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C H A P T E R O N E

Early Submarines
The submarine had been a dream of inventors for centuries,
but only became a practical possibility in the last century.
Even in the last years of the nineteenth century it was still

little more than an expensive toy, more dangerous to its
operators than its enemies. That said, navies were quick to

appreciate the submarine's potential.

The lure of underwater travel seems to have
obsessed inventors almost as much as the wish to

fly, but the first attempt to address practical problems
did not come until the sixteenth century. In 1578 an
Englishman called William Bourne wrote of a
submersible boat in his book Inventions and Devices.
Although there is no evidence that Bourne built such a
boat, he clearly grasped the essentials: a watertight hull,
ballast tanks and a means of expelling the seawater
from those tanks to return to the surface. He described
a wooden hull, with leather bags in the bilges which
would be filled with seawater through holes in the side
of the boat, destroying its positive buoyancy. To return
to the surface two screw presses would squeeze the

Left: A reconstruction of David Bushnell's Turtle, using the

designer's description as a basis, showed it to be well
engineered and practical, though very tiring to operate.

water out again, restoring buoyancy. He also proposed
a hollow mast to refresh the air supply.

There were, however, drawbacks to this idea.
Bourne is silent on the subject of propulsion, but it can
be assumed that he intended his submersible to be
propelled by oars. As later inventors were to discover,
even an air mast could not provide sufficient oxygen
for the exhausted rower. Nor is there any mention of a
purpose, warlike or peaceful, for the invention. If
warlike, there was no means of attacking a hostile ship.

In 1624 a Dutch physician, Cornelius van Drebbel,
went to England to demonstrate two examples of his
design. Unlike Bourne, he relied only on oars to force
his boat to dive, an even more exhausting procedure.
He is reputed to have persuaded King James I to
embark on an underwater trip, but claims of a trip
lasting several hours can be dismissed as wild
exaggeration. During the next century submarine
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E A R L Y S U B M A R I N E S

Above: Robert Fulton's Nautilus under sail on the surface
(top) and running submerged (below). Unlike the Turtle, the
Nautilus saw no action.

inventors proliferated. Some were clearly charlatans,
but others were obsessed - often to a suicidal degree.
In 1773 a ship's carpenter called Day achieved a
successful dive in Plymouth Sound, using a novel
system of detachable ballast in the form of boulders
hung externally. Sadly, his second dive in June 1774
ended in disaster when the hull collapsed at a depth of
40.3m (132.2ft). Lord Sandwich, the First Lord of the
Admiralty, was visiting Plymouth at the time and
ordered the Royal Navy to attempt a salvage opera-
tion, the first ever.

A CRUDE TOY

The War of Independence in America inspired a young
Yale graduate, David Bushnell, to build a 'sub-marine
vessel' to break the Royal Navy blockade of the rebel
colonies' harbours. His Turtle was an egg-shaped
wooden hull with room for one operator, who worked
a rudder and a screw propeller. Two pumps allowed
water ballast to be expelled, and the operator was also
able to manoeuvre a vertical screw to attach a gunpow-
der charge to the keel of an enemy ship. Although the
tiny submersible did not survive the war, Bushnell
wrote a detailed explanation for Thomas Jefferson in
1787, which was sufficient for the Smithsonian
Institution to make an accurate model 200 years later.

The Turtle made history by carrying out the first
underwater war mission, when in September 1776 an
army sergeant named Ezra Lee paddled down the
Hudson River to attack Lord Howe's flagship, the 64-
gun HMS Eagle. Lee located his target and struggled
valiantly to attach the explosive charge to her keel, but
the screw broke, and Lee was forced to work his way
back upriver. It was assumed at the time that the
coppering on the keel of the Eagle prevented the screw
from penetrating, and for 200 years this theory went
unchallenged. Modern research into Admiralty records
shows, however, that HMS Eagle had no coppering
applied to her underwater hull until a considerable time
later. This leaves only two explanations: the first is that
Ezra Lee encountered iron fastenings, perhaps near the
rudder; the second is that he was suffering from the
narcotic effects of breathing his own air for too long.
The lethargy, combined with physical exhaustion,
would, in the opinion of modern divers, have been
sufficient to discourage the gallant sergeant.

Two further attacks by the Turtle were made later,
but with no success, and the tiny craft was finally lost
while being transported in a frigate which ran
aground. Another American, Robert Fulton, took the
submarine story further. Unlike Bushnell, he was an
ardent pacifist who wanted to destroy warships and so
rid the world of expensive and repressive armaments.
Like many idealists he looked to the French
Revolution to provide a new world order, but the near-
bankrupt Directory could not afford the price of
Fulton's scheme to annihilate the Royal Navy. The
disgusted inventor took his idea to Holland, but the
thrifty burghers were not happy to pay the high price
asked. Two years later he returned to France, and
compromised with his principles to the extent of
selling his design to Napoleon, the man who used
French military might to subjugate Europe. With
financial backing from the First Consul work could
start, and in the spring of 1800 Fulton's boat was
launched as the Nautilus.

The new submersible was much bigger than the
Turtle, a cylindrical copper hull on iron framing. The
crew of three would still have to row the Nautilus, but
she was given a small sail to reduce the strain during
surface running. After several dives in the Seine the
Nautilus was sent to Brest, where the Maritime Prefect
found the prospect of submarine warfare too inhumane.
Faced with Fulton's exorbitant demands and unsub-
stantiated claims of attacks on British ships, the French
began to suspect that they were dealing with a fraud-
ster. Their suspicions seem justified because in 1804
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Above: Wilhelm Bauer's Brandtaucherhelped to break a
Danish blockade in 1850, but sank a month later. He went on
to design a British submarine to fight in the Crimean War.

Right: The Confederate CSS Hunley sinking the frigate USS
Housatonic with a spar torpedo, February 1864. Years later

the Hunleywas discovered near the wreck of her victim.

Fulton went to London to try to sell his secret to the
British Prime Minister, William Pitt. Although he blew
up a brig convincingly the Admiralty set its face against
any dealings with the American inventor. Lord St
Vincent denounced Pitt as 'the greatest fool that ever
existed to encourage a mode of warfare which those
who commanded the sea did not want, and which, if
successful, would deprive them of it'.

Although the old seadog's opinion has been widely
seen as reactionary and stupid, he turned out to be
right. The submarine was still too crude to influence
naval warfare. Until some form of safe mechanical
propulsion - and something more effective than a keg
of gunpowder with a clockwork fuse - were available,
the submarine was doomed to remain a toy, more
lethal to its operator than the enemy.

Submarine inventors appear to have gone very quiet
during the long peace after the Napoleonic Wars, but
in 1850, when war broke out between Denmark and
Prussia, a Bavarian artillery sergeant called Wilhelm
Bauer came up with an idea to break the Danish block-
ade of Kiel. His submarine, named Brandtaucher

('Fire Diver'), was a rectangular sheet metal tank
propelled by a handwheel. Water ballast was taken in
to dive, but underwater manoeuvring was done by
moving a heavy weight forwards and backwards.

The Brandtaucher's first dive at the end of 1850
was successful, causing the Danish blockade to be
lifted, but little more than a month later disaster
struck. While diving in Kiel harbour at a depth of
60m (196.8ft) the plating at the stern collapsed, taking
the little submarine to the bottom. Bauer had a cool
head, however, and told the two sailors to allow the
boat to flood, raising the air pressure sufficiently to
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Above: Simon Lake's Argonautwas a wooden-hulled
prototype built at his own expense to demonstrate the idea
of running on the seabed; the US Navy was not impressed.

blow the hatches open. He calmed their panic, and
five hours later all three floated to the surface, the first
submariners ever to escape from a sunken submarine.

Like all good inventors Bauer was not deterred by
the setback, and during the Crimean War went to
England to sell his ideas to the Royal Navy. The new
Prime Minister, Lord Palmerston, sanctioned the
expenditure of £7000 to build a prototype. But there
the trail grows cold, for although Admiral Sir Astley
Cooper-Key recalled seeing it, and a contract was
apparently placed with a Liverpool shipyard, no
technical details have survived. Cooper-Key described
it as a large diving bell which could be walked along
the seabed by its operators - hardly a submarine and
having nothing in common with Bauer's earlier ideas.

The likeliest explanation is that the prototype existed,
but the British Government exaggerated its capabilities
to frighten the Russians. This infers that 'Lord
Palmerston's Submarine' never got beyond the drawing
board, or was never completed, possibly because of
technical or contractual problems. Bauer offered the
Russians a design called the Seeteufel ('Sea Devil') in
1855, and in 1856 she is reported to have embarked
several musicians at Kronstadt to play the National
Anthem during Tsar Alexander IFs coronation. In a
17.8m (58.4ft) hull the noise must have been deafening
- and likely to use up oxygen even faster than usual.

After the brief Anglo-French alliance against
Russia the peace saw a return to normality, with the

French trying to overcome British naval supremacy.
This time the inventor was a Captain Bourgois, who
submitted proposals for a submersible. Five years
later his Plongeur was launched at Rochefort, a
comparatively large 44.5m (145.9ft) boat driven by a
steam engine to provide compressed air for expelling
water ballast, as well as propulsion. The weapon was
a spar torpedo - a canister of gunpowder on a long
wooden pole, intended to be driven against an enemy
ship's side before being detonated.

THE AMERICAN CIVIL WAR

Although the Plongeufs design took submarine
development forward, the 'enabling technologies'
were not yet mature. The compressed air reservoirs
could not hold sufficient pressure, and the spar
torpedo, if successful, was virtually guaranteed to
sink the attacker as well. This kamikaze weapon was
the fatal flaw in the primitive submarines developed
by the Confederacy in the American Civil War. The
first David (so named because it was seen as a giant-
killer), was more of a semi-submersible torpedo boat
than a true submarine, a steam-propelled vessel
capable of being trimmed down to reduce the risk of
being spotted at night. This was essential because the
target ship could all too easily prevent the David from
getting close enough to use the spar torpedo, either by
evasive action or by gunfire.

The prototype David was swamped by the wash of
a passing steamer, but was raised and manned by a
new volunteer crew. In October 1863, off Charleston,
she damaged the Union ironclad New Ironsides but
took virtually all her crew down with her. A more
advanced design was produced by Horace L Hunley
four months later, and built at Mobile, Alabama.
Despite reverting to a hand crank for propulsion,
Hunley's 19m (62.3ft) craft was closer to a true
submersible, although it is unlikely that she could do
more than dip beneath the surface for short periods.
She was, however, very dangerous, and sank three
times, killing 23 men including her inventor. Raised
for the fourth time, she was named CSS Hunley in
honour of her designer and put under the command of
Lt George Dixon of the Alabama Light Infantry, with
a crew of eight volunteers.

On the night of 17 February 1864 the little
submersible headed towards the new Union frigate
USS Housatonic. Although sighted by the frigate's
lookouts the Hunley had come too close, and from the
forward hatch Dixon pulled the lanyard to fire the
charge of the spar torpedo. A huge explosion lifted the
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Housatonic from the water and within minutes she
sank by the stern, the first ship ever to be sunk by a
submarine in combat. But mystery surrounded the fate
of the Hunley, for it was believed that she had made
her escape, but many years later the wreck of the tiny
cigar-shaped submersible was discovered close to the
Housatonic. She had been swamped by the wave
created by the explosion, and eight skeletons were
found, still seated along the crankshaft. Recently the
wreck has been raised to study details of the design
and to try to restore her as a museum exhibit.

The Union Navy had no need for submersibles
because it controlled the coastal waters and the rivers
of the Confederacy, but public alarm at the exploits of
the Davids and the Hunley forced the Federal
Government to make some sort of riposte. A French
design from Brutus de Villeroi was built and named
Alligator, but she sank in tow off Cape Hatteras in
1863. The Intelligent Whale, built in 1864 to a design
by Oliver Halstead, resembled the Hunley in being
hand-cranked, but the whale shape of the hull was
much more efficient. She was too late for the war but
her hull is still preserved at Washington Navy Yard.

TORPEDOES

The patchy performance of submersibles in
the Civil War did nothing to quench the designers'
enthusiasm. In 1878 the Reverend George Garrett regis-
tered a patent for 'Improvements in and Appertaining to
Submarine or Subaqueous Boats or Vessels for
Removing, Destroying, Laying or Placing Torpedoes in

Channels and other Situations and for other Purposes'
and established the Garrett Submarine Navigation and
Pneumataphore Company Limited in London.

The reference to torpedoes echoes the experiences of
the Civil War, in which Confederate moored mines had
scored some successes against Union warships. Clearly,
the Whitehead 'automobile' torpedo was considered too
expensive or not yet reliable. At this time the term
'torpedo', (which took its name from an electric ray
which stuns its prey), applied to all underwater weapons
whether moored, towed or self-propelled. Only later
would the 'tin fish' and the mine become separate.

GARRETTS RESURGAM

Garrett's 4.4m (14.4ft) Resurgam ('I shall rise') dived
by the movement of a piston permitting seawater to
enter the hull. Propulsion was still by a hand crank, but
in spite of this limitation the boat proved sufficiently
successful for a second prototype to be built in 1879.
The 30.48 tonne (30-ton), 21.5m (70.5ft) Resurgam II
adopted steam propulsion, using an engine based on the
Lamm Tireless' principle, used to power London
Underground Railway locomotives among others.
Steam was generated by a large coal-fired boiler on the
surface and stored in a tank, to be released when the
submarine dived. The steam was sufficient to drive the
submarine for four hours at two to three knots. The boat

Below: The Revd George Garrett poses with his baby son
on the conning tower of his second prototype, Resurgam

II, at the Birkenhead shipyard of Charles Cochrane & Co.
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ARGONAUT FIRST

Length: 17m (55.8ft)
Diameter: 4.2m (13.78ft)
Propulsion: one-shaft gasoline engine

Speed: 5kn. (surfaced/submerged)
Armament: none

Crew: six

Above: Simon Lake's first full-scale submarine had no
electric motor or batteries, but exhausted the lethal petrol
fumes through a tall air-mast, a forerunner of the snorkel.

Below: Lake's Argonaut First at sea, probably in 1898, just
after completion. Successful trials led to a number of

export orders, but he had already lost the initiative to John

Holland in the eyes of the US Navy.

started trials in December 1879, but was lost in tow on
26 February 1880 off the Welsh coast.

Garrett had already intended to demonstrate his
submarine to the rich Swedish inventor Thorsten
Nordenfeit, and the loss of Resurgam II proved no
setback. Nordenfelt put up fresh capital to finance the
construction of a much larger prototype, Nordenfelt
No.] at Stockholm. The 30.2m (99ft) hull was capable
of diving to just over 23m (75.4ft), using a steam
engine similar to that in Resurgam II, and was armed
with an external Whitehead torpedo-tube. Laid down
in 1882, she ran trials at Landskrona three years later
before being sold to Greece. Predictably, Turkey
became alarmed and responded by ordering two more
in 1886. These two, named Abdul Mejid and Abdul
Hamid, were built at Chertsey on the River Thames
and then shipped in sections to Constantinople for
reassembly under Garrett's supervision. They were
driven by Franq engines working on similar principles
to the Lamm engine in Resurgam II, and in addition to
a single torpedo-tube on the forward casing, had a
Nordenfelt machine gun abaft the funnel.

Like most early submarines the Turkish models
lacked longitudinal stability, and the Turkish Navy
found difficulty in persuading anyone to volunteer to
serve in them. Both were laid up ashore at the Golden
Horn, and when a German technical mission inspected
them in 1914 they were rusted beyond recognition.

The fourth Garrett-Nordenfelt design was much more
ambitious: a 59m (193.5ft) boat displacing 249 tonnes
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(245 tons) submerged. She was built as a speculative
venture by the Barrow Shipbuilding Company (later
Vickers) at Barrow-in-Furness and launched in 1887 in
time to appear at Queen Victoria's Golden Jubilee
Review at Spithead. The Tsar of Russia was duly
impressed and ordered his ministers to buy the subma-
rine. In November 1888 she left for Kronstadt escorted
by the yacht Lodestar, but ran aground off the Jutland
coast in Denmark. Although the hull was refloated the
Russian government refused to accept her, and it was
left to the insurers to reimburse the builders. Thereafter,
Garrett and Nordenfelt parted company, the former to
drift into obscurity and the latter to continue as a
successful engineer, but not in the submarine field.
Rumours of two more Nordenfelt boats built at Kiel and
Danzig in 1891 are not supported by modern research.

