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Frontispiece: The second most numerous Soviet submarine class ever built (76 plus since 1958 and continuing), the diese)-powered 300ft corventional ‘Foxtrot'
submarine of 1950/2400 tons (seen in 1973 or before) contrasted with USS Michigan, the second Ohio class nuclear-powered Trident ballistic missile sub-
marine; at 560ft oa and 16,000/18,700 tons the largest built in the West. Michigan (SSBN 727) is seen under construction on the pier by her builders (Electric Boat
of Groton, Connecticut) on 7 April 1979, two years after being laid down and a year before launch. The separate heel behind the crane belongs 1o her sister boat
Georgia laid down that day (4th in the class). The lead boat Ohio {SSBN 726) is in the water newly launched that day. Compare with the jacket photograph which
shows the launch of the Los Angeles class Phoenix on 8 December 1979. By late 1983 the US Navy had three Trident boats operational with seven more building
or on order. Britain is 10 order her first of four Trident boats in the second half of 1985, so by the 1990s, and long intc the twenty-first century, Trident submarines
will be the principal bearers of the West's sirategic nuclear deterrant.
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NOTE ON SOURCES
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distributed to students in naval construction at University College,
London. The other major reference on modern submarine practice is a
Soviet text (based on Western sources), V M Bukalov and A A
Narusbayev Aiomic Submarine Design (Moscow, Sudostroeniye, 1964,
translated by the U § Government in December 1967 and available as
AD 664961).
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papers, ‘Recent Submarine Design Practices and Problems’, by Rear
Admiral Andrew I McKee, USN (Society of Naval Architects and
Marine Engineers, 1959) and ‘Naval Architectural Aspects of
Subsmarine Design’, by Captain E S Arentzen, USN (Society of Naval
Architects and Marine Engineers, 1960); no comparable papers have
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McKee was responsible for a paper on the development of
conventional American submarines, which appeared in the SNAME
Historical Transactions published in 1945. It discussed the issue of
surface v submerged performance in considerable detail, as the issue
had been fought out before and during World War I in the US Navy.
For modern German practice, I have relied on U-Beotbau by Dr
Ulrich Gabler, the IKI. designer (2nd ed, Wehr & Wissen Verlag,
1978). Special mention must be made of the series of tutorial articles
on submarine design practice by K N Heggestad of the Royal
Norwegian Navy published over the past several years by the journal
Maritime Defence {London).

The standard histories of submarine design consulted were: AN
Harrison The Development of HM Submarines from Holland No 1
(1901) to Porpoise (1930) (Ministry of Defence, 1979: BR 3043); Henri
Le Masson Les Sous-Marins Francais des Origines (1863) a Nos Jours
{Editions de la Cité, Paris 1980); Eberhard Réssler The U-Boar (Arms
and Armour Press, as translated, 1981); John D Alden, The Fleer
Submarine in the US Navy (US Naval Institute, 1979). For Japanese
submarines I have relied primarily on material, derived from Japanese
sources, published by Dr E Lacroix in The Belgian Shiplover. The
account of Italian submarines is based on the Italian official history,
by P M Pollina and A Cocchia I Sommergibili Iraliant 1895-1962
(Rome, 1963).

The account of British submarine development after 1930 is based
on Ship Covers in the National Maritime Museum, which now (1983)
include the experimental submarines Explorer and Excalibur and the
“T” class conversions. In addition, in 1984 the Royal Institution of
Naval Architects published an account of British nuclear submarine
development, ‘UK Nuclear Submarines’, by P G Wrobel, RCNC.
The US account has been supplemented by materials from the
Operational Archives at the Washington Navy Yard, including FTP
224, the formerly classified ASW magazine published 1946-49, the
declassified proceedings of the OpNav ASW Symposia, and
declassifted issues of the formerly ¢lassified journal, Combar Readiness.
Captain F A Andrews described the evolution of the SSK concept in

‘Submarine v Submarine’, in Naval Review 1966 (US Naval
Institute). The Trident story is taken from Chapter 6, “Trident’, of a
US Government study, Report of the Commission on the Organization
of the Government for the Conduct of Foreign Policy {June 1975):
Appendix K, Adeguacy of Current Organization: Defense and Arms
Control. This appendix was based on a case study prepared by B E
Carter and ] D Steinbrunner. My account of early submarine tactics is
based partly on Charles W Domville-Fife Submarines of the World’s
Navies (Francis Griffiths, London 1910),

The accounts of submarine tactics are based partly on such
published sources as C Blair, Jr Stlent Victory: The US Submarine War
Against Fapan (Lippincott, New York 1975); Rcar-Admiral Ben
Bryant RN Submarine Commander (Ballantine, 1958); Commander
Richard Compton-Hall RN The Underwarer War 1939-45 (Blandford
Press, Poole 1982); Grand Admiral Karl Doenitz Memoirs: Ten Years
and Twenty Days (Weidenfeld & Nicholson, London 1959); Captain
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1942-45 (Cassell, London 1954); Commander F W Lipscomb The
British Submarine (Conway Maritime Press, Greenwich 2nd edition
1975); Alistair Mars British Submarines At War 1939-45 (US Naval
Institute, 1971); Lieutenant-Commander C Mayers RN, Submarines,
Admirals, and Navies (Associated Publications, Los Angeles, 1940);
and Jirgen Rohwer The Critical Convoy Battles of March 1943 (lan
Allan, Shepperton 1977).

Sources on the ASW campaigns of the two World Wars included R
H Gibson and M Prendergast The German Submarine War 1914-1918
(Constable, London 1931); R M Grant U-Boats Destroyed: The Effect
of Anti-Submarine Warfare, 1914-18 (Putnam, 1964); R M Grant U-
Boat Intelligence (Putnam, 1969); Admiral of the Fleet Earl Jellicoe of
Scapa The Submarine Peril: The Admiralty Policy in 1917 (Cassell,
London 1934); John Winton Convay: The Defence of Sea Trade 1890-
1990 (Michael Joseph, London 1983); and OEG 51, areportof the US
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The discussion of nuclear power is based primarily on two papers:
Rear Admiral Hyman G Rickover, Captain ] M Dunford, T Roosevelt
I1I, Lt Cdr W C Barnes, and M Shaw, ‘Some Problems in the
Application of Nuclear Propulsion to Naval Vessels’ (SNAME, 1957);
and Vice-Admiral Sir Ted Horlick (Director-General Ships and
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the Sea-Based Deterrent (MIT Press, 1973).
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CHAPTER ONE

The submarine was the first technologically
‘stealthy’ weapon system. Its great valye,
indeed its mystique, lies in its invisibility, and
much of submarine technology is intended to
preserve that invisibility in the face of in-
creasingly sophisticated means of submarine
detection. Submarine tactics and doctrine are
often traceable ro just that quality of
stealthiness. Paradoxically, the submarine
commander must shed his cloak in order to
perform most of his missions. For example, 3
submarine reveals itself when it attacks its
target. Thus, a successful commander must
combine a talent for concealment with a
willingness 1o abandon that protection at the
moment of battle. This trade-off between
preservation and combart effectiveness is
central to submarine tactics and to submarine
design.

In peacetime, stealth and invisibility seem
all-important; the submarine is generally
counted as a manageable threat as long as it
can be detected by ASW forces. Training
exercises, therefore, stress evasion and
avoidance, which can be measured far more
casily than effective damage to targets. Only
in wartime does the destruction of enemy
tonnage become the paramount value: risks
are not only worthwhile, but required. The
extent to which stealth was sacrificed on a
routine basis during World War I would
have shocked prewar experts. Perhaps that is
a pointer to the future.

The largely psychological conflict between
self-preservation (stealth) and combat ef-
fectiveness explains one of the most
important operational lessons of submarine
warfare, that a very few commanders are
responsible for most of the sinkings. For
example, the British found that the new
cffectiveness of the German U-boat arm in
World War II declined considerably after a
small number of aces were killed. However,
the greatest number of sinkings was by com-
manders of medium aggressiveness. That is,
the aces were relatively greedy; they kept
attacking even as the odds shifted against
them, and died relatively early in the war.
Other submarine commanders tended to

withdraw after a few successes; they balanced
aggressiveness with some caution. As in air
warfare, however, many commanders were
not nearly aggressive enough.

In the US submarine force, the careful
tactics drummed in, year after year, in peace-
time were not nearly aggressive enough.
About half of all serving US submarine com-
manders were relieved during the first 18
months of the Pacific War. For example, in
prewar fleet exercises, submarines were
counted as killed whenever they were
detected by aircraft. In consequence, sub-
marine doctrine called for very deliberate
approaches which minimised periscope
exposure, and which depended largely on
passive sonar. In wartime, the most effective
tactic was to attack on the surface at night,
submerging only to escape counter-attack.
For a prewar captain to operate that way was
to deny all of his peacetime training. Indeed,
a submarine commander who simulated a
wartime-type night surface attack ina prewar
exercise was severely reprimanded.

Until well after World War IT exposure by
attacking was the primary means by which
submarines revealed themselves; that was a
major justification for a convoy strategy,
since only ASW craft near the targets could
spot an attacking submarine. In World War I
the cues were most often either periscope
‘feathers’ or torpedo tracks, and the main
ASW problem was maintaining contact with
a submarine after it had attacked. Sonar
solved that problem, but not the problem of
reliably detecting a submarine before it
struck. Scanning sonar, which appeared after
World War 11, helped, but even now it is
extremely difficult to resolve the locations of
all submarines before they can attack. For
example, through much of the postwar
period, the ‘flaming datum’, a submarine
location betrayed by a sinking, was
considered 2 major clue for airborne ASW
forces.

The stress of exposing a submarine by
attacking was, for the first half of World War
I in the Pacific, made considerably worse by
the poor performance of US torpedoes.

Numerous commanders suffered depth.
chargings after firing spreads of torpedoes
{which failed to explode) into valuable
targets, the wakes of their weapons giving
away their locations. Late in the war, the sub-
marine force received not only effective con-
ventional torpedoes, but also wakeless
electric ones, which further reduced the risk
to the launching submarine.

Because submariners learn their trade
partly by evading friendly ASW forces, their
practice depends on the quality of those
forces, For example, the US Navy has
emphasised periscope-detection radar and
electronie countermeasures, so that US sub-
mariners soon learn to avoid both exposure
and electronic emissions, They therefore
come to depend very largely on their passive
sonars, and their tactics emphasise lengthy
stalking of their targets. Soviet submariners
seem much more willing to use their peri-
scopes and radars, which may reflect the level
of competence of Soviet ASW. These
operational patterns filter back into the sub-
marine design process, so that, for example,
the US Navy has abandoned submarine air
search radars.

Unfortunately such human factors rarely if
ever figure in peacetime war games and in
evaluations of the efficacy of the Soviet sub-
marine force or of Western ASW. A related
factor is the willingness of the average
submarine commander to abandon an attack
after he has scored a few kills, but before the
ASW forces close in. That is, having made the
decision to chance an attack, a submarine
commander is unlikely to be deterred; but he
is likely to be willing to take less than every-
thing, to leave to fight another day.

Itis also important to keep in mind the type
of combat each navy envisages. At present the
primary target of Western submarines is the
Soviet submarine force, both anti-ship and
strategic. Soviet emphases are mixed: in the
1950s thev were concerned almost entirely
with countering Western carrier and
amphibious strike forces, but, particularly
since the appearance of the ‘Delta’ class
ballistic missile submarine, ASW (10 protect
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John P Holland's Holiand was the direct ancestor of all American and British submarines. The stern view was
taken in 1899, the bow view in 1900. Holland was single-hulled. and she was controlled in depth by her stern
planes, which are barely visible outboard of her circular prepeller guard. There was no periscope: the submarine
commander navigated by bringing his boat just awash, so that he could see through the glassed-in ports let into
ihe coaming around the circular hatch.

US Navy
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submarine sanctuaries) has become very
important. Since communication between
submerged submarines is relatively in-
efficient, submarines in the ASW role tend to
operate singly; the major tactical problem is
the fear of accidental attack on or by a friendly
ship. The Soviets prefer cooperative tactics,
which are rational if they involve submarines
attacking a non-submarine target when no
Soviet surface ships are in the neigh-
bourhood. It is not clear how the Soviets have
dealt with the problem of interference when
they employ tactics developed for anti-ship
combat in an increasingly important ASW
role.

In the past, wartime experience has rarely
even approximated to peacetime forecasts
(often made to plan the size of submarine
fleets), to the great surprise of all parties. For
example, the US Navy has been designed
primarily to fight a general NATO-Warsaw
Pact war, in which attack submarines would
form an ASW barrier across the Greenland-
Iceland-United Kingdem (GIUK) Gap and
other narrow seas. Their targets would be
transiting Soviet submarines, However, there
are probably other more likely future
scenarios such as limited wars in Third World
waters in which most of the targets would be
surface ships. Under such circumstances,
submarines might well find themselves again
trying to operate in ‘wolf packs’.

Particularly since 1945, some submarine
designs have been affected by rather special
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1:48 elevation and deck plan of the
Rayal Navy's first Holland | submarine class.
By courtesy of the Institution of Mechanical Engineers

)

requirements. For example, from the early
1960s onwards, US submarines were used
extensively for electronic, photographic, and
acoustic reconnaissance (intelligence
collection) in Soviet fleet operating areas.
When this story was revealed in 1975,
particular reference was made to the Sturgeon
(SSN 637) class. This had been developed
from the earlier Permiz (SSN 594) class, with
additional masts, a larger sail, and some
lengthening for additional electronics. All of
which, in view of the 1975 report, suggests
some considerable design attention to the
requirements of covert reconnaissance.
Submarine stealthiness makes reconnais-
sance a major wartime and peacetime
mission, even though the conventional
concept of the attack submarine emphasises
attacks on enemy shipping and submarines,
Special operations, such as landing small
numbers of men behind enemy lines, also fall
into this category, although generally they are
met by specialised submarine conversions.
In the case of the Soviets, it is suggestive
that the closed (dieseli-cycle ‘Quebec’ class
coastal submarines were stationed in the
Baltic and in the Black Sea, within sub-
merged range of the Danish Straits and the
Bosphorus. One can easily imagine a

specialised seizure or minelaying or sabotage
mission, te be executed at the outbreak of a
general war, according to some standard
Soviet scenario.
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Many of the principal compromises of
submarine design trade stealth for combat
capability. For example, early submarines
were effectively invisible simply because, at
least in the immediate vicinity of enemy
ships, they operated underwater, hidden
from lookouts on board ship - although not
always from lookouts in aircraft. Even on the
surface, they were relatively difficult to spot
because they were so low in the water. Fully
submerged, however, a submarine was
largely blind. Its commander had to give up
some of his invisibility by piercing the water
with a periscope, which a lockout in a surface
ship might be able to spot. Later the same
applied to a snorkel, and current submarine
parlance includes an index of ‘indiscretion’,
the fraction of the time the submarine
subjects itself to detection by snorkelling.
Similarly, in late World War II U-boats
designed for high underwater speed, an
important means of evading ASW ships, fast
diving, had to be abandoned, so that when the
submarine was on the surface it was easier to
attack. That particular problem was solved at
the time by the use of the snorkel, so that the
submarine never had to surface. However, a
submarine snorkelling was significantly
slower than one cruising on the surface, so
that some fraction of mobility had to be
sacrificed.

As for the periscope, before 1941 the US
Navy tried to maintain stealth by relying on

passive acoustics for surface target detection
and direction, with a ‘single ping’ active sonar
to obtain a target range. Attacks were to be
carried out from well below periscope depth.
Such a doctrine proved largely ineffective,
but it was some time before it could be
forsaken.

The cautious attitude which goes with
stealth  survives in at least some modern
submariners. One example is the frequent
statement that a submarine is the naval unit
most likely to survive a modern war. That is
hardly a statement of military effectiveness.
One veteran US submarine commander has
said that a submarine captain could usually
choose either to survive or to sink targers; he
much preferred the latter. No account of
submarine design and effectiveness, whether
historical or current, can minimise this
psychological dimension to the profoundly
stealthy character of the submarine, the
concentration on avoiding detection. Thar is
most strongly emphasised in the modern
ballistic missile submarine, whose peacetime
mission is accomplished merely by avoiding
detection. That mission was so atr variance
with the wartime emphasis on attack that, at
least in the US Navy, wartime submariners
promoted to command the new strategic
submarines reportedly found the experience
quite depressing.

It is striking that, in wartime, effectiveness
was generally equated with audacity rather

11
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than with concealment. One might speculate
that the Soviets have made a virtue of
necessity (see Chapter 6) by developing
tactics emphasising high speed and deep
diving rather than silencing, although in fact
their latest attack submarines (‘Victor IIT’
class) are reportedly very quiet, Moreover, it
appears that the Soviets are much less
concerned with avoiding detection than are
their Western counterparts; they rely on
aggressiveness, numbers and speed to attack
and then to evade.

Such tactics can be extremely effective,
particularly if the submarine has an
alternative quiet-speed mode. If it varies
operation between bursts of very high
{noisy) speed and lower (but very quiet)

Haolland and her kin had very small silhouettes even when they ran on the surface, as here. However. demands for
seagoing capability made for much larger and more elaborate bridges in later classes. Note, tog; that when the
submarine was tfirnmed down to the awash condition, to minimise its silhouette while retaining visibility. it had
essentially hd-reserve bucyancy, and was easy to swamp: several were lost that way: Hence the development of

conning towsrs, which bégan as unusually high hatch coamings.

US Navy

speed, then it may be able to avoid attack by
remaining one step ahead of the opposing
ASW command and control system. That
requires great coolness on the part of the sub-
marine commander, and a rather
sophisticated understanding of the opposing
force, but it makes sense if the submarine is fast
enough in the relatively guiet mode. The newest
Soviet attack submarines may be well suited
to just such concepts.

In effect, then, at least in the West, the sub-

Low silhoueties made even surfaced submarines difficull to detect, but that made it difficult for them to operate in
company with surface ships. The British 'K’ class steam-powered fleet submarines suifered for just this reason in
the ‘Batile of May Island’. when they collided with cruisers in the North Sea on the night of 31 January 1918, two
(K-4 and K-17) being sunk and two damaged. This unidentified K-boat is shown in her original. wet (low-bow)
configuration. about 1917. The bows of these submarines were later raised considerably to increase buoyancy.

US Navy
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mariner is taught in peacctime that to be
detected is to be sunk, although in practice
many submarines (at least during the two
World Wars and in the Falklands War)
successfully evaded the ASW forces which
attacked them. This extends to submarine
tactics which emphasise the stalking or
ambush aspect of the battle. At least in the
US and British submarine services, active
sonar is generally eschewed because it gives
away the existence of the submarine without
gaining any commensurate advantage: the
active ‘ping’ can often be derected at a greater
range than that at which the active sonar can
itself detect targets.

Invisibility is, to be sure, relative rather
than absolute, and its extent depends in large
part on the sensor from which the *invisible’
object 18 to be shielded. For example, to an
eye on board ship, almost any underwater
object is entirely shielded. To the same eyein
an aircraft, however, a shallow object,
particularly in clear water (as in the
Mediterranean) is quite visible. The mere
ability to dive to a moderate depth was
sufficient to defeat visual detection under
most circumstances, which is why
submarines had only limited diving depths
up through the early part of World War II.
Since pre-snorkel submarines had to spend a
large fraction of their time on the surface, the
speed with which they could dive, e with
which they could gain a measure of stealth,
was an important tactical factor.

The development first of passive and then

e
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of active sonars considerably changed
matters. The former (hydrophones) appeared
during World War I, and could be defeared
by effective silencing. That is, the hvdro-
phone was (and is) useless unless the
submarine co-operates by generating
sufficient noise. Since World War I, and
particularly since 1945, there has been a
constant battle between passive sonar
developers and submarine designers
improving silencing. One reason the
Germans developed surface submarine
tactics in World War II was that they
believed, incorrectly, that the primary British
ASW sensor was stili the hydrophone, and
that it would be relatively ineffective againsta
surfaced submarine. Furthermore, only on
the surface did a submarine have sufficient
sustained tactical speed to carry out the type
of attack required.

Active sonar was quite different, in that it
did not require co-operation by the sub-
marine. However, early World War II
‘searchlight’ sonars had a relatively. low
probability of detecting a submarine, due to
their limited search rate. Thus most
submarine contacts were still made as the
result of observed submarine attacks, ie as a
result of self-exposure by the submarine. In
this sense very long-range homing and
pattern-running torpedoes were a major con-
tributor to maintaining submarine stealth in
the face of sonars.

