end of which they made their first solo flights.
Those who successfully completed this indoctrination period be-
came aviation cadets and proceeded to one of several training bases.
Primary training required three months flying biplane trainers, com-
bined with ground school. Successful cadets then moved onto inter-
mediate training, learning basic formation flying and instrument
and blind flying using obsolete front-line types and monoplane ad-
vanced trainers. Finally, cadets went to advanced training, where
they practiced formation flying, aerobatics, night flying, gunnery
and dive bombing, and simulated carrier landings. The total training
period, including indoctrination, was seven months, after which
graduates received commissions as reserve ensigns with about 200
hours of flying time in their log books. Between 1941 and 1945 the
United States Navy trained over 65,000 pilots.

Until mid-1941 newly commissioned ensigns completed their op-
erational training with front-line fleet squadrons that were shore
based for routine refresher training. This was very inefficient and, as
a result, the navy created advanced carrier training groups, initially
one for each coast, that could undertake this task. The curriculum
for newly-minted aviators devoted seventy-five hours to teaching
navigation, advanced gunnery, dive and torpedo bombing, and night
and instrument flying, culminating in carrier landing qualification
(eight successful landings) after extensive practice on dummy flight
decks ashore. From mid-1942 further advanced carrier training
groups were created to accommodate the rapidly growing number of
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new aviators. Several escort carriers spent much of their careers
serving as deck landing training vessels and two Great Lakes paddle
steamers were fitted with flight decks for the same purpose.

As the United States Navy’s ambitious program of carrier con-
struction hit its stride, it needed to create new air groups for the
new carriers. The navy also adopted a policy of withdrawing existing
air groups from carriers and replacing them with new groups rather
than allowing them to be ground down completely in combat. These
new groups coalesced around a core of combat-experienced
squadron and flight leaders with the balance of their complements
made up of new graduates from the advanced carrier training
groups. Before embarking on their first cruise, these new groups
spent several weeks “working up,” so that the novices could start to
learn all they could from the veterans.

The Royal Navy was still in the process of establishing its own air-
crew training system when war began in 1939. Aircrew candidates
spent seven weeks at an induction center, usually H.M.S. St. Vin-
cent at Gosport near Portsmouth, where they learned naval disci-
pline, routines, customs, basic navigation, meteorology, and sig-
nalling. Next was flying training. Early in the war all Fleet Air Arm
basic flying training was handled by the Royal Air Force in the
United Kingdom, but as the war continued, training naval pilots also
took place within the United States Navy’s program at Pensacola
(even before the United States entered the war), or within the
British Commonwealth Air Training Program in Canada or Empire
Air Training Scheme in New Zealand. Royal Navy aircrew trained in
the United States followed the same curriculum as their American
counterparts. Those trained in Britain, Canada, or New Zealand
spent eight weeks at elementary flying school, graduating after suc-
cessfully soloing. Then followed ten to sixteen weeks of service fly-
ing training, using more advanced aircraft to study navigation, com-
munications, gunnery, bombing, and night, instrument, and
formation flying. Graduates, who by then had accumulated about
150 flying hours, received their commissions and then returned to
the Royal Navy’s charge.

The newly commissioned aircrew then began operational train-
ing. Those trained in Britain went to operational training units, des-
ignated second-line squadrons by the Fleet Air Arm, which provided
intensive instruction in bombing, reconnaissance, or fighter opera-
tions, depending on their specializations. They also practiced deck
landing on dummy decks ashore and on carriers at sea. Initially,
those trained in the United States and Canada also returned to
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Britain for operational training but from early 1942 the Royal Navy
set up operational training units in the United States that provided
these services for those graduates and took advantage of American
training carriers for deck landing practice.

At the end of their operational training period, with up to 100 fly-
ing hours added to their logbooks, pilots went to operational
squadrons. Very early in World War II the Royal Navy began the
practice of forming new squadrons or re-forming old units around a
nucleus of experienced aircrew as squadron and flight commanders,
thus ensuring that the new squadrons worked up as effective front-
line units. From early 1943, the Royal Navy also began forming new
squadrons that were to equip with Lend-Lease aircraft in the United
States itself. These squadrons completed all their operational train-
ing in the United States before moving to the operational zones in
Europe or, later, the Far East and Pacific.

A fundamental organizational difference between the American
and British naval air services, on the one hand, and that of Japan, on
the other, had a major impact on aircrews’ operational experience
and wartime careers. Both the United States and Royal navies ad-
hered to a squadron-based organizational pattern. The overwhelming
majority of squadrons were established to operate a single aircraft
type, usually between 12 and 24 machines but sometimes, especially
late in the war among fighter units, with as many as 30 or more.
Squadron rosters often included more aircrews than aircraft, and
also included the all-important maintenance personnel: mechanics,
airframe repairmen, electricians, armorers, and so on. Essentially,
each squadron was self-sufficient from an operational perspective.
Almost invariably, new squadrons formed or older units returning
from combat re-formed around a nucleus of combat-experienced air-
crew amidst a larger number of freshly-trained personnel, so that the
veterans could impart their hard-won skills to the new crews.

Each British or American carrier embarked a number of
squadrons to endow it with an air group made up of the appropriate
mix of aircraft types to suit operational requirements. By the later
stages of the war, most air groups undertook some coordinated
training prior to embarking on their carriers, but the bulk of such
training still took place afterwards. After an extended period of com-
bat or heavy losses, it was straightforward to replace a carrier’s air
group without withdrawing the ship itself from operations, thus
maintaining a high level of operational tempo and also ensuring that
the aviators could recuperate from combat stress and also prepare
for a return to action as the core leadership of fresh squadrons and
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air groups. Furthermore, an individual squadron that suffered dis-
proportionately high losses could be replaced very simply by an
available fresh unit.

The Imperial Japanese Navy followed a very different pattern.
From the early days of naval aviation, the basic unit was the hikoki-
tai (basically equivalent to an air group), but there was a very impor-
tant difference: the aircrews and the maintenance personnel formed
an integral part of the parent ship’s crew and had no separate iden-
tity. As a result the hikokitai could not operate apart from the parent
carrier, it could not transfer readily to another carrier or to shore op-
erations. The only option for replacing combat losses was to post in-
dividual replacements to the hikokitai and, as long as the carrier re-
mained in commission, it was difficult to transfer experienced
aircrews to form the nucleus of new units. Consequently, experi-
enced aircrews tended to remain in the front line for extended peri-
ods, operating amid increasingly inexperienced replacement crews.

The hikokitai was commanded by a hikotaicho (air group leader).
Each hikokitai contained a mix of fighters, torpedo bombers, and
dive-bombers organized into buntai (flying units), but again these
buntai were not autonomous. The buntai were divided into two or
more chutai (divisions), led by buntaicho (division leaders), with the
senior buntaicho also commanding the buntai. The chutai were di-
vided into shotai (sections), usually of three aircraft, commanded by
a shotaicho (section leader), who was almost invariably a noncom-
missioned officer.

By the late 1930s the Japanese fleet had taken its organization a
step further by undertaking intensive group training for the two
hikokitai of a koku sentai (a two-carrier division). Each koku sentai
contained two or more hikotaicho who were qualified to lead strikes
of aircraft from not only their own hikokitai but also from aircraft
from other carriers both within their koku sentai and outside it. This
arrangement gave the Japanese carrier fleet a powerful advantage
during the early part of the Pacific War in competence to launch co-
ordinated mass strike operations.

CARRIER OPERATIONS DURING 
WORLD WAR II

During the first two years of World War II carriers operated in an
asymmetrical environment. No carriers engaged fleets that them-
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selves operated carriers: they operated against surface warships,
submarines, or land-based installations or aircraft only.

Japan’s carriers, in particular, found themselves embroiled in a
very different war from that for which they were designed. Within a
very few months of the beginning of the conflict in China on July 7,
1937, most of the Chinese fleet was either sunk by Japanese naval
aircraft or captured by Japanese forces. Thereafter, the carriers’ air
groups were engaged almost continuously in long-range operations
in support of Japan’s land forces against terrestrial targets until the
end of 1939. In the fall of 1940, Japan’s carriers returned to the
front line to provide similar support for a renewed offensive in
China and the occupation of French Indo-China.

The greatest problems Japan’s naval aviators had to overcome
were those related to long-range operations (accurate navigation,
cohesive formation flying, and careful fuel economy) and contend-
ing with land-based defenses over their targets (fighters and antiair-
craft artillery). These were very valuable skills for a future conflict in
the Pacific but, since Japanese carriers were effectively immune to
attack by Chinese land-based aircraft, the war in China did not pro-
vide lessons in defending a fleet against air attack. Consequently,
Japanese naval aviation tacticians came to emphasize the impor-
tance of fighter escort for strike aircraft over the deployment of
fighters in defense of the carriers against attack.

The Royal Navy faced a very different situation when World War
II began in Europe. Its carriers were largely immune to the threat of
German shore-based aircraft, but were very vulnerable to German
U-boats, as a near-miss attack against the Ark Royal on September
14, 1939 by the U-39 and the sinking of the Courageous by the U-29
on September 17, 1939 demonstrated. The carriers were deployed
with fast heavy surface warships to hunt German raiders until Feb-
ruary 1940, without significant success. During the campaign in
Norway three carriers, the Ark Royal, the Furious, and the Glorious,
provided much of the British army’s air cover and close support. The
Glorious, however, succumbed to the German battleships Scharn-
horst and Gneisenau on June 8, 1940, while its flight deck was filled
with Royal Air Force aircraft evacuated from Bardufoss that pre-
vented it from flying off its own aircraft.

Events in June 1940 radically changed the situation. Italy’s entry
into the war on June 10 presented the Royal Navy with an opponent
with a powerful surface fleet and large air force with a strong dedi-
cated antishipping component. France’s surrender on June 25 not
only allowed Germany to deploy aircraft and warships so they had
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direct access to the Atlantic but also raised the specter of the French
fleet becoming an enemy force. The Royal Navy scrambled to deploy
its three remaining large carriers, retaining the Furious in the At-
lantic, sending the Eagle to join the Mediterranean Fleet, and form-
ing Force H at Gibraltar around the Ark Royal and the fast battle
cruiser Hood (later replaced by the Renown). Its two smaller carriers
also moved closer to home, the Argus covering convoys in the North
Atlantic and the Hermes patrolling West African waters.

The carriers played key roles in addressing these threats. The
Royal Navy launched a series of attacks to neutralize the French
fleet. Carrier aircraft from Force H spotted for a battleship bom-
bardment of Oran on July 3 that destroyed the battleship Bretagne
and severely damaged the fast battleship Dunkerque. Several follow-
up daylight torpedo strikes inflicted more damage on the
Dunkerque, and another on July 8 by aircraft from the Hermes im-
mobilized the battleship Richelieu at Dakar. In September Force H
covered an abortive landing operation by Free French forces at
Dakar, the first occasion that carrier aircraft provided all air support
for an amphibious landing. Meanwhile the Eagle’s aircraft provided
fighter defense for Mediterranean Fleet sorties and conducted con-
centrated strikes against Italian naval and merchant shipping in
North Africa and the Aegean. When the new carrier Illustrious
joined the Mediterranean Fleet on September 1, these raids in-
creased in intensity, culminating in the strike against the main Ital-
ian fleet at Taranto on the night of November 11–12 that sank two
battleships and crippled a third, putting half the Italian battlefleet
out of action for the loss of two aircraft. In reaction, the Italian
main body withdrew to its northern bases and thereafter proceeded
with great caution at sea whenever British carriers were found to be
operating within their vicinity.

While the strike at Taranto and similar raids on Italian warships
and merchantmen in port made real the visions of prewar carrier
proponents such as Admiral R. G. H. Henderson, who had planned
such an attack on the Italian fleet in harbor (in the event of war)
while he was commanding the Mediterranean Fleet’s carriers in the
1930s, two carrier operations in 1941 conformed very closely with
mainstream prewar British concepts. Albacore aircraft from the For-
midable torpedoed and immobilized the Italian heavy cruiser Pola
and damaged the battleship Vittorio Veneto on March 27 off Mata-
pan, allowing the Mediterranean Fleet’s battleships to surprise the
cruiser, the ship’s two sisters Fiume and Zara, and two escorting de-
stroyers, and sink all five warships in a night surface action. Two
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months later, Swordfish aircraft from the Victorious and the Ark
Royal torpedoed the German battleship Bismarck, one hit wrecking
its steering gear and rudders and leading to its destruction by British
battleships on May 27.

The vast majority of carrier operations in the Atlantic and Mediter-
ranean area after the summer of 1941 encompassed either distant or
close cover of convoys, strikes against coastal shipping either in the
littoral or in port, and support of amphibious operations. The big
fleet carriers conducted distant cover operations for convoys to
Malta, from April 1941 until August 1942, and to Russia, starting in
August. Two carriers, the Ark Royal and the Eagle, were lost while
covering Malta convoys, both to submarine torpedoes. Twenty mer-
chant ships of the 45 that sailed also were lost, the majority after the
carriers had left the convoys as they entered confined waters. Distant
cover of Russian convoys was much more effective, even when the
debacle of convoy PQ17 in June 1942 is taken into account. Prior to
PQ17, 194 merchants ships sailed for Russia of which 29 were sunk
while in convoy. 24 of 39 ships sailing in PQ17 were lost, all but 3 af-
ter the Admiralty ordered the convoy to scatter and deployed the cov-
ering force to block an expected attack by the battleship Tirpitz
(which itself had returned to port because of the threat of the British
carrier Victorious’s aircraft). Starting with convoy PQ18 in Septem-
ber 1942, the Royal Navy provided close escort carrier support for
about half of the Russian convoys in addition to distant cover by the
Home Fleet. PQ18 lost 11 ships while accompanied by the escort
carrier Avenger and 5 more after it was withdrawn. Of 44 subsequent
convoys, escort carriers provided close cover for 25, losing a total of
only 8 out of 705 merchant ships, while the 19 convoys without close
carrier support lost 21 out of 376 merchantmen.

Close carrier support of Atlantic convoys began in September
1941 when the Audacity, the first British escort carrier, sailed with
convoy OG74 from Liverpool to Gibraltar. The Audacity was torpe-
doed and sunk by the U-751 on December 21, 1941, while escorting
convoy HG76 but its value had been demonstrated: of the 98 mer-
chantmen in the 4 convoys it escorted, only 5 were lost. Although
American-built escort carriers commissioned in both the Royal and
United States navies during the summer of 1942, they were em-
ployed for training and preparation for amphibious landings in
North Africa later in the year and did not begin convoy support op-
erations until the spring of 1943. They were joined very quickly by
the first MAC-ships (merchant aircraft carriers), converted from
tankers and grain ships. By late summer 1943, carriers operating in
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support of convoys succeeded in slashing losses in the North At-
lantic and Bay of Biscay, not only by driving off or sinking U-boats
but also by inducing Admiral Dönitz, commander of Germany’s sub-
marine forces, to redeploy his boats to areas where shipping was less
well protected and they could achieve their successes with less risk
of losses. As the British and American escort carrier forces ex-
panded, they were able to follow the U-boats into zones outside the
North Atlantic, especially the Arctic and South Atlantic. Between
March 1943 and September 1944, Allied escort carrier aircraft par-
ticipated in the destruction of over 40 U-boats in the Atlantic and
their success was such that it was no longer necessary to provide es-
cort carrier support for North Atlantic convoys thereafter.

Royal Navy carriers conducted a few largely inconclusive strike
operations against coastal shipping in Norway in the summer of
1941 and again two years later, when they were joined on the final
mission by the American carrier Ranger. From April 1944 until the
end of the war in Europe the Royal Navy greatly increased the inten-
sity of its attacks on shipping in the Norwegian littoral, undertaking
over 30 such operations. During 1944, four of the big fleet carriers
conducted strikes but the bulk of these missions were the work of
aircraft from assault escort carriers, no less than twelve participat-
ing at various times. Escort carrier aircraft also laid mines along the
coast and in total this campaign sank close to 200,000 gross register
tons of shipping plus numerous small warships. Seven escort carri-
ers also carried out an intensive antishipping operation against ves-
sels that were undertaking the withdrawal of German forces from
the Aegean in September and October 1944.

Closely related to the antishipping campaign in Norwegian waters
was a series of three attacks on the German battleship Tirpitz at its
anchorage in Kaafjord in April, July, and August 1944. The first,
which achieved surprise, scored fourteen direct hits on the battle-
ship and inflicted sufficient damage to put it out of action for three
months. The subsequent attacks, absent the element of surprise,
were much less successful.

Aircraft carriers played a vital role in providing air cover and sup-
port for a series of major amphibious operations between November
1942 and August 1944. For Operation Torch, the Allied invasion of
French North Africa in November 1942, four fleet carriers, three
British and one American, the old British carrier Argus, and seven
escort carriers, four American and three British, deployed 240 fight-
ers and 103 attack aircraft in support of landings at Oran, Algiers,
Port Lyautey, and Safi for three days until the ground forces had
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consolidated their positions and air force aircraft could take over,
flying from captured airfields. British fleet carriers provided distant
support to block interference by the Italian Navy with the invasion
of Sicily in July 1943 (Operation Husky) but did not participate in
close cover operations, since Sicily was within range of land-based
aircraft in North Africa. The landing at Salerno in September (Oper-
ation Avalanche), however, required close carrier support, since it
was the extreme limit of range for aircraft from Sicily. The Royal
Navy deployed two fleet carriers, the light fleet carrier Unicorn, and
four escort carriers both to block any attack by the Italian Navy and
to provide close air support for the invasion. German resistance
proved much tougher than expected, so for four days the carriers
mounted operations that provided over 50 percent of all air support
over the beachhead until land-based aircraft could begin operating
ashore. The final European amphibious assault, the invasion of the
south of France in August 1944 (Operation Dragoon) again relied
heavily on naval air support from the outset. Nine escort carriers,
seven British and two American, deployed 216 fighters for six days,
providing close support over the beachhead, conducting interdiction
missions against German attempts to bring reinforcements into ac-
tion, and covering the Allied advance up the River Rhône.

A revolution in naval combat organization occurred when the Im-
perial Japanese Navy created the 1st Koku Kantai (Air Fleet) that
brought together all the navy’s six carriers, joined by four seaplane
carriers and ten destroyers, under unified command. This formation
grew out of an ongoing debate within the navy that began early in
the China conflict about the best organization of the fleet’s carriers.
Operational experience in China quickly demonstrated that small
numbers of strike aircraft had low capabilities both in attack and in
self-defense, so the navy quickly moved to using large formations
and, as soon as possible, heavy fighter escort, both of which had ob-
vious lessons for carrier deployment at sea. Simultaneously, Captain
Onishi Takajiro urged the need for operational research on carrier
doctrine, leading to the formation of the kucho heiryoku iryoku
kenkyukai (Air Power Research Committee) that generated consid-
erable data on the effectiveness of aircraft operations in various sce-
narios. These trends led Commander Genda Minoru, in 1940, to
urge very strongly the concentration of Japanese carriers, since this
would greatly enhance the massed striking power of carrier aircraft,
allow launching and maintaining much stronger combat air patrols
over the carrier fleet, and concentrate its antiaircraft firepower for
self-defense. The commander of the 1st koku sentai (air or carrier
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division), Rear-Admiral Ozawa Jisaburo, also realized the revolution-
ary impact of carrier concentration, in part as a result of the con-
stant urgings of Lieutenant-Commander Fuchida Mitsuo. Ozawa
urged Admiral Yamamoto Isoroku, commander of the Combined
Fleet, to bring all its front-line land and carrier based air units under
unified command. His efforts ultimately led Yamamoto to authorize
the change in December 1940.

The navy began experimenting, initially with the Kaga, the Soryu,
and the Hiryu, in early 1941. The first land-based koku kantai, the
Eleventh, was formed with three koku sentai in January 1941. In
April, the 1st koku kantai brought together the Combined Fleet’s
carriers in a single operational units, still organized as three koku
sentai. When the new carriers Shokaku and Zuikaku commissioned
in the fall of 1941, they replaced the older carriers Hosho and Ryujo,
and created the most powerful unified naval air force in the world
that became Japan’s principal striking force for the Pacific war it saw
looming.

Operations during the Pacific war rapidly elevated the aircraft
carrier to capital ship status. The conflict opened with a massed at-
tack by aircraft from the six carriers of the 1st koku kantai against
the United States Pacific Fleet in Pearl Harbor on December 7,
1941, and concluded with an even larger offensive sweep over Tokyo
Bay on August 15, 1945, by aircraft from the United States Navy’s
Task Force 38, at that time made up of eight large and six light carri-
ers plus a British fleet carrier. During the intervening period Ameri-
can, Japanese, and, later, British carriers raided enemy shipping,
conducted strikes against shore installations, escorted convoys, sup-
ported amphibious landing operations, and engaged surface vessels
and their opposite numbers in full-scale fleet actions.

The Japanese attack on Pearl Harbor was a great tactical victory,
an immediate strategic success, but in many ways a failure in the
longer term. The carriers launched 360 aircraft in two waves that ar-
rived over Hawaii a little over an hour apart. For the loss of 29 air-
craft and fewer than 100 aircrew, they sank 4 of the Pacific Fleet’s 8
battleships, badly damaged the other 4, sank or wrecked 7 smaller
vessels and seriously damaged 4 others. The attackers also largely
eliminated existing American land-based air power on the island.
Nevertheless, the assault left intact almost the entire base infra-
structure at Pearl Harbor and missed the Pacific Fleet’s carriers, be-
cause they were at sea. Vice Admiral Nagumo Chuichi, commanding
the 1st koku kantai, declined to launch a third strike directed at
shore installations, since he judged the risk of further losses not
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commensurate with the potential gains in what was, in the broad
scheme of Japan’s strategy of conquest and consolidation, a sub-
sidiary operation.

Despite their successful deployment in the Hawaiian Operation,
its carriers played a relatively minor role in Japan’s rapid conquests
in Malaya, the East Indies, and South West Pacific. Nagumo de-
tached the Soryu and the Hiryu from his force while en route back
to Japan to assist the Wake Island attacking force on December
21–23, while the Akagi and the Kaga provided air cover for opera-
tions to seize the Bismarck Archipelago in January. The Ryujo, oper-
ating independent of the 1st koku kantai, was the sole carrier sup-
porting the invasion of the Philippines and, after its successful
conclusion, provided further support for operations in the East In-
dies. Nevertheless, the Japanese invasion forces relied overwhelm-
ingly on surface warships and land-based aircraft to provide cover
for their operations.

Probably the Japanese fleet’s most devastating demonstration of
the capabilities of a fast carrier force was the series of operations
undertaken by the 1st koku kantai between February and April
1942. Nagumo, with the Akagi, the Kaga, the Soryu, and the Hiryu,
led off with a powerful raid on Darwin on February 19 that wrecked
port and shore installations, sank or severely damaged 17 warships
and merchantmen, and at least temporarily eliminated local enemy
air forces, all for the loss of 10 aircraft. The Shokaku and the
Zuikaku then joined the force, replacing the Kaga, which returned
to Japan for overhaul and replenishment. The five carriers then sor-
tied into the Indian Ocean in late March after Japanese forces
seized the Andaman Islands on March 23. They struck Colombo on
April 7 with devastating force, wrecking shore installations, work-
shops, repair yards, railroads, and the airfield, and sinking shipping
in port. On their withdrawal, the carriers’ aircraft located the British
heavy cruisers Cornwall and Dorsetshire, part of Vice Admiral James
Somerville’s Eastern Fleet, and overwhelmed them. A further mas-
sive raid on Trincomalee two days later wrought similar havoc there,
and again the carriers’ aircraft caught part of Somerville’s fleet at sea
and rapidly sank the carrier Hermes and its escort, the destroyer
Vampire. The carrier Ryujo also deployed simultaneously off the east
coast of India and, accompanied by a strong cruiser-destroyer force,
undertook a powerful sweep against merchant shipping. By April 10,
Japanese forces dominated the Indian Ocean and Somerville was
forced to withdraw his fleet to East African ports.
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The outcome of the Japanese attack on Pearl Harbor generated a
resolution of the argument within the United States Navy between
proponents of carrier air power and supporters of the continued
dominance of battleships. The elimination of the Pacific Fleet’s bat-
tle line left carriers, by default, as the most powerful warships avail-
able and drove the fleet’s commanders to explore and exploit the ca-
pabilities of carrier aviation in order to carry the war to Japan and
bring about its defeat. During February, March, and April 1942, the
carriers Yorktown, Enterprise, Lexington, and Hornet conducted a
series of raids against Japanese positions in the Marshall Islands,
the Bismarck Archipelago, Wake and Marcus islands, New Guinea,
and finally, on April 18, against Tokyo itself using Army Air Force B-
25 bombers. Carriers participated in these raids either singly or in
pairs, so the American carriers were never able to conduct strikes on
the same scale as their Japanese counterparts but these operations
were very valuable in developing American carrier doctrine and es-
pecially methods for combining information from the basic search
radar available with fighters on combat air patrol to develop an ef-
fective self-defense system for carrier forces.

In May 1942 the clash, long-anticipated by advocates of carrier
aviation, between two fleets centered on their aircraft carriers finally
occurred. The Japanese decided to consolidate their position in New
Guinea by launching a seaborne assault on Port Moresby in the
south of the island. Aircraft from the light carrier Shoho provided di-
rect support for the invasion force and Vice Admiral Nagumo de-
tached two large carriers, the Shokaku and the Zuikaku, from the
1st koku kantai for distant cover. Signals intelligence caused Admi-
ral Chester W. Nimitz, commander in chief of the Pacific Fleet, to
send two task forces built around the carriers Lexington and York-
town into the Coral Sea to intercept a Japanese invasion force. The
American and Japanese carrier forces met on May 7 and a two-day
battle ensued. United States Navy aviators sank the Shoho on May 7
and heavily damaged the Shokaku the next day, while Japanese
forces sank the Lexington and badly damaged the Yorktown. Both
navies’ damaged carriers had to withdraw for repairs and Japanese
aircraft losses had been sufficient to cripple the Zuikaku as a com-
bat unit. The Japanese invasion force, bereft of air support, turned
back.

Despite its setback in the Coral Sea, Japan continued its efforts to
extend its defensive perimeter further east by seizing Midway Island.
Admiral Yamamoto saw the invasion operation, in addition to
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accomplishing this larger strategic goal, as an opportunity to draw
out the Pacific Fleet’s carriers and destroy them in a decisive battle.
He was correct in anticipating that the Midway attack would force a
response from the United States Navy but his plan was undone in
large part because American cryptographers had broken the Japa-
nese naval codes and Admiral Nimitz was able to use the knowledge
to surprise Yamamoto’s fleet with a carrier force led by Rear Admiral
Raymond Spruance. American land-based aircraft sighted the Japa-
nese fleet on June 3. Still unaware that the Enterprise, the Hornet,
and the Yorktown were in the vicinity, Nagumo launched his assault
on Midway Island on the morning of June 4 and then received re-
ports of the presence of enemy carriers. Amid the chaos of switching
missions, dive bombers from the Enterprise and the Yorktown struck
the Japanese carriers and shattered the Akagi, the Kaga, and the So-
ryu. The lone survivor, the Hiryu, succeeded in launching a counter-
strike that wrecked the Yorktown but was itself devastated by a sec-
ond American attack. By the evening of June 6 the battle was over.
The Pacific Fleet lost the crippled Yorktown and the destroyer Ham-
mann to torpedoes from the Japanese submarine I-168, while all
four Japanese carriers and the heavy cruiser Mikuma were sunk.
Even though Yamamoto’s fleet still vastly outnumbered Spruance’s
force, his only remaining carriers were the old and small Hosho and
Ryujo, and he was forced to withdraw and abandon the Midway op-
eration in the face of the Pacific Fleet’s still substantial air power.

The Battle of Midway was a crushing blow to the Imperial Japa-
nese Navy. The destruction of the fleet’s four finest carriers was in
itself a major setback but even more devastating was the loss of over
330 aircraft and a very large percentage of their highly experienced
aircrew. The Japanese training system and its integrated air group
organization made it all but impossible for the fleet to reconstitute
its carrier force at a level of skill anything like that of the 1st koku
kantai at the start of the Pacific War. As the number of highly skilled
and experienced naval aviators diminished, the quality of the carrier
hikotai fell dramatically. Their losses rose rapidly while their effec-
tiveness plummeted. The Imperial Japanese Navy, already in diffi-
culties facing American wartime production of materiel, was further
hampered by its own organizational system in competing on a quali-
tative level with American aviation personnel.

Victory at Midway enabled the United States to go on the offen-
sive in the Pacific. During the Guadalcanal campaign, which began
with a landing on the island by United States Marines on August 7,
1942, and concluded with the night evacuation of Japanese forces
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between February 1 and February 7, 1943, air power played a cru-
cial role and the contribution of carrier aviation was vital. A carrier
task force, consisting of the Enterprise, the Saratoga, and the Wasp
and commanded by Vice Admiral Frank Jack Fletcher, covered the
landings and provided distant cover against Japanese attempts to re-
inforce the island. The Japanese dispatched a major reinforcement
convoy from Rabaul on August 20, covered by a task force com-
manded by Vice Admiral Kondo Nobutake centered on the carriers
Ryujo, Shokaku, and Zuikaku. American reconnaissance aircraft lo-
cated the Japanese carriers on August 24. Fletcher’s two carriers
(the Wasp was absent for refueling) attacked and sank the Ryujo but
aircraft from the big Japanese carriers severely damaged the Enter-
prise, forcing its return to Pearl Harbor for repairs, and the Japanese
convoy successfully landed its reinforcements. To add to American
woes, the submarine I-26 torpedoed and heavily damaged the
Saratoga on August 31, putting it out of action for three months,
and the Wasp was torpedoed and sunk by the I-19 on September 15,
leaving only one carrier, the Hornet (which had arrived in late
August), in the South Pacific until the Enterprise returned in mid-
October.

By this time Kondo’s force had received reinforcements with the
arrival of the carriers Junyo and Zuiho, so he set out to break Ameri-
can air superiority over Guadalcanal. American naval forces, now led
by Vice Admiral William F. Halsey, intercepted Kondo’s force. In the
ensuing Battle of the Santa Cruz Islands, both fleets launched a se-
ries of near-simultaneous strikes on October 26. Halsey’s force lost
the Hornet, the Enterprise suffered sufficient damage to put it out of
action temporarily, while two of Kondo’s carriers, the Zuiho and
Zuikaku, also suffered substantial damage and he called off the pur-
suit of the American fleet on the morning of October 27, allowing
Halsey to withdraw. The Enterprise was repaired locally and contin-
ued to operate in the South Pacific until May 1943, participating in
the Naval Battle of Guadalcanal (November 12–15) and the Battle of
Rennell Island (January 30, 1943), and then supporting further oper-
ations after the Japanese evacuated Guadalcanal.

The Saratoga returned to the South Pacific in December 1942
and became the mainstay of American naval forces in the region un-
til November 1943. It was reinforced by the British carrier Victori-
ous from May to July and then by the light carrier Princeton in Octo-
ber. Land-based aircraft provided much of American air support for
the advance in the Southwest Pacific, but the carriers played an im-
portant role in covering the major landings at Bougainville on
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November 1, 1943, including a very successful major strike against
the Japanese stronghold at Rabaul on November 5.

By mid-1943 new Essex class fleet carriers and Independence class
light carriers were commissioning in the United States Navy, provid-
ing resources for a second thrust against Japan through the Central
Pacific. Supported by the new fast battleships of the North Carolina
and South Dakota classes, valuable for their very powerful antiair-
craft batteries and the shore bombardment capabilities of their main
guns, these new fast carriers constituted a naval force that could
generate overwhelming air cover and firepower for amphibious oper-
ations. The Central Pacific campaign began with Operation Gal-
vanic, landings on Tarawa and Makin atolls in the Gilbert Islands.
Operations lasted from November 20 to 24, 1943, and relied primar-
ily on six fleet and five light carriers for air support. The assault on
the Marshall Islands, Japanese-held since the end of World War I,
began with operations Flintlock and Catchpole, intended to capture
the Kwajalein and Eniwetok atolls. Two days of bombardment from
both the sea and the air began on January 31, 1944, with the fast
carriers and their fast battleship escorts again providing the lion’s
share of the attackers’ firepower. Troops landed on February 1 and
both atolls were subdued completely by February 6.

These successes encouraged American commanders to accelerate
the timetable for the Central Pacific campaign. Operation Forager
to capture the Marianas Islands of Guam, Saipan, and Tinian began
on June 13, 1944, with a heavy preliminary naval and air bombard-
ment of Saipan, spearheaded by the fast carriers and battleships of
Admiral Raymond Spruance’s Fifth Fleet. Landings began on June
15 and ran into heavy opposition. The landing also induced the
main Japanese fleet, commanded by Vice Admiral Ozawa Jisaburo,
to sortie and launch an attack on Spruance’s force. The ensuing
Battle of the Philippine Sea, fought from June 19 to June 21, was
the largest carrier combat of the war, pitting Ozawa’s five fleet carri-
ers and four light carriers, embarking 473 aircraft, against Vice Ad-
miral Marc Mitscher’s force of seven fleet carriers and eight light
carriers with 956 aircraft. On the morning of June 19, Ozawa
launched a series of four attacks against the American carriers but
lost almost 75 percent of his aircraft to skillfully-directed United
States Navy fighters. The same day Ozawa also lost two big carriers,
the Taiho and the Shokaku, to the American submarines Albacore
and Cavalla. On the afternoon of June 20 Mitscher’s search aircraft
finally located Ozawa’s fleet and he launched his assault, accepting
the risk of heavy losses caused by the returning strike aircraft having
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to land on his carriers after dark. The attackers sank the Japanese
carrier Hiyo, severely damaged the Junyo and the Zuikaku, and re-
duced Ozawa’a air strength to 35 aircraft. Mitscher’s strike lost 20
aircraft to Japanese defenses but another 80 either ditched before
reaching his carriers or crash landed, though all but 49 aircrew were
recovered. The Battle of the Philippines Sea, also known as the
“Great Marianas Turkey Shoot,” marked the effective destruction of
Japanese carrier air power, both because of the destruction of their
ships and as a result of the wholesale losses of aircrew. With the
elimination of any chance of relief, the Marianas fell in quick suc-
cession. Saipan was overrun by July 13, Tinian was seized in an op-
eration lasting from July 24 to August 2, and Guam was taken in an
assault that began on July 21 and was completed on August 10.

The two American axes of assault came together in an invasion of
the Philippines that began with landings at Leyte on October 20,
1944, and ended only with General Yamashita Tomoyuki’s surrender
on August 15, 1945. The landings provoked a large-scale response
from Japan’s Combined Fleet, commanded by Admiral Toyoda
Soemu. He dispatched his force divided into four groups, with the
carriers again concentrated under the command of Vice Admiral
Ozawa. Opposing these attackers were two American fleets: Vice Ad-
miral Thomas C. Kinkaid’s Seventh Fleet, tasked with amphibious
assault and including old refurbished battleships, heavy and light
cruisers, escorting destroyers and destroyer escorts, and a strong
contingent of sixteen escort carriers, all assigned to close support
and protection of the invasion forces, and Admiral William F.
Halsey’s Third Fleet, whose main strength lay in Vice Admiral Marc
Mitscher’s fourteen fast carriers. The ensuing Battle of Leyte Gulf,
from October 23 to October 26, 1944, incorporated a series of ac-
tions fought as American forces attacked or encountered the four
thrusts of the Japanese riposte to the invasion. The battle was a true
combined arms operation, including submarine attack, surface com-
bat between battleships and other heavy warships, destroyer torpedo
assaults, and large scale air strikes. Mitscher’s carriers sank the
huge Japanese battleship Musashi on October 24 in the Battle of the
Sibuyan Sea, along with two heavy cruisers, and annihilated
Ozawa’s carrier force at the Battle of Cape Engaño, sinking four car-
riers (the Chitose, the Chiyoda, the Zuiho, and the Zuikaku) and five
escorting warships. Mitscher lost the light carrier Princeton to land-
based air attack on October 25, while Kinkaid’s fleet lost two escort
carriers during the battle: the Gambier Bay sunk by Japanese heavy
ships during the action off Samar on October 24 and the St. Lo, the
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first victim of a kamikaze attack, later the same day. The Battle of
Leyte Gulf marked the effective end of the Imperial Japanese Navy
as a capable fighting force since, although several battleships and
other heavy vessels remained in service, the navy’s carrier fleet had
been all but eliminated and virtually no trained aircrew existed.

The two final major operations in the Pacific War were the as-
saults on Iwo Jima and Okinawa. In these operations the primary
mission of the United States Navy’s carriers was to provide both di-
rect support for the landing forces and cover to protect the invasion
fleets from attack by the remaining Japanese heavy ships and land-
based aviation units. The operation against Iwo Jima lasted from
February 19 to March 26, 1945. The assault on Okinawa, long a
part of Japan and only 350 miles south of the Japanese mainland is-
land of Kyushu, began in March with preliminary landings on the
Kerama Islets on March 16 and on Keise-jima on March 21. A full
scale assault on Okinawa itself began on April 1 and, although
American troops reached most of their objectives within four days,
bitter fighting continued until well into June and the island was fi-
nally declared secured only on July 2. The Imperial Japanese Navy
launched a one-way attack (there was insufficient fuel available for
them to return to base) on the invasion force, centered on the bat-
tleship Yamato but it was defeated by carrier aircraft on April 7 and
the battleship sunk by multiple bomb and torpedo hits. The princi-
pal enemy the American carriers faced at Iwo Jima and especially at
Okinawa was kamikaze attacks that severely damaged six fleet units
and less seriously injured five others, although none of the fleet car-
riers engaged in either operation was sunk.

Once airfields were established to provide land-based air support
and cover on Okinawa, Pacific Fleet carriers began a near-continu-
ous campaign against Japanese ports and the littoral, interdicting
shipping, assailing the Imperial Japanese Navy’s remaining war-
ships, and striking shore installations and facilities. By the time of
Japan’s surrender on August 15, 1945, a mere handful of Japanese
warships remained afloat and United States Navy aircraft roamed
largely at will over the mainland islands and their coasts.

NAVAL AVIATION IN 1945

During the course of World War II the aircraft carrier demonstrated
its unrivalled flexibility and effectiveness in combat. In addition to
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engaging other carriers and major fleet units in full scale naval bat-
tles, aircraft carriers supported major landing operations; raided and
interdicted warship and shipping movement on the high seas and in
the littoral; attacked and destroyed shore installations and facilities;
protected merchant shipping against submarine, surface, and air at-
tack; and hunted submarine and surface raiders. This great flexibil-
ity sprang from the relative ease with which carriers could both up-
grade their capabilities through embarking superior aircraft and
change missions by taking aboard air groups with varying composi-
tions of aircraft types. Carriers attained capital ship status not only
because of their flexibility but also because, especially from 1941
onward, they could deploy both long-range power and overwhelming
local force. This combination of capabilities reduced battleships,
previously the arbiters of naval power, to a subsidiary role.

The wartime combat experience of the United States and Royal
navies, the only fleets still operating carriers by the end of the war,
profoundly influenced their approaches to carrier aviation in the
postwar era. The dominant mission of carriers during the war, com-
bat against their cohorts, became irrelevant with the dominance of
the United States Navy and the disappearance of carrier-operating
potential enemies. In its place, the projection of power from the sea
against an enemy homeland and the protection of naval and mer-
cantile assets, mainly against submarine and air attack, took center
stage. As carrier-operating navies and those with ambitions to join
their ranks entered this new environment, the role of carriers
shifted subtly away from the traditional mission of capital ships, like
on like combat, into this less clear-cut realm.
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C H A P T E R  F O U R

The Cold War and After

World War II dramatically altered the world’s naval situa-
tion. Thanks to the realization of its immediate prewar building
plans and an additional massive wartime construction program, the
United States Navy’s fleet enjoyed an overwhelming preponderance
in both numbers and overall quality relative to any other individual
navy or combination, either friendly or potentially hostile. Nowhere
was this more apparent than in comparing strengths of carrier
fleets: by December 1945 the United States Navy possessed twenty-
one modern fleet carriers and eight light carriers, while the Royal
Navy, the only other carrier operator, had but six fleet carriers and
six light carriers.

After the virtual elimination of the Imperial Japanese Navy as a
surface fighting force, the American (and British) experience of car-
rier warfare during the final six months of World War II comprised
operations in support of large-scale amphibious invasions, antiship-
ping strikes, and raids on ports and shore installations and facilities.
In a postwar environment of massive naval superiority, the United
States Navy found this experience to be the most relevant in plan-
ning for its future. Both American and British planners therefore en-
visaged the primary offensive role of carriers as an assault on targets
on land. The United States Navy was particularly concerned: that its
experience of such operations during World War II demonstrated
that success in this would require employing much heavier weapons
over longer ranges, both beyond the capabilities of its existing attack
aircraft. This concern was highlighted by the one immediate major
threat both navies recognized as threatening their naval hegemony:
the Soviet Union’s acquisition and deployment of submarines using
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captured German advanced technologies endowing them with high
submerged speed over extended ranges, which would require their
destruction in port before reaching the open sea where they would
be extremely difficult to locate and destroy.

Three elements dominated carrier design and operation during
this post–World War II era. The first was the requirement to deploy
long-range attack aircraft capable of lifting heavy weapon loads and
surviving in a hostile environment, all of which necessitated large
fast airframes. Size became a dominant feature of new carrier de-
sign, so that such large aircraft could be accommodated and oper-
ated. The second was the need to operate high-performance jet air-
craft. When the primary role of carriers was combat with other
carriers, the aircraft needed to have a performance matching that of
other carrier machines. When land attacks came to dominate the
carrier mission, the performance of carrier aircraft needed to match
that of contemporary land-based machines if they were to succeed.
This situation prevailed at the end of World War II but the arrival of
high-performance land-based jet aircraft required carriers to deploy
comparable machines. Jets required long flight decks, because they
landed at high speeds; new launching and safety arrangements, be-
cause they accelerated slowly; and greatly increased fuel stowage ca-
pacity, because they were extremely thirsty. Finally, there was the in-
fluence of atomic and nuclear weapons, which raised problems of
both the role of carriers in delivering them against an opponent, and
the survivability of the ships themselves in the face of an attack with
such weapons.

Three British inventions were crucial in enabling jet aircraft car-
rier operation: the steam catapult, the angled flight deck, and the
mirror landing aid. The longer takeoff runs and slower accelerations
of early jet aircraft made launching without a catapult a marginal af-
fair. Jet aircraft also were heavier and the older hydraulic catapult
designs were approaching the limits of their potential for producing
greater power. The slotted tube steam catapult, in which the propul-
sion force was transmitted directly to a piston, was substantially
more powerful than the older types that relied on a system of wires
and sheaves to transfer hydraulic impulsive forces to the shuttle. C.
C. Mitchell, an employee of MacTaggart, Scott & Company, Ltd.,
that manufactured catapults for the Royal Navy, first conceived the
idea of a slotted tube catapult in 1936 and obtained a patent for his
concept in 1938. By late 1944 he had tested a prototype powered by
an explosive charge. In 1946 the Admiralty, because of the design
advantages of relative simplicity and greater potential power, deter-
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mined to adopt slotted tube catapults for all its carriers. The first
prototype powered directly by boiler steam was tested extensively in
1951 to 1952 and its success led to immediate adoption of steam
catapults aboard British carriers, with American carriers following
shortly afterwards.

Operating jet aircraft on conventional axial decked carriers pre-
sented several substantial problems. Jet aircraft landed faster and at
flatter angles than earlier types, so they tended to land further along
the deck and pull out the arresting wires more extensively. This
greatly increased the chances of hitting the barrier, placing the deck
park forward of the barrier at grave risk. During a conference on
flight deck designs on August 7, 1951, Captain Dennis Campbell,
the assistant chief naval representative to the Air Ministry, and Lewis
Boddington, a scientist at the Royal Aircraft Establishment, Farnbor-
ough, came up with the idea of angling the landing path to one side
so that the deck park forward would be completely clear of the flight
path. This arrangement had the added advantages of allowing an air-
craft that missed the arresting wires to accelerate off the deck and
make another landing attempt and of permitting catapulting and
landing aircraft simultaneously. The Royal Navy undertook trials
aboard the carrier Triumph in 1952 and their success led to the im-
mediate adoption of the arrangement in all design studies (and suit-
able modifications to incorporate an angle deck on the Ark Royal
then under construction) and further trials by the United States
Navy aboard the carrier Antietam between April and August 1953.

The higher landing speeds of jet aircraft rapidly pushed beyond
the limits of landing signals officers’ ability to appreciate the air-
crafts’ motions and make signals to which the pilots could respond.
Captain Campbell’s assistant, Lieutenant Commander Nick Good-
hart, initially proposed an optical landing control system in a paper
he wrote in 1951. A gyro-stabilized mirror, surrounded by red and
green illuminated datum lines, reflected a fixed light back to the pi-
lot’s eyes so that he could tell his position relative to the optimum
glide approach path, while an audio tone indicated his airspeed.
Goodhart formally presented his concept, which he had tested on a
small scale using his secretary’s pocket make-up mirror with datum
lines drawn on with her lipstick, in January 1952. The first very suc-
cessful full-scale trials took place in November 1953 aboard the car-
rier Illustrious, leading to the adoption of the mirror landing aid on
British and American carriers within less than two years. The later
Fresnel lens system replaced the mirror with a lens and moved the
light source forward of the unit but operates identically.
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UNITED STATES CARRIER DEVELOPMENT 
IN THE COLD WAR ERA

Even before the end of hostilities, the United States Navy’s design-
ers began exploring a new generation of carriers that would incorpo-
rate features suiting them for the land attack mission requiring the
operation of large strike aircraft over an extended period of time.
The navy recognized that the large number of new carriers delivered
by the wartime construction program made it most improbable that
new vessels would materialize from these studies, but made the de-
cision to proceed both to keep together the experienced carrier de-
sign team and to explore the ramifications of this shift in mission
emphasis. To enhance the flight deck operating cycle even with
larger aircraft, these studies incorporated two basic changes: all ele-
vators were removed from within the flight deck to the deck edges
and one or two additional more powerful catapults were added to
launch aircraft simultaneously from the waist and the bow of the
ship (adding two waist catapults required either a flush deck
arrangement or fitting a catapult atop the island structure, neither
of which was explored seriously in this series of designs). To support
extended operational periods aviation fuel capacity rose to 500,000
gallons and bomb magazines were enlarged, simultaneously allowing
for stowage of heavier weapons that, in turn, required stronger
bomb elevators. The result of these studies was a design (C2) that
incorporated four deck edge elevators, two on each side, and three
catapults. The hull was the same length as an Essex class carrier but
substantially beamier, requiring an increase in power output to
220,000 shaft horsepower and boosting standard displacement to
40,400 tons.

Since it was clear no funds would become available for construct-
ing new fleet carriers, the navy turned to upgrading its large fleet of
Essex class carriers to correct deficiencies revealed or created during
wartime operation and to suit them for jet aircraft operation. The
addition to these ships of a heavier and more extensive suite of radar
sets and antennae and the very substantial enhancement of their
light antiaircraft batteries significantly reduced their margins of sta-
bility. Action damage, especially from the kamikaze strikes on the
Franklin and the Bunker Hill, demonstrated the need for greater
protection of the crew ready rooms and the combat information
centers, and improved fire fighting arrangements. The fleet’s experi-
ence at Okinawa in particular showed the need for a heavier auto-
matic antiaircraft weapon that, because of its greater range and
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larger shell, could destroy guided missiles (kamikazes) and attacking
warplanes further from the ship and more easily.

Although intended as a limited reconstruction, the SCB27A up-
grade project replaced approximately 40 percent of the original
structure of an Essex class carrier. The Oriskany, still incomplete at
the end of the war, was selected as the prototype of nine similar con-
versions. Stability was improved by removing the belt armor and re-
placing it with a deep bulge that reached to the hangar deck and
faired cleanly into the existing hull structure fore and aft. The crew
ready rooms and the combat information center were relocated un-
der the armored hangar deck and connected to the flight deck and
island by an external escalator. New foam firefighting equipment,
additional firefighting stations, and fire curtains dividing the hangar
into three sections greatly improved fire protection. The antiaircraft
battery was enhanced by removing the 5-inch turrets from the flight
deck, fitting single 5-inch weapons on starboard side sponsons that
matched those on the port side, and replacing the quadruple 40mm
mounts with new 3-inch automatic twin mounts. New aircraft en-
tering service were heavier and faster, so the elevators were enlarged
and the elevators and the flight deck were strengthened, more pow-
erful catapults fitted, and the arresting gear was also made stronger.
The converted carriers also received greater stowage for aviation
fuel to suit them for operating thirstier jet aircraft. The new smaller
island and heavy pole mast supported an enhanced radar suite and
the stack was raked aft to minimize the corrosive effect of furnace
gases on the antennae.

Six further Essex class carriers received improved SCB27C con-
versions. A starboard side deck edge elevator took the place of the aft
inboard unit and new steam catapults replaced the original hydraulic
items. The flight deck acquired jet blast deflectors behind the cata-
pults, deck cooling equipment, strengthened arresting gear, and a
new nylon crash barrier designed to trap safely the streamlined noses
of jet aircraft. Jets had proved to need even more fuel than expected,
so these conversions received fuel blending equipment that allowed
much greater flexibility in fuel stowage and boosted total aviation
fuel capacity to close to four times as much as the Essex class origi-
nally boasted. Three of these vessels received further enhancements
in the form of an angled flight deck and enclosed “hurricane” bows
to improve their sea-keeping, changes applied retrospectively to the
other three carriers in this group. The navy also decided to upgrade
the earlier SCB27A ships to the same standard as the angle deck
SCB27C vessels. As a cost-cutting measure, however, only the
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Oriskany received new steam catapults, the others retained their hy-
draulic units, while the Lake Champlain’s conversion was cancelled.

The Franklin D. Roosevelt and the Midway underwent a conver-
sion (SCB110) similar to the SCB27C Essex class modification but
their larger sizes allowed installing a third catapult in the waist on
the port side. The Coral Sea’s somewhat later conversion
(SCB110A) included replacing the forward inboard elevator with a
further deck edge unit on the starboard side ahead of the island.

While the postwar C2 design remained a useful paper study, the
slightly later series of studies for a much larger “strategic” carrier led
to the contract to build the United States, the direct ancestor of all
the large American carriers built since the end of World War II. In
the design process itself, the navy was somewhat ambivalent. Some
within the fleet sought a very large and powerful attack carrier, the
ultimate expression of the concepts embodied in the earlier C2 de-
sign. Others envisaged the new carrier as a platform for strategic nu-
clear attack, enabling long-range bombers launched from off the
coast to strike deeper within enemy territory. Both tracks were
driven by the requirements for operating very large notional heavy
attack bombers (ADR-42) weighing 100,000 pounds with a combat
radius of 2,000 nautical miles at 500 knots while carrying a 10,000-
pound bomb load. Initially the design concentrated on the strategic
strike aspect, eschewing a hangar in favor of stowing all the attack
aircraft on the flight deck and relying on a pair of very powerful cat-
apults to launch them. Although the naval aviators demanded a
completely flush deck, the designers, citing problems of smoke dis-
posal that were impossible to solve otherwise, insisted on incorpo-
rating a very much reduced island structure. The resulting single-
purpose design with an air group of twenty-four ADR-42s was a
vessel displacing 69,000 tons standard (82,000 tons in trials condi-
tion), 1,190 feet long, 130 feet in beam (154 feet over the gun spon-
sons), with a flight deck 1,120 feet long and 132 feet wide.

Two factors led the designers to move toward a multipurpose ves-
sel. First, serious concerns soon arose about the survivability of the
ADR-42 in the face of enemy interceptors, requiring the addition of
long-range escort fighters to the carrier’s air group. Second, the pro-
posed carrier was too large for existing dry dock facilities to accom-
modate. Modifying the design to include hangar stowage for at least
a substantial part of the air group would permit a reduction in flight
deck dimensions and bring the carrier’s dimensions within the limits
of dry dock facilities. The evolved design (SCB6A) reverted to the
flush deck arrangement demanded by the aviators, while the need for
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rapidly launching both the attack planes and large numbers of jet
fighters for strike escort and carrier self-defense led to the decision to
install four catapults, two in the bow and two on sponsons on either
side of the ship. Three deck edge elevators positioned one behind
each forward catapult and the third behind the starboard midship
unit allowed rapid launching, while positioning the midship catapults
on sponsons kept the flight deck clear for aircraft to land simultane-
ous with catapult launches. A fourth elevator at the extreme stern fa-
cilitated rapid ranging of a deck-load strike. The catapults were to be
a new design: a direct acting slotted cylinder type powered by an ex-
plosive charge. The hull was designed with the flight deck as the
strength deck for the first time in American carrier design. It received
2-inch armor and there was a further 1-inch of armor on the gallery
deck and 1-1/2-inches on the hangar deck. Especially heavy armor
was necessary for the aviation ordnance magazines, since they were
to contain atomic or nuclear weapons. As a consequence, to save
weight the magazines for the gun batteries had to be left unprotected.
A new high-powered steam plant was required to achieve speed re-
quirements and this design was among the first to take advantage of
the new boiler technology that supplied 950° steam at 1,200 pounds
per square inch. Furnace gases were to be exhausted through a
crossover arrangement (to allow venting on the leeward side to avoid
smoke fouling clear vision of the flight deck) via stacks that could be
raised and lowered. The radar masts also swiveled downward to clear
the flight deck during flying operations and the ship was to be conned
from a retractable bridge structure. The air group was to consist of ei-
ther twelve ADR-42s (now weighing only 89,000 pounds) or eighteen
ADR-45As (a 45,700-pound design with a 750 nautical mile combat
radius of action) and fifty-four fighters (McDonnell F2H Banshees).

Displacement: 79,000 tons (standard), 83,249 tons (full load)
Dimensions: 1,088’0” (oa) x 130’0” x 34’6” (mean)
Flight deck: 1,034’0” x 190’0”
Machinery: Geared turbines, 8 boilers, 4 shafts, 280,000 shp = 33

knots
Bunkerage and range: 8,126 tons = 12,000 nm @ 20 knots
Aircraft: 72
Armament: 8 x 5” DP, 8 x twin 3” AA, 20 x 20mm
Complement: 4,127

Funds for constructing supercarriers were provided in the Naval
Appropriations Act. The navy looked forward to building four such
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vessels as the basis for four nuclear weapons strike groups, and
President Harry S Truman approved construction of the supercar-
rier United States on July 29, 1948. Its keel was laid down on April
18, 1949 at the Newport News Shipbuilding and Dry Dock Corpo-
ration’s yard but only five days later construction was cancelled by
Secretary of Defense Louis A. Johnson in favor of additional inter-
continental heavy bombers for the United States Air Force.

The decision was very controversial, leading to the immediate res-
ignation of Secretary of the Navy John L. Sullivan in protest and the
“Revolt of the Admirals” that summer which cost Admiral Louis
Denfield, the Chief of Naval Operations, and several other senior
naval officers their jobs. It seemed to end the navy’s hopes of devel-
oping a powerful force to undertake the land attack mission it recog-
nized to be its future central role. The invasion of South Korea by
North Korean forces on June 25, 1950, provided the opportunity for
the United States Navy to demonstrate the value, efficacy, and
speed of response of tactical carrier air power when, just over a
week later, aircraft from the Valley Forge and the Royal Navy’s car-
rier Triumph launched air strikes against North Korean airfields and
its capital, Pyongyang, on July 3. The ensuing build-up of American
forces in support of the United Nations operation in Korea sup-
ported the navy’s drive to add new large carriers to its fleet.

The design of the new attack carriers of the Forrestal class owed
much to that of the unbuilt United States. Congressman Carl Vin-
son, a long-time supporter of the navy, made it known soon after the
United States’s cancellation that Congress might well support con-
struction of a new large carrier of no more than 60,000 tons. The fi-
nal design was again a flush decked carrier, essentially a slightly re-
duced version of the earlier project. Significant changes included
fitting a “hurricane” bow plated all the way to the flight deck, mov-
ing the stern elevator to the port side to serve the port waist cata-
pult, and changing the catapults to a newly-designed slotted tube
type powered by an explosive charge. The first two ships of the class,
the Forrestal and the Saratoga, were laid down to this design but al-
tered while under construction to incorporate an angled flight deck,
a conventional starboard side island and stack, and steam catapults
(the explosive charge design having failed to materialize). The an-
gled deck arrangement required relocating the aft port side deck
edge elevator to the starboard side and also moved the starboard
waist catapult to the port side. The second pair of ships in the class,
the Ranger and the Independence, were built to the modified design
from the keel up.
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Operational experience with the Forrestal class prompted modifi-
cations to the design for the follow-on ships of the Kitty Hawk class.
The most significant was a rearrangement of the flight deck layout.
The island and the middle starboard side elevator changed places,
creating an enlarged deck park ahead of the island that was served
by two elevators and fed aircraft directly to the two forward cata-
pults. The single port side elevator moved aft toward the after end of
the flight deck, clearing the forward end of the angled deck and also
enhancing the utility of the two waist catapults. The large forward
5-inch gun sponsons were deleted because they limited speed and
were vulnerable to damage in heavy North Atlantic weather. This
amended general configuration proved so successful that it has
served as a pattern for all subsequent United States Navy carriers.

The ultimate alteration to the design of large American attack
carriers was the installation of a nuclear power plant. There was
considerable debate about the wisdom of the nuclear power option
for aircraft carriers, since the ships themselves were so large and ca-
pacious that it was not at all clear that there would be substantial
benefits in terms of higher sustained speeds or extended operational
range commensurate with the very appreciable additional costs of
construction. The very large power plant initially required was not in
itself substantially bigger than a conventional installation, though it
was much more expensive. The liquid loading required for underwa-
ter protection that usually would have comprised the necessary fuel
oil for a conventional plant was translated into additional aviation
fuel, 2,720,000 gallons versus 1,186,000 gallons in the earlier
classes. Consequently, the nuclear carrier Enterprise could operate a
larger air group than usual for a longer period and was enlarged to
take advantage of this fact, increasing the ship’s aviation ordnance
capacity to 2,520 tons instead of the 2,000 tons of its convention-
ally-powered precursors. The Enterprise also carried a much smaller
island, since there was no need for a stack. The island’s faces
mounted the flat panel arrays for advanced electronically scanning
radars.