A 'SALT WATER ENTERPRISE'

In parallel with Garrett's early efforts a group of Irish-
Americans on the other side of the Atlantic were
embarking on an enterprise which would ultimately
make history. The Fenian United Brotherhood
hatched secret plans for a 'Salt Water Enterprise', a
submarine boat capable of striking what was hoped
would be a mortal blow to British maritime power.
The Brotherhood's 'Skirmishing Fund' first invested
in a 6.8m (22.3ft) submersible designed by an
unknown Irish-American inventor called John P.
Holland. His prototype (designated by historians
Holland I) was a modest success, although his far-

Above: Holland's sixth design was built as a private

venture and accepted into service as the USS Holland
(later designated SS-1) after successful sea trials.

sighted faith in the petrol-driven internal combustion
engine proved premature, and the petrol engine was
converted to steam. Heartened by this success the
controllers of the 'Skirmishing Fund' provided
$20,000 to build the so-called Fenian Ram (a name
bestowed by the press, and chronologically known as
Holland II). The boat was ordered in secret from the
Delamater Ironworks in New York. After many
squabbles work began in May 1879, but the 14.6m
(48ft) boat was not launched until May 1881. It was
driven by a Brayford two-cylinder double-acting
petrol engine, a great improvement in power : weight
ratio, and was armed with a pneumatic gun forward,
firing at an upward angle.

The new submarine's existence was a poorly kept
secret and many foreign visitors were shown around,
although Holland refused to allow journalists to
examine the interior. The Fenian Ram performed
well, proving robust and reasonably safe.
Unfortunately, internal dissent led some of the leading
Fenians to seize the submarine to try to carry out a
pre-emptive attack on the British, but they ran the
little submarine ashore. She was salvaged but never
went to sea again; in 1916 she was exhibited to raise
funds for Irish independence and was later preserved
as a memorial. Renovation has started recently.

13



E A R L Y S U B M A R I N E S

John Holland's zeal for the Fenian cause waned
after the failure of the midget Fenian Model of 1883
(Holland III), and henceforward he was to devote his
energy to selling his designs. Brief but unhappy
dealings with Captain Edward Zalinski resulted in a
wooden-hulled boat armed with Zalinski's Dynamite
Gun (Holland IV). Badly damaged at her launch in
1885, she soon passed into obscurity.

EUROPE - SEEDBED OF SUCCESS

We leave Holland for the moment, frustrated in his
efforts to find a financial backer. It must have been
galling to read of European and American rivals
winning credit for what were, in his eyes, inferior
designs. Everybody was trying to build a submarine,
ranging from small Turtle-sized craft to 63.5m (208.3ft)
monsters. Space does not permit a list of all the experi-
ments, but one stands out. In 1886 a young Spanish
naval officer, Isaac Peral, designed a submarine for the
Spanish Navy, driven by two 30hp electric motors using
current from a 420-cell accumulator battery. Although
the boat was built, and named Peral in honour of her
designer, the Spanish Navy was in no position to
develop such advanced technology and early electricity
generators and accumulator batteries were very heavy.

France was bound to be the seedbed of success; the
Jeune Ecole theorists were looking for an 'equaliser' to
get around the fact that the Royal Navy was much more
powerful than its French rival. French engineers had
made significant progress in the design of electric
motors, and were able to improve on the ideas of Isaac
Peral and solve some of the major technical problems.
The famous naval architect, Dupuy de Lome, lent his
prestige to a design from Gustave Zédé, the 17.8m
(58.4ft) Gymnote (Eel). Although small, the Gymnote'?,
55hp electric motor could drive her at 6 knots, using
current from 564 lead-acid accumulator batteries.

The little submarine created a sensation when she
appeared in 1888, and despite her numerous shortcom-
ings she pointed the way ahead. The Minister of Marine
ordered Zédé's successor at Toulon Dockyard, Gaston
Romazotti, to design a larger submarine to incorporate
the lessons. Renamed Gustave Zédé (ex-Sirene), she
was 48.5m (159.1ft) long and displaced 270 tonnes
(266 tons); armament was a single 45cm (18in) tube for
launching two Whitehead torpedoes. The hull was
made of bronze to avoid corrosion, and like the
Gymnote, accumulator batteries provided current for an
electric motor, sufficient to take the boat submerged
from Toulon to Marseilles.

HOLLAND VI

Length: 25.4m (83.3ft)
Diameter: 3.1m (10.1ft)
Propulsion: one-shaft gasoline engine/electric motor

Speed: 8kn./5kn. (surfaced/submerged)
Armament: one 45cm (18in) torpedo tube

Crew: seven
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Below: John Holland was so disillusioned by the

arguments over the P/ungerthat he offered to build a
submarine at his own expense. The result was the Holland.

Above: The Royal Navy's 'A' class were British-designed
improvements over the Holland boats of 1901. Vickers'
expertise enabled the Navy to avoid reliance on US patents.

The French Ministry of Marine was enthusiastic
about the new weapon, and in 1892 ordered a larger
boat to Romazotti's design, named the Morse. Her
36.5m (119.7ft) hull was also made of bronze and
incorporated the best features of the Gymnote and
Gustave Zédé. Although successful she had the
misfortune to be overshadowed by a new French
development.

In 1896 the new Minister of War, Edouard Lockroy,
announced an open competition to design and build a
203-tonne (200-ton) submarine with a range of
185.2km (100 miles) on the surface and 18.52km
(10 miles) submerged. Out of 29 designs submitted
the winner was Maxime Laubeuf with the Narval,
using a novel dual propulsion system: a steam recip-
rocating engine on the surface and an electric motor
for submerged running. Even more significant was the
use of oil fuel, stowed in tanks between the main
'pressure' hull and the light external hull. Although
accumulator batteries were provided, they could
be recharged by a generator driven by the steam
engine.

The Narval, ordered in 1899 and delivered in 1900,
attracted worldwide attention, but she had several
drawbacks. It took at least 15 minutes to shut down the
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boiler before diving, and the complex apparatus for
folding down the stubby funnel and closing the hatch
was a source of potential weakness. Henceforward the
small battery-driven submarines would be known as
sousmarins, whereas the dual-propulsion type would
be known as submersibles. Ironically, in modern
terminology the reverse is true: diesel-electric boats
are often described as submersibles, in contrast to
nuclear-powered 'true submarines'. The Narval was,
in principle, a submersible torpedo boat, carrying her
four 45cm (18in) torpedoes slung externally in
Drzewiecki drop-collars.

The French Navy was so impressed by the Narval's
trials that four 'Sirene' class of slightly enlarged
design were ordered in 1899-1900, even before the
prototype's trials could be evaluated. (The Fashoda
Incident had just brought France to the brink of war
with Great Britain, and France urgently needed an
'equaliser'.) In 1899, another design was prepared by
M Maugas, the four 'Farfadet' class, bringing the
French total of submarines to 12 by 1905.

THE US NAVY - EXPERIMENTAL DESIGNS

The US Navy had never totally lost interest in
submarines, and had issued requests for bids to build
experimental boats in 1888 and again in 1889.
Holland's design won against rival proposals, but at
the first request the shipyard selected refused to
guarantee performance, and a year later the cash-
starved navy was forced to divert funds elsewhere.

Above: Once the decision was made to buy WoWand-type
submarines for the Royal Navy, progress was swift.
Holland No. 1 was launched by Vickers on 2 October 1901.

A third competition held in 1893 was won by Holland
again, and funds finally became available two years
later. In 1895 the Navy Department awarded a
$150,000 contract to the John P Holland Torpedo Boat
Company, which was subcontracted to the Columbian
Iron Works in Baltimore the following year.

Launched as the Plunger (chronologically Holland
V) in 1897, the new boat ought to have been the final
vindication of Holland's persistence, but the navy had
set wildly unrealistic performance targets. To
combine a surface speed of 15 knots with an
armament of two torpedo tubes in a 40m (131.2ft)
hull, Holland was forced to adopt triple-screw steam
propulsion as well as electric drive. During basin
trials in 1898 the steam plant created a temperature of
137°F at only two-thirds power. Clearly this turkey
would never fly, and Holland washed his hands of the
project, refunding the $93,000 advanced by the Navy
Department. It was, however, only a pawn in a bigger
game and Holland's political friends were able to
persuade the navy to reallocate the money to a smaller
private venture to be built by the Crescent Shipyard at
Elizabethport, New Jersey. This was the Holland
(Holland VI), displacing 65 tonnes (64 tons), just
under 25.4m (83.3ft) in length, and driven by a
gasoline engine and electric motor. Her trials were a
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great success, and the navy agreed to buy her at the
same price it had been willing to pay for the Plunger.

Although the American press praised the little
Holland as a 'Monster War Fish' and other lurid titles,
she was a very primitive craft. She had a submerged
range of about 74km (40 miles) at a very nominal
five knots, and a diving depth of no more than 25m
(82.02ft), but had no periscope and so was virtually
blind underwater. On the surface her 45hp Otto engine
gave her a theoretical endurance of 2778km (1500
miles), but with no accommodation for the crew she
could barely manage a few hours at sea. The US Navy
was sufficiently impressed, however, to order six
more of a slightly enlarged design in 1900, the
'Adder' or 'A' class.

Holland's only serious competitor was a fellow
American, Simon Lake. His Argonaut Junior was a
wooden-hulled prototype built in 1894 as a private
venture. The Argonaut First, 17m (55.8ft) long and
displacing 60 tonnes (59 tons), was built alongside the
Plunger and launched in August 1897. She proved
successful, and had several features which would later
prove to be sound. These included a double hull and a
more effective means of maintaining a level trim than
the Holland boats. However, Lake had a poor apprecia-
tion of the warlike possibilities of submarines and was
more interested in running on the seabed to assist
salvage divers and to recover objects. He did include a
torpedo tube in his next boat, the Protector (1902), but
retained the concept of wheels for running on the seabed
to allow divers to cut submarine cables in time of war.
Although the Protector was bought by the Imperial
Russian Navy in 1911, Lake's emphasis on these
features irked the US Navy to the point that he was soon

left behind by Holland, who gave the navy what it asked
for. With hindsight it is obvious that the ideal solution
would have been a collaboration between the two
brilliant designers, for Lake had much to contribute.

THE ROYAL NAVY REPLIES

The sudden proliferation of submarines alarmed the
Royal Navy, which decided that it ought to investigate
the new technology, but not in such a way as to alarm
the public. As early as February 1899 the First Lord of
the Admiralty was 'not at present prepared to make a
statement' in reply to parliamentary questions about the
French developments. Another question in the House of
Commons a year later was answered by an attempt at
lofty disdain: 'Submarines are a weapon for Maritime
Powers on the defensive', and in any case, the
Admiralty 'knew all about them'. The debate was not
helped by a speech made by Admiral Sir Arthur Wilson
VC, who denounced submarines as 'underhand, unfair
and damned un-English' and recommended that in
wartime submarine crews should be hanged as pirates.

That irascible comment has been quoted out of
context to suggest that the Admiralty had closed its
mind on the subject of submarines, but in fact an
internal study had already begun. The Director of
Naval Construction pointed out correctly that his
department had no expertise in the field, and recom-
mended the purchase of a Holland design from the
Electric Boat Company (successor to the Holland
Torpedo Boat Co). A contract was signed in

Below: Although the five Hollands performed satisfactorily,
the Admiralty wanted to develop its own expertise,

especially avoiding reliance on the Electric Boat Co.

AI

Length: 47.2m (154.85ft)
Diameter: 5.4m (16.73ft)

Propulsion: one-shaft gasoline engine/electric motor

Speed: 9.5kn./6kn. (surfaced/submerged)
Armament: one 45cm (18in) torpedq tube

Crew: 12
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December 1900 to allow Messrs Vickers Sons &
Maxim to build five submarines at Barrow-in-
Furness. The specifications differed little from the US
Navy's 'Adder' class: a maximum surface speed of
eight knots (seven knots in moderate weather), a
463km (250 mile) radius at full speed, seven knots
submerged and a 46.3km (25 mile) radius (three and a
half hours). Submerged endurance was to be 15 miles,
and maximum diving depth was set at 47m (154.1ft).
But these figures proved optimistic: at full power the
batteries only lasted for one hour and the maximum
recorded depth was 37m (20 fathoms). Nevertheless,
the Royal Navy took these problems in its stride. They
were simply numbered Submarines 1-5, but were
always known as Holland No. 1 etc.

Acquiring the Hollands was a bold stroke, for it
avoided considerable risk, and as soon as HM
Submarine No.l was launched on 2 October 1901 the
Submarine Service became a reality, with a ready
supply of volunteers. Fort Blockhouse at Portsmouth
was to be the base (later to become HMS Dolphin). An
'A' class of 13 boats was ordered in 1901, using
Vickers' expertise to eliminate reliance on US patents.
They were followed by the 10 'B' class in 1903, giving
the Royal Navy a comfortable margin of 28 submarines.

THE RUSSIAN NAVY

The Imperial Russian Navy had shown no reluctance
to experiment with submarines, ever since the 18th
Century, so the initiatives at the beginning of the
century are hardly surprising. A very small boat, the
23.6m (77.4ft) Pyotr Koshka ('Peter the Kitten') was
launched at Kronstadt in 1902, but her endurance was

limited to 16.66km (nine miles) at full speed and her
externally carried torpedoes were unreliable. The
Del/in, launched in 1903, was an improvement, but she
was sunk by accident in the River Neva at the Baltic
Shipyard the following year. With war against Japan in
the Far East looming there was no time for a leisurely
approach, and in 1904 the Russians bought the Fulton
from the Electric Boat Co. and the Protector from the
Lake Submarine Co. Renamed Som and Ossetr respec-
tively, both were sent on the Trans-Siberian Railway to
Vladivostok, but neither achieved anything. The
experimental Forelle was also bought from Krupp's
Germania shipyard in Kiel in 1904 and shipped to the
Far East by rail, but played no part in the war. More
Lake and Holland designs were bought, while indige-
nous designs were developed by Professor Bubnov.
Three were also bought from Krupp's Germania yard
in 1904, the 'Karp' class boosting the nominal strength
of the Baltic Fleet to 17 boats by 1908.

LATE DEVELOPERS -THE GERMANS

Readers who assume that Germany led the rest of the
world in developing the submarine will be surprised
by the Imperial German Navy's tardiness in entering
the race. The role of the little Forelle was critical.
Originally laid down as a private venture, using a
design prepared by the Spaniard, Raimondo Lorenzo
d'Equevilley Montjustin, she impressed the naval

Below: The Royal Navy's 'Holland' class was very similar to
the US Navy's 'Adder' class. Holland No.1 sank in 1913, but
after raising resides in the Submarine Museum, Gosport.

HOLLAND No. 7

Length: 16.3m (53.47ft)
Diameter: 3.1m (10.17ft)

Propulsion: one-shaft gasoline
Speed: 8kn./7kn. (surfaced/submerged)
Armament: one 45cm (18in)

torpedo tube
Crew: 12
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officers at her trials in 1903. d'Equevilley was an
engineer who had worked for Maxime Laubeuf, and
he had tried unsuccessfully to offer the French
Ministry of Marine his own design in 1901. When the
French learned he had turned to Krupp they
concluded that he had stolen the design of the latest
French submarine, the Aigrette, but Krupp's designers
always denied this.

As we have already seen, the Forelle was sold to
Russia in 1904, but d'Equevilley was given another
chance, this time with the 'Karp' class. These impres-
sive submarines had a double hull and were driven on
the surface by a Körting kerosene engine. Clearly
d'Equevilley and the Krupp team recognised the
weakest point of the Holland designs - their petrol
engines. The Körting might send clouds of dense
white smoke into the air, but there was no toxic explo-
sive vapour to permeate every compartment of the
hull, waiting for a single electrical spark to create
havoc. The German Navy Ministry was quick to order
a very similar boat from the Germania yard, U.I,
which is still displayed in the Deutsches Museum in
Munich. In March 1906, six months before U.I
completed her trials successfully, the Kaiserliche
Werft in Danzig (Gdansk) was awarded a contract to
build the U.2 to an official design. She was 50 per cent
larger and had four 45cm (18in) torpedo tubes (two
forward and two aft) as against only one bow tube
in U.I.

Above: As a submarine pioneer the French Navy had its

fair share of disasters. When the Farfadet sank off Toulon

in 1901, a Royal Navy salvage team helped raise her.

Submarine technology was moving rapidly from
the age of experiments to a process of evolution, but
one major hurdle remained. Only the French Navy
seemed willing to follow the path of the reciprocating
steam engine for surface propulsion, but the other
submarine operators were well aware of the limita-
tions of Holland's petrol-engined designs. The
Germans solved the problem with the Körting
kerosene-fuelled engine, and the British had installed
an experimental 'heavy oil' engine in A. 13, not a true
diesel but still relying on compression for ignition.