Once detected, the submarine would try to
evade the sonar beam tracking it; its ability to
survive depended on manceuvrability (to
break track) and the depth to which she could
dive. Thar is, active sonar projected a narrow
beam sloping downward at a shallow angle,
with a blind area in a shaliow cone directly
under the ship. For example, one rule of

Stealth is psychological as wel! as physical: before World War | US doctrine emphasised the need to remain
submerged in the face of the enemy. The General Board went so far as to keep down gun calibre soasto pravent
submarine commanders from fighting on the surface. The fleet boat Salmon dispiays her3in/50 calibre deck gun
while running trials in 1938. As a result of wartime experience, submarines were fitted with 4in/5C, then 5in/51
deck guns: ultimately a specialised 5in/25 "wel’ gun was developed. The streamlining of Salmon’s fairwater is
reminiscent of the pre-1917 emphasis on underwater performance. Such fairwaters were cut down in wartime to
provide positions for fight anti-aircraft guns

US Navy

Stealth makes for unusual submarine missions. During World War |, the Germans built several U-boat
merchantmen specifically to evade the British blockade. After the United States entered the war. they were
converted into long-range cruisers. This is U-157 formerly the U-freighter Cidenburg. at Cherbourgin 1920. She
was completed too late to see commercial service. but the first of the class, Deutschiand. made two trips to
America in 1916. The twa boats in the background are French steam-driven submarines. from left to right
Fructidor and Thermidor. completed. respectively. in 1239 and 1907. The frames attached to Fructidor are
Drzewiecki ‘collars’. external torpedo launchers that were early and cheaper bl more accident-prone rivals of
torpedo tubes {especially in French and Russian boats)

S Navy
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thumb for estimating the depth of a
submarine was that contact would be lost ata
range equal to one third of the depth. Thus a
submarine could evade if it could dive rapidly
enough below the sonar beam. That became
more difficult after World War I1, as sonar
ranges increased. If surface ships worked in
pairs, one could always keep contact on the
submarine by appropriate manoeuvres. Deep
diving could also bring the submarine below
thermal layers in the sea capable of refracting
sonar beams. As an adjunct to diving and
manoeuvre, there were (and are) decoys and
special noisemakers.

The latter are, however, very much a last
resort. Underwater detection is ambiguous
enough that there is always the possibility
that a contact is afalse target. The presence of
a noisemaker resolves this ambiguity, and en-
courages ASW forces to try to regain contact.

Finally, great depth, if it could be attained
rapidly enough, was a means of evading
attack. Weapons such as depth charges
dropped into the water take some consider-
able time to reach the depth of a submarine;
the deeper the target, the more time it has to
get out of the way. World War II ASW
measures ultimately included tilting sonars,
which could maintain contact even as a

14
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WEAPONS.

On the part of the submarines, there were
also attempts to reclaim some measure of the
invisibility lost with the advent of sonar.
Modern anti-sonar measures include special
shaping to diffuse the reflected sonar pulse,
sheer small size (again to reduce sonar
detection), and special anechoic fecho-
deadening) coverings to absorb some portion
of the sonar pulse as it strikes the.submarine
hull. Each of these approaches is analogous to
recently discussed means of assuring ‘stealth’
in a new generation of bombers and fighters,
the difference being that the chief sensor for
the submarine is acoustic, whereas for the
aircraft the active sensor is radar and the
passive ones, infra-red and electronic support
measures {ESM).

As this is written, acoustic sensors, either
active or passive, remain the only consistently

dived, and faster-sinking

effective means of detecting 2 submerged
submarine, which is why stealth is equated to
sound absorption or deadening. From time to
time alternative sensors are proposed, such as
infra-red observation of the submarine wake,
or radar detection of the disturbance of the
surface created by a moving submarine
underwater. The issue is always whether the
submarine is to retain its ability to operate
more or less invisibly. Although submerged
operation has some inherent virtues {as
demonstrated, say, by recurring proposals for
commercial tanker submarines), from a naval
point of view an easily detectable submarine
is hardly worth the investment. Thus the
claim of proponents of each radical new
detection technology is that the ocean can be
made ‘transparent’, ie-that submarines can be
reliably detected at extreme range, and there-
fore can be attacked easily and inexpensively.

The sort of invisibility enjoyed by a sub-

The inherent stealthiness of submarines makes them ideal tor operations deep in enemy territory; several navies
developed midget submarines for that purpose during World War II. The US X-1 was inspired by British
experience. She was alse the only American submarine powered by hydrogen peroxide. With hull space and
weight at a premium, she could not have a conventional bridge. Instead, when on the surface, she was steered
from a deck position, protected by the folding spray shield shown, toward her bow. X-1 is shown in April 1969, at
the Naval Ship Research and Development Center, Annapolis, on Chesapeake Bay where she spent most of her

career.
US Naval Institute/courtesy of Norman Polmar




marine has its drawbacks. The key physical
fact is that most electromagnetic waves, such
as light and the radio waves of radar, cannort
penetrate deeply into the water, which
absorbs them very efficiently. That is why
high-flying aircraft and satellites cannot
easily detect submarines. Only sound waves
combine long range in water and a wave-
length sufficiently short to be wuseful,
although they suffer from serious distortion
over long distances. In each case, waves are a
potential means of signalling as well as a
means of detection; the two functions cannot
be separated. The same physical laws which
make detection difficult also interfere to a
lesser extent with communication. That is, a
communication signal must travel only one
way, whereas active detection requires the
signal to return as well, much weakened.
Recently, for example, there have been claims
in favour of blue-green lasers for air-to-
submarine communication, but few seem to

STEALTH - THE NATURE OF SUBMARINE WARFARE

expect the lasers to provide a new means of
detection.

Note, too, that at relatively short ranges
submarines can be detected by their magnetic
effects (magnetic anomaly detection, or
MAD). However, MAD range is soshort that
this type of device is useful primarily for
classification, ie for deciding that an acoustic
contact is indeed submarine-like before
actually expending valuable weapons.

The communication problem has been
much publicised in connection with ballistic
missile submarines. It is also very important
in attack submarine operations. For example,
lack of communication through the surface of
the water makes it difficult (at best) for
submarines to cooperate with friendly ASW
aircraft, Similarly, World War IT wolf pack
tactics, in which several submarines attacked
together, required all submarines to
communicate via radio signals emitted on the
surface. These signals, which could be

One of the great surprises of both Werld Wars was that the stealth for which submarines were buill was not always
essential. In World War I, that realisation was reflected in increased gun batteries, as submarine commanders
more frequentty fought on the surface In 1845 the US Navy was fitting out submarines as ‘gunboats’. partly
because torpedoes were unsuited to attacking the smalt craft they encountered. Here Blackfin emerges from
Mare Island Naval Shipyard (Califarnia) on 28 June 1946. armed with two 5in/25 and two 40mm machine canon

US Navy
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detected at a great distance, were themselves
a severe operational liability, at least to the
German U-boat force. The Germans had to
abandon important aspects of stealth in order
to gain the tactical asset of co-ordination.
Submarine IFF (Identification, Friend or
Foe) is also a communication problem.
Despite very great efforts, no reliable system
has yet been developed, and thus co-
operation between submarines, or between
submarines, surface ships and aircraft is
hazardous at best.

Similarly, a submarine attempting to sense
its surroundings risks loss of stealth. If it
shows a periscope, it risks abandoning in-
visibility; the same goes for a surface-search
radar projected above water, Passive sonar
does not give the submarine away, but a sub-
marine using it must stalk its target for an
extended time, risking detection by
submarine-hunters in the vicinity. If,
however, it uses an active sonar, to get in-
formation more rapidly, then it is vulnerable
to detection, as passive sonars may pick up its
own ‘pings’. If the submarine depends on
external sensors, such as those aboard
friendly aircraft and satellites, then it needs
some means of one-way communication.
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This generally means deploying an antenna at
or near the surface, itself detectable.

It is tempting to imagine that, because it is
so difficult to detect and therefore to destroy,
the submarine is the warship of the future.
Clearly its role is increasing, but it is
important also to keep in mind its very real in-
herent limitations, in terms of classic warship
roles. The two primary naval roles are sea
control and power projection. Sea control
requires a navy to be able to guarantee free
use of the sea in the face of a spectrum of
threats including not only submarines and
surface ships but also aircraft. Power
projection generally requires an ability to
transport and land considerable numbers of
troops, in the face of opposing enemy land
and air forces.

In the sea control mission, probably the
greatest drawback of the submarine is that the
same physics which makes it nearly invisible
also denies it detection of aircraft and missiles
at long range. Moreover, a submarine has
only very limited internal volume, so that it
has little capacity for anti-aircraft weapons. It

is an effective anti-ship and anti-submarine
weapon, but even in these roles it is somewhat
affected by its limited ability to
communicate. Tactical combination is
difficult; although submarines can be (and
have been) used as escorts for surface foroes,
they cannot entirely replace the surface ships.

Limited internal volume becomes a
particularly acute problem in power
projection. As arule of thumb, a submarine of
a given displacement has about half the
internal volume of a surface ship of the same
displacement, since the surface ship has
much more structure above water. In 1956
the US Navy’s Bureau of Ships, seeking
radical new concepts of ship design, proposed
a submersible aircraft carrier. Even on a
submerged displacement of 40,000 tons, it
could carry no more than six aircraft, and to
provide that large a hangar the designers had
to limit power to a cruiser plant, for a
maximum underwater speed of only 5 knots
{20 knots on the surface, at a displacement of
24,000 tons). Dimensions were set by landing
requirements (500 x 120ft), and there was no

Two US 521-ten O-class submarines at Boston on 28 September 1922 illustrate the unusual American
disappearing gun mount. 0-10 (S5 71}, in the foreground, has it stowed. visible only in the form of a protrusion
fram her deck forward of her fairwater. -4 (SS 65). in the background. has the gun fully erected, her deck tairing
plate forming a shield. Both have their tall radio masts fully erect.

US Navy
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question of providing catapults, as their slots
could not have been made watertight.
Aircraft would have been launched by a
combination of jet assisted take-off and a 5-
degree ski-jump. The BuShips designers
concluded that such a ship was useless except
for nuclear strikes, and that missile
submarines would be more effective in that
role. In particular, there was no hope of
carrying enough aircraft or non-nuclear
weapons to carry out traditional carrier roles.
A parallel study of a submersible landing ship
was even more disappointing.

There is no question that a submarine, by
submerging, can avoid many of the worst
threars that conventional surface ships face.
That does not make it a viable replacement
for such ships; stealth and associated
advantages carry major costs, Moreover,
mere ability to survive is not the test of a
successful warship. That is particularly true
of submarine virtues in war as opposed to
peace.




CHAPTER TWO

Design Constraints and
Compromises

All warships are the result of compromise,
but submarine design is particularly difficult
because of the range of conflicting conditions
the designer must meet. In the broadest
terms, he must balance surface performance
against submerged performance, the latter
both near the surface and, in many cases,
deeply submerged. Another broad
compromise is between unit capability and
unit size, many submariners markedly
preferring minimum size for a wide variety of
reasons. Beyond their preferences is the issue
of numbers versus quality which always
enters warship design. This dilemma
becomes acute in an era of extremely
expensive nuclear attack submarines.

The most fundamental condition levied on
the designer is that the same submarine floats
neutrally buoyant submerged, and remains
buoyant enough on the surface to keep the
seas. That is, submerged, the displacement of

the watertight part of the submarine, the
weight of water which would fill thatvolume,
must just equal the total weight of the
submarine, structure and all. According to
Archimedes’ Law, which governs submarine
and surface ship alike, that is the condition for
the submerged submarine neither to sink nor
to rise towards the surface; clearly small
deviations can be controlled by diving planes
and forward propulsion, but the basic
condirion must be met.

This is a far more severe constraint than the
one the surface ship designer faces. For him,
too, displacement must equal the rotal of all
the weights in the ship, bur it is only the
underwater volume of a larger hull. For
example, if he must accommodate added
weight, he can add to the submerged volume
{displacement) by allowing his ship to sink a
bit deeper in the water. Similarly, extra
volume can be provided by adding deck-

Running on the surface in Manila Bay about 1912, the early US submarine A-2 (SS 3). formerly named Adder
when completed in 1802 as the lead boat of the US Navy's first (6 boat) submarine class, iltustrates the
fundamental compromise of submarine design: submerged v surfaced performance. She was carefully
streamlined for maximum underwater speed, but that entailed minimising her above-water structure. However,
extenced surface operation was impossible without some kind of bridge. and the rudimentary framework shown
was built up. Surface performance was the key to extended overseas submarine operations, and the United

States was relatively slow to emphasise it.
US Navy

houses, perhaps at a2 small cost in added
draught (ie in added displacement) to balance
any addition in weight. The construction of
the current missile cruiser USS Ticonderoga
on a hull originally designed as a destroyer
(Spruance) is a case in point.

The submarine designer has no such
luxury. He can add displacement only by en-
larging the pressure (watertight) hull, which
is a major modification. Alternatively, he can
allow for later modification by providing lead
baliast in his original design, at a price in
performance. To some limited extent, equip-
ment can be added outside the pressure hull,
as in the current US project to fit vertical
missile tubes to later Los Angeles class boats,
but the price is an imbalance between
underwater displacement and weight, which
must somehow be corrected.

Submarines are difficult to design because
of this direct relation between weight and
buoyancy. Weight and space are truly inter-
connected, so that any change, even a minor
one, affects virtually the entire design. As a
result, submarine designs cannot be divided
up nearly as neatly as surface warship design;
each element has too much effect on each
other. A British designer has commented that
submarine design is far more tedious than
surface ship design because of the need to
take details into account, but that ‘it is much
more satisfying to achieve a balanced design,
because there are comparatively few loose
ends’.

The fundamental design quantity is
volume rather than weight. Submarine
designs begin with estimates of required
internal space, often in the form of compart-
ment length or deck area; the pressure hull is,
in effect, wrapped around this volume. This
is now a typical situation in warships, but it
has always heen the case with submarines,
because generally the components of the
submarine are considerably lighter than
water. In consequence, submarines are
‘volume critical’, rtightly packed with
compotients. Because these components are
generally not very dense, weight-saving does
not reduce total displacement, since it does
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not reduce the space they require inside the
pressure hull. But the weight thus freed can
go into a thicker pressure hull, and thus into
deeper diving. As submarines dive deeper, a
point is reached where the weight of the
pressure hull is so great that they become
‘weight critical’. Massive increases in power-
plant (eg reactor and turbine) weight almost
certainly have the same effect. Some current
nuclear submarines, for example, cross this
boundary, as do the extremely deep-diving
‘submersibles’.

Aside from the pressure hull, the power-
plant is the major very dense component of a
submarine. In diesel-electric submarines,
batteries are often relatively heavy; they also
consume a great volume. The reactor, heat
exchangers, and turbines of a nuclear sub-
marine are also quite heavy. Thus one can
imagine trade-offs between propulsion
weight and pressure hull thickness (ie
between speed and diving depth). If the hull
or the powerplant is dense enough, the sub-
marine becomes weight-critical, and special
provision must be made for it to be buoyant
enough not to sink. That is the case, for
exarmnple, with very deep-diving research sub-
mersibles. Thus, the strong pressure hull of
the famous bathyscape Trieste was so thick
that it was much heavier than water; it was
actually suspended from a tank filled with
light gasoline, which supplied the necessary
positive buoyancy for the combination to
achieve the neutral buoyancy required. Note
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In drydock at Mare Island {California) in 1933, the US fleet submarine Bass (SS 164) of the 1924 Barracuda class
ilustrates a surface-orientated hul! design, with a bulbous bow surrounding her torpedo tubes, and a flared bow
typical of surface ship practice. In effect, her hull is a surface ship type containing the necessary tankage. This
type of design was rejected in favour of German-type knife bows, that couid cutthrough seas instead of bouncing
over them, and there was little point in keeping unmanned decks dry.

US Navy

that the current Soviet ‘Alfa’ class of nuclear
attack submarine combines a lightweight hull
material, titanium, with a very compact
reactor plant (reportedly unmanned) to
achieve its combination of high speed and
very deep diving.

DIVING DEPTH AND
PRESSURE HULLS

Diving performance places other limits on
the designer. The fundamental tactical issue
is the optimum operating depth. To a
submariner, depth has many virtues. If he is
being attacked, the more he can use the third
dimension (depth) in evasion, the better his
chances. The deeper he can dive, too, the
better his chances of being able to use the
acoustic structure of the sea, hiding under
layers or, if he can dive really deep, exploiting
the deep sound channel. A hull built to with-
stand great pressure can also withstand a
more viclent explosion, although some would
suggest that the shock effect of the explosion
can penetrate even a very strong pressure
hull.

Particularly before World War II, sub-
marines were often longer than their
operating depth, which meant that a steep

dive could bring one end or the other below
operating, or even crush, depth. For example,
the US "I’ class, designed during World War
I, was 268ft %in long, and had a rated
operating depth of only 150ft. American ‘fleet
boats’ of the interwar and early war
programmes were about 300ft long, but had
rated operating depths of only 250ft. The
modern equivalent of this probiem is the
effect of a sudden stern plane jam (in the
down position) at high speed; the submarine
may pass beneath its design depth before its
crew can recover. As a result, submarines
typically operate in a restricted depth band.
Above a depth fixed by speed (and roughly
proportional to the square of the speed), their
propellers cavitate, losing power and
radiating noise. Below a depth set by speed,
they risk crushing due to a stern plane
casualty. If the designer accepts too great an
operating depth, he must pay heavily in hull
weight and thus in total submarine size. In
particular, submarines built to operate in
relatively shallow water, as in the Baltic,
benefit from their limited diving depth.

In principle the ideal pressure hull is a
sphere, the strongest shape, and the one
frequently used in very deep-diving sub-



mersibies such as bathyspheres and Trieste.
However, usable volume is very limited, since
the strength of the sphere decreases as it is
made larger. Submarine designers tend
instead to use stiffened cylinders, which are
the most practical compromise between
weight, strength, and arrangement. They
may be externally framed (to limit losses of
precious internal volume), with hemi-
spherical caps at the ends. Despite its cost in
volume, internal framing has important
advantages. Water pressure tends to press the
skin of the pressure hull inre the frames. By
contrast, it tends to tear the skin away from
external frames. Their welds, moreover, are
more vulnerable to stress-enhanced
corrosion. Truncated cones are sometimes
used as a concession to overall hull shape, to
improve hydrodynamics. Several World War
IT submarine designs had non-cylindrical
end sections. These were accepted to gain
space for more torpedo tubes, at a
considerable cost in structural complexity or,
perhaps, weakness. Some British submarines
had non-reloadable bow tubes external to the
pressure hull, 2 compromise which made for a
powerful initial torpedo salve without
requiring a weakening of the pressure hull.
For any cylindrical pressure hull, strength
declines as diameter increases; deeper diving
requires either a narrower or thicker (hence
heavier) pressure hull or a new hull material.
On the other hand, sometimes hull diameter
must be increased to fit essential equipment.
There are several American examples. The
nuclear attack boat Narwhal (built 1966-69)
apparently required considerably increased
diameter to take a carefully silenced power
piant. The subsequent Los Angeles and CGhio
classes required more space to fit more
powerful reactors. It is not clear to what
extent diving depth limitations had to be
accepted in any of these cases; the alternative
would have been increased hull strength
bought with thicker plating or frames
brought closer together, both of which add
weight. The other major limitation on diving
depth is the strength of the many connections
at which the pressure hull is penetrated;
examples include the propeller shafts, the
periscopes, and the seawater inlets of a
nuclear submarine. As submarines dive

deeper, it becomes harder to maintain
absolute watertightness in these hull
penetrations.

A circular cross-section is an awkward
space, relatively difficult to use fully. One
early twentieth century designer, the [talian
Laurenti, tried to use elliptical pressure hulls,
but he was defeated because he could not
achieve sufficient strength on the available
weight. His successors tried multiple
cylinders instead, to gain internal volume
without excessive length. The first such sub-
marines to be built came in 1944, the German
Type XXI and the Japanese I-400; the former
with a figure-8 and the latter with side-by-
side cylinders. In the Type XXI, the extra
volume was used to gain volume for extra
batteries; in more conventional submarines,

DESIGN CONSTRAINTS AND COMPROMISES

The US submarine O-7 was typical of single-hull craft of her period. She is shown in drydock at Portsmouth Navy
Yard. New Hampshire. 5 September 1918. newly completed. The entire circular-section hull shown is the
pressure hull, with a free-flooding casing on top. Her starboard forward diving plane can be seen folded back
against the casing. and a bow torpedo tube is visible. Thers were no stern tubes.

US Navy

the batteries were stowed below the deck in
the space remaining within the wusual
cylinder. At about the same time the Dutch
naval constructor M F Gunning in Britain
suggested a triple-hulled carge submarine,
the hulls forming the apexes of a triangle;
postwar his ideas were applied to several
Dutch attack submarines. The new Soviet
Typhoon class missile submarine appears to
employ a pair of side-by-side pressure hulls,
with missile tubes between them.

Presumably the Soviets were unable or un-
willing to build a single circular-section hull
of sufficient diameter to accommodate these
missiles more conventionally. Alternatively,
they may have wanted to continue to use the
industrial plant built up to construct pressure
hulls for the ‘Yankee’ and ‘Delta’ classes. In
the Typhoon, the elliptical cross-section is
formed by fairing the gaps between the two
cylinders. A truly elliptical hull would be far
too weak to be worthwhile.
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A prefabricated section of a US World War | fleet submarine illustrates double-hull construction. The circular-
section interior is the pressure hull proper. The big external tanks, which are closed at the end, are for ballast. Two
circular frames are visible inside the pressure hull itself: the braces will be removed as the submarine is fitted out.
This photagraph was taken at Manitowoc Shipyards on Lake Michigan, Wisconsin.

US Navy

HULL MATERIALS AND FORMS

New hull materials introduce their own
problems of modern welding technology. For
example, the USS Thresher, which was lost
on diving trials in 1963, introduced the new
HY80 steel in place of the earlier STS, and
suffered from defective welds. As aresult, the
US Navy decided to build a small submarine
for experimental purposes prior to intro-
ducing the new HYI30 steel in full-size
submarines. However, this Nuclear Hull
Test Vehicle (NHTV) was ultimately
cancelled together with the HY130 project.