The combination of greater size, a larger air group, advanced
electronics, and nuclear power made the Enterprise very expensive,
costing some 40 percent more than the earlier carriers, and leading
to the decision to omit all defensive armament in a cost cutting en-
deavor. In reaction, instead of a new carrier ordered every fiscal year
from 1952 to 1958, for two years not one carrier was included in the
naval appropriations and Defense Secretary Robert S. McNamara
imposed a schedule of one carrier every two years from 1961.
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Furthermore, the next two carriers ordered, the America and the
John F. Kennedy, both were conventionally powered, and largely re-
peated the Kitty Hawk design, although the John F. Kennedy intro-
duced a new narrower side protection scheme designed for use in
future nuclear powered carriers in an attempt to reduce the space it
consumed and thus prevent the escalation in size that occurred with
the Enterprise. Reflecting the increased threat that Soviet sub-
marines posed to American carrier task forces, both ships also re-
ceived large forefoot domes for sonar apparatus, although only the
America actually carried its SQS-23 set since the John F. Kennedy’s
was omitted to save money.

The final design to date is that of the Nimitz class. The main
changes from the Enterprise design flowed from the availability of
much more powerful individual reactors that allowed the use of only
two units rather than the eight of the first nuclear powered carrier.
Internally, this also allowed concentrating the ordnance magazines
and reducing their number from three to two. Unlike the earlier
ship, this class also reverted to dividing the hangar into three bays
with fire curtains, as in the conventionally powered ships, rather
than the two bays of the Enterprise, thus improving fire protection
and providing additional support for the flight deck. Flight deck
arrangements were modified slightly by decreasing the angle of the
landing area to improve air flow abaft the ship and fitting four very
long C-13 catapults to cope with ever heavier aircraft (the power of
a steam catapult is directly proportional to its length). The use of
the narrow side protection system first applied in the John F.
Kennedy allowed aviation fuel capacity to rise to 2,600,000 gallons.

Secretary McNamara, as a result of the navy’s demonstration of
the effectiveness of carrier strikes in Vietnam, in February 1966 de-
termined that the fleet should maintain a force of fifteen carriers:
three of the Midway class, eight of the Forrestal type, the Enterprise,
and three new nuclear powered ships to be built to a common de-
sign at two years intervals starting with the Nimitz in fiscal year
1967 with the goal of completing all three by 1975. This program
was disrupted by two factors: disputes over funding that delayed au-
thorization for the Dwight D. Eisenhower until fiscal year 1970 and
for the Carl Vinson until fiscal year 1974, and slow construction
rates that delayed the commissioning of the Nimitz until 1975, of
the Dwight D. Eisenhower until 1977, and of the Carl Vinson until
1982. When the Reagan administration decided to resume large
carrier construction in 1980, the delay that creating a new design
would have entailed was unacceptable. The five new ships author-

122 AIRCRAFT CARRIERS



ized between fiscal years 1980 and 1988 therefore were repeats of
the Nimitz design with some enhancements, most notably the use of
Kevlar armor to save weight, new catapults that operated with lower
pressure steam thus reducing the drain on the main propulsion sup-
ply, and more modern electronics.

The Ronald Reagan, the most recent United States Navy carrier
to commission, also uses the same basic design as the Nimitz (for
the same reasons as before), but has a large bow bulb to improve
performance and the island is one level lower than on earlier ships.
Internal rearrangement allows an increased aviation fuel capacity of
3,400,000 gallons, and the angled flight deck is extended further
forward, which permits simultaneous landing and launching opera-
tions on the port side. The George H. W. Bush, scheduled to enter
service in 2008, will have similar hull and flight deck arrangements
but will incorporate integrated information systems, open-system
computer and combat systems architecture, and cabling using fiber
optics and arranged zonally. The island will be a new design using
composite materials for its construction and incorporating embed-
ded antennae. Internal arrangements will be changed substantially
and designed to reduce lifetime operating costs by 20 percent and
also cut 500 personnel from the crew.

The United States Navy envisages an ongoing program of large
nuclear powered carrier construction and proposes to lay down two
new ships in 2007 and 2011. Design concepts are still in a state of
flux but are based on the hull form and flight deck arrangements of
the Ronald Reagan, perhaps somewhat enlarged (although that
would make the hull too big to fit any existing military or commercial
building dock or dry dock). A new reactor design, possibly supplying
power for electric drive, and all-electric auxiliary services are envis-
aged. Plans are to fit newly-designed 300-foot long linear electro-
magnetic motor driven catapults able to launch 90,000 pound air-
craft at over 150 miles per hour and a new design of arresting gear.

In 1957–1958, while the large carriers of the Forrestal type were
entering service, the navy undertook a series of studies for small at-
tack carriers with both nuclear and conventional power but the nec-
essary sacrifices of capability and flexibility were deemed unaccept-
able. Interest in smaller carriers revived in 1972, resulting in a
long-running series of design studies for ships of no more than
60,000 tons fully loaded. The advent of viable VSTOL (Vertical or
Short Take Off and Landing) aircraft in particular seemed to offer
the chance to reduce both the size and the cost of carriers. Never-
theless, it still was necessary to design a smaller carrier to operate
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conventional aircraft, since VSTOL machines could not fulfill all
mission requirements and insurance was important should they not
live up to expectations. Once again, the sacrifices entailed by reduc-
ing a carrier’s size were substantial: only two elevators and two cata-
pults were possible, ordnance and aviation fuel supply dramatically
reduced the number of strike days the air group could generate, and
the ship’s speed was marginally acceptable. Furthermore, planners
soon realized that many of the costs of a carrier were unrelated to its
size, including electronics, self-defense armament, vital auxiliary
machinery, and protection. By the end of 1978 the effort to produce
a viable design for a small carrier was abandoned.

Antisubmarine warfare was a major concern of the United States
Navy immediately after World War II, since the design elements
(readily available to the Soviet Union) of the radical German Type
XXI U-boats suggested that countering such vessels operating in
large numbers would be very challenging. Only the larger escort car-
riers of the Commencement Bay class and light carriers of the Inde-
pendence class were suitable for modernization to operate modern
large antisubmarine aircraft. The escort carriers were only margin-
ally capable of operating the new fixed wing aircraft (Grumman AF
Guardian or Grumman A2F Tracker), so upgrades were limited to a
redesigned island and removal of antiaircraft weapons as weight
compensation. Two light carriers, the Bataan and the Cabot, re-
ceived major modifications as dedicated fast antisubmarine warfare
carriers. Their flight decks and elevators were strengthened and a
more powerful catapult fitted, the same redesigned island was in-
stalled, and the stacks trunked together into two units. Torpedo de-
tection sonar and homing torpedo countermeasures equipment also
were added and magazines rearranged to stow antisubmarine muni-
tions and sonobuoys. To compensate for the added weight, both
ships received enlarged blisters.

The cost of conversions and the potential expense of correcting
the deficiencies of the escort carriers led the navy to look into the al-
ternative of new construction of dedicated antisubmarine warfare
carriers. Design studies began in 1950 but the price for a new-con-
struction vessel proved to be a major obstacle, since it was well over
twice as expensive as the escort carrier conversion. The navy then
looked at converting a Maritime Commission hull, both a Mariner-
type cargo ship or a fleet oiler being options, but again the cost of
conversions was excessive and approached two-thirds of that of a
new carrier. By April 1954 planning for both new construction and
merchant ship conversions was abandoned.
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In the meantime an experiment in late 1952 using the uncon-
verted Essex class carrier Valley Forge as an antisubmarine warfare
ship proved very successful. All the other unmodernized Essex class
ships transferred to antisubmarine warfare duties and they were
joined by all the reconstructed ships except the Ticonderoga, the
Hancock, the Bon Homme Richard, the Oriskany, and the Shangri-
La by 1962. Eight of the converted Essex class antisubmarine war-
fare carriers received fleet rehabilitation and modernization refits in
the mid-1960s. These refits upgraded their accommodations, mod-
ernized their electronics fits, and added a large bow sonar dome for
SQS-23 equipment, primarily intended for detecting incoming tor-
pedo attacks but found in service to be very useful for amplifying an
antisubmarine hunter-killer force’s capabilities.

By the early 1960s it was clear that the converted Essex class car-
riers, even after a major overhaul, would soon come to the end of
their useful service lives and would require replacement. A long se-
ries of studies pursued over an eight year period failed to produce a
satisfactory design that was economical enough to build in large
numbers, could meet existing antisubmarine warfare requirements,
and incorporated sufficient “stretch” to cope with future needs. The
alternative was a more thorough reconstruction of the existing ships
to allow them to operate into the 1980s, but this was sidelined by
the budgetary stress of the Vietnam War. Instead, from 1972 anti-
submarine warfare became an added mission of the big attack carri-
ers as they were refitted to operate up to half the air group of the
smaller specialized carriers without imposing a substantial reduc-
tion in the size or capabilities of their usual air wing.

This solution provided the level of antisubmarine warfare capabil-
ity necessary for the protection of the carrier task forces themselves
but would not address the needs of sea-lane protection. The sug-
gested solution was to take advantage of the advent of viable VSTOL
aircraft (embodied in the AV-8A Harrier) and deploy a cheap special-
ized carrier, the Sea Control Ship, to support existing helicopter-
equipped escorts. It would carry a complement of twelve or more
large antisubmarine helicopters backed by three or four VSTOL
fighters for self-defense and provide air cover over convoys against
bombers equipped with antishipping weapons in areas where there
was a low threat of encountering high performance enemy fighters.
The concept was tested by modifying the amphibious assault heli-
copter carrier Guam, which, in early 1972, began generally success-
ful trials that continued for some two years until April 1974. Several
concept designs were developed between 1974 and 1978 but no
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construction followed, largely because of the type’s limited capabili-
ties and concerns within the navy that small carriers might dilute
support for the big ships. The final design, however, with the addi-
tion of a ski-jump forward for accelerated takeoff by VSTOL aircraft
was constructed in Spain as the Principe de Asturias, which entered
service in the Spanish Navy in 1988, while the same yard later also
built a slightly smaller version, the Chakri Nareubet, for the Royal
Thai Navy.

The United States Navy’s approach to carrier design during the
Cold War era was marked by a consistent insistence on generating
vessels capable of operating aircraft on the cutting edge of technol-
ogy that were in no way inferior to their land-based counterparts.
The navy quickly realized that this required very large carriers and
that the sacrifices in capability attendant on smaller ships were not
commensurate with the potential for less expensive vessels. As a re-
sult, it fought hard to maintain its fleet of very large carriers, realiz-
ing that the political and institutional effort required to gain Con-
gressional approval for each vessel was largely unrelated to its size.
Thus, while the navy explored the design of smaller carriers quite of-
ten, its analysis always concluded that only the very large type ade-
quately met its operational requirements.

BRITISH CARRIER DEVELOPMENT 
IN THE COLD WAR ERA

The Royal Navy was the only fleet other than the United States
Navy that operated a carrier force immediately after World War II.
With six fleet carriers and six light carriers in commission in Decem-
ber 1945 it possessed a much smaller force than the United States
Navy. It also had a large wartime carrier construction program that
was as yet incomplete. Although much of this program was can-
celled with the war’s end, the Admiralty decided to continue build-
ing many of the unfinished carriers, ultimately completing two fur-
ther fleet carriers and twelve light carriers, although many of the
light carriers quickly transferred to the service of other navies both
within the Commonwealth and elsewhere.

The problems associated with jet aircraft operation loomed large
in the Royal Navy, especially because its carriers were smaller than
those of the United States Navy, exacerbating the difficulties. Solu-
tions were found in the steam catapult, angled flight deck, and mir-
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ror landing aid, but on the way a number of more radical options
were explored, including landing aircraft without undercarriages on
flexible rubber decks, which was tested on the light carrier Warrior
in 1948. Steam catapult trials took place aboard the Perseus begin-
ning in 1951 and the angle deck concept was tested aboard the Tri-
umph the following year.

The only large carriers to enter Royal Navy service after World War
II were the Eagle and the Ark Royal, the two carriers of the Audacious
class at the most advanced stage of construction at war’s end. As de-
signed, they essentially were substantially enlarged versions of the
Implacable class. The Eagle, when completed in 1951, did not differ
substantially from the original design but the Ark Royal commis-
sioned in 1955 with a 5-1/2-degree angled deck, steam catapults, a
mirror landing aid, and a deck edge elevator on the port side, which
did not prove very satisfactory since it served only the upper hangar.
The Eagle refitted in 1954–1955 to a similar standard but without
the steam catapults or deck-edge lift and then underwent a major re-
construction from 1959 to 1964, emerging as the Royal Navy’s most
modern carrier with an 8-1/2-degree angled deck, steam catapults,
an advanced radar suite, upgraded machinery and auxiliary systems,
and an all-missile antiaircraft battery. The Ark Royal, too, underwent
modernization refits in the early 1960s and again later in the decade,
though it never quite matched its sister’s standard of equipment.

Unlike the United States Navy, the Royal Navy did not embark on
a wholesale reconstruction program for its wartime carriers to make
them suitable for jet aircraft operation. Only one ship, the Victori-
ous, was reconstructed. The project amounted to a virtual rebuild,
since the hull was lengthened, widened, and deepened, the machin-
ery replaced, the flight deck rebuilt with an 8-degree angled landing
zone, steam catapults, and a mirror landing aid, the superstructure
replaced, and a modern radar suite installed. This seven-year project
proved so expensive that plans for reconstructing the other five
wartime carriers were abandoned and the Victorious remained a
prototype.

The Royal Navy found its light carriers very suitable for peace-
time operation. They were economical, both in terms of operating
costs and as far as crew requirements were concerned, and proved
most appropriate for service policing the still extensive British Em-
pire. In the mid-1950s the first generation of light carriers gave way
to newer ships of the Centaur class that had been laid down late in
World War II and were completed over an extended period to an im-
proved design with an angled flight deck and, via a refit in the late
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1950s, steam catapults and mirror landing aids. By the 1960s, how-
ever, these light carriers were too small to operate an adequate air
group of large modern aircraft and two, the Bulwark and the Albion,
became helicopter assault ships. The final ship of the class to com-
plete, the Hermes, was very different from its sisters. It had a bigger
angled flight deck, more powerful steam catapults, a much updated
radar suite, and a deck edge elevator to port. The Hermes, too, trans-
ferred to assault duties in 1971, became an antisubmarine warfare
ship in 1977, and then was refitted to operate Sea Harrier VSTOL
aircraft, using a ski-jump ramp at the forward end of the flight deck
to launch these aircraft.

In 1959 the Admiralty began planning for new carriers since the
late war generation of ships that formed the carrier force would
need replacing by the early 1970s. This process took place in a
rather unfavorable climate: there were very stringent fiscal con-
straints from the Treasury, the Royal Air Force was opposed to the
emergence of a powerful attack carrier, and there was strong politi-
cal pressure to minimize the carrier’s size. These constraints forced
some unusual approaches to the design of what became known as
CVA-01. The flight deck was offset to port and incorporated only a
shallow angle for the landing area. There was a wide passageway to
starboard outside the island to allow movement of aircraft without
interfering with the deck park. The hangar had an opening at its af-
ter end to allow aircraft to run up their engines inside the hangar.
Two elevators (of a novel “scissors” type) linked the hangar to the
flight deck, which carried two steam catapults and had water-spray
cooled arresting gear. The power plant was sufficient only for 28
knots and used a three-shaft arrangement, similar to that seen in the
Illustrious class of 1940.

Displacement: 53,000 tons (standard), 63,000 tons (full load)
Dimensions: 925’0” (oa) x 122’0” x 32’0” (full load)
Flight deck: 884’0” x 184’0”
Machinery: Geared turbines, 6 Foster-Wheeler boilers, 4 shafts,

135,000 shp = 28 knots
Aircraft: 45
Armament: 1 twin Sea Dart SAM launcher, 2 quadruple Sea Cat

SAM launchers.
Complement: 3,230

Detail design work began in July 1963 but the entire project was
cancelled in February 1966 when Secretary of Defence Denis
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Healey’s Defence Review determined that the Royal Navy should
give up its fixed wing carriers and transfer the aircraft to the Royal
Air Force. This decision not only ended plans for new carriers (two
were envisaged) but also led to a rapid run down of existing carrier
strength.

The Royal Navy continued to require a seaborne aviation capabil-
ity and, in 1967, began design work on a helicopter-carrying com-
mand cruiser using a gas turbine power plant. This was essentially
an updated version of the Tiger class cruisers with missile and gun
armaments forward and hangar and flight deck facilities for helicop-
ters aft. It soon became apparent that a more efficient vessel would
result from moving the superstructure to the starboard side and
constructing a through flight deck from end to end of the ship over
greatly enlarged hangar and workshop spaces. The design of the re-
sulting through-deck cruiser was unusual in its capacious internal
volume, a result of extensive use of alloys for construction and the
elimination of most armor protection. This large internal volume al-
lowed the incorporation of extensive modularity into the arrange-
ments of machinery and workshop spaces. Almost all machinery and
auxiliary equipment was designed to be maintained on an exchange
basis, with modules being removed for repair and maintenance and
replaced by new units. The modular arrangement of workshops also
allowed great flexibility in operation, since new workshop blocks
could be embarked to suit different air groups.

The through deck cruiser received an additional boost with the
advent of effective VSTOL fighters in the form of Sea Harriers. Op-
erations with these aircraft did not require catapults and, as a result
of experiments at the Royal Aircraft Establishment in Farnborough,
the design also received a 7-degree ski lift jump at the forward end
of the flight deck, which allowed launching Sea Harriers with a
short takeoff run with much heavier payloads. Just as these ships
entered service they were officially reclassified as support carriers,
and proved very useful in operations in the South Atlantic, Adriatic,
and Persian Gulf.

In July 1998 the Defence Review included provision for the addi-
tion of two conventional aircraft carriers to the Royal Navy. Details
of the design are still unclear but best estimates are that the new
carrier will be 945 feet long with a beam of 125 feet and a flight
deck width, depending on whether it features an angled deck or not,
of 210 or 270 feet. The power plant is to be four Rolls-Royce WR21
intercooled recuperative gas turbines driving shaft-mounted electric
generators for both ship propulsion and service power. At present,
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the navy anticipates operating an air group primarily of American F-
35 Joint Strike Fighters along with large antisubmarine helicopters
as yet undefined Maritime Airborne Surveillance and Control plat-
forms, for a total of about forty-eight aircraft. This air group would
not require catapults or arresting gear but provision for this equip-
ment is to be incorporated and a contract has been assigned for de-
sign of a novel electromagnetic drive catapult. These two 60,000-
ton ships are programmed to enter service between 2012 and 2015.

Although the Royal Navy’s aircraft carriers were equipped with
reasonably modern aircraft, it was not until the early 1960s that
they deployed an effective strike aircraft, the Buccaneer. This was a
reflection of the primary mission of British carriers in the early Cold
War era, imperial policing. By 1966, as Britain’s imperial commit-
ments contracted, it was clear that its finances would not allow the
deployment of large attack carriers analogous to those of the United
States Navy, not least because of the costs entailed for their air
groups. The primary roles of British carriers became operations in
the littoral and antisubmarine warfare, requiring rather different
vessels. The Royal Navy’s adoption of VSTOL technology endowed
its carriers with greater flexibility and operational effectiveness
within the limits of its mission profiles so, despite the British origins
of the angle flight deck, steam catapults, and mirror landing aids, its
new Cold War-era carrier designs have been somewhat outside the
mainstream represented by the big American ships.

FRENCH CARRIER DEVELOPMENT 
IN THE COLD WAR ERA

During the course of World War II designers in unoccupied France
continued to work on aircraft carrier projects, though without any
real hope of seeing them come to fruition. Their efforts, however,
allowed the French government to approve construction of a new
carrier, to design PA28, in 1947. The ship was similar in size and
aviation facilities to the late-war British light carriers but also incor-
porated the offset flight deck of the prewar Joffre design and had an
exceptionally heavy antiaircraft battery. Budgetary constraints, how-
ever, led to the cancellation of this ship, by then named the
Clémenceau, in 1950.

Like the British, the French quickly realized the value of aircraft
carriers in maintaining their far-flung empire. The French Navy first
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operated the escort carrier Dixmunde, originally the Biter in the
Royal Navy, then added three light carriers between 1946 and 1953,
the Arromanches (previously the British Colossus), and the Lafayette
and the Bois Belleau (originally the United States Navy’s the Langley
and the Belleau Wood). The two American carriers were returned in
the early 1960s, while the Arromanches became an antisubmarine
warfare and amphibious assault ship.

The first French carriers built as such from the keel up were to
project PA54, developed in the early 1950s from PA28 but incorpo-
rating all the advances in design that had evolved to facilitate jet air-
craft operations. Consequently, the Clémenceau and the Foch were
considerably larger than PA28. The design incorporated an 8-degree
angled flight deck, two 170-foot long steam catapults, one at the
bow and the other in the waist to port, and a mirror landing aid. The
after elevator was a deck edge unit, while the forward elevator was
set in the deck. The flight deck had 1-3/4-inch armor and a 1 to 2-
inch armor box enclosed the machinery and magazines. The French
Navy, in the interest of making the machinery as compact as possi-
ble inside a limited hull volume, was forced to use a two-shaft
arrangement and to accept unusually high individual shaft power
loads. The ships also were constructed rather more lightly than
usual, in order to improve their performance, which had a signifi-
cant influence on the French Navy’s inability to upgrade the ships to
operate heavier aircraft without very major reconstruction.

In 1958 a third new French carrier was approved under project
PA58. This ship was considerably larger than its precursors to en-
able it to operate larger strike aircraft.

Displacement: 35,000 tons (standard), 45,000 tons (full load)
Dimensions: 939’0” (oa) x 112’0” x 32’0” (full load)
Flight deck: 920’0” x 190’0”
Machinery: Geared turbines, 8 boilers, 4 shafts, 200,000 shp =

33 knots
Armament: 2 x twin Masurca SAM launchers, 8 x 3.9” DP

It featured a wider flight deck supported by large sponsons, similar
to contemporary American carriers, two deck edge elevators on the
starboard side, and two very much more powerful 245-foot long
steam catapults disposed as in the earlier ships. In addition to the
forty fighter-bombers and antisubmarine aircraft embarked on its
precursors, it was also to include a dozen naval derivatives of the
French supersonic nuclear bomber, designated the Mirage IVM, in
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its air group. There was much concern about the cost of the pro-
jected construction of the new carrier, tentatively named the Ver-
dun, leading to its cancellation in 1961.

By 1970 the antisubmarine and amphibious assault carrier Arro-
manches was ready for replacement. A series of designs was pre-
pared for a new helicopter carrier to take up the Arromanches’s mis-
sions. The first was 610 feet long with a beam of 91 feet and
incorporated a docking well aft that was 130 feet long and 46 feet
wide. The flight deck, similar in style to that of the American Iwo
Jima class, was served by two deck-edge elevators staggered on ei-
ther beam. The second design was 40 feet longer with a 30-foot
longer docking well and featured large flight deck overhangs amid-
ships with both deck-edge elevators on the starboard side, while the
third in the series was almost identical but deleted the docking well.
All designs could accommodate eight heavy assault helicopters and
up to eighteen light helicopters, plus 600 troops and their equip-
ment. A smaller design, 550 feet long with a beam of 81 feet, could
carry only seven large and sixteen small helicopters plus 450 troops.

In 1975 a more ambitious vessel, similar to the third design but
with nuclear power, superceded the earlier projects.

Displacement: 16,400 tons (standard), 18,400 tons (full load)
Dimensions: 682’0” (oa) x 87’0” x 21’0” (full load)
Flight deck: 640’0” x 157’0”
Machinery: Geared turbines, 1 CAS-230 reactor, 2 shafts,

65,000 shp = 28 knots
Armament: 2 x octuple Crotale SAM launchers, 2 x 3.9” DP
Aircraft: 26 helicopters
Complement: 890 + 1,000 troops

The PH75 design was a dual-purpose antisubmarine warfare or
amphibious assault ship and could accommodate a further 500
troops when configured for assault operations. It included very ex-
tensive medical facilities for disaster relief missions. Again, financial
problems, this time a result of French efforts to develop an indepen-
dent nuclear deterrent, delayed progress. The design was modified
to reconfigure it to operate VSTOL aircraft in addition to helicop-
ters and became the basis for a series of four carrier projects but ul-
timately it was abandoned in favor of an improved design for a nu-
clear carrier, the PAN.

In 1980 the Conseil Supérieure determined that the future needs
of the fleet included two nuclear-powered 35,000-ton carriers of
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which the first should enter service in 1992. Financial constraints
led to serious delays in obtaining authorization for the project, des-
ignated PAN, and it was not until 1986 that an order was placed for
the first ship, the Charles de Gaulle, while the second ship was
deleted from the plan shortly afterwards. The basic hull is very simi-
lar to that of the Clémenceau class but it supports a very wide flight
deck with the large overhangs supported by massive sponsons. Two
deck-edge elevators to starboard link the 450-foot long hangar (di-
vided into two bays by fire doors) to the flight deck, which carries
two American C-13 steam catapults arranged in a similar fashion to
the layout on other French carriers. The speed is limited to 27 knots
by the decision to use only two reactors due to lack of space within
the hull. Construction of the Charles de Gaulle was very protracted,
taking over twelve years, and the ship did not commission until May
2001.

The French Navy demonstrated a consistent commitment to op-
erating conventional aircraft carriers throughout the Cold War era,
although its aspirations during the 1970s and 1980s were aborted as
the government devoted an exorbitant percentage of the national de-
fense budget to developing and deploying France’s nuclear attack
forces, especially its submarine-borne ballistic missile deterrent.
The navy remains eager to replace its second carrier and has ex-
pressed an interest in acquiring a third example of the British gas
turbine powered carrier design currently projected to enter service
in 2012.

SOVIET UNION CARRIER DEVELOPMENT 
IN THE COLD WAR ERA

Although Soviet designers expended much effort on developing car-
rier concepts, particularly late in World War II, none of their sketch
designs led to construction of new warships. Admiral Nikolai
Kuznetsov gained Josef Stalin’s approval for the inclusion of two
light carriers in the postwar Soviet fleet but they were deleted from
the 1946 ten-year plan. When Kuznetsov became Navy Minister in
1951, he and his deputy, Admiral Arseni Golovko, succeeded in re-
instating the two carriers, though no design work began until after
Stalin’s death in 1953 and the whole project died when Kuznetsov
was dismissed by Nikita Kruschev in 1955. The carriers were
conceived as very similar to the sketch designs for light carriers
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prepared by the Warship Evaluation Commission in 1945 but added
a pair of steam catapults.

The threat of American nuclear-powered submarines armed with
Polaris ballistic missiles led to the development of a design for an
antisubmarine ship that could support operations by large numbers
of helicopters for a sustained period in the open ocean. The result-
ing Project 1123 was initiated on January 31, 1959, and the design
was completed on January 25, 1962. It combined a heavy ship-based
antisubmarine battery forward with a large flight deck and stowage
for up to fourteen antisubmarine helicopters aft. The ship also car-
ried a powerful sonar system that proved to be the most successful
element of the design that otherwise was not entirely satisfactory in
service. The Moskva at least had considerable trouble with its ma-
chinery, and both ships were disappointing sea boats, trimming by
the bow, pitching badly in heavy seas, and carrying an ineffective
stabilizer system. Furthermore, the air group was found to be too
small for sustained operations.

The succeeding Project 1143 was initiated on October 16, 1968,
as an enlarged version of the Project 1123 type. Its principal mis-
sion was defense of the operating areas for Soviet ballistic missile
submarines against an assault by NATO (North Atlantic Treaty Or-
ganization) surface ships or aircraft. The Project 1123’s antisubma-
rine armament was enhanced with a powerful antiship missile bat-
tery, while the need to correct the earlier type’s aviation deficiencies
led to extending the flight deck forward as an angled deck alongside
the superstructure, which was moved to starboard. The powerplant
was created by installing two Project 1123 plants. The most signifi-
cant change in NATO eyes was the addition of VSTOL fixed wing jet
fighters but it appears that this was serendipitous and resulted from
the coincidental maturing of the Yakovlev Yak-38 at the time the new
vessels prepared to commission. The two later units of the class, the
Minsk and the Novorossiysk, completed to Project 1143M with up-
graded sonar and electronic warfare suites and a 50 percent in-
crease in aircraft accommodation. The final ship of the class, laid
down as the Baku but renamed the Admiral Flota Sovetskogo Soyuza
Gorshkov, was completed to yet another variant, Project 1143.4,
with an extended flight deck, modified armament, and much im-
proved electronics.

Early in the 1970s the Soviet Navy formulated a requirement for
a conventional carrier, and a design bureau was assigned to the proj-
ect in 1973. The initial sketch suggested a nuclear powered vessel of
75,000 to 80,000 tons equipped with four steam catapults and em-
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barking an air group of seventy or more aircraft: fighters, attack air-
craft, and aircraft for antisubmarine warfare and airborne early
warning. By June 1974 this was revised downward to about 60,000
tons, still with nuclear power, and a fifty-plane air group. Two ves-
sels were included in the 1976 five-year plan but the design parame-
ters again were revised downward by 1979 and finally emerged as
the Kuznetsov class, classified as Project 1143.5 although there was
little similarity between these ships and the earlier type.

The Kuznetsov class was the first Soviet full decked carrier. Ini-
tially they were intended to carry a pair of steam catapults but the
designers encountered considerable difficulties in developing a reli-
able unit, so the carriers were modified to feature a 12-degree ski
jump that could launch current jet aircraft using a rolling takeoff
into a moderate wind. Otherwise, the design was quite conventional,
except that it included a large antiship and antisubmarine missile
battery in addition to the usual antiaircraft weapons. The lead ship’s
naming history reflects the turmoil inside the Soviet Union during
its construction. It was laid down as the Tbilisi, renamed the Leonid
Brezhnev on November 18, 1982, and finally, after President
Mikhail Gorbachev denounced the former Soviet leader in Novem-
ber 1988, again renamed the Admiral Flota Sovetskogo Soyuza
Kuznetsov. The second unit of the class, the Varyag, was incomplete
when the Soviet Union broke up and was sold to Chinese investors
who propose to convert the ship into a floating casino.

The Soviet Navy’s plans for a very large conventional carrier fi-
nally became real with the inclusion of two such nuclear-powered
vessels in the 1986 five-year plan. The design was derived from the
concepts developed for the 1973 project. The ships were to be 1,089
feet long and 125 feet in beam with a draft of 38 feet and displace
85,000 tons fully loaded. Power came from four nuclear reactors
generating steam for four geared turbines producing 200,000 shaft
horsepower, sufficient to give them a speed of 30 knots. The flight
deck was 246 feet wide across the angled deck and was to carry ei-
ther two steam catapults in the waist and a 12-degree ski jump for-
ward, or a total of four catapults on a conventional flat flight deck.
The air group was seventy to eighty aircraft including antisubmarine
helicopters and fixed wing airborne early warning aircraft. Like ear-
lier Soviet carriers, these ships carried powerful antiship and anti-
submarine missile batteries in addition to more conventional anti-
aircraft weapons. The first ship was laid down at the Chernomorskiy
Shipyard 444 in Nikolayev on November 25, 1988, as the Kremlin
but renamed the Ulyanovsk shortly afterwards. It was 40 percent
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complete when the Soviet Union broke up. Construction was termi-
nated on November 1, 1991, and the ship was ordered to be
scrapped on February 4, 1992, because the Ukraine, where the ship-
yard was located, and Russia could not agree on how to proceed. A
sister ship was due to commence construction on the same slip once
the Ulyanovsk was launched.

The Soviet Union’s development of aviation-capable ships fol-
lowed a logical progression as the navy moved from defending
against American ballistic missile submarines to protecting its own
strategic submarines and finally projecting its strength against the
United States Navy on the open ocean. Since the navy was very
much a subordinate service to the army and the strategic rocket
forces, it is not surprising that this progression was slow and some-
times tentative, since both political and financial support was lim-
ited. Nevertheless, the fleet’s designers demonstrated a clear under-
standing of the potential of naval aviation in the context of
contemporary Soviet strategy and demonstrated themselves capable
of producing very effective warships.

OTHER CARRIER DEVELOPMENTS 
IN THE COLD WAR ERA

In the aftermath of World War II several of the world’s smaller
navies found aircraft carriers to be very attractive prospects as capi-
tal ships since, at first sight, they seemed to be relatively inexpensive
to acquire and operate. Ultimately, the overhead expenses of main-
taining and upgrading air groups, specialized aircrew training, and
the upkeep and improvement of the ships themselves became more
apparent and induced many of these fleets to give up aircraft carrier
operation. Very few moved beyond their first generation of ships or
their second generation of aircraft.

Britain was the biggest single source of ships for these navies. As
British Commonwealth fleets rebuilt after the war and the Royal
Navy began replacing its first generation of light carriers with later
vessels, these original vessels dispersed around the world. Of the six-
teen first generation light carriers, no less than nine were sold or
transferred on loan, some more than once. Within the Common-
wealth, the Royal Australian Navy used three light carriers, one on a
temporary basis awaiting the arrival of the final unit, the Melbourne,
which was being upgraded with an angled deck, steam catapult, and
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mirror landing aid. The Royal Canadian Navy, too, operated three in
succession, each representing an improvement in specifications that
culminated in the Bonaventure, which also featured an angled deck,
steam catapult, and mirror landing aid. India purchased one of the
Majestic class carriers, configured in very similar fashion to the
Bonaventure, which entered service as the Vikrant. India later re-
placed the Vikrant with the Royal Navy’s second-generation light
carrier Hermes, renamed the Viraat.

France took one unmodified light carrier but the other ships sold
elsewhere were upgraded with angled flight decks and steam cata-
pults. Two went to South America: the Independencia to Argentina
and the Minas Gerais to Brazil. The Royal Netherlands Navy pur-
chased one modified light carrier that entered its service as the
Karel Doorman, and subsequently sold it to Argentina as the Vein-
ticinco de Mayo.

The United States was much less involved in supplying carriers to
the world’s navies. Two Independence class carriers were loaned to
France in the 1950s and a third example joined the Spanish fleet as
the Dédalo. Spain later built a carrier using the United States Navy’s
Sea Control Ship design for its own service as the Principe de As-
turias and a second example that entered the Royal Thai Navy as the
Chakri Nareubet.

The Italian Navy contemplated overhauling and completing its
salvaged carrier Aquila after World War II but abandoned the proj-
ect because of its cost. Nevertheless, the navy continued its interest
in taking aircraft to sea, since many naval officers attributed the
fleet’s defeats during the war to a lack of integral aviation. During
the 1960s this interest finally manifested itself in the commission-
ing of three helicopter cruisers, two ships of the Doria class and the
much more satisfactory Vittorio Veneto. When it became time to
start planning for replacing the two earlier ships, the navy decided
essentially to combine the aviation facilities of the Doria class cruis-
ers into a single ship and designed a small helicopter carrier that en-
tered service as the Giuseppe Garibaldi in 1985. Although the car-
rier was intended to embark only antisubmarine helicopters, in
1992 the navy was able to have repealed a long-standing law pro-
hibiting it from operating combat aircraft from ships. This allowed
the Giuseppe Garibaldi to operate either helicopters or VSTOL Har-
riers, or a mixed air group, and endowed the navy with a much en-
hanced strike potential within the Mediterranean Sea.

Of all the smaller navies that adopted aircraft carriers in the
1940s and 1950s, only Brazil and India remain committed to their
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operation. Brazil purchased the French carrier Foch in 2000 and, af-
ter refitting it, commissioned the ship as the Sao Paulo the following
year. India, in addition to replacing its original carrier with a later
British light carrier, purchased the Admiral Flota Sovetskogo Soyuza
Gorshkov from Russia in January 2004 after prolonged negotiations.
The vessel is to undergo a very major reconstruction and is due to
enter Indian service in 2008 as the Vikramaditya. In addition, India
laid down an indigenously-designed (though with much foreign as-
sistance) 37,500-ton carrier at the state-run Cochin Shipyard on
April 12, 2005. It is to be 831 feet long and will be powered by four
license-built LM-2500 gas turbines. It has an angled flight deck but
uses a 14-degree ski-jump ramp for launching aircraft, though there
is arresting gear to catch landing aircraft. The air group will be a
mixture of fighter-bombers, antisubmarine helicopters, and airborne
early warning aircraft for a total of approximately thirty-six ma-
chines. The carrier, currently to be named the Vikrant, is scheduled
for completion in 2012.

As the cost of effective air groups and specialized training for
their crews became greater, the ranks of carrier operating navies
contracted. Unlike battleships, which retained a measure of effec-
tiveness even when obsolescent, aircraft carriers largely became
powerless once they no longer operated up-to-date aircraft. For
navies unable to fund either research and development of their own
combat aircraft or the purchase of modern machines abroad, this
made carriers hard to support even as status symbols, rapidly reduc-
ing the number of their operators to those nations that could both
afford their real costs and had a compelling operational requirement
for their deployment.

CARRIER AIRCRAFT DEVELOPMENTS 
IN THE COLD WAR ERA

There were several very striking features of aircraft development in
the Cold War era. The first was a dramatic increase in aircraft per-
formance, measured in terms of speed, load-carrying ability, and
electronic sophistication, largely enabled by the transition to jet en-
gines. A second was the proliferation of aircraft configured for spe-
cialized support missions, such as airborne early warning and elec-
tronic warfare. Both these trends in general manifested themselves
in the form of larger, heavier airframes. The combination led to de-
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mands for larger carriers to accommodate both bigger aircraft and
the burden of specialized “overhead” without excessive reductions in
strike and self-defense capabilities. It also led eventually to a search
for multirole airframes, either the same basic aircraft configured
permanently for one of several missions or, preferably, readily
adapted for different roles by packaging the necessary specialized
equipment in modules, to be either attached externally or fitted into
easily accessible internal bays within the airframe, thus enhancing
flexibility in air group assignments.

Long distance strategic atomic or nuclear attack was viewed as
the preeminent carrier strike mission until the early 1960s. The
United States Navy formulated general requirements for suitable
aircraft very shortly after World War II that envisaged two develop-
mental steps, an interim machine and the ideal platform. The in-
terim aircraft materialized as the North American AJ Savage that be-
gan entering service late in 1949. This large aircraft (it had a
wingspan of 75 feet, a length of 63 feet, and a gross weight of
54,000 pounds) reflected the state of the art at the time it was de-
signed; it featured a mixed power plant of two 2,400 horsepower
Pratt & Whitney Double Wasp radial engines for long range cruising
and a single 4,600 pounds static thrust Allison J33 turbojet for a
high speed dash at the target. Top speed was 471 miles per hour and
its range with a 7,600-pound Mk.15 nuclear weapon was 1,730
miles. These aircraft were deployed in detachments aboard attack
carriers and at least one such unit was operational (with its nuclear
weapons) off Korea in 1953. The AJ’s replacement, the definitive
long-range attack bomber, was the Douglas A3D Skywarrior that be-
gan entering service in 1956. The Skywarrior (with a wingspan of 72
feet, a length of 76 feet, and a gross weight of 82,000 pounds) was
the largest and heaviest aircraft ever to operate on a regular basis
from aircraft carriers. Its twin 12,400 pounds static thrust Pratt &
Whitney J57 turbojets gave it a top speed of 610 miles per hour and
a combat radius of 1,050 miles carrying a 7,600-pound Mk.15 nu-
clear weapon. The United States Navy’s final long-range nuclear at-
tack bomber was the North American A3J Vigilante, which began
entering service in late 1961. The Vigilante, powered by two Gen-
eral Electric J79 turbojets rated at 10,800 pounds static thrust
(16,500 pounds with afterburning), could attain Mach 2 at 40,000
feet, cruised at 1,254 miles per hour, and had a combat radius of
1,290 miles with a single Mk.27 nuclear weapon. It also represented
the swan song for the long-range nuclear attack mission, since the
navy gave up its aspirations of participating in manned strategic
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strikes in 1963 in favor of concentrating on nuclear powered ballis-
tic missile submarines, and the Vigilante and Skywarrior heavy at-
tack aircraft were adapted for other missions, including strategic re-
connaissance, electronic warfare, and in-flight refueling.

By the late 1940s the Royal Navy, too, was working toward de-
ploying long-range nuclear attack aircraft aboard carriers but found
itself limited by the small size of its available ships and the eventu-
ally insuperable obstacles, both fiscal and political, to the procure-
ment of large new vessels. The reduction in size of nuclear weapons
(from the 7,600 pounds of early shipboard bombs to 2,000 pounds
by the mid-1950s) allowed the Royal Navy to proceed, first by adapt-
ing an existing design and then by introducing a purpose-built type.
The Supermarine Scimitar, already well along in the design process,
was selected for adaptation as a heavy strike aircraft, carrying a
2,000-pound nuclear weapon externally. Its two 11,250 pounds
static thrust Rolls-Royce Avon turbojets gave it a top speed of Mach
0.97 at 40,000 feet and an armed range of 1,422 miles. It also
demonstrated the extreme difficulties of operating large high-
performance aircraft from small flight decks, since the Scimitar suf-
fered an alarming attrition rate in excess of 50 percent from all
causes during its brief front line career from 1958 to 1966. Its pur-
pose-built successor, the Blackburn Buccaneer, was designed for
low-level high-speed penetration beneath opposing radar cover and
began entering service in 1962. Initial versions used two 7,100
pounds static thrust de Havilland Gyron Junior turbojets, while later
versions were powered by a pair of 11,100 pounds static thrust
Rolls-Royce Spey turbofans. At sea level, the Buccaneer could attain
720 miles per hour. The early models had a range of 1,100 miles
while the later versions reached 2,300 miles, both carrying a 2,000-
pound nuclear weapon. The departure of the Royal Navy’s large
flight deck carriers in the 1970s finally ended its involvement in
long-range nuclear attack.

The development of tactical strike aircraft in the Cold War era il-
lustrates the convergence of multiple mission capabilities within
single airframes. At the end of World War II, two very different types
of aircraft undertook tactical strike operations: large, relatively slow,
single-engine, multiplace aircraft with internal weapons bays were
responsible for long range missions while smaller, faster, single-seat
fighter bombers carrying their weapons on external racks took on
closer targets. Immediately after the war the United States Navy
moved to a single-seat type, the Douglas AD Skyraider, for the long-
range mission. It entered service in 1947 and was powered by a
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2,700 horsepower Wright Cyclone radial engine, giving it a top
speed of 343 miles per hours, a range of 1,300 miles. The Skyraider
was armed with four 20mm wing cannon and could carry up to
8,000 pounds of external weapons such as bombs and rockets.

The navy, as it had with the long-range nuclear attack category,
then sought to replace the Skyraider with a jet-powered successor.
Douglas’s designer, Ed Heinemann, and his team, reacting vigorously
to the ever-increasing complexity and weight of contemporary com-
bat aircraft, responded with the A4D Skyhawk, a lightweight special-
ized attack and ground support machine that was barely half the
weight anticipated in the navy’s specification. The first versions, en-
tering service in 1956, were powered by a single 7,800 pounds static
thrust Wright J65 turbojet, could attain a top speed of 677 miles per
hour, and had a range of 1,000 miles with up to 5,000 pounds of ord-
nance carried externally. Later versions were powered by a 8,500
pounds static thrust Pratt & Whitney J52 turbojet, giving a similar
performance but increasing the ordnance load to as much as 9,000
pounds. The Skyhawk’s successor was the Vought A-7 Corsair, which
began entering service in 1967. it was powered by a 11,350 pounds
static thrust Pratt & Whitney TF30 turbofan which gave it a top
speed of 680 miles per hour and the ability to carry up to 15,000
pounds of ordnance over a range of 700 miles. Later versions re-
ceived 14,250 pounds static thrust Allison TF41 turbofans, boosting
top speed to 693 miles per hour and increasing range to 900 miles.

The aircraft that more closely resembled the United States Navy’s
concept of a jet-powered replacement for the Skyraider was the
Grumman A-6 Intruder. This large two-seat all-weather attack air-
craft, which began entering frontline service in 1965, was powered
by twin 9,300 pounds static thrust Pratt & Whitney J52 turbojets,
giving it a top speed of 644 miles per hour and a range of 1,010
miles with 18,000 pounds of external ordnance. The sophisticated
electronics suite of the Intruder gave it the ability to strike very
small targets with great accuracy in all weather conditions, which
represented a quantum leap in efficiency for navy attack squadrons.

The first dedicated carrier strike aircraft to enter Royal Navy ser-
vice after World War II were designs under development before the
war’s end. The Blackburn Firebrand originated as a carrier fighter
but, after a very protracted development process, emerged as a sin-
gle-seat strike aircraft, entering service in 1945. Its 2,520 horse-
power Bristol Centaurus radial engine gave it a top speed of 340
miles per hour and a range of 740 miles. It was armed with four
20mm cannon in the wings and could carry up to 2,000 pounds of
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external ordnance. Its successor, the Westland Wyvern, was another
large single-seat machine and joined the fleet in 1954. It was pow-
ered by a 4,110 shaft horsepower Armstrong Siddeley Python turbo-
prop engine driving two large four-bladed contra-rotating propellers
that gave the Wyvern a top speed of 383 miles per hour and a range
of 904 miles. It was armed with four wing-mounted 20mm cannon
and could carry up to 3,000 pounds of ordnance on external pylons.

The French Navy initially employed American equipment of
World War II vintage as its carrier strike aircraft: successively
Douglas SBD Dauntlesses, Curtiss SB2C Helldivers, and Vought
F4U Corsairs. The impending commissioning of the new carriers
Clémenceau and Foch created a requirement for more modern
equipment, leading to the adoption of the Dassault Etendard IVM
as the French Navy’s standard strike aircraft. The single-seat
Etendard, powered by a 9,700 pounds static thrust SNECMA Atar
turbojet, had a top speed of 683 miles per hour, a range of 1,000
miles, and was armed with two 30mm cannon and up to 3,000
pounds of ordnance carried externally. By the early 1970s it was
clear that a replacement was needed, so Dassault upgraded the ex-
isting design, creating the Super Etendard, which entered service in
1978. The principal changes were the use of a SNECMA Atar up-
rated to 11,000 pounds static thrust and the installation of sea
search and weapons control radar. The Super Etendard was faster,
capable of 733 miles per hour, and could carry up to 4,600 pounds
of ordnance. More important was the fact that it was specifically
configured to launch the Aérospatiale AM39 Exocet air-to-surface
missile, which had a stand-off range of 40 miles, or the Aérospatiale
ASMP missile, with a stand-off range of 60 miles, armed with a nu-
clear warhead.

Carrier fighter aircraft constituted the other developmental track
that converged toward the multimission concept. Given the limited
numbers of aircraft embarked on carriers, all fighters had some de-
gree of strike capability. Nevertheless, this was to become more and
more important as time went on. The United States Navy immedi-
ately after World War II standardized on the new Grumman F8F
Bearcat (one 2,100 horsepower Pratt & Whitney Double Wasp with
a 421 miles per hour maximum speed and a range of 1,105 miles) or
improved versions of the wartime Vought Corsair for its fighter and
fighter-bomber units. The semi-experimental squadron deployments
of the McDonnell FH-1 Phantom and the North American FJ-1
Fury in 1948 gave the navy a foretaste of the difficulties of operating
jet aircraft from axial deck carriers. The navy’s first jet fighter to see
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large-scale service was the Grumman F9F Panther that began de-
ploying in 1949 and operated extensively during the Korean War.
Most used a 5,000 pounds static thrust Pratt & Whitney J42 turbo-
jet (a license-built Rolls-Royce Nene engine), giving them a top
speed of 579 miles per hour, a range of 1,175 miles, and the ability
to carry up to 2,000 pounds of external ordnance in addition to the
built-in armament of four 20mm cannon in the nose. Larger, longer-
ranged McDonnell F2H Banshees began supplementing the Pan-
thers in 1952. Their twin 3,250 pounds static thrust Westinghouse
J34 turbojets gave them a top speed of 532 miles per hour and a
range of 1,475 miles. They also were armed with four 20mm cannon
and could carry 1,000 pounds of external ordnance. Later versions
of the Banshee were fitted with search radar and could operate in
the all-weather interceptor role.

Swept wing jet fighters appeared in United States Navy service
immediately after the Korean War. First there was the Grumman
F9F Cougar, essentially a Panther with swept wings. With more
powerful 7,250 pounds static thrust Pratt & Whitney J48 turbojets,
they reached 647 miles per hour and had a range of 1,200 miles.
They were armed with four 20mm cannon and could carry up to
2,000 pounds of external ordnance. Later versions were equipped to
carry four AIM-9B Sidewinder air-to-air missiles. Within a year
North American FJ-3 Furies joined the Cougars aboard carriers.
These aircraft, basically naval versions of North American’s famous
F-86 Sabre fighter, were powered by 6,000 pounds static thrust
General Electric J47 turbojets, giving them a top speed of 676 miles
per hours and a range of 990 miles. They also were armed with four
20mm cannon and later versions also carried Sidewinders. Almost
simultaneously the radical tail-less Vought F7U Cutlass entered lim-
ited service. Its twin 4,600 pounds static thrust Westinghouse J46
turbojets gave it a maximum speed of 680 miles per hour and a
range of 660 miles. Armament was identical to that of its missile-
armed contemporaries from Grumman and North American.

The arrival of the final generation of United States Navy day
fighters came in 1957. The Grumman F11F-1 Tiger was the ulti-
mate refinement of the Panther design. It used a single 7,450
pounds static thrust Wright J65 turbojet to reach 750 miles per
hour. Its range was 1,270 miles and its armament was the standard
four 20mm cannon and four Sidewinders. The Tiger was phased out
of service within two years but its contemporary, the Vought F8U
Crusader, enjoyed a very long career. Its 10,000 pounds static thrust
(16,200 pounds static thrust with afterburner) Pratt & Whitney J57
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turbojet gave it a top speed of Mach 1.53 at 35,000 feet and a range
of 1,474 miles. It was armed with four 20mm cannon and two
Sidewinders. Later versions used uprated engines generating 10,700
pounds static thrust (18,000 pounds with afterburner). They at-
tained Mach 1.72 at 35,000 feet and had a 1,425-mile range. In ad-
dition to four 20mm cannon, they could carry four Sidewinders and
up to 5,000 pounds of external ordnance. The later versions also
had limited all-weather capabilities.

The United States Navy began its acquisition of a jet-powered all-
weather fighter force with the delivery of the Douglas F3D
Skyknight, though it saw only very limited service on carriers. In-
terim radar-equipped versions of the Banshee were replaced begin-
ning in 1957 by two new types, the McDonnell F3H Demon and the
Douglas F4D Skyray, both with limited all-weather capability. The
Demon was powered by a 9,700 pounds static thrust Allison J71
turbojet to reach a top speed of 647 miles per hour. Its range was
1,370 miles and armament was the usual four 20mm cannon, sup-
plemented on later models by four Sidewinders or four AIM-7C
Sparrows. The Skyray used a 10,500 pounds static thrust Pratt &
Whitney J57 turbojet. Its maximum speed was 695 miles per hour
and its range was 1,200 miles. It too was armed with four 20mm
cannon. Both types were supplanted, beginning in 1962, by the Mc-
Donnell F-4 Phantom II, destined to become one of the most suc-
cessful naval aircraft ever deployed. It was a large, two-seat, twin-
engined aircraft powered by two 10,900 pounds static thrust
(17,000 pounds static thrust with afterburner) General Electric J79
turbojets, giving it a top speed of 1,485 miles per hour and a combat
radius of 600 miles. It was armed with missiles exclusively, carrying
up to six Sparrows or a mix of four Sparrows and four Sidewinders.
It also could carry up to 16,000 pounds of external ordnance. The
combination of powerful radar, efficient long-range missiles, and
great load-carrying capacity made the Phantom II the first effective
multirole carrier aircraft, successful both as an interceptor or strike
package escort and a tactical strike platform.

The Phantom II’s successor as an air-superiority fighter was the
Grumman F-14 Tomcat that began its service career in 1974. The
Tomcat was a very large two-seat twin-engined swing-wing fighter,
initially powered by two 12,350 pounds static thrust (20,900
pounds static thrust with afterburner) Pratt & Whitney TF30 turbo-
fans, giving it a top speed of Mach 2.23 at 40,000 feet and a combat
radius of 766 miles. Its most important feature was its very ad-
vanced AWG-9 radar combined with very long range AIM-54
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Phoenix air-to-air missiles that made it a potent fleet defense asset.
The Tomcat had a built-in multibarreled 20mm cannon and could
carry various combinations of Phoenix, Sparrow, and Sidewinder
missiles. Later versions of the Tomcat were powered by two 14,000
pounds static thrust (27,000 pounds static thrust with afterburner)
General Electric F110 turbofan that boosted its performance to
Mach 2.34 at 40,000 feet (many earlier airframes also were up-
graded retroactively). They also received much upgraded digital
avionics, centered on the new APG-71 radar. As the press for more
mission flexibility became stronger, it was decided to equip the
Tomcat for both tactical reconnaissance and later for tactical strike
using laser-guided munitions. The solution was to fit it with appro-
priate equipment carried externally; the TARPS (Tactical Air Recon-
naissance Pod System) introduced in 1980, or LANTIRN (Low Alti-
tude Navigation and Targeting Infra-Red for Night) pod, first used
in 1996.

In the mid-1970s the United States Navy put forward a require-
ment for a lightweight, low cost, multimission fighter, initially to re-
place the A-7 light attack aircraft. This produced the McDonnell
Douglas F/A-18 Hornet, delivered in both single-seat and two-seat
forms. Powered by two 10,600 pounds static thrust (15,800 pound
static thrust with afterburner) General Electric F404 turbofans, it
could reach Mach 1.8 at 35,000 feet and had a combat radius of
460 miles. Armament was one built-in multibarreled 20mm cannon
and up to six air-to-air missiles or a mix of air-to-surface missiles,
“smart” weapons, or iron bombs totaling 17,000 pounds. Later ver-
sions had uprated engines, upgraded avionics suites, and were
equipped with FLIR (Forward Looking Infra Red) equipment and
provision for pilot night vision goggles, giving them all-weather
night attack capability. Some two-seaters also were configured for
reconnaissance, using externally-mounted ATARS (Advanced Tacti-
cal Airborne Reconnaissance System) pods.

By the late 1980s the navy saw an impending need to replace
both the Intruder and the Tomcat. McDonnell Douglas put forward
a substantially modified version of the Hornet as its candidate. Al-
though it is essentially a new aircraft, the F/A-18 designation was re-
tained, implying it was only a later model of an existing aircraft.
Both single and two-seat models are in production, the single-
seaters destined to replace the earlier Hornets in the attack role and
the two-seaters intended to take over from the Tomcat in the fleet
defense role. The Super Hornet is powered by two 21,890 pounds
static thrust (with afterburner) General Electric F414 turbofans.
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Top speed remains Mach 1.8 at 35,000 feet but the Super Hornet’s
combat radius has increased to 760 miles and it can carry up to
17,750 pounds of ordnance, thanks to two additional hard points. It
also features very substantially improved avionics. The Super Hor-
net entered frontline service in 1999 and is planned to remain in
production until 2014.

The Royal Navy initially deployed improved versions of its
wartime Seafire fighters before replacing them with its final piston-
engined day fighter, the Hawker Sea Fury, beginning in 1947. The
Sea Fury was powered by a 2,480 horsepower Bristol Centaurus ra-
dial engine that gave it a maximum speed of 460 miles per hour and
a range of 680 miles. It was armed with four wing-mounted 20mm
cannon and could carry up to 2,000 pounds of bombs or rockets for
ground attack missions. The navy’s first jet day fighter, the Superma-
rine Attacker, saw relatively limited frontline service between 1951
and 1954 only. It used a single 5,100 pounds static thrust Rolls-
Royce Nene turbojet to reach 590 miles per hour and had a range of
590 miles. The Attacker was armed with four 20mm cannon and
most could also carry rockets or bombs. Its replacement, the
Hawker Sea Hawk, offered an almost identical performance from
the same power plant but possessed far superior handling both in
the air and onto the flight deck. Later models were configured pri-
marily as fighter-bombers, carrying up to 2,000 pounds of ordnance
under the wings.

The Sea Hawk was the Royal Navy’s last day fighter. Its first post-
war all-weather fighter was the de Havilland Sea Hornet, which en-
tered service in 1951. This two-seater was powered by two 2,030
horsepower Rolls-Royce Merlin liquid-cooled engines that gave it a
top speed of 430 miles per hour and a range of 1,500 miles. Its re-
placement, the de Havilland Sea Venom, went to sea in 1954 and
was a two-seater powered by a single 5,300 pounds static thrust de
Havilland Ghost turbojet that endowed it with a maximum speed of
575 miles per hour and a range of 950 miles. Both the Sea Hornet
and the Sea Venom had the standard British armament of four
20mm cannon and could carry bombs or rockets for ground attack
missions. The final British-designed all-weather fighter for the
Royal Navy was the de Havilland Sea Vixen, which replaced the Sea
Venom. It was a two-seater powered by two 11,230 pounds static
thrust Rolls-Royce Avon turbojets, allowing it to reach Mach 0.95 at
40,000 feet and giving it a range of 1,950 miles. The Sea Vixen was
exclusively missile armed, carrying four Firestreak or Red Top air-to-
air missiles plus two retractable packs for unguided rockets. It en-
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tered frontline service in 1959 and was replaced, beginning in 1970,
by the Royal Navy’s final fighter, a modified version of the McDon-
nell Phantom II using two 12,250 pounds static thrust (20,515
pounds static thrust with afterburner) Rolls-Royce Spey turbofans
in place of the original American engines.