The most advanced engine available was the diesel.
Although invented by a German, Dr Rudolf Diesel,
the Imperial German Navy took a long time to adopt
it for U-boats. It was left to the French to install diesel
engines in the Aigrette and Cicogne in 1904, followed
by the British 'D' class in 1908, the Russian Minoga
in 1909 and the US Navy's Turbot ('G' class) and the
German Navy's 'U.19' class in 1912-13.

The diesel was the last major advance in submarine
design before the submarine made its debut in World
War I. It cured the worst problems of power : weight
ratio and safety, and despite many other giant strides
in submarine technology it is still in use today, even in
nuclear submarines as a 'get-you-home' system.
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Baptism of Fire
By the outbreak of World War I in August 1914 a large

number of submarines had been built, but navies were to
find that the new weapon had its limitations. However,

despite their weaknesses, they soon challenged the
supremacy of the surface warship, and came close to

winning the war for Germany.

At the outbreak of war in August 1914, nearly 300
submarines were in service, with another 80 or

more on order or planned. Despite their late start the
British and the Germans had overtaken the French
and Americans, having 77 and 29 boats respectively.
Although many navies had bought foreign designs
and had then built improved versions, the leading
submarine builders were still to be found in Great
Britain, France, Germany, Italy and the United States.

Despite endless speculation about the role of
submarines, navies had little or no idea of how to use
them. All the belligerents and the neutral countries
regarded themselves as bound by the provisions of
International Law and the clauses in the 1899 and

Left: A gun crew prepares to fire the deck gun of a Royal

Navy 'E' class submarine. In World War I deck guns
proliferated as an easy means of attacking 'soft' targets.

1907 Hague Conventions governing the conduct of
war at sea. With no experience of submarine warfare
since the American Civil War it was assumed that a
submarine was like any other warship, ie, it was not
permitted to fire on a neutral merchant ship. The
submarine was supposed to board the merchant ship,
examine her papers and ascertain that she was trading
with the enemy. If her cargo manifest indicated that
she was carrying contraband the submarine was to put
a prize crew on board and send her to a friendly port
for adjudication. The submarine could, of course, sink
the ship with a torpedo or gunfire, but the captain and
crew would lose the prize money awarded from the
proceeds of the sale of the cargo. The survivors were
to be put into lifeboats, but if the weather was too
rough or the distance to land too great, the submarine
was to treat the crew as shipwrecked mariners and
take them on board.
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The Prize Regulations, which enshrined these princi-
ples, favoured the large mercantile fleets of Great
Britain and France, but took no account of the peculiar
nature of the submarine. Stopping a merchantman
required the submarine to surface, thereby forfeiting her
principal advantage of secrecy. The crew of a submarine
was too small to provide prize crews and there was
certainly no room for prisoners, so a submarine adher-
ing to the Prize Regulations would either be exposed to
counter-attacks from enemy warships or be limited to
intercepting one or two merchant ships at most.

The Imperial German Navy had taken to heart the
views of American naval historian Captain Mahan,
who had noted that the vastness of the British merchant
fleet was simultaneously her strength and her
weakness. Much thought had been given to the use of
warships against commerce, but the use of submarines
was at first very timid. On 20 October 1914,
Kapitänleutnant (K/Lt) Feldkirchner's U. 17 made
history by stopping the steamer Glitra off Norway and
sinking her after sending the crew away in lifeboats.

Most naval officers, however, saw the enemy's
warships as the true targets for submarines, a belief
which seemed borne out by events. As soon as war
broke out both the British and the Germans sent
submarines to observe enemy movements, while in the
Mediterranean the French and Austrians did the same.

In the North Sea both sides were disappointed.
Although the Royal Navy's submarines provided

sufficient information to permit a raid on German
light forces in the Heligoland Bight, they found that
torpedoes tended to run underneath their targets. The
German U-boats found that extended cruising put
great strain on machinery, and many broke down.
U.I5 was repairing such a breakdown when she was
spotted by the light cruiser HMS Birmingham, which
rammed her and sent her to the bottom. Both sides
found that surface warships tended to shoot first and
ask questions later; several submarines were attacked
by their own side. Mines accounted for a U-boat as
early as 12 August, but as yet minefields were
comparatively few and covered only small areas.

BRITISH COMPLACENCY SHATTERED

The complacency of the Royal Navy was shattered
very early on during the war. On 22 September a
single U-boat, U.9, under the command of K/Lt Otto
Weddigen, torpedoed three 12,192-tonne ( 12,000-ton)
armoured cruisers, HMS Aboukir, HMS Cressy and
HMS Hague, off the Dutch coast. Weddigen's feat

Right: The cramped interior of the German U. 155, formerly
the cargo submarine Deutschland, after the Armistice

(probably in French hands).

Below: Seven large German submarines were converted

in 1916-17 to carry high-value cargoes from the United

States. Those that survived were subsequently armed.

DEUTSCHLAND

Length: 100.75m (330.54ft)
Diameter: 13.4m (43.96ft)

Propulsion: two-shaft diesel engines/electric motors
Speed: 12.4kn./5.2kn. (surface/submerged)

Armament: nil as built

Crew: 56
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was helped by the British cruisers' initial assumption
that they had blundered into a minefield, but the loss
of three major warships and many of their large crews
was a bitter blow to British pride. Weddigen's reputa-
tion as the first U-boat 'ace' was confirmed when
three weeks later he torpedoed another old cruiser,
HMS Hawke, off Aberdeen. t/.9's victim was lying
hove to in the process of transferring mail, and there
were similar examples of ships' captains seemingly
oblivious to the new threat, piping 'Hands to Bathe' or
steaming slowly in waters known to be patrolled by
submarines.

Above: U-boats alongside a depot ship in Kiel in 1913: (left
to right) U.12, U.7, U. W and U.6. The Germany Navy's

U-boat designs steadily improved during the war.

The Royal Navy's main force, the Grand Fleet, had
moved its' base from Rosyth on the Firth of Forth to
Scapa Flow, a huge natural anchorage in the Orkneys.
But the Grand Fleet was still undefended, and a
sudden 'U-boat scare' was enough to paralyse it.
Although no U-boat ever penetrated the Flow during
the war, the panic-stricken Navy moved the Grand
Fleet to a succession of temporary anchorages on the

U.9

Length: 80.94m (265.55ft)

Diameter: 9.3m (30.5ft)
Propulsion: two-shaft kerosene engines/electric motors

Speed: 14kn./8kn. (surfaced/submerged)
Armament: four 45cm (18in) torpedo tubes (two bow, two stern)

Crew: 29
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UB4

Length: 43.5m (142.71ft)
Diameter: 4.6m (15ft)
Propulsion: one-shaft kerosene engine
Speed: 6.5kn./5.5kn. (surfaced/submerged)
Armament: two 45cm (18in) torpedo tubes

Crew: 14

Above: One of the small German 'UB' type coastal
submarines put into production after the outbreak of war.
They were small enough to be transported by rail.

west coast of Scotland until nets, blockships, guns and
searchlights could be put in place around the Flow.
It was the first strategic victory for submarines,
forcing an entire fleet to abandon its chosen area of
operations. Such a move might have given the High
Seas Fleet a decisive victory, but there were too few
U-boats, and none reliable enough to be risked so far
from their bases. In any case, the chance was missed,

for the Grand Fleet returned to Scapa Flow - and
refastened its grip on the High Seas Fleet.

U-BOATS

The strength of the U-boats stood at 29 at the outbreak
of war, with U.30 still incomplete and 20 more under
construction. This modest total underlines High
Command's obsession with the surface fleet, and its
conviction that the role of U-boats was merely to
inflict attrition on the Grand Fleet as a prelude to a
fleet action. However, the U-boats proved to be well
designed for the task, and the latest design was put into

Below: Under K/Lt Otto Weddigen, (7.9 made history in
September 1914 by sinking the British cruisers
Aboukir, Cressyand Hogueotf Holland.
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quantity production. At the same time a small coastal
design, the 'UB' type, was put into production, along
with a specialised 'UC' minelaying type. The 'UB'
series was very small and because of the shortage of
diesel engines, the hated Körting kerosene engine was
used. The Russians had pioneered the minelaying
submarine with the Krab in 1908, but the Germans
adopted a different system, with vertical chutes inside
the forward part of the pressure hull. The mine and
sinker were dropped from the chute, and a soluble plug

Above: U.53 arrived uninvited at Newport, Rhode Island, in

October 1916. She left without provoking an international

incident, but the US Government was angered by the

U-boat's audacity, not overawed as Germany hoped.

Below: Until convoys were introduced in 1917, U-boats

were able to destroy large numbers of targets by gunfire

from their deck guns. This saved torpedoes for bigger

targets, thereby extending substantially the time that

the U-boat could spend on patrol.
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U.31

Length: 65.4m (214.56ft)

Diameter: 6.4m (21 ft)

Propulsion: two-shaft diesel eng nes/electric motors

Speed: 16.7kn./9.7kn. (surfaced/submerged)

Armament: four 50cm (19.68in) to pedo tubes,

one 88mm gun

Crew: 35
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delayed arming of the mine until the UC-boat was
clear - in theory. In July 1915 the British found that
UC.2 had managed to blow herself up in her own
minefield. She was raised and a British version of the
system was adopted for some of her 'E7 class.

The sea-going U-boats became known generically
as the 'Mittel-U' type, and as the war against
commerce progressed a number of modifications were
incorporated. The armament of four 50cm (20in)
torpedo tubes (two bow and two stern) remained
standard for a surprisingly long time. But the deck gun
proved so useful for sinking merchant ships that it was
increased from a 8.8cm (3.4in) calibre to 10.5cm
(4. lin). This led to the concept of the 'cruiser U-boat',
armed with two 15cm (5.9in) guns, despite pleas from
officers at sea for more torpedoes. By the end of the
war the armament of the 'Mittel-U' type had increased
to four 50cm (19.7in) tubes forward and two aft, and
the 'U.I 17' class was given external stowage for 24
torpedoes. The little 'UB' design was successfully
developed into a very effective seagoing type, the 'UB
111' series which compared well with larger pre-1914
boats. The 'UCs' underwent a similar evolution,
culminating in the 'UC III' series in 1918, with an
endurance of 14,816km (8000 miles) and 14 mines.

BREACHES OF INTERNATIONAL LAW

The sinking of the S S Glitra did much to change the
Naval Staff's perception of the value of a commerce
war, particularly because all the commerce-raiding
cruisers had been sunk or captured by 1915. The
Grand Fleet had not behaved as the German planners
had hoped (by refusing to risk a close blockade of
German harbours), and when it left harbour on one of
its frequent sweeps it was screened by destroyers. One
such foray cost Weddigen his life in the new U.29,
when his periscope was sighted by a lookout aboard
the battleship HMS Dreadnought on 18 March 1915 in
the Pentland Firth. In response to a rapid helm order
the 18,289-tonne (18,000-ton) ship wheeled out of line
and sliced the luckless U-boat in half. The ruthlessness
with which the British enforced the blockade also
weakened any scruples entertained by the German
Naval Staff about breaches of International Law. For
example, all foodstuffs were declared contraband by
the Allies, on the grounds that the German government
had commandeered all food supplies.

An unrestricted war against Allied shipping carried
with it a risk of losing the propaganda war. The torpe-
doing of the Belgian refugee ship Amiral Ganteaume in
October 1914 was just such an incident, labelled an

atrocity by Allied newspapers. Knowing how little a
U-boat commander could actually see through a
periscope, it is likely that U.24 mistook the Amiral
Ganteaume for a troopship. With only a distorted image
and only a few seconds for a torpedo shot, the U-boat
captain was supposed to count the number of people on
deck, guns, and even where the guns were mounted.
Forward-mounted guns indicated offensive armament,
whereas aft-mounted guns counted as defensive
armament under the Prize Regulations. When U.20 first
sighted the liner Lusitania in April 1915, K/Lt
Schwieger mistook her four funnels and smoke for a
flotilla of destroyers! Only when he returned to
Germany did he learn the name of the ship he had sunk.
Despite the opinions of conspiracy theorists, even if the
German Naval Staff had an inventory of munitions
carried in the hold of the Lusitania, U.20 could never
have identified an individual ship with such precision.

Even without flouting their self-imposed restric-
tions, the German Navy's U-boats were inflicting
painful losses on the Allies: 32,513.6 tonnes (32,000
tons) of British and 16,155 tonnes (15,900 tons) of
French and neutral shipping sunk in January 1915
alone. By March the monthly total had risen to 81,995
tonnes (80,700 tons), and by May the figure topped
187,969 tonnes (185,000 tons). Neutral opinion,
particularly in the United States, was outraged. The

Below: A German U-boat engages a target during the
campaign in the Atlantic. One unfortunate consequence of
deck guns was to reduce underwater performance.
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Above: 17.35off Cattaro, the Austro-Hungarian Navy's base
in the Adriatic, in April 1917. The availability of a major
base in this area increased U-boat effectiveness.

insatiable demands of the Allied war economies had
opened a huge new market to replace that cut off by
the blockade. Neutral opinion was inflamed by lurid
tales of the rape of Belgium; the deaths of American
citizens at sea added fuel to the fire.

Ignoring the uproar, Germany announced on 4
February 1915 the existence of a War Zone around the
British Isles, in which British and French merchant
ships would be sunk without warning. The declaration
added ominously that it would not always be possible
to avoid attacks on neutral ships. In other words,
U-boats could 'sink at sight' unless they saw a neutral

flag. If the neutral maritime nations could have forbid-
den trade with the Allies the German gamble might
have paid off, but the tight British blockade meant that
a refusal to trade with the Allies would mean virtual
bankruptcy for most shipping companies. It was the
same fact of maritime life which had brought down
Napoleon's Continental System, but in 1915 nobody
seemed to pay much attention to the lessons of history.

AN UNRESTRICTED CAMPAIGN

The German Army's conquest of a large part of
Belgium gave a vital fillip to the U-boat war. When

Below: The four 'Andrea Provana' class submarines were
built in 1915-18 by FIAT-San Giorgio at La Spezia.
Ironically, they missed the war for which they were built.

GIACOMO NANI

Length: 67m (219.81ft)
Diameter: 5.9m (19.35ft)
Propulsion: two-shaft diesel engines/electric motors
Speed: 16kn./9.8kn. (surfaced/submerged)
Armament: six 45cm (18in) torpedo tubes,

two 76mm guns
Crew: 40
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the front stabilised after the Battle of the Marne in
August 1914, the German right flank rested on the
Flanders coast at Nieuport. The Navy soon estab-
lished a base complex at Ostend, with submarines and
light surface forces based there and at Zeebrugge.
U-boats were based at the inland port of Bruges and
reached the open sea by canals to Ostend and
Zeebrugge, allowing them to spend more time at sea
in the Western Approaches and the Bristol and St
George's Channels. British minefields and net barriers
in the Dover Straits were not effective as U-boats
soon learned to make the passage on the surface at
night. To allow the British to continue believing in the
efficacy of their Dover Straits anti-submarine barriers,
U-boats based in Germany would 'show themselves'
occasionally to Royal Navy patrols.

The Allies' answer to the unrestricted campaign
was to increase the number of patrol vessels by
impressing every available warship and hired
commercial craft. A new type of utility warship, the
'Flower' class sloop, was taken off minesweeping
duties and used instead to hunt for submarines. The
Auxiliary Patrol was formed out of the large number
of steam yachts, trawlers and drifters which were no
longer performing any useful function. Armed with
light guns, the patrol was sent on fruitless hunts for

U-boats around the British Isles. In fact the sea is so
large that the U-boats merely had to wait near a busy
shipping route until an unescorted vessel came along.
If a patrol vessel appeared it was usually possible to
submerge without being sighted.