A simple change in hull material can have a
dramatic effect on diving performance. The
United States entered World War IT with
submarines built of mild steel, rated to dive
routinely to about 250ft, ie with a collapse
depth of about 375ft, Late in 1941 the two
leading US designers found that they could
save enough weight to increase huil plating
fram %in to %in; that alone would increase
collapse depth to 650ft. They also expected to
introduce a new high tensile steel (HTS) that
would bring collapse depth to 925ft.
Operating depth was therefore set at 450ft in
the new submarines. But none of the essential
machinery, such as the trim pump, had been
tested at the greater depth, and the new sub-
marines were rated only at 400ft. In practice,
this sufficed, as the new HTS was
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downgraded due to wartime shortages, and
the 1941 calculations were therefore over-
optimistic.

Given a fixed demand for internal deck
space, the submarine designer can choose
from a variety of external hull forms. A sub-
marine intended for high surface speed has to
be relatively long, for a favourable speed-
length ratio. This requirement was, if
anything, exaggerated by the scarcity of
internal volume for diesel engines for surface
propulsion. Until after 1945, then, sub-
marines were build on a single principal deck
level, with batteries (relatively heavy) below
it; and the principal compartments
distributed along the boat’s length, namely
torpedo rooms (fore and aft in some boats),
limited berthing, a control room, and engine
spaces.

Underwater, by contrast, for a given hull
form, drag is proportional to the surface area
of the submarine. A long hull has a relatively
high ratio of surface area to volume, and in
any case reductions in volume (displacement)
reduce surface area as well. However, note
that in the case of the current Los Angeles
class, increased power was equated to much
longer machinery spaces, hence to greater
overall length. Note that outside the engine
and reactor rooms the key requirement for
internal space is for deck space (with
adequate headroom), not for volume per se.

Thus modern submarines, intended for high
underwater speed, are generally built with
multiple decks. Smaller hulls could be
wrapped around the same deck area, if it was
arranged differently. For example, Skipjack,
launched in 1958, was the first US submarine
with four deck levels, She had about the same
total deck area as the three-level Nautifus, but
much reduced total pressure hull volume, for
a noticeable saving in displacement, and also
in hull surface area, hence drag,

Given a fixed hull volume, appendages
such as the fixed sail and the diving planes
contribute heavily to hull drag, and advocates
of high underwater speed have proposed that
the sail be ecliminated altogether. For
example, the Thresher class hull was much
larger than that of the earlier Skipjack largely
to fit 2 new bow sonar and a much quieter
(hence more voluminous) powerplant. Their
cost in speed was to be held to a minimum.
The designers could not increase power, as it
would have taken far too long to design an
entirely new reactor. The only choice was to
minimise the increase in drag, and that was
achieved in part by cutting down the sail
structure and the masts it contained. An
example will illustrate the lengths to which
the designers were prepared to go, although it
should be noted that a proposal to eliminate
the sail altogether was rejected.

In the Skipjack class the superstructure
other than the sail had been reduced to a spine
which covered the intake and exhaust piping
of the emergency diesel engine, housed in the
engine room and connected to a snorkel in the
sail. That spine had to be dispensed with, but
there was no space within the hull to pass the
piping through. The solution was drastic.
The emergency diesel was moved out of the
engine room, and placed in a separate space
almost directly under the snorkel in the sail,
which itself was drastically reduced in size.
Some speed had nevertheless to be sacrificed,
but not nearly as much as would have been
the case had earlier design practices been
continued. Ironically, within a few years the
Thresher design had to be modified to
increase the number of masts and the height
of the sail, apparently for near-surface
performance, and speed had to be sacrificed
anyway. It seems likely that the sacrifice was
limited by the careful hydrodynamic design
of the original Thresher.

Submarine evolution can be read in part as
4 balance berween surfaced, submerged, and
diving characteristics. That is, until 1945,
surfaced performance equated to strategic
mobility, while submerged performance
counted primarily at the point of attack. The
higher the surfaced speed, the better the
chance a submarine had of closing with high-
speed surface targets, and also the faster its
transit to the war patrol areas. World War I
experience, particularly in the German Navy,
showed how much more important surfaced
speed was, and the US Navy actually re-
designed its submarines for better surface
performance at the expense of underwater
speed. For example, the 1918 American ‘S’
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class was designed with carefully streamlined
bridges and fairwaters, and with deck guns
able to retract for minimum underwater
resistance. However, in response to war
experience they were redesigned with larger,
drier bridges, and with more powerful deck
guns. At the same time surface safety features
such as permanent life rails and wood decks
were added. The total cost of the change in
emphasis was about 3 knots in underwater
speed.

The other great issue in surface perform-
ance is reserve buoyancy, essentially the
volume of the tanks the submarine floods to
submerge. In the US Navy, for instance, the
evolution from coastal defence to seagoing
submarines was measured in part in the
increase in reserve buoyancy from 12 per cent
in the original Holland of 1900 to 13, 16, and
19 per cent in the later ‘D’ (1909), ‘E” (1912),
and ‘F* (1912) classes, the latter capable of
going about 1000 miles out to sea. Even then
there were problems. Most of the reserve
buoyancy was amidships, so that boats
tended to nose under in head seas rather than
rising to them. Aft, propellers and diving
planes were too near the surface, coming out
of the water too easily in rough weather.

This issue is somewhat clouded by the
practice of providing submarines with free-
flooding superstructures for better sea-
keeping. Some early designers, such as the
American Simon Lake, made their casings
watertight, controlling their flooding. Such
designs were relatively complex, and made
for slow diving. However, a fully free-
flooding casing could flood in aheavy sea, and
make a sithmarine bow-heavy. The typical
solution was to provide buoyancy tanks
forward, watertight except for flooding holes;
they improved surface performance, and
could be flooded on diving.

The three basic submarine hull forms,
single-hull, double-hull, and the inter-
mediate or saddle tank, are alternative
approaches to the surface v submerged
problem. A classic single-hull submarine
carries all of its tankage inside the pressure
hull. In consequence it is the simplest to
build, at least in small sizes, and it has the
least hull surface area, for minimum under-
water resistance. However, that internal
tankage detracts from the limited internal
volume of the submarine. The greater the
reserve buoyancy required for surface
cruising, the worse the problem. In modern
single-hull submarines, moreover,
considerable internal space is lost to
reinforcing frames, which can be external
{hence inexpensive in space terms) in double-
hulled craft. John P Holland’s early
submarines were intended primarily to
operate submerged, for coastal defence, and
so emphasised uriderwater performance; they
had singte hulls. The US Navy, for example,
abandoned the single hull during World War
I in order to achieve greater surface reserve
buoyancy, and did not return to it until the
era of the ‘true submersible’ nuclear

submarines.

DESIGN CONSTRAINTS AND COMPROMISES

Maost Western submarine designs are de-
scribed as single-hulled, but they differ from
their classic ancestors in that all of their main
ballast tanks are outside the pressure hull.
Instead, they occupy portions of the stream-
lined hull fore and aft of the pressure hull.
Many of the earlier single-hull submarines
had some of their ballast fore and aft, bur they
also had internal ballast tanks. Probably the
earliest all-external single hull class was the
German Type XXIII coastal submarine of
1945; internal space was at a2 premium due to
its unusually large battery capacity.

Double hulls were introduced in 1896 by a
French designer, Maxime Laubeuf, who
advocated ‘submersibles’, ships which would
spend most of their time on the surface,

diving only in the presence of their targets.
His approach was to superimpose a floodable
ship hull, adapted from contemporary
torpedo boat practice, atop a submarine-type
pressure hull. To keep this casing well out of
the water, he had to provide substantial
reserve buoyancy in the form of floodable
saddle tanks between pressure hull and
casing.

By contrast, the French in particular
commonly referred to single-hull boats as
submarines, ie as craft suitable only for sub-
merged operation. For example, the earliest
French undersea craft were propelled only by
batteries, and they were intended to operate
underwater almost all of the time. Single
hulls had the least underwater resistance and

The incomplete US submarine Walrus {SS 437) being launched at Electric Boat on 20 September 1948. illustrates
the tanking of a standard US fleet boat (Tench class). She was complete except for her casing and her conning
tower. The framing visible amidships belonged to the pressure huil. which was almost completely surrounded by
tankage. The bow was complete because it contained the buoyancy tank. The Electric Boat house flag flies from
the stub that would have led into the conning tower, which in American practice was (in eftect) a secondary
pressure hull. Walrus was delivered incomplete, and broken up in 1959

/S Navy
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s0 economised on battery power. The double
hull, then, was associated with surface
performance and with fuel capacity. Sub-
marines typically had only a 6 to 10 per cent
reserve buoyancy, compared 1o as much as 30
to 40 per cent in a submersible, in which a
ship-like outer hull surrounded the pressure
huil.

The submersible was much more sea-
worthy, with its substantial freeboard, and
could attain higher speeds on the surface, due
to its finer hull form. It was also much safer
on the surface, due to its greater transverse
and longitudinal stability (from its greater
waterplane area). The space between the two
hulls was generally used for ballast, but it
could also stow fuel oil, for greater range.
External ballast tankage could even be used
for stowage of weapons in pressure-proof
containers. Finally, framing between the two
hulls could increase pressure hull strength
without any cost in valuable internal space.
On the other hand, all of that superstructure
had to be flooded as the submarine dived.
The recent British official history notes that
the relatively long diving times of doubie-hull
submarines were of little import before 1914,
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The most efficient pressure hull shape is a sphere; the next best is a cylinder. The highly automated 800-ton
research submarine USS Doiphin (AGSS 555) shown being launched at Portsmouth, New Hampshire, on8 June
1969, was intended to cperate al very great depths: hence the form of her single huli.

US Navy

although war experience soon changed that.

The Royal Navy came to the double hull
via an intermediate step, the saddle tank, in
which external tanks were built around the
pressure hull. In the ‘D’ class (approved in
1906) reserve buoyancy was gained by
carrying most of the ballast water externally,
although some internal tanks were retained.
The extra internal space made for much
better habitability rather than for extra fuel
(for greater range), since the earlier single-
hull *C’ class already had a theoretical radius
of action beyond the endurance of the crew.
The saddle tanks also greatly increased water-
plane area, hence longitudinal (and trans-
verse) stability on the surface.

At this time the French and Italian navies
were already using more or less completely
double-hulled submarines. British con-
structors rejected them for the time as too
complex, with unduly bulky ballast piping.
However, by 1910 many British officers felt
that the double hull might be worth testing,

and in February 1912 a Submarine Com-
mittee called for both overseas and coastal
submarines of double-hull design. Only later
would it become clear that small double-hull
submarines were inefficient. The following
year there were reports that nearly all of the
German programme was for medium double-
hull overseas submarines, and the Admiralty
chose to follow suit with a ‘G’ class.

The Royal Navy continued to develop
large double-hull submarines during
1914-18, but abandoned the type altogether
postwar, The recent official history notes that
its single great disadvantage was excessive
diving time; all of the stability and reserve
buoyancy problems of the single-hulled boats
could be solved by appropriate saddle-hull
design.

The Germans chose double-hull construc-
tion from the first, apparentiy in part because
they demanded good scakeeping. They
initially went to single-hull designs only for
small coastal types intended 1o operate from
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the Belgian bases (Types UB and UQC),
although a much larger minelayer (UE) was
also designed with a single hull, for simplicity
of construction. In both UE and later
versions of UB, small saddle fuel {not ballast)
tanks were added for range, but, from the
point of view of ballasting, all of these sub-
marines were pure single-hull types. With the
later version of the UC minelayer, the
designers returned to the double hull for
improved surface seakeeping.

In 1917 the Germans returned to the single
hull for a new 364-ton UF class intended
specifically to operate in the English Channel
and the North Sea. They believed that by
confining oil tanks to the interior of the hull
they could eliminate leakage under depth
charging, and thus improve the chances for
escape. A single hull also made for much
quicker diving, and for simpler (hence faster)
construction. Later an enlarged UF, UG, was
designed to replace the relatively complex
double-hulled UBIII; the single-hull
concept was relaxed to the poimt of allowing
water ballast {but not oil fuel) externally.
Compared with UBIII, this design was
considered simpler and stronger, having
greater stability (if reduced surface
performance). Neither UF nor UG was
completed, due to the end of the war.

Postwar, German designers at first
continued to develop their wartime double-
hull or nearly double-hull designs,
culminating in Type IA. Bur the standard
1939-45 U-beat was Type VII, begun as a
single-hull type. It had small saddle diving
tanks while the main diving tank was in the
pressure hull under the control room. Fuel oil
was carried inside the pressure hull, to aveid
leakage, as in the UF class. But, as the design
was developed, the easiest way to increase
range was to store fuel oil in enlarged saddle
tanks (Type VIIB/C as compared to Type
VIIA).

Modern American and British designers
favour single-hull submarines because they
have a minumum of wetted surface, hence
minimum drag, for a given internal volume.
The new Los Angeles is a particularly extreme
example, with all ballast tanks concentrated
at the ends, outside the pressure hull. They
have relatively little reserve buoyancy, and
virtually the entire length of the pressure hull
is also the outer skin of the submarine. By
contrast, Soviet designers appear to favour
double hulls for a variety of reasons. Their
submarines often operate in ice fields, in
which a single hull might be punctured.
Great reserve buoyancy is thus an important
safety factor. In addition, a double hull
provides a measure of protection against
contact artack, eg by ASW torpedoes. Many
writers have suggested that Western light-
weight torpedoes, such as the ubiguitous
Mark 46, cannot penetrate both hulls of most
Soviet craft. Others would argue that the
shock effect of even such small warheads
would suffice, and that the resulting outer
hul! rupture would dramatically increase the
submarine’s noise signature, hence its

DESIGN CONSTRAINTS AND COMPROMISES

detectability.

Full double hulls are refatively difficult to
build and to maintain, because the compart-
ments near the ends are necessarily very
narrow and therefore difficult to inspectorto
paint. Indeed, it appears that Soviet sub-
marines have to be partially dismantled for
hull maintenance. And, below a substantial
displacement, the external tanks consume so
much volume that the submarine proper is
badly crowded. Thus, although the Royal
Navy favoured saddle hull designs,
essentially partial double hulls, its two
smallest 1914-18 submarines (“H” and ‘R’
classes, about 400 to 430 tons surfaced, 500
tons submerged) were single-hull types.

Professor Ulrich Gabler, the designer of
the current German IKL submarines, has
claimed that, for a given diving depth and
cruising speed, the single-hull submarine will
generally be smaller and less expensive than
its double-hull counterpart. It will also
present a smaller sonar cross-section, but, on
the other hand, the larger the expected radius
of action, the more valuable the external
tankage inherent in a double-hull design.
Thus, although a single hull was the natural
solution for German coastal submarines,
double hulls were far better for the first
generation of postwar ocean submarines.
Nuclear power is the exception, since
external tankage does not contribute to the
range of a nuclear submarine, only to the
resistance of its hull.

Submarines designed to spend most of
their time on the surface had to be able to dive
very quickly in an emergency, so that the
reserve buoyancy so valuable on the surface
had to be shed very quickly. Meoreover,
although much of the freeboard of a sub-
marine was a free-flooding structure, there
was some question as to how rapidly it could
be flooded. Hence the standard World War II
modification to US fleet submarines, in
which numerous additional free-flooding
holes were cut in their casings. These same
holes added considerably to underwater drag,
as well as to flow noise at high underwater
speeds. The same submarines had already
suffered when their streamlined super-
structures were cut down to provide
additional platforms for light anti-aircraft
guns - a nice illustration of choosing surface
over underwater qualities.

The British ‘R’ class of 1914-18 illustrates
the elements of compromise as they were
understood at the time. British submarine
commanders in forward patrol areas had
often sighted U-boars transiting on the sur-
face, but had been unable to clese them to
attack. Between 1 Japuary 1917 and 1
October 1918 there were 364 sightings but
only 13 successful attacks. The earliest pro-
posal for a fast ASW submarine was made in
March 1917, but work began only later in the
year. Anti-submarine attack required not
only high speed, to get into position, but also
a very powerful torpedo salvo, as the targets
were small and agile, and as there would be
little hope of a second shot. Thus the original

design called for asubmerged speed 0f 13.510
14 knots and four 18in tubes, but the final
design was for 15 knots and six bow tubes.

The price paid was in surface speed and in
surface seagoing qualities. In both, British
requirements conflicted with those of the
Germans, the latter determining much
postwar American and Japanese policy. The
Germans saw surface performance as ameans
of reaching their often farflung operational
areas. Days lost in transit could not be made
up, and underwater speed would matter little
to a submarine spending most of its patrol
time on the surface. By contrast, a British
submarine in German waters would have to
operate largely submerged after a short
transit time so the cost of a day could be dis-
counted. Hence the ‘R’ class designers were
able to concentrate on underwater speed and
manoceuvrability, at the expense of surface
qualities.

They chose a single-hull design for
minimum underwater drag, and further
reduced drag by cutting away the free-
flooding superstructure abaft the conning
tower. Hull lines aft were very fine, for a com-
bination of propulsive efficiency and agility
(reduced deadwood). Inside the hull, an
unusually high fraction of the length, 35 per
cent, had to be devoted to machinery,
consisting of a 240bhp diesel and two electric
motors, for a total of 1200bhp (15 knots for 30
minutes, or 12.5 knots for an hour and 48
minutes). By way of comparison, the
contemporary conventional ‘H’ class, of
similar size, had a 480bhp diesel for surface
power and 620bhp submerged (13 knots and
11 knots, respectively), and the battery
consisted of 120 cells (220 for the ‘R”).
Postwar, the ‘R’ suffered in comparison with
more conventional submarines due to very
low surface speed (8 knots), and poor sea-
keeping; they were easily 'pooped’ by
following seas, due to very limited buoyancy
aft.

CONNING TOWERS AND
PERISCOPES

The bridge structure or fairwater, now
usually termed the ‘sail’, (called the fin by the
Royal Navy) is a special case in surface sea-
keeping. If it is dry enough, even asubmarine
with relatively low freeboard can operate on
the surface; hence the significance of the
changes in the American ‘S’ class in 1917-18.
The earliest submarines were provided only
with small armoured watertight conning
towers, in which their commanders could
stand when they were submerged. Before the
development of periscopes, the only view was
from ports in this tower, and it was standard
practice for the submarine to rise
intermittently to just awash during its
approach to the target. Surface performance
was another matter. At first, there were no
permanent bridges, and orders had to be
shouted down an open conning tower hatch.
The conning towers of early British
submarines were so short that high waves
could wash over them, swamping the boat.
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It was natural for the early periscopes to
pass through the comning towers into the
control rooms below. But the British view
was that the conning tower per se was no
more than a passageway between the control
room and what became a permanent bridge.
There was little point in passing the peri-
scopes through this relatively narrow tube.
The first British submarine with this type of
conning tower was C-19 in 1909, and this
system persisted in all later boats. A recent
British official historian observed that there
was a conflict between a desire to increase the
length of periscopes (to increase periscope
depth for safety) and the need to be able to
dive in shallow water, which in turn made a
low silhouette attractive. Typically British
conning towers had upper and lower
watertight hatches, to provide extra security
against flooding by waves breaking over the
bridge.

The US Navy followed a rather different
path. From the large V-4 on (1927), it placed
periscope eyepieces in large conning towers
rather than in the control room located in the
pressure hull proper. Total periscope length
was fixed by the height of the structure above
the bridge, which determined in part the size
of the silhouette the submarine presented on
the surface; when housed, the lower end of
the periscope was nearly at the keel.
However, periscope depth was determined
by the height of the eyepiece above the keel;
by placing its eyepieces in the conning tower,
the US Navy (and other navies employing
similar configurations) gained about 10ft.
They also gained in periscope height above
water, hence range, when the periscope was
used for look-out on the surface. In most US
fleet type submarines, the conning tower
contained an attack centre from which the
caprain operated, although most of the ship
controls were in the compartment below.
This separation led to later demands for
amalgamation of the attack centre and the
control room.

The separate conning tower’s great dis-
advantage was its bulk adding resistance

underwater. That was no great problem as

long as high underwater speed was not
demanded, but in 1946 the US Navy beganto
develop a fast (underwater) submarine,
which became the Teng. One of the first
measures taken was to forego the conven-
tional conning tower, to reduce the bulk of
the fairwater enclosing the periscopes,
snorkel, and surface bridge. Perhaps sur-
prisingly, the loss of periscope depth was not
universally accepted, and both Darrer (diesel)
and Seawolf (nuclear) of the mid-1950s had
small conning towers justified entirely in
terms of increased periscope depth. Later
designs lacked conning towers; underwarter
speed was far too important,

Conning tower design is only one factor
affecting another important aspect of sub-
marine design, performance near (but by no
means at} the surface. The classic problem of
a submarine at very shallow depth is that
sudden changes in trim (as when a torpedo is
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fired) or even violent waves can so change its
buoyancy as to cause it to surface in-
advertently, to broach, and so to expose itself.
‘The entire issue might be thought obsolete in
an era of nuclear submarines, but that is so far
not the case that attempts to eliminate the sail
(as 2 major source of underwater drag) in US
submarines have generally died in the face of
requirements for periscope-depth
performance,

Historically, depth keeping was essential if
an attacking submarine was to be able to make
periodic periscope observations of its target;
the periscope was the only effective attack
sensor. Then near-surface depth keeping
became important for snorkelling; the snorkel
had to be kept out of the water, but not too far
out (ie too detectable). For example, at least
in early installations, each time a wave shut
down the snorkel air intake the diesels would
begin to suck air out of the boat so violently
that air pressure would drop rapidly. Nuclear
propulsion solved that problem, and it might
be argued that the periscope is of little value
in submarine v submarine duels. But this is
not the only important current submarine
role. For instance, the covertness of the
submarine makes it an ideal platform for
collecting electronic and even photographic
intelligence, for both of which it must project
sensors out of the water. The public dis-
cussion of US submarine intelligence
missions into Soviet fleet operating areas
{using Sturgeon class boats) can be read
alongside statements that this design shows a
much taller sail than its predecessors, a
feature which would keep the submarine
deeper under water when at periscope depth,
and thus would make it less responsive to
surface wave motion.