The French Navy used no indigenous fighters from its carriers
until 2001. After World War II it first deployed Supermarine
Seafires, followed by Grumman F6F Hellcats and Vought F4U Cor-
sairs. In 1955 the navy’s first jet fighters began to enter service in
the form of the Sud-Est Aquilon, a license-built version of the de
Havilland Sea Venom. In 1965 these were replaced by a unique vari-
ant of the Vought F-8 Crusader, modified to suit it for operations
from the relatively small French flight decks. With periodic up-
grades, these Crusaders remained in service until the arrival of the
Dassault Rafale in 2001. The Rafale is a single-seat aircraft powered
by two 11,240 pounds static thrust (16,860 pounds static thrust
with afterburner) SNECMA M88 turbofans, giving it a maximum
speed of Mach 2 and a combat radius of 680 miles. It is armed with
a built-in 30mm cannon and can carry up to 20,925 pounds of ord-
nance, including MICA air-to-air missiles, “smart” weapons, Exocet
air-to-surface missiles, and the nuclear warhead equipped ASMP
stand-off missile. The French Navy still remains undecided about
acquiring the two-seat version of the Rafale to more effectively ful-
fill the strike role.

When the carrier Admiral Flota Sovetskogo Soyuza Kuznetsov
commissioned it became necessary to put frontline strike and inter-
ceptor aircraft into production for the air group. In keeping with a
policy of minimizing the number of different airframes in produc-
tion, especially in view of the fiscal difficulties attendant to the re-
alignment of the Soviet Union into the Russian Confederation, it
was decided to pursue a variant of the successful Sukhoi Su-27
(NATO designation Flanker). The Sukhoi Su-33 (NATO designation
Flanker-D) has folding wings and nose radome to ease stowage
aboard carriers. It is powered by two 16,720 pounds static thrust
(27,500 pounds static thrust with afterburner) Lyulka AL-31F tur-
bofan engines, giving it a maximum speed of Mach 2.35 at 40,000
feet and a combat radius of 940 miles. It has a built in 30mm multi-
barreled cannon and can carry up to ten R-27 (NATO designation
AA-10 Alamo) or R-73 (NATO designation AA-11 Archer) air-to-air
missiles, or several Kh-41 (NATO designation ASM-MSS) air-to-
surface missiles. Its radar, the Fazotron N-014, has a range of 80
miles with track-while-scan and look-down/shoot-down capabilities.
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Photographic reconnaissance was an early substantial component
of the “overhead” that became such a feature of carrier air groups
after World War II. The United States Navy has consistently de-
ployed detachments, usually of four to six aircraft, to almost all its
attack carriers for pre- and post-mission reconnaissance. Many of
these aircraft were specialized variants of standard frontline fight-
ers, including Bearcats, Corsairs, Panthers, Banshees, Cougars,
Cutlasses, and Crusaders. There was also a photoreconnaissance
version of the Phantom II but only the Marine Corps received it and
very few ever deployed aboard carriers. There also were long-range
reconnaissance versions of the Savage, Skywarrior, and, most impor-
tant, the Vigilante, the bulk of whose naval service was as a recon-
naissance platform. Changes for the smaller fighter types usually
were limited to fitting new noses carrying suitable outfits of cameras
but the larger attack aircraft also carried equipment for electronic
reconnaissance and radar search, as do the recent generations of re-
connaissance aircraft, Tomcats and Hornets, which carry their
equipment externally in detachable pods.

After World War II the Royal Navy made extensive use of piston-
engined fighter-reconnaissance types, aircraft that retained their ar-
mament and offensive capabilities while also being equipped with
cameras for photographic reconnaissance. After jet fighters entered
service, the navy continued to prefer this type of solution and made
much use of pods incorporating appropriate reconnaissance equip-
ment, a practice that continues to this day. The French Navy also
preferred the fighter-reconnaissance solution but, in the early
1960s, it started to embark the dedicated photoreconnaissance
Etendard IVP, a version of the contemporary strike aircraft with a
camera nose and facilities to also attach an additional camera pod
beneath the fuselage. This version of the Etendard proved so useful
that it remained in service long after the strike aircraft had been re-
placed by the later Super Etendard and was not withdrawn until
1998. The new Dassault Rafale aircraft in service now use podded
reconnaissance equipment for such missions.

The second great consumer of space was provision for airborne
early warning. The United States Navy began deploying aircraft for
early warning late in World War II, using aircraft fitted with existing
airborne surface search radar sets. Immediately after the war, the
navy put the large APS-20 search radar into service, using first
Grumman Avenger torpedo bombers and then Douglas Skyraiders
modified as platforms with radomes beneath the fuselage and ac-
commodation space arranged within the fuselage for the operators.
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In 1958 the navy began receiving Grumman WF Tracers, very highly
modified versions of the existing Grumman S2F Tracker antisubma-
rine aircraft with a massive fixed dish radome above the fuselage to
house its APS-82 radar set and accommodation for the equipment
operators within the fuselage. The Tracker began to be replaced by
the Grumman E-2 Hawkeye in 1964. The Hawkeye was designed
for the airborne early warning mission from the outset. It was pow-
ered by two 4,590 shaft horsepower Allison T56 turboprop engines
that gave it a top speed of 372 miles per hour and a maximum range
of 1,605 miles. The search radar, the APS-120 (later replaced by the
improved APS-125) was housed in a huge circular rotating dome
above the fuselage, which also contained large working spaces for
the operators. The Hawkeye remains in service, although the radar,
avionics, and power plants have undergone continuous upgrading
and it currently deploys the APS-145 search set.

The Royal Navy initially deployed Fairey Firefly strike aircraft to
provide limited airborne early warning capabilities aboard its carri-
ers immediately after World War II. In 1952 it began receiving ex-
United States Navy airborne early warning Skyraiders under the
Mutual Defense Assistance Program (MDAP). Several saw action
during the Suez operation in 1956, where resourceful naval aviators
discovered that, among its other operational advantages, the radar
operators’ compartment provided much useful space to accommo-
date substantial quantities of beer for transport to thirsty troops
ashore. The Skyraiders were replaced in 1960 by a specialized ver-
sion of the Fairey Gannet that used the same APS-20 radar. This air-
borne early warning Gannet remained in service until the Ark Royal
decommissioned in 1978, leaving the navy without any early warn-
ing coverage. This proved very dangerous during the 1981 Falk-
lands/Malvinas operation and led to the hurried development of an
airborne early warning system suitable for operation from the very
small flight decks of British support carriers. The solution was to
use a Westland Sea King helicopter as a platform for a compact
long-range search radar set and accommodation for its operators.
This combination entered service within a very few months of the
end of the campaign and continues in operation today, albeit after
substantial systems upgrades.

The French Navy’s first airborne early warning aircraft were ex-
United States Navy Grumman Avengers delivered under MDAP that
served from 1950 until the early 1960s. After the Avengers departed,
French carriers operated without their own airborne early warning
systems and had to rely on cover provided by shore-based aircraft.
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The impending commissioning of the Charles de Gaulle prompted a
reassessment of this situation and led to the decision to order
Grumman Hawkeye aircraft from the United States to provide the
carrier with its own airborne early warning system.

The Russian fleet took a similar approach to that of the Royal
Navy when the time arrived to design a suitable airborne early warn-
ing aircraft for its new carriers. The Kamov Ka-29RLD (NATO des-
ignation Helix-B) flew in prototype form in 1993 and has entered
limited production, mainly for export to India. It is a variant of the
Ka-27 antisubmarine helicopter (though using the same basic fuse-
lage as the specialized Ka-29TB assault helicopter), fitted with a
large E-801 search radar with its retractable rotating antenna be-
neath the fuselage.

Electronic warfare aircraft constituted a third component of an
air group’s “overhead.” The United States Navy again led the way in
this, deploying small numbers of Douglas Skyraider aircraft carrying
electronic countermeasure equipment and its operators from late
1948. Various models of electronic countermeasure Skyraiders con-
tinued to serve aboard the Essex class carriers until their withdrawal
and aboard the larger carriers until the early 1960s when they were
first supplemented and then supplanted by Douglas Skywarrior air-
craft modified for this mission. The navy’s experience of operations
over Vietnam and the good results obtained by modified Grumman
Intruder aircraft deployed by the Marine Corps from 1964 led to the
decision to develop a dedicated electronic warfare aircraft for carrier
operation. Using the Intruder as a basis, Grumman produced the
EA-6B Prowler, which had an extended forward fuselage to accom-
modate a crew of four and extensive specialized electronic warfare
equipment carried both internally and in external pods. The Prowler
entered frontline service in 1971 and remains fully operational to-
day, having gone through four major upgrades of both its avionics
and its structure to keep it at the cutting edge of electronic warfare.
It is planned to replace it with a variant of the two-seater Super Hor-
net, the F/A-18G Growler, by 2010.

The Royal Navy began adding electronic warfare aircraft to its
carrier air groups in the mid-1950s, using extensively modified
Grumman Avengers as platforms. Their replacements were de Havil-
land Sea Venoms modified as two-seat electronic countermeasures
aircraft after the type was withdrawn from frontline service as an all-
weather fighter. After the withdrawal of the Fairey Gannets from
carrier antisubmarine squadrons in 1960 some of these low-hour
airframes were modified for the electronic warfare mission and re-
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mained operational in small numbers until the Ark Royal left ser-
vice. Aircraft aboard the smaller support carriers subsequently had
to rely exclusively on small electronic countermeasures pods for
self-defense until the mid-1980s, when more intensive electronic
warfare missions were added to the task load of the airborne early
warning Sea Kings.

French carriers deployed small numbers of Grumman Avengers
modified for electronic countermeasures work during the 1950s and
early 1960s. Breguet Alizé antisubmarine aircraft took over this mis-
sion thereafter, initially relying on existing avionics. In the early
1980s a large batch of Alizé aircraft received substantial electronic
upgrades, including dedicated countermeasures equipment and, af-
ter a further upgrade ten years later, served aboard French carriers
until withdrawn in 2000. The new Rafales now rely wholly on their
own internal and supplementary podded external electronic coun-
termeasures gear.

Ultimately, one of the largest contributors to the growth of air
group “overhead” was provision for antisubmarine warfare. The
United States Navy was able to finesse the problem for many years
by operating dedicated antisubmarine warfare carriers, converted
from existing war-built vessels, within carrier task groups. At first
these ships operated modified Grumman Avenger aircraft but these
were replaced by new fixed-wing and rotary-wing aircraft from 1950.
The fixed wing aircraft were Grumman AF Guardians, large single-
engined machines powered by 2,400 horsepower Pratt & Whitney
Double Wasp engines that gave them a top speed of 317 miles per
hour and a range of 1,500 miles. Because of the weight of equip-
ment deployed, these aircraft had to operate in teams, one aircraft
carrying the large APS-20 search radar and the other carrying the
antisubmarine weapons and a smaller APS-30 radar for attack pur-
poses only. The rotary-wing component was the Sikorsky HO4S,
whose 350-horsepower Pratt & Whitney Wasp engines provided in-
sufficient power to carry adequate equipment. This initial combina-
tion clearly was less than entirely satisfactory and quickly was re-
placed by new equipment. The Grumman S2F Tracker began
entering service in 1954. It was a large aircraft powered by two
1,525 horsepower Wright Cyclone radial engines, giving it a top
speed of 253 miles per hour and a range of 1,150 miles. It carried
radar for search and attack, bays for sonobuoys, and a full load of
antisubmarine weapons in a single airframe, vastly improving effi-
ciency. Its rotary-winged partner, the Sikorsky HSS Seabat, followed
a year later. Although an improvement over the earlier HO4S, it still

THE COLD WAR AND AFTER 151



was not entirely satisfactory because its 1,525 horsepower Wright
Cyclone engine sufficed only to lift either dipping sonar equipment
or antisubmarine weaponry, so these helicopters had to operate as
hunter-killer teams. The solution was a larger helicopter that materi-
alized as the Sikorsky SH-3 Sea King in 1961. Power from two 1,400
shaft horsepower General Electric T58 turboshaft engines gave it a
top speed of 166 miles per hour, a range of 625 miles, and the ability
to carry both dipping sonar and a full array of antisubmarine
weapons. With periodic upgrades in power plants and equipment,
the Sea King remained in frontline antisubmarine warfare service
until replaced by more up-to-date Sikorsky SH-60F Seahawks begin-
ning in 1990. The Seahawk uses two 1,543 shaft horsepower Gen-
eral Electric T700 turboshaft engines to attain a maximum speed of
182 miles per hour and a range of 373 miles. It carries dipping
sonar, sonobuoys, magnetic anomaly detection equipment for detec-
tion, and an array of antisubmarine weaponry. A substantial upgrade
program for the navy’s Seahawks commenced in 2004.

Real problems arose for the United States Navy in providing anti-
submarine coverage for carrier groups in the late 1960s. The con-
verted war-built Essex class ships were wearing out and the cost of
constructing replacement vessels was prohibitive, given the expense
of conducting the war in Vietnam. The navy therefore was driven to
transfer antisubmarine warfare assets to the attack carriers, creating
general purpose air groups and adding greatly to the “overhead” size.
Initially, only the Sea Kings embarked on the carriers but they were
joined by new fixed-wing antisubmarine warfare aircraft in 1975,
when the Lockheed S-3 Viking entered frontline service. The Viking
was powered by two 9,275 pounds static thrust General Electric
TF34 turbofan engines, giving it a top speed of 518 miles per hour
and a range of 2,300 miles. It was equipped with a full array of sen-
sors: search radar, sonobuoys, and forward looking infrared and
magnetic anomaly detection equipment. Its offensive weapons in-
cluded bombs, mines, homing torpedoes, and depth charges, all car-
ried in an internal weapons bay. The Viking is still in service thanks
to several upgrade programs.

The Royal Navy began embarking antisubmarine warfare versions
of its existing Fairey Firefly very shortly after World War II and sup-
plemented them with American Grumman Avengers from early
1955. The navy’s carriers then began receiving new Fairey Gannet
antisubmarine warfare aircraft in 1955. The Gannet was a large
three-seater powered by a 2,950 shaft horsepower Armstrong Sidde-
ley Double Mamba turboshaft engine driving twin four-bladed con-
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tra-props, giving it a maximum speed of 299 miles per hour and a
range of 662 miles. It was equipped with search radar in a re-
tractable radome and could carry a wide array of antisubmarine
weaponry in an internal weapons bay.

The Gannet did not remain in service long because the Royal
Navy had determined to concentrate its antisubmarine warfare as-
sets in helicopters. Westland Whirlwinds became operational in
1957 and started to replace the Gannets. The Whirlwind was a
license-built version of the Sikorsky S-55, powered by a 750 horse-
power Alvis Leonides Major radial engine, giving it a top speed of
106 miles per hour, a range of 290 miles, and the ability to lift
search radar, dipping sonar, and a homing torpedo or depth charges.
A license-built variant of Sikorsky’s S-58, the Westland Wessex, fol-
lowed and entered service beginning in 1961. A 1,450 shaft horse-
power Napier Gazelle turboshaft engine replaced the piston radial
engine of the American machine, giving the Wessex a top speed of
135 miles per hour, a range of 390 miles, and the ability to lift
search radar, dipping sonar, and multiple combinations of homing
torpedoes or depth charges. It was superceded by yet another
license-built Sikorsky airframe, the Westland Sea King that started
entering service in 1970. This was powered by two 1,600 shaft
horsepower Rolls-Royce Gnome turboshaft engines, giving it a maxi-
mum speed of 161 miles per hour and a range of 598 miles. Early
models were equipped in similar fashion to the later Wessex helicop-
ters but the later models, with more powerful 1,660 shaft horse-
power engines, carried much more sophisticated electronics, mag-
netic anomaly detection equipment, multiple search radar systems,
sonobuoys, and a more extensive array of weaponry, including Sea
Eagle antishipping missiles, yet also boasted a range of 764 miles. In
2000 a new helicopter, the Agusta-Westland Merlin, began replacing
the Sea King. It uses three 2,312 shaft horsepower Rolls-Royce/
Turbomeca RTM322 turboshaft engines to attain a speed of 193
miles per hour and has a maximum range of 1,150 miles and is
equipped with a more advanced version of the late model Sea King’s
array.

American Grumman Avengers also formed the initial inventory of
antisubmarine warfare aircraft aboard French carriers, starting in
1950. They were replaced by an indigenous design, the Breguet
Alizé, that entered service in 1959. A 2,100 shaft horsepower Rolls-
Royce Dart turboshaft engine powered the Alizé, giving it a maxi-
mum speed of 295 miles per hour and a range of 750 miles. A CSF
radar set in a retractable dome and sonobuoys in fairings under the
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wings provided search capabilities, while the large internal weapons
bay and underwing pylons were used for offensive weaponry. The
Alizés received a major upgrade in the early 1980s and another ten
years later. The French Navy made extensive use of helicopters for
antisubmarine warfare missions, but did not deploy them aboard air-
craft carriers and confined them to smaller surface warships. The
bigger Super Frelons and American S-58 machines had some useful
antisubmarine warfare capabilities but were used primarily as as-
sault transports. The first helicopter type to deploy aboard French
carriers for antisubmarine warfare duties was the Aérospatiale-
MBB-Agusta-Westland NH-90, which began entering service in
2005. Two 2,120 shaft horsepower Rolls-Royce/Turbomeca
RTM322 turboshaft engines give it a top speed of 180 miles per
hour and a range of 715 miles. It carries dipping sonar and magnetic
anomaly detection equipment and is armed with a mix of homing
torpedoes, depth charges, and air-to-surface missiles.

The Soviet Navy concentrated on the use of helicopters for anti-
submarine warfare. The Kamov Ka-25BSh (NATO designation
Hormone-A) entered service in 1964. It used Nikolai I. Kamov’s
unique contra-rotating rotor design that eliminated the need for a
tail rotor and created a very compact machine. Two 900 shaft horse-
power Glushnekov GTD-3 turboshaft engines gave it a top speed of
137 miles per hour and a range of 248 miles. Its search radar was in
a chin radome, and it also carried sonobuoy dispensers, dipping
sonar, and magnetic anomaly detection equipment in an external
pod. Its weapons bay could accommodate wire-guided torpedoes or
depth charges. The Kamov KA-27PL (NATO designation Helix-A)
began replacing the Ka-25 in 1976. It was powered by two 2,205
shaft horsepower Isotov TV3-117V turboshaft engines, giving it a
maximum speed of 155 miles per hour and a range of 497 miles. Its
search suite matched that of the earlier type, though it was much
more modern, and armament included up to four wire-guided torpe-
does, four guided antisubmarine bombs, nuclear or conventional
depth charges, or other bombs. The Ka-27 remains in frontline ser-
vice with the Russian fleet.

One of the most significant developments for most carrier opera-
tors was the advent of practical VSTOL aircraft. The first to enter
service was the McDonnell Douglas/Hawker Siddeley AV-8A
Harrier, a navalized variant of the Royal Air Force’s Harrier that was
deployed by United States Marine Corps squadrons aboard assault
ships beginning in 1971. It used a 21,500 pounds static thrust
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Rolls-Royce Pegasus vectored-thrust turbofan engine to reach Mach
0.98 at 35,000 feet and had a combat radius of 400 miles. It was
armed with two 30mm cannon gun packs and could carry up to
5,000 pounds of ordnance externally. In 1984 these aircraft began
to be replaced by improved AV-8B Harrier IIs, which had a larger
wing to improve their load-carrying capacity. Maximum speed fell
slightly, to Mach 0.91 at altitude, but combat radius increased to
553 miles and the ordnance load rose to almost 10,000 pounds in
addition to two 25mm cannon gun packs. Later versions have added
FLIR and advanced APG-65 radar to endow them with all-weather
attack capabilities and they also are wired to accept guidance pods
to control “smart” munitions.

The Royal Navy did not adopt the attack version of the Harrier
but instead received the Sea Harrier, configured primarily as a car-
rier fighter. It featured a modified nose that raised the pilot’s cockpit
for better visibility and carried Blue Fox intercept radar. The Sea
Harrier had a similar performance to the AV-8A and could carry
Sidewinder or Sky Flash air-to-air missiles or alternative ground at-
tack munitions, plus two 30mm cannon gun packs. The Sea Harrier
entered frontline service in 1980 and distinguished itself during the
Falklands/Malvinas operation. They were upgraded, beginning in
1990, with new Blue Vixen radar and the capability of using the ad-
vanced AMRAAM air-to-air missile. In 2000 the Royal Navy and the
Royal Air Force formed the Joint Harrier Force that combined the
navy’s Sea Harrier fighters and the air force’s Harrier ground attack
aircraft (similar in specification to the AV-8B Harrier II) into a sin-
gle organization that could deploy both ashore and afloat. Conse-
quently, British carriers now embark air groups that contain both
types, depending on the operational requirements.

The Soviet Navy also adopted VSTOL aircraft as the initial fixed
wing component of its carrier air groups. The Yakovlev Yak-38 (NATO
designation Forger-A) entered service in 1976. It used a combina-
tion of two 6,400 pounds static thrust Kolesov RD36V-35FV lift jets
for takeoff and landing and a single 13,000 pounds static thrust
(14,550 pounds static thrust with afterburner) Tumansky R27V-300
main engine featuring twin hydraulically-actuated vectored thrust
nozzles at the rear. The Yak-38 could attain 650 miles per hour, had
a combat radius of 62 miles, and could carry up to 1,325 pounds of
external ordnance, including air-to-air and air-to-surface missiles.
Plans for a more capable successor to the Yak-38 never materialized
in a production aircraft.
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NAVAL AVIATORS DURING THE COLD WAR ERA

The United States Navy found the fundamentals of its wartime
training program very successful, but made changes to suit it better
for a peacetime situation and also the more complex aircraft that it
was operating in frontline service. Aviation candidates first com-
pleted pre-flight training. Naval Academy graduates, whose course-
work already had given them much of the required technical
grounding, spent only five weeks at preflight school at Pensacola.
Direct entry aviation cadets first underwent two weeks of indoctri-
nation into navy ways, then studied technical subjects (navigation,
engines, principles of flight, and aerial meteorology) plus military
drill and physical education for an additional fourteen weeks. All
those who successfully completed preflight school then began basic
flying training. This program combined the elements of the wartime
elimination, primary, and intermediate training courses into a single
course. During the nine-month program, in addition to 180 hours of
flying training that climaxed with six carrier qualification landings
on a training carrier, students also enhanced their technical knowl-
edge with 240 hours of ground school that expanded on the topics
covered during preflight school.

Successful graduates of basic flying training received their wings
and proceeded to advanced flying training. This varied in content
depending on the pilot’s aviation specialty: fighter, attack, antisub-
marine, or multiengined patrol. Initially, all courses lasted about five
months and included about 150 hours of flying training and about
200 hours of ground school. In 1953 the course for prospective
fighter pilots was extended in duration by two weeks to provide time
for transition training from piston-engined aircraft to jet-propelled
equipment. Completion of advanced training led pilots to opera-
tional training with appropriate units within either the east or west
coast training air groups. Until 1953 it was within these air groups
that fighter pilots underwent transition training if they were to fly
jets and a similar position prevailed within the attack aircraft com-
munity until the early 1960s.

The success of the carrier task force concept in the Pacific War
led the United States Navy to make such formations the centerpiece
of its worldwide fleet structure. This structure in itself was a new
feature of American naval dispositions. It contrasted with the pre-
war focus on concentrating the main body of the fleet in the Pacific
and maintaining only limited forces in other areas and reflected the
ascendancy of the United States Navy over all other nation’s naval
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forces. Carriers were ideally adapted to the needs of American
strategic dispositions because of their efficacy in power projection
and the flexibility and rapidity of response conferred by their mobil-
ity. The United States Navy found that the carrier task force struc-
ture (one or more aircraft carriers supported by surface warship es-
corts and auxiliaries) was ideally suited to conduct operations in
keeping with the nation’s commitments and goals, and it retained it
consistently to the present, although now under the title of “carrier
battle groups.”

Within the United States Navy the ascension of carriers to a dom-
inant position within the warship hierarchy had a parallel impact on
the position of aviators within the officer corps. After World War II
the core elements of the various American fleets in the Atlantic,
Mediterranean, and Pacific became carrier task forces. Command of
these carrier task forces became the principal avenue to fleet com-
mand and, ultimately, the highest echelons of the navy’s command
structure. Since it had long been mandated, the command of indi-
vidual aircraft carriers was reserved for naval aviators. These officers
naturally tended to be more likely candidates for selection for task
force or fleet commands and to figure prominently among those
chosen to serve with the Joint Chiefs of Staff as the professional
leaders of the navy. Although surface warfare officers and, more sig-
nificantly, submariners received appointments both as fleet com-
manders and among the ranks of the chiefs of naval operations, avi-
ators came to receive the lion’s share of these positions, largely by
virtue of their prior command experience as task force commanders.
Just as prior to World War II battleship command was the spring-
board to the top, carrier command became the most important fac-
tor in joining the navy’s leadership, and this, unlike battleship com-
mand, was reserved by law for aviators.

This phenomenon of the dominance of aviators of the upper ech-
elons of command was much less prevalent within the other carrier-
operating navies of the world. This reflected both the lesser number
of carriers these fleets operated, meaning that many of these navies
relied more on surface warships or submarines to form much of
their striking force, and that aviators in these navies did not have a
legal “lock” on carrier command, but often were required to under-
take tours of duty as surface warfare officers prior to gaining com-
mand of their own ships. Since World War II, the highest command
in the British and, to a somewhat lesser extent, the French navies
has gone more often to submariners than any other warfare spe-
cialty, perhaps reflecting an unwritten bias toward giving submarine
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officers preference for command of submarine forces and thus cre-
ating for them a more dominant career track than other specialists.

The end of World War II led to an immediate dramatic reduction
in the size of the Royal Navy and its Fleet Air Arm. It started to grow
again in the late 1940s in response to the tense international situa-
tion, whose most obvious social manifestation in the United King-
dom was the passage of the National Service Act in 1948 that man-
dated eighteen months of military service, followed by four years in
the reserves, for all males aged eighteen or older. Two years later it
was amended to extend enlisted service to two years followed by a
commensurate six-month reduction in reserve obligation. The Royal
Navy, however, made little use of National Service conscripts to fill
its ranks, since it realized very quickly that adequate training would
consume too much of the conscript’s active service obligation, and
generally only accepted those who had already joined the Royal
Naval Volunteer Reserve (RNVR), including RNVR air squadrons,
prior to their call-up. The Royal Navy therefore essentially phased
out conscript intake from 1950 in favor of accepting those who vol-
unteered and agreed to fulfill a longer service commitment

The vast majority of the Royal Navy’s aircrew entered the service
as aspirants for short service commissions. They spent nine months
at the Royal Naval College, Dartmouth, during which time they
spent three weeks in grading flying school to determine their apti-
tude for flying. Successful pilot candidates did their elementary fly-
ing training with the Royal Air Force, and then returned to the Royal
Navy for basic flying training, either as fixed-wing or rotary-wing pi-
lots, at the end of which they received their wings. They then went
to training squadrons for advanced and operational training before
joining their first frontline squadron after eighteen months of flying
training. Observers (antisubmarine warfare officers, navigators, etc.)
underwent twelve months of training with the Royal Navy before re-
joining their pilot colleagues in advanced and operational training
squadrons, then also joining their first frontline units.

In 1993, after the break-up of the Soviet Union and the contrac-
tion of British military commitments, a substantial reorganization of
military flying training took place. The Ministry of Defence created
a unified system for all the armed services in which the Royal Air
Force took the lead. For Royal Navy aviators this meant that, after
their time at Dartmouth, those who demonstrated their aptitude in
the grading course then went on to a short survival course before
beginning an eight-month course at the Defence Elementary Flying
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Training School at RAF (Royal Air Force Station) Cranwell. Rotary-
wing pilots then spent six months at the Defence Helicopter Flying
School at RAF Shawbury, while fast jet pilots went to the Basic Fast
Jet Training course at RAF Linton-on-Ouse for nine months. After
receiving their wings at this point, all pilots received further train-
ing, the helicopter crews taking advanced and operational training
courses specialized for the types they would be flying, while the fast
jet crews went to RAF Valley for advanced training and RAF Witter-
ing for operational training. Observers continued to receive all their
training within the navy, first an extended twelve-month course at
RNAS (Royal Naval Air Station) Culdrose, then advanced and oper-
ational training with their colleagues flying helicopters (since the
Royal Navy no longer operated any two-seat fixed-wing front-line
aircraft).

The growing seniority of some individual Royal Navy aircrew offi-
cers meant that by late in World War II some carriers were com-
manded by such officers. This became even more common into the
1950s, and the transition was marked most obviously by the promo-
tion of Admiral Caspar John to the post of First Sea Lord and Chief
of Naval Staff in 1960, the first naval aviator to become the profes-
sional head of the Royal Navy. The process that allowed naval avia-
tors to rise to the upper ranks of the navy was selection to join the
General List (those officers eligible to become ship commanders),
which involved spending time at sea in surface ships to allow them
to gain their watchkeeping and ocean navigation certificates. This
was encouraged among officers who indicated their intention of re-
maining in the navy beyond the limit of their short-service commis-
sion, leading to greater prospects for promotion and stability within
the naval aviation community.

At the end of World War II the French Navy had to recreate its
training system from scratch. In January 1946 it adopted a system
similar to that of the Royal Navy and established a series of training
squadrons for the various phases of the process, but with the impor-
tant distinction that the entire process was conducted “in house.”
Flying orientation, a four-week program for all potential aircrew,
both pilots and non-pilots, was conducted by Escadrille 50S at BAN
(base d’aéronautique navale) Lanvéoc-Poulmic. Those selected to
become pilots then proceeded to Escadrille 51S at BAN Khouribga
for elementary flying training, while other aircrew candidates went
to Escadrille 52S (Escadrille 56S from 1948) at BAN Agadir, both in
Morocco. Basic flying training followed in the new Escadrille 52S at
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BAN Khouribga. Both pilots and non-pilots came together again (if
on track for carrier aviation) in Escadrille 54S at BAN Hyères for
operational flying training and carrier qualification.

France’s signature of the North Atlantic Treaty on April 4, 1949,
which created NATO, led to some significant changes. The United
States Navy, in February 1950, agreed to make its facilities available
to train French naval aircrew under MDAP. Between April 1950 and
September 1957 over 500 student pilots qualified for their wings
and received further advanced flying training in the United States.
As a result the French Navy made some changes to its domestic
training system. Escadrille 58S was established in 1951 at BAN
Saint-Mandrier to train helicopter pilots who had completed the el-
ementary flying course at BAN Khouribga. It moved to BAN Fréjus-
Saint Raphäel in 1954. In 1953 a specialized fighter training school
was established as Escadrille 57S at BAN Lartigue. It moved to
BAN Khouribga the following year and again to BAN Port-Lyautey
in 1960. In 1956, an all-weather fighter training school was created
(Escadrille 59S) at BAN Hyères. In 1957 it additionally took over
the training obligations of Escadrille 54S, which disbanded.

Big changes came as a result of France’s departure from its former
possessions in North Africa. The elimination of the navy’s North
African air training facilities led to the decision to turn over elemen-
tary and basic pilot training to l’Armée de l’Air in 1961. In 1960 ba-
sic helicopter pilot training became the responsibility of l’Aviation
Légere de l’Armée de Terre (ALAT) at Dax and l’Armée de l’Air un-
dertook advanced helicopter pilot training at Chambéry. In 1962 Es-
cadrille 57S disbanded and its operational fighter training mission
was undertaken by l’Armée de l’Air’s Ecole de Chasse at Tours. Non-
pilot aircrews continued to receive their training with Escadrille
56S, relocated first to BAN Lann-Bihoué and then, in 1964, to BAN
Nîmes-Garons, while Escadrille 59S at BAN Hyères remained re-
sponsible for final operational training and carrier qualification.

National defense reorganizations continued to cause changes in
the training system. L’Armée de l’Air ceased operations at Chambéry
in 1975, leading to the creation of Escadrille 22S at BAN Lanvéoc-
Poulmic for advanced training of helicopter pilots. Then, in 1993,
the navy’s deck landing trainer, the Fouga Zéphyr, was withdrawn
from service without a replacement, leading to Escadrille 59S dis-
banding and an arrangement with the United States Navy for it to
take over carrier qualification training for the French fleet. Cur-
rently, ALAT provides basic helicopter training and the French Navy
handles their advanced training, while l’Armée de l’Air conducts ele-
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mentary and basic fixed-wing training, the United States Navy cov-
ers advanced flying and carrier qualification, and the navy’s Es-
cadrille 57S at BAN Landivisiau addresses operational training.

CARRIER OPERATIONS DURING 
THE COLD WAR ERA

The overwhelming majority of carrier operations after the end of
World War II entailed the actual or threatened use of embarked avi-
ation against targets on land or shore-based opponents. This very
much aligned with late-war experience, though the carriers never
faced any significant credible threat of attacks against their own se-
curity. Carriers became very important instruments for projecting
power, either actual or potential, toward the attainment of national
policy goals, whether by diplomatic means or the use of force.

France’s ultimately failed efforts to retain its colonial hold on In-
dochina embroiled its carriers in a six-year campaign off the Viet-
namese coast that presaged, on a much more limited scale, the op-
erations of the United States fleet in the same waters that began a
decade later. France’s first postwar carrier, the escort carrier
Dixmunde (previously the Biter in the Royal Navy), began opera-
tions in the Tonkin Gulf in March 1947, using SBD dive-bombers
for ground attack missions against the Viet-Minh guerillas. The
Dixmunde was too small to mount effective operations and served
subsequently as an aircraft transport, its operational duties passing
to the Arromanches, a larger ex-British light carrier, which under-
took its first missions in September 1948 using SBDs and Seafires
before returning to France to reequip its squadrons. It returned to
the line with new aircraft, Hellcats and Helldivers, in August 1951.
The French acquisition of the American light carrier Langley, re-
named Lafayette, enabled the navy to maintain a carrier off the
Indochina coast almost continually, a task eased greatly by the ar-
rival of another ex-American light carrier, the Bois Belleau, on the
line in July 1954. The three ships convincingly demonstrated the
value of carriers for close support operations, since their mobility
made it easier for them to apply their force over an extended area at
closer range and at short notice. The navy’s final carrier deployment
during the French war in Indochina was that of the Bois Belleau,
from January to June 1956, marking the end of a long campaign that
was French carrier aviation’s baptism of fire.
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While the colonial war in Indochina was in full swing, a fresh
conflict broke out in the Far East with the invasion of South Korea
by North Korean troops on June 25, 1950. Two carriers, the United
States Navy’s Valley Forge and the Royal Navy’s Triumph, consti-
tuted the striking arm of the only United Nations force immediately
available to intervene. They were in action by July 3, when the Tri-
umph launched a strike against the North Korean airfield at Haeju,
while the Valley Forge struck Pyongyang, some sixty miles further
north. This marked the beginning of the struggle to halt the advanc-
ing North Korean forces that relied very heavily on effective air sup-
port for the efforts of ground troops. The two existing carriers,
joined by the Philippine Sea and two escort carriers, the Badoeng
Strait and the Sicily (embarking Marine Corps Corsair fighter
bomber squadrons), contributed a major part of the tonnage deliv-
ered, largely because their close proximity enabled their aircraft to
trade fuel for ordnance, and the combined efforts succeeded in halt-
ing the enemy advance at the Naktong River on August 18.

These same carriers, reinforced by the arrival of another Essex
class ship, the Boxer, provided air cover for General Douglas
MacArthur’s bold stroke, the landings at Inchon in the rear of the
North Korean forces on September 15, 1950, and the advance that
drove them back to the border at the 38th Parallel by September 27.
The United States Joint Chiefs of Staff authorized General
MacArthur’s forces to press on across the border and United Na-
tions forces reached the Yalu River by November, provoking a mas-
sive counterstroke by Chinese troops that began on November 25.
During the retreat of United Nations forces that ensued, United
States Navy and British Commonwealth carriers conducted very in-
tensive ground attack operations in their support, especially in cov-
ering the fighting retreat of the 1st Marine Division from the Chosin
reservoir to the port of Hungnam. This intense activity continued as
Chinese and North Korean forces drove south and retook Seoul,
only to be driven back by a counteroffensive that stabilized the front
virtually along the 38th Parallel once more. During the two years of
stalemate that ensued until the eventual signing of a cease-fire on
July 27, 1953, carriers of the British Commonwealth and United
States navies continued to provide close support for United Nations
ground forces but also engaged in a prolonged aerial campaign
against North Korean strategic targets, such as dams, power gener-
ating facilities, industrial plants, and transportation infrastructure
and systems, with the objective of applying pressure to bring an end
to the conflict. Alone, carrier air power was insufficient to accom-
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plish the goal of achieving victory, but together with other arms it
enabled the United Nations to attain an uneasy peace in Korea.

United States Navy carriers returned to South-East Asia in force
to engage in their longest and most intensive continuous operation,
the war in Vietnam. Between August 2, 1964 and August 15, 1973,
twenty-one carriers (sixteen attack carriers and five antisubmarine
warfare carriers) deployed to Yankee Station in the Gulf of Tonkin,
most of them more than once as they made a total of eighty-six war
cruises. The material and human costs of this nine-year campaign
were very great: 530 aircraft and helicopters were lost in action and
a further 329 destroyed in accidents, 377 aircrew were killed in ac-
tion, 179 became prisoners of war, and 64 were listed as missing in
action. The conflict began with action against North Vietnamese
motor torpedo boats on August 2 and escalated into strikes against
their bases three days later in retaliation for what was thought to be
further attacks but now almost certainly can be determined to be
mistaken identification of radar returns in poor weather conditions.
Nevertheless, reaction in the United States was sufficient to cause
Congress to pass the Gulf of Tonkin Resolution on August 10 that
gave President Lyndon B. Johnson the authority to commit United
States forces to a full-scale war in Vietnam.

The initial phase of the aerial campaign entailed interdiction op-
erations against lines of communication from North Vietnam to the
Viet Cong guerillas in the south. Early in 1965 it expanded into a
protracted large-scale offensive against North Vietnamese infra-
structure that continued until late 1968, when it was suspended un-
til late 1971, in the hope that a peace might be negotiated. During
the lull in offensive operations over North Vietnam, the navy com-
mitted its air groups to operations against the Ho Chi Minh Trail
along the Laotian border and ground support missions over South
Vietnam. In an effort to restart peace negotiations and force a reso-
lution, the navy returned to a full scale offensive over North Viet-
nam in late 1971 that lasted until the January 23, 1973, peace
agreement was signed in Paris, although operations over Laos and
Cambodia continued until the United States Congress ordered an
end to all combat operations in South-East Asia by August 15.

On April 2, 1982, Argentinian forces landed on the Falkland Is-
lands and South Georgia in an attempt to solve by force a long-run-
ning dispute with Britain over their ownership. They rapidly overran
the tiny British forces stationed there but this initial success pro-
voked a substantial reaction from Britain in the form of an expedi-
tionary force sent to retake these South Atlantic islands. The opera-
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tion depended virtually entirely on air support provided by two carri-
ers, the Hermes and the Invincible, and their embarked Sea Harrier
fighters and Sea King helicopters, enhanced by additional Royal Air
Force Harriers operating from aircraft carriers for the first time.

The Royal Navy’s carrier aircraft went into action against Argentin-
ian forces on the Falklands on May 1. The British had anticipated
that they would encounter Argentinian naval and aerial opposition
but, in fact, the threat of Royal Navy submarines sufficed to keep
surface ships away after the sinking of the cruiser General Belgrano
on May 2, and the prime threat to the British invasion force came
from aircraft operating from the Argentinian mainland. The Sea Har-
riers proved more successful as interceptor fighters than prewar pun-
dits had anticipated, but the Royal Navy’s complete lack of airborne
early warning equipment proved a major handicap and enabled the
Argentinians to strike significant blows to the ships carrying the land-
ing force and their escorting destroyers and frigates, sinking two de-
stroyers, two frigates, two landing ships, and an auxiliary merchant
ship, and damaging eleven other warships. Nevertheless, the carriers
were able to remain on station to defend the invasion fleet, support
substantial ground attack missions, and cover the landings of troops
on May 21 and their subsequent advance to recapture Port Stanley
and receive the Argentinian surrender on June 14.

The Iraqi invasion of Kuwait on August 2, 1990, led to a major in-
ternational operation to expel the invaders that began the counterat-
tack, operation Desert Storm (for United States forces) on January
17, 1991. Eight American carriers and seven helicopter assault
ships plus the French carrier Clémenceau formed the air striking
force of the international fleet that took part in this operation. The
ground assault began on February 24 after an intensive air campaign
using substantial quantities of precision strike ordnance against the
Iraqi forces. It led to the expulsion of the Iraqis within four days and
the negotiation of a cease-fire on March 1. Similarly massive carrier
forces were assembled for the United States assault on the Taliban
in Afghanistan after the suicide airliner attacks on the World Trade
Center in New York and the Pentagon in Washington on September
11, 2001. Operation Enduring Freedom was launched on October
7, 2001. No less than ten United States Navy carriers and four heli-
copter assault ships took part and demonstrated the extended reach
of naval aviation, for Afghanistan is totally land-locked. The later in-
vasion of Iraq (operation Iraqi Freedom to United States forces) in-
volved yet another large concentration of carrier air power: one
British and eight American carriers plus one British and six Ameri-
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can helicopter assault ships took a major role in the assault that be-
gan on March 19, 2003, and was declared complete on April 14. In
both these later operations the most notable feature of the aerial as-
sault was its almost exclusive reliance on the use of “smart”
weapons, precision guided bombs and missiles, to achieve incompa-
rably greater accuracy and economy of operation than was possible
in earlier conflicts.

In addition to their deployment for full-scale combat operations,
aircraft carriers also took part in many missions short of war. Air-
craft carriers from the United States Navy’s Seventh Fleet were de-
ployed to the Taiwan Strait in 1955 and again in 1958 during two
confrontations between China and the Chinese Nationalists over
the ownership of strategically important islands of Quemoy and
Matsu in the Strait. Their presence sufficed to cause the Chinese to
back away from outright assaults on the islands and stabilized the
situation, at least temporarily. In the summer of 1962, tension flared
in the Persian Gulf when newly-independent Kuwait was threatened
with invasion and annexation by Iraq. The British government re-
acted quickly, sending the Bulwark, a commando carrier, from Sin-
gapore to the Gulf with Royal Marine assault troops and their asso-
ciated helicopters, and the fleet carriers Victorious and Centaur to
provide air cover and fighter defense. This rapid reaction had the ef-
fect of stopping the Iraqi intervention in its tracks and all British
forces departed the region within three months. The United States
also deployed attack carriers and helicopter assault ships in the
Caribbean to enforce a naval blockade of Cuba during the 1961
missile crisis and the Royal Navy similarly deployed carriers off
Mozambique to enforce a blockade of trade with Rhodesia after that
country’s unilateral declaration of independence in November 1965.

The Mediterranean Sea became the arena for much action short
of war during the 1980s. American confrontation of Libya in the
Gulf of Sidra led to incidents on August 19, 1981, and January 4,
1989, during which aircraft from United States Navy Sixth Fleet
carriers engaged with Libyan aircraft. In the earlier incident, two F-
14A Tomcats from the Nimitz were fired on by a pair of Libyan Su-
22 fighters and destroyed them, while in the later incident, Tomcats
from the John F. Kennedy engaged and shot down two MiG-23 air-
craft. The civil war in Lebanon that began in 1975 also led to out-
side intervention at various stages as it unfolded. United States
Marines, together with French and Italian forces, landed in Beirut
on August 20, 1982, in an attempt to stabilize the situation in the
country. Both American and French carriers provided cover for this
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operation and maintained a strong presence off the Lebanese coast
thereafter. On April 18, 1983, the American Embassy was struck by
a suicide attack that killed sixty-three people, leading President
Ronald Reagan to order retaliatory attacks. The French Embassy
was bombarded on September 9, to which the French carrier Foch
responded with air strikes against the presumed artillery positions
responsible. Then, on October 23, the barracks housing both the
United States Marines and French paratroopers were attacked with
massive suicide truck bombs that killed 241 Marines and 58 para-
troopers. Aircraft from the Clémenceau, the John F. Kennedy, and
the Independence undertook retaliatory raids against targets in the
Bekaa Valley, as well as undertaking evacuations of troops from
Beirut. Both navies continued to operate carriers off the Lebanese
coast for some considerable time after the withdrawal of French and
American troops.

The prolonged war between Iran and Iraq that raged from 1980
to 1988 led to substantial carrier deployments to the Persian Gulf,
especially after the Iranians initiated their campaign against neutral
tankers transporting crude oil from the Iraqi terminal at Khargh Is-
land. During the so-called “tanker war” from 1984 to 1987 both
American and French carriers operated in the Gulf, providing air
cover for tankers and their own surface forces. American carriers
also remained in the Persian Gulf after the end of the war to liberate
Kuwait, participating in the enforcement of the “no-fly” zone over
southern Iraq until 2002. British, French, and American carriers
also operated regularly in the Adriatic Sea during the various stages
of the conflicts within the former Yugoslavia from 1993 to 2000.

The French, the British, and especially the American experience
of carrier operations off Indo-China and Korea after World War II
wrought a profound change in their navies’ perception of the opera-
tional parameters within which carriers would operate in the future.
During World War II, carriers became the primary striking arm of
oceanic fleets, launching concentrated forces to attack and sink en-
emy warships and surface vessels across distances greatly amplified
above those possible with surface weaponry. The Indo-Chinese and
Korean experience rendered this paradigm obsolete. Instead, carrier
air power became the supreme manifestation of the potential for
mobile force projection against an enemy’s heartland, especially as
the unrefueled range of large carrier strike aircraft expanded. Rather
than being an aberration, as some observers and even some partici-
pants considered it, this experience presaged the maturation of car-
rier air power as the preeminent quick-reaction force capable of
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rapidly bringing devastating concentrated firepower against signifi-
cant national assets. Even today, despite the great advances in aerial
refueling that have enabled land-base aircraft to range around the
globe, aircraft carriers consistently demonstrate the economical,
flexible, and effective projection of overwhelming force throughout
the world.
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C H A P T E R  F I V E

Joint Operations

One of the most important assets of aircraft carriers that has
made them such strikingly effective warships is their flexibility.
Since their striking and self-defense powers reside in their air
groups, changes in the composition or types of aircraft embarked
can suit carriers for very different missions and endow them with
very varied capabilities. Such modifications are relatively simple to
complete on a temporary basis and do not require drastic changes to
accomplish a more permanent conversion. Nowhere is this more ap-
parent than in the adaptation of aircraft carriers for direct participa-
tion in amphibious operations as transports for large numbers of
troops and platforms for assault helicopters transporting the troops
ashore. Navies operating such helicopter assault ships have found
that the same carriers are readily adaptable for service in antisubma-
rine warfare operations or as sea control vessels with little or no
structural changes simply by altering the composition or types of
aircraft on board. This great flexibility suits aircraft carriers very well
for operations in the world’s littorals that seem likely to become ever
more the dominant environment for future conflicts.

UNITED STATES AMPHIBIOUS ASSAULT 
CARRIER DEVELOPMENT

As early as 1946 the United States Marine Corps concluded that, in
the face of the threat from atomic weapons, amphibious landing op-
erations as conducted during World War II would be prohibitively
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dangerous, since just a few bombs could wipe out the concentra-
tions of shipping and the beachheads that characterized such as-
saults, while dispersing shipping and troops risked a defeat in detail.
Further analysis suggested alternative approaches: parachuting in-
fantry and support weapons from large transport aircraft, glider-
borne assaults, attacking from specialized transport submarines, or
landing troops and equipment via helicopter from dispersed surface
transports. Of these options only helicopter assault was attractive
and became the main focus of the Marine Corps’ efforts.

The major problem facing the concept was the limited load-
carrying capacity of existing helicopters. A study in early 1951 deter-
mined that a divisional assault would require twenty small assault
carriers (escort carrier conversions each carrying twenty helicopters)
to accomplish. A number of exercises demonstrated the basic sound-
ness of helicopter assault but the constraints of the shipbuilding
budget prevented quick or extensive action to accommodate the
Marines’ needs and it was not until July 20, 1956, that the first es-
cort carrier conversion, the Thetis Bay, commissioned. It accommo-
dated 938 troops in berthing spaces created at the forward end of
the hangar and had its after elevator enlarged and the end of the
flight deck cut away to enable operation of larger helicopters.
Weight compensation required landing all guns except eight twin
40mm mounts.

The Thetis Bay was an experimental project to further validate the
concept. Meanwhile, the Marine Corps continued to press for the
ships it needed for operational deployment. The cost of the numbers
of ships required led to a dual track approach that developed a pur-
pose-built ship while simultaneously exploring options for conver-
sions of suitable existing warships. Eventually it became clear that
the only suitable vessels available in adequate numbers, escort carri-
ers of the Commencement Bay class, were too expensive to convert
and had too little remaining service life and the choice was made for
new construction. As an interim measure, four Essex class carriers,
the Boxer, the Lake Champlain, the Princeton, and the Valley Forge,
that had been replaced by more sophisticated Essex class ships for
antisubmarine warfare duties were selected for conversion into as-
sault ships. In the event, the Lake Champlain was not converted,
largely because of a shortage of seamen to man it. The other three
ships received austere conversions that deleted all guns except two
twin and two single 5-inch mounts and removed four of eight boil-
ers, cutting speed to 25 knots. They could accommodate thirty heli-
copters and 3,000 troops.
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The purpose-built ships of the Iwo Jima class were smaller, much
more economical to operate, and far better arranged internally for
troop comfort and cohesion. They could operate twenty helicopters
and embarked 2,000 troops and soon demonstrated their ability to
undertake extended deployments. Amphibious force commanders
appreciated the substantial advance the Iwo Jima class ships repre-
sented but were critical of their limitations, particularly their lack of
any facilities for landing craft which made them wholly reliant on
their helicopters to land or disembark their troops.

It was suggested that an Iwo Jima class hull lengthened by 52 feet
could carry twelve LCVPs (Landing Craft Vehicle and Personnel)
and two LCPLs (Landing Craft Personnel Light), but the combina-
tion of unacceptable instability problems and concerns for delays in
delivery put the idea to rest. Instead, a new design emerged that
combined the helicopter assault capabilities of the Iwo Jima class
with the integral wet dock and assault craft launching facilities of a
landing ship dock. The price for this very capable design was a ves-
sel of more than double the tonnage of the previous Iwo Jima class
ships. Nine ships of the Tarawa class were ordered on May 28,
1968, all from the Ingalls Shipbuilding Corporation in Pascagoula
in conformity with Secretary of Defense Robert S. McNamara’s sin-
gle-source policy, which he believed would provide substantial cost
savings in shipbuilding programs. In fact four ships had to be can-
celled on January 20, 1971, due to massive cost overruns, so only
five ships of the Tarawa class were delivered.

As the Tarawa class entered service the Marine Corps was gaining
experience operating its VSTOL (Vertical or Short Take Off and
Landing) Harrier aircraft and began deploying them aboard these
vessels. The following group of assault ships, the Wasp class, there-
fore had improved facilities for operating Harriers, as well as up-
graded self-defense armament and a modified wet dock configured
to handle air cushion landing craft (LCAC) in addition to conven-
tional assault craft. They also received improved facilities to suit
them for deployment in the sea control carrier role. Seven ships of
this type were funded between 1984 and 1996. An eighth vessel, the
Makin Island, is under construction. It is a unique modified version,
powered by gas turbine engines, and incorporating all electric auxil-
iary machinery, an advanced machinery control system, water-mist
fire protection arrangements, and upgraded command, communica-
tions, and control systems.

Nowhere is the Marine Corps’s commitment to vertical envelop-
ment more obvious than in the assault ships of the Wasp class,
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which are larger than the World War II–era Essex class carriers.
From the beginning, the Marine Corps envisaged deploying carrier-
like vessels, whose attraction lies in their inherent flexibility to ac-
commodate different configurations of air group and troop equip-
ment. This flexibility also greatly assisted the Marine Corps in
gaining acceptance for their requirements within the United States
Navy, since the vessels they envisaged could also undertake other
missions, such as sea control. In many ways this multimission capa-
bility is central to the arrangements currently envisaged for future
assault ships (planned to enter service beginning in 2014), for
which aircraft facilities are to be further emphasized at the expense
of the wet dock feature of current vessels. Some design concepts
even incorporate a “twin-track” arrangement: a central superstruc-
ture flanked by two parallel flight decks that will permit simultane-
ous operation of helicopters and VSTOL aircraft.

BRITISH AMPHIBIOUS ASSAULT 
CARRIER DEVELOPMENT

The Royal Navy was an early enthusiast of helicopter operation at
sea and, as early as 1953, envisaged completely replacing fixed-wing
antisubmarine warfare aircraft with large helicopters. It followed
United States Marine Corps’s progress with helicopter assault land-
ing experiments with keen interest. By 1955 the Royal Navy had em-
ployed light aircraft carriers as troop transports on a number of oc-
casions and its chief of amphibious warfare, Major General C. F.
Phillips, Royal Marines, requested development of both large and
small troop carrying helicopters. The Admiralty responded by ap-
proving the start of work on designing a conversion of a light fleet
carrier into an amphibious assault ship, termed a commando carrier
in the Royal Navy, in July 1956.

Almost immediately, before work on a full-scale conversion had
begun, the concept was tested in action. The British government de-
cided to intervene in response to Egyptian Premier Gamal Abdul
Nasser’s decision on July 26, 1956, to nationalize the Suez Canal.
French and British officials drew up plans to launch a joint am-
phibious invasion to take over the Canal. As part of the invasion task
force, two British light carriers, the Ocean and the Theseus, were
hastily modified (in four days) to carry a full commando of 450
troops and twenty-two helicopters to transport them ashore. The
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mass helicopter assault concept was tested in a successful exercise
just prior to their departure for Suez on October 12. Three weeks
later the two carriers launched the first such assault against enemy
opposition with complete success.

The success of the operation and the obvious utility of such tech-
niques for imperial policing duties led to the permanent conversion
of two later light carriers of the Centaur class, the Albion and the
Bulwark, into commando carriers. They were stripped of most guns
and fitted with accommodations for 900 troops. Sixteen helicopters
provided troop lift, and four landing craft suspended from davits,
transported heavy equipment ashore. Both ships were in service by
1962. A decade later their more modern semi-sister, the Hermes,
was similarly converted when it was withdrawn from frontline car-
rier service as part of the run-down of Royal Navy fixed wing opera-
tion mandated by the 1966 Defence Review.

All the converted commando carriers were out of service by the
early 1980s without direct replacements, although the support car-
riers of the Invincible class could readily convert to the commando
role by embarking up to 1,000 troops and the assault helicopters to
transport them. On September 1, 1993, however, the Royal Navy or-
dered a new helicopter assault ship, the Ocean, to compensate fi-
nally for the decommissioning of the dedicated commando carriers.
The hull design was based on that of the Invincible class but the
ship itself was constructed to Lloyd’s Register specifications for sim-
ilar size merchant vessels except for those features specifically mili-
tary in nature, a decision that substantially reduced the cost of con-
struction. The Ocean is smaller and slower than its American
contemporaries and, unlike them does not have a wet dock for
launching its landing craft.

OTHER AMPHIBIOUS ASSAULT 
CARRIER DEVELOPMENTS

No other navies have deployed dedicated helicopter assault ships
similar to those of the United States and Royal navies. Nevertheless,
some navies have incorporated troop accommodations and facilities
for operating assault helicopters into the designs of aviation vessels
intended to fulfill other primary roles, illustrating once again the
mission flexibility of carriers that makes them such effective
warships.
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The French Jeanne d’Arc was constructed primarily as a cadet
training ship to replace the prewar training light cruiser of the same
name. From the outset it was decided it would have a dual role and
be equipped as an antisubmarine warfare helicopter carrier with a
large flight deck aft and the superstructure concentrated forward. As
the process continued the designers quickly realized that with minor
adjustments to internal arrangements the accommodation spaces
intended for cadets could be adapted for troops. As finally commis-
sioned in 1964 the Jeanne d’Arc could accommodate up to 700
troops as an amphibious assault ship. It also was equipped to oper-
ate up to eight of the French Navy’s standard Super Frelon heavy as-
sault helicopters. In addition, it incorporated dedicated amphibious
assault and antisubmarine warfare combat information center
spaces and a helicopter flight deck operations control bridge in the
forward superstructure.

In the 1990s the French Navy began planning to generate a re-
placement for the Jeanne d’Arc. The initial concept envisaged an im-
proved version of the existing dock landing ships of the Foudre class
but further discussion led to the decision to design a larger type of
landing ship with a full length flight deck and hangar accommoda-
tion for assault helicopters. The final design is very similar in size to
the British landing ship, the Ocean, but more capable in that it in-
corporates the well dock that is a feature of similar, though much
larger, American helicopter assault ships. The two ships of the Mis-
tral class are unusual in employing diesel-electric propulsion. The
diesels generate electricity to drive podded thruster units and a bow
thruster, giving the ships the potential for remarkable maneuverabil-
ity and the ability to maintain fixed positions for extended periods.

The Italian Navy’s new carrier the Conte di Cavour was originally
conceived as an amphibious assault ship along the lines of the
United States Navy’s Tarawa class, though somewhat smaller. As the
design evolved, carrier features suiting the ship for strike and sea
control missions came to predominate. The wet dock for landing
craft was eliminated and replaced by two 60-ton capacity ramps for
vehicles. As finally configured, the Conte di Cavour will operate pri-
marily in the sea control role with a mixed VSTOL fighter-bomber
and antisubmarine helicopter air group, but will be readily adaptable
to operate as a strike carrier with fighter-bombers only or as an am-
phibious assault ship, carrying up to 450 troops and assault helicop-
ters to land them.

The use of carrier-type vessels as amphibious assault ships is a
particularly powerful reflection of the inherent mission flexibility of
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such warships. The operations of the Ocean and the Theseus at Suez
in November 1956 (and the United States Navy’s LANTPHIPEX 1-
58 fourteen months later in which helicopters from the antisubma-
rine warfare carriers Tarawa and Valley Forge and the attack carrier
Forrestal transported a complete United States Marine Corps regi-
mental landing team ashore) illustrated that carriers could under-
take successful amphibious assault missions with very limited alter-
ations other than embarking appropriate aircraft. Specialized ships
certainly simplified such missions but were not a prerequisite for
success.