THE LUSITANIA

Nothing illustrates the ease with which U-boats could
sink shipping than the tragedy of the liner Lusitania.
Most British transatlantic liners had been taken over
in 1914 for conversion to armed merchant cruisers or
troopships, but with government approval the
Lusitania was permitted to resume a limited passen-
ger service between Liverpool and New York. The
reasons for this were subtle and complex. First, the
giant liner was a visible reassurance to the American
public that it was still 'business as usual', and that
Britain's position as Mistress of the Seas was not
under serious threat. Second, the Germans had
put up an ingenious answer to the British blockade,
claiming that their U-boats had instituted a counter-
blockade of the British Isles. If this claim had been

Below: A 'UB I' type coastal submarine on the surface,
with most of her crew on the conning tower and casing.
The framework on the bow is a submarine net cutter.
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GIACINTO PULLINO

Length: 42.2m (138.45ft)
Diameter: 4.17m (13.68ft)

Propulsion: two-shaft diesel gasoline/electric motors
Speed: 14kn./9kn. (surfaced/submerged)

Armament: six 45cm (18in) torpedo tubes

Crew: 19

upheld in an international tribunal the Germans would
have been within their rights to sink any ship trying to
reach the British Isles. However, to be upheld it would
have to be proven to be 'effective', and by maintain-
ing a scheduled service to and from New York the
British Government was quietly keeping its options
open. There was also still some hope that the Germans
would never dare to sink a large passenger ship, for
fear of alienating the US Government.

Much has been made of the fact that the Lusitania
was carrying explosives, and indeed her manifest
reveals that she was carrying 37.59 tonnes (37 tons) of
small-arms ammunition and fuse nosecaps. It has even
been claimed that she was armed, despite the lack of
any evidence to show that she underwent conversion
to an armed merchant cruiser. True, she had been taken
up in August 1914 for that purpose, but she had proved
such a glutton for coal that she was struck off the list a
month later and returned to her owners. No other
auxiliary cruiser carried passengers as well as a
cruiser-armament, for the simple reason that the
passenger accommodation was needed for conversion
to naval use, and the unpredictable movements of a
liner under naval control would have taken bookings
down to zero very quickly. Nor did passengers and
explosives mix; the passenger accommodation was a
potential firetrap, and a liner had too little cargo space
to make such a conversion worthwhile. The 37.59
tonnes (37 tons) of rifle ammunition and fuses formed
the most inert type of munitions, almost impossible to
detonate by a distant explosion. Whatever anyone
thought, or knew, the Lusitania was carrying when she
lay in New York is irrelevant, because the information
about her future position could not be relayed to any
U-boat on the other side of the Atlantic. When in due

Above: Completed in December 1913, in July 1916 the

Giacinto Pullinowas beached on Galiola Island and seized

by the Austrians. She later sank while being towed.

course the Lusitania was torpedoed by U.20 off the
Old Head of Kinsale on 7 May 1915, it suited both
sides to claim that the sinking was planned. The
Germans claimed that as they knew about the small
cargo of munitions, U.20 was entitled to sink her,
while the British claimed it was a Hun plot to sink
innocent ships. The truth is that K/Lt Schwieger's log
shows beyond doubt that his encounter with the
Lusitania was unplanned. He chose to patrol off the
Old Head of Kinsale because it was a convenient
landfall for ships arriving in British waters. When he
saw the four funnels belching coal smoke he thought
he was looking at a flotilla of destroyers in line ahead,
and only when the target turned did he see she was a
liner. As his orders stated that a number of troopships
were expected from Canada, he made the reasonable
assumption that this was a legitimate target. Any idea
that he could have counted positions of guns is ridicu-
lous, and recent photographs of the wreck show no
guns. The ship's rapid sinking after what was reported
by Schwieger as a second explosion is explained by
modern chemists as a probable spontaneous combus-
tion of air and coal dust - a phenomenon only vaguely
understood in 1915.

Among the dead were 159 Americans, and this time
the US Government's protests were stronger than
before. A Note from Washington to Berlin demanded
that U-boats must refrain from attacking passenger
ships. The Germans did not handle the diplomacy well,
maintaining that they had warned potential passengers
of the danger. This merely fuelled suspicions that the
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U.4

Length: 43.2m (141.73ft)

Diameter: 3.75m (12.3ft)

Propulsion: two-shaft kerosene engines/electric motors

Speed: 11.5kn./8.7kn. (surfaced/submerged)

Armament: two 45cm (18in) torpedo tubes

Crew: 21

ship had been torpedoed deliberately. The British did
nothing to damp down these rumours, although if
anyone had thought the 'conspiracy theory' through
they would have concluded that German agents must
be in control of the Cunard Steamship Company or
even in command of the ship, if such a perfect inter-
ception was to be achieved.

ALLIES RESPOND TO LOSSES

The Lusitania incident was a milestone in the history
of the submarine. The ship was not the first to go
down with American citizens aboard, but she was the
one which was remembered. The outcry forced the
Germans to abandon the unrestricted campaign, but in
1916 losses began to climb again, until the monthly
total exceeded 508,025 tonnes (500,000 tons).

The losses were fast approaching a catastrophic level:

1914
3 ships totalling
1915
640 ships totalling
1916
1301 ships totalling
1944

tonnes
2997

tons
(2950)

1,208,115 (1,189,031)

2,229,640
3,440,752

(2,194,420)
(3,386,401)

Sadly a large number of these losses were the small
sailing ships such as fruit-carrying schooners, which
still plied the Atlantic in large numbers. They were
particularly vulnerable to attack by gunfire. The
figures do not include the warships sunk.

The Allies responded with more auxiliary patrol
vessels, arming of merchant ships and the famous
'Q-ships'. These were decoys, armed and manned by
naval personnel, which cruised in the U-boats'

Above: Two boats, numbered III and IV (renumbered

t/.3and UA'm 1915), were built in Germany in 1907-09.

U.3was sunk in 1915, but U.4 survived the war.

hunting grounds. As the majority of attacks were
made on the surface with gunfire, to conserve torpe-
does, it was possible for the Q-ship to sink the U-boat
before being sunk herself. The combination of armed
merchant ships and decoys led the U-boat comman-
ders to attack on sight, and a few enterprising officers
tried to leave no witnesses by machine-gunning the
survivors, a policy known as spürlos versenkt.

An impression that the U-boats were the only effec-
tive submarines would be very misleading. In the
North Sea the British submarines were active, the new
'E' class proving to be well designed. On 13
September 1914 E.9 sank the old light cruiser SMS
Held off Heligoland, and repeated her success by
sinking the destroyer S.I 15 on 6 October. In January
1915 U.I7 was torpedoed in error by U.22, a tragedy
to be repeated many times in two world wars when
navigation errors put friendly submarines in the
wrong place. In July 1915 the destroyer V.I88 was
torpedoed by £.75, and two months later U.6 was
sunk by £.76. In addition some of the old 'C' class
were used to stop German attacks on the fishing
fleets. Requisitioned naval trawlers were modified to
allow them to tow a submerged 'C' boat, with a
telephone link to pass information on the range and
bearing of the U-boat. The trawler Tamnaki and C.24
sank U.40 off Aberdeen in June 1915 and a month
later the Princess Louise and C.27 sank U.23 off Fair
Isle. By a stupid error the survivors of the two U-boats
were allowed to mix with civilians waiting to be
repatriated to Germany, so the 'trawler trap' was soon
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known to the U-boat command, but it had the desired
effect of reducing attacks on the fishing fleet. But for
the most part Royal Navy submarines were confined
to reconnaissance, hoping to spot German surface
ships on their rare sorties.

THE BRITISH IN RUSSIA

If North Sea operations seemed humdrum, there was
soon pressure to help the Russians by sending
submarines to the Baltic. In October 1914, E.I and E.9
left for the Kattegat, arriving at Libau (modern Lipaja)
just as the Russian Army was evacuating the port in the
face of advancing German forces. But a new base was
quickly established at Lapvik on the Gulf of Finland,
where the minor repairs needed after such a long
voyage could be done. The two boats had already
made their mark, Lieutenant Commander Laurence in
E.I making an unsuccessful attack on the cruiser SMS
Viktoria Luise in the Kattegat, and Lieutenant
Commander Max Horton in E.9 sinking the destroyer
S.I20 off Kiel. What shook the German Navy was the
fact that Morton's attack was carried out in the winter
ice, when submarines were supposed to be confined to
harbour. The aggressive Horton had, however, ascer-
tained that he could operate as long as the inlet valves
did not freeze, and demanded a Russian icebreaker to
clear a passage out of Lapvik to the open sea.

Below: A Royal Navy 'E' class submarine lifting her bows
in a heavy swell. The housed periscope suggests she is

about to dive, although men are still on the conning tower.

The depredations of the two boats put new heart
into the Russians, whose nominally huge force was
largely useless because the diesels and electric motors
were on order from Germany. The Lake-designed
Drakon carried out more patrols than any other
Russian boat, and the rest of them might have
achieved much more, but for the timidity of the High
Command. The British boats were not there to sink
warships, but primarily to attack the iron ore traffic
from Sweden to Germany, although this did not
inhibit E.8 from torpedoing the big armoured cruiser
SMS Prinz Adalbert off Libau in November 1914.
Nevertheless, the British boats proved so effective
that the German High Command convinced itself that
a whole flotilla was operating in what was nicknamed
'Horton's Sea' by the Kaiserlichemarine, and time
was wasted looking for an imaginary depot ship in the
western Baltic. The Admiralty finally decided that
reinforcements were needed, and in August 1915 four
more 'E' class were sent out. One was lost, E.I3,
which ran aground off the Danish coast and was
destroyed by gunfire from German destroyers, but
E.8, E.I8 and £".79 arrived safely at Lapvik. In
addition four of the old 'C' class were sent as deck-
cargo to Arkhangelsk, and then taken by canal barge
and rail to Lapvik.

By October 1915, nine British submarines were
operational, and, as the efficiency of the Russian boats
improved, German losses rose alarmingly the follow-
ing year. But Russian morale was collapsing as the
land campaign continued to go against her, and the
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efficiency of the Lapvik base declined rapidly after
the 'February Revolution' of March 1917 when the
Kerensky government came to power. The October
Revolution signalled the end, and when the
Bolsheviks signed the Treaty of Brest-Litovsk early in
1918 they agreed to German demands to surrender the
British submarines, now based at Helsingfors
(Helsinki). This was not going to be tolerated by the
Admiralty, and on 8 April 1918 an icebreaker manned
by some of the few remaining 'friendly' Russians led
the surviving seven boats out to deep water. There
they were scuttled by their crews, who were then
evacuated through north Russia. They had performed

Above: The side-by-side arrangement of torpedo tubes in
the forward torpedo room of an '£' class submarine.
Experience was to prove the need for heavier bow salvoes.

outstanding work, dislocating the iron traffic and
diverting German naval forces which could have been
used elsewhere.

THE MEDITERRANEAN

Royal Navy submarines were also sent to the
Mediterranean, to work with the French against the
Austro-Hungarian Navy. The Germans had also sent
U-boats to work with their allies, and a joint base was
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set up at Cattaro (Kotor). Italy joined the Allies in
May 1915, but declared war only on the Austro-
Hungarian Empire. U.21, under K/Lt Otto Hersing
was sent from Cattaro to Constantinople to set up a
half-flotilla with five UB-boats. He made the risky
passage of the Dardanelles safely, but only four of the
smaller boats made it.

The Anglo-French attack on the Dardanelles in the
spring of 1915 ushered in a new submarine campaign.
The Allies quickly learned that they could not push
surface ships past the guns and minefields in the
Narrows, and so they turned to submarines. However,
the risks were very obvious. Not only were there five
rows of mines, but the four to five knot current caused
severe navigation problems. The only submarines
available were three old British 'B' class and the
French Brumaire and Circe. As early as 1 December
1914, B.ll had achieved an exciting passage through
the Narrows, and her crew's determination was
rewarded by the sinking of the old Turkish coast
defence ship Messudieh.

When more modern submarines arrived, another
attempt was made to get submarines through the
Straits and into the Sea of Marmora beyond. The first
two attempts were a failure: E.I5 ran aground off
Kephez Point and the French Saphir ran aground off
Nagara. The Australian boat AE.2 had the honour of
being the first to reach the Sea of Marmora, but she
was soon sunk by a Turkish torpedo boat. E.I4
followed the next day, but the French Joule was lost to
a mine, making the loss rate a total of four submarines
for only one success. Thereafter things improved, and
soon E. 14 was joined by another six British boats and
the French Turquoise. Although the Turquoise was an
early casualty, the British submarines caused havoc,
slowing the shipment of troops and munitions to the
Turkish defenders at Gallipoli. Their most notable
success was the old battleship Hairredin Barbarossa
(formerly the German Kurfürst Friedrich Wilhelm),
torpedoed by E.U in August 1915, but landing parties
sabotaged railway lines as well. The campaign only
finished when the British and the Anzacs evacuated
the Gallipoli Peninsula in January 1916.

The German and Austro-Hungarian U-boats were
very effective in the Mediterranean. On 25 May 1915
Hersing in U.21 sighted the old battleship HMS
Triumph firing at Turkish trenches at Gaba Tepe. He
waited two hours to get the perfect shot, a single
torpedo which sent his victim down. Two days later he
sighted the battleship HMS Majestic at anchor off
Cape Helles but surrounded by colliers and patrol

vessels. Once again his patience was rewarded, and
when a gap opened he sank the old ship with a single
shot. Faced with such a threat the Royal Navy had no
option but to withdraw the battleships and cruisers to
Mudros, leaving the troops with only light fire support
until specialised bombarding ships could be sent out
from England. It was an outstanding success by any
standards.

French submarines operated mainly in the
Mediterranean, and although they scored a number of
successes they were not as effective as the British and
German boats. The designs were ingenious but not all
the ideas were practical, the multiplicity of types
making logistic support a nightmare. The modern boat
Curie tried to enter Pola (Pula) on 20 December 1914,
but was caught in the nets and sunk by gunfire. The
Austrians raised the wreck and repaired it, renaming
her U. 14. When she was returned to the French Navy
after the war, she provided many lessons and
remained in service until 1928.

GERMANY TRIES ITS HAND

The Kaiserliche und Königliche (KuK) Kriegsmarine
had only seven submarines in 1914, all distinguished
by roman numerals. These include two Lake boats,
two Germania type and three Holland type. The last of
these, XII, had been built as a private venture by
Whitehead at Fiume, but was seized at the outbreak of
war. She should have been numbered VII, but that
number had been allocated to one of a series of five
large Germania boats ordered in 1913. These were
never delivered, becoming U.66 to U.70 in the
German Navy. To compensate for this the Austrians
were given five small 'UB' boats, numbered X (ex-
UB.1), XI (ex-C/5.75), and XV to XVII (German-style
Arabic U-numerals were not adopted until October
that year). When Italy declared war on Austria on 23
May 1915 from Germany to Cattaro the newly deliv-
ered X and XI operated with their German crews in the
Adriatic, sinking the Italian submarine Medusa and
the torpedo boat No.SPN in June 1915. In August the
French destroyer Bisson rammed and sank /// in the
Otranto Straits, and U.5 (ex- V) was mined off Pola in
1915. U. 16 suffered a bizarre fate; she torpedoed the
destroyer Nembo in May 1916 off Valona, but was
destroyed when her victim's depth-charges blew up.

Just as both sides came to realise their respective
potential in the water, a new threat appeared: the
aircraft. Ironically, the clear waters of the
Mediterranean, as seen from the air, were dangerous
to submarines, and the French Foucault was the first
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victim, bombed in September 1916 off Cattaro by two
Austrian seaplanes. Technically the British B. 10 was
the first, being destroyed at Venice in August 1916,
but she was in dock at the time.

Back in the North Sea, the Germans were still
trying to circumvent the Allied blockade. In June
1916 a new large 'commercial' submarine, the
Deutschland, left Kiel bound for the United States
with a cargo of mail, chemical dyes and gemstones.
The propaganda value was immense, and crowds
flocked to see the submarine at Baltimore. She sailed
for Germany late in July, laden with copper, nickel,
silver and zinc. It was hoped to repeat the perfor-
mance in September 1916, but this time it backfired.
The Bremen disappeared somewhere off the Orkneys
(almost certainly mined), leaving her escort, V.53, to
head for Newport, Rhode Island alone. Her command,
K/Lt Hans Rose, milked the occasion for all it was
worth, chatting to embarrassed US Navy officers
while their superiors pestered Washington for instruc-
tions. As a neutral country, the United States was not
supposed to allow a belligerent nation's submarines to
abuse its territorial waters. However, Rose's cocki-

ness led him to start attacking shipping off the
Nantucket lightship; the head of the U-boat Arm,
Commodore Hermann Bauer, had told him that 'bold
action' would silence the anti-German party in
America and result in the ban on unrestricted warfare
being lifted.