POWERPLANTS

Then there is the powerplant, One of the two
central problems of submarine development,
until late in the nineteenth century, was to
provide reliable underwater power. The first
solution was the electric motor, supplied by a
storage battery. The major drawback was
very limited endurance, just as in an electric
car. Even so, a fully electric boat capable of
submerging and of travelling a limited
distance submerged was clearly useful for
harbour defence, and a number of such
submarines were built at the end of the nine-
teenth century, especially by the French
Navy. Limited high speed underwater
endurance is still a problem for conventional
submarines. Submarine underwater speeds
are usually quoted at a maximum battery dis-
charge rate, which cannot last for more than
an hour or two. Hence the need for surface
operation, in which the submarine could be
powered by a long endurance fossil-fuelled
engine also able to recharge its batteries, That
was provided by John Holland, who
combined a gasoline engine with batteries at
the end of the nineteenth century to create the
modern submarine. He still thought in terms
of coastal operations, primarily submerged,
as demonstrated by his choice of hull form,

ill-suited to extended surface running in any-
thing but calm weather.

The other nineteenth century problem was
trim control. Early submarine inventors
tended to fill their ballast tanks only partly, to
compensate for water density and details of
weight aboard their craft. As a result, they
suffered badly from the effects of free water
surface. They also tended to try to hover;
without any waterplane area, their boats had
little longitudinal stability. John Holland
solved both problems by relying on dynamic
as well as static forces, by using the lift
generated by hull and hydroplanes as his sub-
marine moved through the water. That
controlled lift could balance off weight and
trim imbalance, so that, for example, ballast
tanks could always be entirely filled.

The combination of separate surface and
underwater powerplants was the key to
strategic mobility, and even to the ability to
deal with high-speed targets in the open
ocean. In the latter case, a typical 1939-45
submarine tactic was to run on the surface,
Just out of visual range of a target ship or
convoy, either submerging to atrack or
waiting for night to deliver a surface attack.
The surfaced subrarine would dive to
frustrate pursuit. In either case, high surface
speed was vital, and that in turn required
relatively large surface engines, which made
claims on limited internal space. They
competed with battery space and with electric
motors and generators. The size of the latter
determined, at least to a large degree,
underwater endurance, since they recharged
the batteries when the submarine ran on the
surface (or, later, snorkelled).

Here there was much room for complicated
compromises. For example, the US Navy
ultimately chose to connect its diesels to
generators, always running the propellers on
electric motors. When 2 fleet submarine ran
on the surface, it would alwavs be charging its
batteries, since power would always be fed
through them. This was a relatively
cumbersome system, and represented a
sacrifice of space and weight. The benefit was
a higher surface speed when charging
batteries; in some other navies diesels had to
be de-clutched in order to connect them to
the generators.

Diesels were by no means the only surface
powerplants tested. Compared to steam
turbines, they produced relatively little
power for their weight. Steam engines
seemed attractive for high surface speed.
Their major drawback was twofold; they re-
quired many more openings in the pressure
hull, a potential diving hazard, and they took
much longer to start up and to secure. The
first problem was particularly evident in the
fast British ‘K’ class submarines of 1914-18,
which needed steam turbine power to redch
battle fleet speed. The second was exempli-
fied by the early French steam submarines
sometimes taking as long as 15 minutes to
submerge. Even so, when the US Navy
sought very high surface speeds after 1945 for
submarine radar pickets, it returned to steam
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plants. One result was the pressure-fired
hoiler for a steam turbine, a machinery plant
ultimately employed only in surface ships.

The entire concept of using two separate
powerplants was extremely expensive for
anything as volume-critical as a submarine,
but it was inescapable; only fossil fuels could
store sufficient energy for sustained high
power in a limited volume. They in turn
required oxygen, and no submarine could
carry a sufficient volume for extended under-
water operation. There were attempts to use
high power underwater, the most notable
being the German Walter turbine, but they
were all very limited in endurance by the
volume of oxidiser the submarine could
carry. Thus, until the advent of the snorkel,
high sustained power meant surface
operation. A submaring exercising its long-
range mobility became, temporarily, a
surface ship, giving up its stealth entirely.
Even while snorkelling, the snorke!l head
itself is detectable (and it is larger than an
attack periscope) so there is still a sacrifice of
invisibility. One former ASW pilot referred
to a snorkelling submarine as “a small surface
vessel’ which had abandoned its essential
submarine quality. Typically submarines
snorkel intermittently in hopes of avoiding
excessive exposure, and, therefore, detection.

Moreover, when it is snorkelling, a
submarine is limited in speed, partly to avoid
damage to the snorkel itself. Partly, too, the
snorkel is generally used to charge batteries,
so that only a fraction of the power being
developed goes directly into propulsion. For
example, 2 modern German KL submarine
may make only 5 knots on its snorkel, but as
much as 22 knots at maximum battery rate
submerged.

The nuclear submarine is at present unique
in combining underwater and long-range
propulsion, because it alone packs very high
energy densities into a fuel requiring no
oxygen for its combustion. Nuclear plants are
also unique in that they are so powerful that
excess energy becomes available for many
auxiliary functions. For example, it is typical
for nuclear submarines to renew their
atmospheres by hydrolysis, extracting
oxygen from the water through which they
steam. A conventional submarine attempting
to remain underwater for an extended period
usually uses chemical devices such as
‘candles’, which are less effective. Almost
certainly, 100, only a nuclear submarine has
sufficient excess electrical capacity to power a
very large active sonar; certainly commanders
of nuclear aircraft carriers have remarked on
the degree to which their powerplants
assured them of sufficient energy for their
electronic systems. The principal drawback
of nuclear power is that it imposes a very con-
siderable minimum size and cost on the sub-
marine. It 15 not clear whether this factor
accounts for the continuing popularity of
diesel-electric submarines in the world’s
smaller navies; one would have to add that the
five nuclear submarine operators have shown
no willingness whatever to export such craft,

DESIGN CONSTRAINTS AND COMPROMISES

This section of the second British nuclear submarine HMS Valiant (seen at Barrow-in-Furness when Vickers laid
her down in January 1962) typifies externally-framed pressure hull structure.
Central Press Pholos
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The case for advanced non-nuclear plants
is still open. For example, there are very
energetic reactions which could, in theory,
power a non-nuclear submarine for weeks on
end (albeit only at low speed), given the
volume available for fuel in such a craft.
Many of these reactions are quite violent, and
no such submarine has yet been built, but the
non-nuclear fully submerged submarine is
probably a real prospect for the 1990s or the
early years of the next century. Fuel cells are
often mentioned in this connection. This
issue will be explored more fully in Chapter 9.
For now, the world’s submarines are divided
into two classes: non-nuclear submarines,
with limited underwater mobility by battery,
requiring contact with the atmosphere (via
their snorkels} for sustained mobility; and
nuclear submarines capable of essentially
unlimited underwater endurance, A third

category, the submersible, designed for
surface operation with intermittent
underwater mobility, is essentially extinct.
Design criteria, tactics, and ASW
countermeasures suited to these three classes
are very different, as the reader should keep
this distinction in mind in what follows.
Beyond all of these detailed questions is the
great strategic issue of sheer submarine size.
As in every other warship class, most of the
issues of compromise are most easily solved
by increasing unit size. Many (though by no
means all) submariners traditionally prefer
the smallest possible size, for a combination
of manoeuvrability (in three dimensions) and
relative invisibility, the theory being that the
larger the submarine, the better the sonar
target it presents. Larger size should also
make for easier detection by a variety of
current and potential non-acoustic sensors,

As for manoeuvrability the longer the
submarine, the easier it is for it to exceed test
depth in an acute dive. Planners often prefer
smaller submarines on the usual ground that
cost is roughly proportional to size, so that
numbers and unit size are (ar least
apparently) opposed.

But experience suggests that small size per
se does not make the target undetectable. For
example, much of the size difference between
the US Permit class and the earlier Skipjack
can be traced to elaborate arrangements for
engine silencing. Since passive acoustic
detection generally can be done at much
greater range than can active, it seems likely
that silencing is more important than a
reduction in sonar cross-section in enabling
the submarine to survive.
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CHAPTER THREE

The Era of the
Submersible 1900-1945

The history of the modern submarine, a war-
ship capable of protracted underwater opera-
tions, began only in 1945. The great
submarine campaigns of the two World Wars
were fought with submersibles which spent
much of their time on the surface, sub-
merging only for concealment. One pre-1914
writer described submarines as good-weather
torpedo boats, substituting submergence for
the cloak of darkness or foul weather which
surface torpedo craft required for their
approach. Underwater mobility was so
limited that in his memoirs Admiral Doenitz
described German U-boats as little better
than intelligent mines.

A typical World War I U-boat, U-111 of
1917 (which the United States acquired after
the war) could make 16.4 knots on the surface
and 8.4 knots submerged, the latter at the
one-hour battery rate. Her sustained
underwater speed was far less, 5 knots for 10
hours. No submarine commander would
willingly exhaust his batteries by running at
sustained speed for the full ten hours. He
would always keep a sufficient reserve of
electrical power to deal with any emergency,
such as an ASW attack. Thus a constant
theme in accounts of submersible warfare is
the need to conserve battery power, and to
‘top up’ batteries whenever possible by
running on diesels, on the surface. This
problem was complicated by the need to
maintain some degree of forward motion to
balance out any positive or negative buoy-
ancy. The greater the excess buoyancy, the
greater the minimum required speed, and
thus the greater the drain on the batteries,
and, tactically, the more frequent the need 1o
re-charge.

These limitations endured until 1945, The
German Type VIIC fought most of the Battle
of the Atlantic and was credired with only 4
knots at its 20-hour battery discharge rate, 2
knots at the slowest discharge rate, at which it
could remain submerged for 65 hours.
Conversely, the maximum underwater speed
of about 7.6 knots could be sustained for only
about an hour.

Despite its limitations, the submersible

was a new type of warship, the only type able
to defy command of the surface of theseaona
regular basis. Its ability to operate more or
less freely in enemy areas was the basis of the
German submarine blockade of Britain, as
well as of many more conventional
operations. Almost seven decades later, the
inability to enforce sea control both on and
under water remains one of the most
significant realities of naval warfare.

BEFORE 1914

Before 1914 the primary submarine design
goal was to transform it from a coastal craft to
a long range or ‘overseas’ submarine with
sufficient strategic mobility to reach distant,
enemy-controlled waters. ‘Overseas’
performance resulted from a combination of
greater size (for seakeeping) and the diesel
engine {for endurance). The precise meaning
of ‘overseas’ depended on the distance
between home and enemy waters. For the

Royal Navy, a typical figure was Portsmouth
to Wilhelmshaven, 620 nautical miles. Ar 10
knots a submarine would cover 240 miles per
day. Thus an endurance of 3800 miles would
suffice for over ten days on patrol in German
waters. The German point of view was very
different. To intercept shipping en route to
the British Isles, a U-boat would have to be
able to pass around Scotland into either the
Atlantic or the Irish Sea. Hence the Germans
tended to require a range of 5000 or 6000
miles for effective ‘overseas’ operation. But
2000 or 3000 miles would suffice for offensive
operations in the English Channel, off the
Allied Channel ports.

The first effect of submarines on naval
warfare was to make close blockade of enemy
ports obsolete. The sheer strain of awaiting
surprise attack would surely exhaust the
crews of blockading warships. Admiral
George Dewey, the victor of Manila Bay in
1898 and, from 1900, Chairman of the US

The first role of the submarine was as an ‘equaliser’. a refatively inexpensive means of countering expensive
foreign capital ships. Even the major powers. which did operate large battlefleets considered them a useful
means of defending their overseas possessions. Here three small US ‘A’ class submarines (from left to right 4-
6/85 7, A-4/55 5 A-2/85 3) sit in the floating Dewey Drydock at Clongapo in the Philippines, about 1910-12
US Navy
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The 495-ton D-boats, completed from 1908, were the first British ‘overseas’ submarines {range 2500 miles at 10
knots}; D-7 is shown at Portsmouth before 1814, with two smailer C-class submarines in the background. Her
saddle tanks are clearly visible as protrusions from her pressure hull, and her radio mast (the first for a British
submarine) is rigged, with cross- and star-shaped spreaders marking the cage antennas slung from it. Note the
absence of any protection for her bridge, and the prominent ventilaters surrounding her fairwater.

US Navy

Navy’s General Board, argued that with two
submarines in Galveston, ‘all the navies in the
world could not blockade that place’. Nor did
he feel that his fleet would have been able to
seize Manila in the face of submarines, had
the Spanish possessed any in 1898, Faced
with the prospect of some Japanese attempt
to seize the Phillipines, the United States
very early deployed its own submarines to the
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Far East, on just this theory.

The Royal Navy in 1914-18 had virtually
to abandon areas of the North Sea near
German naval (ie U-boat) bases, shiftingto a
strategy of blocking the North Sea exits.
Hence the choice of Scapa Flow, rather than
traditional bases such as Portsmouth, as the
war base of the Grand Fleet. The threat of
submarine attack strongly affected fleet

operations, even though relatively few
warships were actually sunk by submarines
when steaming at speed. Bur the great
surprise of the war was the submarine
campaign against shipping.

Pre-1914 British strategy called for a
blockade of enemy bases and harbours, both
to deny an enemy the means to fight and to
protect British commerce. Submarines had
two major effects. First, as early as 1904, Sir
John Fisher, the new First Lord of the
Admiralty, argued that seagoing submarines
and surface torpedo craft would be able to
dominate the North Sea, to the virtual
exclusion of large warships. He had begun his
career as a torpedo expert, and was
uncomfortably aware of the vulnerability of
large warships. Second, if Britain could build
‘overseas’ submarines capable of operating
off the enemy coast, they could form the first
line of the blockade, effectively immune to
enemy countermeasures. [n 1906, at his
urging, the Admiralty Board approved the
first British ‘overseas’ submarine design, the
‘DY class, with an endurance of about 3000
miles at 8 knots. That year Captain Reginald
Bacon, commanding the British submarine
force, claimed that all existing British sub-
marines could fight as much as 200 miles
from their bases. Four years later D-f
steamed unaccompanied from Portsmouth to
the western coast of Scotland (a distance of
about 500 miles) for fleet exercises, notionally
torpedoing two cruisers as they sortied.

By the end of 1912 the Admiralty War Staff
had concluded that the main means of
detecting a German fleet sortie would have to
be long-range (‘overseas’) submarines on
sustained patrol in enemy waters. The same
submarines might well also be the only units
able to engage German warships, as the
British fleet might be unable to make contact.
In fact the British were able to use radio
intelligence to improve their chances of inter-
cepting the German fleet at sea, but before
1914 (with its remarkable early recoveries of
German merchant and naval codebooks) no
one could envisage that,

The Royal Navy also saw its submarines as
a means of defending distant colonies without
detaching major units from the battlefleet in
home waters, a practice both Britain and the
United States would follow after 1918, As in
the case of preventing blockade, it could be
assumed that submarines would have a dis-
proportionate effect on any hostile
commander intending to mount an assault.
Six of the early ‘B’ class were assigned to
Gibraltar and Malta as the British battlefleet
withdrew from the Mediterranean from 1906
onwards; in 1910 six of the larger ‘C’ class
were towed to Hong Kong, three remaining
on that station in August 1914. B-11, one of
the Malta boats, made the first wartime
penetration into the Dardanelles.

In 1914, due largely to Fisher’s
enthusiasm, the Royal Navy operated the
largest submarine fleet in the world, 74 boars
built, 31 under construction, and 14 more
either on order or projected. But the bulk of



the existing units were coastal or short-range
single-hull types of the ‘A’ (8 left of 13 built),
‘B’ (10 left of 11 built), and ‘C’ (37 left of 38
built) classes; only 8 ‘D* and 6 of an improved
‘E’ (typical endurance 3800 miles at 10 knots)
overseas classes had been completed, The
latter class eventually contributed the bulk of
British operational submarines during the
war. However, as early as 1912 the Britsh
Submarine Committee recommended the
next step, an ‘overseas’ submarine capable of
operating directly with the main fleet, je with
a surface speed of about 20 knots. This
concept continued 1o attract the major navies
through the early postwar period, the most
extreme example being the unfortunate

. British steam-powered ‘K’ class.

WORLD WAR 1

In August 1914 the Royal Navy assigned its
overseas submarines to patrols in the
Heligoland Bight. Most of the intermediate
‘B” and ‘C’ classes in home waters joined Sur-
face Patrol Flotillas operating from major
ports, such as Dover. The less capable sub-
marines were assigned to harbour defence.
All suffered from insufficient endurance: the
overseas boats were towed part way to their
patrol areas, and the Dover boats tied up at
buoys laid across the Straits, on alert for
enemy reports. Although local patrols con-
tinued at least until 1917, they were never
particularly effective, war experience entirely
vindicating the decision to abandon coastal
submarines for the overseas type.

Even so, defensive submarines at
Yarmouth and at Lowestoft sortied when the
German battlecruisers bombarded those
ports in 1914 and 1916. In the latter case the
Germans may actually have cut short their
artack after sighting a surfaced British
submarine coming into firing position. Later
the Admiralty would describe submarines in
port as the principal British defence against
coastal bombardment. The German raids
themselves were possible because the Royal
Navy could not maintain anything
approaching a close blockade of German
naval bases, due largely to its own perception
of the underwater threat from both U-boats
and mines.

On the offensive, submarines proved most
valuable to the Royal Navy for their ability to
operate in enemy waters, such as the Baltic,
the eastern North Sea, and the Sea of
Marmora. In each case, although relatively
few submarines operated, and although net
tonnage sunk appears not to have been very
large, the moral and disruptive effect was
enormous. For example, the Turkish army in
the Dardanelles was almost deprived of
ammunition for a time. Submarine
minelaying in German home waters was a
major British ASW weapon. Finally, British
submarines were a useful means of attacking
U-boats when the latter were surfaced.

German prewar naval doctrine emphasised
coastal defence, and U-boat strategy reflected
it On 3 January 1912 the Torpedo
Inspectorate, responsible for U-boat
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construction, drafted a programme for future
development. U-boats were to be organised
in flotillas of 12, each of which could cover a
60-mile front (5 miles between boats). One
flotilla at sea would cover Heligoland. Each
boat at sea would have to be backed by
another in port, relieving it daily, and a third
flotilla would be held at Kiel in reserve. A
fourth flotilla would patrol the approaches to
Kiel, and a fifth, of longer range, would be
based at Emden for North Sea operations.
Since current experience showed that about
one out of six U-boats would be under repair
at any one time, the Inspectorate proposed an
additional 10, for a total of 70 U-boats, of
which only 14 would have to be ocean-going.

But the Germans did not really distinguish
between coastal and overseas craft. From U-7
onwards they were double-hulled. U-!
herself sailed 587 miles round Denmark from
Wilhelmshaven to Kiel in bad weather as
early as September 1907; three years later the
British would consider this ‘overseas’
performance. Ar the same time the Germans
were designing 500-ton boars with an
endurance of 2000 miles at 15 knots. En-
durance was much increased, to 6700 miles at
8 knots, in /-7, which was the first true long
range boat capable of operating to the west of
the British Isles, athwart the shipping routes.