AMPHIBIOUS ASSAULT SHIP AIRCRAFT

The United States Marine Corps first used Sikorsky HRS helicop-
ters as its assault aircraft, operating them from land bases in Korea
during the conflict there and also for trials of the vertical envelop-
ment concept from escort carriers. Their payload of eight full-armed
Marines, top speed of 101 miles per hour, and range of 370 miles
made this strictly a temporary measure pending the arrival of pur-
pose-designed assault helicopters. These were Sikorsky’s HR2S heli-
copters, powered by twin 1,900 horsepower Pratt & Whitney
Double Wasp radial engines that gave them a top speed of 130 miles
per hour, and range of 147 miles, and a payload of 20 fully-armed
troops. The HR2Ss were not entirely satisfactory and were soon sup-
plemented by smaller single-engined Sikorsky HUS machines. Their
1,525 horsepower Wright Cyclone radial engines gave them a top
speed of 123 miles per hour, a range of 182 miles, and a payload of
up to 12 fully-armed troops.

The second generation of Marine Corps assault helicopters began
entering service in 1965 to 1966, with the arrival of the Boeing
Vertol CH-46 Sea Knght and Sikorsky CH-53 Sea Stallion. Both
were fitted with twin turboshaft engines that endowed them with
much improved speed, range, and payload. The CH-46 used 1,400
shaft horsepower General Electric T-58 engines to attain a top
speed of 166 miles per hour and a range of 230 miles, and could
carry up to 16 assault troops, while the CH-53, with 3,925 shaft
horsepower General Electric T-64 turboshaft engines, reached 196
miles per hour, had a range of 257 miles, and could carry up to 38
troops. The CH-53 was supplanted by a three-engined version, the
CH-53E Super Stallion, which entered service in 1981. Its 4,380
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shaft horsepower General Electric T-64 turboshaft engines gave it a
top speed of 196 miles per hour, a range of 621 miles, and a maxi-
mum capacity of 55 troops. The planned replacement for the CH-46
is the Boeing-Bell MV-22 Osprey tilt-rotor machine, which is still in
development but will probably enter service in 2007. It uses two
6,150 shaft horsepower Allison T-406 turboshaft engines to drive
swiveling tilt-rotors at the wing tips. Cruising speed will be 250
miles per hour, range will be 550 miles, and payload up to 24 fully
armed troops.

Operations in Vietnam quickly demonstrated the need for escort-
ing attack helicopters to provide close support during and after an
assault. The Marine Corps therefore adopted a version of the
United States Army’s AH-1 Cobra to fulfill this mission require-
ment. The AH-1J was armed with a multibarreled 20mm cannon in
a chin turret and could carry a variety of ground attack weapons on
the stub wings. Its successor, the AH-1T could carry TOW antitank
missiles and incorporated several airframe improvements, and was
followed by the AH-1W, which featured twin engines to compensate
for the weight gains of the earlier model and also improve survivabil-
ity. These machines are now being upgraded to AH-1Z standard with
four-bladed rotors and a night targeting system.

The Royal Navy initially operated a license-built version of Sikor-
sky’s S-55, the Westland Whirlwind, which was used at Suez and
aboard the Bulwark when the ship first commissioned. Their 750-
horsepower Alvis Leonides Major radial engines gave them a top
speed of 109 miles per hour, a range of 335 miles, and the capacity
to carry 8 fully armed troops. These aircraft quickly were replaced
with the Westland Wessex Commando, a licensed variant of the
Sikorsky S-58 that was powered by a 1,450 shaft horsepower Napier
Gazelle turboshaft engine instead of the American machine’s Wright
Cyclone radial engine. By 1964 a dedicated assault version, the
Wessex HU.5 with twin 1,350 shaft horsepower Bristol Siddeley
Gnome turboshaft engines was in service. These Wessex machines
could carry up to 16 fully-armed troops at a top speed of 135 miles
per hour. Additional fuel and more efficient engines endowed the
later version with a range of 478 miles compared with the 390-mile
range of the earlier Wessex version. The Westland Sea King HC.4
Commando, a specialized variant of the license-built Sikorsky S-61,
entered service in 1980. Its twin 1,400 shaft horsepower Bristol
Siddeley Gnome turboshaft engines gave it a top speed of 140 miles
per hour, a range of 400 miles, and a troop carrying capacity of 28
fully-armed Marines. The Royal Marines also have used smaller
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Westland Scout and Lynx helicopters as antitank missile platforms
and gunships to support heliborne assault landings.

The principal French assault helicopter since the 1960s has been
the Aérospatiale SA.321 Super Frelon. This large machine, powered
by three 1,200 shaft horsepower Turboméca 3C turboshaft engines,
attains a top speed of 170 miles per hour, has a range of 440 miles,
and can carry up to 38 fully-equipped troops. Its replacement, the
Aérospatiale-MBB-Agusta NH-90, is powered by two Rolls-Royce/
Turboméca 322 turboshaft engines, giving it a top speed of 180
miles per hour, a range of 420 miles, and capacity for 20 fully-armed
assault troops. The Italian Navy is introducing an armed assault
transport version of the European EH.101 for service aboard the
Conte di Cavour. It is powered by three 2,050 shaft horsepower
General Electric T700 turboshaft engines, giving it a cruising speed
of 170 miles per hour and a range of 625 miles, and accommodation
for up to 24 fully-equipped troops.

AMPHIBIOUS ASSAULT SHIP AVIATORS

From the outset, the air groups aboard United States Navy amphibi-
ous assault carriers have comprised Marine Corps squadrons, either
helicopter units or attack squadrons equipped with VSTOL fighter-
bombers. Marine Corps aviators followed the same flying training
program as their United States Navy counterparts with two impor-
tant exceptions: regardless of their avenue of entry, all passed
through the Basic School at Quantico, Virginia, where they under-
went indoctrination in Marine Corps leadership skills, and their op-
erational training was also within dedicated Marine Corps training
squadrons. This system created a powerful cohesion between the
aviators and the troops they delivered to the beach.

The arrangements aboard British amphibious assault ships were
rather different. All the assault helicopter units were squadrons of
the Royal Navy’s Fleet Air Arm though, in general, a bare majority of
their aviators were officers in the Royal Marines. Since 1995, one of
the Royal Navy’s specialized assault helicopter units, 847 Squadron,
has been wholly crewed by Royal Marines. Both Royal Navy and
Royal Marines aviators went through the same training system.
Again, there was an important difference for Royal Marines, who
were required to complete the regular commando officer’s training
program and spend twelve months commanding a troop (a unit
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equivalent to a platoon) before becoming eligible for flying aptitude
assessment prior to beginning flight training.

AMPHIBIOUS ASSAULT SHIP OPERATIONS

Although the United States Navy had conducted some experimental
exercises earlier, the first use of helicopters from carriers to conduct
an amphibious assault against opposition was by the Royal Navy at
Suez in 1956. Two light carriers, the Ocean and the Theseus, were
rapidly converted between September 25 and September 29 to ac-
commodate a complete 450-man Royal Marine commando and to
operate 22 helicopters, a joint force of Royal Navy, Royal Air Force,
and Army machines, to land them. After validating the concept dur-
ing a successful exercise in the United Kingdom, the two carriers
joined the Anglo-French fleet assembled for the operation against
Egyptian forces around the Suez Canal. On November 6, 1956,
helicopters aboard the carriers landed all 450 troops from 45 Com-
mandos in the city center of Port Said within ninety minutes. The
commandos successfully linked up that afternoon with paratroops
who had been dropped alongside the Suez Canal itself, consolidat-
ing their position there prior to the cease-fire that went into effect at
midnight the same day.

The success of these extemporized assault carriers led to the Admi-
ralty’s decision to undertake permanent conversions of two later light
carriers, the Albion and the Bulwark, into commando carriers. Both
ships operated extensively “east of Suez” in support of British efforts
to hold on to its empire. The Bulwark formed part of the British force
deployed to the Persian Gulf in a successful operation to deter an at-
tempt by Iraq to invade Kuwait in the summer of 1961 (operation
Vantage) then, together with its sister the Albion, participated in the
extended British campaign confronting Indonesian efforts to take
over Brunei and Borneo between late 1962 and 1966. The Albion
also covered the British withdrawal from Aden in late 1967 while the
Bulwark was deploying its commandos to prevent infiltration into
eastern Malaysia. Britain’s withdrawal from its Far Eastern imperial
holdings brought the two commando carriers back to European wa-
ters, where they engaged primarily in exercises to prepare for a poten-
tial conflict with the Soviet Union fought in the Norwegian littoral.

Shortly after the British commando carriers began their opera-
tions in the South China Sea, the United States Navy commenced
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deploying its helicopter assault ships further north in the same sea,
carrying Marine Corps amphibious forces to conduct operations
along the coast of South Vietnam. Initially, these were converted
Essex class carriers but soon the new purpose-built ships of the Iwo
Jima class supplemented and later replaced the earlier vessels. Be-
tween 1964 and 1973 the United States Navy’s Seventh Fleet al-
most continuously maintained two or more Amphibious Ready
Groups, each built around one or more helicopter assault ships, off
the Vietnamese coast. During this period the Marine Corps under-
took several hundred amphibious operations against Vietcong
guerilla concentrations and regular North Vietnamese Army forces
in South Vietnam, using combined assaults by marines transported
by assault helicopters and landing craft and, often, other marines
advancing overland.

American helicopter assault ships have been very active partici-
pants in the United States’ major and lesser conflicts since 1990.
No less than five of the Iwo Jima class and two of the Tarawa class
took part in operations Desert Shield and Desert Storm in 1990 to
1991 that first protected the Arabian Peninsula states against fur-
ther threats from Iraq and then expelled Iraq from Kuwait. Others
operated extensively in the Red and Adriatic seas between 1993 and
2000, conducting missions in Somalia and the former Yugoslavia.
Operation Enduring Freedom between October 2001 and March
2002 against the Taliban in Afghanistan saw four helicopter assault
ships, the Nassau of the Tarawa class and the Bataan, the Bon
Homme Richard, and the Kearsarge of the Wasp class, participating,
demonstrating the reach of Marine Corps heliborne attack forces,
since Afghanistan is entirely land-locked. During the subsequent in-
vasion of Iraq (operation Iraqi Freedom) that began on March 19,
2003, one British (the Ocean) and six American helicopter assault
ships (the Nassau of the Tarawa class and the Bataan, the Bon
Homme Richard, the Boxer, the Iwo Jima, and the Kearsarge of the
Wasp class) formed part of the Coalition invasion force, the largest
such concentration to date, and several have continued to maintain
a regular presence in the Persian Gulf to provide quick reaction sup-
port for ongoing land operations in Iraq.

The promise of aircraft carriers in joint operations has been am-
ply fulfilled by their successful conduct of such missions during the
past fifty years. Helicopter assault ships have demonstrated their
flexibility both in combat and in strenuous exercises. This flexibility
is very attractive to a broad spectrum of navies, as the spurt of con-
struction during the past decade in Britain, France, and Italy
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demonstrates, and is such that even a nation like Belgium, with no
tradition of carrier operation, is seriously contemplating the
prospect of purchasing a helicopter assault ship of the French
Mistral class. Clearly, these smaller ships cannot project the sheer
striking power of big fleet carriers, but they are extremely well suited
for operations in the littorals, where so many of the world’s conflicts
have occurred during the past half-century, and which seem most
likely to remain the primary environment for future wars.
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Aircraft Carriers 
of the World

ORIGINS AND EARLY DEVELOPMENT 
OF THE AIRCRAFT CARRIER

France Foudre (1912)
France Converted Cross-Channel Packets (1915)

Nord
Pas-de-Calais

Germany Stuttgart (1918)
Russia Almaz (1915)
Russia Converted Merchantmen (1915)

Imperator Nikolai I
Imperator Alexandr I

United Kingdom Hermes (1913)
United Kingdom Ark Royal (1914)
United Kingdom Converted Cross-Channel and Isle of Man 

Packets (1914)
Empress
Riviera
Engadine
Ben-My-Chree
Vindex
Manxman
Campania (1915)

United Kingdom Converted Mail Steamers (1917)
Nairana
Pegasus
Furious (1917)
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United Kingdom Argus (1918)
United Kingdom Vindictive (1918)

THE AIRCRAFT CARRIER MATURES

France Béarn (1917)
Japan Hosho (1922)
Japan Akagi (1927)
Japan Kaga (1928)
Japan Ryujo (1933)
Japan Soryu Class (1937)
United Kingdom Hermes (1923)
United Kingdom Eagle (1924)
United Kingdom Courageous Class (1928)
United Kingdom Ark Royal (1938)
United Kingdom Illustrious Class (1940)
United States Langley 1922)
United States Lexington Class (1927)
United States Ranger (1934)
United States Yorktown Class (1937)
United States Wasp (1940)

CAPITAL SHIPS

Germany Graf Zeppelin Class
Japan Converted Fleet Auxiliaries (1940)

Shoho Class
Chitose Class
Riyuho

Japan Shokaku Class (1941)
Japan Hiyo Class (1942)
Japan Taiho (1944)
Japan Unryu Class (1944)
Japan Shinano (1944)
Japan Merchantmen Converted to Escort Carriers 

(1941)
Taiyo Class
Kaiyo
Shinyo
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United Kingdom Indomitable (1941)
United Kingdom Unicorn (1943)
United Kingdom Implacable Class (1944)
United Kingdom Colossus Class (1944)
United Kingdom Merchantmen Converted to Escort Carriers 

(1941)
Audacity
Activity
Pretoria Castle
Nairana Class
Campania

United Kingdom Merchant Aircraft Carriers (1943)
Empire MacAlpine Class
Rapana Class
Empire MacAndrew Class
Empire MacRae Class
Empire Mackay
Empire MacColl
Empire MacMahon
Empire MacCabe

United States Essex Class (1942)
United States Independence Class (1943)
United States Midway Class (1945)
United States Saipan Class (1946)
United States C3-type Merchantmen Converted to Escort 

Carriers (1941)
Long Island
Archer Class
Bogue Class
Charger Class

United States Sangamon Class (1942)
United States Prince William Class (1943)
United States Casablanca Class (1943)
United States Commencement Bay Class (1944)

COLD WAR

France Clémenceau Class (1961)
France Jeanne d’Arc (1964)
France Charles de Gaulle (2000)
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Italy Giuseppe Garibaldi 1985)
Soviet Union Moskva Class (1967)
Soviet Union Kiev Class (1975)
Soviet Union Admiral Flota Sovetskogo Soyuza Gorshkov 

(1987)
Soviet Union Kuznetsov Class (1991)
Spain Principe de Asturias (1988)
Thailand Chakri Nareubet (1997)
United Kingdom Eagle Class (1951)
United Kingdom Centaur Class (1953)
United Kingdom Victorious (1958)
United Kingdom Hermes (1959)
United Kingdom Invincible Class (1980)
United States Essex Class Reconstructions (1955)
United States Midway Class Reconstructions (1958)
United States Forrestal Class (1955)
United States Kitty Hawk Class (1961)
United States Enterprise (1961)
United States Nimitz Class (1975)
Various nations Majestic Class Carriers

Australia Sydney
Australia Melbourne
Canada Magnificent
Canada Bonaventure
India Vikrant
United Kingdom Leviathan

JOINT OPERATIONS

France Mistral Class (2005)
Italy Cavour (2007)
United Kingdom Ocean (1999)
United States Iwo Jima Class (1961)
United States Tarawa Class (1975)
United States Wasp Class (1989)
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DATA TABLES EXPLANATORY NOTE

Displacement: “full load” tonnage is the ship’s displacement with a
full crew and all stores, fuel, water, and ammunition embarked.
“Standard” tonnage excludes fuel and boiler feed water. “Gross”
tonnage measures the ship’s total internal volume, and usually
appears when the vessel was originally in merchant service.

Dimensions: overall length, beam, and draft. “Mean” draft is the
immersion of the hull in normal service conditions (usually with
two-thirds of fuel loaded).

Machinery: for explanation of types, please refer to the glossary.
Bunkerage & Range: where known this shows fuel capacity in tons

and range at economical cruising speed in nautical miles (6,080
feet rather than 5,280 feet).

Armament: all weapons are low-angle guns capable of engaging
surface targets only unless specifically shown as antiaircraft (AA)
or dual-purpose (DP) types. All are single mounts unless
otherwise indicated.
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O R I G I N S  A N D  

E A R LY  D E V E L O P M E N T  O F  

T H E  A I R C R A F T  C A R R I E R



Builder: Forges et Chantiers de la
Gironde, Bordeaux

Laid down: June 9, 1892. Launched:
October 20, 1895. Commissioned:
1912

Displacement: 5,972 tons (standard),
6,089 tons (full load)

Dimensions: 389’5” (oa) x 51’2” x 17’9”
(mean), 23’8” (full load)

Machinery: Triple expansion engines,
24 Lagrafel d’Allest boilers, 2 shafts,
11,500 ihp = 19 knots

Bunkerage & range: 787 tons coal =
7,500 nm @ 10 knots

Aircraft: 8
Armament: 8 x 3.9”, 4 x 65mm, 4 x

47mm
Complement: 430
Design: The Foudre was originally a

specialized torpedo boat carrier-
cruiser and was converted to a repair
ship in 1907. It was converted to op-

erate seaplanes in 1912. A perma-
nent hangar was fitted amidships
abaft the stacks. The Foudre em-
barked its first aircraft on May 27. A
flying-off platform, 114 feet by 26
feet, was fitted on the forecastle in
early 1914 and used for several ex-
perimental flights, but was replaced
by a seaplane-handling platform later
in the year.

Service: The Foudre served with the
main French fleet in the Mediter-
ranean prior to World War I, partici-
pating in many fleet exercises. After
the outbreak of war it served in the
Adriatic, the Suez Canal zone, and
the Dardanelles. After a refit from
May to August 1915, the Foudre op-
erated primarily as a seagoing depot
ship in the eastern Mediterranean. It
was sold for scrapping on May 27,
1922.
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Builder: Chantiers de la Loire, St.
Nazaire

Laid down: 1897. Launched: 1898.
Commissioned: July 1, 1915 (Pas-de-
Calais); June 26, 1916 (Nord)

Displacement: 1,541 tons (gross)
Dimensions: 338’6” (oa) x 35’0” x 11’0”
Machinery: Triple expansion engines, 2

paddle wheels, 7,800 ihp = 21 knots
Aircraft: 3
Armament: 2 x 47mm
Design: These two vessels were built as

cross-Channel packets for Chemins

de Fer du Nord and requisitioned for
service as light patrol craft on the
outbreak of World War I. They were
converted into aircraft carriers with a
permanent hangar amidships and a
canvas hangar aft.

Service: Both vessels served in the
Channel, the Nord at Dunkirk and
the Pas-de-Calais at Cherbourg. They
were withdrawn from aviation duties
in 1917 and returned to mercantile
service in 1919.
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Builder: Kaiserliche Werft Danzig
Laid down: 1905. Launched: Septem-

ber 22, 1906. Commissioned: May
16, 1918

Displacement: 3,413 tons (normal),
3,938 tons (full load)

Dimensions: 386’0” (oa) x 44’ x 17’7”
(mean)

Machinery: Vertical triple-expansion
engines, 11 navy boilers, 2 shafts,
12,000 ihp = 23 knots

Bunkerage & range: 880 tons coal =
4,170 nm @ 12 knots

Aircraft: 3
Armament: 4 x 4.1”, 2 x 3.4” AA, 1 x

17.7” torpedo tubes
Complement: 350
Design: The Stuttgart was originally

completed as a light cruiser of the
Königsberg class in 1908 (the name
ship was sunk in 1915 by monitor
gunfire guided by carrier aircraft),
and served with the High Seas Fleet
during World War I. In January

1918, conversion into an aircraft car-
rier began at the urgent request of
the fleet for a fast aircraft carrier to
work with the scouting force. Six 4.1-
inch guns were removed and re-
placed by a pair of 3.4-inch AA guns
on the forecastle. A steel-frame can-
vas-covered hangar was fitted abaft
the aftermost stack, and cranes were
installed to handle aircraft on the
cleared quarterdeck.

Service: The Stuttgart commissioned
as the flagship of the admiral com-
manding North Sea Aerial Forces, a
component of Admiral Franz von
Hipper’s Scouting Force. It covered
minesweeping operations until ren-
dered inactive by the High Seas Fleet
mutiny at Kiel on October 30, 1918.
The carrier was stricken from the
German fleet on November 5, 1919,
surrendered to Britain on July 20,
1920, and sold for scrapping in
1921.
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Builder: Baltic Works, St. Petersburg
Laid down: September 25, 1902.

Launched: June 2, 1903. Commis-
sioned: 1915

Displacement: 3,285 tons (normal)
Dimensions: 363’0” (oa) x 43’6” x 17’6”

(mean)
Machinery: Vertical triple-expansion

engines, Belleville boilers, 2 shafts,
7,500 ihp = 19 knots

Aircraft: 4
Armament: 7 x 4.7”, 4 x 12 pdr AA
Complement: 340
Design: Originally completed as an

armed yacht rated as a third-class
cruiser, the Almaz served as the
viceregal yacht in the Far East and
was the largest Russian survivor of
the Battle of Tsushima (May 27–29,
1905). The Almaz was transferred to
the Black Sea Fleet in 1911 and re-
fitted as a seaplane carrier early in

1915. Seaplane handling platforms
were fitted behind the mainmast and
additional booms were rigged for lift-
ing aircraft.

Service: The Almaz formed part of the
Hydro-Cruiser Division of the Black
Sea Fleet from 1915 to 1917. As the
fastest of the fleet’s seaplane carriers,
it often undertook independent mis-
sions, including raids on Varna in
Bulgaria in October 1915 and June
1916. After the popular revolution in
1917 the Almaz became a Bolshevik
headquarters ship but was seized by
French forces at Odessa in Decem-
ber 1918 and turned over to White
Russian forces. It sailed to Algiers in
1920 with other White Russian ves-
sels, was taken over there by the
French in 1928, and scrapped in
1934.
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Builder:

Imperator Nikolai I: John Brown &
Company Ltd., Clydebank
Imperator Alexandr I: William Denny
& Brothers Ltd., Dumbarton

Displacement: 9,230–9,240 tons (nor-
mal)

Dimensions: 381’0” (oa) x 52’0” x 26’0”
(mean)

Machinery: Vertical triple-expansion
engines, 4 boilers, 2 shafts, 5,100
ihp = 13.5 knots

Aircraft: 8
Armament: 6 x 4.7”, 4 x 12 pdr AA
Complement: Unknown
Design: These two vessels were built as

fast cargo liners for the Russian
Steam Navigation Trading Company
and completed in 1913 and 1914, re-
spectively. They were requisitioned
as naval auxiliaries after the outbreak
of World War I and converted into
seaplane carriers in early 1915. The
conversion was minimal, involving

fitting additional booms for aircraft
handling and clearing after super-
structure space to make room for air-
craft stowage on the upper deck.

Service: These vessels formed the core
of the Black Sea Fleet’s Hydro-
Cruiser Division and were very active
against Turkish and Bulgarian coastal
targets from March 1915 to February
1917. After the popular revolution
they were renamed the Aviator and
the Respublikanetz, but were laid up
from April 1917 until they were taken
over by French forces in December
1918. Both vessels entered French
commercial service after World War
I, serving with the Compagnie des
Messageries Maritimes as the Pierre
Loti and the Lamartine. The Pierre
Loti was wrecked in the Gabon River
estuary in 1943 and the Lamartine,
by then renamed the Khaidinh, was
sunk by United States Navy aircraft
in Along Bay in 1942.
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Builder: Fairfield Shipbuilding & Engi-
neering Company, Govan

Laid down: April 30, 1897. Launched:
April 7, 1898. Commissioned: May
7, 1913

Displacement: 5,650 tons (standard)
Dimensions: 373’0” (oa) x 54’0” x 20’0”

(mean)
Machinery: Vertical triple-expansion

engines, 18 Babcock small-tube boil-
ers, 2 shafts, 10,000 ihp = 20 knots

Bunkerage & range: 1,100 tons coal
Aircraft: 3
Armament: 11 x 6,” 9 x 12-pdr, 6 x 3-

pdr, 2 x 18” torpedo tubes
Complement: 450
Design: The Hermes, a 2nd-class pro-

tected cruiser of the Highflyer class,
was selected for conversion as an air-
craft carrier for the July 1913 annual

fleet maneuvers, capitalizing on the
success of 1912 experiments with
aircraft operations from ships. Tem-
porary canvas hangars and aircraft
launching platforms were erected on
the forecastle and quarterdeck and
additional derricks were fitted for air-
craft handling.

Service: The Hermes conducted a se-
ries of trials of launching and recov-
ery procedures from July to October
1913, including operations with the
fleet during the maneuvers. In De-
cember 1913 it was paid off into the
Reserve Fleet. The Hermes was reac-
tivated and attached to the Nore
Command at the outbreak of World
War I. It was torpedoed and sunk by
the U-27 in the Straits of Dover on
October 31, 1914.
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Builder: Blyth Shipbuilding & Dry
Docks Company, Blyth

Laid down: November 7, 1913.
Launched: September 5, 1914.
Commissioned: December 10, 1914

Displacement: 7,450 tons (standard)
Dimensions: 366’0” (oa) x 50’10” x

18’0” (mean)
Flight deck: 125’0” x 40’0”
Machinery: Vertical triple-expansion

engines, 2 cylindrical boilers, 1 shaft,
3,000 ihp = 11 knots

Bunkerage & range: 500 tons coal
Aircraft: 7
Armament: 4 x 12-pdr
Complement: 180
Design: Laid down as a center-island

collier, the Ark Royal was purchased
by the Admiralty in May 1914 and
totally redesigned. The machinery
and bridge structure were moved to
the stern, the sheer eliminated, and a

large hold (150 feet by 40 feet) to ac-
commodate aircraft, plus workshops,
aviation bunkerage, and magazines
were constructed in the forward part
of the hull. Two steam cranes amid-
ships served the hold, and the flat
foredeck was kept clear for aircraft
operations (landplanes or seaplanes
on trolleys could take off directly
from the flight deck, though more of-
ten seaplanes were hoisted over the
side and took off from the water).

Modifications: Various types of cata-
pults were fitted on the foredeck for
trials. A permanent catapult was in-
stalled in late 1940 for the ship’s ser-
vice as a fighter catapult ship operat-
ing three fighters (Hurricanes or
Fulmars). Two 20mm AA guns were
added at that time.

Service: The Ark Royal served at the
Dardanelles in 1915 and then in the
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eastern Mediterranean and Red Sea
for the remainder of World War I and
immediately postwar. In 1923 it be-
came a depot ship at Sheerness. Dur-
ing the 1930s the Ark Royal was an
aviation equipment trials ship, test-
ing catapults and recovery systems.
The ship was renamed the Pegasus in

December 1934 when the new car-
rier Ark Royal was ordered. The
Pegasus served briefly as a fighter cat-
apult ship escorting convoys in 1941
before reverting to auxiliary duties. It
was sold into merchant service in
October 1946 as the Anita I and bro-
ken up in October 1950.
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Laid down:

Empress: 1906. Launched: April 13,
1907. Commissioned October 1914

Riviera: 1910. Launched: April 1, 1911.
Commissioned September 1914

Engadine: 1910. Launched: September
23, 1911. Commissioned September
1914

Ben-My-Chree: 1907. Launched:
March 23, 1908. Commissioned:
January 2, 1915

Vindex: 1904. Launched: March 7,
1905. Commissioned: March 26,
1915

Manxman: 1903. Launched: June 15,
1905. Commissioned: January 17,
1916

Builder:

Empress, Riviera, Engadine: William
Denny & Brothers Ltd., Dumbarton

Manxman, Ben-My-Chree: Vickers
(Shipbuilding) Ltd., Barrow-in-
Furness

Vindex: Sir W. G. Armstrong, Whit-
worth & Company, Newcastle-upon-
Tyne

Dimensions: 316’0”–375’0” (pp), x
41’0”–46’0”

Machinery: Turbines, 3 shafts, 11,000–
14,000 shp = 21–24 knots

Aircraft: 3–8
Complement: approximately 250
Design: On the outbreak of World War

I, the Admiralty took over three fast
cross-Channel packets owned by the
South Eastern and Chatham Railway
Company for conversion into aircraft
carriers. Initially, all received canvas-
covered hangars at the stern and em-
barked three seaplanes, handled by a
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mainmast derrick. No armament was
fitted. Early in 1915, all three re-
ceived more elaborate upgrades—a
permanent solid hangar aft, a pair of
cranes supported by the after corners
of the hangar, cut down superstruc-
ture, and mainmast removed. A slop-
ing flying-off deck was fitted over the
forecastle. Armament was four 12-
pounder low-angle guns and two 3-
pounder AA guns on the hangar roof.
Aircraft accommodation rose to six
seaplanes.

The success of the first group of
conversions led the Admiralty to ac-
quire three larger Isle of Man pack-
ets. They were converted to match
the upgraded first group and could
accommodate up to eight aircraft.
The Manxman was armed with only
two 12-pounder low-angle guns and
two 3-pdr AA guns.

Service: All but the Ben-My-Chree
served in home waters, mainly sup-
porting sweeps in the North Sea,
until 1918 when they transferred to
the Mediterranean. The Empress, the
Riviera, and the Engadine formed the
striking force for the unsuccessful

raid on Cuxhaven on December 25,
1914. The Engadine accompanied
the Battle Cruiser Force at the Battle
of Jutland on May 31, 1916. A Short
Type 184 seaplane crewed by Flight
Lieutenant F. J. Rutland and Assis-
tant Paymaster G. S. Trewin spotted
the German battle cruisers’ cruiser
scouting screen, but signaling fail-
ures prevented the information from
reaching Vice-Admiral Beatty on his
flagship, H.M.S. Lion. The Ben-My-
Chree went from the Harwich Force
to the Dardanelles in June 1915,
where its Short Type 184 aircraft
made the first successful aerial tor-
pedo attacks, probably sinking two
small Turkish merchant vessels. It
continued to serve in the eastern
Mediterranean and Red Sea until it
was sunk by Turkish shore batteries
while anchored at Castelorizo, an is-
land (garrisoned by French troops)
close to the mainland, on January 9,
1917. The five remaining vessels re-
turned to their original owners in late
1919 or early 1920.

Builder: Fairfield Shipbuilding & Engi-
neering Company, Govan
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Launched: September 8, 1892. Com-
missioned: April 17, 1915

Displacement: 18,000 tons (standard)
Dimensions: 622’0” (oa) x 65’0” x 22’0”

(mean)
Flight deck: 125’0” x 35’0”
Machinery: Vertical triple-expansion

engines, 13 boilers, 2 shafts, 30,000
ihp = 23 knots

Aircraft: 6
Armament: 6 x 4.7”
Complement: 550
Design: This erstwhile record-breaking

Cunard liner was scheduled for
scrapping at the outbreak of World
War I but was purchased by the Ad-
miralty in November 1914 and con-
verted into a seaplane carrier for
operations with the Grand Fleet. Air-
craft stowage and workshops were
constructed forward, a flying-off

deck installed over the forecastle,
derricks were fitted on either side of
the bridge, and three guns disposed
along each side.

Modifications: The Campania, al-
though much larger than the short-
sea conversions, could accommodate
no more aircraft. In 1915–1916 the
forward stack was divided into two
units on either side of a new sloping
165-foot-long flying-off deck with
the bridge on a gantry 15 feet above
it. The superstructure was cut down,
aircraft stowage moved amidships
and enlarged to accommodate ten to
eleven machines, and the stern
cleared for aircraft or airship opera-
tions. A single 3-inch AA gun was
added right aft.

Service: The Campania served with the
Grand Fleet during World War I,
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mainly with the Battle Cruiser Force.
A signals failure caused it to miss the
Battle of Jutland in May 1916. It was
sunk after a collision with the large

light cruiser Glorious and the battle-
ship Royal Oak in the Firth of Forth
on November 5, 1918.
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Laid down:

Nairana: 1914. Launched: June 21,
1915. Commissioned: August 23,
1917

Pegasus: 1914. Launched: June 9,
1917. Commissioned: August 1917

Builder:

Nairana: William Denny & Brothers
Ltd., Dumbarton

Pegasus: John Brown & Company Ltd.,
Clydebank

Displacement: 3,070–3,300 tons (stan-
dard)

Dimensions: 352’0”–332’0” (oa) x
45’6”– 44’0” x 14’0”–15’0” (mean)

Machinery: Geared turbines, cylindri-
cal boilers, 2 shafts, 6,700–9,500
shp = 19–20 knots

Aircraft: 7–9

Armament: 2 x 3”, 2 x 12-pdr AA
Complement: approximately 250
Design: These two ships were similar to

the earlier converted short-sea ves-
sels but were based on incomplete
hulls. The most significant differ-
ences were the longer flying-off deck
forward with a second smaller
hangar below it, served by a primitive
elevator.

Service: Both vessels served with the
Grand Fleet during World War I. The
Nairana went to Russia with the
British Expeditionary Force in 1919
and was sold in 1921, the Pegasus
was retained as an aircraft transport
until it was sold in August 1931 and
scrapped.
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Builder: Sir W. G. Armstrong, Whit-
worth & Company, Newcastle-upon-
Tyne

Laid down: June 8, 1915. Launched:
August 15, 1916. Commissioned:
June 26, 1917

Displacement: 19,100 tons (standard),
22,400 tons (full load)

Dimensions: 786’3” (oa) x 88’0” x 21’6”
(mean), 25’0” (full load)

Flight deck: 228’0” x 55’0”
Machinery: Brown-Curtis geared tur-

bines, 18 Yarrow small-tube boilers,
4 shafts, 90,000 shp = 31.5 knots

Bunkerage & range: 3,400 tons =
6,000 nm @ 20 knots

Aircraft: 8
Armament: 1 x 18”, 11 x 5.5”, 4 x 3” AA,

4 x 3-pdr AA
Complement: 880

Design: The Furious was laid down as a
large light cruiser armed with two
single 18-inch gun turrets in place of
the twin 15-inch gun turrets of its
semi-sisters the Courageous and the
Glorious. Admiral Beatty’s committee
to explore solutions to the Grand
Fleet’s aviation requirements recom-
mended the cruiser’s conversion to a
large fast aircraft carrier that could
work with the fleet. Conversion be-
gan in April 1917. It replaced the for-
ward 18-inch turret with an enclosed
hangar topped by a long sloping fly-
ing-off deck, fitted a pair of aircraft
handling derricks, and arranged
workshops, fuel stowage, and an ord-
nance magazine.

Modifications: Squadron Commander
Dunning’s trials landing aircraft on
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the Furious’s flying-off deck demon-
strated the possibilities of success-
fully recovering landplanes aboard
the ship. It was taken in hand for fur-
ther modifications in November
1917. A second hangar, surmounted
by a 300-foot by 50-foot landing-on
deck, replaced the after turret and
one 5.5-inch mount, more than dou-
bling the aircraft complement. The
two flight decks were connected by
11-foot wide gangways on each side
so that aircraft could be moved be-
tween them. Electrically operated el-
evators linked the hangars and flight
decks. The landing deck carried ar-
resting gear-sandbag-weighted trans-
verse wires and longitudinal guide
wires, and a rope crash barrier sys-
tem was fitted at its forward end to
stop aircraft from running into the
superstructure.

The Furious returned to service on
March 15, 1918. Its new configura-
tion was not an unqualified success.
Furnace gases and eddies from the
superstructure made landings haz-
ardous. In March 1921 the Admiralty
decided to reconstruct the Furious
again. The ship was razed to the
hangar-deck level. A lower hangar
(550 feet by 50 feet) and upper
hangar (530 feet by 50 feet) were
topped by a 576-foot by 90-foot
flight deck. Longitudinal wires were
fitted to guide landing aircraft. Two
large new elevators linked the
hangars and flight deck. The forward
end of the upper hangar opened onto
a 200-foot long secondary flight deck
on the forecastle. Furnace gases
were trunked aft along the sides of

the hangar and there were auxiliary
ducts exhausted through the flight
deck abreast the elevators. The navi-
gation station was set into the star-
board forward edge of the main flight
deck, with the flying control station
opposite, and there was a retractable
chart house on the flight deck cen-
terline. Bulges increased the beam to
107 feet, draft was now 24 feet (stan-
dard), and standard tonnage rose to
22,130 tons. Armament changed to
ten 5.5-inch AA, six 4-inch AA, and
four 2-pounder AA, with accommo-
dation for sixty aircraft.

Shortly after the Furious recom-
missioned in 1925 the four forward
4-inch AA guns and the longitudinal
landing wires were removed. During
a 1931–1932 refit, the quarterdeck
was raised one level and the two
beam 4-inch AA mountings removed
and replaced by a single centerline
mounting. Two 4-inch AA guns re-
turned forward with 8-barrelled 2-
pounder mountings ahead of them.
In 1936 transverse wire arresting
gear was installed. A 1938–1939 re-
fit featured a major rearmament: the
5.5-inch and single 4-inch AA guns
were removed and replaced by six
twin 4-inch AA mounts (two on each
beam, one aft and one forward on
the lower flying-off deck) and an
additional 8-barrelled 2-pounder
mounting fitted on the starboard side
of the flight deck. A small island was
fitted to starboard and it now had
two high-angle directors for the 4-
inch AA guns. Displacement rose to
22,450 tons (standard) and 28,500
tons (full load), draft increased to 24
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feet (standard) and 27 feet 9 inches
(full load), and speed dropped to
29.5 knots. During World War II the
Furious received additional light AA
weapons: a further 8-barrelled 2-
pounder mounting on the forecastle
and twenty-two 20mm AA guns. Type
285 gunnery radar was also added
and the bulges deepened to compen-
sate for additional topweight. The
aircraft complement fell to thirty.

Service: The Furious served with the
Grand Fleet during World War I. Its
aircraft destroyed the airships L54
and L60 at Tondern on July 19,
1918. After its major postwar recon-
struction, the carrier served with the
Home Fleet until mid-1941, when it
operated briefly in the western Medi-

terranean. The Furious provided air
cover for the landings in North Africa
(Operation Torch) in November
1942, then returned to the Home
Fleet in February 1943. In April, July,
and August 1944, aircraft from the
Furious participated in strikes
against the Tirpitz in Kaafjord (oper-
ations Tungsten, Mascot, and Good-
wood) that disabled the German bat-
tleship but failed to sink it. The
Furious’s aircraft also took part in
eleven strike operations against Ger-
man shipping in Norwegian coastal
waters between April and September
1944, after which it was placed in re-
serve. The Furious was sold for
scrapping in January 1948.
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Builder: William Beardmore & Com-
pany Ltd., Dalmuir

Laid down: 1914. Launched: Decem-
ber 2, 1917. Commissioned: Septem-
ber 6, 1918

Displacement: 14,550 tons (standard),
17,000 tons (full load)

Dimensions: 565’0” (oa) x 68’6” x 21’0”
(mean), 24’9” (full load)

Flight deck: 550’0” x 69’0”
Machinery: Parsons turbines, 12 cylin-

drical boilers, 4 shafts, 21,500 shp =
20.25 knots

Bunkerage: 2,000 tons
Aircraft: 20
Armament: 4 x 4” AA, 2 x 4” LA
Complement: 373
Design: The Argus was laid down as the

liner Conte Rosso for the Lloyd
Sabaudo Line but construction was

suspended on the outbreak of World
War I. In August 1916 the Admiralty
purchased the incomplete hull for
conversion into an aircraft carrier.
Originally there was to be a flying-off
deck forward and a landing-on deck
aft with a raised superstructure be-
tween them. The final design, how-
ever, provided an unobstructed full-
length flight deck, its forward section
sloping slightly downward above a
large hangar (350 feet long by 68
feet wide and 20 feet high). Two
electrically operated elevators linked
hangar and flight deck. Furnace
gases passed through ducts running
along the sides of the hangar and
venting at the stern. There were lat-
eral navigation stations below flight
deck level and a retractable chart-
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house on the flight deck centerline.
Longitudinal wires were fitted on the
flight deck to assist landing aircraft.

Modifications: Bulges that increased
the beam to 75 feet 9 inches were fit-
ted in the 1925–1926 refit and the
longitudinal wires removed. All guns
were removed, the forward flight
deck incline was leveled and
strengthened to accommodate two
catapults, transverse arresting gear
was fitted, and water-tube boilers in-
stalled during a 1935 refit. During
World War II some ten 20mm AA
guns were added.

Service: The Argus served in home wa-
ters, the Mediterranean, and on the
China station until the 1930s. It
then became a training carrier until
the outbreak of World War II led it to
convoy escort duty and frontline ser-
vice with Force H in the Mediter-
ranean and during Operation Torch.
In 1943 it reverted to training duties,
became an accommodation ship in
1944, was sold in 1946, and broken
up the following year.
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Builder: Harland & Wolff Ltd., Belfast
Laid down: July 1916. Launched: Janu-

ary 17, 1918. Commissioned: Octo-
ber 1918

Displacement: 9,750 tons (standard),
11,500 tons (full load)

Dimensions: 605’0” (oa) x 65’0” x 17’6”
(mean), 20’0” (full load)

Flight deck: 100’0” x 55’0” (forward
deck), 215’0” x 65’0” (aft deck)

Machinery: Parsons geared turbines,
12 Yarrow small-tube boilers, 4
shafts, 60,000 shp = 29.5 knots

Bunkerage & range: 1,480 tons
Aircraft: 8
Armament: 4 x 7.5”, 4 x 3” LA, 4 x 12-

pdr AA, 6 x 21” torpedo tubes
Complement: 700
Design: Laid down as a light cruiser of

the Hawkins class, the Vindictive (re-
named from the Cavendish in June
1918) was converted to work with
the Furious and the fleet’s light cruis-
ers. Three of the cruiser’s original
7.5-inch guns were removed and re-
placed by hangars forward and aft
with flight decks above them. The
forward hangar incorporated a large
hatchway, served by a pair of der-

ricks, for aircraft handling, while the
after hangar and flight deck were
linked with an elevator. The two
flight decks were connected by nar-
row gangway on the port side of the
superstructure. Arresting gear, guide
wires, and a rope crash barrier, all
similar to those fitted to the Furious,
were installed on the landing-on
deck aft.

Modifications: The Vindictive suffered
from the same operational problems
as the Furious before the latter’s con-
version with a continuous flight deck
but was too small to make a full con-
version worthwhile. It therefore was
reconverted into a light cruiser in a
reconstruction from 1923–1925.

Service: The Vindictive saw only lim-
ited service due to its design limita-
tions. It operated with the British Ex-
peditionary Force to Russia in 1919
but ran aground, necessitating very
extensive repairs. It returned to fleet
service in 1921 but was withdrawn in
1923 for reconstruction as a cruiser.
The Vindictive was sold for scrapping
in February 1946.
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Builder: Forges et Chantiers de la
Mediterranée, La Seyne

Laid down: January 10, 1914.
Launched: April 1920. Commis-
sioned: May 1927

Displacement: 22,100 tons (standard),
28,400 tons (full load)

Dimensions: 599’1” (oa) x 88’11” x
27’6” (mean), 30’6” (full load)

Flight deck: 580’0’ x 70’0”
Machinery: Parsons turbines and

triple-expansion engines, 12 du Tem-
ple small-tube boilers, 4 shafts,
40,000 shp = 21.5 knots

Bunkerage & range: 2,165 tons =
7,000 nm @ 10 knots

Aircraft: 40
Armament: 8 x 6.1”, 6 x 75mm AA, 8 x

37mm AA
Complement: 865
Design: The Béarn was laid down as a

battleship of the Normandie class,
whose construction was suspended
on the outbreak of World War I. All
were due to be scrapped under the
terms of the Washington Treaty but
it was decided to complete the Béarn
as an aircraft carrier. The hull essen-
tially was unchanged but the armor
belt was reduced to 3.2 inches and

the upper deck armor removed. The
superstructure was in two levels, a
lower level with workshops and
stowage for dismantled aircraft and
an upper level comprising the 405-
foot long hangar. Atop the hangar
was the flight deck, with 1-inch ar-
mor, 600 feet long including the
round downs. It was equipped with
transverse wire arresting gear. Three
electric elevators linked the hangar
and flight deck. A very large star-
board-side sponson with prominent
cooling vents enclosed the furnace
uptakes and supported the large
stack and island.

Modifications: Shortly after comple-
tion the forward section of the flight
deck was rebuilt with a noticeable
downward slope. A 1935 refit added
additional cooling vents in the spon-
son and partially enclosed the flight
deck’s forward overhang. In May
1942, the entire antiaircraft battery
was landed at Martinique. The ship
was completely refitted at New Or-
leans from late 1943 as an aircraft
transport. The flight deck was short-
ened fore and aft, all remaining origi-
nal armament removed, and a new
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antiaircraft battery of 4 x 5”/38 DP,
24 x 40mm AA, and 26 x 20mm AA
was fitted.

Service: The Béarn served in the
Mediterranean prior to World War II.
After war broke out the ship was
used to transport American aircraft
to France and was held in Mar-
tinique, while engaged in this ser-

vice, when France fell in June 1940.
After its 1943–1944 refit it operated
as an aircraft transport until 1948,
primarily in the Pacific and South-
east Asia. The Béarn then became a
static training ship and submarine
depot until it was sold for scrapping
in 1967.
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Builder: Asano Shipbuilding Company,
Tsurumi

Laid down: December 16, 1919.
Launched: November 13, 1921.
Commissioned: December 7, 1922

Displacement: 7,470 tons (standard),
10,000 tons (full load)

Dimensions: 551’6” (oa) x 59’1” x 20’3”
(mean)

Flight deck: 520’0” x 70’0”
Machinery: Parsons geared turbines,

12 Kampon boilers, 2 shafts, 30,000
shp = 25 knots

Bunkerage & range: 2, 695 tons oil +
940 tons coal = 8,690 nm @ 12
knots

Aircraft: 26
Armament: 4 x 5.5”, 2 x 3” AA
Complement: 550
Design: The Hosho was the first carrier

designed as such to commission, al-
though it was laid down later than
the British Hermes. The forward end
of the full-length flight deck sloped
downwards and was supported by

stanchions. Two elevators, one at
each end of the hangar amidships,
handled aircraft movement. The fur-
nace gas flues were trunked to star-
board and emerged through three
hinged stacks that folded flat during
flight operations. Ahead of the stacks
was a small round island with a large
tripod mast. Longitudinal guide
wires, duplicating contemporary
British practice, were fitted on the
flight deck

Modifications: The island and mast
were removed in 1923, primarily to
correct instability problems and the
downward slope of the flight deck
leveled. In 1934 the stacks were
fixed in a vertical position and in
1936 twelve 13.2mm AA guns re-
placed the 3-inch AA weapons. In
1941 eight 25mm AA were added
and the stacks altered to discharge
horizontally. The following year the
5.5-inch guns were landed and re-
placed with a further eight 25mm AA

210 JAPAN: HOSHO

JAPAN: HOSHO (1922)
Courtesy of Art-Tech



guns. In 1944 the flight deck was ex-
tended to 593 feet 3 inches in
length. The following year armament
was reduced to only six 25mm.

Service: The Hosho served with the
Combined Fleet mainly in flying and
aviation operations development,
and took part in air operations during
the Shanghai Incident in February
1932. In 1933 it was relegated to
training duties but the outbreak of
war with China brought the ship
back into the front line. The Hosho
served off the China coast from July

to October 1937, and again from No-
vember 1940 until September 1941.
It reverted to training and second-
line duties thereafter, except for a
short stint with the Combined Fleet
during the Midway operation in
May–June 1942. It was damaged in
an air attack at Kure on March 19,
1945, and surrendered in August.
Postwar, the ship served as a repatri-
ation transport until August 16,
1946, and was broken up at Osaka in
1947.
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Builder: Kure Navy Yard
Laid down: December 6, 1920.

Launched: April 22, 1925. Commis-
sioned: March 25, 1927

Displacement: 29,600 tons (standard),
34,364 tons (full load)

Dimensions: 857’0” (oa) x 95’0” x 26’6”
(mean)

Flight deck: 624’0” x 100’0”
Machinery: Gijutsu-Hombu geared tur-

bines, 19 Kampon boilers, 4 shafts,
131,000 shp = 32.5 knots

Bunkerage & range: 3,900 tons oil +
2,100 tons coal = 8,000 nm @ 14
knots

Aircraft: 60
Armament: 10 x 8”, 12 x 4.7” AA
Complement: 1,600
Design: The Akagi was laid down as a

battle cruiser of the Amagi class, all

of which were scheduled for scrap-
ping under the terms of the Washing-
ton Treaty. The treaty allowed Japan
to convert two hulls into aircraft car-
riers, so the Amagi and the Akagi,
the most advanced of the battle
cruisers, were selected. The Amagi,
however, was irreparably damaged by
an earthquake while on the ways at
the Yokosuka Naval Dockyard and
scrapped; conversion proceeded on
the Akagi. Belt armor was reduced to
6 inches and narrowed, deck armor
thinned to 3.1 inches and lowered to
main deck level. There were two
hangars, one atop the other, each
opening onto a short flying-off deck
forward, the lower deck 175 feet
long, the upper only 50 feet long.
The main flight deck extended al-
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most to the stern, carried longitudi-
nal guide wires, and was supported
aft by stanchions. Two elevators
linked the hangars and main flight
deck. Furnace gas flues were trunked
to starboard and emerged through a
large downward-pointing stack sup-
plemented by a smaller vertical stack
abaft it. The ship was conned from a
navigation station under the forward
edge of the main flight deck.

Modifications: Soon after completion
an additional navigation station was
fitted on the starboard side at the
front of the main flight deck. The
longitudinal wires were replaced by
transverse wire arresting gear in
1931. Between October 24, 1935,
and August 31, 1938, the Akagi un-
derwent a major reconstruction. The
bulges were enlarged, bringing the
beam to 102 feet 9 inches. The for-
ward flying-off decks and two twin 8-
inch gun turrets were removed, the
hangars extended forward, the flight
deck lengthened to the bow and
strengthened, and a third elevator fit-
ted amidships. The two stacks were

consolidated into one very large unit
and navigation and flying control fa-
cilities moved into a new island on
the port side. New wholly oil-fired
boilers replaced the old units and
bunkerage rose to 5,770 tons, exclu-
sively oil. Fourteen twin 25mm AA
guns were added. Tonnage rose to
36,500 tons (standard) and 42,750
tons (full load), draft increased to 28
feet 6 inches (mean), and speed fell
to 31.5 knots. Aircraft capacity in-
creased substantially to 91 machines.

Service: The Akagi served with the 1st
Kokutai (Carrier Squadron) of the
Combined Fleet throughout its ca-
reer. In April 1941 the large carriers
of the Imperial Japanese Navy were
combined together as the 1st Koku-
Kantai (Carrier Fleet) with the Akagi
as the fleet flagship. The Akagi took
part in all the fleet’s operations: Pearl
Harbor, Rabaul, Darwin, Java, Cey-
lon, and Midway, where it was se-
verely damaged by aircraft from the
United States Navy carrier Enterprise
on June 4, 1942, and scuttled the
following day.
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Builder: Kawasaki Dockyard Company,
Kobe & Yokosuka Navy Yard

Laid down: Jul 19, 1920. Launched:
November 17, 1921. Commissioned:
March 31, 1928

Displacement: 29,600 tons (standard),
33,693 tons (full load)

Dimensions: 782’6” (oa) x 97’0” x 26’0”
(mean)

Flight deck: 560’0” x 100’0”
Machinery: Brown-Curtis geared tur-

bines, 12 Kampon boilers, 4 shafts,
91,000 shp = 27.5 knots

Bunkerage & range: 3,600 tons oil +
1,700 tons coal = 8,000 nm @ 14
knots

Aircraft: 60
Armament: 10 x 8”, 12 x 4.7” AA
Complement: 1,340
Design: The Kaga was laid down as a

battleship and was one of several in-
complete capital ships scheduled for
scrapping under the terms of the
Washington Treaty. When the hull of
the Amagi, due to be converted into a
carrier like its sister the Akagi, was
irreparably damaged by the 1923
Kanto Earthquake, it was decided to
use the extant hull of the Kaga as a
replacement. The conversion was
very similar to that of the Akagi, ex-
cept that the furnace gases were dis-
charged at the stern through very

prominent 300-foot long external tu-
bular ducts running just below the
flight deck on each side, and trans-
verse wire arresting gear was in-
stalled from the outset.

Modifications: The Kaga underwent a
major reconstruction between June
25, 1934, and June 25, 1935, very
similar to that later carried out on the
Akagi. Notable differences were that
the hull was lengthened at the stern
by 40 feet; new turbines and eight
oil-fired boilers were installed, which
produced 127,500 shaft horsepower
and raised the speed by 1 knot; and
enlarged bulges increased the beam
to 106 feet 8 inches. Exhaust gases
were ducted to a single large down-
ward-facing stack on the starboard
side and a small bridge fitted ahead
of the stack. The forward 8-inch guns
were retained but relocated just
ahead of the existing casemated
weapons aft, and a completely new
antiaircraft battery was installed
comprising sixteen 4-inch guns in
eight twin mounts and twenty-two
25mm guns in twin mounts. Tonnage
rose to 38,200 tons (standard) and
43,650 tons (full load) and its draft
was increased to 31 feet 1 inch
(mean). Bunkerage increased to
8,208 tons, exclusively oil, and range

214 JAPAN: KAGA

JAPAN: KAGA (1928)
Courtesy of Art-Tech



to 10,000 nm at 16 knots. The Kaga,
as reconstructed, could accommo-
date 90 aircraft. Late in 1941, its
antiaircraft battery increased by eight
25mm in twin mounts.

Service: The Kaga served with the 1st
Kokutai (Carrier Squadron) of the
Combined Fleet throughout its ca-
reer. Its aircraft were major partici-
pants in air operations during the
Shanghai Incident in February 1932,
and in subsequent operations off the

coast of China from August 1937 to
December 1938 and again from Au-
gust 1939 to October 1940. In April
1941 the large carriers of the Imper-
ial Japanese Navy were combined as
the 1st Koku-Kantai (Carrier Fleet).
The Kaga took part in all the fleet’s
operations: Pearl Harbor, Rabaul,
Darwin, Java, Ceylon, and Midway,
where it was sunk by aircraft from
the United States Navy carrier Enter-
prise on June 4, 1942.
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Builder: Yokohama Dockyard Com-
pany, Yokohama

Laid down: November 26, 1929.
Launched: April 2, 1930. Commis-
sioned: May 9, 1933

Displacement: 8,000 tons (standard)
11,070 (full load)

Dimensions: 590’3” (oa) x 66’8” x 18’3”
(mean)

Flight deck: 513’6” x 75’6”
Machinery: Geared turbines, 6 Kam-

pon boilers, 2 shafts, 65,000 shp =
29 knots

Bunkerage & range: 2,490 tons =
10,000 nm @ 14 knots

Aircraft: 48
Armament: 6 x twin 5” AA, 24 x 13.2

mm AA
Complement: 600
Design: The Ryujo was designed to fall

below the limits of the Washington
Treaty and thus not impinge on
Japan’s available carrier tonnage. The
Ryujo had two hangars, one above
the other, with a flight deck above
them that extended from the stern to
the forward end of the hangars. Two
elevators linked the hangars and the
flight deck, which carried transverse

wire arresting gear. The furnace
gases exhausted through two down-
ward inclined stacks on the starboard
side. The navigation bridge was im-
mediately below the forward end of
the flight deck. The antiaircraft bat-
tery was carried on sponsons just be-
low flight deck level on each side and
had excellent sky arcs.

Modifications: The Ryujo’s instability
problems, a consequence of attempt-
ing to incorporate full carrier fea-
tures on such a limited displace-
ment, necessitated a major refit
between 1934 and 1936. Four 5-inch
AA were removed and replaced by
four 25mm AA. The hull was
strengthened, ballast loaded, and the
bulges enlarged, bringing the beam
to 68 feet 2 inches. Displacement
rose to 10,800 tons (standard),
13,650 tons (full load). Its draft in-
creased to 23 feet 3 inches (mean)
and the loss of freeboard led to a fur-
ther refit in the winter of 1939 to
1940 that raised the forecastle to
compensate. In 1942 six triple 25mm
AA guns were added.

Service: The Ryujo operated off the
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Chinese coast, providing air support
for operations in eastern and south-
ern China. After a period as a train-
ing carrier, it returned to the front
line covering assaults on the Philip-

pines, Dutch East Indies, and Aleu-
tians. It was sunk on August 24,
1942, during the Battle of the East-
ern Solomons by aircraft from the
USS Saratoga.
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Builder:

Soryu: Kure Navy Yard
Hiryu: Kure Navy Yard
Laid down:

Soryu: November 20, 1934. Launched:
December 31 1935. Commissioned:
January 29, 1937

Hiryu: July 8, 1936. Launched: Novem-
ber 16, 1937. Commissioned: July 5,
1939

Displacement:

Soryu: 15,900 tons (standard) 19,800
tons (full load)

Hiryu: 17,300 tons (standard) 21,900
tons (full load)

Dimensions:

Soryu: 746’5” (oa) x 69’11” x 25’0”
(mean)

Hiryu: 745’0” (oa) x 73’3” x 25’9”
(mean)

Flight deck:

Soryu: 705’6” x 85’6”
Hiryu: 705’6” x 88’6”

Machinery:

Soryu: Geared turbines, 8 Kampon boil-
ers, 4 shafts. 152,000 shp = 34.5
knots

Hiryu: Geared turbines, 8 Kampon boil-
ers, 4 shafts. 152,000 shp = 34.5
knots

Bunkerage & range:

Soryu: 3,670 tons = 7,750 nm @ 18
knots

Hiryu: 4,400 tons = 7,750 nm @ 18
knots

Aircraft:

Soryu: 71
Hiryu: 73
Armament:

Soryu: 6 x twin 5” AA, 14 x twin 25 mm
AA

Hiryu: 6 x twin 5” AA, 6 x triple 25 mm
AA, 5 x twin 25 mm AA

Complement:

Soryu: 1,100
Hiryu: 1,100
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Design: While nominally sister ships,
there were appreciable differences
between them. The later Hiryu, built
without regard for treaty restrictions,
was more strongly constructed,
beamier, had greater freeboard, and
was more heavily protected. The So-
ryu carried its island to starboard, the
Hiryu to port. The carriers had two
hangars, one above the other, linked
to the full-length flight deck by three
elevators. Two downward angled
stacks on the starboard side ex-
hausted furnace gases.