In fact the opposite happened, as the US govern-
ment became even more worried about German inten-
tions, while the US Navy started to take the submarine
threat very seriously. The 'commercial' submarine
was never going to carry enough cargo to justify such
trips, and the Deutschland and her sisters were armed
with two 50cm (19.7in) torpedo tubes, two 15cm
(5.9in) guns and two 88mm (3.4in) guns. Known as
'cruiser-submarines', they were numbered U.I51 to
U.157. The decision to upgun all the larger U-boats
was prompted by the Allies' decision to arm
merchantmen, but the provision of medium-calibre
guns was a waste of time. If submarines met any

Below: The officers and men of HM Submarine £ 7 7 pose
for a photograph at Mudros after their success in sinking
the Turkish battleship Hairredin Barbarossa in August 1915.
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target they could not handle with guns in the
7.62-10.16cm (3-4in) range, something bigger would
not save them. Gunnery from the low deck of a
submarine was poor at the best of times, with no fire
control system to calculate range. It was no better
from the poop of a tramp steamer - and defensive
guns probably did more good for morale.

ROYAL NAVY - EXPERIMENTAL SUCCESSES

Although the Royal Navy's 'E' class was proving ideal
for its North Sea and Mediterranean operations (57
were built by 1916), the pre-war submariners were in
the mood for experiments to see if they could do better
than relying on Vickers. Scott's was asked to build
three boats to an Italian Laurenti design, the 'S' class,
while Armstrong's was asked to build four to a French
Schneider-Laubeuf design, the 'W class. As a sop to
Vickers, the firm was allowed to submit its own 'V
design. In practice, the large-scale experiment proved
inconclusive, as there was no chance in wartime for
adequate comparative trials. The four 'V class were
retained but the 'S' and 'W class were transferred to
the Italian Navy, which it was felt would be better able
to understand their 'foreign' equipment.

Two other experimental ideas were initiated by the
Royal Navy about this time, a big ocean-going 20-knot
boat intended to match the German U-boats, and a
steam-driven design. The first, HMS Nautilus (later
numbered N.l), had many problems and never went to
sea, but valuable lessons were learned. She ended her
troubled days as a generating station in Chatham
Dockyard. The second, HMS Swordfish, was given a
single geared steam turbine because the designers
could not guarantee the required 20 knots with avail-

able diesels. She was only a qualified success, and after
a year she was rebuilt as the surface patrol vessel S.I.

Admiral Sir John Jellicoe, the Commander-in-
Chief of the Grand Fleet was obsessed with the belief
that the High Seas Fleet were going to sea accompa-
nied by fast (22-knot) U-boats, and kept nagging for
an equivalent. To meet this requirement a new 'fleet'
submarine, the T type was ordered in January 1915.
No diesel engine of the required power existed, so the
8-cylinder engine in the 'E' class was redesigned with
12 cylinders, and the new design was given three,
each driving its own shaft. Even that was not enough
to get within two knots of the Grand Fleet's speed of
21 knots - proof that the 1912 requirement was
unrealistic. They were, however, well armed with four
45cm (18in) bow torpedo-tubes, two beam tubes and
12 torpedoes. Their long-range radio sets allowed
them to send sighting reports from the Heligoland
Bight, without going through a 'repeating ship'.

In April 1915 Vickers sent Commodore Hall, head
of the Submarine Branch, an outline for a submarine
driven by a combination of steam turbines and a diesel
engine. A 1913 proposal was unearthed, and when the
best features of both were combined, it seemed to
solve the problem of the 'fleet submarine' better than
anything yet seen. A similar armament to the T class
was adopted, and two boilers provided steam for two
geared steam turbines, developing 10,000 hp for a
surface speed of 24 knots. Instead of driving a centre
shaft with the diesel, as in the Vickers proposal, it was

Below: The 57 'E' class boats were the workhorses of the
Royal Navy's submarine force in 1914-18, though nearly
half were lost during the course of the war.

E.n

Length: 54.8m (179.8ft)
Diameter: 6.8m (22.3ft)
Propulsion: two-shaft diesel engines/electric motors
Speed: 15kn./9kn. (surfaced/submerged)
Armament: five 45cm (18in) torpedo tubes,

one 57mm gun (temporary)
Crew: 31
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K.10

Length: 159.68m (523.9ft)
Diameter: 13.03m (42.75ft)
Propulsion: two-shaft turbines/diesel engines/electric motors
Speed: 24kn./9kn. (surfaced/submerged)
Armament: eight 45cm (18in) torpedo tubes

Crew: 60

linked to a 700 hp dynamo to supply power to the two
electric motors. This was the first diesel-electric plant
in a British submarine. Because the submarines were
intended to spend a lot of time on the surface the
armament was strengthened by a pair of twin 45cm
( 18in) revolving tubes in the long superstructure. The
gun armament included two 10.16cm (4in) guns and a
7.62cm (3in) anti-aircraft gun, another first. This was
the infamous 'K' class, which earned a reputation for
bad luck and disaster.

THE INFAMOUS 'K' CLASS

The 'K' class problems took two forms. The boats were
very large and complex, and had a comparatively
shallow crush-depth (50 per cent more than their
length). In theory the steam plant would be shut down
and the electric motors would be clutched in before
diving, but in practice there was sufficient steam in the
boilers to send the boat down at her maximum speed of
close to 24 knots. At that speed the control surfaces
could not always bring her under control fast enough,
and there was a very real danger that the boat would
plunge below the safe diving-depth. There were, to
quote a contemporary officer, 'too many damned holes'.
There was a constant risk of a small blockage prevent-
ing the mushroom-topped ventilators and funnel wells
from jamming slightly open as the boat dived. But the
worst problem of all was the operational concept itself.
The boats were intended to operate in proximity to
surface warships, which could easily fail to spot them at
night or in fog, or mistake them for a U-boat. The long
hull was not easy to manoeuvre, and avoiding action
would be difficult. Another contemporary submariner
described them as 'handling like a destroyer, but having
the bridge facilities of a picket boat'. The field of view
from the low conning tower put a 'K' boat at a great

Above: The notorious British 'K' class was built to meet a

demand for submarines fast enough to keep up with the
battle fleet. This meant steam turbines and oil-fired boilers.

disadvantage. All that notwithstanding, the 17 'K' class
were an extraordinary achievement, just 15 years after
Holland No. 1.

The reputation for bad luck was well deserved.
While K.I3 (a number asking for trouble!) was
running trials in the Gareloch at the end of January
1917 she sank when her engine-room ventilators
failed to shut properly. Loss of life was heavy but she
was eventually raised, repaired and recommissioned
as K.22. Despite some hair-raising incidents, only K.I
was lost off the Danish coast after colliding with K.4,
and they were successfully integrated into the Grand
Fleet. In January 1918, a major sweep by the capital
ships based in the Firth of Forth was planned, with
two flotillas of 'K'-boats to go ahead of the leading
battlecruiser squadron.

On the night of 31 January a jammed helm caused
K.22 to sheer out of line and collide with K. 14. The
battle cruisers following failed to notice (strict radio
silence was in force), and HMS Inflexible inflicted
severe damage on K.22 as she passed. The flotilla
leader HMS Ithuriel and the remaining three boats of
the 13th Submarine Flotilla turned back, and became
mixed up with the light cruiser HMS Fearless and the
four boats of the 12th Flotilla. In the ensuing confu-
sion the Fearless rammed and sank K.17, and later
K.6 cut the hapless K.4 in half. To add to the horror
the 5th Battle Squadron and its escorting destroyers
ploughed through the area, killing a large number of
the survivors of K.17 (there were none from K.4).

The so-called 'Battle of May Island' was not caused
by any design fault of the 'K' class; the disaster was
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caused entirely by the flawed concept of mixing
surface warships and submarines. Yet, this example
has consistently been used by critics to belabour the
Royal Navy for its alleged incompetence in submarine
design. It is only fair to point out that in 1918 the
German Marineamt drew up plans for large steam-
driven U-boats for the same reason - the lack of suffi-
ciently powerful diesels.

THE SUBMARINE MONITOR

The Royal Navy still had a few tricks up its sleeve. In
response to a request from Commodore Hall for a
'submarine monitor' with a heavy-calibre gun, four
'M' class were ordered in February 1916. Although
frequently described as converted 'K' hulls, they were
a totally new design, armed with an old 30.48cm
(12in) 35 calibre gun. The mounting was unique,
elevating from -10 degrees to +20 degrees and train-
ing through 15 degrees. A special method of firing, the
'dip-chick', was developed, with the submarine lying
at periscope depth and only the muzzle of the gun
above the surface. Four were ordered but only M.I to
M.3 were completed in 1918.

The 'R' design was revolutionary, a submarine
designed specifically to hunt other submarines. It
incorporated many modern features, notably a highly
manoeuvrable whale-shaped streamlined hull reminis-
cent of the modern 'teardrop', a heavy bow salvo of
six torpedo tubes, a big array of passive hydrophones
in the bow, and high underwater speed (15 knots). Ten
'Rs' were completed and one attacked a U-boat in
October 1918 but the torpedo failed to explode. It was
a soundly conceived design, but the sensors were not
yet available to make the 'Rs' an operational success.

GERMANY REVIVES

Although Germany had been forced by American diplo-
matic pressure to stop unrestricted submarine warfare in
1915, the High Command continued to chafe under the
restrictions. After the fearful losses at Verdun and the
failure to defeat the Grand Fleet at the Battle of Jutland
in May 1916, Germany was no longer certain of victory.
The Navy supported the Army in its clamour to remove
the shackles on the U-boats, although the diplomatists
kept reminding them of the risk of bringing America
into the war. The High Command finally won the
argument, and in February 1917 the Kaiser gave official

Right: The 'swan bow' of HM Submarine K-12h\d a quick-
blowing tank, added after completion, to bring up the bows
faster when surfacing. The raised bridge aided visibility.

approval to the renewal of unrestricted warfare. The
Navy was now getting the U-boats ordered after the
outbreak of war, and the daily average of boats at sea
from no more than 10 in mid-1915 to 30 by the end of
1916, and by mid-1917 it would be 40. It was accepted
that America was eventually coming into the war, but
the admirals and generals argued that the destruction of
shipping on an unprecedented scale would force the
British to sue for peace. With the Atlantic dominated by

• U-boats the Americans could not intervene, even if they
wanted to, and without American and British support
France could be dealt with at leisure.
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The first results justified all the optimism. Within
weeks losses rocketed to 812,840 tonnes (800,00
tons) a month. British and French countermeasures
were totally inadequate, and one in four of the ships
entering the War Zone was certain to be sunk. When
the United States finally entered the war in April 1917
Admiral William S Sims of the US Navy went to
London to meet the First Sea Lord, now Sir John
Jellicoe. Sims was shocked to learn that the war was
near to being lost, and food stocks for only six weeks
remained. The Admiralty no longer knew which way
to turn. The supreme example of U-boat success was

Lothar Arnauld de la Periére, whose various U-boats
sank the largest total of all:

1915
35 ships totalling
1916
122 ships totalling
1917
62 ships totalling
1918
5 ships totalling

tonnes
90,62

267,050

173,411

13,416
544,500

tons
89,192

262,832

170,672

13,204
535,900
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Above: HM Submarine M.2, one of three armed with a 12in
gun for shore bombardment and surface attack. After the
war she was converted to launch a small floatplane.

In 1917, the U-boats sank the appalling total of
3170 ships, a total of 6,033,328 tonnes (5,938,023
tons), and in 1918 they sank a further 1280 ships
totalling 2,666,398 tonnes (2,624,278 tons). These
bald statistics conceal the slaughter of seamen, both
Allied and neutral, who were drowned, burned or died
of exposure. At this distance in time it is difficult to
understand how such a position was allowed to
develop. The British war leaders in particular must
bear some of the blame for trying to pretend that it
was 'business as usual', and the general optimism
exemplified by the First Lord of the Admiralty,
Winston Churchill, that it would be a short war.
Virtually all construction of merchant ships had
stopped by the end of 1914, to allow yards to build
warships. No ocean salvage organisation existed, so
crippled vessels were not towed to port, and in any
case the workers in repair yards had been allowed to
enlist in the Army. Damaged merchantmen were laid
up, or in some documented cases, sunk by escorting
warships. There was a blind refusal to see shipping as
a war asset; every ship which arrived safely was
potentially capable of carrying another cargo, but a

ship sunk meant the loss of future carrying capacity.
In the summer of 1916 the Admiralty finally

realised that the pool of available shipping was drying
up. A salvage organisation was created and orders
were placed for a new generation of standard
merchant ships. Yards were created in Canada and
Japan to build these ships, although most were not
ready until the worst of the crisis was over.

CONVOY

One more countermeasure had not been adopted, the
convoying of ships. Convoy (the grouping of
merchant ships under the protection of warships) was
a very old means of protecting ships and their cargoes;
during the Middle Ages wine ships had crossed the
Channel from Bordeaux to England in convoy, and it
had been the standard method of commerce protection
in the Napoleonic Wars. But the Admiralty persisted
in using incorrect statistics to 'prove' that convoy
could not work because there were not enough
escorts. Only French insistence forced the British to
convoy colliers taking coal to France from February
1917. In April that year, at the worst moment of the U-
boat campaign, the collier convoys were suffering
0.19 per cent losses, as against 25 per cent everywhere
else. This was proof enough for the influential officers
in the Trade Division to lobby for the general
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adoption of convoy. The Admiralty fought back with
all the conviction of the truly bigoted, and it seemed
that the war would be lost before a decision could be
made.

The argument over who can take the credit for
introducing convoy is hard to resolve. The Prime
Minister, Lloyd George, was only too happy to claim
it, but it was almost certainly urged on him by the
Cabinet Secretary, Maurice Hankey, who had already
been won over by the Trade Division. With all the
cunning at his command Hankey persuaded Lloyd
George to overrule the Admiralty Board, and amid
dire warnings of disaster the first ocean convoy sailed

at the end of April. To everyone's amazement the loss
rate fell from 25 per cent to 0.24 per cent at the end of
May. By November 84,000 passages had been made
in convoy, and only 257 ships had been sunk.

For the U-boats it was the end of easy pickings.
Smoke on the horizon now portended the arrival of a
formation of ships escorted by destroyers and patrol
vessels and even airships. All U-boat commanders'
reminiscences harp on the fact that targets disap-
peared, and gun attacks on the surface were no longer
safe. Each submarine had only one shot at the convoy,
reducing its chances of hitting anything, and that shot
would bring immediate retaliation with depth charges
or bombs.

Later in the year it was at last possible to take the
offensive against the U-boats. A new horned mine,
modelled on the German one, was now available in
large numbers, and nightly minelaying runs into
enemy waters blocked exit routes from the U-boat
bases. Cryptanalysis enabled U-boats to be ambushed,
hydrophones could detect submerged targets, and the
depth charge enabled them to be attacked below the
surface.

When the war ended in November 1918 the
German Navy was forced to surrender all sea-going
U-boats in Allied ports. Some 360 had been built, and
400 more lay incomplete or had been cancelled as the
German war economy collapsed under the competing
demands of the Army. They had sunk 11,176,550
tonnes (more than 11 million tons) of shipping and
damaged 7,620,375 tonnes (7.5 million tons) more,
but the cost was the loss of 178 U-boats and 5364
officers and ratings, nearly 40 per cent of the total.

Below: The British 'M' class boats were conventional in
layout, apart from their large guns. These could be fired
from periscope, using a bead-sight on the muzzle.

4 1

M.I

Length: 90.14m (295.73ft)
Diameter: 7.5m (24.6ft)
Propulsion: two-shaft diesel engines/electric motors
Speed: 15kn./9.5kn. (surfaced/submerged)
Armament: four 45cm (18in) torpedo tubes,

one 12in gun, one 76mm gun
Crew: 64





C H A P T E R T H R E E

Submarines in
World War II
Submarine design made great strides between the two

world wars, and in 1939-45 showed once again that
submarines could inflict immense damage on enemy

shipping. The German offensive in the Atlantic was finally
defeated, but the Japanese never found an answer to the

American campaign which destroyed her maritime power.