Before 1914, submarines were not
perceived as potential commerce raiders
because they were clearly incapable of
obeying the international laws of such war-
fare, as they had been formulated at the
Hague between 1899 and 1907. They could
not really be expected to stop and search

merchant ships before seizing or destroying
contraband; they were far too vulnerable
when surfaced, and it could even be argued
that fast merchantmen could sight them far
enough way to evade them altogether. Most
naval officers concluded that submarines
were effective only attacking without warn-
ing, while submerged, and therefore were for
almost exclusive use against warships. This
was not to dismiss them; their threat to
surface warships was frightening enough,
particularly since there were no effective
means of counterattack. A few, including
Admiral Sir John Fisher, concluded rather
that the classic rules of commerce warfare
would be discarded, and that submarines
would be a terrible threat to the seaborne
commerce upon which Britain depended.
Perhaps remarkably, the German Imperial
Navy showed little prewar interest in such a
strategy; one British naval historian has re-
marked that the Germans found the great
British vulnerability almost by accident,
Certainly the submarine was an ideal
blockader, if the prize rules could be dis-
carded. No individual merchant ship could
expect to detect asubmerged submarine. Nor
was there any countermeasure in sight, since
the submarine could so easily escape
detection by warships as well. In 1914 sub-
marines revealed themselves only either by
attacking (ie by showing periscopes or
torpedo tracks) or by showing periscopes or
by surfacing. Even so, a submarine
commander could generally count on detrect-
ing surface ships before they became aware of
him. Most submarine fleet manoeuvres

The K-beats were the first US supmarines (launched 1913-14) capable of keeping the sea for any protracted
period. and thus were considerably behing Eurcpean practice. The 392-ton K-8 (SS 39) is shown in drydock at
Honolulu shortty after World War I note the absence of any permanent bridge ta shield personnel while she ran
an the surface.
US Navy
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The 212ft 1/-35 was the highest-scoring submarine (224 ships worth 535,900 grt in 25 patrols) of either Werld War.
She is shown at Cartagena (Spain} in 1916, alongside the German freighter Roma. Built under the 1912
programme, she was delivered in November 1814, and was representative of U-boat development at the outbreak
of war. She displaced 685/844 tons, was double-hulled, armed with two bow and two 20in stern torpedo tubes
{with two reloads) and two 88mm guns, and manned by a crew of 35. The very tall masts were necessary to

achieve sufficient radio range.
US Navy

The seizure of Belgivm led to German interest in small. easily transported U-beats for North Sea operations. They
were also well-suited to the Adriatic. Transported by rail, they were assembled at Antwerp and Pola. Here the 921
UB-101127/142 tons, the first of the series, transferred to Austria as U-10, is lowered by crane, 1915, She had been
completed in only 75 days. Unlike sea-going U-boats, the UBs were only single-hulled. They had no reloads for

their two 17.7in torpedo tubes.
US Navy

demonstrated these points, yet the surface
navies did not really appreciate their
implications until German and British
commanders achieved a series of spectacular
successes against cruisers during the first
months of the war.

At the same time, German submariners on
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patrol around the British Isles began to
appreciate the density of the merchant
shipping in such areas of concentration as the
Downs. By the end of 1914 they were
beginning to agitate for shipping warfare,
The German naval staff began to estimate the
sinking rate which would force Britain out of

the war; late in 1915, for example, the stated
figure was 600,000 tons per month for six
months. In 1917, on the eve of the great un-
restricted submarine campaign, the duration
of the required sinkings was extended to nine
months. The U-boats sank 540,000 tons in
February 1917, 593,000 tons in March, and a
terrifying 881,000 tons in April, when British
food stocks were only equal to ten days’
consumption. Convoy tactics brought the
figures back down, to 596,000 tons in May
and 687,500 in June, but the shipping war
was not really under control until the end of
1917.

Perhaps the most important quality of the
German submarine blockade was its ruthless-
ness. The prize rules were a vestige of an
earlier hope that the savagery of warfare
could be limited. Sinking merchant ships, in-
cluding liners, without warning seemed to be
part of the new and terrifying practice of
‘total war’, in which non-combatants were as
much at risk as were the uniformed services.
The Germans argued that the reality was far
more complex, that the British practice of
considering foodstuffs contraband made
their blockade of Germany as much an assault
on German civilians as the submarine war
was on British civil society.

The horror associated with unrestricted
submarine warfare persisted after 1918, but
Allied ASW did succeed in containing the
submarine threat, albeit at a high price, Thus
it was not difficult for the major sea powers to
agree 1o revive the prize rules, and to prohibit
unrestricted submarine warfare, as part of the
interwar naval arms limitation treaties.
Doctrine in most navies concentrated on
submarine operations against purely naval
targets. After 1939, however, such limitation
was difficult to maintain. Unlike Germany



before 1917, none of the combatants was
inhibited. It may be noteworthy that Admirat
Doenitz took pains in his post-World War 1
memoirs to claim that he had returned to such
tactics only under Allied provocation,

Until the spring of 1917, Germany faced
three linked strategic problems. First, after
the Western Front stalemate on the Marne,
she had to seek some other means of achieving
a decision. Second, she had to keep the
United States, with vast industrial and man-
power, from entering the war on the Allied
side. Third, as the war progressed, the British
blockade on raw materials and also on food
gradually weakened the German economy. It
is not clear to what extent the German
government perceived the blockade as a
driving force, although its weakening effect
was certainly evident in many ways by 1918,
From late in 1914 on, the German Navy
pressed for a submarine blockade in the face
of a civilian government which feared
incidents that would drive the United States
into the war. The key tactical problem was
that a submerged submarine could not be
expected to distinguish one type or even one
nationality of merchant ship from another,
with the result that no satisfactory rules of
engagement could be framed.

The German government sought security
without any real appreciation of the
operational consequences of its restrictions.
The submariners and the naval staffs rebelled
against the concept of the rules, and even so
there were enough incidents to cause the
suspension of all submarine warfare on
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several occasions. Postwar, the German sub-
mariners could quite correctly point out that
the US decision to go to war had been taken
without reference to the resumption of
submarine warfare. But one might also argue
that the American ‘Preparedness’ campaign
of 1916, which helped provide the
mobilisation base of 1917-18, was inspired
partly by submarine operations. Certainly the
series of incidents, from the Lusitania
onwards, helped prepare US official and
public opinion, so that the final provocation
of the Zimmerman telegram was effective.
The U-boat arm’s frustrations are familiar
to students of more modern limited wars;
political considerations took precedence over
practical (purely military) ones. But, given
the consequences of US intervention, one
might argue that the political questions were
in fact extremely practical in a military sense.
Current discussions of rules of engagement
often engender similar contempt for
impractical foreign policy, yet most realistic
scenarios for future naval conflict involve
limited rather than general war. Itis not clear
that a better grasp of military realities by
civilian authorities will solve the problem;
certainly the German Imperial government
was never able to resolve its own dilemma.
Postwar, Vice Admiral Andreas Michelsen,
the U-boats’ wartime commander,
complained that as early as May 1915 there
were no fewer than 146 special restrictive
orders, and ‘soon the submarine commanders
were not able to get about on account of the
mass of papers’. The naval staff consistently

The submarine was an important 1914-18 ASW measure: here four US 450-ton L-class submarines (launched
1915-16) lie alongside their tender at Berehaven, S Ireland. The 'A' prefix distinguished them from the very
ditferent British L-class. The short vertical objects on their foredecks are 3in/23 deck guns, which could retract
part way into the casing, for streamlining while submerged. The US Navy of this period tended to emphasise
submerged more than surface performance, so its boats were designed either withaut bridges or with very
cramped ones. Note the rudimentary canvas screens of AL-10 (S5 50) and AL-4 (SS 43), which contrast with the

‘charict-type’ bridge of AL-T7 (S5 51).
US Navy

argued that operations would be impossible if
conventional prize rules were enforced; for
example, the British employed disguised
armed merchant ships (‘Q-ships’) against
submarines surfaced to stop and board them.

Even stiff rules did not prevent dangerous
incidents. Despite orders prohibiting attacks
on liners (but permitting attacks on armed
merchantmen and military transports), the
Channel steamer Sussex was torpedoed, the
U-boat commander arguing that she
appeared to be a troopship, with many
uniformed men on her decks. In fact she was
an unarmed liner and one of the 80 victims
was an American. The German government
then restricted the U-boats to the prewar
prize rules, and in protest the U-boat
commanders suspended operations against
merchant ships altogther. The political
nature of the problem shows in German
willingness to continue virtually unrestricted
submarine warfare in the Mediterranean,
where there was little danger of sinking
American ships or killing Americans aboard
British liners.

It is difficult to evaluate German claims for
the efficacy of unrestricted submarine war-
fare. Certainly Britain was in great danger
during the spring and summer of 1917, before
convoys were formed, and while shipping was
essentially uncontrolled. Yet the tonnage war
eventually failed, and the U-boat leaders had
to explain why. Admiral Michelsen claimed
that, although 600,000 tons per month might
well have been decisive in 1916, when the
offensive was planned, by 1917 the British
blockade’s impact on Germany had upset the
calculation. In any case, with the failure of
late 1916 peace initiatives the German
General Staff appears to have decided that a
submarine campaign offered the only hope
for a decision during 1917, and the six-month
estimate was actually published. Un-
restricted submarine warfare actually began
on 1 February 1917, albeit with some restric-
tions.

The Germans had to choose between the
dense shipping zone around the British Isles
and more spectacular operations farther
afield. They never tried to operate in the open
ocean, where merely finding targets would
have been a problem. Rather, they placed
medium U-boears on 12 patrol stations around
the Western Approaches to the British Isles.
Shorter-range U-boats operated in the
English Channel and in the southern North
Sea. By 1917 there were also U-cruisers
capable of cruising all the way to the US East
Coast and to Dakar in West Africa. In
Michelsen’s view, the long cruises were
perhaps valuable for propaganda and for
diverting Allied ASW efforts, but they were
uneconomical. In tonnage warfare what
counted was merchant tonnage sunk per ton
of U-boat. The closer the patrol area to the
German base, the more time a U-boat could
spend on station. The smaller the U-boat, the
more efficient.

It took 36 U-boats merely to occupy the
Western Approaches blockade stations. As a

31




SUBMARINE DESIGN AND DEVELOPMENT

rule of thumb, a U-boat spent one-third of its
time on station, one-third en route to or from
its patrol station, and one-third in refit. En
route time was much reduced for the boats
based in Flanders, operating in the Channel.
As for the U-cruisers, Michelsen complained
that they took much toe much time en route,
that they were too large (and too expensive in
foregone opportunities to build smaller
boats), and that their refits were too lengthy.
He noted, too, that the Germans had been
unable te attack the transatlantic troop
transports at least partly because they never
had the U-boats to spare from the essential
shipping war around Britain. Throughout the
campaign, there were only about 90 boats
available on average in the theatre; others
operated in the main distant theatre, the
Mediterranean.

SUBMARINE MINELAYING

The other major theme of shipping warfare
was submarine minelaying. Neither Britain
nor Germany appears to have designed
submarine minelayers before 1914, although
the Russian Imperial Navy ordered the
specialised Krab in 1912, and Krupp
patented a scheme for mine tracks atop a U-
boat hull early in 1913. The first German
minelayers were small UC-class submarines
designed to operate from newly-seized bases
in Flanders; by 1915 they were designing
longer-range minelayers, and were planting
small fields around the British Isles. They
ultimately accounted for about a quarter of all
shipping lost to U-boats during World War I.
Their victims included many warships,
notably the cruiser HMS Hampshire,
carrying Lord Kitchener to Russia in 1916.
Overall, U-boat minelayers were credited
with sinking about 2.9 million tons of
shipping, compared with about 11 millicn
sunk by gun and torpede.

The first British minelayer was E-24,
completed in January 1916 but lost that
March. There were no specialised designs;
instead six each of the medium ‘E’ and ‘1
classes were fitted with mine tubes protrud-
ing through their ballast tanks. Both they and
the UCs carried their mines externally,
without any access from the pressure hull.
War experience suggested that this had two
major disadvantages. First, mines had to be
preset (eg with a particular tidal height)
before loading. Second, they tended to
deteriorate in the tubes, so that they could not
be considered reliable {at least in the British
case) if they remained there for more than
three days. That limited them to short-range
operations, and precluded tactical mining or
waiting on station for enemy ships to come
out of port. The Germans therefore built
submarines {UE class) with dry storage for 34
mines (compared with wet stowage for 12ina
UC, or 20 in each of six ‘E’ class minelayers);
they considered it an ocean, rather then a
coastal, minelayer. There was no British
equivalent, but in 1920 the Admiralty
authorised studies of a specialised minelayer.

One conclusion was that full internal
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stowage cost precious limited space within
the pressure hull. The British compromise
was to carry mines externally, on tracks atop
the hull but beneath the floodable casing.
They were both dry and accessible when the
boat ran on the surface, at no cost in pressure
hull volume. This system was tested in 1927,
when the submarine monitor M-3 was
converted with tracks atop her hull, to carry
100 mines externally. A similar arrangement
was adopted for the Porpoise class, the only
British submarine minelayers built as such
from the keel up, in 1930. Except for France,
which duplicated the external vertical tube
system, other navies copied the German
internal system.

From a strategic point of view, the mine
tended to be an area denial weapon rather
than a means of accounting for British ton-
nage or of sealing British ports. Historically,
minefields have been most effective when
they have been kept under surveillance and
periodically renewed. Submarine-laid fields
are difficult to renew because precise under-
water navigation is relatively difficult, so that
a boat risks destruction on the remaining
mines of the original field. On the other hand,
a submarine force can do considerable
damage by mining areas just ahead of enemy
operations. For example, the October 1939
U-47 attack on Scapa Flow, which sank the
battleship Royal Oak, was co-ordinated with
submarine minelaying in several areas
Admiral Doenitz thought might be
alternative fleet anchorages, to which the
Home Fleet would have to transfer after
discovering that Scapa was unsafe. One of the
mines laid at this time damaged the Fleet
flagship, the battleship Nelson; another broke
the back of the new light cruiser Belfast.

Relatively few specialist minelayers were
built in the decade before World War 11,
largely because the London Naval Treaty of
1930 limited total submarine tonnage for each
major navy. The United States, Britain,
Germany, and Japan all developed mines to
be laid through torpedo tubes, although the
Germans had to build several specialist boats
{Types VIID and XB) partly because their
torpedo tube weapons were not ready in time.
The Royal Navy actually designed several
minelavers in 1938-39, and ordered three in
Janumary 1941, But British submarine-
building capacity was limited, and patrol
submarines seemed more valuable, and
certainly more flexible, The three standard
wartime classes (‘S’, “T°, and ‘U") were
therefore fitted to carry torpedo-mines,

ANTI-SUBMARINE WARFARE

Geography was a vital factor both in
submarine and in anti-submarine warfare. It
changed radically in 1914 when the German
Army seized the Belgian (Flanders) coast.
The U-boat base at Zeebrugge was only 65
miles from Dover, a saving of about 300 miles
(21, days at sea) compared with
Wilhelmshaven. There was also a subtler
saving. Given the very short range required
for Channel operations, the Germans could

radically reduce the size, hence the cost, of
their submarines, and thus could greatly
increase their numbers.

Similar geographical shifis shaped the
1939-45 Battle of the Atlantic, and may be
decisive in any future ASW war. At first, the
German Navy had to pass its submarines
around Scotland to reach the Atlantic trade
routes, given the position of the British Isles
athwart the path from Germany to the open
sea. The long transit time was one reason for
the relative inefficiency of the U-boat force.
That changed radically from June 1940, after
the seizure first of Norway and then of the
French coast. Now U-boats could proceed
directly into the North Artlantic, saving
several days (and exposure to a combination
of weather and a British blockade).

As this is written, much of the NATO
ASW strategy depends upon the geography
of the ‘choke points’ between the major
Soviet bases and the open sea. Modern tech-
nology makes it possible to erect reasonably
effective barriers across these straits and gaps
in wartime provided NATO retains control of
their shores. NATO planners appear not.to
have taken one possible outcome of a land
campaign entirely into account here. For
example, some analysts envisage a rapid

“Soviet advance through Western Europe. It

is entirely conceivable that nuclear weapons
would not be used on either side, and that the
United States and, perhaps, Britain, would
find themselves in a strategic situation not
entirely unlike that of 1940. Once again, the
enemy might be in possession of an open
coastline, and once again the war might prove
much more protracted than expected.

Just as the World War I U-boat campaign
was a prototype for World War II, the Allied
counter campaign displayed, sometimes in
embryo form, the full spectrum of later ideas.
On one plane, British ASW displayed a very
basic conflict in naval tactics, the desire to
pursue offensive tactics despite the greater
efficiency of apparently defensive ones. This
deeply felt preference is often blamed for the
failure to adopt a convoy strategy until 1917.
Yet it may have been a fortunate coincidence
that convoy tactics were adopted just as
effective  ASW weapons, such as depth
charges, became available. Certainly the early
history of World War 11 ASW suggests that
ineffective convoy escorts could not prevent
severe losses. Note, too, that the rival mining
strategy was hampered by ineffective
weapons until late 1917,

The basic strategies were to restrict sub-
marine mobility, to route shipping away from
known submarine positions, and to deny the
submarines access to shipping, through a
combination of blockade and convoy. There
was also a secondary strategy intended to
bring submarines into proximity with ASW
forces. Both convoy and the earlier Q-ship
tactic shared aspects of it as ways of
overcoming the lack of any reliable
submarine detection system.

Submarines were mobile only on the
surface, where they were exposed to



observation and attack. Early in World War I
a submarine had so small a silhouette (and so
high a vantage point, in its periscope) that it
could generally hope to spot a surface ship
before being seen. Aircraft and ASW sub-
marines changed matters radically. Because
of their vantage, observers aloft could cover
enormous areas, so that, at least near the
British coast, unobserved areas might
become the exception rather then the rule.
This idea was extended to observation
balloons towed by surface ships. Submerged
British submarines were themselves
effectively invisible. A U-boat commander
had to accept that they might be anywhere in
his patrol area. He had, therefore, either 1o
remain underwater (invisible) during
daylight, or to zigzag at high speed like a sur-
face ship. From 1915 onwards ASW was the
primary British submarine mission, cul-
minating in the design of the specialised ‘R’
class. The British were frustrated by the
number of U-boat sightings not converted
into attacks, but the threat of an invisible
enemy appears to have had a strong psycho-
logical effect on the U-boat force itself. The
only effective countermeasures were mining,
which sank several British boats, and diving
upon spotting a periscope. Submarine ASW
was considered so important that a flotilla of
US craft joined the British force after 1917,
Altogether the British patrol submarines sank
17 U-boats, another two being torpedoed by

submarines operating with Q-ships.
Michelsen argued that *...in view of the
relatively small number of submarines

employed on this service one must admit that
this offensive measure was relatively the more
important. .. the submarine is also an
offensive weapon for the stronger power,
contrary to the formerly acknowledged
doctrine’. This strategy was not continuously
adopted during 1939-45 (although British
submarines sank 35 Axis U-boats on an ad
hoc basis), but it was revived after the war, in
the US SSK programme., The current
NATQ submarine ASW concept is a modern
version (see Chapter 4).

Surface mobility was essential to reach a
favourable attack position on a relatively fast-
moving target. Typical World War I tactics
called for a boat to submerge just out of sight,
then attack. Even then it might find the
approach difficult, and before World War I1
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World War | experience convinged the US Navy of the inferionty of its submarine designs. and made the
acquisition of U-boats particularly valuable. {/-117 is shown under Armerican colours. immediately after the war.
The US Navy adopted German-type raked bows like hers about a decade later. The United States also buift
German-designed MAN digsels under license. Compleled in 1917, /111 was sunk in 1920 boembing
experiments

S Navy

A 417:473-ton UC |l class minelayer (64 built 1916-17), probably UC 31, surrendered to the Royal Navy and flying
the White Ensign in 1918. The puilt-up portion of her 213ft hull. forward, contains her six vertical 38in mine tubes
(18 UC 200 mines). They are flanked by two 20in external torpedo tubes {one stern. 7 torpedoes in ally: a torpedo
is visible stowed on deck at the aft end of the mine casing The deck gun was an 88mm/30 calibre and the crew
numbered 26

CPL

Another captured UG Il class minelayer. UC-58. is shown at Cherbourg in 1920 Note the separate helm forward
of her navigating bridge. and the prominent ‘jumping wires intended to carry anti-submarine nets over her
US Navy
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i
Captain  Karl Doenitz developed night
surface attack tactics to make up for the U-
boat’s lack of sustained underwater speed.
Aircraft could so extend the detection range
of a surface force that, at least in theory, they
could preclude attack altogether. This was
the rationale for the visual ASW patrols
which figure in so many accounts of US task
force operations during 1941-45, and also for
early escort carrier tactics.

Aircraft were so impressive that at the out-
break of World War II US submarine attack
doctrine was designed specifically to avoid
exposure to them. Submarine commanders
were trained to approach their targets while
relatively deeply submerged, obtaining
bearings by passive sonar, and a range by a
single sonar ‘ping’. In fleet exercises,
submarines detected from the air were
accounted sunk, but there were no realistic
tests of the underwater sound attack. War
experience proved the opposite; submarines
often escaped air attacks, but sound systems
were not nearly accurate enough,

The key World War 11 development was
airborne radar. It extended air search to night
and bad weather, and finally drove the U-
boats from the surface. The air problem
motivated the modern revolution in sub-
marine operations described in the next
chapter. On the other hand, assurance of
timely air warning would increase the amount
of time a submarine could spend on the
surface, since it could be sure of diving in
time to avoid attack. Hence early US and
British interest in submarine air warning

radars. Still later in the war, ASW aircraft -

were able to home on submarine radar
emissions, and submarine air warning turned
to passive ECM.

Evasive ship routing was a very important
ASW measure. As early as the end of 1914 the
British were able to ascertain U-boat patrol
areas by radio intelligence. They could route
particularly important ships and, later,

4

The Royal Navy built several specialised minelayers during the 1930s. The 1810/2157-ton Rorqual displays the
high casing that housed her 50 mines, and the stern door through which they were laid. Minelaying was
hazardous because it brought the submarine close to enemy shores: she was the only cne of the six shipsin her
293ft ¢class to survive the 1539-45 war althcugh their mining did sink 36 Axis merchant ships and 6 Axis warships.