Service: The Soryu operated off the
South China coast after commission-

ing. In September 1940 the Hiryu
covered operations to occupy French
Indo-China. The two carriers then
formed the 2nd Kokutai of the 1st
Koku Kantai and took part in all the
fleet’s operations: Pearl Harbor,
Rabaul, Darwin, Java, Ceylon, and
Midway, where both were lost—the
Soryu sunk by aircraft from the
American carrier Yorktown on June
4, 1942, and the Hiryu so heavily
damaged by aircraft from the York-
town and the Enterprise that it was
scuttled the following day.

JAPAN: SORYU CLASS 219



Builder: Sir W. G. Armstrong, Whit-
worth & Company, Newcastle-upon-
Tyne

Laid down: January 15, 1918.
Launched: September 11, 1919.
Commissioned: July 1923

Displacement: 10,850 tons (standard),
13,000 tons (full load)

Dimensions: 600’0” (oa) x 70’3” x 18’9”
(mean), 21’6” (full load)

Flight deck: 580’0” x 65’0”
Machinery: Parsons geared turbines, 6

Yarrow small-tube boilers, 2 shafts,
40,000 shp = 25 knots

Bunkerage & range: 1,956 tons
Aircraft: 20
Armament: 6 x 5.5”, 3 x 4” AA
Complement: 664

Design: The Hermes was the first
British carrier designed as such from
the keel up. Its mission was recon-
naissance in company with the light
cruiser force and its hull design was
derived from contemporary light
cruiser practice. The hangar was 400
feet long, surmounted by a full-
length flight deck that incorporated a
substantial hump at its after end, a
feature based on aerodynamic re-
search at the National Physical Lab-
oratory. An electrically operated ele-
vator was located at the stern in the
center of the hump and another just
forward of the island. Longitudinal
wires were fitted on the flight deck to
assist landing aircraft. The island, lo-
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cated slightly forward of amidships
on the starboard side, was very large
for such a relatively small vessel. A 3-
inch side belt, 1-inch deck armor,
and bulges provided passive protec-
tion. The Hermes was very small by
later standards and its aircraft capac-
ity dropped rapidly as aircraft size in-
creased, to fifteen aircraft by 1934
and twelve by 1939.

Modifications: The longitudinal wires
were removed in 1926. A 1934 refit
added a catapult, transverse wire ar-
resting gear, and a pair of 4-barrelled
0.5-inch mountings. In late 1940 a
single 4-barrelled 2-pounder mount-
ing and six 20mm AA guns were
added.

Service: The Hermes served mainly on
the China station until the outbreak
of World War II when it was trans-

ferred to the Atlantic for trade pro-
tection duties and also to act in coop-
eration with French naval forces. Af-
ter the fall of France the Hermes
formed part of the striking force that
attacked Dakar on July 8, 1940, its
Swordfish aircraft scoring one tor-
pedo hit on the battleship Richelieu.
After further South Atlantic service
(and major repairs of damage from a
collision with the armed merchant
cruiser Corfu, at Simonstown, South
Africa) the Hermes returned to the
Indian Ocean. During the Japanese
1st koku kantai’s raid into the Indian
Ocean the carrier, together with two
tankers, a destroyer, and a corvette,
was caught and sunk by dive bombers
southeast of Trincomalee, Ceylon, on
April 9, 1942.
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Builder: Sir W. G. Armstrong, Whit-
worth & Company, Newcastle-upon-
Tyne

Laid down: February 20, 1913.
Launched: June 8, 1918. Commis-
sioned: February 26, 1924

Displacement: 21,850 tons (standard),
26,800 tons (full load)

Dimensions: 667’6” (oa) x 105’2” x
21’9” (mean), 26’6” (full load)

Flight deck: 652’0” x 95’0”
Machinery: Brown-Curtis/Parsons tur-

bines, 32 Yarrow boilers, 4 shafts,
50,000 shp = 24 knots

Bunkerage: 3,750 tons oil + 1,750 tons
coal

Aircraft: 24
Armament: 9 x 6”, 5 x 4” AA, 4 x 3 pdr

AA
Complement: 834
Design: The Eagle was laid down as the

battleship Almirante Cochrane for
Chile but work stopped at the out-
break of World War I (its sister, the
Almirante Latorre, served in the
Grand Fleet as H.M.S. Canada be-
fore reverting to Chilean ownership).
In January 1918 the Admiralty pur-
chased the incomplete battleship for
conversion into an aircraft carrier.
The initial design envisaged two is-

lands accommodating the stacks and
cabin space on either side of the
flight deck, with a navigating plat-
form between them 20 feet above the
deck. The final design included a
hangar (400 feet long by 90 feet wide
and 20 feet 6 inches high) with a
continuous flight deck above and a
single island to starboard incorporat-
ing the two stacks. Two large electri-
cally operated elevators linked
hangar and flight deck. The hull was
bulged for antitorpedo protection
and included much battleship pro-
tection, although the belt was re-
duced to 4–1/2 inches. Longitudinal
wires were fitted on the flight deck to
assist landing aircraft.

Modifications: The longitudinal wires
were removed in a 1926 refit and two
2-pounders added. In 1931–1932 it
was reboilered and received an 8-bar-
relled 2-pounder mounting in place
of a 4-inch AA gun on the island. A
1936 refit added a further 4-bar-
relled 2-pounder mounting ahead of
the island and transverse wire arrest-
ing gear. Just before World War II the
ship received high angle director
control on the foremast. Its 1941–
1942 refit added twelve 20mm AA
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guns, Type 290 surface warning
radar and Type 285 gunnery radar.

Service: The Eagle served in the
Mediterranean and on the China sta-
tion until 1940 when it returned to
the Mediterranean to conduct strikes
against North African coastal targets,
cover convoys, and provide aircraft
for the attack on the Italian fleet at
Taranto on November 11–12, 1940.

In 1941 the carrier served in the
South Atlantic, went home to the
United Kingdom for refit, and then
operated in the western Mediter-
ranean, carrying aircraft for Malta
and covering convoys to the island. It
was torpedoed by the U-73 on Au-
gust 11, 1942, during Operation
Pedestal, and sank within five min-
utes.
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Builder:

Courageous: Sir W. G. Armstrong,
Whitworth & Company, Newcastle-
upon-Tyne

Glorious: Harland & Wolff Ltd., Belfast
Laid down:

Courageous: March 28, 1915.
Launched: February 5, 1916. Com-
missioned: March 5, 1928

Glorious: May 1, 1915. Launched: April
20, 1916. Commissioned: March 10,
1930

Displacement: 22,000 tons (standard),
26,100 tons (full load)

Dimensions: 786’6” (oa) x 90’6” x 24’0”
(mean), 27’3” (full load)

Flight deck: 530’0” x 84’6”
Machinery: Parsons geared turbines,

18 Yarrow small-tube boilers, 4
shafts, 90,000 shp = 30.5 knots

Bunkerage & range: 3,800 tons =
5,860 nm @ 16 knots

Aircraft: 48
Armament: 16 x 4.7” AA
Complement: 1,200
Design: These vessels, semi-sisters of

the Furious, were commissioned as
large light cruisers during World War
I. The terms of the Washington
Treaty required their disposal and
their similarity to the Furious made
converting them into aircraft carriers
an attractive proposition. They were
razed to the upper deck and rebuilt
in a similar fashion to Furious with
two superimposed hangars, the up-
per one opening onto a short forward
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flying-off deck. Unlike the Furious,
they received full starboard islands
that accommodated bridges and the
boiler uptakes in a conventional
stack. To improve their stability they
also received enlarged bulges.

Modifications: Both carriers were fit-
ted with four 2-pounder AA and
transverse wire arresting gear around
1932. Between 1935 and 1937 both
gained a pair of hydraulic catapults
and three 8-barrelled 2-pounder AA
guns. The Glorious had its quarter-
deck raised one level and the flight
deck extended aft, to measure 570
feet, in 1935.

Service: The Courageous served with
the Home Fleet prior to World War

II. It was torpedoed and sunk by the
U-20 in the South-West Approaches
on September 17, 1939. The Glori-
ous was in the Mediterranean until
the outbreak of World War II. It
transferred to the Home Fleet in
April 1940 and conducted strikes off
Norway in support of the efforts to
defeat the German invasion. On
June 8, 1940, while transporting
evacuated Royal Air Force aircraft
that blocked the flight deck, the Glo-
rious was intercepted by the German
battle cruisers Scharnhorst and
Gneisenau off the Norwegian coast
and sunk by heavy gunfire.
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Builder: Cammell Laird & Company
Ltd., Birkenhead

Laid down: September 16, 1935.
Launched: April 13, 1937. Commis-
sioned: November 16, 1938

Displacement: 22,000 tons (standard),
27,200 tons (full load)

Dimensions: 800’0” (oa) x 94’9” x 22’9”
(mean), 27’9” (full load)

Flight deck: 780’0” x 96’0”
Machinery: Parsons geared turbines, 6

Admiralty 3-drum boilers, 3 shafts,
102,000 shp = 31 knots

Bunkerage & range: 4,600 tons =
7,600 nm @ 20 knots

Aircraft: 60
Armament: 8 x twin 4.5” AA, 6 x 8-bar-

relled 2-pdr AA, 8 x 4-barrelled 0.5”
AA

Complement: 1,600
Design: The Ark Royal was only the

second British carrier designed from
the keel up and the first to be de-
signed within Naval Treaty limita-
tions. In a break with previous prac-
tice, the flight deck was the principal

strength deck, and consequently the
elevators were very narrow and offset
either side of the centerline to limit
the impact of the openings on longi-
tudinal strength. There were two
hangar levels, each 60 feet wide and
16 feet high, the lower being 452
feet long and the upper 568 feet
long. The three boiler and three en-
gine rooms were arranged side by
side with the furnace gases trunked
low down to the starboard side and
venting through a single stack in the
compact island. Armor protection
took the form of a 4–1/2-inch belt
and 3–1/2-inch plate over the ma-
chinery spaces and magazines. The
flight deck overhung the stern con-
siderably and there were two hy-
draulic catapults forward and trans-
verse wire arresting gear aft. The
4.5-inch AA guns were carried just
below flight deck level, had excellent
sky arcs, and were controlled by four
high angle directors.

Modifications: Two 8-barrelled 2-
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pounder AA were added in May
1941.

Service: The Ark Royal served with the
Home Fleet on commissioning. It
operated throughout the Norwegian
campaign until June 1940, after
which it formed the nucleus, with
first the battle cruiser Hood and then
the battle cruiser Renown, of Force
H based at Gibraltar. Its first opera-
tions were against the French fleet at
Oran and Dakar. Thereafter the car-
rier supported fleet operations and
covered convoys and aircraft ferry
missions in the western Mediter-
ranean, broken by its crucial partici-

pation in the hunt for the German
battleship Bismarck in May 1941.
On May 26 it launched successive
Swordfish strikes. The first mistak-
enly attacked the British cruiser
Sheffield and, fortunately, all torpe-
does missed. The second, however,
scored a single hit that destroyed the
battleship’s steering gear and dam-
aged the propellers, thereby dooming
it to destruction. While operating off
Gibraltar the Ark Royal was torpe-
doed by the U-81 on November 13,
1941, and lost, largely because of in-
effective damage control.
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Builder:

Illustrious: Vickers-Armstrong Ltd.,
Barrow-in-Furness

Victorious: Vickers-Armstrong Ltd.,
Newcastle-upon-Tyne

Formidable: Harland & Wolff Ltd.,
Belfast

Laid down:

Illustrious: April 27, 1937. Launched:
April 5, 1939. Commissioned: May
25, 1940

Victorious: May 4, 1937. Launched:
September 14, 1939. Commissioned:
May 15, 1941

Formidable: June 17, 1937. Launched:
August 17, 1939. Commissioned:
November 24,1940

Displacement: 23,000 tons (standard),
28,210 tons (full load)

Dimensions: 743’9” (oa) x 95’9” x 24’0”
(mean), 28’0” (full load)

Flight deck: 650’0” x 80’0”
Machinery: Parsons geared turbines, 6

Admiralty 3-drum boilers, 3 shafts,
111,000 shp = 30.5 knots

Bunkerage & range: 4,850 tons =
11,000 nm @ 14 knots

Aircraft: 36
Armament: 8 x twin 4.5” DP, 6 x 8-bar-

relled 2 pdr AA
Complement: 1,200
Design: The central objectives of this

design were preserving the ship’s
strike and reconnaissance force and
protecting the carrier against de-
struction by catastrophic explosion
or fire within the hangar. These were
attained by designing the hangar as
an armored box, and compensating
for the attendant weight penalty by
reducing the hangar space to a single
level. The flight deck and hangar
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floor received 3-inch armor, the
hangar sides and ends were enclosed
by 4–1/2-inch armor, and there was a
4–1/2-inch armor belt below the
hangar floor. There were only two el-
evators, one at each end of the
hangar. The hangar, which could ac-
commodate 36 aircraft, was 458 feet
long, 62 feet wide, and had an over-
head clearance of 16 feet. The de-
sign’s machinery was similar to Ark
Royal’s but more widely spaced and
all auxiliary machinery was outside
the main compartments. Transverse-
wire arresting gear and a single more
powerful catapult were fitted on the
flight deck, which also had long
round downs to improve airflow. The
starboard island also received careful
streamlining. The 4.5-inch antiair-
craft guns were in power-operated
enclosed mountings.

Modifications: The principal modifica-
tions during wartime involved flat-
tening the round downs fore and aft
to expand available deck length to
740 feet and augmenting the light
antiaircraft battery with 20mm and
40mm weapons (the Victorious, for
example, had forty-five 20mm and
twenty-one 40mm by war’s end). Ele-
vators were enlarged and arresting
gear strengthened to cope with
larger, heavier aircraft. Deck park
stowage increased aircraft capacity to
54. Radar was updated and expanded
as the war progressed. By the end of
the war, complements exceeded
2,000 officers and men and tonnage
had risen to about 26,000 tons stan-
dard and as much as 31,650 tons at
deep load. Postwar, the Illustrious

was stripped of most light AA
weapons and the flight deck ex-
tended forward, while the Victorious
was given a major reconstruction.

Service: The Illustrious first served in
the Mediterranean, covering convoys
and undertaking strikes against the
Italian fleet, most notably the attack
on Taranto on the night of November
10–11, 1940, that sank the battle-
ship Conte di Cavour and damaged
the battleships Caio Duilio and Litto-
rio. Subsequently, on January 10,
1941, it survived probably the worst
damage of any carrier, when it was
hit by eight 500-pound or 1,000-
pound bombs off Crete, followed by
several other hits while at Malta for
emergency repairs. The Illustrious
was repaired at Norfolk Navy Yard in
the United States from May to No-
vember 1941 and returned to opera-
tions in May 1942, covering landings
at Madagascar. It served in the Home
Fleet in 1943 until it went to the
Mediterranean to cover the Salerno
landings in September 1943. In
1944 the Illustrious went to the East
Indies Fleet for operations against
targets in Java and Sumatra. It then
formed part of the main striking
force of the British Pacific Fleet for
operations at Okinawa. After World
War II, the Illustrious became a trials
carrier until laid up at the end of
1954. It was sold for scrapping on
November 3, 1956. The Victorious
took part in the hunt for the battle-
ship Bismarck, followed by further
Home fleet service covering Russian
convoys and making strikes against
Norwegian targets. In 1942 it partici-
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pated in a series of Malta convoy op-
erations before a refit at Norfolk
Navy Yard the following winter. The
Victorious operated in the Solomons
with the United States Pacific Fleet
from May to July 1943 and returned
to the Home Fleet for strikes on the
Tirpitz in April 1944. It then went to
the East Indies and British Pacific
fleets until war’s end, after which it
was in reserve until reconstructed.

The Formidable served almost con-
tinuously in the Mediterranean,
where it played a crucial role in the
Battle of Matapan and, after a major
repair and refit, covered landings in
North Africa and Sicily. In the fall of
1944 it joined its sisters in the East
Indies and British Pacific fleets. Af-
ter World War II, the Formidable was
in reserve from 1947 until sold in
1953 for scrapping.
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Builder: Mare Island Navy Yard
Laid down: October 18, 1911.

Launched: August 24,1912. Com-
missioned: March 20, 1922

Displacement: 11,050 tons (standard),
14,700 tons (full load)

Dimensions: 542’2” (oa) x 65’3” x 20’6”
(mean)

Flight deck: 523’0” x 65’0”
Machinery: General Electric turbo-

electric drive, 3 Bureau boilers, 2
shafts, 7,152 shp = 15 knots

Bunkerage & range: 2,003 tons =
12,260 nm @ 10 knots.

Aircraft: 33
Armament: 4 x 5” AA
Complement: 410
Design: The Langley originally was

completed as the collier Jupiter on
April 7, 1913 and was the United
States Navy’s first turbo-electric
drive ship. The collier was selected
for conversion into an aircraft carrier

because it had large holds and
hatches suitable for stowing aircraft,
hoisting gear was already in place,
and its turbo-electric drive enabled it
to back down at full power, which
could be advantageous during air-
craft operations. Design work for the
conversion was completed in July
1919 and the project began in March
1920. The wooden flight deck was
built over the upper deck and the
original bridge was retained. The for-
ward hold was converted to stow avi-
ation fuel and the fourth hold ac-
commodated the elevator. The
remaining four holds stowed disas-
sembled aircraft–there was no
hangar or hangar deck and aircraft
were made ready on the lowered ele-
vator before being raised to the flight
deck. Furnace gases were vented
through a folding stack on the port
side aft and cross-connected to a
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smoke vent on the starboard side.
The flight deck carried longitudinal
wire arresting gear derived from
British practice and there was a sin-
gle catapult forward on the flight
deck.

Modifications: Soon after completion,
the single folding stack to port was
replaced by a pair of folding units
and the starboard smoke vent elimi-
nated. The single catapult, similar to
those used on prewar cruisers, was
removed and replaced by a pair of
compressed-air powered catapults
set flush in the deck. The longitudi-
nal-wire arresting system was re-
placed by a transverse-wire system
using friction braking drums. In July
1928 the catapults were removed,
and in 1936–1937 the ship was con-

verted into a seaplane tender with
the forward half of the flight deck re-
moved.

Service: The Langley began aircraft fly-
ing trials on October 17, 1922 and
thereafter operated a wide range of
both operational and experimental
aircraft types in its role as an experi-
mental carrier. Among other “firsts”
was a flight by a Douglas T2D-1 in
1927, the first flight by a multi-
engined aircraft from a carrier, and
operations by a Pitcairn XOP-1 auto-
gyro in September 1931, the first by
a rotary winged aircraft from a car-
rier. After conversion to a seaplane
carrier, the Langley was assigned to
the Asiatic Fleet and was sunk by
Japanese naval aircraft on February
27, 1942, off the Java coast.
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Builder:

Lexington:Bethlehem Steel Company,
Quincy, MA

Saratoga: New York Shipbuilding Cor-
poration, Camden, NJ

Laid down:

Lexington: January 8, 1921. Launched:
October 3, 1925. Commissioned:
December 14, 1927

Saratoga: September 25, 1920.
Launched: April 7, 1925. Commis-
sioned: November 16, 1927

Displacement: 37,778 tons (standard),
43,054 tons (full load)

Dimensions: 888’0” (oa) x 104’7” x
27’6” (mean), 32’6” (full load)

Flight deck: 830’0” x 105’8”
Machinery: General Electric turbo-

electric drive, 16 water-tube boilers,
4 shafts, 180,000 shp = 33.25 knots

Bunkerage & range: 5,400 tons =
10,000 nm @ 15 knots.

Aircraft: 80
Armament: 8 x twin 8”, 12 x 5” AA
Complement: 2,122
Design: These vessels were originally

begun as battle cruisers but the
Washington Treaty of 1922 voided
their completion. The treaty instead
allowed the United States to recon-
struct two incomplete hulls as very
large aircraft carriers. A large hangar,
440 feet long, 66 feet wide, with 21
feet of overhead clearance, was con-
structed on top of the original hull
above the main deck and sur-
mounted by a full-length flight deck.
Below the after end of the hangar
was stowage for disassembled air-
craft and behind the hangar was a
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large aviation maintenance space.
Two large elevators linked the hangar
and flight deck, which also carried
transverse-wire arresting gear and a
155-foot long catapult forward. The
hangar was completely enclosed by
hull plating to the flight deck with
side openings for boat stowage. Fur-
nace gases were evacuated via trunk-
ing through a massive stack on the
starboard side. Ahead of the stack
were the bridge and two of the 8-
inch twin turrets with the other pair
of 8-inch twin turrets abaft the stack.
The 5-inch AA guns were in spon-
sons at gallery deck level.

Modifications: The catapult was re-
moved from both carriers in 1934
and the Lexington’s forward flight
deck widened in 1936. The same
year both carriers received about
thirty 0.50-inch machine guns to
defend them against dive-bomber at-
tacks. In 1940 five quadruple 1.1-
inch machine cannon mounts re-
placed some of the machine guns
and the carriers gained CXAM-1 air
search radar. The Lexington landed
its 8-inch turrets in April 1942 and
then carried twelve quadruple 1.1-
inch machine cannon mounts, thirty-
two 20mm AA, and twenty-eight
0.50-inch machine guns. The
Saratoga at that time retained the
turrets and carried nine quadruple
1.1-inch machine cannon mounts
and thirty-two 20mm AA but no ma-
chine guns. The Saratoga was refit-
ted between January 11 and May 22,
1942, after being torpedoed. A very
large bulge on the port side was
added, the 8-inch turrets and 5-inch

single AA guns removed, and eight
twin 5-inch/38 caliber mounts fitted
in their place. The bridge was modi-
fied and the flight deck widened for-
ward and extended aft. Four quadru-
ple 40mm mounts were fitted and an
additional SC search radar mounted
on the stack. In September and Oc-
tober 1942 the Saratoga underwent
further work to repair damage from
yet another torpedo attack. The re-
maining 1.1-inch mounts were re-
moved and replaced with quadruple
40mm weapons, bringing the total to
nine, together with fifty-two 20mm
AA guns. A further refit in December
1943 added fourteen quadruple
40mm mounts, a Type SM fighter di-
rection radar set, and two hydraulic
catapults on the flight deck forward.

Service: Both carriers served with the
Pacific Fleet throughout the period
before World War II. Their work dur-
ing the annual Fleet Problems and
other tactical exercises laid the foun-
dations for the United States Navy’s
carrier doctrine during World War II.
The Lexington undertook a series of
raids into the Pacific after Pearl Har-
bor. On May 8, 1942, during the Bat-
tle of the Coral Sea aircraft from the
Japanese carriers Shokaku and
Zuikaku hit it with torpedoes and
bombs, igniting serious fires that
caused a major aviation fuel explo-
sion. The destroyer Phelps scuttled it
with torpedoes when it became clear
it could not be saved. The Saratoga
spent much of 1942 repairing after
torpedo damage. In 1943 it operated
in the southwest Pacific and Solo-
mons. From March to May 1944 the
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Saratoga joined the British East In-
dies Fleet in strikes against targets in
Java and Sumatra and then, after a
refit, it was used for pilot training. In
February 1945 the Saratoga rejoined
the Pacific Fleet as a night carrier at
Iwo Jima where it was seriously dam-

aged by bombs and kamikaze strikes.
After repairs it returned to pilot
training. At the end of the war, the
carrier was used for troop transporta-
tion. The Saratoga was sunk as a tar-
get during the atomic bomb tests at
Bikini on July 25, 1946.
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Builder: Newport News Shipbuilding
& Dry Dock Company, Newport
News, VA

Laid down: September 26, 1931.
Launched: February 25, 1933. Com-
missioned: July 4,1934

Displacement: 14,000 tons (standard),
17,577 tons (full load)

Dimensions: 769’0” (oa) x 80’0” x 19’8”
(mean), 22’6” (full load)

Flight deck: 710’0” x 87’6”
Machinery: Curtis/Parsons geared tur-

bines, 6 Babcock & Wilcox boilers, 2
shafts, 53,500 shp = 29 knots

Bunkerage & range: 2,350 tons =
10,000 nm @ 15 knots.

Aircraft: 76
Armament: 8 x 5” AA, 40 x 0.50” ma-

chine guns
Complement: 1,788

Design: The Ranger was the first Amer-
ican carrier designed from the keel
up. The hangar and flight deck were
constructed entirely as superstruc-
ture. To maintain a clear flight deck,
furnace gases were vented through
three stacks on either side of the
flight deck aft. To minimize the duct-
work, the boiler rooms were located
abaft the engine rooms. The hangar
was 552 feet long and 62 feet wide,
bigger than that of the Lexington
class. It was linked to the flight deck
by three elevators, the forward pair
offset to starboard to ease movement
of aircraft. The ship carried only an-
tiaircraft guns and its limited ton-
nage precluded fitting any armor pro-
tection. Before completing, a small
island was added amidships.
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Modifications: Sixteen 0.50-inch ma-
chine guns were removed in Septem-
ber 1941 and replaced by six quadru-
ple 1.1-inch machine cannon
mounts. In 1942 it received CXAM-1
radar and thirty 20mm AA. In Janu-
ary 1943 its light AA battery was six
quadruple 40mm mounts and forty-
six 20mm AA. In the summer of
1944, since the ship was badly over-
weight, all 5-inch AA guns, together
with six 20mm, were landed, new
radar sets installed, and a hydraulic
catapult fitted forward on the flight
deck.

Service: The Ranger served with the
Pacific Fleet until 1939, when it
transferred to the Atlantic. It then

operated as part of the Neutrality Pa-
trol until the United States entered
World War II. After a series of air-
craft transportation operations the
Ranger formed part of the force cov-
ering landings in North Africa in No-
vember 1942. It returned to aircraft
transportation duties until August
1943 when it joined the British
Home Fleet for operations off the
coast of Norway. In January 1944 the
Ranger returned to the United States
and spent the remainder of the war
on aircraft transportation and flight
training duties. It was decommis-
sioned on October 18, 1946, and
sold for scrap on January 28, 1947.
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Laid down:

Yorktown: May 21, 1934. Launched:
April 4, 1936. Commissioned: Sep-
tember 30, 1937

Enterprise: July 16, 1934. Launched:
October 3, 1936. Commissioned: 12
May 1938

Hornet: September 29, 1939.
Launched: December 14, 1940.
Commissioned: October 20, 1941

Builder: Newport News Shipbuilding
& Dry Dock Company, Newport
News, VA

Displacement: 19,872 tons (standard),
25,500 tons (full load)

Dimensions: 809’6” (oa) x 83’3” x 21’6”
(mean), 25’11” (full load)

Flight deck: 802’0” x 86’0”
Machinery: Parsons geared turbines, 9

Babcock & Wilcox boilers, 4 shafts,
120,000 shp = 32.5 knots

Bunkerage & range: 4,360 tons =
12,000 nm @ 15 knots.

Aircraft: 96
Armament: 8 x 5” AA, 24 x 0.50” ma-

chine guns
Complement: 1,890

Design: The greater tonnage of this de-
sign allowed a better balance be-
tween machinery, aircraft features,
and protection. The hangar (645 feet
long by 68 feet wide, with 17 feet
overhead clearance) and flight deck,
again, were light superstructure
items. The hangar had large side
openings, closed by shutters in heavy
weather, which eased embarkation of
equipment, allowed aircraft to run
up engines below deck, and naturally
vented dangerous fuel vapors. It was
linked to the flight deck by three ele-
vators. The flight deck carried arrest-
ing gear both aft and forward. There
were three hydraulic catapults, two
on the forward flight deck and the
third athwartships on the hangar
deck. The machinery was arranged
amidships. The furnace gases were
trunked under the hangar deck and,
unlike the Ranger, the design incor-
porated a conventional island that
contained the large stack. The Hor-
net’s design was slightly different
with a 5-foot wider flight deck. The
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Hornet also came out of the yard car-
rying the four quadruple 1.1-inch
machine cannon mounts included in
the original design but not fitted be-
cause the weapons were not ready
for service when the Yorktown and
the Enterprise commissioned.

Modifications: Both the Yorktown and
the Enterprise received their 1.1-inch
machine cannon mounts in 1940, to-
gether with CXAM radar sets. The
Hornet initially received the then
new SC set but added a CXAM set in
the summer of 1942 to compensate
for the newer set’s disappointing per-
formance. All three ships replaced
their 0.50-inch machine guns with
20mm AA guns by June 1942, 24
weapons aboard the Yorktown and
the Hornet and 32 aboard the Enter-
prise. After the Battle of Midway, the
Enterprise and the Hornet received
an additional quadruple 1.1-inch ma-
chine cannon mount on the bow and
increased their 20mm armament to
38 and 32 mounts respectively. The
Enterprise replaced the 1.1-inch
mounts with quadruple 40mm
mounts in November 1942 and
added a further 8 20mm guns. In
July 1943 the Enterprise began a ma-
jor refit. The hull was bulged to 95
feet 5 inches, its light AA armament
increased to a total of six quadruple
40mm, eight twin 40mm, and fifty
20mm, new Mk. 37 directors, and a
new radar outfit. In addition, its avia-
tion fuel stowage and firefighting
equipment were upgraded. The En-
terprise’s final refit, completed in
September 1945, upgraded its light
AA battery to a total of eleven

quadruple 40mm, five twin 40mm,
and sixteen twin 20mm.

Service: The Yorktown and the Enter-
prise both served with the Pacific
Fleet until April 1941, when the
Yorktown transferred to the Atlantic
Fleet for Neutrality Patrol duties.
The Yorktown returned to the Pacific
after Pearl Harbor and both carriers
conducted raids into the western Pa-
cific. The Yorktown then operated
with the Lexington in the Coral Sea
until the Battle of the Coral Sea,
May 7–8, 1942, in which it was dam-
aged by aircraft from the carriers
Shokaku and Zuikaku. After repairs
at Pearl Harbor, the Yorktown joined
its sisters to intercept the Japanese
assault on the island of Midway. Its
dive-bombers devastated the carrier
Soryu on June 4, but itself fell victim
to three bombs and two torpedoes.
Damage control parties seemed to be
making progress in saving the ship
when it was struck by two torpedoes
from the submarine I-158 on June 6
and capsized the following day. The
Hornet’s first mission was the raid on
Tokyo, launched on April 18, 1942,
using United States Army Air Force
B-25 bombers commanded by Col-
onel James H. Doolittle. It then
fought in the Battle of Midway, fol-
lowed by operations covering the
campaign at Guadalcanal. On Octo-
ber 26 it and the Enterprise inter-
cepted a Japanese force in the Battle
of Santa Cruz, during which it was
hit by numerous bombs and torpe-
does, set ablaze, and sank the follow-
ing day. The Enterprise was very
heavily damaged in the Battle of the
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Eastern Solomons on August 24,
1942. After the Battle of Santa Cruz,
the Enterprise engaged in the Battle
of Guadalcanal, November 13–15,
and continued to operate in the
Solomons area until its major refit in
July 1943. From November 1943 to
April 1944 the Enterprise conducted
raids in the western Pacific with
other Pacific Fleet carriers. It then
covered the invasion of Saipan in
June, and played a large role in the
Battle of the Philippine Sea on June
19. The carrier was part of opera-
tions leading up to the invasion of

the Philippines and fought again in
the Battle of Leyte Gulf (October
23–26, 1944). After overhaul, the
Enterprise covered operations at Iwo
Jima and Okinawa, where it received
major damage from bomb and
kamikaze strikes. It did not return to
operations until after the end of
World War II, when it brought thou-
sands of troops home as part of the
“Magic Carpet” operation. The En-
terprise decommissioned on February
17, 1947, and was sold for scrapping
on July 1, 1958.
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Builder: Bethlehem Steel Company,
Quincy, MA

Laid down: April 1, 1936. Launched:
April 4, 1939. Commissioned: April
25, 1940

Displacement: 15,752 tons (standard),
19,116 tons (full load)

Dimensions: 741’3” (oa) x 803’9” x
20’0” (mean), 24’6” (full load)

Flight deck: 727’6” x 93’0”
Machinery: Parsons geared turbines, 6

Yarrow boilers, 2 shafts, 70,000 shp
= 29.5 knots

Bunkerage & range: 2,400 tons =
12,000 nm @ 15 knots

Aircraft: 84
Armament: 8 x 5” AA, 4 x quadruple

1.1” machine cannon, 16 x 0.50” ma-
chine guns

Complement: 1,889
Design: The Wasp was designed to use

up the remaining carrier tonnage
available to the United States under
the Washington Treaty. Its design in-
cluded several unusual features: an
asymmetric hull to obviate the need
for ballast to counterweight the is-
land, a deck-edge elevator to further
cut weight, and a machinery arrange-
ment transitional between conven-
tional and the less vulnerable unit
arrangement. The hangar, 500 feet

long and 75 feet wide, was a similar
open-sided structure to previous car-
riers, topped by a wooden flight deck
carrying arresting gear both fore and
aft and a pair of catapults forward.
Two further athwartships catapults
were fitted, and the hangar was
linked to the flight deck by two con-
ventional elevators in addition to the
deck-edge unit.

Modifications: The Wasp received
CXAM-1 search radar in 1941, and in
mid-1942 its 0.50-inch machine guns
were replaced by twenty 20mm AA.

Service: The Wasp served with the At-
lantic Fleet on Neutrality Patrol du-
ties and aircraft transportation mis-
sions until the United States entered
World War II. It covered major
transatlantic convoys in the early
part of 1942 then conducted two
substantial missions to fly off Spitfire
fighters for Malta in April and May.
The Wasp transferred to the Pacific
in June and provided crucial air
cover for the invasion of Guadalcanal
and subsequent operations to secure
the island during August and Sep-
tember. On September 15, 1942,
while operating near San Cristobal
Island, the Wasp was torpedoed and
sunk by the submarine I-19.
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Laid down:

Graf Zeppelin: December 28, 1936.
Launched: December 8, 1938

Carrier “B”: September 30, 1936
Builder:

Graf Zeppelin: Deutsche Werke, Kiel
Carrier “B”: Krupp Germania Werft,

Kiel
Displacement: 19,250 tons (standard),

28,100 tons (full load)
Dimensions: 820’3” (oa) x 88’7” x

24’11” (mean), 27’10” (full load)
Flight deck: 793’11” x 88’7”
Machinery: Brown Boverie geared tur-

bines, 16 La Mont boilers, 4 shafts,
200,000 shp = 36 knots

Bunkerage & range: 5,000 tons =
11,480 nm @ 15 knots

Aircraft: 43
Armament: 16 x 5.9” LA, 6 x twin 4.1”

AA, 11 x twin 37mm AA, 7 x 20mm
AA

Complement: 1,750
Design: Wilhelm Hadeler’s design for

these vessels included two hangars,
an upper 606 feet 11 inches long and

52 feet 6 inches wide and a lower
564 feet 4 inches long and 52 feet 6
inches wide, under the flight deck,
all linked together by three electri-
cally powered elevators. The flight
deck carried transverse-wire arrest-
ing gear and two compressed-air
powered catapults forward that each
could launch nine aircraft in four
minutes, after which it would take al-
most an hour to recharge the com-
pressed air reservoirs. The starboard
island was long and low, and incorpo-
rated a large part of the antiaircraft
battery either on or fore and aft of it.
Four high-angle directors were pro-
vided to control the heavy antiair-
craft weapons. The main antisurface
battery was disposed in casemates
along the sides of the hull, where its
position made it likely to be of lim-
ited efficacy at sea.

Modifications: During World War II
the design was modified to incorpo-
rate large bulges, mainly to offset
light antiaircraft battery additions
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and some stability problems that had
emerged. These bulges stowed addi-
tional fuel, raising the total bunker-
age to 6,740 tons.

Service: Construction of “Carrier B”
was stopped on September 19, 1939
and the incomplete hull was broken
up in February 1940. Work on the
Graf Zeppelin also ceased. It recom-
menced to a slightly revised design in

December 1942 but work ceased
once again on January 30, 1943. The
abandoned hull was scuttled at Stet-
tin on April 25, 1945. It was raised by
Soviet Union forces and renamed the
PO-101 on February 3, 1947, then
used as a target for bombs and torpe-
does. The hulk finally was sunk on
August 16, 1947, off Swinemunde.
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Shoho Class

Shoho
Laid down: December 3, 1934.

Launched: June 1, 1935. Commis-
sioned: January 26, 1942

Zuiho
Laid down: June 20, 1935. Launched:

June 19, 1936. Commissioned: De-
cember 27, 1940

Builder: Yokosuka Navy Yard
Displacement: 11,262 tons (standard),

14,200 tons (full load)
Dimensions: 674’2” (oa) x 59’8” x 21’7”

(mean)
Flight deck: 590’6” x 75’6”
Machinery: Geared turbines, 4 Kam-

pon boilers, 2 shafts, 52,000 shp =
28 knots

Bunkerage & range: 2,600 tons =
7,800 nm @ 18 knots

Aircraft: 30
Armament: 4 x twin 5” AA, 4 x twin

25mm AA
Complement: 785

Chitose Class

Chitose
Laid down: November 26, 1934.

Launched: November 29, 1936.
Commissioned: January 1, 1944

Chiyoda
Laid down: December 14, 1936.

Launched: November 19, 1937.
Commissioned: October 31, 1943

Builder: Kure Navy Yard
Displacement: 11,190 tons (standard),

15,300 tons (full load)
Dimensions: 631’7” (oa) x 68’3” x 24’8”

(mean)
Flight deck: 590’6” x 75’0”
Machinery: Geared turbines + 2 diesel

engines, 4 Kampon boilers, 2 shafts,
44,000 shp + 12,800 bhp= 28.9
knots

Bunkerage & range: 3,600 tons =
11,000 nm @ 18 knots

Aircraft: 30
Armament: 4 x twin 5” AA, 10 x triple

25mm AA
Complement: 800
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Ryuho
Builder: Yokosuka Navy Yard
Laid down: April 12, 1933. Launched:

November 16, 1933. Commissioned:
November 28, 1942

Displacement: 13,360 tons (standard),
16,764 tons (full load)

Dimensions: 707’4” (oa) x 64’3” x 21’9”
(mean)

Flight deck: 607’0” x 75’6”
Machinery: Geared turbines, 4 Kam-

pon boilers, 2 shafts, 52,000 shp =
26.5 knots

Bunkerage & range: 2,900 tons =
8,000 nm @ 18 knots

Aircraft: 31
Armament: 4 x twin 5” AA, 6 x triple

25mm AA, 20 x single 25mm AA
Complement: 989
Design: Naval arms limitations treaties

restricted the carrier tonnage avail-
able to Japan to a level below that
considered necessary for wartime op-
erations. The Imperial Japanese
Navy, to circumvent these limita-
tions, built a number of fast fleet
auxiliaries whose designs envisaged
their rapid conversion into aircraft
carriers in the event of war. Five of
these auxiliaries, the seaplane ten-
ders Chitose and Chiyoda, and the
submarine depot ships Tsurugisaki
(renamed the Shoho), Takasagi (re-
named the Zuiho), and Taigei (re-
named the Ryuho), were converted
between 1940 and 1944 in very simi-
lar fashion. Hangars and flight decks
replaced their original superstruc-
tures, furnace gases ducted to star-
board to vent through downward-in-
clined stacks, two elevators and
arresting gear installed, and arma-

ment redisposed and somewhat en-
hanced. The seaplane tenders re-
ceived bulges to enhance their stabil-
ity, while the submarine depot ships
were reengined with destroyer tur-
bines and boilers in place of their
original diesel installations.

Modifications: The Chitose and the
Chiyoda received an additional six
triple 25mm AA soon after comple-
tion. In 1943 the Zuiho’s twin 25mm
mounts were replaced and supple-
mented by sixteen triple 25mm
mounts. Twenty single 25mm
weapons and six 28-barrelled rocket
launchers were added in 1944 and
the flight deck extended forward to
632 feet overall. The Ryuho’s light
AA battery was increased to fourteen
triple 25mm and six 13.2mm
weapons in 1943. In 1944 the flight
deck was extended forward to 650
feet overall and a further nineteen
single 25mm and fifteen 13.2mm
weapons, plus six 28-barrelled rocket
launchers were added.

Service: The Shoho’s first operation
was to cover the proposed assault on
Port Moresby, during which it was
sunk by aircraft from the American
carrier Yorktown in the Battle of the
Coral Sea on May 7, 1942. The
Zuiho covered the invasion of the
Dutch East Indies and then partici-
pated in the Aleutians and Midway
campaigns. During operations off
Guadalcanal it participated in the
Battle of Santa Cruz on October 26,
1942, during which it was damaged
by aircraft from the American carrier
Enterprise. After repairs, it returned
to Guadalcanal in December 1942. It
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took part in operations in the Mari-
anas in June 1943 and the Battle of
the Philippine Sea in June 1944. The
Zuiho, the Chiyoda, and the Chitose,
the latter pair operating as carriers
for the first time, formed part of the
Japanese effort to turn back the
American assault on the Philippines
in Leyte Gulf, during which they
were sunk at the Battle of Cape En-
gaño on October 25, 1944 by aircraft
from Task Force 38. The Ryuho was
damaged during the Doolittle Raid
on Tokyo on April 18, 1942, and tor-
pedoed and damaged off Tokyo on

December 12, 1942, by the American
submarine Drum. After repairs it op-
erated mainly as a training carrier
and was again torpedoed and dam-
aged by the American submarine
Sailfish on December 4, 1943. It
formed part of the Japanese main
body during the Battle of the Philip-
pine Sea and was damaged by aircraft
from the American carrier Enterprise
on June 20, 1944. It suffered severe
damage during an air raid on Kure on
April 20, 1945, and did not return to
service. It was broken up in 1946.
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Shokaku
Builder: Yokosuka Navy Yard
Laid down: December 12, 1937.

Launched: June 1, 1939. Commis-
sioned: August 8, 1941

Zuikaku
Builder: Kawasaki Dockyard Company,

Kobe
Laid down: May 25, 1938. Launched:

November 27, 1939. Commissioned:
September 25, 1941

Displacement: 25,675 tons (standard),
32,105 tons (full load)

Dimensions: 844’10” (oa) x 85’4” x
29’0” (mean)

Flight deck: 787’0” x 95’0”
Machinery: Geared turbines, 8 Kam-

pon boilers, 4 shafts, 160,000 shp =
34.25 knots

Bunkerage & range: 5,300 tons =
10,000 nm @ 18 knots

Aircraft: 84
Armament: 8 x twin 5” AA, 12 x triple

25mm AA

Complement: 1,660
Design: These two carriers were a sub-

stantial enlargement of the success-
ful Hiryu design with greater protec-
tion, a more powerful antiaircraft
battery, and an expanded air group.
They were equipped with two cata-
pults forward, the first aboard Japa-
nese carriers.

Modifications: Both carriers received
substantial additions to their light
antiaircraft batteries as the war pro-
gressed. Added to them were four
triple 25mm mounts when combat
damage was repaired in the summer
of 1942 and two triple 25 mm plus
sixteen single 25mm mounts at the
end of the year. The Zuikaku re-
ceived an additional two triple 25mm
and twenty single 25mm weapons
when repaired after the Battle of the
Philippine Sea, together with six 28-
barrelled rocket launchers. Both car-
riers also received surface and air
warning radar sets in late 1943.
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Service: The two carriers formed the
5th Kokutai of the 1st Koku-Kantai
and participated in all the fleet’s op-
erations from Pearl Harbor to the
raids in the Indian Ocean. They were
detached to cover the planned as-
sault on New Guinea, aborted by the
Battle of the Coral Sea May 7–8,
1942, during which the Shokaku was
damaged. The Zuikaku participated
in the Aleutians operation, and then
both carriers reformed as the 1st
Kokutai and took part in the series of
operations around Guadalcanal be-
tween August and October 1942, in-
cluding the battles of the Eastern
Solomons and Santa Cruz. The
Shokaku was heavily damaged during
the Battle of Santa Cruz and re-

turned to Japan for repairs. The
Zuikaku covered the Japanese evacu-
ation from Guadalcanal, then both
carriers operated together around
Truk in November 1943. Both ships
refitted and trained new air groups
before participating in operations
leading to the Battle of the Philip-
pine Sea, during which the Shokaku
was torpedoed and sunk by the
American submarine Cavalla on June
19, 1944, and the Zuikaku was dam-
aged. The Zuikaku next took part in
the Japanese assault on American op-
erations in Leyte Gulf and was sunk
by aircraft from the American carri-
ers Essex and Lexington during the
Battle of Cape Engaño on October
25, 1944.
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Hiyo
Builder: Kawasaki Dockyard Company,

Kobe
Laid down: November 30, 1939.

Launched: June 24, 1941. Commis-
sioned: July 31, 1942

Junyo
Builder: Mitsubishi Shipbuilding

Company, Nagasaki
Laid down: March 20, 1939.

Launched: June 26, 1941. Commis-
sioned: May 5, 1942

Displacement: 24,140 tons (standard),
29,464 tons (full load)

Dimensions: 719’6” (oa) x 87’7” x 26’9”
(mean)

Flight deck: 689’0” x 89’6”
Machinery: Geared turbines, 6 Kam-

pon boilers, 2 shafts, 56,250 shp =
25.5 knots

Bunkerage & range: 3,000 tons
Aircraft: 53
Armament: 6 x twin 5” AA, 8 x triple

25mm AA
Complement: 1,200
Design: These vessels were part of

Japan’s “shadow” carrier program im-
plemented to circumvent treaty ton-
nage limitations. The navy funded 60
percent of their cost when they were
laid down as the fast liners Izumo
Maru and Kashiwara Maru for the
Nippon Yusen Kaisha (Japan Mail
Steamship Company). The liner de-
sign incorporated a double hull for
protection against torpedoes, exten-
sive compartmentation, additional
spaces for bunker fuel and gasoline
stowage and for extra electric ca-
bling, superstructure arrangements
designed for ready modification to
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incorporate hangars and elevators,
and unique more powerful high-pres-
sure steam power plants for higher
service speed. All features were in-
tended to ease conversion although,
rather strangely, no foundations were
prepared for armament installation
nor was provision made to trunk fur-
nace gases to one side to clear the
flight deck. Both ships were com-
plete to the main deck when conver-
sion began in late 1940. The prome-
nade deck was extended fore and aft
to form the flight deck and fully
equipped for aircraft operations with
arresting gear, crash barriers, night
landing lighting, a wind screen, and
refueling points. The depth of the
hull allowed construction of double
hangars, each about 500 feet long,
49 feet wide, and 16 feet high, con-
nected to the flight deck by two large
elevators. These ships also featured
the most elaborate bridge arrange-
ments yet fitted to Japanese carriers
and vented furnace gases through a
large stack angled outboard at 26 de-
grees from the vertical to make sure
they were clear of flight operations.
Antiaircraft weapons were on side
sponsons arranged just below the
flight deck level. On commissioning
both vessels also carried Type 21
radar sets.

Modifications: The ship’s antiaircraft
batteries grew considerably as the
war progressed. In spring 1943 each
received four additional triple 25mm

mounts and four more late in the
year along with twelve single 25mm
mounts. In August 1944 the Junyo
added three 25mm triple mounts,
two 25mm twin mounts, and eight-
een 25mm single mounts, plus six
28-tube 120mm rocket launchers.
The Junyo completed with its original
wood-paneled passenger cabins for
aircrew accommodations. These
were stripped out and replaced with
steel compartments in July–August
1944 and, at the same time, the
spaces around the gasoline storage
tanks were filled with concrete for
protection.

Service: The Junyo participated in op-
erations in the Aleutians in June
1942 and then both carriers were in
action throughout the Guadalcanal
campaign, although machinery prob-
lems kept the Hiyo out of the Battle
of Santa Cruz. Both carriers took
part in the Battle of the Philippine
Sea, during which the Hiyo was sunk
by aircraft from the Belleau Wood
and the Junyo seriously damaged.
The submarines Redfish and Sea
Devil hit the Junyo with two torpe-
does on December 9, 1944. It
reached Sasebo under its own power
and was repaired by March 1945 but
never reentered service. It was
stripped of its armament between
May and August 1945, stricken from
the navy list on November 30, and
scrapped between June and August
1946.
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Builder: Kawasaki Dockyard Company,
Kobe

Laid down: July 10, 1941. Launched:
April 7, 1943. Commissioned: March
7, 1944

Displacement: 29,300 tons (standard),
37,270 (full load)

Dimensions: 855’0” (oa) x 90’11” x
31’6” (mean)

Flight deck: 843’0” x 98’6”
Machinery: Geared turbines, 8 Kam-

pon boilers, 4 shafts, 160,000 shp =
33.33 knots

Bunkerage & range: 5,700 tons =
8,000 nm @ 18 knots

Aircraft: 60
Armament: 6 x twin 100mm AA, 16 x

triple 25mm AA, 23 x single 25mm
AA

Complement: 1,750
Design: The Taiho’s design evolved

from the Shokaku’s, eliminating one
deck but adding 3-inch armor to the
flight deck in addition to the 4.9
inches of armor on the hangar deck,
which remained the hull’s strength
deck. The design also incorporated
heavy 5.9-inch side armor, making

the Taiho proportionally the most
heavily protected aircraft carrier de-
signed as such. The bow was plated
to the flight deck like British carriers.
The double hangars were about 500
feet long, 50 feet wide, and 16 feet 6
inches high, and the carrier actually
operated an air group as large as sev-
enty-five machines, rather than the
sixty aircraft in the design. Two unar-
mored elevators linked the hangars
to the flight deck, which was fully
equipped with arresting gear, crash
barriers, a wind screen, night landing
lighting, and refueling points. There
was a large island structure incorpo-
rating an inclined stack similar to
that on the Hiyo class, carrying two
Type 21 radar antennae.

Service: The Taiho participated in the
Battle of the Philippine Sea. On June
19, 1944, the submarine Archerfish
hit it with a torpedo, jamming the
forward elevator in the down position
and rupturing gasoline lines. Gaso-
line vapor spread through the ship,
ignited, and exploded, sinking the
ship.
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Unryu
Builder: Yokosuka Navy Yard
Laid down: August 1, 1942. Launched:

September 25, 1943. Commissioned:
August 6, 1944

Amagi
Builder: Mitsubishi Shipbuilding

Company, Nagasaki
Laid down: October 1, 1942.

Launched: October 15, 1943. Com-
missioned: August 10, 1944

Katsuragi
Builder: Kure Navy Yard
Laid down: December 8, 1942.

Launched: January 19, 1944.

Kasagi
Builder: Mitsubishi Shipbuilding

Company, Nagasaki
Laid down: April 14, 1943. Launched:

October 19, 1944.

Aso
Builder: Kure Navy Yard
Laid down: June 8, 1943. Launched:

November 1, 1944

Ikoma
Builder: Kawasaki Dockyard Company,

Kobe
Laid down: July 5, 1943. Launched:

November 17, 1944
Displacement: 17,150 tons (standard),

22,500 tons (full load)
Dimensions: 745’11” (oa) x 72’2” x

25’9” (mean)
Flight deck: 712’0” x 88’6”
Machinery: Geared turbines, 8 Kam-

pon boilers, 4 shafts, 152,000 shp =
34 knots

Bunkerage & range: 3,670 tons =
8,000 miles @ 18 knots

Aircraft: 65
Armament: 6 x twin 5” AA, 17 x triple

25mm AA
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Complement: 1,595
Design: This design evolved from that

of the Soryu with heavier 5.9-inch
side armor protection for the maga-
zines and only two elevators. Short-
ages led to the installation of 100,000
shp destroyer plants in the Katsuragi
and the Aso, reducing their speed by
two knots. The full Japanese carrier
radar suite of two Type 21 and one
Type 13 sets was installed. Two addi-
tional vessels were never laid down.

Modifications: The light antiaircraft
battery was increased to twenty-two
triple 25mm mounts and twenty-
three single 25mm mounts, plus six
28-tube 120mm rocket launchers.

Service: The Kasagi, the Aso, and the
Ikoma were never completed and
were scrapped after World War II.
The Katsuragi was damaged at Kure
by aircraft bombs on March 19 and
July 28, 1945, and never commis-
sioned. It was used as a repatriation
transport from August 1945 until
November 1946, and then broken up
at Osaka in 1947. The submarine
Redfish torpedoed and sank the Un-
ryu on December 19, 1944, south-
east of Shanghai. Aircraft from Task
Force 38 damaged the Amagi at Kure
on March 19, 1945, and sank it on
July 24. The wreck was raised and
scrapped in 1947.
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Builder: Yokosuka Navy Yard
Laid down: May 4, 1940. Launched: 8

October 1944
Displacement: 64,800 tons (standard),

71,890 tons (full load)
Dimensions: 872’8” (oa) x 119’1” x

33’10” (mean)
Flight deck: 827’0” x 131’0”
Machinery: Geared turbines, 12 Kam-

pon boilers, 4 shafts, 150,000 shp =
27 knots

Bunkerage & range: 8,904 tons =
10,000 nm @ 18 knots

Aircraft: 120
Armament: 8 x twin 5” AA, 45 x triple

25mm AA, 12 x 28-barrel 120mm
rocket launchers

Complement: 2,400
Design: The Shinano was laid down as

a battleship of the Yamato class but
converted, beginning in mid-1942,
into an aircraft carrier. The original
plan was to deploy the Shinano as a
replenishment and support ship for

carrier task forces but this was modi-
fied to include an operational air
group of 40–50 aircraft in addition to
large numbers of replenishment ma-
chines for other carriers. There was a
single open hangar 550 feet long
built over the existing battleship hull
and supporting a 3.1-inch armored
flight deck served by two elevators. A
greatly enlarged iteration of the
Taiho’s island structure was fitted.

Service: The Shinano was completed
for trials on November 19, 1944, but
never commissioned. While in transit
from Yokosuka to Kure for final fit-
ting out it was struck by four torpe-
does fired by the submarine Archer-
fish on November 29, 1944. The
watertight doors for its very extensive
internal subdivision and much of the
pump machinery were yet to be in-
stalled so it sank within seven hours
due to uncontrolled flooding.
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Taiyo Class

Taiyo
Laid down: January 6, 1940. Launched:

October 19, 1940. Commissioned:
September 15, 1941

Unyo
Laid down: December 14, 1938.

Launched: October 31, 1939. Com-
missioned: May 31, 1942

Chuyo
Laid down: May 9, 1938. Launched:

May 20, 1939. Commissioned: 25
November 1942

Builder: Mitsubishi Shipbuilding
Company, Nagasaki

Displacement: 17,830 tons (standard),
20,000 tons (full load)

Dimensions: 591’4” (oa) x 73’10” x
25’5” (mean)

Flight deck: 492’0” x 75’6”
Machinery: Geared turbines, 4 boilers,

2 shafts, 25,200 shp = 21 knots
Bunkerage & range: 6,500 nm @ 18

knots
Aircraft: 27

Armament: 6 x 4.7” AA (Taiyo) or 4 x
twin 5” DP, 8 x 25mm AA

Complement: 747

Kaiyo
Laid down: February 22, 1938.

Launched: December 9, 1938. Com-
missioned: November 23, 1943

Builder: Mitsubishi Shipbuilding
Company, Nagasaki

Displacement: 13,600 tons (standard),
16,748 tons (full load)

Dimensions: 546’5” (oa) x 71’10” x
27’0” (mean)

Flight deck: 492’0” x 72’0”
Machinery: Kampon geared turbines, 4

boilers, 2 shafts, 52,000 shp = 24
knots

Aircraft: 24
Armament: 4 x twin 5” DP, 8 x triple

25mm AA
Complement: 829

Shinyo
Laid down: 1933. Launched: Decem-

ber 14, 1934. Commissioned: De-
cember 15, 1943
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Builder: Deschimag Werke AG, Bre-
men

Displacement: 17,500 tons (standard),
20,916 tons (full load)

Dimensions: 621’3” (oa) x 84’0 x 26’9”
(mean)

Flight deck: 553’0” x 80’0”
Machinery: AEG geared turbines, 4 wa-

ter-tube boilers, 2 shafts, 26,000 shp
= 22 knots

Aircraft: 33
Armament: 4 x twin 5” DP, 10 x triple

25mm AA
Complement: 942
Design: Japanese auxiliary aircraft car-

riers were similar in concept to
American and British escort carriers,
although larger. A single hangar was
constructed in place of the original
superstructure, topped with a flight
deck that was served by two eleva-
tors. There was neither arresting gear
nor a catapult. Boiler gases vented
through downward tilted stacks to
starboard and sponsons on either
side of the ships supported the anti-
aircraft battery. They were conned
from bridges built under the forward
end of the flight deck.

Modifications: The light antiaircraft
battery increased substantially in all
ships to 40–60 25mm weapons. All
ships also acquired Type 21 radar.

Service: Unlike the American and
British navies, the Imperial Japanese
Navy employed its auxiliary carriers
almost exclusively for aircraft trans-
port and training duties. Only the
Taiyo engaged in combat operations,
supporting the battleship Yamato
during the Eastern Solomons opera-
tion in August 1942. The Chuyo was
sunk by torpedoes fired by the sub-
marine Sailfish off Yokosuka on De-
cember 4, 1943, the Taiyo by the
submarine Rasher off Luzon on Au-
gust 18, 1944, the Unyo by the sub-
marine Barb off Hong Kong on Sep-
tember 16, 1944, and the Shinyo by
the submarine Spadefish in the Yel-
low Sea on November 17, 1944. The
Kaiyo was disabled by British Pacific
Fleet aircraft at Beppu on July 24,
1945, and the wreck scrapped after
World War II.
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Builder: Vickers (Shipbuilding) Ltd.,
Barrow-in-Furness

Laid down: November 10, 1937.
Launched: March 26, 1940. Com-
missioned: October 10, 1941

Displacement: 24,680 tons (standard),
29,730 tons (full load)

Dimensions: 743’9” (oa) x 95’9” x 24’0”
(mean), 28’0” (full load)

Flight deck: 650’0” x 80’0”
Machinery: Parsons geared turbines, 6

Admiralty 3-drum boilers, 3 shafts,
111,000 shp = 30.5 knots

Bunkerage & range: 4,850 tons =
11,000 nm @ 14 knots.