The conditions of the Treaty of Versailles included
a total ban on submarines for the truncated

Reichsmarine which replaced the old Imperial Navy
after the abdication of the Kaiser. The giant armada of
U-boats disappeared in a very short time, scrapped
except for a handful permitted to be used for experi-
mental purposes by the victorious Allies. But
Germany never intended to accept the harsh condi-
tions of the Treaty, and very quickly the team of

Left: A Type VIIC U-boat returns to her base on the
Atlantic coast of France during the war. This type was

the workhorse of the Battle of the Atlantic.

designers at Krupp's Germania yard, led by Dr Hans
Techel, moved to Holland to establish a clandestine
Submarine Development Bureau behind the facade of
the Ingenieurskantoor voor Scheepsbouw (Shipbuilding
and Engineering Office). Its aim was to keep abreast of
submarine technology and to develop its own designs
for the Reichsmarine's future needs. At the same time
a torpedo research programme was set up in Sweden,
again with secret funding from the Navy. Neither the
Netherlands nor Sweden, ardent upholders of neutral-
ity, have ever deigned to explain their dubious roles in
permitting such a flagrant evasion of an international
disarmament treaty.
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ODIN

Length: 86.41 m (283.49ft)
Diameter: 9.12m (29.92ft)
Propulsion: two-shaft diesel engines/electric motors
Speed: 17.5kn./8kn. (surfaced/submerged)
Armament: eight 53.3cm (21 in) torpedo tubes,

one 4in gun

Crew: 53

Above: The British '0' class boats incorporated lessons
learned during World War I, but their external fuel tanks

made them vulnerable to attack.

Most navies were unduly impressed by the U-cruis-
ers, and set about designing their own in the postwar
years. Predictably, none of the designs justified their
cost, but the British X.I (two twin 13.5cm- [5.2in-]
gun mountings), the American Argonaut (V.4),
Narwhal (V.5) and Nautilus (V.6) with two single
15.2cm (6in) each, and the French Surcouf (a twin
20.3cm [8in] turret) set new records. The Royal Navy
found the X.I a great disappointment, and looked at
more interesting uses for its three 'M' class. M.2 was
converted to launch and recover a small Parnall Peto
floatplane, while M.3 became a minelayer.

NEW DEVELOPMENTS

Floatplanes were very attractive for scouting in distant
waters, and the idea had been tried during the recent war
by the British and the Germans. The US Navy fitted S.I
with a tubular hangar on the after casing, with a tiny
folding floatplane, but the Imperial Japanese Navy
found the idea irresistible. After building a number of
cruiser-submarines in the 1920s, the Type JIM proto-
type 7.5 was built with a seaplane and catapult. The
tubular hangar was part of the conning tower, split to
accommodate the wings in one section and the fuselage
and floats in the other. With 44,448km (24,000 miles)
range at 10 knots, 111.12km (60 miles) submerged at
three knots, a diving depth of 90m (295.2ft) and stores
for 60 days, she was the prototype for 1.6 (Type J2) and
the '1.9' and '1.15' classes (Types Al and Bl).
Armament was heavy: six 53.3cm (21in) tubes and 20
torpedoes, and two 13.8cm (5.43in) guns.

As a weak naval power Japan had shown an interest
in submarines as early as 1906, and the experience of
World War I impressed on her the importance of build-
ing a large fleet. Her broad strategic aim was to use
submarines with the main fleet, to inflict attrition on the
enemy (Great Britain and the United States) before
offering battle with the surface fleet on favourable
terms. The latest Royal Navy boats, the 'L' class built in
1916-24, inspired the Kaidai and L3 types, which ran to
over 30 boats with 'RO' numbers. They formed the bulk
of the submarine force in the 1930s, complementing the
big Junsen type ocean-going boats.

The French opposed any limit on submarine
numbers at the Washington Naval Disarmament
Conference in 1921-2. Some influential senior officers
led by Admiral Daveluy, tried to prove that submarines
could replace surface fleets entirely. With the support
of the influential chairman of the Naval Estimates
Committee, M de Kerguezec, they proposed a fleet of
200 to 250 submarines. The French Navy's rebuttal of
this doctrine makes interesting reading. The alleged
cheapness of the submarine was illusory, and ton-for-
ton they were as expensive as battleships. They also
required a large number of highly skilled people to
build, operate and maintain them. Furthermore, their
complexity gave them a shorter operational life - a
submarine with worn-out systems is unsafe to dive.

After the first hectic round of post-war experimenta-
tion most navies realised that the medium-sized boat,
displacing 762-1524 tonnes (750-1500 tons) on the
surface, was best suited to their needs. Coastal
submarines were also needed, to operate in the shallow
waters denied bigger boats. By 1931, submarine-operat-
ing navies had 26 large boats in service, 188 medium-
sized, 233 small types and 123 under construction.
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The Soviet Union's Red Fleet had saved a few Tsarist
boats: six in the Baltic, 18 in the Black Sea, eight in the
Caspian and one in the Arctic. The first new design, the
'D' or 'Dekabrist' class, was ordered in 1927 to an
Italian design. The British L.55, sunk in the Baltic
during the Intervention War in 1919, was raised in 1928
and the lessons learned were incorporated into a new 'L'
or 'Leninets' class. The Germans also provided techni-
cal support for the 'S' or 'Stalinets' class. It bears a
strong resemblance to the contemporary Type VIIA
design, but German sources say that the wartime 'UB
III' design was the basis. Other designs ranged from the
'K' type cruiser-submarines to the 'M' type coastal
boats, small enough to be transported by rail.

The Scandinavian navies had collective experience
as far back as 1904, when Sweden launched the
172.7-tonne (170-ton) Hajen. The Royal Netherlands
Navy had also been in the submarine business, with
O-numbered Onteneeboote for home service and K-
numbered Kolonien boats with roman numerals for
the East Indies. With the help of the Germania team in
Rotterdam it is not surprising that Dutch shipyards did
well in export markets during the inter-war period.

The Royal Navy made one small but important
change - replacing numbers with names, and arrang-
ing them in alphabetical series, starting with 'O'.
After X. 1 the first new design was the 'Oberon' or 'O'
class, running through to the 'T' class by 1939. The
exceptions were three high-speed fleet boats, the
'River' class, and the 'Porpoise' class minelayers,
named after marine mammals. British designs were
exported to Chile, Estonia, Portugal, Turkey and
Yugoslavia. Two classes were selected for mass-
production in wartime, the proven sea-going 'S' class
and the bigger ocean-going 'T' class, but shortly
before the war a small coastal design, the 'U' class,
was designed to replace the ageing 'H' class for train-
ing. Fortunately a decision to give them no armament
was rescinded, and they too were built in large
numbers during the war.

When Adolf Hitler became Germany's new
Chancellor in 1933 the Navy had already prepared its

Below: An unusual assortment of Royal Navy submarines
late in the war. The are (left to right): an early 'S' class, a

'U' or T class, P-614, HMS Upright mû HMS Unison.
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Above: HMS Unrivalled, one of the improved 'IT class. They

could be distinguished from the pre-war boats by their

'shark' bow. Designed for training, they also saw combat.

masterplan to defeat the Versailles Treaty ban on U-
boats. The Naval Staff had prepared plans for five
types: a sea-going design of 508-762 tonnes
(500-750 tons) based on the 'UB III' of 1917, an
ocean-going minelayer, a 1524-tonne (1500-ton)
U-cruiser, a 254-tonne (250-ton) coastal boat and a
508-tonne (500-ton) coastal minelayer. The minelayer
types and the cruiser-type were not built, but the
others were selected as the basis for future construc-
tion. By November 1934 material bought clandes-

tinely from Holland, Finland and Spain had been
assembled, sufficient for 10 Type II coastal boats.
With Hitler's approval progress was rapid, and 24
were under construction before the end of 1935. To
the British Admiralty, who had worked so hard to
prevent this happening, it was a severe blow.

ADMIRALTY TRIES TO CONTAIN HITLER

As Germany's new naval programmes could not be
stopped, the alternative was to contain and direct it, an
aim achieved by the Anglo-German Naval Treaty of
1936, which agreed to parity in submarines but only
one-third of Royal Navy strength in surface ships.
This agreement has been denounced as appeasement

TYPE XXI

Length: 76.7m (251.64ft)

Diameter: 6.6m (21.65ft)
Propulsion: two-shaft diesel engines/electric motors

Speed: 15.6kn./17.2kn. (surfaced/submerged)

Armament: six 53.3cm (21 in) torpedo tubes, two 20mm guns

Crew: 57
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at the time (and since), but it controlled German
expansion. One important benefit was the choice of
the nominally 508-tonne (500-ton) Type VII design
(actually 762 tonnes [750 tons]), in order to make best
use of the total tonnage available. As the war
progressed it became clear that the design was too
small for Atlantic work, but by then it was too late to
redesign the hull.

In August 1939 the Führer der Uboote, Admiral
Karl Dönitz, had under his command 65 U-boats,
including 32 Type II coastal boats, 12 Type I and Type
IX ocean-going boats and 21 sea-going Type VIIs,

although 10 were still fitting out. When war broke out
the following month a total of 21 boats were at sea.
This time Hitler was determined to avoid antagonis-
ing American opinion, and the U-boats were ordered
to observe the Prize Regulations to the letter. These
were enshrined in an international protocol signed
several years earlier, in a well-meant attempt to
'humanise' submarine warfare. The Admiralty did not

Below: HMS Thrasher returning to base in October 1945.

She reflects all the wartime changes to the T class:
bulbous bow, aft-firing tubes and 20mm cannon.

Below: By increasing battery capacity, the Type XXI

boats achieved high underwater speed for short

bursts, and rapid reloading allowed heavy salvoes.
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believe for a moment that the Regulations would
work in practice, and had already warned Merchant
Navy captains to expect a 'sink-at-sight' policy. Nor
was there any debate about the value of convoy,
although the lack of escorts prevented 'close' escort
all the way across the Atlantic. When K/Lt Julius
Lemp in U.30 mistook the liner Athenia for a troop-
ship on the day after the outbreak of war and torpe-
doed her, he was threatened with a court martial. But
the Propaganda Ministry took a hand, seizing [7.30's
log and accusing Winston Churchill and the
Admiralty of sinking the liner themselves to incrimi-
nate Germany.

Even when operating under the Prize Regulations
the U-boats managed to sink 114 ships totalling
427,915 tonnes (421,156 tons), up to the end of
December 1939. The regulations were held to expire
at the end of September 1939, allowing U-boats to
attack any ship sailing without lights off the British or
French coasts. On 4 October this exemption was
extended out to 15 degrees West, followed by permis-
sion two weeks later to sink any ship identified as

Below: (7.47and her crew in festive mood. The VIIA
lacked the prominent wind deflector around the top
of the conning tower and other refinements.

hostile. The last prohibition, on attacking liners, was
removed on 17 December, and unrestricted warfare
was back.

UNRESTRICTED WARFARE

The most spectacular successes of the first weeks
were, however, against warships. On 12 September
U.29 sank the aircraft carrier HMS Courageous,
which was on patrol in the South Western
Approaches. The hunt took two hours, but K/Lt
Schuhart's patience was rewarded when the carrier
turned into wind to recover her aircraft. Even so, she
might have escaped had not two of the escorting
destroyers been detached to help a sinking merchant
ship. Two days later the new carrier HMS Ark Royal
was narrowly missed by a salvo of torpedoes from
U.39 passing astern. This time the U-boat paid the
price, and the carrier's escorts sank U.39 with depth-
charges. The Admiralty hurriedly decided that big
carriers were too valuable to be risked in pointless
anti-submarine patrols.

Exactly a month later K/Lt Günther Prien in U.47
achieved a brilliant success by penetrating Scapa
Flow and sinking the old battleship HMS Royal Oak
at anchor. Aerial reconnaissance had revealed that 20
years of fierce currents and winter gales had shifted

"̂ Ü^
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Above: The massive anti-aircraft armament (one 37mm

and two twin 20mm guns) and radar 'mattress' give some

idea of the wartime additions to the Type VII boats.

the blockships scuttled in Kirk Sound in World War I.
The U-boat Command gave permission for Prien to
try to find a way into the vast natural harbour. Only
two attempts had been made by U-boats in 1914-18
to penetrate the Flow's defences, and both had ended
disastrously, so Prien had no illusions about the risks.
On the night of 13 October 1939 U.47 just scraped
past the rusting blockships and their mooring chains,
grounding once. The Flow was virtually empty
because the Home Fleet was at sea, but lookouts
spotted the Royal Oak to the north. Because one bow
tube was faulty the U-boat could only fire a salvo of
three torpedoes, and Prien was mortified to hear only
a small explosion, possibly a hit on the anchor chain
or a partial 'dud'. Prien turned the boat around to try
a shot with the single stern tube, but that missed too,
so he withdrew to allow the bow tubes to be reloaded.
This time all three ran true and detonated under the
Royal Oak's keel. Thirteen minutes later the 23-year-
old veteran rolled over and sank, taking with her 833
officers and ratings.

The U-boat Arm was wildly elated, and Prien and
his crew were showered with honours. Even if the
Royal Oak was an elderly unit, her loss had shown the

Admiralty that Scapa Flow was no longer secure. The
Home Fleet was forced to move to a temporary base
in Loch Ewe on the west coast of Scotland until Scapa
Flow could be made safe once more, repeating the
experience of the Grand Fleet in 1914. But the
Kriegsmarine was no more able to exploit the Fleet's
temporary absence than its predecessors had been,
and the opportunity never recurred.

ESCORT VESSELS

The Admiralty had drawn up elaborate plans for the
immediate convoying of merchant ships. All that was
lacking was sufficient escorts, and to make up for the
shortage 'close escort' was only provided out to 15
degrees West. In coastal waters constant air patrols
were effective in keeping sinkings down, and when
the new 'Flower' class corvettes began to enter
service in the spring of 1940 they too operated effec-
tively in coastal waters. To avoid this lethal concen-
tration of resources the U-boats were forced to move
further west, and to cope with this, close escort was
provided to 17 degrees West from July 1940, and then
to 19 degrees West three months later.

On the other side of the Atlantic the Royal Canadian
Navy had to extend its convoy limit from 56 degrees
to 53 degrees West. This left the 'Black Gap' in mid-
Atlantic, in which merchant ships had neither air cover
nor escorts. All that saved the Atlantic convoys from
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Above: K/Lt Otto Kretschmer and his crew of U.99al
Kiel in May 1940 - a 'happy time' for the U-boats.

Below: The death of (/.77Satthe hands of aircraft from the
carrier USS Bogue in the central Atlantic in June 1943. The
boat is being hit by a depth charge and cannon fire.

annihilation was the shortage of U-boats. Many had to
be kept in home waters for training, others needed
maintenance, while anti-submarine measures and
accidents were taking a steady toll.

The hard-pressed Allied navies had time to improve
the convoy organisation and to build and convert
more escort vessels. In addition deep minefields were
laid in the English Channel to force U-boats to make
the lengthy northern passage to their hunting grounds.
The Dover Barrage had taken most of World War I to
perfect, but this time it worked completely, account-
ing for three out of four U-boats in the first month.

NORWEGIAN CAMPAIGN

British and French submarines were active in the
North Sea, but the lack of major targets meant that
they were limited to reconnaissance, minelaying and
the occasional rare shot at a U-boat on passage. The
principal bases were at Blyth and Dundee on the east
coast, where they were joined by the Polish Wilk and
Orzel after their heroic dash to freedom from the
Baltic. The Royal Navy's Mediterranean boats were
brought home to form the new 3rd Flotilla at Harwich.

Their chance came in the Norwegian Campaign in
April 1940, when an Anglo-French decision to inter-
rupt the iron trade from Narvik to the Baltic coincided
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GALILEO GALILEI

Length: 70.5m (231.29ft)

Diameter. 6.8m (22.3ft)
Propulsion: two-shaft diesel engines/electric motors

Speed: 17kn./8kn. (surfaced/submerged)
Armament: eight 53.3cm (21 in) torpedo tubes

two 100mm guns

Crew: 52

Above: The Galileo Galilei was captured by a British

trawler in the Red Sea and became HMS X2. Her sister,

Galileo Ferraris, was sunk off Gibraltar.

with a German invasion of Denmark and Norway. The
Admiralty had 19 submarines on patrol in the area,
but the sinking of the troop transport Rio de Janeiro
by the Oriel did nothing to rouse the Admiralty from
its complacency. Allied submarines were given
permission to attack only military transports on 9
April, but two days later the rules were changed to
allow any ship to be attacked up to 10 miles from the
coast of Norway. The spectacular results which
followed showed what might have been achieved if
the submarines had been alerted earlier. In less than a
month 18 German transports, tankers and other
mercantile vessels were sunk, as well as the light
cruiser Karlsruhe, the gunnery training ship Brummer
while U.I. Submarine-laid mines accounted for

another 13 ships, and the 'pocket-battleship' Liitzow
was badly damaged by HMS Spearfish. The British
losses were not unduly heavy, bearing in mind that
101,605 tonnes (100,000 tons) of scarce German
shipping was sunk: HMS Thistle was torpedoed by
U.4, the Tarpon and Sterlet were sunk by anti-subma-
rine vessels, and the minelayer Seal was forced to the
surface and surrendered after suffering damage from
one of her own mines.