US Navy

convoys clear of known U-boat positions.
This appears to have been a relatively
successful measure until the Germans had
enough U-boats to cover the entire Western
Approaches. Patrick Beesly argues in his
recent account of 1914-18 British naval
intelligence that the Lusitania sinking was a
relatively unusual event, in that by May 1915,
special routing was common for such
important ships. He concludes that the
disaster can best be traced to unusually poor
staffwork, which in itself shows how
important signals intelligence was at the time.
Once convoys had been formed, they, too,
could be routed away from known U-boat
positions. This improved naval control of
shipping was entirely separate from the
defensive or offensive value of concentrating
ASW ships around the U-boat targets.
Although hunting groups were sometimes
dispatched to patrol areas revealed by radio
interception, there was no effective means of
pinpointing these U-boats for attack. That
had to wait until World War I1. However, the
basic idea of tracking the entire U-boat force
through German signals was important in
both World Wars. In the second it was the
basis for routing convoys clear of wolf packs.
The third type of ASW measure took two
forms in 1914-~18. The first and most obvious
was to mine choke points through which U-
boats had to pass; its most extreme expression
was the US Northern Mine Barrage, across
the Northern exit of the North Sea, between
the Orkneys and Norway, a distance of 250
miles, covered by 100,000 mines. The Royal
Navy artempted to close the Straits of Dover
as early as 1914, using indicator nets, but did
not succeed until December 1917 when 4000
mines were in place. Extensive fields were

also laid off the German coast, in the path of
exiting U-boats, and around Britain, in areas
U-boats might be expected to frequent. In
the end, mines accounted for more U-boats
than any other ASW measure: a tota] of 44,
plus another 12 for mine-nets and indicator
nets. By way of comparison, depth charges
sank 38; submarine torpedoes 19 (including
two to Q-ship/submarine combinations);
gunfire 16; ramming 14; Q-ships 12; aircraft
6; and high-explosive sweeps 5. But the
expenditure of mines was gigantic, and
mining could be both expensive and danger-
ous. At one time British submarine minelayer
losses were averaging one in three. Further
minefields were of limited value if they could
not be kept under surveillance. Although the
Germans could not sweep the big barrages,
they could discover paths through them, and
without constant patrol they could keep their
losses to a minimum. Michelsen was
particularly critical of the Allied
performances in the Northern Barrage and in
the fields and nets closing off the
Mediterranean Strait of Otranto,

Convoy is usually described as the single
decisive ASW measure of World War I; the
oppesition to it is often taken as the greatest
example of official prejudice and stupidity.
Yet convoy tactics were used from the
beginning of the war to protect particularly
valuable ships, such as troopships. There is
also abundant evidence that the Admiralty
and the US Navy were unwilling to exchange
offensive ASW tactics for what they
perceived as a defensive and rather desperate
measure. Proponents of convoy spent much
of their time postwar explaining that in fact it
was an offensive technique. But Admira)l Sir
John Jellicoe, who as First Sea Lord was
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accused of having delayed the introduction of
convoy, argued after World War 1 that it
could not really have been instituted much
before mid-1917 anyway.

First, until 1917 the British did not have
effective ASW weapons. The depth charge
was invented only in 1916, and few were
available for some time. Arguably, a convoy
without escorts was no more than a con-
centration of targets. It might escape detec-
tion by U-boats, but the potential for disaster
was enormous. Second, until the United
States entered the war there was no really
satisfactory port for forming a convoy in the
Western Hemisphere, There was no reason to
imagine that merchant ships could navigate
well enough to assemble at some offshore
point, and the neutral United States would
not have allowed British warships into her
waters to fuel and provision before forming
up cenvoys. Third, without the US Navy,
there were not nearly enough escorts: the
Royal Navy was very much at full stretch by
this time. Finally, many, including those with
considerable sea experience, doubted that
merchant ships could steam in close
proximity without collisions. In practice
much of the voyage, outside U-boat waters,
was used merely to train the merchant
masters in station-keeping. Finally, even
after the United States entered the war,
Jellicoe always felt that he could not provide
strong enough escorts, and he feared that the
Germans would one day simply overwhelm
them, as in fact they did with wolf pack tactics
just over two decades later. The same might
be said of American attacks on poorly-
escorted Japanese convoys in 1943-45. Even
the strongest ASW escort was incapable of
protecting against a determined surface ship
attack, such as the British Scandinavian
convoys encountered twice during 1917. In
both cases, by concentrating the targets, con-
voying would actually increase the effective-
ness of the attack.

The convoy strategy operated on two
planes. First, by concentrating shipping it
swept the oceans almost clear of submarine
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targets. Shrewd commanders could still wait
near likely areas of assembly and dispersal or
near probable convoy destinations, but even
then they would be unable to maintain a
steady rate of attacks. Faced suddenly with a
large convoy, a submarine could sink only a
fraction of the ships. Second, by bringing the
submarines into contact with ASW ships,
convoying solved the primary problem of
submarine detection. A U-boat commander
contemplating attack on a convoy had also to
contemplate a severe counter-attack; the
convoy acted as a kind of U-boat trap,
deterring attack. In this sense convoy tactics
were an {unconscious) continuation of the
clearly offensive Q-ship idea. By the end of
World War I, more than nine out of every ten
Allied merchant ships were being convoyed,
and losses in the Atlantic had been reduced
from a quarter to a tenth of total shipping per
vear, or down to 1.5 per cent per month.
Nonetheless, Michelsen did claim that the
convoy system in itself reduced Allied
carrying capacity by one third.

Analysis of World War II convoy
operations showed that very large convoys
were far more effective than smaller ones, in
that the number of ships lost in a convoy
battle was virtually independent of the total
number in the convoy, as there were always
many more potential targets than submarine
torpedoes. Before that battle the probability
that U-boats would detect a large convoy was
little greater than the chance of their
detecting a smaller one. Finally, the number
of escorts required was proportional to the
perimeter of the convoy, whereas the number
of ships convoyed was proportional to the
area ie to the square of the perimerer. Thus,
the larger each convoy, the better it could be
protected. On this basis, P M S Blackett, a

British physicist and operations analyst,
predicted early in 1943 that convoy losses
could be reduced by 98.5 per cent by
increasing the average number of ships per
convoy from 32 to 54,

That is, the sheer number of convoys,
hence the number of times U-boats could
attack, would be cut by 56 per cent. The
number of escorts per convoy would be in-
creased from 6 to 9, reducing losses per
convoy by a quarter. Escorts would also be
released for more intensive training, and that
in itself would increase their average
effectiveness by 61 per cent. The limited
number of long-range ASW aircraft could
better be distributed among the smaller
number of convoys, and Blackett estimated
that the assurance of an average of eight hours
of air coverage per day would reduce losses in
a convoy by 64 per cent. Finally, since there
Were MOoTe €5COTts per convoy, spacing within
a convoy could be doubled, to halve the
chance of loss to a long-range (‘browning’)
torpedo shot. In fact Blackett’s figures
proved pessimistic; the enlarged convoys did
even better than he had guessed.

Most of these considerations remain valid
40 vyears later. There are three important
exceptions. First, convoys, even in the open
ocean, are subject to air as well as submarine
attack. Because of their extremely high speed,
aircraft can attack again and again. If the
convoy escorts cannot destroy them (or their
stand-off missiles), the aircraft can destroy al
of the ships in a convoy. If aircraft are most
vulnerable when they are searching for
targets, then it can be argued that the most
effective counter to enemy air attack is some
form of dispersal. That becomes even more
attractive if it is feared that an enemy may use
nuclear weapons, which might be capable of

Several navies experimerted with 1arge cruiser submarines after 1918 This is the USS Narwhal (ex-V-5).
originally designated Submarine Cruiser Cne (launched 17 December 1927), on trials off Provincelown
{Massachusetls). July 1930 two months after commissioning. She and her sister boat Nautilus (S5 168, ex-V-6).
were the largest pre-nuclear American submarines (2987 tons surfaced and 371t 0a), and were armed with ‘wet’
varsions of the standard ¢ruiser gun. the 6in/53 being on raised platforms. The similar Argonaut was a specialist

minelayer
US Navy
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destroying an entire convoy at a single blow,
Finally, a classic dense convoy is ill-adapted
to countering modern nuclear attack
submarines, which may be able to use the
sheer bulk of the merchantmen as a hiding
place. It may, therefore, be necessary to
disperse the merchant ships and to mix them
with ASW escorts, so that noise within the
convoy is reduced, and escorts are much
closer to their potential targets. In such a
convoy the number of escorts is proportional
to the area of the convoy, and some of the
value of very large convoys is lost.

The Q-ship was a pure decoy, designed to
look like a merchant ship but armed to
destroy a surfaced U-boat. As long as the U-
boats obeyed prize rules, they had to board
and search their targets, automatically bring-
ing themselves within range of their hidden
armament. Michelsen cites these “submarine
traps’ as a major motivation for abandoning
the prize rules, and their value did decline
steeply as the U-boats adopted submerged
attack. However the basic concept, that a
submarine couid be forced into danger by
placing its target and the ASW forces
together, carries over into convoy operations.
The difference is that in the case of a convoy
the targets were real, and the hope was to
deter the submarine from attacking in the
first place.

World War I ASW differed sharply from
World War I practice in that it was almost
entirely coastal, a reflection of U-boat
performance and, above all, their lack of re-
connaissance support; the open sea was far
too empty to be worth searching for targets.
Thus ocean convoys were typicaily escorted
by cruisers on anti-raider duty; a surface ship
did have a sufficient visual range to be useful

in the open ocean, particularly if she could
taunch an aircraft or even a balloon. The U-
boat danger zone was considered to extend
300 to 400 miles from the British coast, and in
it the ships were escorted by ASW craft,
usually destroyers or sloops.

As for their role ordained before 1914, sub-
marines achieved relatively little against first-
class warships during World War I. There
were spectacular successes, but submarines
were just too slow to catch fast ships, even
when they were surfaced. The Royal Navy
tried to develop submarines fast enough to
accompany the battlefleer, but propulsion
technology was not equal to the problem. The
diesel-powered ‘] was not fast enough, and
the fast steam-powered ‘K’ class suffered
from crippling operational problems. With
their small silhouettes they found close co-
operation with fast surface ships hazardous at
best. Current ‘direct. support’ tactics en-
counter much the same problems of IFF and
communication. It is just too easy for the
surface force to conclude that any nearby
submarine is unfriendly.

On the other hand, submarines could
provide a surface fleet with invaluable
services, particularly distant scouting, where
any surface ship encountered could be
presumed hostile. And 2 submarine scour
would have a better chance of survival than a
cruiser.

The radar picket submarine was a later

equivalent of this ides; it would normally
operate on the surface or awash, but it could
submerge to avoid air attack. Like the ‘K’
class, such submarines sometimes sub-
ordinated underwater performance to high
surface speed, for operation in conjunction
with a fast task force. The largest of the early
US nuclear submarines, the Triton, was de-
signed before 1956 specifically to achieve a
high surface speed. The most recent
application of this idea was the use of British
nuclear submarines during the recent war in
the Falklands, operating in waters at least
nominally controlled by the Argentinians.
Although they had not been designed as
pickets, they were able to warn the Task
Force of outgoing Argentine air strikes.
Presumably they spent most of their time
nearly awash, with their radar antennae pro-
Jecting above the surface, ready to submerge
at the approach of enemy forces,

At the end of World War 1, then, most
naval experts considered the submarine a fail-
ure in the anti-shipping role. It was not that
individual submarines were easy to locate and
sink, but rather that successful shipping
warfare required each submarine to attack
defended convoys so frequently that the odds
would soon become overwhelming. These
odds were further tipped by the interwar
development of sonar (Asdic in British
parlance at the time), which, unlike the
1914-18 hydrophones, was finally able to

Like Britain and the United States. the Netheriands employed submarines to protect distant colonial possessicns
from the large Japanese fleet. The small 670-ton submarine K X{if (one of the 3 KX! class launched in 1324), in
drydock at the Mare Island S Navy yard shows her two after 17.7in torpedo tubes. She was unusual in having a
two-calibre battery. with two 21in and two 17 7in fubes in her bow (12 torpedoes in all). Note the placement of the
stern planes directly behind her propeller: planes were not placed forward of the screws uniil the development of

the modern Albacore type hull.
LS Mavy
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France built up a farge submarine force between the wars This is the Minerve class B62-ton coastal submarine
Junon (launched 15 September 1935). The outline visible on the side of her 2231t casing aft covered a trainable
triple 15.7in torpedo tube. & typical feature of French submarine design. The ONI caption reads ‘HMS' because
Junon operated with Free French forces based in Britain: hence the British-style pennant number

US Navy

locate a submarine precisely in range as well
as in bearing. The proliferation of maritime
patrol aircraft also promised to eject sub-
marines from the coastal areas they had
infested during World War I. In the open
ocean, they were unlikely to be able to locate
convoys, let alone attack them. But there re-
mained the threat of surface attack on
convoys screened primarily against
submarines.

BETWEEN THE WARS: BRITAIN

Submarines were one possible solution. Late
in 1922 the Royal Navy sent the battlecruiser
Hood against a mock convoy screened by 3
light cruisers and 5 submarines {including
submarine monitors armed with 12in guns).
The cruisers and the convoy had 1o flee, but
the submarines merely dived and interposed
themselves between the raider and her target.
Hood was judged hit by four torpedoes as well
as by a dummy 12in shell (at a range of about
1000 yards) and was declared disabled. Her
captain was apparently particularly
impressed by the submarine monitors. Later
the British experimented with an entire
squadron of 5 battleships against a 7-
submarine screen. The submarines were
again judged successful. Similar tactics were
tried on the 1941-45 Murmansk run, where
convoys faced a combination of U-boats and
capital ships. In each case, the submarines
had to remain surfaced long enough to be
seen, hence to present their threat, and to
move into a blocking position. They were
difficult enough gun targets for such tactics to
be reasonable, although their practical effect
is not clear.

For the US, British, and Dutch navies, war
against Japan was the central scenario
through most of the interwar period. Sub-
marines were the only warships that could be
expected to operate in Japanese home waters.
Given the need to concentrare battlefleets,
they were also the most effective means of
defending Far East colonies. Hence, for

example, the US Asiatic Fleet’s large
submarine force stationed in the Philippines
in December 1941. The analogous British
force had already long been withdrawn to
fight in European waters.

For the Royal Navy, the end of World War
I drastically changed the meaning of
‘overseas’. From about 1919 onwards Japan
became the most probable future naval
opponent. Existing overseas submarines
could barely reach Japanese waters from the
nearest British base, Hong Kong. For
example, in 1924 the Naval Staff asked
commanders afloat to suggest qualities for
new submarines. The choice was between a
relatively expensive long-range type (see
below), and the existing, well-liked ‘L’ (over-
seas under pre-1919 definitions) class
(essentially an updated ‘E’), which had a
radius of action of abour 1700 miles.
Commanders afloat argued that about 1500
miles would suffice since ‘reconnaissance
reports which cannot be acted upon at once
are of little value’ and ‘reconnaissance at so
great a distance as Japan from Singapore [is]
impracticable’. In fact it was 1500 miles from
Hong Kong to the Inland Sea. An ‘L’ could
operate off the entrance to the Inland Sea for
a week, but it would have only a very thin
margin of fuel {15 per cent) for shadowing
and attacking ships. As in many other
warship categories, this was an indication of
how much more expensive it would be to
exert British sea power in the Far East.

A new kind of submarine was needed. In
1922 the C-in-C Atlantic Fleet suggested that
a new Overseas Patrol Submarine be
developed specifically for the Far East; at this
time there were enough shorter-range craft to
meet any (at that time unlikely) European
requirements. In her original form Qberon
had an endurance of 10,000 miles and was
adapted for operation in the tropics. She dis-
placed 1480 tons, compared to 890 for an
early ‘L’ and only 670 for an ‘E’, and was
chosen as the standard for new construction.

Meanwhile the Admiralty debated re-
quirements for a fleet submarine, in effect a
successor to the wartime ‘K’ class. The
primary issue was speed; the Qverseas Patrol
Submarine could make only about 15 knots,
but 23 to 24 knots were desirable for a
submarine intended to operate with the fleet;
21 knots was a bare minimum. Flag Officer
(Submarines) called for a general increase in
submarine speed, from 18 to 19 knots;
commanders afloat agreed. At this time, too,
the British government hoped to achieve a
general limitation on submarine size. The
abortive 1927 Geneva Conference had chosen
1800 tons; 2000 would be approved at
London in 1930. Any new submarine had to
fit within these limits, and that in turn made it
impaossible to achieve as much as 23 knots.
The outcome was 2 fast overseas patrol
submarine, the Thames class, which was
expected to replace the earlier overseas type.
Twenty were planned, but submarine policy
changed in 1933 and only three were
completed. Instead, the Royal Navy turned
back towards the earlier overseas patrol type;
the new ‘T’ class displaced about 1300 tons on
the surface, and had a surface speed of about
15 knots. Endurance was reduced to 4500
miles ar 11 knots, presumably because it was
expected that any submarine in the Far East
would be able to operate from a local base
such as Singapore.

After 1918 the British Fleet also included
single-hull coastal submarines of the ‘H’
class, displacing only about 420 tons
surfaced, but with roughly the same en-
durance as the larger ‘L’. They were well-
liked, and were employed largely for sub-
marine and anti-submarine training. The
latter function was extremely important for a
navy, like the Royal Navy, which had to
maintain sea control in the face of enemy sub-
marine fleets. The *H’ boarts aged through the
1920s, and about 1928 work began on a
replacement. The new class would be based
on a patrol area 500 miles from base, partly
because thar suited several arcas of interest,
and partly because it was a practical range
limit for the radio outfit in a small submarine.
Patrol endurance was initially set at ten days.
This alone drove size above that of the ‘H’,
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since war experience showed that the latter
were too uncomfortable to patrol for more
than 5 or 6 days. Later these figures were
modified; the new short-range submarine
would have to be able to patrol at a distance of
1200 miles in order to fulfill part of the British
war plan of the time. The resulting Szvordfish
of 1931 displaced 640 tons {standard), and
endurance grew to 5750 miles at 8 knots.
Twelve were built prewar, and they were
successful enough that another 50 were
ordered in wartime.

The ‘S’ was still too large to replace the ‘H’
altogether. In 1936, then, a new coastal or
local defence/training boat, which became
the wartime ‘U°, was ordered. At 600 tons it
was much slower than the other classes (11
knots, compared to about 15 for the others),
and endurance was only 3600 miles at 10
knots. In fact the ‘1 was considered ideal for
Mediterranean operations, and 74 in all were
buiit. That made the earlier small submarine,
the ‘S’; intermediate in size between the Far
East types and the coastal boat. This spread in
size reflected, not any indecision, but rather
Britain’s central strategic dilernma: the Fleet
had to deal with two very different theatres,
Europe and the Far East, yet she could not
really afford two disparate navies.

There were two opposing forces at work,
The variety of requirements made for a range
of different classes. At the same time,
economics and the treaties limited the total
size of the submarine fleet, and thus made
some degree of standardisation attractive, so
that most submarines could perform the
entire range of missions. Wartime production
problems made standardisation even more

HMS Shakespeare {seen entering Algiers in earty 1943) was typical of the standard British wartime 842/990-ton
medium submarine, her class of 50 boats {built 1940-45) among the most numerous ever built for the Royal Navy.
Note the external stern 21in terpedo tube, 1o fit which the free-flooding casing was extended right aft. There were
also six infernal bow tubes. and the 20mm AA gunand Type 291 air search radar on her superstruciure. Unlike the
larger T-boats, these submarines were not fitted with extra external bow torpedo {ubes.

US Navy

[ LRt

The British 'H’ class of 364/434-ton coastal submarines (44 boats built 1915-20) survived World War | and between
the wars were employed largely for ASW training: the U/V class of World War Il eventually replaced them. Ten
were ordered from Vickers (Montreal, Canada) and 10 from Fore River {Electric Boat) in the USA; the US
Neutrality Act prevented their release until 1917, H-272 was cne of a longer (171ft instead of 150ft) subsequent
repeat series. 6 of the earlier boats being given to Chile in part payment for warships seized by Britainin 1914 and
8 others going to Haly.

CPL
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HMS United {seen in Home Waters 1944) was typical of a large group of British 630/732-ton coastal submarines
(68 boats built}. designed initially as ASW targets. The object abaft her bridge tairwater is a D/F loop. and a Type
291 air search radar antennais visible atop her mast. This group (crew 31-33) of 191-1961t boats served primarilyin
the Mediterranean.
US Navy

artractive, and in 1941 work began on asingle
type to replace both the ‘S’ and the ‘T,
Within a few months Singapore had fallen,
and minimum range requirements for Far
Eastern operations had risen accordingly.
Ultimately this new ‘A’ class had an
endurance of 15,200 miles at 10 knots with
fuel in one main ballast tank; surface speed
was 18.5 knots, roughly what had been
requested 15 years earlier. War experience
showed in an increase in diving depth to 500ft
from the former standard 300ft.

BETWEEN THE WARS: UNITED
STATES AND JAPAN

American submarine development was much
simpler, because the US strategic situation
was simpler; the primary war plan, Orange,
envisaged a fleet movement across the
Pacific, supported by submarines operating
near Japan. For most of the Orange war
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plan’s life, there was little expectation that the
Philippines could held out long enough for
relief; the submarines bhad to be able 1o
operate over very great ranges. High surface
speed was attractive partly because such craft
had to cover immense distances merely to
reach their patrol areas. And unless they were
fast, they would use up all their stores en
route to or from those areas. At 10 knots, for
example, it would take a submarine 33 days to
cover the 8000 miles from the US West Coast
to the Far East. A typical patrol might last
60-75 days.