Aircraft: 48
Armament: 8 x twin 4.5” DP, 6 x 8-bar-

relled 2 pdr AA, 8 x 20mm AA
Complement: 1,592
Design: The Indomitable was laid down

as the fourth member of the Illustri-
ous class but its design was altered
while it was under construction to
incorporate some features of the
later Implacable class. Hull depth
was increased by 6 feet and hangar

side armor reduced to 1–1/2 inches
to compensate for the additional top-
weight. The deeper hull allowed for
an additional 168-feet long lower
hangar aft with 16 feet of overhead
clearance, while the upper hangar
was reduced to 14 feet in height. The
forward elevator was enlarged and
both elevators uprated to accommo-
date aircraft up to 20,000 pounds in
weight. The deeper hull also incorpo-
rated an additional gallery deck to
accommodate extra personnel and
aviation equipment for an enlarged
air group of 48 aircraft stowed in the
hangars and a further 20 aircraft car-
ried as a deck park.

Modifications: In April 1944 the In-
domitable added two quadruple and
two twin 40mm mounts to the light
antiaircraft battery and fitted an
American SM-1 fighter control radar
set on the bridge. In 1945 it gained a
further thirteen single 40mm mounts
and thirty-six single 20mm mounts.

Service: The Indomitable took part in
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Operation Pedestal in August 1942.
On August 12 it was hit by two
1,100-pound bombs and near-missed
by three others, requiring six months
for repairs. While covering the inva-
sion of Sicily the Indomitable was hit
by a torpedo launched by a low-flying
Junkers Ju 88 on July 11, 1943, and
put out of action for a further eight
months. It joined the British East In-
dies Fleet in July 1944 and partici-
pated in a series of very successful
strikes during the rest of the year

against targets in Sumatra. In Janu-
ary 1945 it transferred to the British
Pacific Fleet for operations against
Okinawa from March until May, dur-
ing which it was hit by a kamikaze on
May 4 that slid off the armored deck
without causing any significant dam-
age. After World War II the In-
domitable served with the Mediter-
ranean and Home fleets, was sold for
scrapping in May 1953, and broken
up in 1955.

260 UNITED KINGDOM: INDOMITABLE



Builder: Harland & Wolff Ltd., Belfast
Laid down: June 29, 1939. Launched:

November 20, 1941. Commissioned:
March 12, 1943

Displacement: 16,530 tons (standard),
20,300 tons (full load)

Dimensions: 646’0” (oa) x 90’0” x 17’6”
(mean), 20’6” (full load)

Flight deck: 610’0” x 80’0”
Machinery: Parsons geared turbines, 4

Admiralty 3-drum boilers, 2 shafts,
40,000 shp = 24 knots

Bunkerage & range: 3,000 tons =
11,000 miles @ 13.5 knots

Aircraft: 36
Armament: 4 x twin 4” AA, 4 x quadru-

ple 2-pdr AA, 13 x 20mm AA
Complement: 1,094
Design: The Unicorn was designed as a

support vessel for aircraft carrier
squadrons but modified during con-
struction to function as an effective

carrier when required. The design in-
cluded double hangars 16 feet 6
inches high but only 300 feet long to
allow extra space for workshops. Two
elevators capable of carrying aircraft
up to 20,000 pounds linked the
hangars to the flight deck, which had
2-inch armor, full arresting gear, and
a single catapult. There was 2-inch
armor around the magazines and
1.5-inch armor protecting the ma-
chinery. It also carried Type 281 air
warning radar.

Modifications: In 1943 the Unicorn
embarked an additional quadruple 2-
pdr mount and further single 40mm
and 20mm mounts were added be-
fore it joined the British Pacific
Fleet.

Service: The Unicorn covered Gibraltar
convoys in May and June 1943,
served with the Home Fleet in July,
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and then went to the Mediterranean
to cover the Salerno landings Sep-
tember 9–12, 1943, operating three
squadrons of Seafire fighters. After
Atlantic escort duty during 1944, the
Unicorn joined the British Pacific
Fleet in early 1945 as flagship of the
aircraft service squadron, serving in
its design role as a carrier support
vessel. After World War II it was in

reserve until 1949. It then trans-
ported aircraft and equipment from
Britain to the Far East and remained
there during the Korean War, again
in its designed role to support British
carrier operations during that con-
flict. It returned to reserve status in
1953 and was sold for scrapping in
1959.
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Indefatigable
Builder: John Brown & Company,

Clydeside
Laid down: November 3, 1939.

Launched: December 8, 1942. Com-
missioned: May 3, 1944

Implacable
Builder: Fairfield Shipbuilding & Engi-

neering Company, Govan
Laid down: February 21, 1939.

Launched: December 10, 1942.
Commissioned: August 28, 1944

Displacement: 23,450 tons (standard),
32,110 tons (full load)

Dimensions: 766’6” (oa) x 95’9” x 26’0”
(mean), 28’11” (full load)

Flight deck: 750’0” x 80’0”
Machinery: Parsons geared turbines, 8

Admiralty 3-drum boilers, 4 shafts,
148,000 shp = 32 knots

Bunkerage & range: 4,690 tons =
11,000 nm @ 14 knots.

Aircraft: 54
Armament: 8 x twin 4.5” DP, 6 x 8-bar-

relled 2 pdr AA, 37 x 20mm AA
Complement: 1,400
Design: These ships used a slightly en-

larged Illustrious design with four-
shaft machinery. The main hangar
height was reduced to 14 feet, which
allowed the addition of a lower
hanger aft some 208 feet long. The
forward elevator was enlarged and
both made stronger to accommodate
aircraft up to 20,000 pounds.
Hangar side armor was reduced to
1.5 inches. The ships commissioned
with the standard British late-war
carrier radar outfit.

Modifications: The Implacable added
two quadruple 2-pdrs mounts, four
single 40mm mounts, and fifty-one
20mm weapons to its light antiair-
craft battery before deploying to the
Pacific, while the Indefatigable
gained ten single 40mm and forty
20mm weapons. The use of deck
parks increased their aircraft capac-
ity to eighty-one machines.

Service: The Implacable joined the
British Pacific Fleet in June 1945
and undertook strikes against Truk
and the Japanese home islands until
just before the end of World War II.
It was in reserve postwar, refitted in
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1948–1949, and then served as a
training carrier from 1952 until
1954. The Implacable returned to
the reserve fleet in mid-1954 and
was sold for scrapping in November
1955. The Indefatigable participated
in strikes against the German battle-
ship Tirpitz (operations Mascot and
Goodwood) in July and August 1944.
In December 1944 it joined the
British East Indies Fleet for strikes
against Sumatra before transferring
to the British Pacific Fleet for opera-
tions off Okinawa from March until

May 1945, being struck by a
kamikaze on April 1 that put it out of
action for one hour while debris was
cleared from the armored flight deck.
After a refit in Australia it returned
to the fleet for strikes against the
Japanese home islands from July un-
til the end of the war. The Indefatiga-
ble was in reserve immediately after
World War II. It served as a training
carrier from 1950 to 1954, returned
to the reserve, and was sold for
scrapping in 1956.
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Colossus
Builder: Vickers-Armstrong Ltd., New-

castle-upon-Tyne
Laid down: June 1, 1942. Launched:

September 30, 1943. Commissioned:
December 16, 1944

Glory
Builder: Harland & Wolff Ltd., Belfast
Laid down: August 27, 1942.

Launched: November 27, 1943.
Commissioned: April 2, 1945

Venerable
Builder: Cammell Laird & Company,

Birkenhead
Laid down: December 3, 1942.

Launched: December 30,1943.
Commissioned: January 17, 1944

Vengeance
Builder: Swan, Hunter & Wigham

Richardson, Ltd., Wallsend-on-Tyne
Laid down: November 16, 1942.

Launched: February 23, 1944. Com-
missioned: January 15, 1945

Perseus
Builder: Vickers-Armstrong Ltd., New-

castle-upon-Tyne
Laid down: June 1, 1942. Launched:

March 26, 1944. Commissioned:
October 19, 1945

Pioneer
Builder: Vickers-Armstrong Ltd., Bar-

row-in-Furness
Laid down: December 2, 1942.
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Launched: May 20, 1944. Commis-
sioned: February 8, 1945

Warrior
Builder: Harland & Wolff Ltd., Belfast
Laid down: December 12, 1942.

Launched: May 20, 1944. Commis-
sioned: November 1948

Theseus
Builder: Fairfield Shipbuilding & Engi-

neering Company, Govan
Laid down: January 6, 1943. Launched:

July 6, 1944. Commissioned: Febru-
ary 9, 1946

Ocean
Builder: Alexander Stephen & Sons

Ltd., Govan
Laid down: November 8, 1942.

Launched: July 8, 1944. Commis-
sioned: August 8, 1945

Triumph
Builder: R. & W. Hawthorn Leslie &

Company Ltd., Hebburn-on-Tyne
Laid down: January 27, 1943.

Launched: October 2, 1944. Com-
missioned: May 9, 1946

Displacement: 13,190 tons (standard),
18,040 tons (full load)

Dimensions: 695’0” (oa) x 80’0” x 18’6”
(mean), 23’6” (full load)

Flight deck: 680’0” x 80’0”
Machinery: Parsons geared turbines, 4

Admiralty 3-drum boilers, 2 shafts,
40,000 shp = 25 knots

Bunkerage & range: 3,196 tons =
12,000 nm @ 14 knots.

Aircraft: 48
Armament: 6 x 4-barrelled 2 pdr AA, 16

x twin 20mm AA
Complement: 1,300
Design: These vessels were designed as

“intermediate aircraft carriers” with
capabilities between those of escort
carriers and the armored fleet carri-
ers. Their hulls were built to mer-
chant ship scantling standards to
speed construction and widen the
pool of potential shipyards. The final
design resembled a lighter version of
the armored carriers but included no
armor protection, light cruiser type
machinery, and a light antiaircraft
battery only. There was a single
hangar 445 feet long, 52 feet wide,
and 17 feet 6 inches high, served by
two elevators. The flight deck carried
full arresting gear, crash barriers, and
a single hydraulic catapult. The stan-
dard British suite of aircraft carrier
radars was installed.

Modifications: The Perseus and the Pi-
oneer completed as maintenance car-
riers (similar in concept to the Uni-
corn) and could not operate aircraft.
Antiaircraft batteries were upgraded
during World War II and most ships
eventually sported uniform batteries
of 40mm weapons. In the years im-
mediately following World War II
these vessels formed the backbone of
the Royal Navy’s carrier force. Anti-
aircraft batteries were reduced to
about eight 40mm weapons, im-
proved radar sets installed, and ar-
resting gear upgraded to operate
heavier aircraft. The Theseus was
used to test the angled flight deck
concept and the Perseus for trials of
steam catapults. The Theseus con-
verted to a repair ship in 1964.

Four vessels were sold to other
navies. The Colossus was loaned to
France as the Arromanches in August
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1946 and sold in 1951. The Arro-
manches was reconstructed in
1957–1958 with a 4-degree angled
flight deck (maximum width 118
feet), a mirror landing aid, and forty-
three 40mm weapons, increasing
full-load displacement to 19,600
tons. The antiaircraft battery was re-
moved by 1963, and the Arro-
manches was refitted as an antisub-
marine helicopter carrier in 1968,
when new French DRBV-22 air
warning radar was installed. The
Venerable was sold to the Nether-
lands and commissioned on May 28,
1948, as the Karel Doorman. The
Karel Doorman was extensively re-
constructed 1955–1958 at Scheep-
swerf Wilton Fijenoord, receiving a
strengthened 8-degree angled flight
deck with a steam catapult forward
and a mirror landing aid. The eleva-
tors were upgraded and an improved
antiaircraft battery of twelve new
40mm weapons was fitted. The is-
land was enlarged and improved,
with a high raking stack and a new
lattice mast supporting modern
Dutch radar for air and sea search,
target acquisition, and height-find-
ing. Full load displacement increased
to 19,900 tons. The Karel Doorman
suffered a boiler-room fire in April
1968, was sold to Argentina in Octo-
ber, and refitted at Scheepswerf
Wilton Fijenoord, commissioning on
March 29, 1969, as the Veinticinco
de Mayo. The Vengeance, loaned to
Australia from early 1953 to August
1955, was sold to Brazil in late 1956,
renamed the Minas Gerais, and ex-
tensively modernized 1957–1960 at

Werf Verolme in Rotterdam. The Mi-
nas Gerais received a strengthened
8–1/2-degree angled flight deck, new
elevators, a mirror landing aid, and a
steam catapult. The island was up-
graded with a raked stack and a large
lattice mast supporting modern
American radar for air and sea
search, and height-finding. A new
antiaircraft battery of one twin and
two quadruple 40mm weapons was
installed. Full load displacement in-
creased to 19,900 tons. The Warrior
was sold to Argentina in the summer
of 1958, refitted, and commissioned
as the Independencia on January 26,
1959. The Independencia carried
twenty-two 40 mm antiaircraft weap-
ons and was fitted with a 4-degree
angled flight deck and a lattice mast
with updated American air and sea
search radar. Full load displacement
rose to 19,540 tons.

Service: The Colossus, the Glory, the
Venerable, and the Vengeance served
with the British Pacific Fleet at the
end of World War II but arrived in
theater too late for operations. The
Warrior served very briefly with the
Royal Canadian Navy pending the
arrival of the new carrier Bonaven-
ture. The Glory, the Warrior, the The-
seus, the Ocean, and the Triumph all
served during the Korean War, pro-
viding air support for ground troops
and conducting strikes against shore
targets. The Pioneer was broken up
in 1954, the Perseus in 1958, and the
Glory in late 1961. The Theseus and
the Ocean deployed as commando
carriers during the Suez operation in
November–December 1956 to land
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assault troops via helicopter. They
both were scrapped in 1962. The Tri-
umph served in the Far East and In-
dian Ocean until placed in reserve in
1975 and was broken up in 1981.

The Arromanches supported
French operations in Indo-China
from 1949 until 1954, and then
transferred to the Mediterranean. It
participated in the Suez operation in
November–December 1956, con-
ducting strikes against Egyptian in-
stallations around Port Said. From
1960 to 1968 it was a training car-
rier, then became an antisubmarine
ship, but soon reverted to training.
The Arromanches decommissioned in
1974 and was broken up in early
1978. The Karel Doorman operated a
mixture of jet fighters and antisub-
marine aircraft and helicopters until
1964, when the fighters were with-
drawn. The Argentinian Veinticinco
de Mayo embarked A-4 Skyhawks as

fighter-bombers, replacing them with
Super Etendards in 1983. It covered
the initial invasion of the Falkland/
Malvinas Islands in 1982 but re-
mained in port during the remainder
of the conflict. It was laid up from
June 1986 with major machinery
problems but the cost of a major up-
grade was prohibitive and it was sold
for scrapping in January 1999. The
Vengeance was loaned to Australia
from early 1953 to August 1955
pending the arrival of the carrier
Melbourne. The Minas Gerais oper-
ated as an antisubmarine carrier
throughout its Brazilian career, em-
barking a mix of fixed-wing aircraft
and helicopters. It was decommis-
sioned on October 9, 2001. The In-
dependencia served as the flagship of
Argentina’s navy until the arrival of
the Veinticinco de Mayo in March
1969. It was stricken in 1971 and
scrapped.
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Audacity
Builder: Bremer Vulkan Werft, Bre-

men
Laid down: Launched: March 29,

1939. Commissioned: June 1941
Displacement: 10,231 tons (full load)
Dimensions: 467’3” (oa) x 56’0” x 21’7”

(full load)
Flight deck: 450’0” x 60’0”
Machinery: 7-cylinder MAN diesels, 1

shaft, 5,200 bhp = 15 knots
Bunkerage & range: 694 tons = 12,000

nm @ 10 knots.
Aircraft: 6
Armament: 1 x 4” DP, 4 x 2 pdr AA, 4 x

20mm AA

Activity
Builder: Caledon Shipbuilding Com-

pany Ltd., Dundee
Laid down: February 1, 1940.

Launched: May 30, 1942. Commis-
sioned: September 29, 1942

Displacement: 11,800 tons (standard),
14,300 tons (full load)

Dimensions: 512’9” (oa) x 66’6” x 26’1”
(full load)

Flight deck: 490’0” x 66’0”
Machinery: 6-cylinder Burmeister &

Wain diesels, 2 shafts, 12,000 bhp =
18 knots

Bunkerage: 2,000 tons
Aircraft: 10
Armament: 1 x twin 4” DP, 10 x twin

20mm AA, 4 x single 20mm AA
Complement: 700
Pretoria Castle
Builder: Harland & Wolff Ltd., Belfast
Laid down: 1936. Launched: October

12, 1938. Commissioned: April 9,
1943

Displacement: 19,650 tons (standard),
23,450 tons (full load)

Dimensions: 594’7” (oa) x 76’6” x
28’0”(full load)

Flight deck: 550’0” x 75’0”
Machinery: 8-cylinder Burmeister &

Wain diesels, 2 shafts, 21,869 bhp =
18 knots

Bunkerage: 2,430 tons
Aircraft: 21
Armament: 2 x twin 4” DP, 4 x 4-bar-

relled 2 pdr AA, 10 x twin 20mm AA

Nairana Class

Vindex
Builder: Swan, Hunter & Wigham

Richardson, Ltd., Wallsend-on-Tyne
Laid down: July 1, 1942. Launched:

May 4, 1943. Commissioned: De-
cember 3, 1943
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Nairana
Builder: John Brown & Company,

Clydebank
Laid down: 1942. Launched: May 20,

1943. Commissioned: December 12,
1943

Displacement: 13,825 tons (standard),
16,980 tons (full load)

Dimensions: 528’6” (oa) x 68’0” x 23’6”
(mean), 25’8”(full load)

Flight deck: 495’0” x 65’0”
Machinery: 5-cylinder Doxford diesels,

2 shafts, 10,700 bhp = 16.5 knots
Bunkerage & range: 1,655 tons
Aircraft: 21
Armament: 1 x twin 4” DP, 4 x 4-bar-

relled 2 pdr AA, 8 x twin 20mm AA
Complement: 700–728

Campania
Builder: Harland & Wolff Ltd., Belfast
Laid down: August 12, 1941.

Launched: June 17, 1943. Commis-
sioned: March 7, 1944

Displacement: 12,450 tons (standard),
15,970 tons (full load)

Dimensions: 540’0” (oa) x 70’0” x 19’0”
(mean), 22’10”(full load)

Flight deck: 510’0” x 70’0”
Machinery: 6-cylinder Burmeister &

Wain diesels, 2 shafts, 10,700 bhp =
16 knots

Bunkerage & range: 2,230 tons
Aircraft: 18
Armament: 1 x twin 4” DP, 4 x 4-bar-

relled 2 pdr AA, 8 x twin 20mm AA
Complement: 700
Design: The Audacity was a very limited

conversion from a captured German
merchant ship, the Hannover, into a
trade protection carrier. Superstruc-
ture was stripped to shelter deck

level, a flight deck constructed above
it, and the side plated up to the flight
deck with openings for embarking
stores and stowing boats. The diesel
engines exhausted to starboard and
platforms on either side provided
space for navigation and signaling.
The flight deck carried arresting gear
but there was no hangar or catapult
and all aircraft were parked on deck.

In 1940 the Admiralty prepared
three outline designs for escort carri-
ers, ranging from an austere 450-foot
long, 16.5-knot vessel embarking ten
aircraft to a 550-foot long 20-knot
carrier carrying twenty-five aircraft.
Only the Activity was converted to
the austere carrier design with a
small hangar (87 feet by 66 feet) aft
served by a single elevator. The four
other British conversions were to the
intermediate standard. They incorpo-
rated long hangars (198–354 feet
long, depending on the vessel),
though there still was only a single
elevator, which slowed aircraft opera-
tions. All these carriers had full ar-
resting gear and crash barriers, while
the Pretoria Castle also carried a gun-
powder-operated catapult capable of
launching the heaviest aircraft in ser-
vice.

Service: The Audacity exclusively es-
corted convoys between the United
Kingdom and Gibraltar during its
brief career. Its Grumman Martlet
fighters saw constant action against
German Focke-Wulf Fw 200 Condor
long-range bombers and U-boats, de-
stroying five Condors and contribut-
ing materially to the destruction of
the U-131 by surface escort vessels
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on December 17, 1941, before suc-
cumbing to two torpedoes fired by
the U-751 on December 21.

The later British escort carriers
had combined Royal Navy and mer-
chant marine crews. The Pretoria
Castle served exclusively as a training
and trials carrier throughout its ca-
reer and was converted back into a
liner after World War II. The Activity
initially served in the Atlantic escort-
ing convoys. The three other vessels
all served primarily as escorts for
Arctic convoys and were joined by

the Activity in February 1944. Both
the Campania and the Nairana also
undertook antishipping operations
along the Norwegian coast during
late 1944 and early 1945. The Activ-
ity was sold in 1946, the Vindex in
1947, and the Nairana in 1948 (after
serving with the Royal Netherlands
Navy for two years). The Campania
participated in British nuclear tests
in the Pacific in 1952 and then was
placed in reserve until it was broken
up in November 1955.
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Empire MacAlpine Class
Builder: Burntisland Shipping Com-

pany, Burntisland

Empire MacAlpine
Launched: December 23, 1942. Com-

missioned: April 14, 1943

Empire MacKendrick
Launched: September 29, 1943. Com-

missioned: December 1943

Empire MacAndrew Class
Builder: William Denny & Brothers

Ltd., Dumbarton

Empire MacAndrew
Launched: May 3, 1943. Commis-

sioned: July 1943

Empire MacDermott
Launched: January 24, 1944 Commis-

sioned: March 1944

Empire MacRae Class
Builder: Lithgow Shipbuilding, Port

Glasgow

Empire MacRae
Launched: June 21, 1943. Commis-

sioned: September 1943

Empire MacCallum
Launched: October 12, 1943. Commis-

sioned: December 1943

Rapana Class

Ancylus
Builder: Swan, Hunter & Wigham

Richardson, Ltd., Wallsend-on-Tyne
Launched: October 9, 1934. Commis-

sioned: October 1943

Acavus
Builder: Workman Clark Ltd, Belfast
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Launched: November 24, 1934. Com-
missioned: October 1943

Gadila
Builder: Howaldtswerke, Kiel
Launched: December 1, 1934. Com-

missioned: March 1944

Amastra
Builder: Lithgow Shipbuilding, Port

Glasgow
Launched: December 18, 1934. Com-

missioned: November 1943

Alexia
Builder: Bremer Vulkan Werft, Bre-

men
Launched: December 20, 1934. Com-

missioned: December 1943

Rapana
Builder: Scheepswerf Wilton Fijeno-

ord, Schiedam
Launched: April 1935. Commissioned:

July 1943

Macoma
Builder: Nederlandse Dok, Amsterdam
Launched: December 31, 1935. Com-

missioned: May 1944

Miralda
Builder: Nederlandse Dok, Amsterdam
Launched: July 1936. Commissioned:

January 1944

Adula
Builder: Blythswood Shipbuilding,

Scotstoun
Launched: January 28, 1937. Commis-

sioned: February 1944

Empire Mackay
Builder: Harland & Wolff Ltd., Belfast
Launched: June 17, 1943. Commis-

sioned: October 1943

Empire MacColl
Builder: Cammell Laird & Company,

Ltd., Birkenhead
Launched: July 24, 1943. Commis-

sioned: November 1943

Empire MacCabe
Builder: Swan, Hunter & Wigham

Richardson, Ltd., Wallsend-on-Tyne
Launched: May 18, 1943. Commis-

sioned: December 1943

Empire MacMahon
Builder: Swan, Hunter & Wigham

Richardson, Ltd., Wallsend-on-Tyne
Launched: July 2, 1943. Commis-

sioned: December 1943
Displacement: 7,950 tons (gross)–

12,000 tons (gross)
Dimensions: 446’6”–481’6”(oa) x

56’0”–61’0” x 24’0”–27’6” (mean)
Flight deck: 400’–460’0” x 60’0”
Machinery: Diesel engines, 1 shaft,

3,300–4,000 bhp = 11–12.5 knots
Aircraft: 4
Armament: 1 x 4” AA, 2 x 40mm AA, 4 x

20mm AA
Complement: 107–122
Design: As an emergency measure the

Admiralty, in September 1942, ap-
proved fitting diesel-engined bulk
cargo carriers with steel flight decks,
arresting gear and crash barriers, and
minimal island bridge structures sup-
porting air warning radar so that
these ships could provide air cover
for North Atlantic convoys. Initially
grain carriers were selected. They
had minimal existing superstructures
and their conversion would not af-
fect cargo handling, since grain was
handled using hoses. The grain carri-
ers also had small hangars con-
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structed below their flight decks,
served by a single elevator, to accom-
modate their four Fairey Swordfish
antisubmarine aircraft. Soon after-
wards, the Admiralty also approved
similar conversions using tankers.
Cargo handling equipment prevented
construction of hangars on these ves-
sels, so their aircraft were parked and
maintained only on the flight deck.

Service: Like the British escort carrier
conversions, these vessels had com-
bined Royal Navy and merchant ma-
rine crews. The Gadila and the Ma-
coma had Dutch crews. All the
merchant aircraft carriers operated in
the North Atlantic escorting convoys.
At the end of World War II they were
converted back into bulk carriers and
returned to regular merchant service.
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Group I

Essex
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: April 28, 1941. Launched:
July 31, 1942. Commissioned: De-
cember 31, 1942

Yorktown
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: December 1, 1941.
Launched: January 31, 1943. Com-
missioned: April 15, 1943

Intrepid
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: December 1, 1941.
Launched: April 26, 1943. Commis-
sioned: August 16, 1943

Hornet
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: August 3, 1942. Launched:
August 30, 1943. Commissioned:
November 29, 1943

Franklin
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: December 7, 1942.
Launched: October 14, 1943. Com-
missioned: January 31, 1944
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Lexington
Builder: Bethlehem Steel Company,

Quincy. MA
Laid down: September 15, 1941.

Launched: September 26, 1942.
Commissioned: February 17, 1943

Bunker Hill
Builder: Bethlehem Steel Company,

Quincy, MA
Laid down: September 15, 1941.

Launched: December 7, 1942. Com-
missioned: May 25, 1943

Wasp
Builder: Bethlehem Steel Company,

Quincy, MA
Laid down: March 19, 1942.

Launched: August 17, 1943. Com-
missioned: November 24, 1943

Hancock
Builder: Bethlehem Steel Company,

Quincy, MA
Laid down: January 26, 1943.

Launched: January 24, 1944. Com-
missioned: April 15, 1944

Bennington
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: December 15, 1942.
Launched: February 26, 1944. Com-
missioned: August 6, 1944

Bon Homme Richard
Builder: New York Naval Shipyard
Laid down: February 1, 1943.

Launched: April 29, 1944. Commis-
sioned: November 26, 1944

Group II

Ticonderoga
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: February 1, 1943.
Launched: February 7, 1944. Com-
missioned: May 8, 1944

Randolph
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: May 10, 1943. Launched:
June 29, 1944. Commissioned: Oc-
tober 9, 1944

Boxer
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: September 13, 1943.
Launched: December 14, 1944.
Commissioned: April 16, 1945

Leyte
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: February 21, 1944.
Launched: August 23, 1945. Com-
missioned: April 11, 1946

Kearsarge
Builder: New York Navy Yard
Laid down: March 1, 1944. Launched:

May 5, 1945. Commissioned: March
2, 1946

Antietam
Builder: Philadelphia Navy Yard
Laid down: March 15, 1943.

Launched: August 29, 1944. Com-
missioned: January 28, 1945

Princeton
Builder: Philadelphia Naval Shipyard
Laid down: September 14, 1943.
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Launched: July 8, 1945. Commis-
sioned: November 18, 1945

Shangri-La
Builder: Norfolk Navy Yard
Laid down: January 15, 1943.

Launched: February 24, 1944. Com-
missioned: September 15, 1944

Lake Champlain
Builder: Norfolk Navy Yard
Laid down: March 15, 1943.

Launched: November 2, 1944. Com-
missioned: June 3, 1945

Tarawa
Builder: Norfolk Navy Yard
Laid down: March 1, 1944. Launched:

May 12, 1945. Commissioned: De-
cember 8, 1945

Philippine Sea
Builder: Bethlehem Steel Company,

Quincy, MA
Laid down: August 19, 1944.

Launched: September 5, 1945.
Commissioned: May 11, 1946

Displacement: 27,200 tons (standard),
34,880 tons (full load)

Dimensions: Group I 872’0” (oa),
Group II 888’0” (oa) x 93’0” x 23’0”
(mean), 27’6” (full load)

Flight deck: 860’0” x 96’0”
Machinery: Westinghouse geared tur-

bines, 8 Babcock & Wilcox boilers, 4
shafts, 150,000 shp = 32.7 knots

Bunkerage & range: 6,330 tons =
15,000 nm @ 15 knots.

Aircraft: 91
Armament: 4 x twin 5” DP, 4 x single 5”

DP, 8 x quadruple 40mm AA, 46 x
20mm AA

Complement: 2,682
Design: The design for this class, the

largest single group of fleet carriers

ever constructed, was envisaged as
an improved Yorktown, incorporating
a 10 percent enlargement of the air
group, improved protection, subdivi-
sion, and machinery arrangements,
better flight deck layout, and an in-
crease in the antiaircraft battery. All
this was achieved, but the final de-
sign was almost 30 percent larger.
The midship elevator was located at
the port deck edge, while installing
the starboard 5-inch guns in twin
mounts fore and aft of the island not
only enlarged the flight deck but also
increased the heavy antiaircraft bat-
tery by 50 percent. The design called
for three catapults: two on the flight
deck forward and the third (a trans-
verse unit) on the hangar deck. Pro-
duction shortages meant most early
units of the class completed with
only one catapult, either on the flight
deck or in the hangar, but eventually
all carried the two flight deck cata-
pults alone. Protection was en-
hanced by better subdivision, arrang-
ing the machinery on the unit
system, and adding armor, principally
in the form of 3-inch protection on
the hangar deck. Two units, the
Reprisal and the Iwo Jima, were laid
down but never completed, while an
additional six units were authorized
but never commenced construction.

Modifications: All ships received
greatly enhanced light antiaircraft
batteries as World War II progressed.
The final arrangement included sev-
enteen or eighteen quadruple 40mm
mounts (the longer bow of the Group
II vessels was a design change to al-
low fitting two mounts with en-
hanced sky arcs beneath the forward
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end on the flight deck instead of the
single mount on the earlier vessels),
and up to sixty 20mm weapons in
single or twin mounts. These carriers
also received updated and expanded
radar suites and replaced some or all
of their rigid antenna masts with
whip antennae. The stowage for avia-
tion gasoline was revised for greater
protection and internal subdivision
improved by extending unpierced
bulkheads one deck higher. Air
groups expanded to as many as 103
heavier aircraft by the end of World
War II, requiring additional fuel, mu-
nitions, and crew accommodations,
plus stronger arresting gear. By the
end of World War II the comple-
ments of the class reached 3,385 of-
ficers and men.

Most of the class received major
reconstructions, described sepa-
rately. Those not reconstructed were
stripped of most of their light antiair-
craft battery to reduce weight and
crew size. The Boxer, the Leyte, the
Princeton, the Tarawa, the Valley
Forge, and the Philippine Sea were
converted to antisubmarine carriers
between 1953 and 1956. The Boxer,
the Princeton, and the Valley Forge
converted to amphibious assault
ships between 1959 and 1961.

Service: The Boxer, the Leyte, the
Kearsarge, the Antietam, the Prince-
ton, the Lake Champlain, the
Tarawa, the Valley Forge, and the
Philippine Sea commissioned too
late for active service during World
War II. The other members of the
class all served in the Pacific during

World War II, forming the core of the
fast carrier force. Kamikaze attacks
caused very severe damage to the In-
trepid, the Franklin, and the Bunker
Hill. All were repaired but the
Franklin never recommissioned and
was sold for scrap in July 1966. The
Bunker Hill recommissioned in July
1945, went into reserve in January
1947, and was sold for scrap in July
1973 without further service. The
wartime carriers went into reserve in
1947 and did not return to service
until after their reconstructions. The
unreconstructed Boxer, Leyte, Anti-
etam, Princeton, Valley Forge, and
Philippine Sea all operated off Korea
between 1950 and 1952, after which
the Antietam underwent a major re-
construction as the test bed for the
angled flight deck and the others
were converted into antisubmarine
carriers, operating a mix of helicop-
ters and fixed-wing aircraft. The
Boxer, the Princeton, and the Valley
Forge became amphibious assault
ships 1959–1961, while the Leyte,
the Tarawa, and the Philippine Sea
became aircraft transports and the
Antietam became a training carrier.
The Tarawa was sold for scrap in Oc-
tober 1968, the Boxer, the Leyte, and
the Philippine Sea were stricken in
December 1969, the Princeton and
the Valley Forge were decommis-
sioned in January 1970 and broken
up in 1973, and the Antietam was
stricken on May 1, 1973 and sold for
breaking up on December 19th of
the same year.
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Independence
Laid down: May 1, 1941. Launched:

August 22, 1942. Commissioned:
January 1, 1943

Princeton
Laid down: June 2, 1941. Launched:

October 18, 1942. Commissioned:
February 25, 1943

Belleau Wood
Laid down: August 11, 1941.

Launched: December 6, 1942. Com-
missioned: March 31, 1943

Cowpens
Laid down: December 17, 1941.

Launched: January 17, 1943. Com-
missioned: May 28, 1943

Monterey
Laid down: December 29, 1941.

Launched: February 28, 1943. Com-
missioned: June 17, 1943

Langley
Laid down: April 11, 1942. Launched:

May 22, 1943. Commissioned: Au-
gust 31, 1943

Cabot
Laid down: March 13, 1942.

Launched: April 4, 1943. Commis-
sioned: July 24, 1943

Bataan
Laid down: August 31, 1942.

Launched: August 1, 1943. Commis-
sioned: November 17, 1943

San Jacinto
Laid down: October 16, 1942.

Launched: September 26, 1943.
Commissioned: December 15, 1943

Builder: New York Shipbuilding Cor-
poration, Camden, NJ

Displacement: 10,622 tons (standard),
14,750 tons (full load)

Dimensions: 622’6” (oa) x 71’6” x 21’0”
(mean), 24’3” (full load)
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Flight deck: 544’0” x 73’0”
Machinery: General Electric geared

turbines, 4 Babcock & Wilcox boil-
ers, 4 shafts, 100,000 shp = 31 knots

Bunkerage & range: 2,633 tons =
13,000 nm @ 15 knots.

Aircraft: 30
Armament: 2 x 5” DP (Independence

only), 2 x quadruple 40mm AA (not
in Independence), 8 x twin 40mm
AA, 10 x 20mm AA

Complement: 1,569
Design: Emergency carriers were cre-

ated by converting incomplete hulls
of Cleveland class light cruisers. The
hull was bulged to compensate for
added topweight, the furnace up-
takes led to starboard outside the su-
perstructure, a relatively short
hangar (320 feet long and 57 feet 9
inches wide) built on top of the hull
supporting a flight deck that termi-
nated well short of the bow. Two ele-
vators linked the hangar to the flight
deck, which carried full arresting
gear and two catapults. The island
was sponsoned outboard of the flight
deck and essentially duplicated the
arrangement on contemporary Amer-
ican escort carriers.

Modifications: These carriers received
upgraded radar suites that closely
matched those of the big carriers.
Most 20mm weapons were replaced
one-for-one by twin or quadruple
40mm mounts as World War II pro-
gressed. In French service the
Lafayette and the Bois Belleau re-
ceived upgraded air warning radar
and landed all their remaining 20mm
weapons. The Dédalo received a
three-dimensional search SPS52B

radar in 1973 and landed all its
20mm weapons.

Service: All the class served in the Pa-
cific from their commissioning until
the end of World War II. The Prince-
ton was bombed on October 24,
1944, during the Leyte operation. In-
ternal explosions wracked the ship
and caused extensive damage to ves-
sels assisting with firefighting. Less
than three hours after it was hit the
fires were uncontrollable and accom-
panying vessels sank it with torpe-
does. All the survivors went into re-
serve immediately after World War
II. The Independence was part of the
target fleet during the Bikini Atoll
atomic tests and was sunk as a target
in February 1951. The Bataan
recommissioned to serve two tours
during the Korean War. The Mon-
terey and the Cabot were training
carriers between 1948 and 1955.
The Cowpens and the San Jacinto
saw no postwar service and were
stricken in November 1959 and June
1970 respectively. The Belleau Wood
was loaned to France as the Bois Bel-
leau from 1947 to 1960, when it was
stricken. The Langley was loaned to
France as the Lafayette from 1951 to
1963, when it too was stricken. Both
operated off Indo-China between
1953 and 1955 and the Lafayette also
participated in the Suez operation in
October to December 1956. The
Cabot was loaned to Spain as the Dé-
dalo in 1967 and sold outright in De-
cember 1973. It operated primarily
as an antisubmarine carrier with
twenty helicopters embarked, but
also operated four to six AV-8 Mata-
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dor (Harrier) aircraft from 1976. The
Dédalo was returned to the United
States in August 1989 for preserva-

tion as a museum ship but this effort
failed and it was scrapped in October
2000.
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Midway
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: October 27, 1943.
Launched: March 20, 1945. Com-
missioned: September 10, 1945

Franklin D. Roosevelt
Builder: New York Navy Yard
Laid down: December 1, 1943.

Launched: April 29, 1945. Commis-
sioned: October 27, 1945

Coral Sea
Builder: Newport News Shipbuilding

& Dry Dock Company, Newport
News, VA

Laid down: July 10, 1944. Launched:
April 2, 1946. Commissioned: Octo-
ber 1, 1947

Displacement: 47,387 tons (standard),
59,901 tons (full load)

Dimensions: 968’0” (oa) x 113’0” x
32’9” (mean), 34’6” (full load)

Flight deck: 932’0” x 113’0”
Machinery: Geared turbines, 12 Bab-

cock & Wilcox boilers, 4 shafts,
212,000 shp = 33 knots

Bunkerage & range: 10,000 tons =
15,000 nm @ 15 knots.

Aircraft: 137
Armament: 18 x 5” DP, 21 x quadruple

40mm AA, 68 x 20mm AA
Complement: 4,100
Design: A response to both American

and British operational experience in
the early part of World War II, pro-
tection dominated this design. It
married the basic features of the Es-
sex class with an armored flight deck
and heavier armor to protect the ship
against 8-inch gunfire rather than
the 6-inch gunfire standard of the
earlier class. Side armor increased to
8 inches (7 inches on the starboard
side to compensate for the weight of
the island), the main and hangar
decks received 2-inch armor, and
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there was 3–1/2 inch armor on the
flight deck. The open hangar re-
mained and its sides were protected
by disposing the 5-inch weapons in
single gunhouses along each side at
hangar deck level. Three elevators,
one a deck-edge unit, linked the
hangar to the flight deck, which also
carried two catapults. The great size
increase necessitated by the greater
level of protection allowed this class
to embark a much larger air group
than the Essex class. The air group
was in fact too large for efficient op-
eration within the deck-load-strike
mode that was standard procedure
when these vessels were designed
and delivered, although this size
proved invaluable when larger faster
aircraft entered service.

Modifications: These vessels com-
pleted with reduced 20mm batteries,
while the Coral Sea entered service
with only fourteen 5-inch guns and
no 40mm weapons. In 1947–1948
their flight decks were strengthened
to operate heavier aircraft and twenty
twin 3-inch AA mounts replaced all
40mm weapons. They also received
partially enclosed bows to improve
sea keeping. All received major re-
constructions, described later, in the
mid to late 1950s.

Service: All three carriers were very ac-
tive prior to their reconstructions,
mainly in developing and testing jet
aircraft operation and the Regulus
cruise missile.
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Saipan
Laid down: July 10, 1944. Launched:

July 8, 1945. Commissioned: July 14,
1946

Wright
Laid down: August 21, 1944.

Launched: September 1, 1945.
Commissioned: February 9. 1947

Builder: New York Shipbuilding Cor-
poration, Camden, NJ

Displacement: 14,500 tons (standard),
18,750 tons (full load)

Dimensions: 683’7” (oa) x 76’8” x 24’6”
(mean), 27’0” (full load)

Flight deck: 600’0” x 80’0”
Machinery: General Electric geared

turbines, 4 Babcock & Wilcox boil-
ers, 4 shafts, 120,000 shp = 33 knots

Bunkerage & range: 2,500 tons =
10,000 nm @ 15 knots.

Aircraft: 48
Armament:10 x quadruple 40mm AA,

32 x 20mm AA

Complement: 1,553
Design: An expansion of the Indepen-

dence class design that used the Bal-
timore class heavy cruiser hull as its
starting point. Since they were built
as carriers from the keel up, the hull
itself was widened rather than en-
larged with bulges.

Modifications: Both ships received up-
graded radar suites in the early
1950s, landed all their 20mm
weapons, and carried much reduced
40mm batteries. The foremost stack
was also removed. In the early 1960s
the Wright was converted into a Na-
tional Emergency Command Post
Afloat and the Saipan into a Major
Communications Relay Ship (and re-
named the Arlington).

Service: Both vessels were employed
for training and development of op-
erational systems until placed in re-
serve in 1956–1957. Both were
stricken in 1970.
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Long Island
Builder: Sun Shipbuilding Corpora-

tion, Chester, PA
Laid down: July 7, 1939. Launched:

January 11, 1940. Commissioned:
June 2, 1941

Displacement: 7,886 tons (standard),
14,050 tons (full load)

Dimensions: 492’0” (oa) x 69’6” x 25’6”
(mean)

Flight deck: 360’0” x 78’0”
Machinery: 7-cylinder Sulzer diesel, 1

shaft, 8,500 bhp = 16 knots
Bunkerage & range: 1,429 tons
Aircraft: 16
Armament: 1 x 4”, 2 x 3” AA, 4 x 0.5”

machine guns
Complement: 970

Archer [Royal Navy]
Builder: Sun Shipbuilding Corpora-

tion, Chester, PA
Laid down: June 7, 1939. Launched:

December 14, 1939. Commissioned:
November 17, 1941

Displacement: 10,220 tons (standard),
12,860 tons (full load)

Dimensions: 492’0” (oa) x 69’6” x 22’0”
(deep load)

Flight deck: 410’0” x 70’0”
Machinery: 7-cylinder Sulzer diesel, 1

shaft, 8,500 bhp = 16.5 knots
Bunkerage & range: 1,400 tons
Aircraft: 16
Armament: 3 x 4” AA, 15 x 20mm AA
Complement: 555

Charger Class

Avenger [Royal Navy]
Laid down: November 28, 1939.

Launched: November 27, 1940.
Commissioned: March 2, 1942

Biter [Royal Navy]
Laid down: December 28, 1939.

Launched: December 18, 1940.
Commissioned: May 1, 1942

Charger
Laid down: January 19, 1940.

Launched: March 1, 1941. Commis-
sioned: March 3, 1942

Dasher [Royal Navy]
Laid down: March 14, 1940.

UNITED STATES: C3-TYPE MERCHANTMEN CONVERTED TO ESCORT CARRIERS 285

48. UNITED STATES: C3-TYPE MERCHANTMEN CONVERTED TO 
ESCORT CARRIERS (1941)

Courtesy of Art-Tech



Launched: April 12, 1941. Commis-
sioned: July 1, 1942

Builder: Sun Shipbuilding Corpora-
tion, Chester, PA

Displacement: 11,800 tons (standard),
15,126 tons (full load)

Dimensions: 492’0” (oa) x 69’6” x 21’6”
(mean), 25’2” (full load)

Flight deck: 440’0” x 78’0”
Machinery: 6-cylinder Doxford diesel,

1 shaft, 8,500 bhp = 17 knots
Bunkerage & range: 3,200 tons
Aircraft: 36
Armament: 3 x 4” AA, 10 x 20mm AA
Complement: 856

Bogue Class

Tracker [Royal Navy]
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: November 3, 1941.

Launched: March 7, 1942. Commis-
sioned: January 31, 1943

Battler [Royal Navy]
Builder: Ingalls Shipbuilding Corpora-

tion, Pascagoula, MS
Laid down: April 15, 1941. Launched:

April 4, 1942. Commissioned: No-
vember 15, 1942

Attacker [Royal Navy]
Builder: Western Pipe & Steel Corpo-

ration, San Francisco, CA
Laid down: April 17, 1941. Launched:

September 17, 1941. Commissioned:
October 10, 1942

Hunter [Royal Navy]
Builder: Ingalls Shipbuilding Corpora-

tion, Pascagoula, MS
Laid down: May 15, 1941. Launched:

May 22, 1942. Commissioned: Janu-
ary 11, 1943

Bogue
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: October 1, 1941.

Launched: January 15, 1942. Com-
missioned: September 26, 1942

Chaser [Royal Navy]
Builder: Ingalls Shipbuilding Corpora-

tion, Pascagoula. MS
Laid down: June 28, 1941. Launched:

January 15, 1942. Commissioned:
April 9, 1943

Card
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: October 27, 1941.

Launched: February 21, 1942. Com-
missioned: November 8, 1942

Copahee
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: June 18, 1941. Launched:

October 21, 1941. Commissioned:
June 15, 1942

Core
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: January 2, 1942. Launched:

May 15, 1942. Commissioned: De-
cember 10, 1942

Fencer [Royal Navy]
Builder: Western Pipe & Steel Corpo-

ration, San Francisco, CA
Laid down: September 5, 1941.

Launched: April 4, 1942. Commis-
sioned: February 20, 1943

286 UNITED STATES: C3-TYPE MERCHANTMEN CONVERTED TO ESCORT CARRIERS



Stalker [Royal Navy]
Builder: Western Pipe & Steel Corpo-

ration, San Francisco, CA
Laid down: October 6, 1941.

Launched: March 5, 1942. Commis-
sioned: December 30, 1942

Nassau
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: November 27, 1941.

Launched: April 4. 1942. Commis-
sioned: August 20, 1942

Pursuer [Royal Navy]
Builder: Ingalls Shipbuilding Corpora-

tion, Pascagoula, MS
Laid down: July 31, 1941. Launched:

July 18, 1942. Commissioned: June
14, 1943

Altamaha
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: December 19, 1941.

Launched: May 22, 1942. Commis-
sioned: September 15, 1942

Striker [Royal Navy]
Builder: Western Pipe & Steel Corpo-

ration, San Francisco, CA
Laid down: December 15, 1941.

Launched: May 7, 1942. Commis-
sioned: April 29, 1943

Barnes
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: January 19, 1942.

Launched: May 22, 1942. Commis-
sioned: February 20, 1943

Block Island
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA

Laid down: January 19, 1942.
Launched: June 6, 1942. Commis-
sioned: March 8, 1943

Searcher [Royal Navy]
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: February 20, 1942.

Launched: June 20, 1942. Commis-
sioned: April 8, 1943

Breton
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: February 25, 1942.

Launched: June 27, 1942. Commis-
sioned: April 12, 1943

Ravager [Royal Navy]
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: April 11, 1942. Launched:

July 16, 1942. Commissioned: April
26, 1943

Croatan
Builder: Seattle-Tacoma Shipbuilding

Corporation, Seattle, WA
Laid down: April 15, 1942. Launched:

August 3, 1942. Commissioned:
April 28, 1943

Displacement: 8,390 tons [United
States Navy], 10,200 tons [Royal
Navy] (standard), 13,980 tons
[United States Navy], 14,400 tons
[Royal Navy] (full load)

Dimensions: 496’0” (oa) x 69’6” x 23’3”
(mean) 26’0” (deep load)

Flight deck: 440’0” x 82’0”
Machinery: Allis-Chalmers [United

States Navy] or General Electric
[Royal Navy] geared turbine, 2 Fos-
ter Wheeler boilers, 1 shaft, 8,500
shp = 18.5 knots
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Bunkerage & range: 2,400 tons
[United States Navy], 3,100 tons
[Royal Navy] = 26,300 nm @ 15
knots

Aircraft: 28 [United States Navy], 20
[Royal Navy]

Armament: 2 x 5” DP [United States
Navy], 2 x 4” AA [Royal Navy], 10
[United States Navy], 14 [Royal
Navy] x 20mm AA

Complement: 890 [United States
Navy], 646 [Royal Navy]

Design: Structurally all these conver-
sions of incomplete Type C3
freighters were very similar. A hangar
was erected on top of the main deck,
above which was a flight deck with a
single catapult. The first two conver-
sions had very short hangars aft (only
120 feet long), the second group had
hangars 190 feet long, and the Bogue
class had full length hangers 261 feet
long. In the Long Island and the
Archer the hangar deck was built up
above the sheer of the main deck to
provide a level deck but in all the
later conversions the main deck be-
came the hangar deck and its rise
fore and aft to follow the sheer
caused considerable problems in
handling aircraft. The first six con-
versions had single elevators, the re-
mainder had an elevator at each end
of the hangar. The first pair of vessels
used a navigation bridge below the
forward edge of the flight deck while
later conversions carried an island
offset to starboard. The most signifi-
cant difference between the early
conversions and the Bogue class was
in machinery: the early vessels had
diesel propulsion to simplify exhaust

of combustion gases but the later
class used steam turbines to improve
speed.

Modifications: The Long Island’s flight
deck was extended to 420 feet in
September 1941. The light antiair-
craft batteries of all vessels increased
greatly. British escort carriers gener-
ally replaced all single 20mm mounts
with twin mounts and added small
numbers of single 40mm weapons.
American escort carriers increased
their battery to ten twin 40mm
mounts and up to twenty-eight single
20mm mounts. All these carriers also
received enhanced radar suites and
those primarily engaged in convoy es-
cort also added high-frequency-di-
rection-finding equipment. The
Royal Navy’s escort carriers under-
went substantial changes to enhance
protection and survivability, which
the Admiralty considered inferior, es-
pecially for aviation fuel stowage.

Service: The first two United States
Navy carriers were primarily used for
training duties until 1944 when they
deployed as aircraft transports. The
Bogue, the Card, the Core, the Block
Island, and the Croatan served pri-
marily in antisubmarine duties with
hunter-killer units. The other United
States Navy carriers mainly operated
as aircraft transports in the Pacific.
The British carriers mainly operated
in the antisubmarine warfare role.
The Avenger, the Biter, and the
Dasher provided air cover for the
North African landings in November
1942 (Operation Torch), while the
Attacker, the Stalker, the Battler, and
the Hunter all covered operations at
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Salerno and the landings in southern
France. The Attacker, the Chaser, the
Stalker, the Battler, the Fencer, the
Striker, and the Hunter all served
with the British Pacific Fleet as air-
craft transports and night fighter car-
riers. The Avenger was torpedoed and
sunk by the U-155 off Gibraltar on
December 15, 1942, the Dasher was
lost due to a gasoline explosion while
anchored in the Firth of Clyde on

March 27, 1943, and the Block Is-
land was torpedoed and sunk by the
U-549 on May 29, 1944, in the At-
lantic. Most of the surviving British
carriers reconverted for mercantile
service after World War II, while the
remaining United States Navy carri-
ers decommissioned in 1946 and saw
virtually no subsequent service prior
to their disposal between 1960 and
1972.
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Sangamon
Laid down: March 13, 1939.

Launched: November 4, 1939. Com-
missioned: August 25, 1942

Suwanee
Laid down: June 3, 1939. Launched:

March 4, 1939. Commissioned: Sep-
tember 24, 1942

Builder: Federal Shipbuilding & Dry
Dock Company, Kearny, NJ

Chenango
Laid down: July 10, 1938. Launched:

April 1, 1939. Commissioned: Sep-
tember 19, 1942

Santee
Laid down: May 31, 1938. Launched:

March 4, 1939. Commissioned: Au-
gust 24, 1942

Builder: Sun Shipbuilding Corpora-
tion, Chester, PA

Displacement: 10,500 tons (standard),
23,875 tons (full load)

Dimensions: 553’0” (oa) x 75’0” x 30’7”
(full load)

Flight deck: 495’0” x 75’6”
Machinery: Allis-Chalmers geared tur-

bines, 4 Babcock & Wilcox boilers, 2
shafts, 13,500 shp = 18 knots

Bunkerage & range: 4,780 tons =
24,000 nm @ 15 knots

Aircraft: 36
Armament: 2 x 5” DP, 4 x twin 40mm

AA, 12 x 20mm AA
Complement: 1,080
Design: Very similar to the Bogue class

but constructed on the hulls of larger
Type T-3 tankers, these vessels had
hangars 198 feet long and 69 feet
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wide. They disposed of furnace gases
through short stacks on either side
aft.

Modifications: These carriers received
upgraded radar suites during World
War II and added a further catapult
on the flight deck in 1944. Their
light antiaircraft battery also in-
creased to a final fit of two quadruple
40mm mounts, ten twin 40mm
mounts, and twenty-seven single
20mm mounts.

Service: All four vessels provided air
cover for the North African landings
in November 1942 (Operation
Torch). The Santee remained in the
Atlantic until early 1944, conducting
antisubmarine operations and trans-
porting aircraft. It then transferred to
the Pacific, primarily for transport

duties. The other three carriers
transferred to the Pacific in 1943
and mainly operated in the antisub-
marine and transport roles, and pro-
vided air cover for landing opera-
tions, notably during the Leyte
operation and at Okinawa. The Sang-
amon, the Santee, and the Suwanee
all were damaged during the Leyte
operation in October 1944, and the
Sangamon received further serious
damage from a kamikaze strike on
May 4, 1945, off Okinawa. All four
carriers decommissioned in 1946
and saw no further service. The
Sangamon was scrapped in 1948
while the other three ships were
stricken in March 1959 and subse-
quently broken up.
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Prince William [United States Navy]
Laid down: May 18, 1942. Launched:

August 23, 1942. Commissioned:
April 9, 1943

Slinger [Royal Navy]
Laid down: May 25, 1942. Launched:

December 15, 1942. Commissioned:
August 11, 1943

Atheling [Royal Navy]
Laid down: June 9, 1942. Launched:

September 7, 1942. Commissioned:
August 1, 1943

Emperor [Royal Navy]
Laid down: June 23, 1942. Launched:

October 7, 1942. Commissioned:
August 6, 1943

Ameer [Royal Navy]
Laid down: July 18, 1942. Launched:

October 18, 1942. Commissioned:
July 20, 1943

Begum [Royal Navy]
Laid down: August 3,1942. Launched:

November 11, 1942. Commissioned:
August 3, 1943

Trumpeter [Royal Navy]
Laid down: August 25, 1942.

Launched: December 15, 1942.
Commissioned: August 4, 1943

Empress [Royal Navy]
Laid down: September 9, 1942.

Launched: December 30, 1942.
Commissioned: August 13, 1943

Khedive [Royal Navy]
Laid down: September 22, 1942.

Launched: December 27, 1942.
Commissioned: August 23, 1943

Speaker [Royal Navy]
Laid down: October 9, 1942.

Launched: February 20, 1943. Com-
missioned: November 20, 1943

Nabob [Royal Navy]
Laid down: October 20, 1942.

Launched: March 9, 1943. Commis-
sioned: September 7, 1943

Premier [Royal Navy]
Laid down: October 31, 1942.

Launched: March 22, 1943. Com-
missioned: November 3, 1943
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Shah [Royal Navy]
Laid down: November 13, 1942.

Launched: April 21, 1943. Commis-
sioned: September 27, 1943

Patroller [Royal Navy]
Laid down: November 27, 1942.

Launched: May 6, 1943. Commis-
sioned: October 25, 1943

Rajah [Royal Navy]
Laid down: December 17, 1942.

Launched: May 18, 1943. Commis-
sioned: January 17, 1944

Ranee [Royal Navy]
Laid down: January 5, 1943. Launched:

June 2, 1943. Commissioned: No-
vember 8, 1943

Trouncer [Royal Navy]
Laid down: February 1, 1943.

Launched: June 16, 1943. Commis-
sioned: January 31, 1944

Thane [Royal Navy]
Laid down: February 23, 1943.

Launched: July 15, 1943. Commis-
sioned: November 19, 1943

Queen [Royal Navy]
Laid down: March 12, 1943.

Launched: July 31, 1943. Commis-
sioned: December 7, 1943

Ruler [Royal Navy]
Laid down: March 25, 1943.

Launched: August 21, 1943. Com-
missioned: December 22, 1943

Arbiter [Royal Navy]
Laid down: April 26, 1943. Launched:

September 9, 1943. Commissioned:
December 31, 1943

Smiter [Royal Navy]
Laid down: May 10, 1943. Launched:

September 27, 1943. Commissioned:
January 20, 1944

Puncher [Royal Navy]
Laid down: May 21, 1943. Launched:

November 8, 1943. Commissioned:
February 5, 1944

Reaper [Royal Navy]
Laid down: June 5, 1943. Launched:

November 22, 1943. Commissioned:
February 21, 1944

Builder: Seattle-Tacoma Shipbuilding
Corporation, Seattle, WA

Displacement: 11,400 tons (standard),
15,400 tons (full load)

Dimensions: 494’9” (oa) x 69’6” x 23’0”
(mean) 25’6” (deep load)

Flight deck: 438’0” x 88’0”
Machinery: General Electric geared

turbine, 2 Foster Wheeler boilers, 1
shaft, 8,500 shp = 18 knots

Bunkerage & range: 3,100 tons =
26,300 nm @ 15 knots

Aircraft: 20 [Royal Navy], 28 [United
States Navy]

Armament: 2 x 5” DP, 8 x twin 40mm
AA, 20 x 20mm AA

Complement: 646 [Royal Navy], 890
[United States Navy]

Design: These vessels were almost
identical to the Bogue class except
that they were constructed as carri-
ers from the keel up. All this class ex-
cept the Prince William was trans-
ferred to the Royal Navy under
Lend-Lease.