To strengthen the minelaying effort the Admiralty
asked the French Navy to lend three 'Saphir' class
minelayers, but only the Rubis was made available.
She arrived at Harwich on 1 May 1940, under the
command of Lieutenant de Vaisseau Georges
Cabanier, and laid 32 mines off Egersund nine days

Below: The Type XXI 'Electric Boat' was one of the

weapons Admiral Dönitz hoped would counter U-boat

losses suffered in 1943, but too few were built.
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ARCHIMEDE

Length: 72.47m (237.76ft)

Diameter: 6.68m (21.91ft)

Propulsion: two-shaft diesel engines/electric motors

Speed: 17.3kn/8kn. (surfaced/submerged)

Armament: eight 53.3cm (21 in) torpedo tubes

one 120mm gun

Crew: 58

later, followed by 32 more on 24 May near
Haugesund. Another dozen French submarines were
in British waters, but none could match the achieve-
ments of the Rubis, and the Doris fell victim to U.9
off the Dutch coast in May.

The comparatively poor performance of the U-boats
can be explained by the failure of the magnetic pistol
of the G7a torpedo. It was adversely affected by
fluctuations in the earth's magnetism in high latitudes,
but pre-war trials had not revealed the weakness. After
bitter complaints from U-boat commanders Admiral
Dönitz was forced to order a searching enquiry into the
design and manufacture of the Kriegsmarine's torpe-
does. As the U-boats were withdrawn from the Atlantic
for the Norwegian Campaign, the Allied escorts won a
useful respite at a critical time.

The lull was illusory. While the Germans were
consolidating their gains in Norway the main forma-

Below: Originally numbered V4, this large boat was the

only specialised submarines minelayer built for the US

Navy. The design was influenced by early U-boats.

Above: The Italian Archimede replaced an earlier

submarine of the same name secretly transferred to the

Nationalists during the Spanish Civil War

tions of the Wehrmacht and the Luftwaffe were prepar-
ing to invade France and the Low Countries. As soon
as the Germans attacked through Belgium most of the
Allied submarines were withdrawn from Norwegian
waters and redeployed to prevent a naval incursion
into the southern North Sea. The fall of Holland and
the collapse of French resistance meant that a number
of Dutch and French submarines fled to British ports.
Strenuous efforts were made to get incomplete
submarines out of Brest and Cherbourg, and the final
total included the giant Surcouf, the small Junon,
Minerve, Narval, Ondine and Orion and the incom-
plete la Créole. Under the armistice signed by Marshal
Petain, French naval officers were ordered to take their
ships back to France, but the British had good reason
to doubt the validity of Hitler's guarantees. On 3 July,
British naval personnel took over all French warships
lying in British ports, the results varying according to

USS ARGONAUT

Length: 109.73m (360ft)

Diameter: 10.36m (33.98ft)

Propulsion: two-shaft diesel engines/electric motors

Speed: 13.6kn./7.4kn. (surfaced/submerged)

Armament: four 53.3cm (21 in) torpedo tubes,
two 15.2cm guns, 60 mines

Crew: 52
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the tact and personalities involved. At Dundee,
Commander Gambier RN won over the commander
and crew of the Rubis, and a similar handover occurred
at Portsmouth, but at Plymouth resistance to the
commandeering of the Surcouf led to bloodshed. The
formation of the Free French Navy under General de

Below: The giant Japanese submarines 1-400,1-401 and

1-14 alongside a US Navy tender in Tokyo Bay after the

Japanese surrender in August 1945. The catapult tracks

and cylindrical hangars for floatplanes can be seen. These

large submarines found no use, and after the war were

scuttled by the Americans.
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Above: The Japanese No.69was a second-class
submarine based on a Vickers design and the Royal Navy
1' class. From 1940 she was used for training purposes.

Gaulle's government-in-exile allowed French naval
personnel to fight on in French uniforms.

Within hours of the fall of France, Admiral Dönitz
and his staff were ready with plans to exploit the
dramatic developments. Road transport was comman-
deered to move heavy equipment such as air-compres-
sors and torpedoes from Germany down to the French
Atlantic coast. From here the U-boats could reach the
crowded shipping lanes far more easily than before.

THE BATTLE OF THE ATLANTIC

The U-boats had completely outflanked their
opponents, and in addition the British no longer had
the help of most of the French Navy and the large
mercantile marine. What Winston Churchill was to call
the Battle of the Atlantic can be said to have started in
earnest at this point. It was to be waged with no quarter
given, right to the end of the war in Europe in 1945.

Ever the opportunist, Mussolini declared war on
Britain and France, and to support his Axis partner he
ordered the Italian Navy to set up a submarine base at
Bordeaux. Under the name BETASOM (Beta
[Bordeaux] Som [Sommergibili]) the new command
had 27 submarines by the beginning of 1941. Had the
Italian boats been better suited to Atlantic conditions

their contribution might have been decisive, but they
achieved much less than the U-boats. Operating mainly
off the Azores, they sank 1,016,050 tonnes (about 1
million tons) of shipping between January 1941 and
September 1943, an average of 31,497 tonnes (31,000
tons) for each of the 33 boats involved. By comparison
the 14 Type IXB boats there sank 40 per cent more.

After the relocation of the U-boats to France,
Dönitz was able to form eight flotillas, all under
Operation Area West:

1st U-boat Flotilla
2nd U-boat Flotilla

3rd U-boat Flotilla
6th U-boat Flotilla
7th U-boat Flotilla
9th U-boat Flotilla
10th U-boat Flotilla
12th U-boat Flotilla

Brest (formerly at Kiel)
la Rochelle (from
Wilhelmshaven)
la Pallice (from Kiel)
St Nazaire (from Danzig)
Brest/St Nazaire (from Kiel)
Brest (newly formed)
Lorient (newly formed)
Bordeaux (newly formed)

The 4th and 5th Flotillas remained in Germany, while
the llth and 13th were based in Norway. As already
mentioned, the Type VII proved to be on the small
side for operating so far out into the Atlantic, and
special 'milch-cow' U-boat tankers were designed.
These Type XIV boats could transfer 438.9 tonnes
(432 tons) of diesel fuel and four spare torpedoes to
other U-boats in mid-ocean. Only 10 were completed
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in 1941-2, and as they attracted the special attention
of Allied anti-submarine patrols they were all early
casualties. The bigger Type IX boats had sufficient
endurance, but were slow to dive, making them
vulnerable in the Western Approaches. They were
therefore employed well away from the main trade
routes, where many of their victims were unescorted.
Largely because of these special conditions the Type
IXB boats accounted for some 10 per cent of the
entire mercantile tonnage sunk by U-boats.

Between June and November 1940 British and
neutral shipping losses from submarine attack rose to
1,625,680 tonnes (1.6 million tons). It was the heyday
of a new generation of 'ace' commanders, men like
Prien and Kretschmer, who sank more than 203,210
tonnes (200,000 tons) apiece. K/Lt Otto Kretschmer
in U.99 was the leading exponent of a brilliant tactic
- the night attack on the surface. Taking advantage of
her low silhouette and relatively high speed on diesel
motors, a U-boat could penetrate the columns of the
convoy itself, able to fire torpedoes and escape
undetected. It required great courage to play hide-and-
seek with large merchant ships, but the tactic usually
threw the convoy into confusion. Only the growing
use of radar put an end to this trick, but in 1940 hardly
any escorts had radar.

DÖNITZ'S WOLF-PACKS

Even the depredations of the 'aces' were insufficient
for Dönitz, who realised there would never be time to
train a new generation of U-boat captains of the
calibre of Kretschmer, Frauenheim, Schepke and the
rest. Instead he implemented an idea first tried in 1918
by Commodore Bauer the mass-attack or
Rüdeltaktik (Wolf-pack tactics). In theory a force of
20 or more U-boats could swamp a convoy's
defences. Dönitz envisaged seven steps in the process:

• A 'pack' of U-boats is disposed in a wide curve
across the probable path of a convoy

• Any U-boat sighting the convoy signals its course,
speed and composition, as well as its own position,
to U-boat HQ

• The U-boat then shadows the convoy without
attacking, merely reporting changes in course and
speed

• U-boat HQ orders the rest of the pack to make
contact with U-boat No. 1

• When the pack is in place a coordinated attack is
made on the convoy after dark

• At daybreak the pack breaks off its attack, leaving
one shadower to maintain contact, allowing the

Above: The bow of the USS Archerfish surfaces from the

depths. The 40mm Bofors gun in the foreground is typical

of the anti-aircraft armament of US submarines in the war.

rest to recharge batteries and reload torpedo tubes
• At nightfall the pack attacks once more.
The appeal of wolf-pack tactics was simplicity.

They made the best use of newly trained and
relatively inexperienced commanders and crews.
Inevitably these attacks wrought havoc among the
poorly escorted convoys when the new system was
phased in between October 1940 and March 1941.

ALLIED TACTICS

In fact the wolf-packs were unavoidable because the
British and Canadian escorts were beginning to elimi-
nate many of the 'aces'. In March 1941, the escorts
got Prien in U.47, and then Schepke in U.100 and
Kretschmer in U.99, all sunk while attacking convoys.
It was a heavy blow for the U-boat Arm, for these
three commanders had sunk 111 ships between them,
a total of 508,025 tonnes (over 500,000 tons). They
and others fell victim to new weapons and tactics,
notably new lightweight radars, high-frequency direc-
tion-finding ('Huff-Duff'), improved depth-charges,
the first acoustic homing torpedoes, and finally, better
coordination with shore-based patrol aircraft.

There was another way to exploit an inherent
weakness of the U-boats' command system: eaves-
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'S' CLASS

Length: 103.58m (339.82ft)

Diameter: 9.8m (32.15ft)
Propulsion: two-shaft diesel engines/electric motors

Speed: 14.5kn./5kn. (surfaced/submerged)
Armament: four 53.3cm (21in) torpedo tubes

one 10.2cm gun

Crew: 38

dropping on the dense message-traffic between U-boat
HQ and the individual U-boats at sea. British cryptog-
raphers at Bletchley Park had been working assidu-
ously on the German Enigma machine-ciphers, and
under the code-name 'Ultra' the information was
disseminated to key sectors of the armed forces, in this
case the U-boat Tracking Room at the Admiralty in
London. The first major break into the naval ciphers
occurred in May 1941, allowing the Tracking Room to
identify individual U-boat call signs and to alert the
escorts. Although there were periodic 'blackouts',
when the codebreakers were defeated by a change in
the cipher, the quality of 'Ultra' information became
steadily better as the Battle of the Atlantic progressed.
At sea, where ciphers could not be broken, the use of
'Huff-Duff' enabled escorts to pinpoint the source of
radio transmissions to within a quarter of a mile.

The surest means of dealing with shadowers was to
maintain an aircraft patrol astern of the convoy; if the
U-boat was forced to dive it could not keep up and
could no longer transmit reports. Until the end of
1941 there were neither aircraft nor carriers to spare
for the 'Black Gap' in mid-Atlantic, but in mid-1941
the Admiralty started the conversion of an 'escort
carrier' - a small merchant ship with a wooden flight
deck. When the United States came into the war in
December 1941 the country's enormous resources
enabled many of these 'jeep carriers' to be built.

THE SNORKEL

To reduce the unbearable losses inflicted by radar-
equipped escorts and aircraft, U-boat designers resus-
citated an idea they had found in captured Dutch
submarines in 1940. The Schnorchel (nostril) was an
air mast, originally intended to ventilate the interior of

Above: The numerous 'S' class was the US Navy's last

series of submarine designs produced in World War I, but

they were no better than their foreign contemporaries.

the boat, but in 1943 it promised a way to allow a
U-boat to recharge its batteries without surfacing. The
diesel-generators could be run at full power, while a
masthead float valve prevented water from flooding
the boat (small amounts of water were vented
outboard). Used in rough weather it caused extreme
discomfort to the crew by causing rapid changes in air
pressure, but the alternative was destruction.

In practice the Schnorchel (later Americanised to
'snorkel') did some damage to morale, and some of
the inexperienced U-boat commanders were reluctant
to use it for long periods. Radar warning receivers
were used to detect hostile transmissions, but the
performance of Allied radars outpaced the German
scientists' efforts to counter them. Rubber coatings
were used to absorb sonar energy and the pillenwerfer
bubble decoy was introduced. It functioned like a
giant Alka Seltzer, producing flat bubbles in the water,
but experienced asdic operators rarely mistook them
for genuine targets.

AXIS SUCCESSES

In the Mediterranean the Italian submarines scored
some successes, torpedoing the cruisers HMS
Bonaventure, HMS Calypso and HMS Coventry in
1940-1, but it was in the realm of special operations
that they performed most spectacularly. The maiale
(pigs) were known as 'human torpedoes', but they are
more correctly described as swimmer delivery-
vehicles. Carried to the scene of operations in cylinders
welded to the decks of conventional submarines, they
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penetrated the defences of Alexandria in December
1941 and the swimmers put heavy charges under the
battleships HMS Queen Elizabeth and HMS Valiant.
Unfortunately the Italians' bravery did not achieve the
effect it deserved; the British ships settled on the mud
of the harbour, and aerial reconnaissance reported that
they were not immobilised. An even more audacious
operation was mounted by maiale from an old tanker in
the neutral Spanish port of Algeciras. Using a specially
converted secret underwater compartment, the two-
man crews mounted several attacks on British shipping
in the harbour at Gibraltar.

British submarines were very active, from their
exposed base at Malta and from Beirut and Alexandria.
When the German and Italian air attacks made Malta's
Grand Harbour virtually untenable, submarines ran
essential cargoes of spares and ammunition. During
the day they rested on the bottom of the harbour to
reduce the risk from bombs. Once the siege of Malta
was lifted in August 1942 the submarine flotilla was
brought back to full strength to play its part in inter-
rupting convoys between Italy and North Africa.

In 1941 Hitler ordered Dönitz to release 12 U-boats
to the Mediterranean to take the pressure off the Italians.
Although Dönitz gloomily predicted (correctly) that his
precious U-boats would never return, they made their
mark quickly, torpedoing the famous carrier HMS Ark

Royal and the old battleship HMS Barham in November
1941, followed by the carrier HMS Eagle in 1942.

When the United States entered the war most
people thought that the U-boats would soon suffer
greater losses. Sadly the US Navy refused to accept
British recommendations about convoys, and the U-
boats enjoyed six months of 'Happy Time' on the East
Coast. Shore lights blazed and unescorted ships were
sunk with impunity, while the same 'hunting groups'
which had proved useless in 1916-17 dashed
aimlessly from one sinking to another.

But the US shipyards were able to build merchant
ships faster than the U-boats could sink them, and at the
same time build hundreds of escorts. By the end of 1942
it seemed that the U-boats might be held, but during that
year they sank 66,043,250 tonnes (65 million tons), and
212 U-boats were at sea by December.

The climax of the Battle of the Atlantic might have
happened in the autumn of 1942, but escort carriers and
support groups were withdrawn to cover the invasion
of North Africa in November. Dönitz immediately
sensed the slackening of the Allied effort in the
Atlantic, but his U-boats were rendered less effective

Below: USS Harder off Mare Island Navy Yard, California,

February 1944. Unlike many of her sisters of the 'Gato'
class, her deck armament is comparatively austere.
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by the severe winter conditions. As soon as the weather
improved in March 1943 the U-boats struck with
renewed ferocity. In the first big battle two groups of U-
boats tried to trap convoy SC-121. Thirteen ships were
sunk in five days, but the remainder slipped through a
gap in the patrol line. Later that month Dönitz
succeeded in concentrating 40 U-boats against convoys
SC-122 and HX-229. In the first eight hours 12 ships
were torpedoed, U.338 managing to sink four with only
five torpedoes. In a desperate attempt to stop the
slaughter the senior escort commander ordered the two
convoys to combine, and the survivors escaped. Some
142,247 tonnes (140,000 tons) had been lost, in return
for only one U-boat. In the first 20 days of March
508,025 tonnes (500,000 tons) was sunk, and the
Admiralty was seriously considering abandoning the
trusted convoy system. Dönitz seemed about to make
good his boast that the U-boat alone would win the war.