Thus the US prewar submarine developers
concentrated on propulsion; on making

engines more reliable, more compact, and
more economical. The first post-1918 types
were large ‘cruisers’, which failed largely
because their diesels were unreliable. Larer,
the Navy went so far as to help sponsor the
diesel conversion of the US railroad industry,
to assure it of a source of reliable high-speed
engines. The tactical and strategic emphasis
was consistent throughout, resulting by 1941
in the Gato, the prototype of the mass-
produced ‘fleet boat’. Displacing about 1525
tons, she could exceed 20 knots on the
surface; endurance was 11,000 miles ar 10
knots, for a 75 day patrol. There was some
very limited interest in a smaller alternative,
which might be useful for the defence of the
Panama Canal Zone or the Philippines, but
only two, Marlin and Mackerel, were built. As
in Britain, it was far more efficient to choose a
single standard type.

Japan had the inverse strategic problem.
She expected to fight the United States in or
near her home waters. Particularly after 1921,
the US Fleet was assured by treaty of a
numerical superiority, at least at the
beginning of the war. Japan had the
advantage of position: a US fleet steaming
across the Pacific would have to survive
lengthy exposure to submarine attack.
Hence, from 1918 onwards, an intense
Japanese interest in very tong-range cruiser
submarines, modelled on the wartime
German U-cruisers.

Japanese reading of wartime experience
focused on two other types: the fast fleet
submarine, roughly analogous to the British
‘K’ class (but always diesel-powered), and the
very long range minelayer (initially copied
from the German UE)}. Existing Japanese
shorter-range submarines, many of which
had been based on contemporary British
practice, were effectively relegated to coast
defence. Relatively few short or medium-
range submarines were built between the
wars, presumably because it was imagined
that they could be manufactured rapidly in an
emergency. Indeed, the rwo ordered under

Japanese experience in high-speed submarine design led ultimatsly to the construction of the /-201 class; [-202 is
shown running her 1944 inland Sea trials. This 1070-ton design was quite different from the contemparary
German Type XXI. The horn-like object atop the periscope shears is a search radar. These boats had high-speed.
lightweight MAN diesels. and had much higher underwater (5000shp) than surface (2750bhp) power (19 to.
15 8kis). Endurance was just under an hour at full submerged power. Unlike Type XXI. they were not deep divers.

LIS Navy
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Japan followed a very distinctive course of submarine development, typified by the three /-407 class submarine
aircraft carriers shown after their surrender in 1945, The catapult track of the nearest submarine is gbscured by
sailors unloading stores. Note the large hangars passing through the superstructures of all three, and the
snorkels abaft their bridges. At 3530 tons and 400ft oa they were the largest submarines built until the advent of
batlistic missile craft.
US Navy

the 1931 programme were explicitly
mobilisation prototypes. The minelayers
were included in several programme, but
were never built in numbers.

Two new operational requirements were
recognised in the late prewar period: the
defence of the island chains through which an
attacking US Pacific Fleet would have to
come, and support of long-range seaplane
bomber operations through refuelling at
remote atolls. The Japanese carried out only
one such operation during World War 11, a
March 1942 raid on Hawaii, but they planned
others, including an artack timed to coincide
with the Battle of Midway. It was abandoned
when the refuelling site, the French Frigate
Sheals, was occupied by US warships. The
island chain mission was partly responsible
for Japanese interest in very fast submarines.
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There were also midget submarines which
some of the larger craft were designed to
launch.

The two primary types, the cruiser (‘J',
later Type ‘A”) and the fast fleet submarine
(‘KD’, later Type B), were designed for
relatively high speeds and for great ranges.
Design work on the latter began in 1918, even
though as yet Japan possessed no suitable
diesel engine. They were designed to make
abour 20-22 knots, with an endurance of
10,000 to 12,000 miles at 10 knots. The
cruisers, essentially copies of the German U-
142, were designed for about twice the
endurance (24,000 miles) at a somewhat
lower speed, 17.5 knots. Since they would
have to operate independently, they were
armed with cruiser guns (two 5.5in, rather
than one 4.7in in the fleet type), as in such

foreign submarine cruisers as the British X-1,
the US Naurilus, and later the French
Surcouf.

From the fifth unit (1933) onwards they
were provided with a scouting aircraft and a
catapult. Several navies experimented with
submarine-borne aircraft, but only the
Japanese made them a standard design
feature, They were an attempt 1o expand the
inherently limited area of vision of the sub-
marine, both for strategic scouting and for
commerce raiding. During World War 11, the
Germans tried a particularly -ingenious
variation on this theme, a helicopter-like kite,
which was far more compact than a powered
aircraft. Both aircraft and kite required the
submarine to remain on the surface,
vulnerable both to discoverv and to attack.
That was no problem as long as the sub-
marine was far from enemy observers,
particularly aircraft, in the open ocean. The
U-boats flew their observation kites in
distant, sparsely travelled waters such as the
South Atlantic and the Indian Ocean. Tt
became unacceptable only with the prolifera-
tion of ASW aircraft. Given their experience
with scout aircraft, the Japanese naturally
developed submarine-borne attack aircraft
for special missions. A scout float plane was
actually used to bomb the US West Coast
during 1942, and later in the war several
cruiser submarines were completed to carry
two bombers each. A much larger I-400 type
(over 5000 tons) was designed (and built) to
carry three, and attacks on the Panama Canal
were planned.

Fleet submarines needed no aircraft
because they were organised in flotillas led by
aircraft-bearing light cruisers. The cruisers
could also serve as information relays, since
submarine radio was relatively ineffective.
Cruiser submarines, by way of contrast, had
to be able to operate independently, in the
open ocean, with their own sources of
intelligence. However, two of them (7-7 and
I-8) were designed as submarine flagships,
with special command and control spaces.
Their precise role is not clear; the prewar
Japanese fleet was divided into squadrons of
10 submarines, each consisting of a flagship
and three divisions of three boats each.

The early distinctions survived through
much of the interwar period. Thus in 1928
the Japanese Navy classified its proposed
submarines as Type A, for ‘oceanic
operations’, with an endurance of more than
three months; Type B, for ‘fleet operations’,
with a two-month endurance; Type C, for
‘restricted area operations’, with an en-
durance of about 1Y, months; and Type D, a
proposed oceanic minelayer. As time passed,
apart from the scout plane, the two series
came to have very similar maximum speeds
and rated endurances. Thus the 1931 fleet
submarine (which became the KD#6a class of
6 boats) was designed for 23 knots and an
endurance of 14,000 miles at 10 knots (on
1400 tons), while the corresponding cruiser
(I-6) made 21.3 knots on trials (1900 tons,
20,000 miles at 10 knots).




In 1936 both long-range types effectively
merged. Three variations were envisaged:
‘A’, the 2200-ton cruiser, with a float plane
and a 5.5in gun; ‘B, an intermediate type
{1950 tons), similarly armed, but with some-
what reduced range {14,000 versus 16,000
miles at 16 knots); and ‘C’, a fleet submarine
(1500 tons) with cruiser endurance (14,000
miles at 16 knots, compared to 8000nm for
the last of the KDs), armed with a gun but
without any aircraft although it could carry a
midget submarine in a cradle forward of the
bridge. All three types were expected to make
23 knots on the surface.

Great endurance and high surface speed
necessarily translated into large submarines
of limited manoeuvrability, and relatively
slow to dive. Nonetheless, Japan was able,
despite (presumably) inferior diesel engine
and battery technology, to achieve higher
performance (speed and range) within a given
displacement {or hull envelope) than was the
United States; Japanese fleet submarines
were superior to the US ‘fleet boats’ in this
respect. Postwar accounts emphasised how
tightly packed such craft were, which is only
another example of the extent to which
submarines are volume-critical. Thus
performance had its cost, in this case in free
internal volume. One might add that
Westerners found Japanese warships
generally extremely cramped, although it
appears that the Japanese themselves were
able to tolerate these conditions quite well.
Several of the large submarines were re-
engined in 1942 with much less powerful
diesels of Japanese (as opposed to German)
design, criginally designed for medium (Ro-
35 class) submarines. The postwar American
report on the Japanese submarine force
suggested that this standardisation increased
diesel production; in the large submarines,
the substitution of smaller engines
considerably increased fuel capacity and,
therefore, endurance.

It certainly cannot be claimed that
excessive size destroyed the Japanese sub-
marine fleet; the almost equally large US
craft were extremely successful. Japanese
concepts of naval warfare were much mere
important. As soon as America was deemed
the primary enemy, the destruction of an
advancing US Pacific Fleet became the
absolute priority. Shipping warfare was un-
important compared with sinking enough
American warships to help the outnumbered
Japanese battle line. Thus prewar planning
apparently envisaged a cruiser submarine
fleet (the Sixth) harrying the US fleet as far
east as Hawaii; most of the submarines would
be assigned to the principal battlefleet, which
is why they needed their speed.

JAPANESE MIDGET
SUBMARINES

The Japanese were well aware that sub-
marines attempting to attack fast warships
suffer from their own limited speed,
particularly underwater. In the mid-1930s
they hit upon a solution; the fast, short-range
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midget submarine, carrying only one or two
torpedoes. Although the initial proposal
{1932) was for a piloted suicide torpedo, by
the spring of 1933 work hegan on a craft
which the crew might be able to escape. The
small, short-range submarine was potentially
effective because, at least in theory, it could
be much faster than a conventional craft.
That is, although a small submarine
experiences more resistance per ton than does
a larger streamlined one, the midget could
devote a much greater percentage of its
volume to batteries and motors, since it
required neither reload rorpedoes nor surface
endurance. And since the midget would not
have to operate on the surface, it could be
streamlined to a degree inconceivable in a
larger craft.

The first calculations showed a speed of 30
knots and an operational range of about
30,000 vards, but in fact the first midgets,
codenamed Target A, were designed for only
25 knots (1 hour rate). A modified Target B,
built at Kure in 1938, was capable of 24 knots.
Both types were intended to operate at 100m
(328ft), with a crush depth of 200im. Some
reports suggest maximum speeds as high as
27.5 knots. Experiments were completed in
December 1934, and four special midget-
submarine carrier ships (Chitose, Chivoda,
Mizuho, and Nisshin) were built in 1936-39,
each capable of carrying 12 midgets, and of
faunching al! of them over a stern ramp in
about 20 minutes. The first two ships were
converted in 1940-41; the last two were never
fitted. Midget submarine exercises were
actually carried out from Chivoda in late
1941.

At about that time their commander, a
Captain Furuiwa, suggested thar, carried by
submarines, they would be an ideal means of
artacking ships inside harbours, such as Pearl
Harbor. As a result, five ‘C’ class submarines
(I-16, I-18, [-20, I-22, and I-24) were
modified to carry midgets between October
and mid-November 1941. The midgets
themselves were modified for greater en-
durance, with a quarter of their batteries re-
placed by compressed air tanks, and fitted to
penetrate nets; so cutting speed from 19to 14
knets. In this form, the midgets made their
only operational attacks in the Pacific,
beginning with Pear! Harbor and including
Sydney, Australia. The basic midget design
was also modified for local defence, a diesel
engine being added and the crew increased to
two or three. Craft of this type were, for
example, carried to the Aleutians in June
1942, From 1944 onwards there was a re-
surgence or Iinterest in both midgets and
manned torpedoes, this time to defend Japan
herself. These craft roughly parallel the late-
war German midgets, and are outside the
scope of the present work. The earlier
Japanese midgets are worth mentioning
because they led directly to full-scale
attempts to build a very fast submarine.

In practice, they were relatively unsuc-
cessful. A similar scheme was apparently pro-
posed by several British submarine officers in
the 1930s but received no official backing.
There is no evidence that either side was ever
aware of what the other was developing, and
no account of the British proposal was
published until 1941. But it supports the view
that, given existing technology, only a very

Although the Briish, German. and Malian navies all developed midget submannes during World War I, none
developed anything resembling the Japanese midgets. which were intended originatly as piloted high-speed
torpedoes for use in fleet engagements. Their development stimulated Japanese interest in high underwater
speeds. and led directly to the construction of a full-size high-speed submarine, No 71, in 1937. The Japanese
Navy was compelled to employ most of its midgets for coast defence: this craft was sunk in 1945 at Okinawa. Her
torpado-like Iines were duplicated in the warlime fast submarines of the 1-201 and Ha-201 classes

US Navy
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short-range midget could achieve the sort of
underwater speed needed in a battle-line
engagement.

The special Japanese requirement for local
defence of outlying island bases appears to
have been formulated in the late 1930s. The
earliest concept was a very fast short-range
submarine; the prototype was built under the
1937 Fleet Programme, as No 71, based on
midget submarine practice. It was designed
beginning early in 1936, and begun in
December 1937. Built under conditions of
extreme secrecy, No 7] was, in her day, the
fastest submarine in the world. Displacing
only 280 metric tons (including free-flooding
spaces), she was designed to achieve 25 knots
underwater, although on trials she made only
21.34. Designed surface speed was 18 knots,
but the planned Daimler diesel was not avaii-
able, and in practice surface speed was only
13.2 knots. As an indication of battery
capacity, submerged endurance at 7 knots
was 231 miles, or about 33 hours; 25 knots
was to have been sustained for just under an
hour. Armament was three 17.7in torpedo
tubes, without reloads; a short-range sub-
marine would be able to reload at her base,
Although No 7! was conceived as the
operational prototype, her design was
abandoned for a variety of technical and
operational reasons, and she was broken up in
the summer of 1941. Lessons learned in her
design were later applied to two classes of fast
submarine, [-20! and Ha-201.

Meanwhile, a much more conventional
design, the Ro-100 class, was adopted for
mass production for short-range work around
island bases. The Japanese Navy considered
them effective both in their designed mission
and in the open ocean; for example, they
attacked to the east of Saipan during the
American landing there.

As for the seaplane mission, a large I-357
class submarine was designed before the war
to carry gasoline, bombs, ammunition, and
provisions. Such submarines had a relatively
low priority, and the first was not laid down
until 1943, These submersible seaplane
tenders carried an impressive gasoline load,
365 tons, in tanks outside the pressure hull,
separated from it by ballast tanks, with a
gasoline pump in the after portion of the
conning tower. Their gasoline tankage
actually exceeded that in contemporary US
light fleet carriers. As Japan seized a vast
island empire in 1941-42, interest shifted to
special assault transport submarines. A new
I-361 class was hurriedly designed in the
summer of 1942, to carry 120 armed officers
and enlisted men. Large numbers were to
have been built, so the design incorporated
existing, relatively low-powered machinery.
By the time the first had been laid down, in
1943, their role had changed to supplying
isolated garrisons, and the design was
changed for cargo carrying. In 1944 it was
changed again to include gasoline tanks, but
the programme was cancelled after ten sub-
marines, so that production could shift to
smaller transports and to coast defence craft.
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JAPANESE SUBMARINES IN
WORLD WAR II

Although the prewar planning scenario never
unfolded, Japanese naval policy in wartime
was to concentrate submarines against naval,
rather than shipping targets. As in World
War I, even extremely fast submarines could
not perform well, particularly in the face of
sonar and aircraft. In 1942 the order of
priority was carriers first, battleships second,
with other warships following. Merchant
ships were considered legitimate targets only
in the absence of warships. Even the number
of torpedoes to be used was fixed: all available
ones against carriers and battleships; three
against cruisers; and only one per merchant
ship or destroyer. In the latter case a hit was
considered extremely unlikely bevond about
800 yards, Only once was a large-scale anti-
shipping campaign even contemplated. In
June 1942 the Imperial Navy decided to wipe
out the Midway defeat by attacking Allied
shipping in the Indian Ocean and Austral-
asian areas. The operation had to be cancelled
when Allied forces began their attack in the
Solomons. Once Japan had lost sea control,
she was compelled to use much of her
submarine force for subsidiary duties such as
covert resupply of island garrisons.

One might speculate further that the
failure of Japanese defensive ASW reflected
the Imperial Navy’s neglect of anti-shipping
submarine warfare. Others have speculated
that both failures stemmed from the
character of Bushido, the Japanese military
tradition; it was, on the one hand, relatively
dishonourable to attack non-combatants (ie
merchant shipping) and, on the other, much
better to attack than (as in ASW) to defend.

Throughout the war, the Japanese Navy
learned from the Germans, although clearly it
did not copy German designs. It appears that
the German shift towards high (underwater)
speed submarines, such as the Type XXI,
inspired Japanese interest in similar
performance (as in the [-201), although the
Japanese approach to the problem was quite
original. Unlike the German craft with their
increased number of batteries, the Japanese
chose to use new high-capacity, short-life
batteries, to obtain more electrical energy
storage in a limited volume. Similar batteries
were used in late-war types of midget sub-
marine. For instance, the [-20] initiaily had a
battery designed for only 100 charging cycles,
and good for only about 80; later units of the
class, not completed by the end of the war,
had a 300-cycle battery. As in analogous
German submarines (see Chapter 4), they
had a snorkel to permit battery charging
submerged. It sufficed to run one out of the
two main diesel engines. This class was
designed to achieve 19 knots underwater, but
on trials made 16.3-17 knots; had itappeared
in numbers in the Pacific, it might have had
an impact comparable to the German Type
XXTI's had it become operational in the
Atlantic. They did differ considerably from
U-boats, being designed for much shallower

operation, with a design depth of only 110m,
about 360ft. Only the first three boats of the
I-201 class had been completed by the end of
the war, together with nine of the smaller (but
analogous) Ha-201 class.

As in the case of U-boats, dynamic stability
was a major issue. However, perhaps
accidentally, the Japanese found that their
hull form was stable even when without fixed
fins or planes. They tried to eliminate bow
planes altogether, but found that their
submariners demanded them for low-speed
control and to avoid broaching while firing
torpedoes.

Design work on [-201 began early in 1943,
reportedly as a reaction to German experience
of high submarine losses. Answering postwar
US interrogators, the Japanese submarine
designers equated high submerged speed
with relative immunity from airborne radar
detection, although they had been interested
in very high underwater speeds for some
time. Construction began in March 1944,
with the goal (unrealised) of completing one
boat per month. Design of the smaller Ha-
201, particularly well adapted to mass
production, began in mid-1944.

Japan did copy the German snorkel (which
they used only for auxiliarv engines aboard
conventional submarines), from a U-boat
which called at Singapore in mid-1944,
Snorkelling speed was limited to 4 to 5 knots;
virtually all Japanese submarines had been
fitted by the end of the war. There was also a
‘creep’, or silent low-speed. motor as in the
later U-boats.

WORLD WAR II U-BOATS

The U-boat fleet contrasts sharply with these
examples. From the beginning, there was a
sharp conflict between advocates of a con-
ventional battlefleet and those pressing for a
World War I style anti-shipping campaign.
The other factor was the treaty limit on total
submarine tonnage. The anti-shipping
faction won and plans for fleet submarines
were rejected. Instead, the minimum
acceptable attack submarine, which became
the Type VII, was designed and placed in
preduction. In theory Type VII was suited
only to the North Sea and to Britain’s
Western Approaches although in fact it
operated across the Atlantic. In all 628 of
these single-hull boats were built, far more
than any other submarine class ever built.
The design was extremely austere, to the
point where Allied submariners found it
difficult to imagine how the Germans had
been able to continue to operate effectively in
terrible Atlantic conditions. The US fleet
type seemed particularly luxurious by com-
parison. Certainly Admiral Doenitz was well
aware of the limitations of a type able 1o carry
only 14 torpedoes in its most widely-
produced version {Type VIIC). That was one
reason for his short-range attack tactics (see
below). One might argue that the Type VII
was at or even below the lower limit of sub-
marine size for effective ocean operation, and
that the austerity exercised in its design made
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The giant French 3205-ton Surcou! (launched 18 Qctober 1928) was the wonder submarine of the interwar
period, a specially designed 360ft cruiser and commerce raider. She is shown after a September 1941 refit at the
Portsmouth {US) Navy Yard. Note the section of ¢eck under the twin 8in gun mount (the guns were heavy cruiser
weapons with an effective range of 13.000yds), which turned with it.

US Navy

later modification, for example for deeper
diving, virtually impossible.

The other major design of the prewar
period was the ‘ocean-going’ double-hulled
Type IX (210 built) intended to fight in
distant theatres, and so to dissipate Allied
ASW resources. However, much of the war in
the Atlantic had to be entrusted to the
relatively short-range Type VII. One
solution was resupply at sea, for which ten
Type XIV ‘Milch Cows’ were built. They
introduced a new vulnerability; in order to re-
fuel or rearm a U-boat at sea, a rendezvous
had to be set up by radio. Once the Allies
could break the relevant codes, by 1943, such
arrangements guaranteed attack, both on the
supply boar and on the U-boats nearby. All
ten boats were sunk during the war, most of
them during the crisis of 1943.

FRANCE AND ITALY

The other major submersible fleets were
those of France, Italy, and the Soviet Union;
the latter is discussed in Chapter 6. French
naval policy always differed substantially
from that of sea-control powers such as
Britain, Japan, and the United States. First,
from the later nineteenth century onwards,
there was always a strong school of thought
(originally the jeune école or ‘young school’ of
naval theorists) maintaining that the torpedo
made conventional capital ships obsolete, and
that command of the seas was an effective
impossibility. Initially such thinking led to
large numbers of torpedo boats; submarines
were their natural successors. The fortunes of

the jeurne école varied with French financial
ability to maintain the alternative naval
strategy, that of a substantial battlefleet.
Unlike the three sea-control powers, France
had to pay first for a very large peacetime
army.