Modifications: The British carriers re-
ceived similar modifications to those
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of earlier vessels to enhance protec-
tion and survivability. Before commis-
sioning they also received specialized
changes to suit them for three pri-
mary roles: strike carriers (the Em-
peror, the Ameer, the Empress, the
Khedive, the Speaker, and the Ruler),
assault carriers (the Slinger, the Pa-
troller, the Rajah, the Ranee, the
Trouncer, the Thane, the Arbiter, and
the Reaper), and antisubmarine war-
fare carriers (the Atheling, the Be-
gum, the Trumpeter, the Nabob, the
Premier, the Shah, the Queen, the
Smiter, and the Puncher). The British
carriers operating in the Pacific ex-
changed up to four of their 20mm
mounts for single 40mm mounts.

Service: The Prince William served as

a transport in the Pacific until mid-
1944, when it transferred to the At-
lantic as a training carrier. It re-
turned to the Pacific in June 1945,
went into reserve in 1946, and was
stricken in March 1959. The Em-
peror, the Trumpeter, the Khedive,
the Nabob, the Premier, the Thane,
the Queen, the Smiter, and the
Puncher all served mainly in the At-
lantic and European waters, al-
though the Emperor transferred to
the Pacific in late 1944. The remain-
ing British carriers served exclusively
in the British Eastern and Pacific
fleets. The British carriers were re-
turned to the United States after
World War II, where most reverted to
mercantile service in 1946.
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Casablanca
Laid down: November 3, 1942.

Launched: April 5, 1943. Commis-
sioned: July 8, 1943

Liscombe Bay
Laid down: December 9, 1942.

Launched: April 19, 1943. Commis-
sioned: August 7, 1943

Anzio
Laid down: December 12, 1942.

Launched: May 1, 1943. Commis-
sioned: August 27, 1943

Corregidor
Laid down: December 17, 1942.

Launched: May 12, 1943. Commis-
sioned: August 31, 1943

Mission Bay
Laid down: December 28, 1942.

Launched: May 26, 1943. Commis-
sioned: September 13, 1943

Guadalcanal
Laid down: January 5, 1943. Launched:

June 5, 1943. Commissioned: Sep-
tember 25, 1943

Manila Bay
Laid down: January 15, 1943.

Launched: July 10, 1943. Commis-
sioned: October 5, 1943

Natoma Bay
Laid down: January 17, 1943.

Launched: July 20, 1943. Commis-
sioned: October 14, 1943
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St Lo
Laid down: January 23, 1943.

Launched: August 17, 1943. Com-
missioned: October 23, 1943

Tripoli
Laid down: February 1, 1943.

Launched: September 2, 1943.
Commissioned: October 31, 1943

Wake Island
Laid down: February 6, 1943.

Launched: September 15, 1943.
Commissioned: November 7, 1943

White Plains
Laid down: February 11, 1943.

Launched: September 27, 1943.
Commissioned: November 15, 1943

Solomons
Laid down: March 19, 1943.

Launched: October 6, 1943. Com-
missioned: November 21, 1943

Kalinin Bay
Laid down: April 26, 1943. Launched:

October 15, 1943. Commissioned:
November 27, 1943

Kasaan Bay
Laid down: May 11, 1943. Launched:

October 24, 1943. Commissioned:
December 4, 1943

Fanshaw Bay
Laid down: May 18, 1943. Launched:

November 1, 1943. Commissioned:
December 9, 1943

Kitkun Bay
Laid down: May 31, 1943. Launched:

November 8, 1943. Commissioned:
December 15, 1943

Tulagi
Laid down: June 7, 1943. Launched:

November 15, 1943. Commissioned:
December 21, 1943

Gambier Bay
Laid down: July 10, 1943. Launched:

November 22, 1943. Commissioned:
December 28, 1943

Nehenta Bay
Laid down: July 20, 1943. Launched:

November 28, 1943. Commissioned:
January 3, 1944

Hoggatt Bay
Laid down: August 17, 1943.

Launched: December 4, 1943. Com-
missioned: January 11, 1944

Kadashan Bay
Laid down: September 2, 1943.

Launched: December 11, 1943.
Commissioned: January 18, 1944

Marcus Island
Laid down: September 15, 1943.

Launched: December 16, 1943.
Commissioned: January 26, 1944

Savo Island
Laid down: September 27, 1943.

Launched: December 22, 1943.
Commissioned: February 3, 1944

Ommaney Bay
Laid down: October 6, 1943.

Launched: December 29, 1943.
Commissioned: February 11, 1944

Petrof Bay
Laid down: October 15, 1943.

Launched: January 5, 1944. Com-
missioned: February 18, 1944

Rudyerd Bay
Laid down: October 24, 1943.

Launched: January 12, 1944. Com-
missioned: February 25, 1944
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Saginaw Bay
Laid down: November 1, 1943.

Launched: January 19, 1944. Com-
missioned: March 2, 1944

Sargent Bay
Laid down: November 8, 1943.

Launched: January 31, 1944. Com-
missioned: March 9, 1944

Shamrock Bay
Laid down: November 15, 1943.

Launched: February 4, 1943. Com-
missioned: March 15, 1944

Shipley Bay
Laid down: November 22, 1943.

Launched: February 12, 1944. Com-
missioned: March 21, 1944

Sitkoh Bay
Laid down: November 23, 1943.

Launched: February 19, 1944. Com-
missioned: March 28, 1944

Steamer Bay
Laid down: December 2, 1943.

Launched: February 26, 1944. Com-
missioned: April 4, 1944

Cape Esperance
Laid down: December 11, 1943.

Launched: March 3, 1944. Commis-
sioned: April 9, 1944

Takanis Bay
Laid down: December 16, 1943.

Launched: March 10, 1944. Com-
missioned: April 15, 1944

Thetis Bay
Laid down: December 22, 1943.

Launched: March 16, 1944. Com-
missioned: April 21, 1944

Makassar Strait
Laid down: December 29, 1943.

Launched: March 22, 1944. Com-
missioned: April 29, 1944

Windham Bay
Laid down: January 5, 1944. Launched:

March 29, 1944. Commissioned:
May 3, 1944

Makin Island
Laid down: January 12, 1944.

Launched: April 5, 1944. Commis-
sioned: May 9, 1944

Lunga Point
Laid down: January 19, 1944.

Launched: April 11, 1944. Commis-
sioned: May 14, 1944

Bismark Sea
Laid down: January 31, 1944.

Launched: April 17, 1944. Commis-
sioned: May 20, 1944

Salamaua
Laid down: February 4, 1944.

Launched: April 22, 1944. Commis-
sioned: May 26, 1944

Hollandia
Laid down: February 12, 1944.

Launched: April 28, 1944. Commis-
sioned: June 1, 1944

Kwajalein
Laid down: February 19, 1944.

Launched: May 4, 1944. Commis-
sioned: June 7, 1944

Admiralty Islands
Laid down: February 26, 1944.

Launched: May 10, 1944. Commis-
sioned: June 13, 1944

Bougainville
Laid down: March 3, 1944. Launched:

May 16, 1944. Commissioned: June
18, 1944
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Matanikau
Laid down: March 10, 1944.

Launched: May 22, 1944. Commis-
sioned: June 24, 1944

Attu
Laid down: March 16, 1944.

Launched: May 27, 1944. Commis-
sioned: May 3, 1944

Roi
Laid down: March 22, 1944.

Launched: June 2, 1944. Commis-
sioned: July 6, 1944

Munda
Laid down: March 29, 1944.

Launched: June 8, 1944. Commis-
sioned: July 8, 1944

Builder: Henry J. Kaiser Company,
Inc., Vancouver, WA

Displacement: 8,200 tons (standard),
10,900 tons (full load)

Dimensions: 512’3” (oa) x 65’2” x 20’9”
(mean)

Flight deck: 475’0” x 85’0”
Machinery: Skinner Uniflow recipro-

cating engines, 4 water-tube boilers,
2 shafts, 9,000 ihp = 19 knots

Bunkerage & range: 2,200 tons =
10,200 nm @ 15 knots

Aircraft: 28
Armament: 1 x 5” DP, 4 x twin 40mm

AA, 12 x 20mm AA
Complement: 860
Design: The design for this class was

generated by the Maritime Commis-
sion rather than the United States
Navy and was similar to the Bogue
class. They had a noticeably lower
displacement but featured a larger
flight deck, comparable hangar, twin
screws, and slightly greater speed, al-

though machinery production short-
ages led to the use of old-fashioned
reciprocating engines in place of the
earlier classes’ turbines. The new de-
sign featured a flat hangar deck that
greatly improved aircraft movement.

Modifications: During World War II
this class received upgraded radar
suites and the light antiaircraft bat-
tery increased to eight twin 40mm
mounts and thirty 20mm weapons.
The Thetis Bay underwent a major
reconstruction between June 1955
and July 1956 into a helicopter as-
sault ship. The forward elevator was
removed, the after unit enlarged and
the flight deck shortened aft to im-
prove access for helicopters. Defen-
sive armament was reduced to eight
twin 40mm weapons only. The bridge
was modified and new radar in-
stalled. Troop berthing was created
for 938 officers and men. The ship
could operate up to twenty helicop-
ters on a displacement of 11,000
tons full load.

Service: The bulk of the class served in
the Pacific during World War II, al-
though the Mission Bay, the Guadal-
canal, the Tripoli, the Wake Island,
the Solomons, the Kasaan Bay, the
Tulagi, and the Shamrock Bay all op-
erated in the Atlantic, the Mission
Bay, the Guadalcanal, and the
Solomons exclusively so. They under-
took antisubmarine, transportation,
and landing air cover duties. The Lis-
combe Bay was torpedoed and sunk
by the I-175 off the Gilbert Islands
on November 24, 1943; the St. Lo
was destroyed by a kamikaze strike
off Leyte on October 25, 1944; the
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Gambier Bay was sunk by Japanese
surface warships off Samar on the
same date; the Ommaney Bay was
wrecked by a kamikaze in the Sulu
Sea on January 3, 1945, and scut-
tled; and the Bismarck Sea was sunk
by a kamikaze off Iwo Jima on Febru-
ary 21, 1945. All the survivors de-
commissioned in 1946. The Corregi-
dor, the Sitkoh Bay, the Cape
Esperance, and the Windham Bay
recommissioned as aircraft trans-

ports for service during the Korean
War, while the Tripoli recommis-
sioned to transport aircraft to Europe
between 1952 and 1958. The Makas-
sar Bay was sunk as a target in 1962.
The Thetis Bay was used for experi-
mental work as a helicopter assault
ship from 1956 until 1964. The re-
mainder of the class saw no service
after World War II and all were
stricken by the early 1960s.
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Commencement Bay
Laid down: September 23, 1943.

Launched: May 9, 1944. Commis-
sioned: November 27, 1944

Block Island
Laid down: October 25, 1943.

Launched: June 10, 1944. Commis-
sioned: December 30, 1944

Gilbert Islands
Laid down: November 29, 1943.

Launched: July 20, 1944. Commis-
sioned: February 5, 1945

Kula Gulf
Laid down: December 16, 1943.

Launched: August 15, 1944. Com-
missioned: May 12, 1945

Cape Gloucester
Laid down: January 10, 1944.

Launched: September 12, 1944.
Commissioned: March 5, 1945

Salerno Bay
Laid down: February 7, 1944.

Launched: September 26, 1944.
Commissioned: May 19, 1945

Vella Gulf
Laid down: March 7, 1944. Launched:

October 19, 1944. Commissioned:
April 9, 1945

Siboney
Laid down: April 1, 1944. Launched:

November 9, 1944. Commissioned:
May 15, 1945

Puget Sound
Laid down: May 12, 1944. Launched:

November 30, 1944. Commissioned:
June 18, 1945
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Rendova
Laid down: June 15, 1944. Launched:

December 28, 1944. Commissioned:
October 22, 1945

Bairoko
Laid down: July 25, 1944. Launched:

January 25, 1945. Commissioned:
July 16, 1945

Badoeng Strait
Laid down: August 18, 1944.

Launched: February 15, 1945. Com-
missioned: November 14, 1945

Saidor
Laid down: September 29, 1944.

Launched: March 17, 1945. Com-
missioned: September 4, 1945

Sicily
Laid down: October 23, 1944.

Launched: April 14, 1945. Commis-
sioned: February 27, 1946

Point Cruz
Laid down: December 4, 1944.

Launched: May 18, 1945. Commis-
sioned: October 16, 1945

Mindoro
Laid down: January 2, 1945. Launched:

June 27, 1945. Commissioned: De-
cember 4, 1945

Rabaul
Laid down: January 29, 1945.

Launched: July 14, 1945. Com-
pleted: August 30, 1946

Palau
Laid down: February 19, 1945.

Launched: August 6, 1945. Commis-
sioned: January 15, 1946

Tinian
Laid down: March 20, 1945.

Launched: September 5, 1945.
Completed: July 30, 1946

Builder: Todd-Pacific Shipbuilding
Corporation, Seattle, WA

Displacement: 18,908 tons (standard),
21,397 tons (full load)

Dimensions: 557’1” (oa) x 75’0” x
27’11” (full load)

Flight deck: 495’0” x 80’0”
Machinery: Allis-Chalmers geared tur-

bines, 4 Combustion Engineering
boilers, 2 shafts, 16,000 shp = 19
knots

Bunkerage & range: 3,134 tons
Aircraft: 33
Armament: 2 x 5” DP, 3 x quadruple

40mm AA, 12 x twin 40mm AA, 20 x
20mm AA

Complement: 1,066
Design: This design was based on the

successful Sangamon class conver-
sions. The principal changes were re-
arrangement of the machinery
spaces to separate the engine rooms,
fitting two catapults from the outset,
enlarging the island, increasing the
antiaircraft battery, and eliminating
the tanker pumping equipment, re-
placing it with expanded accommo-
dation space. These ships also were
faster and better subdivided than the
tanker conversions.

Modifications: These ships received
upgraded radar suites in the 1950s,
together with improved and enlarged
bridge arrangements and a much
smaller antiaircraft battery that
deleted the 5-inch and 20mm
weapons entirely and reduced the
number of 40mm mounts. The
Gilbert Islands was converted into a
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Major Communications Relay Ship
in 1963 and renamed the Annapolis.

Service: The Rabaul and the Tinian did
not enter commissioned service,
while four other units were laid down
but never launched. Only the Gilbert
Islands and the Cape Gloucester saw
front-line service during World War
II, the other vessels that commis-

sioned before war’s end undertaking
training and transportation duties.
After World War II, many recommis-
sioned in the early 1950s as antisub-
marine carriers, usually embarking
mixed air wings of helicopters and
specialized fixed wing aircraft. Most
were redesignated aircraft transports
by 1959 and disposed of thereafter.
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Clémenceau
Builder: Arsenal de Brest
Laid down: May 26, 1954. Launched:

December 21, 1957. Commissioned:
November 22, 1961

Foch
Builder: Chantiers de l’Atlantique

(Penhöet-Loire), St. Nazaire

Laid down: February 15, 1957.
Launched: July 23, 1960. Commis-
sioned: July 15, 1963

Displacement: 22,000 tons (standard)
31,000 tons (full load)

Dimensions: 869’5” (oa) x 98’5” x 24’7”
(mean), 28’3” (full load)

Flight deck: 843’10” x 150’0”
Machinery: Parsons geared turbines, 6
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boilers, 2 shafts, 126,000 shp = 32
knots

Bunkerage & range: 3,720 tons =
7,500 nm @ 18 knots

Aircraft: 40
Armament: 8 x 3.9” DP
Complement: 2,200
Design: Immediately after World War

II, French naval architects prepared
a design for a 20,000-ton (full load)
carrier to embark forty-five aircraft.
It owed much to the prewar design
for the Joffre class but with a single
hangar and the antiaircraft arma-
ment disposed in sponsons on either
side of the hull rather than fore and
aft of the island. It was planned to
lay down one ship to this design at
the Arsenal de Brest in 1947, but
France’s financial condition and the
obvious shortcomings of the design
in an era of fast jet aircraft delayed
matters. A wholesale enlargement of
the design incorporated an 8-degree
angled flight deck, two steam cata-
pults (one forward and the other on
the angled deck), mirror landing
equipment, and much increased avi-
ation fuel stowage. Displacement
grew by 50 percent, but the antiair-
craft battery still had to be cut by
half, and bulges added (after comple-
tion, in the Clémenceau’s case), in-
creasing the beam to 104 feet. The

class carried a comprehensive radar
suite of a DRBV-20 long-range air
search, a DRBV-23 air search, two
DRBI-10 height-finding, a DRBV-50
surface search, and a NRBA-51 car-
rier-controlled approach, plus sonar.

Modifications: Both ships were up-
graded to operate Super Étendard
aircraft, and received an improved
radar suite, completing their refits in
1978 and 1981 respectively. A
DRBV-15 three-dimensional air
search set replaced the DRBV-20,
the DRBV-50 was removed, two
DRBV-32 C fire control sets added,
and a new SENIT-2 tactical data sys-
tem installed in place of the original
SENIT-1. The Foch received a fur-
ther refit in 1992–1993 that over-
hauled the main machinery and cata-
pults. When the Foch was sold to
Brazil, all armament was landed, as-
bestos insulation removed, and the
SENIT-2 system upgraded to SENIT-
8 standard.

Service: These carriers served primarily
in the Mediterranean, including op-
erations off Lebanon in 1982. The
Foch was sold to Brazil on November
15, 2000, commissioning on Febru-
ary 20, 2001, as the Sao Paulo. The
Clémenceau was retired on October
1, 1997, and sold for scrap in 2003.
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Builder: Arsenal de Brest
Laid down: July 7, 1960. Launched:

September 30, 1961. Commissioned:
January 30, 1964

Displacement: 10,000 tons (standard)
13,000 tons (full load)

Dimensions: 590’6” (oa) x 78’9” x 20’4”
(mean)

Flight deck: 230’0” x 85’0”
Machinery: Rateau-Bretagne geared

turbines, 4 multitubular boilers, 2
shafts, 40,000 shp = 26.5 knots

Bunkerage & range: 1,360 tons =
6,000 nm @ 15 knots

Aircraft: 8
Armament: 4 x 3.9” DP
Complement: 1,050 + 700 troops
Design: Originally intended as a cadet

training ship but redesigned to com-
bine antisubmarine warfare and am-
phibious assault roles. The super-
structure incorporates dedicated
amphibious assault and combat in-
formation center spaces and a heli-
copter control bridge. Radar com-
prised a DRBV-50 surface search, a
DRBV-22 air search, a DRBI-10
height finder, and three DRBV-32C
fire control, plus sonar.

Modifications: The stack height was
increased substantially immediately
after commissioning. Six Exocet sur-
face-to-surface missile launchers
were fitted forward in 1975. A major
refit in 1983–1984 replaced the
DRBV-50 with DRBV-51, removed
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the DRBI-10, and added two 8-
round AMBL-21 Syllex decoy
launchers and associated electronic
warning equipment. A further refit
completed in October 2000 removed
all the electronic warning equipment

and launchers and landed two 3.9”
guns.

Service: The Jeanne d’Arc still serves
primarily as a cadet training ship em-
barking up to 192 cadets.
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Builder: Arsenal de Brest
Laid down: April 14, 1989. Launched:

May 14, 1994. Commissioned: May
18, 2001

Displacement: 37,085 tons (standard)
40,600 tons (full load)

Dimensions: 857’11” (oa) x 103’4” x
28’6” (mean), 31’2” (full load)

Flight deck: 857’11 x 211’2”
Machinery: Double-reduction geared

turbines, two 150 megawatt pressur-
ized water reactors, 2 shafts, 83,000
shp = 27 knots

Endurance: 45 days
Aircraft: 39
Armament: 2 x 16-round Sylver A43

vertical launch SAAM systems, 2 x

Sadral SAM systems, 4 x 12.7mm
MG.

Complement: 1,950
Design: France’s first nuclear-powered

surface warship uses the same reac-
tors as installed in the Le Triomphant
class ballistic missile submarines.
They are contained within protective
structures. The hangar is 453 feet
long, 95 feet wide, and 20 feet high.
Two starboard side deck-edge eleva-
tors capable of handling aircraft up
to 70,000 pounds link the hangar
and 8.3-degree angled flight deck.
There are two steam catapults, one
forward and the other in the waist on
the angled section of the deck, each
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capable of launching aircraft up to
50,000 pounds. There are three ar-
rester wires and a deck approach and
landing laser system. In designing
the ship, considerable attention was
paid to providing a stable platform
for flying operations. A system of
twelve 500-ton lead weights sliding
on transverse rails (SATRAP), four
pairs of fin stabilizers, a rudder roll
stabilization system, and the large
low-mounted sponsons on each side
of the hull damp rolling to as little as
one half a degree in up to sea state 6.
The shape of the hull and super-
structure was optimized to reduce
their radar returns, the mechanical
plant is sound-isolated, and the ship
fitted with a comprehensive degauss-
ing system to eliminate magnetic re-
turns. The SENIT 8 combat data and

control system can track 100 targets
at once and attack 10 simultane-
ously. The radar suite includes two
DRBN-34 navigation sets, a DRBJ-
11B height finder, a DRBV-15C
search set, a DRBV-26D early warn-
ing set, and an Arabel missile target
designator. The ship also has a com-
prehensive electronic warfare suite
and data links.

Modifications: The angled deck was
found to be too short for safe opera-
tion of the ship’s Hawkeye early
warning aircraft and was extended by
14 feet 6 inches in 2001. Propellers
proved problematic, limiting speed to
25 knots, and were replaced in 2005.

Service: The Charles de Gaulle has
conducted operations in the Medi-
terranean, Atlantic, and West Indies
since completion.
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Builder: Italcantieri, Trieste
Laid down: March 26, 1981.

Launched: June 6, 1983. Commis-
sioned: September 30, 1985

Displacement: 10,100 tons (standard)
13,850 tons (full load)

Dimensions: 590’6” (oa) x 77’1” x 22’0”
(mean)

Flight deck: 570’10” x 99’9”
Machinery: 4 General Electric-Fiat

LM-2500 gas turbines, 2 shafts,
80,000 shp = 29.5 knots

Range: 7,000 nm @ 20 knots
Aircraft: 16
Armament: 4 x Teseo SSM, 2 x 8-round

Albatros SAM launchers, 2 x twin
40mm AA, 2 x triple 12.75” ASW tor-
pedo tubes

Complement: 825
Design: Primarily intended for anti-
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submarine warfare but subsequently
fitted to operate Harrier VTOL air-
craft for air defense and strike opera-
tions. The hangar is 361 feet long, 49
feet wide, and 20 feet high. There are
two elevators and the flight deck has
a slightly rising sheer forward that
forms a partial ski-jump for Harrier
operations. To assist flight operations
in heavy weather, there are two pairs
of fin stabilizers. The radar suite
comprises SPN-748 navigation, SPN-
702 surface search, SPS-768 air early

warning, SPS-774 air search, SPS-
52D three-dimensional air search,
three each of SPG-74 gun and SPG-
75 missile fire control, and an SPN-
728 carrier controlled approach set.

Modifications: The Mk. 1 SSM
launchers were replaced by Mk. 2
launchers in 1987, doubling their ca-
pacity. A Marconi DAPS (deck ap-
proach landing sight) landing aid was
added in 1994.

Service: The Giuseppe Garibaldi serves
as the flagship of the Italian fleet.
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Moskva
Laid down: December 15, 1962.

Launched: January 14, 1964. Com-
missioned: December 26, 1967

Leningrad
Laid down: January 15, 1965.

Launched: July 31, 1968. Commis-
sioned: June 2, 1969

Kiev
Laid down: October 1968.
Builder: Chernomorskiy Shipyard 444,

Nikolayev
Displacement: 14,600 tons (standard),

19,200 tons (full load)
Dimensions: 620’1” (oa) x 112’0” x

24’11” (mean), 27’11” (full load)
Flight deck: 295’0” x 112’0”
Machinery: 2 geared turbines, 4 boil-

ers, 2 shafts, 100,000 shp = 30 knots

Bunkerage & range: 2,600 tons =
9,000 nm @ 18 knots

Aircraft: 18
Armament: 2 x twin M-11 Shtorm

(NATO SA-N-3 Goblet) SAM
launchers, 1 x twin RPK-2 Vyuga
(NATO SS-N-15 Starfish) ASM
launcher, 2 x 12-barrel RBU-6000
rocket depth charge launchers, 2 x
twin 57mm AA, 2 x quintuple 12”
torpedo tubes.

Complement: 800
Design: These Project 1123 ships were

intended specifically to counter Po-
laris-armed strategic missile sub-
marines, so antisubmarine elements
dominated. Submarine location was
primarily through a huge low-fre-
quency MG-342 Orion (NATO
Horse Jaw) sonar mounted in a very
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large retractable keel dome 70 feet
long, 20 feet wide, and 30 feet deep,
supplemented by the Soviet Navy’s
first variable depth sonar unit, the
MG-325 Vega (NATO Mare Tail).
Antisubmarine weaponry included
Kamov Ka–25 helicopters, a twin an-
tisubmarine missile launcher with
eighteen rounds, two 12-barrel
rocket launchers, and torpedo tubes.
The radar suite comprised an MR-
600 (NATO Top Sail) air search,
MR-310U Angara M (NATO Head
Set-C) three-dimensional air search,
2 MR-103 Bars (NATO Muff Cob)
surface search, 2 Grom (NATO Head
Light) missile control sets. To im-

prove sea keeping, the ships also
were fitted with stabilizers.

Modifications: The Moskva at least
had considerable trouble with its ma-
chinery, which had to be overhauled
twice by 1973.

Service: The Kiev was cancelled in De-
cember 1968 and the incomplete
hulk scrapped the following year.
Both the other ships spent their en-
tire careers in the Black Sea Fleet.
The Leningrad decommissioned De-
cember 15, 1991, and was scrapped,
the Moskva decommissioned in No-
vember 1993 and was scrapped in
1997.
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Kiev
Laid down: July 21, 1970. Launched:

December 27, 1972. Commissioned:
December 28, 1975

Minsk
Laid down: December 29, 1972.

Launched: September 30, 1975.
Commissioned: September 28, 1978

Novorossiysk
Laid down: September 30, 1975.

Launched: December 24, 1978.
Commissioned: August 14, 1982

Builder: Chernomorskiy Shipyard 444,
Nikolayev

Displacement: 36,000 tons (standard),
43,500 tons (full load)

Dimensions: 898’11” (oa) x 150’11” x
31’2” (mean), 39’4” (full load)

Flight deck: 606’11” x 173’10”
Machinery: 4 geared turbines, 8 turbo-

pressurized boilers, 4 shafts, 200,000
shp = 32 knots

Bunkerage & range: 13,000 nm @ 18
knots

Aircraft: 30 (45 in Minsk and
Novorossiysk)

Armament: 2 x twin M-11 Shtorm
(NATO SA-N-3 Goblet) SAM
launchers, 2 x twin RZ-13 (NATO
SA-N-4 Gecko) SAM launchers
(Kiev and Minsk), 12 x octuple
Kinzhal (NATO SA-N-9 Gauntlet)
SAM launchers (Novorossiysk), 4 x
twin P-500 Bazalt (NATO SS-N-12
Sandbox) launch tubes, 1 x twin
RPK-2 Vyuga (NATO SS-N-15
Starfish) ASM launcher, 2 x twin
76.2mm DP, 8 x six-barrel 30mm AK-
630 gatling AA, 2 x quintuple 12”
torpedo tubes.

Complement: 1,600
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Design: Project 1143 was intended to
form part of a barrier force to defend
Soviet ballistic missile submarines in
secure holding areas from attack by
NATO antisubmarine forces and
United States Navy carrier task
groups. Consequently, they carried a
mix of antiship, antisubmarine, and
antiaircraft missile launchers, sup-
plemented by Yakovlev Yak–38 VS-
TOL aircraft, primarily configured
for attack missions or interception
attacks while under direct control
from the ships. The two later ships
had improved sonar outfits. The Kiev
was fitted with MG-322 Titan–2
(NATO Bull Nose) combined active
and passive bow sonar and MG-325
Vega (NATO Mare Tail) variable
depth sonar. The later units received
low-frequency MG-342 Orion
(NATO Horse Jaw) sonar mounted in
a very large retractable keel dome
and MG-335 Platina (NATO Horse
Tail) variable depth sonar. The radar
suite comprised an MR-600 (NATO
Top Sail) air search, MR-700 Fregat
(NATO Top Steer) three-dimensional
air search, 2 MR-320 (NATO Palm
Frond) surface search, 2 Grom
(NATO Head Light) missile control,

2 MR-105 Turel (NATO Owl
Screech) fire control, 4 MR-123
Vympel (NATO Bass Tilt) close-in
weapons control, and MPZ-301 Baza
(NATO Pop Group) missile control
sets.

Modifications: The flight deck edges
were rounded off and wind deflectors
fitted during refits in the early
1980s.

Service: All three ships initially de-
ployed in the Black Sea but passed
through the Dardanelles into the
Mediterranean. The Kiev and the
Novorossiysk served with the North-
ern Fleet, the Minsk with the Pacific
Fleet. All three were stricken in June
1993. In 1995 the Minsk and the
Novorossiysk were sold for scrapping
to a South Korean firm that in turn
sold the Minsk to a Chinese com-
pany three years later. Stripped of its
armament, engines, and electronics,
it opened as a floating museum in
Shenzhen in September 2000. In
May 2000 another Chinese company
purchased the Kiev for conversion
into a floating recreational center in
Tianjin as part of the Baiyang Recre-
ation Harbor project.
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Laid down: December 1978.
Launched: April 1, 1982. Commis-
sioned: December 11, 1987

Builder: Chernomorskiy Shipyard 444,
Nikolayev

Displacement: 38,000 tons (standard),
45,500 tons (full load)

Dimensions: 898’11” (oa) x 150’11” x
31’2” (mean), 39’4” (full load)

Flight deck: 623’4” x 173’10”
Machinery: 4 geared turbines, 8 turbo-

pressurized boilers, 4 shafts, 200,000
shp = 32 knots

Bunkerage & range: 13,000 nm @ 18
knots

Aircraft: 45
Armament: 24 x octuple Kinzhal

(NATO SA-N-9 Gauntlet) SAM
launchers, 6 x twin P-500 Bazalt
(NATO SS-N-12 Sandbox) launch
tubes, 2 x 100mm DP, 8 x six-barrel
30mm AK-630 gatling AA

Complement: 1,600
Design: A modification of the Project

1143 design, Project 1143.4 featured
an extended flight deck, improved
superstructure, modified armament,
and much improved electronics. The
radar suite comprised a Mars-Pasal
(NATO Sky Watch) phased array air
search, MR-750 Fregat-M (NATO

Plate Steer) three-dimensional air
search, 2 MR-320 Topaz (NATO
Strut Pair) two-dimensional air
search, 3 MR-320 (NATO Palm
Frond) surface search, 4 MR-360
Podkat (NATO Cross Sword) missile
control, MR218 Lev (NATO Kite
Screech) and 4 MR-123 Vympel
(NATO Bass Tilt) gunnery control
sets. It also carried an integrated an-
tisubmarine warfare system, Un-
dav–1, for the Bazalt launchers.

Modifications: Laid down as the Baku
and renamed in 1991. Russia will
undertake a major reconstruction of
the ship for service in the Indian
Navy, including fitting a full length
flight deck with ski jump and largely
reconstructing the superstructure.

Service: Admiral Flota Sovetskogo
Soyuza Gorshkov passed through the
Dardanelles in 1988 and served with
the Pacific Fleet. It was decommis-
sioned in 1993 and negotiation be-
gan for its sale to India. The sale was
finally agreed January 20, 2004, and
the ship renamed the Vikramaditya.
It is anticipated to complete recon-
struction and join the Indian Navy in
August 2008.
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Admiral Flota Sovetskogo Soyuza
Kuznetsov

Laid down: November 6, 1983.
Launched: December 5, 1985. Com-
missioned: January 21, 1991

Varyag
Laid down: December 6, 1985.

Launched: December 4, 1988
Builder: Chernomorskiy Shipyard 444,

Nikolayev
Displacement: 55,000 tons (standard)

59,100 tons (full load)
Dimensions: 1,005’4” (oa) x 124’8” x

30’0” (mean), 36’0” (full load)
Flight deck: 1,000’0” x 237’2”
Machinery: 4 geared turbines, 8 turbo-

pressurized boilers, 4 shafts, 200,000
shp = 29 knots

Bunkerage & range: 3,100 tons =
8,500 nm @ 18 knots

Aircraft: 58
Armament: 12 x P-700 (NATO SS-N-19

Shipwreck) cruise missile launchers,
24 x octuple Kinzhal (NATO SA-N-9
Gauntlet) SAM launchers, 8 x octu-
ple Kortik (NATO SA-N-11 Grison)
mounts (each with 2 six-barrel GSH-
6–30L 30mm gatling weapons), 6 x
twin P-500 Bazalt (NATO SS-N-12
Sandbox) launch tubes, 2 x 100mm
DP, 6 x six-barrel 30mm AK-630
gatling AA, 2 x 10-tube RPK-5 Liven
antitorpedo rocket launchers

Complement: 2,626
Design: This class, Project 1143.5, has

a full length flight deck with a ski
jump launch ramp forward rather
than catapults, and an angled land-
ing deck. The ship currently operates
a mix of Sukhoi Su–27 (NATO
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Flanker) fighters and Kamov Ka–29
(NATO Helix) antisubmarine and
airborne early warning helicopters.
The radar suite comprised a Mars-
Pasal (NATO Sky Watch) phased ar-
ray air search, MR-750 Fregat-M
(NATO Plate Steer) three-dimen-
sional air search, 2 MR-320 Topaz
(NATO Strut Pair) two-dimensional
air search, 3 MR-320 (NATO Palm
Frond) surface search, 3 MR-360
Podkat (NATO Cross Sword) and 8
3P37 (NATO Hot Flash) missile con-
trol sets. Sonar comprises two
Zvezda—2 low and medium fre-
quency search and attack sets and
two hull-mounted MGK-345 Bronza
(NATO Ox Yoke) low frequency sets.

Modifications: The first unit was origi-
nally named the Tbilisi but renamed
before commissioning.

Service: The Varyag’s construction was
abandoned in 1992 and the incom-
plete hull sold in March 1998 to a
tourist company in Macao that
planned to turn it into a floating
casino. The Admiral Flota Sovetskogo
Soyuza Kuznetsov served in the
Mediterranean from 1995 to 1996,
then transferred to the Northern
Fleet and was out of commission un-
til November 1998, when it returned
to service.
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Builder: Empresa Nacional Bazan, El
Ferrol

Laid down: October 8, 1979.
Launched: May 22, 1982. Commis-
sioned: May 30, 1988

Displacement: 15,912 tons (standard),
17,188 tons (full load)

Dimensions: 640’0” (oa) x 80’0” x 21’8”
(full load)

Flight deck: 575’0” x 105’0”
Machinery: 2 General Electric LM-

2500 gas turbines, 1 shaft, 46,400
shp = 26 knots

Bunkerage & range: 6,500 nm @ 20
knots

Aircraft: 19
Armament: 4 x 12-barrel 20mm AA
Complement: 774
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Design: The basis for the Principe de
Asturias was the United States Navy’s
Sea Control Ship study that was
completed in January 1972. It was
modified to incorporate a second ele-
vator forward of the island super-
structure and a 12-degree ski jump
bow to assist the take off of Harrier
VTOL aircraft. The axial flight deck
is very slightly skewed to port at its
aft end. The radar suite comprises an
SPS-55 for surface search, an SPS-
52C three-dimensional air search, an
SPN-35A for air control, an RAN-11
target designator, and a VPS-2 fire
control set on each 20mm mount.
Two pairs of fin stabilizers are in-

stalled and there is an American
Prairie/Masker air bubble system to
mask hull and propeller noise.

Modifications: The Principe de As-
turias underwent a substantial refit
in 1990. The island superstructure
was enlarged, a parallel fuel distribu-
tion system fitted, a Marconi DAPS
(deck approach landing sight) land-
ing aid added, and the SPS-52C was
updated to SPS-52D. Internally,
berthing was modified to accommo-
date mixed sex crews.

Service: The Principe de Asturias is
based at Rota and serves as the flag-
ship of Grupo Aeronaval Alfa.
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Laid down: July 12, 1994. Launched:
January 20, 1996. Commissioned:
August 10, 1997

Builder: Empresa Nacional Bazan, El
Ferrol

Displacement: 11,486 tons (full load)
Dimensions: 600’0” (oa) x 73’10” x

20’1” (full load)
Flight deck: 571’2” x 100’0”
Machinery: 2 x Bazan-MTU 16-cylin-

der diesels, 11,200 bhp = 17 knots;
or 2 General Electric LM-2500 gas
turbines, 2 shafts, 44,250 shp = 27.5
knots

Bunkerage & range: 7,150 nm @ 16.5
knots

Aircraft: 18
Armament: 3 x Sadral SAM systems, 2 x

20mm AA, 2 x 12.7mm MG
Complement: 601
Design: The Chakri Nareubet is essen-

tially a diminutive of Spain’s Principe
de Asturias with some small changes
to the aft hull form to make its oper-
ation more economical. The flight
deck is axial and offset slightly to
port. To improve stability during fly-
ing operations, two pairs of fin stabi-
lizers are fitted to the hull. There is
berthing for up to 675 troops in addi-
tion to the normal complement, and
a section of the accommodation is
dedicated for use by the Thai royal
family. The radar suite comprises two
Kelvin-Hughes 1007 for navigation
and an SPS-52C three-dimensional
air search set.

Service: The Chakri Nareubet has seen
very little service (about one day per
month inside the naval base at Sat-
tahip) due to funding problems.
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Eagle (ex Audacious)
Laid down: October 24, 1942.

Launched: March 19, 1946. Com-
missioned: October 1, 1951

Builder: Harland & Wolff Ltd., Belfast

Ark Royal
Laid down: May 3, 1943. Launched:

March 3, 1950. Commissioned: Feb-
ruary 25, 1955

Builder: Cammell Laird & Company
Ltd., Birkenhead

Eagle
Laid down: April 19, 1944
Builder: Vickers-Armstrong Ltd., New-

castle-upon-Tyne
Displacement: 36,800 tons (standard)

45,720 tons (full load)
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Dimensions: 803’9” (oa) x 112’9” x
33’3” (mean), 36’0” (full load)

Flight deck: 775’0” x 105’0”
Machinery: Parsons geared turbines, 8

Admiralty 3-drum boilers, 4 shafts,
152,000 shp = 31.5 knots

Bunkerage & range: 6,500 tons =
5,000 nm @ 24 knots

Aircraft: 80
Armament: 8 x twin 4.5” DP, 8 x 6-bar-

rel 40mm AA
Complement: 2,250
Design: These ships started as enlarge-

ments of the Implacable class with
two full hangars but the design soon
grew rapidly to accommodate larger
heavier aircraft. The hangar height
increased to 17 feet 6 inches, which
required a greater beam for stability,
and in turn provided more hangar
space. The hangars and two elevators
were offset slightly to port to allow
passage for the furnace uptakes at a
higher level. Armor protection was 4
inches on the flight deck, side belt,
and over the steering gear, 1–1/2
inches on the hangar sides, and
2–1/2 inches on the hangar deck.
Two catapults were fitted on the
flight deck, along with arresting gear
and crash barriers. The Eagle com-
pleted to the original design with
Type 960 search radar, Type 982
fighter control radar, and Type 983
height finding radar.

Modifications: The Eagle received a
5–1/2-degree angled deck and mirror
landing equipment in a 1954–1955
refit. A major overhaul from 1959 to
1964 included fitting an 8–1/2-de-
gree angled deck and adding an ex-
tension to the flight deck outboard of

the island to allow aircraft move-
ment. Two steam catapults replaced
the original hydraulic units and the
four forward 4.5-inch mounts were
removed together with all 40mm
mounts and six quadruple Seacat an-
tiaircraft missile launchers added. A
Type 984 three-dimensional search
radar was added above the bridge
and the new lattice mast (replacing
the earlier tripod) supported a large
Type 965 search radar, replacing the
Type 960 and Type 983 sets. At the
after end of the island a Type 963
carrier-controlled approach radar
was fitted. The Eagle displaced
44,100 tons standard (54,100 tons
full load) with a mean draft of 36
feet, and the overall beam rose to
166 feet 9 inches. In 1966–1967 a
further refit added a third steam cat-
apult on the angled deck in the waist.

The Ark Royal’s design was modi-
fied before completion to better suit
it for operating jet aircraft. It re-
ceived a 5–1/2-degreee angled flight
deck 800 feet long and 112 feet
wide, fitted with two steam catapults
and equipped with mirror landing
equipment. A third deck-edge eleva-
tor was fitted to port. The ship’s port
forward 4.5-inch mounts were re-
moved in 1956 and those to star-
board were removed in 1959 to-
gether with the deck-edge elevator.
In 1964 all remaining armament was
removed, sponsons built for six
quadruple Seacat antiaircraft missile
launchers, though these were never
fitted, and an 8–1/2-degree flight
deck built. Type 965 radar replaced
the Type 960 search set. Displace-
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ment rose to 43,340 tons standard
(53,340 tons full load) with a draft of
36 feet and flight deck width of 160
feet 6 inches. The Ark Royal was re-
fitted again 1967–1970 to operate
Phantoms. Two more powerful new
steam catapults replaced the earlier
units, one forward and one in the
waist. The island was remodeled and
Type 963 carrier-controlled approach
radar fitted. Displacement fell to
43,060 tons standard (50,786 tons
full load).

Service: The original Eagle of this class
was cancelled in January 1946 and

the name transferred to the Auda-
cious. The Eagle participated in the
Suez operation in 1956, enforced the
Beira blockade against Rhodesia in
1966, covered the British withdrawal
from Aden at the end of 1967, and
served in the Far East until March
1969. It was stricken in January
1972 and sold for scrapping in 1978.
The Ark Royal served primarily in the
Atlantic and became the Royal
Navy’s last carrier for conventional
aircraft. It was decommissioned in
February 1979 and broken up in
1980.

324 UNITED KINGDOM: EAGLE CLASS



Centaur
Laid down: May 30, 1944. Launched:

April 22, 1947. Commissioned: Sep-
tember 1, 1953

Builder: Harland & Wolff Ltd., Belfast

Albion
Laid down: March 23, 1944.

Launched: May 6, 1947. Commis-
sioned: May 26, 1954

Builder: Swan, Hunter & Wigham
Richardson, Ltd., Wallsend-on-Tyne

Bulwark
Laid down: May 10, 1945. Launched:

June 22, 1948. Commissioned: No-
vember 4, 1954

Builder: Harland & Wolff Ltd., Belfast
Displacement: 20,260 tons (standard),

26,118 tons (full load)

Dimensions: 737’0” (oa) x 90’0” x 22’0”
(mean), 27’0” (full load)

Flight deck: 710’0” x 120’6”
Machinery: Parsons geared turbines, 4

Admiralty 3-drum boilers, 2 shafts,
76,000 shp = 29 knots

Bunkerage & range: 4,000 tons =
6,000 nm @ 20 knots

Aircraft: 36
Armament: 2 x 6-barrel 40mm AA, 8 x

twin 40mm AA, 4 x 40mm AA
Complement: 1,390
Design: This class was an improved

light fleet carrier with greater speed,
obtained by doubling the power and
modifying the hull form with a tran-
som stern, and modest armor protec-
tion, in the form of 1-inch armor
over the machinery crowns and
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sides, magazine sides, and an inter-
nal belt, plus 2 inches armor on the
magazine crowns. The flight deck
and larger elevators could accommo-
date aircraft up to 30,000 pounds
and was fitted with a single catapult.
They carried Type 960 and Type 982
radar for search, Type 983 for height
finding, and Type 277Q for fighter
direction.

Modifications: The Albion and the
Bulwark completed with a 5–3/4-de-
gree angled deck, increasing beam to
123 feet, and two catapults, but sac-
rificed three twin 40mm mounts in
compensation. Both ships were con-
verted into commando carriers (the
Bulwark between January 1959 and
January 1960, the Albion from Feb-
ruary 1961 to August 1962). They
landed catapults, arresting gear, and
all the six-barreled 40mm mounts,
added four landing craft suspended
from davits, and were reconfigured
internally to berth troops. They could
carry 16 helicopters and up to 900
troops. Displacement increased to
22,300 tons standard (27,700 full

load). The Centaur refitted 1959–
1960 with a 5–3/4-degree flight
deck, increasing the beam to 123
feet, two steam catapults, and mirror
landing equipment, sacrificing four
twin 40mm mounts in compensa-
tion. Displacement rose to 22,000
tons standard (27,000 tons full load),
and aircraft complement fell to 21
Sea Vixens and Scimitars.

Service: The Centaur spent most of its
career in the Mediterranean and Far
East. It became a depot ship in 1966
and was stricken in 1971. The Albion
participated in the Suez operation in
1956 and spent most of the remain-
der of its career in the Far East, in-
cluding deploying its commandos
during the Indonesian confrontation
in 1966. It was stricken in 1972. The
Bulwark, too, was at Suez in 1956.
After conversion as a commando car-
rier it served mainly in the Mediter-
ranean and Far East, including off
Indonesia in 1966. It served briefly
as an antisubmarine carrier in 1979
but was decommissioned in March
1981 and stricken in 1985.
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Builder: Portsmouth Dockyard
Displacement: 30,530 tons (standard)

35,500 tons (full load)
Dimensions: 781’0” (oa) x 103’4” x

31’0” (mean)
Flight deck: 775’0” x 157’0”
Machinery: Parsons geared turbines, 6

Foster-Wheeler boilers, 3 shafts,
110,000 shp = 31 knots

Bunkerage & range: 4,850 tons =
11,000 nm @ 14 knots

Aircraft: 35
Armament: 6 x twin 3” AA, 1 x 6-barrel

40mm AA
Complement: 2,200
Modifications: Between October 1950

and January 1958, the Victorious re-
ceived new boilers and was rebuilt
above the hangar deck almost en-
tirely. The new hangar was 17 feet 6
inches high under the 8–3/4-degree
angled flight deck stressed for air-
craft up to 40,000 pounds. Two new
larger elevators linked hangar and
flight deck, which also carried two
steam catapults, new arresting gear,
and mirror landing equipment. The
radar suite comprised Type 984
three-dimensional fighter control,
Type 974 surface search, Type 293Q
height finding, and Type 963 carrier
controlled approach.
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Service: The Victorious served mainly
in the Atlantic and Far East. The Ad-
miralty decided to decommission the

ship after a fire while it was under re-
fit in 1968 and it was sold for scrap-
ping in July 1969.
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Laid down: June 21, 1944. Launched:
February 16, 1953. Commissioned:
November 18, 1959

Builder: Vickers-Armstrong Ltd., Bar-
row-in-Furness

Displacement: 23,000 tons (standard),
27,800 tons (full load)

Dimensions: 744’3” (oa) x 90’0” x 28’0”
(mean), 27’0” (full load)

Flight deck: 710’0” x 144’6”
Machinery: Parsons geared turbines, 4

Admiralty 3-drum boilers, 2 shafts,
76,000 shp = 29 knots

Bunkerage & range: 4,000 tons =
6,000 nm @ 20 knots

Aircraft: 20
Armament: 5 x twin 40mm AA
Complement: 1,834
Design: Originally a member of the

Centaur class. The modified design
included automatic furnace feed, a
6–1/2-degree angled flight deck with
two steam catapults forward, a for-
ward port side deck-edge elevator in
place of the centerline unit, up-
graded arresting gear, and a mirror
landing aid. The radar suite com-
prised Type 984 three-dimensional
search, Type 293Q target indicator,
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and Type 963 carrier controlled ap-
proach sets.

Modifications: The Hermes was modi-
fied to operate more modern aircraft
in 1964–1966, adding a flight deck
extension outboard of the island that
increased overall beam to 160 feet. It
was converted into an amphibious
assault ship in 1971 with a strength-
ened flight deck, catapults and ar-
resting gear landed, and berthing for
up to 750 troops and their equip-
ment added. In 1976–1977 the Her-
mes was again modified to operate
Sea Harriers with a ski jump forward
on the flight deck and two quadruple
Seacat launchers added, increasing
displacement to 23,900 tons stan-
dard (28,700 tons full load). After
being sold to India in 1986 and re-

named the Viraat, the carrier was re-
fitted prior to delivery in 1987. The
Viraat underwent a major overhaul
between 1999 and 2001, upgrading
the ship’s propulsion systems, radar
suite, communications systems, and
elevators. Two Israeli Barak missile
point defense systems replaced the
Seacat launchers.

Service: The Hermes served in the Far
East and Mediterranean until 1976
and then operated in the Atlantic.
The carrier was the flagship of the
British task force charged with re-
gaining the Falkland Islands/Malv-
inas from Argentina in 1982. It was
sold in 1986 and commissioned in
the Indian Navy on May 12, 1987, as
the Viraat.
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Invincible
Laid down: July 20, 1973. Launched:

May 3, 1977. Commissioned: July
11, 1980

Builder: Vickers-Armstrong Ltd., Bar-
row-in-Furness

Illustrious
Laid down: June 7, 1976. Launched:

December 14, 1978. Commissioned:
June 20, 1982

Builder: Swan, Hunter & Wigham
Richardson, Ltd., Wallsend-on-Tyne

Ark Royal
Laid down: December 14, 1978.

Launched: June 4, 1981. Commis-
sioned: November 1, 1985

Builder: Swan, Hunter & Wigham
Richardson, Ltd., Wallsend-on-Tyne

Displacement: 16,970 tons (standard)
20,710 tons (full load)

Dimensions: 677’0” (oa) x 90’0” x 24’0”
(mean)

Flight deck: 550’0” x 115’0”
Machinery: 4 Rolls-Royce Olympus gas

turbines, 2 shafts, 112,000 shp = 28
knots

Bunkerage & range: 7,000 nm @ 18
knots

Aircraft: 20
Armament: 2 x Sea Dart SAM launchers
Complement: 900
Design: This class was originally con-

ceived as helicopter-carrying com-
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mand cruisers of about 12,500 tons
with missile and gun armament for-
ward and a hangar for six helicopters
aft. It soon became apparent that
more efficient operation would result
from moving the superstructure to
the starboard side and extending the
helicopter flight deck to run from end
to end of the ship, which would have
the added benefit of increasing
hangar and workshop space. The im-
minent arrival of effective VSTOL
fighters in the form of the Sea Har-
rier led to incorporation of suitable
facilities for their operation into the
design, though the ships were still
classified as through-deck cruisers
rather than carriers until shortly be-
fore the Invincible entered service.
The very large internal volume allows
virtually all equipment to be installed
on a modular basis, so that engines,
control consoles, auxiliary equip-
ment, and so on are maintained on an
exchange basis rather than over-
hauled or repaired on board. The
design includes two scissors-type ele-
vators but no arresting gear or cata-
pults. As completed, the first two car-
riers had 7-degree ski jumps to
facilitate Sea Harrier operation, while
the Ark Royal was completed with a
12-degree ski jump that extends the
flight deck 40 feet further forward.
The Illustrious and the Ark Royal also
completed with three Mk.15 Phalanx
20mm mounts. The radar suite in-
cluded Type 1022 long-range air
warning, Type 992 target indicator,
and Type 909 missile fire control sets.

Modifications: The Invincible received
three Mk.15 Phalanx 20mm mounts

in 1983. It was refitted in 1999–
2000, removing the Sea Dart launch-
ers, replacing the Phalanx mounts
with Goalkeeper 30mm close in
weapons systems, and adding two
20mm AA mounts. The Illustrious
was similarly refitted in 1998–1999.
In addition, the space freed by re-
moving the Sea Dart launchers and
fire control radars was used to extend
the flight deck outboard on the star-
board side to provide additional deck
park space and the ski jump was
modified to match the Ark Royal’s.
The Ark Royal was refitted in 1999–
2001 to match the Illustrious, except
that the Phalanx weapons were re-
tained and not replaced by Goal-
keeper mounts.

Service: The Invincible served with the
British task force charged with re-
gaining the Falkland Islands/Malv-
inas from Argentina in 1982. The Il-
lustrious was deployed to the South
Atlantic in 1982–1983. All three car-
riers subsequently operated in the
Atlantic and Mediterranean, includ-
ing deployments to the Adriatic be-
tween 1993 and 1995 in support of
NATO operations in the former Yu-
goslavia. The Invincible returned to
the Adriatic in 1999 as part of Oper-
ation Allied Force in Kosovo. The Il-
lustrious operated off Sierra Leone
during 2000 and again in 2001 to
2002 during Operation Veritas in
support of the war in Afghanistan.
The Ark Royal formed part of the
British naval force in the Persian
Gulf during Operation Telic, the in-
vasion of Iraq in 2003.
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SCB27A
Essex
Yorktown
Hornet
Randolph
Wasp
Bennington
Kearsarge
Oriskany
Lake Champlain
Displacement: 40,600 tons (full load)
Dimensions: 898’2” (oa) x 101’4” x

29’8” (mean)
Flight deck: 870’0” x 108’0”
Machinery: Westinghouse geared tur-

bines, 8 Babcock & Wilcox boilers, 4
shafts, 150,000 shp = 31 7 knots

Bunkerage & range: 6,330 tons =
15,000 nm @ 15 knots

Aircraft: 89
Armament: 8 x 5” DP, 14 x twin 3” AA
Complement: 3,525

SCB27C
Intrepid
Ticonderoga
Lexington
Hancock
Bon Homme Richard
Shangri-La
Displacement: 41,944 tons (full load)
Dimensions: 898’4” (oa) x 103’4” x

29’7” (mean)
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Flight deck: 862’0” x 108’0” (142”0”
when fitted with angled deck)

Machinery: Westinghouse geared tur-
bines, 8 Babcock & Wilcox boilers, 4
shafts, 150,000 shp = 32 knots

Bunkerage & range: 6,330 tons =
15,000 nm @ 15 knots

Aircraft: 80
Armament: 8 x 5” DP, 12 (only 5 when

fitted with angled deck) x twin 3” AA
Complement: 3,525

SCB125
Essex
Yorktown
Hornet
Randolph
Wasp
Bennington
Kearsarge
Displacement: 41,200 tons (full load)
Dimensions: 890’0” (oa) x 101’4” x

30’1” (mean)
Flight deck: 861’0” x 142’0”
Machinery: Westinghouse geared tur-

bines, 8 Babcock & Wilcox boilers, 4
shafts, 150,000 shp = 32 knots

Bunkerage & range: 6,330 tons =
15,000 nm @ 15 knots

Aircraft: 50
Armament: 7 x 5” DP, 4 x twin 3” AA
Complement: 3,275

SCB125A
Oriskany
Displacement: 44,000 tons (full load)
Dimensions: 910’10” (oa) x 106’7” x

31’4” (mean)
Flight deck: 861’0” x 142’0”
Machinery: Westinghouse geared tur-

bines, 8 Babcock & Wilcox boilers, 4
shafts, 150,000 shp = 32 knots

Bunkerage & range: 6,330 tons =
15,000 nm @ 15 knots

Aircraft: 50
Armament: 7 x 5” DP, 5 x twin 3” AA
Complement: 3,275
Design: SCB27A was a conversion to

allow the Essex class carriers to oper-
ate jet fighters and the largest attack
aircraft yet envisaged without requir-
ing major structural change. In fact,
approximately 40 percent of the
type’s original structure was replaced
in this conversion. Side armor was
removed and a large bulge built from
1–1/2-inch STS steel flush with the
hull on each side. Hangar fire pro-
tection systems were upgraded. The
island was reduced in size, the stacks
raked aft, and a massive pole mast
erected to support antennae for SPS-
8 height finding and SPS-6 search
radars. For action safety, three ready
rooms were moved from the gallery
deck to below the hangar deck and
connected to the flight deck by a very
noticeable external elevator. The
stowage for aviation fuel was en-
larged by 50 percent to cope with
much thirstier jet aircraft. The flight
deck was strengthened to support
aircraft up to 52,000 pounds, and
the elevators enlarged and strength-
ened. More powerful catapults and
stronger arresting gear replaced the
original outfit. As sets became avail-
able, an SPN-8 carrier controlled ap-
proach radar was fitted at the aft end
of the island. The flight deck gun
houses were removed and four 5-
inch guns mounted to starboard in
sponsons similar to those on the port
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side. Twin 3-inch antiaircraft mounts
replaced quadruple 40mm weapons.

SCB27C was a further improve-
ment. The bulge on each side was
wider to give more stability and com-
pensate for greater topweight. Fuel
blending was introduced to almost
quadruple aviation fuel capacity. The
after elevator was removed and re-
placed with a starboard side deck
edge unit, which required relocating
the two aft starboard 5-inch mounts
toward the stern. Two steam cata-
pults were installed, together with
upgraded arresting gear and a new
nylon crash barrier specially de-
signed for jet aircraft operation. Jet
blast deflectors and a flight deck
cooling system also were added. The
Lexington, the Bon Homme Richard,
and the Shangri-La in addition re-
ceived angled flight decks (requiring
removal of three 3-inch gun
mounts), enlarged forward elevators,
and enclosed “hurricane” bows.

Modifications: In 1956–1957, the
three SCB27C vessels with axial
decks were reconstructed to match
the other three carriers with angled
decks and “hurricane” bows. SCB125
was a further reconstruction of the
SCB27A ships with an angled flight
deck, starboard side deck-edge eleva-
tor, and “hurricane” bow, but retain-
ing the earlier hydraulic catapults.
The Oriskany alone received a full re-
construction to match the SCB27C
ships as SCB125A.

All the reconstructed ships except
the Ticonderoga, the Hancock, the
Bon Homme Richard, the Oriskany,
and the Shangri-La became anti-

submarine warfare carriers between
1958 and 1962, and received SQS-
23 sonar domes beneath the fore-
foot, plus internal modifications and
upgraded radar suites for their new
missions. The five attack carriers re-
ceived upgraded radar suites in the
early 1960s. The Ticonderoga and
the Shangri-La also became antisub-
marine warfare carriers in 1969,
though they did not operate in that
role. All the reconstructed Essex class
carriers also underwent FRAM II
(fleet rehabilitation and moderniza-
tion) in the early 1960s. Stability
concerns led to the removal of all 3-
inch gun mounts and all but three or
four of the remaining 5-inch mounts.