Help was on its way, however, as the escort forces
released from the North African invasion were thrown

Above: An officer at the periscope of his submarine during
training at the New London Submarine Base, Connecticut,
in preparation for the war in the Pacific against Japan.

back into the Atlantic battle. Allied scientists were
also winning the technology battle, and Bletchley
Park mastered the latest U-boat cipher in the nick of
time. In March 1943, 15 U-boats were sunk, followed
by 16 in April, but in May a staggering 41 were sunk.
Defeat was conceded later that month, when Dönitz
announced the need to 'regroup' and re-equip. The U-
boats remained dangerous to the end, but they never
regained the upper hand. Although new designs took
shape in 1944 the Third Reich was crumbling, and
production problems ensured that only three of the
vaunted Type XXI 'electro U-boats' were operational
when Germany surrender unconditionally.

Dr Walter had even more advanced ideas, the use of
a thermal fuel, high-test peroxide (HTP, known to the
Germans as Perhydrol), to generate its own oxygen for
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air-independent propulsion. The system was unreli-
able, not least because Perhydrol was a lethally unsafe
fuel, liable to burn spontaneously and capable of
corroding cloth, flesh and even metal. Despite these
drawbacks the Type XVIIB was put into production,
and a few prototypes were ready by the end of the war.

US SUBMARINES IN THE PACIFIC

When the Japanese Navy attacked Pearl Harbor in
December 1941 the Pacific Fleet submarines were
suddenly in the front line. Apart from the three carriers
which had escaped the disaster, there was little that
Admiral Chester W Nimitz could do to take the offen-
sive against the Imperial Japanese Navy. The old 'S'
class boats in the Philippines were not suited to Pacific
conditions, but the latest 'Gato' class were formidable
long-range boats with a heavy armament of six bow
tubes and four stern tubes, and a 12.7cm (5in) deck
gun. The design proved well suited to the Pacific, and
only minor improvements were made in the light of
war experience. Their successors, the 'Balao' and
'Tench' classes, were virtually repeats, but capable of
diving deeper because of their stronger hulls.

US submarines in the Pacific carried out a range of
missions. Their prime targets were aircraft carriers,
followed by tankers, and then other warships and
mercantile vessels, but they also reported on Japanese
ship movements, laid mines, rescued downed aircrew
and reconnoitred invasion beaches. Unfortunately
they suffered initially from a major drawback - like
the German U-boats in 1940 the magnetic pistols of
their torpedoes were faulty. Getting the designers to
admit that anything was wrong took a long time, and
it had the deleterious effect of weakening the confi-
dence of the submariners in their equipment. On the
plus side, Japanese anti-submarine warfare proved to
be less effective than predicted, not least because the
Imperial Japanese Navy believed that commerce
protection was less 'honourable' than engaging
warships. This is not to say that the Japanese
submarines did not achieve any successes, but that
they never matched the expectations of the pre-war
planners. Their greatest successes were achieved in
the fighting around the Solomon Islands. The carrier
USS Saratoga was badly damaged on 31 August
1942, and the USS Wasp was sunk three weeks later.
The battleship USS North Carolina was hit on the
same day, 15 September, reducing the heavy units to
a single carrier and a battleship.

The US Navy had no such romantic illusions. After
Pearl Harbor, Japan's mercantile marine had grown

by 812,840 tonnes (800,000 tons) by the addition of
captured ships, until it totalled 6,096,300 tonnes
(6 million tons). It was barely sufficient to meet the
needs of the new sprawling maritime empire, but the
Navy regarded this as a bottomless purse from which
to draw tonnage for naval auxiliaries. Little or nothing
was done to replace the 1,016,050 tonnes (1 million
tons) lost in 1942, and it was not until August 1943,
when losses had risen to 2,032,100 tonnes (2 million
tons), that alarm bells began to ring in Tokyo. US
submarine commanders had priorities: carriers,
tankers and merchant ships, in that order.

As radar was progressively fitted to Pacific Fleet
submarines their effectiveness increased noticeably. A
submarine could stalk its prey on the surface, fire a
torpedo and then move away rapidly before the
escorts had time to react. Some daring submariners
perfected the 'down the throat shot', a highly risky
way of attacking escorts. The submarine commander
allowed the escort to start its depth-charging run
against its target, and then destroyed it with a full bow
salvo of six torpedoes at short range.

If the German U-boats had ever been able to treat
Allied escorts with such disdain in the Atlantic or the
Mediterranean, the outcome of World War II would
have been very different. The US submarines adopted
their own variant of the 'wolf-pack', hunting groups
of three boats, identified by their senior officers:
'Ben's Busters', 'Donk's Devils', 'Ed's Eradicators',
'Laughlin's Loopers', and so on. Several boats like
the USS Barb, USS Rasher and USS Silversides
exceeded 914,445 tonnes (90,000 tons) each, while
the top-scoring USS Tang sank 101,839 tonnes
(100,231 tons). The price was heavy, 59 sunk by all
causes, including grounding. But the Japanese told
American interrogators after the war that they had
accounted for 486 US Navy submarines ! This discrep-
ancy points to something much more serious than a
misjudgement on countermeasures.

JAPAN'S FRAGILE EMPIRE

Japan imported 20 per cent of its food, 24 per cent of
its coal, 88 per cent of its iron ore and 90 per cent of its
oil, making its fragile maritime empire exceedingly
vulnerable to attack. By the end of 1943 the total
shipping lost was 3,048,150 tonnes (nearly 3 million
tons), most of it sunk by submarines. The depredations
continued in 1944, with nearly 1,016,050 tonnes
(1,000,000 tons) sunk in the first five months. As the
Japanese were forced to rely more and more on small
junks and coasters for moving cargoes, the big
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American submarines found themselves short of
targets. To deny coastal waters to the Japanese the
Royal Navy and the Royal Netherlands Navy estab-
lished three flotillas in the Far East. The smaller British
and Dutch submarines were able to operate inside the
28m (91.86ft) line, and they soon began to make
themselves felt. In addition to many minor mercantile
craft, these boats sank the cruisers Ashigara and Kuma.

The American submarines' greatest military
successes were the sinking of the new carrier Taiho by
the USS Albacore during the Battle of the Philippine
Sea in June 1944 and the giant ex-battleship carrier
conversion, the Shinano, by the USS Archerfish in the
Inland Sea in November 1944. Their crucial reconnais-
sance role was shown to best effect on the eve of the
Battle of Leyte Gulf in October 1944. The USS Darter
and USS Drum ambushed a heavy cruiser squadron,
sinking the Atago and Maya and damaging the Takao.

As the war progressed the huge Japanese submarine
fleet seemed to lose direction. On 19 May 1944, acting
on intercepted Japanese orders, the destroyer escort
USS England encountered a patrol line off the
Solomons. She sank 7.76 northeast of Choiseul Island.
Three days later she sank RO.106 off Kavieng in New
Ireland, followed by RO.104 on 23 May, RO.116 on 24
May, RO.108 on 26 May and finally RO.105 on 31
May. The Imperial Navy turned to desperate measures,
sacrificing submarines in useless attacks on invasion
fleets and running supplies and ammunition to outly-
ing garrisons. A special supply-submarine design was
developed, the '1.361' class, capable of carrying

Above: USS Argonaut, second of the name, in April 1945. The
forward deck gun has given way to a short 5in gun abaft the
conning tower, a 40mm Bofors and twin 20mm guns aft.

83.3 tonnes (82 tons) of cargo and having a surfaced
endurance of 27,780km (15,000 miles). The Army
even built its own supply-submarines, and a number of
Navy boats were converted to carry 'Kaiten' midget
submarines. The most ambitious project was the giant
'1.400' class, ordered in 1942. They were the biggest
submarines built up to that time, 189m (620ft) long
and equipped with four small floatplane bombers
(three plus the component parts of a fourth). The T. 14'
design was slightly smaller, and could operate two
floatplanes. The original role for these extraordinary
craft was a bombing raid on the Panama Canal.

The end of the war against Japan in August 1945
also marked the end of the most successful submarine
campaign in history. Only 231 Japanese merchant
ships survived out of a pre-war total of 2337 listed in
Lloyds' Register. In all, 190 Japanese submarines
were delivered by August 1945, but only 55 were
surrendered, a loss-rate of more than 70 per cent and
a heavy price to pay for so little.

MIDGET SUBMARINES

Although the Italians had pioneered the midget
submarine in World War I, the most work between the
wars was done by the Japanese, who intended to use
them to attack defended harbours. Yet the attempt to
penetrate Pearl Harbor in conjunction with the carrier
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air strikes was a dismal failure, with four sunk. An
attempt to attack Sydney Harbour in May 1942 was
also unsuccessful, although a torpedo intended for the
heavy cruiser USS Chicago sank a ferry. An almost
simultaneous attack on a British invasion force at
Diego Suarez in Madagascar had more success, with
two midgets damaging the battleship HMS Ramillies
and an oiler. It was also one of the few occasions
when a submarine-launched floatplane achieved its
aim; 7.70's floatplane had reconnoitred the anchorage
a day earlier.

In 1944, a growing realisation that the Empire of
the Rising Sun was staring defeat in the face led to the
production of large numbers of 'Kairyu' and 'Kaiten'
types. The 'Kaiten' was a Type 93, 60cm (23.6in)
'Long Lance' torpedo body adapted for human
guidance, whereas the 'Kairyu' carried conventional
torpedoes slung underneath the hull. Although
hundreds were built, they achieved few successes.

The Italians also revived the idea of midgets, but
they are best remembered for the maiale mentioned

Below: The 'Gato' class USS Peto running at speed. The
limber holes in the outer casing are to assist rapid flooding

and venting and to release water trapped in the casing.

earlier. These made such an impression on the Royal
Navy that an equivalent, the 'Chariot', was produced.
Ironically, their greatest successes were in the hands
of Italian operators when used to attack former Italian
warships under German control. The British also built
X-craft and Welman craft. Instead of torpedoes the
four-man X-craft and its Far East equivalent, the air-
conditioned XE-craft, carried a pair of 2.03-tonne (2-
ton) charges faired into the saddle tanks. They were
used with great effect against the battleship Tirpitz in
a Norwegian fjord in September 1943, inflicting
permanent damage. Two XE-craft put the heavy
cruiser Takao out of action in Singapore in July 1945.

Like their Japanese allies the Germans produced
large numbers of Kleine kampfmittel (small assault
units) in a vain attempt to fend off invasion. Known as
Neger (negro), Marder (marten), Biber (beaver),
Molch (salamander) and Seehund (seadog), they were
first deployed at the Anzio landings in 1944 and
scored a few successes off the Normandy beaches.
They were also used to attack Allied shipping in the
Scheide estuary in late 1944. The Seehund was the
most successful, and sank a Free French escort
destroyer and a British tank landing ship in the
Thames Estuary as late as February 1945.
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C H A P T E R F O U R

Cold War Beneath
the Waves

Under Stalin the Soviet Navy built up a powerful fleet of
conventional and nuclear submarines, creating the risk of

Europe being cut off from American reinforcements. On
both sides submarines developed fast, culminating in the

awesome power of the nuclear submarine armed with
long-range nuclear-tipped missiles.

T T Then the Third Reich collapsed in May 1945,
V V teams of American, British and Russian subma-

rine experts converged on German dockyards to locate
and recover every scrap of information about the latest
U-boat designs. In particular they wanted details of the
Type XXI and the even more advanced HTP-driven
Type XVII. The Americans and British raised two Type
XVIIBs and put them back into service for trials, while
the Russians took several hull sections away.

Left: The los Angeles' class nuclear attack submarine

USS City of Corpus Christi at moderate speed. Modern

submarine hulls are optimised for submerged performance.

It was 1918 all over again, with the victors almost
coming to blows over their shares of the loot. In the
end the Americans and British got the lion's share
because their armies had overrun the principal
shipyards and factories in the West. In all, nearly 40
U-boats were incorporated into various navies, some
for trials but others as part of the postwar fleet.

Although the Walter turbine was of great interest, it
proved unreliable and offered only limited endurance at
great cost. Only the Royal Navy went to the lengths of
building HTP boats postwar in an effort to make the
system work, and for a while its two experimental
boats, HMS Excalibur and HMS Explorer, established
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Above: The USS Seawolfwas the second prototype SIM in
the US Navy, using the S2G sodium-cooled reactor. She
was later re-engined with a pressurised water S2Wa plant.

a new underwater speed record by exceeding 27 knots.
The Type XXI offered a more useful line of enquiry,
although the influence of the design itself has been
greatly exaggerated by a number of historians and
analysts. But there were a number of problems: the hull
form had not been tank-tested and proved unstable in
service, the internal arrangement of equipment was far
from ideal, and there were serious weaknesses in
construction. Although the Soviet Navy built a number
of boats which closely resembled the Type XXI, the
Royal Navy and the US Navy were happier to adapt the
best features to fit in with their own designs. Thus the
concepts of the Type XXI - the large-capacity batteries
and the mechanical reloading gear for the torpedo tubes
- became standard around the world.

THE GUPPY PROGRAMME

In 1946, the US Navy began its Greater Underwater
Propulsive Power (GUPPY) programme, upgrading
the large number of 'Gato', 'Balao' and 'Tench' class
boats built during the war.

The basic elements of the GUPPY conversion
included streamlining the hull and augmenting under-
water power. The prototypes Odox and Pomodon were

originally intended to act as fast targets for training
surface anti-submarine forces, and to cope with an
expected improvement of performance in Soviet
submarines. The conning tower was replaced by a
streamlined 'sail', which enclosed periscopes and
snorkel mast. The characteristic buoyant bow (intended
to improve surface performance) was replaced by a
round bow, and every possible piece of equipment
likely to cause resistance was either removed or made
retractable. It was not easy to find space internally for
more battery cells because the wartime fleet boats were
by no means spacious. The solution was to remove the
auxiliary diesel-generator from the after-engine room
and reposition it in the space formerly occupied by the
magazine for the redundant deck-gun.

Much work had to be done on battery technology to
achieve higher output. By accepting a shorter life (18
months) and designing a smaller battery-cell, it was
possible to provide four main batteries of 126 cells each
(the original boats had only two). This brought new
problems, for the high-capacity batteries generated
more hydrogen and heat, increasing the risk of fire and
explosion. After experimenting with a closed-cell
system the US Navy reverted to a water-cooled open-
cell system, and the air-conditioning equipment was
boosted by nearly 300 percent to handle the extra load.

Apart from minor teething troubles the GUPPY I
conversion proved successful. A simultaneous
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'ECHO II'

Length: 115m (377.29ft)
Diameter: 9m (29.52ft)
Propulsion: two-shaft nuclear

Speed: 20kn./23kn. (surfaced/submerged)

Armament: eight P5 cruise missiles, eight torpedo tubes

Crew: 90

programme to improve the snorkel was running at
Portsmouth Navy Yard in New Hampshire. The basic
problem was that exhausting gases underwater
created more back-pressure than the diesels could
handle. The American two-cycle diesels suffered
pressure fluctuations when the float valve closed,
whereas the wartime German four-cycle diesels were
not badly affected. Some components of the
Fairbanks Morse and General Motors diesels were
redesigned to cope with the stresses, but the ultimate
solution was to replace the simple float valve with an
air-actuated head valve designed to act rapidly and
positively. The opening and closing was now
controlled by three electrodes located near the snorkel
head. When a wave broke over the head it completed
a circuit, directing air to shut the valve.

The exhaust mast was designed to be raised with
the induction mast, and to ride about 1.21-2.4m
(4-8ft) below the surface. The exhaust port was fitted
with baffles to reduce the amount of smoke and haze

Above: The 29 Project 675 SSGNs were built in the 1960s

to provide a means of attacking cities in the United States.
The P-5 missile could not be used against ships.

reaching the surface. A mast similar to that in the Type
XXI boats was tried in the USS hex in 1947, but it
threw up a highly visible plume of spray. The US
Navy boats, being much larger than the U-boats,
needed a much bigger snorkel head and mast to draw
in sufficient air, and a major redesign of the head was
needed to reduce the plume. Three types of snorkel
were developed: the original GUPPYI type; a simpler
type for the unmodernised fleet boats, and a sophisti-
cated type for fast attack boats. Even nuclear
submarines need snorkels; they are needed if the boat
is running on the auxiliary diesel-electric system, and

Below: The Project 667A 'Yankee' type SSBNs followed
US Navy practice for the first time, siting the SS-N-6
'Sawfly' missiles in vertical launch tubes abaft the sail.

'YANKEE'

Length: 130m (426.5ft)
Diameter: 12m (39.37ft)
Propulsion: two-shaft nuclear

Speed: 27kn. (surface and submerged)
Armament: 16 D5 ballistic missiles, four 53.3cm (21in)

torpedo tubes, two 40.6cm (16in) torpedo tubes

Crew: 120
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