Service: The Essex, the Kearsarge, the
Oriskany, and the Lake Champlain
all took part in operations during the
Korean War. The Yorktown, the Intre-
pid, the Hornet, the Ticonderoga, the
Hancock, the Bon Homme Richard,
the Oriskany, and the Shangri-La all
operated extensively off Vietnam
from 1963. The remaining vessels
served primarily in the Atlantic and
Mediterranean. The Lexington be-
came the United States Navy’s train-
ing carrier in 1962, decommissioned
in 1991, and became a museum ship
at Corpus Christi, Texas, in 1992.
The Lake Champlain was stricken in
1969, the Wasp in 1972, the Ticon-
deroga, the Randolph, and the
Kearsarge in 1973, the Essex in 1975,
the Hancock in 1976, the Shangri-La
in 1982, and the Bennington, the
Bon Homme Richard, and the
Oriskany in 1989. All were scrapped.
The Hornet decommissioned in June
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1970 and eventually became a mu-
seum ship at Alameda, California, in
1998. The Yorktown was stricken in
June 1973 and became a museum
ship at Charleston, South Carolina,

in 1975. The Intrepid decommis-
sioned in March 1974 and became a
museum ship at New York City in
1982.
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SCB110
Franklin D. Roosevelt
Midway
Displacement: 63,500 tons (full load)
Dimensions: 977’2” (oa) x 121’0” x

34’6” (mean)

Flight deck: 977’2” x 192’0”
Machinery: Geared turbines, 12 Bab-

cock & Wilcox boilers, 4 shafts,
212,000 shp = 30.6 knots

Bunkerage & range: 10,000 tons =
15,000 nm @ 15 knots
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Aircraft: 80
Armament: 10 x 5” DP, 9 x twin 3” AA
Complement: 4,060

SCB110A
Coral Sea
Displacement: 62,600 tons (full load)
Dimensions: 978’0” (oa) x 121’0” x

34’9” (mean)
Flight deck: 978’0” x 236’0”
Machinery: Geared turbines, 12 Bab-

cock & Wilcox boilers, 4 shafts,
212,000 shp = 30.6 knots

Bunkerage & range: 10,000 tons =
15,000 nm @ 15 knots

Aircraft: 80
Armament: 6 x 5” DP
Complement: 4,375

SCB101.66
Midway
Displacement: 64,895 tons (full load)
Dimensions: 977’0” (oa) x 121’0” x

34’9” (mean)
Flight deck: 972’2” x 258’5”
Machinery: Geared turbines, 12 Bab-

cock & Wilcox boilers, 4 shafts,
212,000 shp = 31.6 knots

Bunkerage & range: 10,000 tons =
15,000 nm @ 15 knots

Aircraft: 70
Armament: 3 x 5” DP
Complement: 4,686
Design: SCB110 was a reconstruction

of the Midway class that paralleled
the SBC27C conversion of the Essex
class. The side armor was removed
and replaced with a 5-foot wide
bulge from 1–1/2-inch STS steel
flush with the hull. Fuel blending
tripled aviation fuel capacity. An an-
gled flight deck was fitted and the af-

ter elevator relocated to the star-
board deck edge. All elevators were
enlarged and strengthened. Three
steam catapults were fitted, two were
forward and one in the waist. A “hur-
ricane” bow was fitted and the bridge
structure modified with a new mast
to support antennae (SPS-12 air
search, SPS-8A height finding, SC-2
long-range air search on the Franklin
D. Roosevelt, SPS-12 air search,
SPS-8A height finding, and SPS-43
long-range air search on the Mid-
way), plus an SPN-8 carrier con-
trolled approach set. As weight com-
pensation, the gun battery was
reduced substantially. The Coral Sea
was completed to SBC110A, a modi-
fied version that entailed deleting the
forward centerline elevator in favor
of a starboard side deck-edge unit
and cutting the gun battery to only
four 5-inch mounts. The Coral Sea’s
new pole mast carried SPS-12 air
search, SPS-8A height finding, and
SPS-37 air search radar.

Modifications: The Midway was again
reconstructed to SCB101.66 be-
tween 1966 and 1970. The forward
centerline elevator was replaced with
a starboard side deck-edge unit, the
three steam catapults replaced with
two much more powerful units on
the forward flight deck, and the
flight deck greatly enlarged. Arresting
gear was upgraded, aviation fuel ca-
pacity almost doubled, and the gun
armament slashed. An SPS-30 radar
replaced the SPS-12 air search, SPS-
8A height finding sets. The Franklin
D. Roosevelt underwent a less exten-
sive reconstruction in 1968 that re-
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moved the forward centerline eleva-
tor, replaced it with a starboard side
forward deck edge unit, and reduced
armament to just four 5-inch guns.
New SPS-30 and SPS-43 sets re-
placed the earlier outfit. By 1980 the
Midway and the Coral Sea had much
upgraded radar suites and carried
three Mk.15 Phalanx 20mm mounts.
The Midway also carried three 8-
tube Sea Sparrow launchers and
landed all its guns.

Service: All three carriers operated off
Vietnam, the Coral Sea completing

the most tours of any carrier in that
theater. The Franklin D. Roosevelt
served with the Atlantic Fleet until
the carrier was stricken in 1977 and
scrapped. The Coral Sea served with
the Pacific Fleet until decommis-
sioned in 1989 and scrapped. The
Midway served with the Pacific Fleet,
home ported at Yokosuka in Japan. It
took part in operation Desert Storm
in 1991 and decommissioned in April
1992, becoming a museum ship at
San Diego, California.
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Forrestal
Laid down: July 14, 1952. Launched:

December 11, 1954. Commissioned:
October 1, 1955

Builder: Newport News Shipbuilding
& Dry Dock Company, Newport
News, VA

Saratoga
Laid down: August 2, 1954. Launched:

October 8, 1955. Commissioned:
April 14, 1956

Builder: New York Navy Yard

Ranger
Laid down: July 14, 1952. Launched:

September 29, 1956. Commissioned:
August 10, 1957

Builder: Newport News Shipbuilding
& Dry Dock Company, Newport
News, VA

Independence
Laid down: July 1, 1955. Launched:

June 6, 1958. Commissioned: April
3, 1959

Builder: New York Navy Yard
Displacement: 60,000 tons (standard)

78,000 tons (full load)
Dimensions: 1,039’0” (oa) x 129’6” x

37’0” (full load)
Flight deck: 1,015’0” x 240’0”
Machinery: Geared turbines, 8 Bab-

cock & Wilcox boilers, 4 shafts,
260,000 shp = 33 knots (Forrestal),
280,000 shp = 33.5 knots (others)

Bunkerage & range: 7,800 tons =
12,000 nm @ 20 knots

Aircraft: 90
Armament: 8 x 5” DP
Complement: 4,142
Design: Work on generating a smaller
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version of the carrier United States
began very shortly after its cancella-
tion by Defense Secretary Louis
Johnson on April 23, 1949. Con-
gressman Carl Vinson suggested that
the Congress might approve con-
struction of a new carrier of no more
than 60,000 tons, which became the
baseline for the new design. Like
United States, the new carrier was
flush decked with large sponsons on
either beam supporting a wide flight
deck that carried four catapults, two
forward in the bow and one on each
sponson. To save weight and also be-
cause of concerns about the design
capabilities of comparable hydraulic
catapults, these catapults were to be
a new slotted tube design powered by
explosive charges. A deck-edge eleva-
tor served each catapult. Furnace
gases exhausted via a crossover sys-
tem venting through stacks on each
side of the ship that could fold down
horizontally during flying operations.
The navigating bridge was re-
tractable, and radar antennae were
carried on masts that folded horizon-
tally during flying operations. Like
United States, the flight deck became
the strength deck, but the bow was
enclosed to the flight deck to im-
prove sea keeping.

The Forrestal and the Saratoga
were laid down to this design but
modified extensively during con-
struction to incorporate the latest ad-
vances in carrier design. The most
important was an angled flight deck.
This allowed use of a conventional
island bridge structure with a large
integral stack exhausting furnace

gases. The angled deck displaced the
port after deck-edge elevator to the
starboard side, so there were three
elevators to starboard and only one,
at the forward end of the angled
deck, to port. The starboard sponson
catapult was moved to port, oriented
along the angled deck. There had
been major problems in developing
the explosive slotted tube catapult
design, so all catapults were new
steam powered units. The Forrestal
and the Saratoga received two C-11
steam catapults amidships and two
more powerful C-7 catapults in the
bow, whereas the other ships re-
ceived four C-7s. The radar suite
comprised an SPS-8 height-finder
and SPS-12 for air search. The two
other members of the class were con-
structed to this same design from the
outset.

Modifications: All ships lost their for-
ward 5-inch guns and sponsons in
the 1960s and all the remaining guns
by 1977. The Saratoga, the Forrestal,
and the Independence received full
Service Life Extension Program refits
between 1980 and 1988, improving
protection with Kevlar armor, substi-
tuting SPS-48C three-dimensional
and SPS-49 two-dimensional search
radars for their original fit, adding
two 8-tube Sea Sparrow launchers
controlled by SPS-58 sets, and gain-
ing three Mk.15 Phalanx 20mm
mounts. The Ranger received a major
overhaul between 1984 and 1985
that brought it close to the standard
of its sisters.

Service: The Forrestal served with the
Atlantic Fleet, primarily in the
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Mediterranean. It deployed for oper-
ations off Vietnam in 1967 but its
service was cut short by a major fire
that required a major overhaul to re-
pair. The Forrestal returned to the
Mediterranean until decommission-
ing on September 11, 1993. The
Saratoga also served in the Mediter-
ranean until deployed to Yankee Sta-
tion off Vietnam from 1972 to 1973.
It returned to the Mediterranean, de-
commissioning August 20, 1994. The
Ranger and the Independence both
deployed to the Pacific Fleet and op-
erated on Yankee Station from 1964
to 1973. The Saratoga and the Inde-
pendence were active during Opera-
tion Desert Shield in 1990. The
Saratoga and the Ranger took part in

Operation Desert Storm, the libera-
tion of Kuwait in 1991, and the
Saratoga, the Ranger, and the Inde-
pendence served during Operation
Southern Watch in the Persian Gulf,
enforcing the “no-fly” zone over
southern Iraq. The Ranger supported
Operation Restore Hope in Somalia
in 1992. The Saratoga also operated
in the Adriatic to enforce Operation
Deny Flight over Bosnia in 1994.

The Ranger decommissioned July
10, 1993. The Independence was
home ported at Yokosuka in Japan
from September 1991 and decom-
missioned on September 30, 1998.
The Forrestal, the Saratoga, and the
Ranger were all placed on hold for
potential service as museum ships.
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Kitty Hawk
Laid down: December 27, 1956.

Launched: May 21, 1960. Commis-
sioned: June 9, 1961

Builder: New York Shipbuilding Cor-
poration, Camden, NJ

Constellation
Laid down: September 14, 1957.

Launched: October 8, 1960. Com-
missioned: January 19, 1962

Builder: New York Navy Yard

America
Laid down: January 9, 1961. Launched:

February 1, 1964. Commissioned:
January 23, 1965

Builder: Newport News Shipbuilding
& Dry Dock Company, Newport
News, VA

John F. Kennedy
Laid down: October 22, 1964.

Launched: May 27, 1967. Commis-
sioned: September 7, 1968

Builder: Newport News Shipbuilding
& Dry Dock Company, Newport
News, VA

Displacement: 60,100 (61,000 John F.
Kennedy) tons (standard), 78,250
(82,000 John F. Kennedy) tons (full
load)

Dimensions: 1,062’5” (1,052’0” John F.
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Kennedy) (oa) x 129’4” x 35’0” (36’0”
John F. Kennedy) (full load)

Flight deck: 1,040’0” x 252’0”
Machinery: Geared turbines, 8 Bab-

cock & Wilcox (Foster-Wheeler John
F. Kennedy) boilers, 4 shafts,
280,000 shp = 33 knots

Bunkerage & range: 7,800 tons =
12,000 nm @ 20 knots

Aircraft: 87
Armament: 2 x twin Terrier SAM

launchers (3 x 8-tube Sea Sparrow
launchers John F. Kennedy)

Complement: 4,500
Design: The flight deck arrangement of

the Forrestal class proved unsatisfac-
tory, since the largest deck park area
was abaft the island and landing op-
erations prevent simultaneous egress
from the deck park. The revised Kitty
Hawk flight deck arrangement re-
versed the positions of the central
starboard elevator and the island,
creating a large deck park area ahead
of the island that had direct access to
the forward catapults at all times.
The port elevator was moved aft so
that flying operations on the angled
deck no longer blocked its use. More
powerful C-13 catapults replaced the
mix of C-7 and C-11 catapults used
in the earlier class. The large forward
sponsons for 5-inch weapons were
deleted which much improved sea
keeping and a pair of twin Terrier
missile launchers aft, with forty
rounds apiece, replaced all gun ar-
mament. The America and the John
F. Kennedy both carried large domes
at the forefoot for SQS-23 sonar,
though the equipment itself was
omitted from the John F. Kennedy to

cut costs. The John F. Kennedy also
had a narrower underwater protec-
tion system, originally developed to
save space in nuclear-powered carri-
ers. The radar suite for the first two
ships comprised SPS-37A air search,
SPS-39 three-dimensional search,
SPS-8B height finding, and SPG-55
missile fire control. The America car-
ried SPS-43A air search, SPS-52
three-dimensional search, SPS-30
height finding, and SPG-55 missile
fire control. The John F. Kennedy
carried SPS-43A air search and SPS-
48 long-range three-dimensional
search.

Modifications: The Kitty Hawk re-
placed its Terrier mounts with two 8-
tube Sea Sparrow SAM launchers in
1977, and the Terriers were removed
from the Constellation and the Amer-
ica in 1982. By 1990 all ships carried
three 8-tube Sea Sparrow launchers
and fitted Mk. 23 target indication
radar for their control. The America’s
SPS-52 set was replaced with an
SPS-48 radar in 1982. All ships sub-
stituted SPS-49 search sets for their
SPS-43A radars in 1979–1980. The
Kitty Hawk and the Constellation un-
derwent Service Life Extension Pro-
gram refits in 1988–1991 and
1990–1993 respectively. The John F.
Kennedy underwent a Comprehen-
sive Overhaul Modernization, at
about half the cost of a full SLEP re-
fit, between 1993 and 1995.

Service: The Kitty Hawk and the Con-
stellation joined the Pacific Fleet on
completion and served on Yankee
Station during the Vietnam War from
1964 to 1972. The America joined
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the Atlantic Fleet on completion. It
served on Yankee Station between
1968 and 1973. In the Mediter-
ranean, it deployed off Lebanon dur-
ing the crises in 1976 and 1983 and
in operations in the Gulf of Sidra in
1986. The John F. Kennedy joined
the Atlantic Fleet on commissioning
and served mainly in the Mediter-
ranean, including operations in the
Gulf of Sidra during August 1988
that resulted in the destruction of
two Libyan MiG-23s. In 1995 it be-
came a reserve carrier but reverted to
active status in 2000.

The Constellation was active dur-
ing the tanker war in the Persian
Gulf during 1987. Both the John F.
Kennedy and the America served dur-
ing the liberation of Kuwait in opera-

tions Desert Shield in 1990 and
Desert Storm 1991. The Kitty Hawk
and the Constellation were deployed
to the Persian Gulf for Operation
Southern Watch between 1992 and
2001. The Kitty Hawk took part in
Operation Restore Hope in Somalia
in 1992. The Kitty Hawk, the John F.
Kennedy, and the Constellation
formed part of the task force engaged
in Operation Enduring Freedom in
2001, the attack on the Taliban in
Afghanistan. The Kitty Hawk and the
Constellation also took part in Iraqi
Freedom, the invasion of Iraq in
2003.

The Kitty Hawk was home ported
at Yokosuka in Japan from 1995. The
America decommissioned in August
1996 and was scuttled in 2005.
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Laid down: February 4, 1958.
Launched: September 24, 1960.
Commissioned: November 25, 1961

Builder: Newport News Shipbuilding
& Dry Dock Company, Newport
News, VA

Displacement: 75,700 tons (standard),
89,600 tons (full load)

Dimensions: 1,123’0” (oa) x 133’0” x
36’0” (full load)

Flight deck: 1,100’0” x 252’0”
Machinery: 4 Westinghouse geared tur-

bines, 8 Westinghouse A2W reactors,
4 shafts, 280,000 shp = 35 knots

Endurance: 90 days
Aircraft: 99
Complement: 5,500
Design: Although the weight of the En-

terprise’s nuclear power plant was

not very much greater than that of a
fossil-fueled installation, the carrier
was much larger than its convention-
ally powered contemporaries because
of the space required for the large
liquid loads needed for underwater
protection. Since most of the liquid
load was aviation fuel, the Enterprise
was capable of embarking a larger
than usual air group and of operating
it continuously for longer. The ship’s
arrangement was generally similar to
the earlier Kitty Hawk, but the island
was much smaller (because it did not
have to accommodate the stack) and
no defensive armament was fitted to
cut costs. The Enterprise received
flat panel electronically scanning
radars installed on the four faces of
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the island structure: SPS-32 search
and SPS-33 three dimensional
search.

Modifications: In 1967 two 8-tube Sea
Sparrow launchers were fitted, con-
trolled by modified APQ-72 aircraft
fire control radar sets. The following
year an SPS-12 air search set was
added to its suite. A refueling and re-
fit process began in 1991 and lasted
until 1994, during which three
Mk.15 Phalanx 20mm mounts were
added, the bridge reconstructed, and
SPS-48C air search, SPS-49 long
range two-dimensional air search,
and SPS-65 Sea Sparrow search
radars replaced the original outfit.
Mk. 23 target acquisition radar,
SPN-41 landing aid, and two SPN-
46 air traffic control radars were
added.

Service: The Enterprise was in the At-
lantic Fleet from commissioning until
1965, participating in the blockade of
Cuba during the missile crisis, and
then deploying to the Mediterranean.
In 1965 it transferred to the Pacific
Fleet and began operations on Yankee
Station, flying strikes against North
Vietnam until 1973. It remained in
the Pacific until 1990, during which
time it deployed to the Persian Gulf
in 1988 in support of the tanker war.
The Enterprise returned to the At-
lantic Fleet after its refit and was en-
gaged during Operation Southern
Watch, enforcing the “no-fly” zone
over southern Iraq, until 2000. In
2001 the Enterprise formed part of
the strike force for Operation Endur-
ing Freedom, the war against the Tal-
iban in Afghanistan.
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Nimitz
Laid down: June 22, 1968. Launched:

May 13, 1972. Commissioned: May
3, 1975

Dwight D. Eisenhower
Laid down: August 15, 1970.

Launched: October 11, 1975. Com-
missioned: October 18, 1977

Carl Vinson
Laid down: October 11, 1975.

Launched: March 18, 1980. Com-
missioned: March 13, 1982

Theodore Roosevelt
Laid down: October 31, 1981.

Launched: October 27, 1984. Com-
missioned: October 25, 1986

Abraham Lincoln
Laid down: November 3, 1984.

Launched: February 13, 1988. Com-
missioned: November 11, 1989

George Washington
Laid down: August 25, 1986.

Launched: July 21, 1990. Commis-
sioned: July 4, 1992

John C. Stennis
Laid down: March 13, 1991.

Launched: October 13, 1993. Com-
missioned: December 9, 1995

Harry S. Truman
Laid down: November 29, 1993.

Launched: September 7, 1996.
Commissioned: July 25, 1998

Ronald Reagan
Laid down: February 12, 1998.

Launched: March 4, 2001. Commis-
sioned: July 12, 2003
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George H. W. Bush
Laid down: September 6, 2003.

Launched: February 2006. Commis-
sioned: Anticipated for 2008

Builder: Newport News Shipbuilding
& Dry Dock Company (later
Northrop Grumman Newport News),
Newport News, VA

Displacement: 100,020–104,581 tons
(full load)

Dimensions: 1,092’0” (Dwight D.
Eisenhower and Vinson 1,098’0,”
Nimitz 1,115’0”) (oa) x 134’0” x
37’0” (Nimitz, Dwight D. Eisenhower,
and Carl Vinson), 38’6” (others) (full
load)

Flight deck: 1,070’0” x 252’0”
Machinery: 4 General Electric geared

turbines, 2 Westinghouse A4W reac-
tors, 4 shafts, 280,000 shp = 31
knots

Endurance: 90 days
Aircraft: 70
Armament: 2 x 8-tube Sea Sparrow

SAM launchers (all but the Nimitz
and the Dwight D. Eisenhower com-
pleted with 3 mounts), 4 x Mk.15
Phalanx 20mm mounts (none in the
Nimitz and the Dwight D. Eisen-
hower initially), 2 x 21-round RAM
Mk. 49 SAM launchers (the Ronald
Reagan and the George H. W. Bush
only, replacing all Mk.15 Phalanx
20mm mounts)

Complement: 6,275
Design: Two substantial changes en-

dowed this class with greater internal
space for crew, munitions, and fuel.
Two very compact A4W reactors, de-
veloped from a projected design in-
tended as a single reactor installation
on frigates and destroyers, replaced

the eight reactors required for the
Enterprise. The space-saving side
protection system used in the John F.
Kennedy also was applied to this
class. These ships also received a
more conventional island structure,
since conventional antennae re-
placed the Enterprise’s flat-panel
electronically scanning radars. The
first three ships completed with
SPS–43A air search and SPS–48
long-range three-dimensional search
radars, later ships carry SPS–49 air
search radar in place of the
SPS–43A set. Since the class was
constructed over a long period, there
are many detail differences between
ships. All ships now carry Mk. 23 tar-
get acquisition radar. Carrier ap-
proach is handled by SPN–42A in
the Nimitz, the Dwight D. Eisen-
hower, the Carl Vinson, and the
Theodore Roosevelt. All ships from
the Theodore Roosevelt on carry
SPN–44 landing aid radar, and the
Abraham Lincoln and later ships all
carry two SPN–46 air traffic control
sets. All ships after the first three
were built with extensive Kevlar ar-
mor protection installed and use new
lower steam pressure catapults.

Modifications: The first three ships re-
ceived Kevlar armor protection as an
upgrade in refits, the Nimitz in
1983–1984, the Dwight D. Eisen-
hower in 1985–1987, and the Carl
Vinson in 1989. In 1983 the Nimitz
and the Carl Vinson replaced their
SPS–43A with SPS–49, The Dwight
D. Eisenhower made the same
change in 1986. All ships upgraded
to SPS–48E from 1992. The Nimitz
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and the Dwight D. Eisenhower added
an additional Sea Sparrow mount
and three Mk.15 Phalanx 20mm
mounts during their refits. The first
seven ships began their only refuel-
ing/complex overhaul process during
their careers, starting with the
Nimitz in 1998 and scheduled to end
with the John C. Stennis in 2018.

Service: The Nimitz served with the At-
lantic Fleet from commissioning, de-
ploying to the Mediterranean. It pro-
vided support for the failed mission
to release hostages from the United
States embassy in Tehran in 1979
and participated in the first Gulf of
Sidra incident on August 19, 1981,
its aircraft shooting down two Libyan
Su–22 fighters. In 1987 the Nimitz
transferred to the Pacific Fleet. The
Dwight D. Eisenhower, the Theodore
Roosevelt, the George Washington,
and the Harry S. Truman joined the
Atlantic Fleet on commissioning.
The Carl Vinson, the Abraham Lin-
coln, the John C. Stennis, and the
Ronald Reagan joined the Pacific
Fleet on completion.

The Dwight D. Eisenhower, the
Theodore Roosevelt, and the Abraham
Lincoln participated in Operation

Desert Shield in 1990–1991, the
Nimitz, the Dwight D. Eisenhower,
the Theodore Roosevelt, and the Abra-
ham Lincoln took part in Operation
Desert Storm in 1991, during which
the Dwight D. Eisenhower’s aircraft
flew more missions than any other
carrier. The Nimitz, the Carl Vinson,
the Theodore Roosevelt, the Abraham
Lincoln, and the Harry S. Truman
participated in Operation Southern
Watch between 1991 and 2003 in the
Persian Gulf, enforcing the “no-fly”
zone over southern Iraq. The
Theodore Roosevelt’s air wing was very
active during operations Deny Flight,
Deliberate Force, and Allied Force
over Bosnia and Kosovo between
1995 and 1999. The Carl Vinson, the
Theodore Roosevelt, the Abraham Lin-
coln, the George Washington, the
John C. Stennis, and the Harry S.
Truman formed part of the task force
engaged in Operation Enduring Free-
dom, the attack on the Taliban in Af-
ghanistan, in the fall of 2001. In April
2003 the Nimitz, the Abraham Lin-
coln, the Theodore Roosevelt, and the
Harry S. Truman formed part of the
task force for Operation Iraqi Free-
dom, the invasion of Iraq.
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Sydney (Australia)
Builder: Devonport Dockyard
Laid down: April 19, 1943. Launched:

September 30, 1945. Commissioned:
February 5, 1949

Magnificent (Canada)
Builder: Harland & Wolff Ltd., Belfast
Laid down: July 29, 1943. Launched:

November 16, 1944. Commissioned:
March 21, 1948

Leviathan (United Kingdom)
Builder: Swan, Hunter & Wigham

Richardson, Ltd., Wallsend-on-Tyne
Laid down: October 18, 1943.

Launched: June 7, 1945
Displacement: 14,512 tons (standard),

19,550 tons (full load)
Dimensions: 698’0” (oa) x 80’0” x 19’9”

(mean), 24’6” (full load)

Flight deck: 685’0” x 75’0”
Machinery: Parsons geared turbines, 4

Admiralty 3-drum boilers, 2 shafts,
40,000 shp = 25 knots

Bunkerage & range: 3,480 tons =
9,320 nm @ 12 knots

Aircraft: 37
Armament: 6 x twin 40mm AA, 18 x

40mm AA
Complement: 1,200

Melbourne (Australia)
Builder: Vickers-Armstrong Ltd., Bar-

row-in-Furness
Laid down: April 15, 1943. Launched:

February 28, 1945. Commissioned:
October 28, 1955

Displacement: 16,000 tons (standard),
20,320 tons (full load)

Dimensions: 701’6” (oa) x 80’0” x 25’0”
(full load)
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Flight deck: 690’0” x 105’0”
Machinery: Parsons geared turbines, 4

Admiralty 3-drum boilers, 2 shafts,
40,000 shp = 24.5 knots

Bunkerage & range: 3,000 tons =
9,320 nm @ 12 knots

Aircraft: 27
Armament: 6 x twin 40mm AA, 13 x

40mm AA
Complement: 1,210

Bonaventure (Canada)
Builder: Harland & Wolff Ltd., Belfast
Laid down: November 27, 1943.

Launched: February 27, 1945. Com-
missioned: January 17, 1957

Displacement: 16,000 tons (standard),
20,000 tons (full load)

Dimensions: 704’10” (oa) x 80’0” x
25’0” (full load)

Flight deck: 685’0” x 105’0”
Machinery: Parsons geared turbines, 4

Admiralty 3-drum boilers, 2 shafts,
40,000 shp = 24.5 knots

Bunkerage & range: 3,000 tons =
9,320 nm @ 12 knots

Aircraft: 34
Armament: 4 x twin 3” AA
Complement: 1,200

Vikrant (India)
Builder: Vickers-Armstrong Ltd., New-

castle-upon-Tyne
Laid down: October 14, 1943.

Launched: September 22, 1945.
Commissioned: March 4, 1961

Displacement: 16,000 tons (standard),
19,550 tons (full load)

Dimensions: 700’0” (oa) x 80’0” x 24’0”
(full load)

Flight deck: 680’0” x 105’0”
Machinery: Parsons geared turbines, 4

Admiralty 3-drum boilers, 2 shafts,
40,000 shp = 24.5 knots

Bunkerage & range: 3,000 tons =
9,320 nm @ 12 knots

Aircraft: 21
Armament: 4 x twin 40mm AA, 7 x

40mm AA
Complement: 1,343
Design: An improved Colossus class

light fleet carrier with greater subdi-
vision and flight deck and elevators
stressed to accommodate aircraft up
to 30,000 pounds. Fitted with Type
277Q search radar and Type 293Q
height finding and fighter direction
radar.

Modifications: The Melbourne com-
pleted with a 5–1/2-degree angled
flight deck, uprated arresting gear, a
single steam catapult, and mirror
landing equipment. During a major
refit between 1967–1969 new Dutch
LW–01 air search, ZW surface
search, and carrier controlled ap-
proach radars were added to the orig-
inal suite, and in 1971 the flight
deck was strengthened and the cata-
pult upgraded. By 1976 armament
was four twin 40mm and four single
40mm. The Bonaventure completed
with an 8-degree angled flight deck,
a single steam catapult, uprated ar-
resting gear, and mirror landing
equipment. American SPS–10 sur-
face search radar, SPS–12 air search
radar, and SPS–8 height finding
radar was substituted for the British
suite of the original design. In
1966–1967 a new Fresnel landing
aid replaced the mirror and the two
forward twin 3-inch mounts and
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their sponsons were removed. The
Vikrant completed with an 8-degree
angled flight deck, a single steam
catapult, uprated arresting gear, and
mirror landing equipment. It also
was fully air conditioned to suit it for
service in tropical seas. From 1979
to 1982 the Vikrant received a major
refit, including new engines, and a
ski jump was added in 1989 to oper-
ate Sea Harriers.

Service: The Sydney conducted strike
operations during the Korean War
from 1951 to 1953. From 1957, it
operated as a training carrier but be-
came a fast transport supporting Aus-
tralian operations in Malaya and
Vietnam from 1962. The Sydney was
stricken in 1973 and sold for scrap-
ping in 1975. The Magnificent
served in the North Atlantic until it
was returned to the United Kingdom
in 1957. It was placed in reserve
thereafter until it was sold for scrap-
ping in July 1965. The Leviathan was

never completed and was sold for
scrapping in May 1968. The Mel-
bourne operated in Australian and
Far Eastern waters, first as a strike
carrier until 1963, then in the anti-
submarine warfare role until June
1982, when it went into reserve. It
was sold for scrapping in February
1985. The Bonaventure operated as
an all weather carrier in the North
Atlantic. From 1961 it took on a pure
antisubmarine warfare role. It was
decommissioned in July 1970 and
sold for scrapping in 1971. The
Vikrant participated in operations to
take over Goa in December 1961. It
took a very active role in operations
during the second Indo-Pakistan War
in December 1971, striking shore
targets and shipping. By the early
1990s its poor condition kept it in
port and it was decommissioned in
January 1997. The Vikrant is main-
tained as a museum ship at Mumbai
Naval Dockyard.
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Mistral
Laid down: July 10, 2003. Launched:

October 6, 2004. Commissioned:
September 2005

Tonnerre
Laid down: August 26, 2003.

Launched: July 26, 2005. Commis-
sioned: Anticipated in 2006

Builder: Arsenal de Brest & Alstom
Chantiers de l’Atlantique, St.
Nazaire

Displacement: 19,500 tons (standard),
21,500 ton (full load)

Dimensions: 682’6” (oa) x 91’0” x 20’2”
(full load)

Flight deck: 508’0” x 104’0”
Machinery: 4 Wartsilä diesel generator

sets, 2 Mermaid podded azimuthal
thruster units, 26,000 hp = 19 knots

Range: 12,000 nm @ 15 knots
Aircraft: 16
Armament: 4 x 6-cell Simbad SAM sys-

tem launchers, 2 x 20mm GIAT F2
AA, 4 x 12.7mm MG

Complement: 160 + 450 troops
Design: Originally to be dock landing

ships, the design was changed to in-
corporate a full flight deck linked by
two starboard side elevators to a

large aircraft hangar, 210 feet long
and 91 feet wide, accommodating up
to 16 NH90 assault helicopters.
There is also a large vehicle hangar
capable of accommodating LeClerc
54-ton heavy tanks, accessed via
large side-loading ramps. The well
dock is 187 feet long and 50 feet
wide and can handle up to four land-
ing craft or two air-cushion assault
craft. These ships have very large
hospital facilities and extensive NCB
(Nuclear, Chemical, Biological) pro-
tection. They are fitted with fin stabi-
lizers for ease of helicopter operation
and their unusual thruster propul-
sion system endows them with great
maneuverability and the capability of
maintaining a fixed position for an
extended period. They can accommo-
date up to 900 troops for a short pe-
riod only.

Service: The Mistral entered service
primarily to take over the cadet train-
ing role of the Jeanne d’Arc but will
be available for amphibious missions
in addition to its sister, the Tonnerre,
which is due to enter service in
2006.
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Builder: Fincantieri, Trieste
Laid down: June 2001. Launched: July

20, 2004. Commissioned: Antici-
pated for 2008

Displacement: 22,130 tons (standard),
26,500 tons (full load)

Dimensions: 769’0” (oa) x 96’9” x 24’3”
(mean), 28’6” (full load)

Flight deck: 763’1” x 113’2”
Machinery: 4 General Electric-FiatAvio

LM–2500 gas turbines, 2 shafts,
118,000 shp = 28 knots

Bunkerage & range: 7,000 nm @ 16
knots

Aircraft: 14
Armament: 4 x 8-cell Sylver SAM sys-

tem launchers, 2 x 76.2mm OTO-
Melara DP, 3 x 25mm OTO-Melara
AA, 4 x 12.75” ASW torpedo tubes

Complement: 842 + 360 troops
Design: Initially conceived as an am-

phibious assault ship, similar to the
United States Navy’s Tarawa class
though somewhat smaller, the design
has evolved to emphasize aircraft car-
rier qualities, most notably through
the deletion of the well deck. The
ship has a diesel-electric drive cruise
system that allows operation at 9
knots, and also has both bow and
stern thrusters for maneuverability.
The hull is fitted with two pairs of fin
stabilizers. The hangar, 440 feet long,
69 feet wide, and 20 feet high, can
also be used for vehicle stowage. It
can accommodate 12 EH.101 heli-
copters, 8 AV–8B Harrier VTOL air-
craft, 12 Ariete battle tanks, or up to
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100 light trucks. The hangar con-
nects to the flight deck via a large
starboard side deck edge elevator and
a smaller unit forward of the super-
structure. The flight deck has spots
for six helicopters. Its landing area is
offset to port and terminates in a 12-

degree ski jump forward. The radar
suite comprises RAN–40S early
warning, SPS–791 surface search,
SPY–790 target designation and
tracking, SPN–753 navigation, 2
SPG–76 fire control, and SPN–41
carrier controlled approach sets.
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Builder: BAE Systems, Barrow-in-
Furness

Laid down: March 30, 1995.
Launched: October 11, 1995. Com-
missioned: March 19, 1999

Displacement: 21,578 tons (full load)
Dimensions: 667’4” (oa) x 107’0” x

21’10” (full load)
Flight deck: 557’9” x 104’0”
Machinery: 2 Crossley-Pielstick 12-

cylinder diesels, 2 shafts, 18,360 bhp
= 19 knots

Bunkerage & range: 1,500 tons =
8,000 nm @ 15 knots

Aircraft: 18
Armament: 3 x twin 30mm AA, 3 x

Mk.15 Phalanx 20mm mounts
Complement: 461 + 500 troops
Design: The design parameters for this

vessel are very unusual in that it con-

forms to mercantile standards
(Lloyd’s Register specifications) ex-
cept for those specific features that
need to meet military requirements.
This decision reduced costs consid-
erably below that of comparable ves-
sels. The hull form and overall layout
was derived from that of the Invinci-
ble class. It incorporates two sets of
folding fin stabilizers. The hangar
can accommodate twelve large heli-
copters. Two elevators and a vehicle
ramp connect it to the full-length
flight deck (without a ski jump). Four
landing craft are accommodated with
openings in the hull side and there is
a ramp in the stern for vehicles. The
radar suite comprises Type 996(2)
surface and air search, Type 1007
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navigation, and 3 Mk. 90 fire control
sets for the Phalanx weapons.

Modifications: Ocean underwent a re-
fit between December 2000 and May
2001 that included fitting new land-
ing craft davits, improving replenish-
ment-at-sea equipment, and upgrad-
ing computer systems. A 2002 refit
added 165-foot long blisters aft to
improve landing craft handling.

Service: Ocean deployed for a humani-
tarian relief operation in Honduras
in 1999, then supported operations
to suppress a rebellion in Sierra
Leone during 2002. In 2003 Ocean
deployed to the Persian Gulf as part
of the Royal Navy’s task force for Op-
eration Telic, the invasion of Iraq.
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Iwo Jima
Builder: Puget Sound Navy Yard
Laid down: February 13, 1959.

Launched: September 17, 1960.
Commissioned: October 20, 1961

Okinawa
Builder: Philadelphia Navy Yard
Laid down: April 1, 1960. Launched:

August 19, 1961. Commissioned:
April 13, 1962

Guadalcanal
Builder: Philadelphia Navy Yard
Laid down: September 1, 1961.

Launched: August 1, 1962. Commis-
sioned: January 25, 1963

Guam
Builder: Philadelphia Navy Yard
Laid down: November 15, 1962.

Launched: August 22, 1964. Com-
missioned: January 16, 1965

Tripoli
Builder: Ingalls Shipbuilding Corpora-

tion, Pascagoula, MS
Laid down: June 15 1964. Launched:

July 31, 1965. Commissioned: Au-
gust 6, 1966

New Orleans
Builder: Philadelphia Navy Yard
Laid down: March 1, 1966 Launched:

February 3, 1968. Commissioned:
November 16, 1968

Inchon
Builder: Ingalls Shipbuilding Corpora-

tion, Pascagoula, MS
Laid down: April 8, 1968. Launched:

May 24, 1969. Commissioned: June
20, 1970

Displacement: 17,000 tons (standard),
18,350 tons (full load)
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Dimensions: 592’0” (oa) x 84’0” x 25’0’
(mean), 26’7” (full load)

Flight deck: 592’0” x 105’0”
Machinery: Geared turbines, 4 boilers,

1 shaft, 22,000 shp = 20 knots
Aircraft: 20
Armament: 4 x twin 3” AA
Complement: 900 + 2,000 troops
Design: This class was developed spe-

cifically to meet the requirements of
the United States Marine Corps for
helicopter assault operations. Unlike
the earlier conversions from Essex
class carriers, this design featured
berthing (complete with air condi-
tioning) that was concentrated to
maintain unit cohesion. The flight
deck had spots for up to seven
medium or four heavy assault heli-
copters, was clear from end to end,
and linked to the hangar via two deck
edge elevators. The hangar could ac-
commodate up to nineteen medium
or eleven heavy helicopters. The de-
sign included provision for rapid con-
version for antisubmarine warfare
duties but could not operate fixed
wing aircraft, since there were nei-
ther catapults nor arresting gear. In-
chon alone was fitted with davits to
carry two LCVP landing craft; the
other ships in the class could only
use their helicopters to land troops
and could not transport heavy equip-
ment ashore. SPS–40 air search
radar was fitted.

Modifications: Guam was modified as
a prototype Sea Control Ship in
1971, testing deployment of Harrier
VTOL aircraft. It received an anti-
submarine warfare sensor analysis
center, additional aircraft control

and direction equipment, and an up-
graded aircraft maintenance shop.
Guam reverted to amphibious assault
ship status in 1974. Between 1970
and 1974 the class was refitted, re-
placing two 3-inch mounts with two
8-tube Sea Sparrow launchers. Ten
years later the remaining 3-inch
weapons were replaced with two
Mk.15 Phalanx 20mm mounts. In
1991, these ships received two
25mm Bushmaster guns for close de-
fense. Inchon was converted into a
mine countermeasures support ship
between March 1995 and May 1996,
receiving major upgrades in com-
mand, control, communications,
computers, and intelligence systems
and in repair facilities to support em-
barked aircraft (eight MH–53E Sea
Dragon helicopters) and other at-
tached minecraft.

Service: Iwo Jima deployed to the Pa-
cific Fleet on completion. In 1962 it
took part in the blockade of Cuba
during the missile crisis. From 1963
to 1973 it served off Vietnam, sup-
porting over thirty Marine Corps
landings. In 1970 Iwo Jima was the
recovery ship for the Apollo 13 mis-
sion. It transferred to the Mediter-
ranean in 1974 and contributed sub-
stantially to operations Desert Shield
and Desert Storm, the liberation of
Kuwait, in 1990 to 1991. It decom-
missioned in July 31, 1993, and was
scrapped. Okinawa served in the
Caribbean until 1967, participating
in the blockade of Cuba in 1962. It
then transferred to the Pacific Fleet
and operated off Vietnam until 1975.
Okinawa took part in Operation

362 UNITED STATES: IWO JIMA CLASS



Desert Shield. It decommissioned
November 19, 1992 and was sunk as
a target in 2002. Guadalcanal oper-
ated in the Atlantic throughout its
career and decommissioned August
31, 1994. Guam operated with the
Atlantic Fleet throughout its career,
serving in the Caribbean, Mediter-
ranean, North Atlantic, and Red Sea.
It became the first ship to deploy op-
erationally with AV–8A Harriers in
1974. It formed part of the task force
in both operations Desert Shield and
Desert Storm, and supported opera-
tions in the Adriatic in 1996 and the
Persian Gulf in 1997 before decom-
missioning August 24, 1998. Tripoli
and New Orleans both joined the Pa-
cific Fleet on commissioning and
served off Vietnam until 1973. They

continued serving in the Pacific
thereafter until deployed to the Per-
sian Gulf to participate in Operation
Desert Storm, during which Tripoli
was mined and damaged on February
18, 1991. They also supported Oper-
ation Restore Hope in Somalia in
1993. Tripoli decommissioned Sep-
tember 15, 1995, and New Orleans
on October 1, 1997. Inchon under-
took a world cruise in 1972, and
then served with the Atlantic Fleet,
mainly in the Mediterranean. It sup-
ported operations in Somalia and the
Adriatic during 1994 before begin-
ning conversion to a mine counter-
measures support ship in 1995–
1996. Inchon remained with the At-
lantic Fleet until decommissioning
on June 20, 2002.
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Tarawa
Laid down: November 15, 1971.

Launched: December 1, 1973. Com-
missioned: May 29, 1975

Saipan
Laid down: July 21, 1972. Launched:

July 18, 1974. Commissioned: Octo-
ber 15, 1977

Belleau Wood
Laid down: March 5, 1973. Launched:

April 11, 1977. Commissioned: Sep-
tember 23, 1978

Nassau
Laid down: August 13, 1973.

Launched: January 21, 1978. Com-
missioned: July 28, 1979

Peleliu
Laid down: November 12, 1976.

Launched: November 25, 1978.
Commissioned: May 3, 1980

Builder: Ingalls Shipbuilding Corpora-
tion, Pascagoula, MS

Displacement: 39,300 tons (full load)
Dimensions: 820’0” (oa) x 106’0” x

27’6” (full load)
Flight deck: 820’0” x 118’0”
Machinery: Westinghouse geared tur-

bines, 2 Combustion Engineering
boilers, 2 shafts, 77,000 shp = 24
knots

Bunkerage & range: 5,900 tons =
10,000 nm @ 20 knots

Aircraft: 43
Armament: 3 x 5” DP, 6 x 20mm AA, 2 x

Mk 25 8-barrel Sea Sparrow SAM
launchers.

Complement: 901 + 1,800 troops
Design: The principal deficiency of the

Iwo Jima design was its restriction to
using helicopters to land troops and
its inability to transport their heavy
equipment to the beach. The Tarawa
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design combined the basic concept
of the Iwo Jima type enlarged to in-
corporate a 268-foot long and 78-
foot wide well deck for launching
landing craft and amphibious tracked
vehicles. The large flight deck has
spots for twelve medium or nine
heavy assault helicopters. It is linked
to the full-length hangar deck (820
feet long, 78 feet wide, with a clear
height of 20 feet) by a port side deck-
edge elevator and another at the
stern. The hangar can accommodate
up to thirty medium or nineteen
heavy assault helicopters. The dedi-
cated vehicle deck can handle up to
thirty-five amphibious tracked vehi-
cles and the well deck can accommo-
date four LCU1610 landing craft,
seven LCM(8) landing craft, seven-
teen LCM(6) landing craft, or forty-
five amphibious tracked vehicles.
The design includes sophisticated
automated cargo-handling arrange-
ments, a large space for troop ac-
climatization training, fully equipped
medical facilities (including three
operating theaters), and very elabo-
rate command, communications, and
control facilities. A powerful thruster
is fitted forward for use while
launching landing craft. The radar
suite comprises SPS–40 air search,
SPS–52 three-dimensional search
and control, SPG–60 fire control,
and SPQ–9 search and track
weapons control sets.

Modifications: The Sea Sparrow
launcher, 5-inch guns, and 20mm
mounts were removed and replaced
with two 21-cell RAM launchers,

two Mk.15 Phalanx 20mm mounts,
and four single 25mm Bushmaster
mounts in the early 1990s. The radar
suite also was upgraded to SPS–40E
air search, SPS–48E three-dimen-
sional air search, SPS–67 surface
search, SPS–64 navigation, and Mk.
23 target acquisition system.

Service: Tarawa joined the Pacific
Fleet on commissioning. It partici-
pated in operations Desert Shield
and Desert Storm to liberate Kuwait
in 1990–1991 and supported Opera-
tion Southern Watch, enforcing the
“no-fly” zone over southern Iraq, in
1996. Saipan became part of the At-
lantic fleet on commissioning and
has served primarily in the Mediter-
ranean. After commissioning in
1978, Belleau Wood was assigned to
the Pacific Fleet. Sasebo in Japan be-
came its home port from 1992 to
2000. Belleau Wood began operating
in the Persian Gulf region in 2002.
Nassau was assigned to the Atlantic
Fleet after commissioning and oper-
ated primarily in the Mediterranean.
It formed part of the task force for
operations Desert Shield and Desert
Storm in 1990–1991, and subse-
quently supported operations in the
Adriatic off Bosnia and Kosovo. Nas-
sau was engaged in Operation Iraqi
Freedom, the invasion of Iraq, in
2003. Peleliu joined the Pacific Fleet
on commissioning. In 2001 it formed
part of the task force supporting Op-
eration Enduring Freedom, the at-
tack on the Taliban in Afghanistan,
and subsequently deployed to the
Persian Gulf in late 2003.
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Wasp
Laid down: May 30, 1985. Launched:

August 4, 1987. Commissioned: July
29, 1989

Essex
Laid down: March 20, 1989.

Launched: January 4, 1991. Com-
missioned: October 17, 1992

Kearsarge
Laid down: February 6, 1990.

Launched: March 26, 1992. Com-
missioned: September 25, 1993

Boxer
Laid down: April 8, 1991. Launched:

August 13, 1993. Commissioned:
February 11, 1995

Bataan
Laid down: June 22, 1994. Launched:

March 15, 1996. Commissioned:
September 20, 1997

Bonhomme Richard
Laid down: April 18, 1995. Launched:

March 14, 1997. Commissioned: Au-
gust 15, 1998

Iwo Jima
Laid down: December 12, 1997.

Launched: March 25, 2000. Com-
missioned: June 14, 2001

Makin Island
Laid down: February 14, 2004.

Launched: Anticipated for 2006.
Commissioned: Anticipated by 2007

Builder: Ingalls Shipbuilding Corpora-
tion, Pascagoula, MS

Displacement: 40,300 tons (full load),
41,335 tons (Makin Island) (full
load)

Dimensions: 844’2” (oa) x 140’0” x
28’0” (full load)

Flight deck: 830’0” x 140’0”
Machinery: Westinghouse geared tur-

bines, 2 Combustion Engineering
boilers, 2 shafts, 77,000 shp = 24
knots. 2 General Electric LM.2500
gas turbines, 2 shafts, 70,000 shp =
22 knots (Makin Island only)
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Bunkerage & range: 6,200 tons =
9,500 nm @ 20 knots (steam-pow-
ered vessels)

Aircraft: 43
Armament: 2 x Mk 29 8-cell Sea Spar-

row SAM launchers (not on Makin
Island), 2 x 21-cell RAM launchers
(Iwo Jima and Makin Island only), 3
(2 on Iwo Jima and Makin Island) x
Mk.15 Phalanx 20mm mounts, 4 (3
on Iwo Jima and none on Makin Is-
land) x 25mm Bushmaster LA, 4 x
twin 0.50” machine guns.

Complement: 1,082 + 1,900 troops
Design: These ships are similar to the

Tarawa class with improved aviation
facilities. In place of the stern eleva-
tor, a starboard side deck-edge unit
was fitted and more substantial sup-
port facilities for AV–8 Harrier air-
craft were arranged. The well deck
was modified to better suit it for air-
cushion landing craft operation: it
can accommodate three such craft,
two LCU1610 landing craft, six
LCM(8) landing craft, or twelve
LCM(6) landing craft. The radar
suite comprises SPS–49 air search,
SPS–48E three-dimensional air
search, SPS–67 surface search,
SPS–64 navigation, and Mk. 23 tar-
get acquisition system. These ships
carry thirty medium and heavy assault
helicopters plus six AV–8B Harriers
while serving in the amphibious role
or about twenty AV–8B Harriers plus
six antisubmarine helicopters while
serving in the sea control carrier role.

The Makin Island is a unique mod-
ified version of the class, powered by
gas turbine engines, and incorporat-
ing all electric auxiliary machinery, an

advanced machinery control system,
water-mist fire protection arrange-
ments, and upgraded command, com-
munications, and control systems.

Modifications: The first six vessels re-
ceived two 21-cell RAM launchers
after completion and landed one
Mk.15 Phalanx 20mm mount in
compensation.

Service: The Wasp joined the Atlantic
Fleet on completion and served
mainly in the Caribbean and
Mediterranean. The Essex deployed
to the Pacific Fleet and has been
home ported at Sasebo, Japan, since
2002. It has undertaken several de-
ployments to the Persian Gulf since
1995. The Kearsarge joined the At-
lantic Fleet and operated in the Adri-
atic between 1995 and 2000 off
Bosnia and Kosovo. It formed part of
the task force for Operation Enduring
Freedom, the attack on the Taliban in
Afghanistan, in 2001, participated in
Operation Iraqi Freedom, the inva-
sion of Iraq, in 2003, and has de-
ployed to the Persian Gulf since then.
On commissioning, the Boxer joined
the Pacific Fleet and supported Oper-
ation Iraqi Freedom, the invasion of
Iraq, in 2003, and subsequent opera-
tions in the Persian Gulf. The Bataan
and the Iwo Jima serve with the At-
lantic Fleet, the Bon Homme Richard
with the Pacific Fleet. Both the
Bataan and the Bon Homme Richard
formed part of the task forces for op-
erations Enduring Freedom and Iraqi
Freedom, and the Bataan has re-
turned to the Persian Gulf for further
operations. The Iwo Jima also took
part in Operation Iraqi Freedom.
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G L O S S A R Y

Admiralty: Shorthand terminology for the Royal Navy’s Board of Admiralty,
which heads its central administration. Unlike most such boards, it in-
cludes both the civilian political appointees and the professional heads
of the fleet.

Air Group/Wing: The aircraft embarked aboard an aircraft carrier.
Airborne Early Warning: Aircraft configured to carry radar sets and oper-

ators to extend the reach of their search.
Aircraft Engine Types: See Liquid Cooled; Radial; Rotary; Turbofan;

Turboshaft.
Aircraft Types: See Airborne Early Warning; Amphibian; Biplane; Flying

Boat; Landplane; Monoplane; Seaplane; Triplane; VSTOL.
Amphibian: An aircraft capable of operating from both the water and the

land.
Armor Belt: Vertical armor on the side of a ship’s hull.
Armor Bulkhead: Vertical armor across a ship’s hull.
Arresting Gear: Systems, usually of wires, designed to engage hooks at-

tached to an aircraft to slow it as it lands on a carrier.
Battle cruiser: A battleship type that trades armor protection for higher

speed.
Biplane: An aircraft with two sets of wings, one above the other.
Bridge: The ship’s navigating and control station.
Brake Horsepower (bhp): The measure of the power output of internal

combustion engines.
Bulge: Structures built onto a ship’s side beyond the primary hull struc-

ture. Initially these were used to enhance protection against damage
from a torpedo hit but they came to be employed more to enhance sta-
bility by increasing a hull’s internal volume.

Catapult: A device for launching aircraft into the air. On aircraft carriers
they usually were powered by hydraulic engines or steam from the boil-
ers.

Conseil Superieur: The French Navy’s professional leadership.
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Crash Barrier: Usually nets or similar arrangements to prevent aircraft
from striking other machines beyond the barrier.

Cruiser, Armored: A cruising warship type used until the first quarter of
the twentieth century that depended on an armored belt for its main
protection.

Cruiser, Heavy: A cruiser armed with 8-inch guns.
Cruiser, Light: A cruiser armed with 6-inch or smaller guns.
Cruiser, Protected: A cruising warship type used until the first quarter of

the twentieth century that depended on an armored deck for its main
protection.

Deck Load Strike: An attack force made up of as many aircraft as could
be ranged on the flight deck with sufficient space remaining forward for
the first aircraft to take off under its own power.

Deck Park: Space on the flight deck in which aircraft may be kept while
other flight deck operations continue. Widely used by the United States
Navy from early in its carrier operations to maximize the size of air
groups, it is now a normal feature of carrier operations, with much of a
carrier’s air group remaining on the flight deck at all times except for
overhaul and major maintenance.

Diesel: Internal combustion engines using oil fuel and compression igni-
tion.

Dreadnought: A battleship armed primarily with eight or more very large
caliber guns.

Electronic Warfare: The use of electronic jamming and distortion to pro-
tect aircraft against discovery and location by radar.

Elevator: A platform to move aircraft between the hangar and the flight
deck.

Flight Deck: The deck from which aircraft take off and on which they
land.

Flight Deck, Angled: A flight deck arrangement in which the landing area
is angled away from the ship’s centerline toward the port side to allow a
longer landing zone and a clear exit in the event of not catching the ar-
resting gear.

Flight Deck, Axial: A flight deck arrangement entirely along the centerline
axis of the ship.

Flying Boat: An aircraft that operates from water, landing and taking off
using the bottom of its fuselage as the interface with the water.

Gallery Deck: A deck level suspended below the flight deck.
General Board: The professional leadership of the United States Navy un-

til 1948.
Hangar: Enclosed stowage space for aircraft.
Hangar, Closed: A hangar that is wholly enclosed and accessible only via

the elevator openings.
Hangar, Open: A hangar with large openings toward the side of the ship in

addition to elevator openings.
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Hangar Deck: The floor of the hangar.
Horsepower (hp): A measure of work over time equal to 33,000 foot-

pounds per minute or 745.7 watts per minute. See Brake Horsepower;
Indicated Horsepower; Shaft Horsepower.

Indicated Horsepower (ihp): The measure of the power output of recip-
rocating steam engines.

Island: Offset superstructure containing the principal navigating and con-
trol spaces for an aircraft carrier.

Landing Signals Officer: Popularly know as “paddles” or a “batsman.” A
pilot trained to signal pilots of approaching aircraft to indicate their po-
sition as they come in to land on a flight deck.

Landplane: An aircraft using a wheeled undercarriage.
Liquid Cooled: Piston engines that are cooled by liquids running in jack-

ets around the cylinders. Initially this was water but later liquids with
higher boiling points came in to use.

Machinery Types: See Diesel; Triple Expansion; Turbine.
Magazine: Stowage space for munitions.
Monitor: A small shallow draft vessel carrying heavy guns, primarily in-

tended for shore bombardment.
Monocoque Construction: Aircraft fuselage construction that creates an

integral shell structure.
Monoplane: An aircraft with a single set of wings. They may be low or

high on the fuselage (low or high-winged) or set above the fuselage on
struts (parasol-winged).

Pre-Dreadnought: A battleship usually armed with four large caliber guns
and a substantial secondary armament.

Radar: Electronic location equipment, initially for search only but rapidly
developed to provide gunnery control and missile guidance.

Radial: Piston engines that almost always are cooled by the passage of air
over fins on their cylinders, which are arranged radially around a central
crankcase. Because of this configuration, there are always odd numbers
of cylinders in each bank. Radial engines may have one, two, or occa-
sionally four banks of cylinders.

Radome: A protective enclosure for a radar antenna.
Rotary: Piston engines that appear very similar to radial engines but differ

in that the crankshaft is stationary and the cylinder assembly rotates
around it.

Round Down: Sections of a flight deck, either forward or aft, that are
shaped to improve airflow and facilitate landing.

Run Out: The extension of arresting gear wires as they are pulled by the
landing aircraft.

Seaplane: Also called a floatplane, using floats suspended below the fuse-
lage for landing and taking off from water.

Shaft Horsepower (shp): The measure of the power output of turbine en-
gines.

GLOSSARY 371



Sheer: The shape of the top of a ship’s hull as viewed from the side.
Sonar: Acoustic detection equipment for locating submarines.
Sonobuoy: A floating device containing a sonar set and transmitter that

may be dropped from an aircraft to locate submarines and transmit the
information back to the aircraft.

Sponson: A platform set outside the hull.
Stack: An enclosure for furnace flues.
Stressed Skin Construction: Aircraft construction system in which the

skin itself contributes to the structural strength of the aircraft.
Superstructure: All of a ship’s structure above the hull’s sheer.
Topweight: The component of the ship’s weight that is above its center of

gravity.
Torpedo: Self-propelled underwater weapon.
Triplane: An aircraft with three sets of wings, one above the other.
Triple Expansion: Reciprocating steam engines using multiple cylinders to

maximize steam usage.
Trunk: Ductwork that carries gases from the furnace to outside the ship.
Turbine: Engines that use the passage of steam or hot gases to rotate en-

cased fan blade assemblies to generate power.
Turbofan: A jet engine in which the turbine drives powerful fans to force

air behind the engine, generating thrust.
Turbojet: A jet engine that generates thrust through the rapid compres-

sion, combustion, and expulsion of the fuel-air mixture.
Turboshaft: A jet engine in which the turbine drives a shaft connected to a

conventional aircraft propeller.
Uptakes: Vertical furnace gas ductwork.
Variable Pitch Propeller: A propeller whose blades may be twisted to vary

their angles according to power needs.
VSTOL: Aircraft designed for Vertical or Short Take Off and Landing.
Warship Types: See Battle cruiser; Cruiser, Armored; Cruiser, Heavy;

Cruiser, Light; Cruiser, Protected; Dreadnought; Pre-Dreadnought.
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