Thus the French reaction to the financiat
disaster of World War I was to abandon
capital ship construction (even before the
Washington Treaty) and to emphasise light
surface and subsurface craft. At Washington,
French delegates strongly opposed any
attempt to limit submarine forces, describing
them as purely defensive. Through the
interwar era, France built large numbers of
600 to BOO-ton submarines well-suited to
operations in the North Sea and in the
Mediterranean, ie against her most probable
enemies. Like Britain, she had overseas
imperial interests, which presumably explain
her construction of a considerable number of
1500-ton submarines, all capable of about 17
knots on the surface, with endurances of
about 10,000 miles. However, the correllate
of the jeune éecole sea-denial strategy was
commerce raiding. France therefore built a
large submarine cruiser, the Swurcouf, armed
with two 8in guns. She had a hangar for a
scout plane.

In effect, Swrcouf was the physical
expression of the classic prize rules, applied
to a submarine. Her guns gaver her an ability
to stop merchant ships, and thev were
powerful enough to fight off any light war-
ships present. Her scout plane suited her for
operations i the open ocean, far from “focal

peints’ and hostile aircraft. She could even
take prisoners; the rules demanded that
merchant seamen be brought to ‘a place of
safety’, emphatically not a lifeboat. That
these consequences were somewhat absurd in
operational terms was evident even in World
War I, and Swrcouf was only another
demonstration. She was not unique; in 1920,
long before the French submarine was
designed, the British developed the long
range X-I, armed well enough to take on
destroyers, with two twin 5.2in gun mounts.
She proved a failure, partly because the diesel
engine technology of the time was not up to
providing sufficient power, and partly
because she dived extremely slowly,
reportedly requiring 3 to 4 minutes to sub-
merge.

Italian interwar naval strategy appears to
have been designed largely to deal with
France, the historic rival. Her submarine
force included ocean-going craft suitable for
operations outside the Mediterranean (ie
against French shipping in the Atlantic) as
well as medium and ceastal craft for the
Mediterrancan. Italy also built several
specialised minelayers. Perhaps the most re-
markable of her craft was the four-boat
Ammiraglio Cagni class of 1939, conceivably
the only design ever to address the critical
issue of weapon limitation in commerce-
raiding. That is, time spent sailing to and
from bases or tenders is time lost; in addition,
each transit exposes the submarine to attack.
The larger the weapon load, the fewer transits
per attack. A small-diameter (17.7in) torpedo
was chosen deliberately so that a large
number of tubes (14) and reloads (36
torpedoes in all) could be carried. The small
torpedo was unsuited to attacks on warships,
but sufficed to destroy merchantmen,

WORLD WAR 11
‘WOLFPACK’ TACTICS

Dwuring the interwar period, the efficacy and
practicality of submarine warfare against
commerce was controversial even In
Germany. Toe much had been promised, and
it was too obvious that the U-boat had not
been the miraculous weapon the German
public had been led to expect. Many in the
interwar Navy believed that the unrestricted
campaign’s abject failure proved that U-
boats could never be other than a secondary
arm in the future. Even prospective U-boar
officers were demoralised by the threat of the
new British secret weapon, Asdic. Karl
Doenitz was an exception. He believed thata
new anti-shipping campaign could be
decisive, and he was skeptical of Asdic’s
attributed performance. On both points he
had to overcome considerable opposition
with the German naval staff. Within the U-
boat arm, he had to overcome a fear of Asdic
analogous to the fear of ASW ships inculcated
in other navies’ submariners. His group (wolf-
pack) tactics were designed specifically to
overcome convoy, the previous war's single
most  effective pro-shipping rtactic and
contrasted dramatically with the modified
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Type IIB U-boat deck plans, elevation and secticns.
courtesy of IKL and Prof Gabler

World War I {(single ship) submerged attacks
of other navies.

The greatest problem was simply locating
targets. It had to be assumed that air patrols
would prevent U-boats operating in coastal
waters, near natural concentrations of
shipping. Farther out to sea, the ocean would
be almost empty, since convoys would
concentrate ships otherwise spread over
many thousands of square miles. First, the U-
boat arm therefore needed to locate the
convoys themselves in the open ocean,
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Sch SNORKEL

The World War It U-boat arm hoped that the snorkel would solve the problem of Allied ASW aircraft. This unit is

stowed aboard a Type IX U-boat. The mesh coating was intended to reduce radar reflectivity. Note the exhaust
below the intake head in the view of the snorkel folded away.

despite the individual boat’s very limited
visibility. Second, the U-boats needed some
means of overcoming escorts around the
convoys themselves. Finally, no individual
U-boar could sink the sheer number of
targets represented by a large convoy. Each
convoy, when sighted, had to suffer as many
attacks as possible.

There were only two possible solutions to
finding the targets in the first place. In
relatively narrow seas, submarines acting
together, on the surface, could form a

scouting line (line roughly abreast). If they
were fast enough, they could concentrate
against a target spotted by any one of them,
this information being relayed by radio.
Doenitz developed such tactics in the Baltic
and the North Sea during 1938-39, a few
vears after virtually the same concepts had
been developed by the British China Fleer.
The only difference was that Doenitz planned
to engage on the surface, whereas the China
Fleet submarines expected to dive upon
sighting the Japanese Fleet.
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Type VIIC U-beat deck plans, elevation and sections (see legend opposite).
courtesy of IKL and Prof Gabler

The 2201 Type VG (7497851 tons) was the most common U-boat in the Battie of the Atlantic. {/-257 has just
returned to Narvik after attacking convey PQ-17, July 1942, She is flying a flag from her attack periscope. A sky
search periscope was normally housed forward. where the officers are standing. There was no search periscope
of the type employed by US and British submarines. Note the wind deflector surrounding the bridge. with a spray
deflector lower down, at the level of the anti-aircraft gun platform. The bulge at the fore end of the fairwater
housed the magnetic compass. This boat illustrates the original Type VIIC superstructure. before radar (housed
in a bulge on the port side) and extra anti-aircraft weapons were added. The deck gun was an 88mm/45 calibre
(ready use ammunition came from watertight containers in the casing) and the anti-aircraft weapon a 20mm
canncn. The small saddle tank can just be seen at the waterline. Nole alsc the double row of limber holes in her
casing. tc make diving faster by speeding flooding. Most of the crew (44 was the normal total} are on deck.
US Navy

In wider waters no scouting line could be
really efficient. There had to be some longer-
range means of detecting targets; the sub-
marine or submarines could then be cued into
detection range. Most prewar tacticians
expected long-range maritime patrol aircraft
to perform this scouting function. During
World War 11, however, various forms of
signals intelligence (codebreaking and radio
direction-finding) were far more effective, at
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Type |XB U-boat deck plans, elevation and sections.
courtesy of tKL and Prof Gabler
(see legend on pd4)

U-873. another Type IXD2, displays some of her underwater details In drydock at Portsmouth Navy Yard, New
Hampshire, 30 June 1945, after her surrender. The streamlined shutters of her stern tubes are visible abaft her
paired rudders, with ballast tank vent slots abaft them.

US Navy
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least in the British, German, and US navies.
In both cases, information was rarely exact
enough to guide a submarine directly to its
target. Even when codebreakers could divine
the planned course of a convoy, the convoy
navigators themselves might well make errors
teking the convoy outside a submarine’s
detection range at its expected position.

Reliance on informarion generated outside
the individual submarines automatically
implies some degree of centralised control of
the submarine campaign; there must be
someone who can form an accurate picture of
enemy targets as a group, and allocate
submarines efficiently. That in turn implies a
need for a command link, at least from the
submarine commander ashore to the boats at
sea,

The scouting line could make up for the
degree of imprecision implicit in long-range
reconnaissance and signals intelligence; it
also concentrated enough submarines both to
overwhelm the escorts and to sink many of
the merchant ship targets. That was really
necessary only in the Atlantic, where the
Allies ran large convoys. Both in the Mediter-
ranean and in the Pacific, single submarines
{British and American, respectively),
successfully attacked and virtually destroyed
convoys, because the merchant ship targets
were far less numerous. Ironically, although
Doenitz invented wolfpack tactics, he was
unable to use them for the first year of World
War II because he had far too few operational
U-boats to concentrate, Thus it is sometimes
claimed that the wolfpacks were direct
counters to early wartime British ASW
tactics.

American submarines in the Pacific were
able, at first, to operate in areas of natural
concentrations of Japanese shipping. Later
US codebreakers were able to direct them to
convoys and also against specific naval units;
codebreaking was so precise that submarines
sometimes missed their rargets due to
Japanese navigational errors. From
September 1943 onwards the US Navy
employed its own wolfpacks against Japanese
CoNnvoys.

Both centralised control and submarine
group co-operation only were possible thanks
to improved radio communications after
1918. Admiral Doenitz remarked in his
memoirs that he had taken part in the only
attempted (and, as it happened, failed)
multiple submarine (two) attack of World
War 1. At that time, any submarine attempt-
ing to transmit or receive radio signals had to
surface and erect special masts; even then
ranges were very short. By way of contrast,
1939-45 submarines could often receive
long-range broadcasts while submerged to
periscope depth. They still had to surface to
transmit, but none had to accept the delay of
rigging special masts.

Doenitz initially believed that wolfpacks
should be commanded from special flagship
U-boats. Gradually, he realised that the
flagships would be ineffective unless they
were kept out of the immediate battle. Once
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The ferward and after torpede rooms of a Type 1X U-boat. Note the overhead rails for moving torpedoes by hand
and the bunks rigged above the stowed torpedo in the after room. U-505 of this class is on display at the Chicago

Museum of Science and Industry

that was done, there was little real difference
between the information available aboard the
special U-boat and that available by radioto a
shore-based HQ; indeed, the latter was much
better adapted to receiving and using the
great variety of information available. Rigid
control to the point of engagement was
followed by uncontrolled individual attacks.
Even this degree of control required
unrestricted use of U-boar radios, as the
commander ashore needed to know
conditions at the scene of battle. If radio

communications were inadequate, the TU-
boat high command radioed the most ex-
perienced captain present,

These tactics were initially rejected by a
German naval staff probably all too conscious
of British World War I radio intelligence
successes. Doenitz argued, first, that co-
ordination was inescapable, as long as the U-
boat offensive had to be conducted against
convoys, far from ‘focal areas’. He also
expected to rely on the relatively new tech-
nology of high-frequency radio, doubting
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that an effective shipborne direction-finder
could be devised. Without one, shore stations
could not locate communicating U-boats
precisely enough to call in attacks. Here he
erred; high-frequency direction-finders
(HF/DF) were the only long-range ship-
borne submarine detectors available to the
Allies during the war. Yet until mid-1943
Doenitz was certainly borne out by
operational results even though the Allies
were able to exploit U-boat radio traffic
heavily from mid-1941.

Typically the first U-boat to spot the
convoy would shadow it on the surface,
reporting its position to home in the other
members of the pack, and also to allow
Doenitz himself to concentrate other U-
boats. Shipborne HF/DF was a valuable
Allied ASW sensor because it could detect
these shadowers, allowing fast escorts or air-
craft to neutralise them. Similarly, aircraft
escorting a convoy could prevent both
shadowing and the assembly of the pack on
the surface.

Since he could not control the attacks
themselves, Doenitz tried to spread the avail-
able U-boats around convoys, to ensure
maximum damage, and also to prevent
individual ships from escaping. In practice
even this degree of co-ordination was difficult
to achieve, given limitations on U-boat speed
and convoy manoeuvres. But the sheer
weight of multiple U-boat attacks often broke
up convoy formation, drawing escorts out of
position and creating opportunities for
further attacks. Doenitz insisted that U-boats

attack at short range, generally at night on the
surface, so that single-torpedo salvoes would
hit.

THE U-BOAT WAR 1939-45

In practice, until about June 1940, U-boats
tended to make conventional submerged
attacks on independently-routed ships. On
average, Doenitz could maintain about six U-
boats in the Atlantic, each sinking an average
of four ships {about 18,000 tons) per month.
That required considerable aggressiveness,
the average cost of which was the loss of two
U-boats per month, so that a U-boat’s
operational life was only about three months;
a rate of loss far worse than any during World
War I. It also actually reduced the net size of
the U-boat force. At the same time orders
were placed for large numbers of new boats
which became operational during the next
two phases of the war, From the Allied point
of view, too, although the U-boats were being
contained, other forms of enemy action were
destroying merchant ships much faster than
they could be built. Total average monthly
shipping losses were about 280,000 tons
{106,000 to U-boats, 58,000 to mines, 27,000
to aircraft, and 14,000 to surface raiders),
compared to a new construction rate of about
88,000 tons. Thus almost 2 million tons of
merchant ships, out of a total Allied fleet of 40
million tons, were lost in the first ten months
of the war, with every prospect that losses
would accelerate after the fall of France.

In July 1940 the U-boats gained access to
the French and Norwegian ports. Operations

The engine and motor roems of a Type 1X U-boat. locking aft. Note that the big diesels almost fill the available
space. On the surface, submarines are very fast in terms of their speed/length ratio so they require high power in
proportion to their displacement. Diesel development was therefore a major issue between the twe World Wars,
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could, therefore, be extended much farther
into the Atlantic. At the same time many
British escorts had to be concentrated in
home waters against the threat of German
invasion. By late 1940, 100, the Royal Navy
was routing its convoys evasively, a postwar
US summary noting that ‘this thorough
diversion of convoy routes seems to have been
the main factor in the reduction of shipping
losses, just as it had been in World War I’
With an average of 10 U-boats at sea, Doenitz
still had too few to employ wolfpack tactics,
but his captains did begin to artack convoys at
night, on the surface. U-boat losses fell
(average life increased from three to four
months), and efficiency increased, so that on
average each sank 16 ships of 88,000 tons
before being sunk. Commissionings finally
overtook losses, so that the total U-boat force
approximately doubled between July 1940
and March 1941. For the Allies, this was a
bleak time. Total Allied and neutral shipping
losses averaged 456,000 tons per month, an
increase of about 60 per cent, but new
construction grew only to 114,000 tons
leaving a net loss of about 342,000 gross tons
per month. Of this figure, U-boats accounted
for about twice as much as in the previous
period, 224,000 tons, surface ships increased
to 87,000 tons, and aircraft to 61,000. But
mining was much less effective, partly
because the British succeeded largely in
neutralising the new German magnetic mine.

Through 1941 Doenitz was able to increase
the number of U-boats at sea, and to form
effective wolfpacks. He also moved his
operations west, away from British air cover.
As a result, the British were forced to escort
convoys through their entire voyages rather
than only through the Eastern Atlantic, and
that made for some weakening of each convoy
escort. From the U-boats’ point of view, this
period, roughly April-December 1941, was
somewhat disappointing. Even though on
average three times as many (about 30) were
at sea as during the preceding period, and the
average operational life per boat was about
doubled (1o nine months}, the U-boat arm’s
rapid expansion greatly reduced crew
experience, and many more crews were being
lost on their first cruise. The average U-boat
was sinking only about ten ships before itself
being sunk, and the average U-boat was
sinking only a little over one ship of about
5500 tons per month at sea, on average, about
a quarter less than in the previous period. On
the other hand, about 174 new U-boats were
commissioned while only 28 were lost.
Clearly the war was not being won. On the
Allied side, average monthly total shipping
losses fell to 363,000 tons, against new
monthly deliveries of 175,000; the net
monthly loss was almost halved and U-boats
accounted for only about 175,000 tons of this
total loss.

In January 1942 as the United States
entered World War 11, Doenitz shifted much
of his offensive to the unprotected shipping of
the Western hemisphere, with spectacular
results. He now had many more U-boats, so



that the average number in the Atlantic
increased from 22 in January to 93 in
September, even though about 20 apiece
were employed in the Mediterranean and on
the convoy route to the Soviet Union. U-
boats in the Arlantic were at their safest, with
an average life of 13 months, and they were
also ar their most productive, sinking, on
average, 19 ships of about 100,000 tons before
being sunk. Such figures were achieved by
concentrating on the weakly protected
American area; out of 57 U-boats at seainthe
Atlantic at any one time, 37 were off the US
East Coast. Similarly, against a new average
loss of 4Y, U-boats per month, the rate in the
US area was only about 2Y,. For the Allies,
total shipping losses reached 700,000 tons per
month, but the accelerating building rate
reached 515,000 tons, so that the net monthly
loss actually declined slightly. U-boats now
accounted for about 78 per cent of losses, so
that their defeat would clearly be decisive.
These net figures do not reflect the severity of
tanker losses: during this pertod, 190,000 tons
were lost each month, compared with about
70,000 tons built, for a 10 per cent net decline
in tanker tonnage each month at a time of
sharply increasing demand for oil.

As US coastal escorts were strengthened,
the U-boats were forced back into the North
Atlantic for their decisive battle. The wolf-
packs came close to cutting the convoy routes
between late 1942 and mid-1943, but after
May 1943 their losses grew so sharply that
Doenitz had o withdraw them pending the
availability of new weapons and tactics. As
the escorts became more numerous, Doenitz
tried larger and larger wolfpacks, as many as
20 U-boats sometimes attacking together.
They proved relatively inefficient, each boat
sinking far fewer ships. In addition, Allied air
coverage of the central North Atlantic much
improved, making it much more difficult for
U-boats to operate on the surface. Allied
losses reached their wartime peak, 862,000
tons, in November; fast, independently-
routed merchant ships were the major
sufferers. After November, monthly losses
began to decline, even though they remained
high. Between October 1942 and June 1943
the average loss rate was 491,000 tons (of
which 394,000 were lost to U-boats); Atlantic
losses fell but U-boat activity in the
Mediterranean increased, partly to counter
increased Allied activity there. The average
number of U-boats at sea increased to 104,
but each was far less effective than in previous
periods; the average life fell to 8%, months and
during it an Atlantic U-boat sank only 414
ships of 28,000 tons before being sunk. Atthe
same time, new construction (1,026,000 tons)
finally exceeded losses.

Doenitz still had about 400 U-boats in
service at the end of June, and he tried to re-
cover the initiative. In July 1943 with 85 U-
boats at sea, he attacked largely outside the
North Atlantic, in areas previously largely
untouched, but even so, only 244,000 tons
were sunk. Allied aircraft and escorts became
more and more effective. Moreover, as the
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summer of 1944 approached, Doenitz began
to husband U-boats to defear the expected
Allied assault on France. Thus only 50 U-
boats were at sea in the Atlantic in April, and
only 40 in May. A postwar US assessment
was that most of these were intended for
reconnaissance, weather reporting, and also
to force the Allies to convoy their shipping;
there was little attempt to achieve any great
result against Allied merchant ships. By
November 1943 wolfpack tactics had been
abandoned altogether, in favour of individual
attacks. This much looser technique
permitted U-boats to remain submerged
during daylight.

Admiral Doenitz had considered the
existing type of U-boat obsolete as early as
late 1942 {see Chapter 4); from mid-1943
onwards, his goal was to keep the U-boat fleet
in being while awaiting production of new
types of boats. The U-boats” strategic defeat
meant average monthly sinkings fell 1o
101,000 tons (17 ships) out of 184,000 tons
lost to all causes; anly about 45 per cent of the
former being in the Atlantic where the
average U-boat now survived only four
months. Losses, about 200 U-boats, were
balanced by the completion of about 250 new
boats. They would presumably have been
much higher had Deoenitz not drastically
reduced offensive operations.

In the final phase of the war from June
1944 snorkel-equipped U-boats began to
concentrate in British home waters, using
their snorkels to remain continuously sub-
merged. A postwar US report noted that U-
boat captains tended, at first, to avoid
snorkelling due to the many discomforrs
involved, bur soon discovered that, given the
sheer number of aircraft they faced, they had

no choice: ‘After six U-boats were sunk by
aircraft attacks in the Biscay Area between 7
and 10 June, the U-boats began 1o appreciate
the value of snorkel and quickly learned how
to use it efficiently.’ As the campaign in
British coastal waters intensified, some U-
boats moved back into the Atlantic, partly to
capitalise on the movement of escorts from
the mid-Atlantic into those coastal waters. By
the war’s end the Germans were beginning to
introduce the new fast submarines discussed
in the next chapter: six Type XXIIT operated
with some success off the East Coast of Great
Britain, and several new Type XXI reached
Norwegian bases in preparation for war
patrols, although in fact none carried out
attacks. Had large numbers come into service
before Germany was overrun, presumably
the sea war would have shifted very
considerably. As it was, the downward trend
in U-boat effectiveness continued.

For although monthly sinkings of U-boats
in the Atlantic declined from 16 1o 13, that
was out of 39 at sea rather than 61, so thata U-
boat’s average life declined to three months,
as low as the unacceptable figure of the war’s
start. That is, despite the introduction of the
snorkel, inshore waters were statistically
quite as dangerous as they had been in 1939.
Worse, the Atlantic exchange rate was only
0.6 ship sunk per U-boat sunk. Inshore,
matters were only slightly better.

The postwar US evaluation was that wolf-
pack tactics succeeded only because there
were too few convoy escorts. By 1943 more
surface ships were available, and convoys
could enjoy air cover throughout the North
Atlanric; pack tactics were revised. The U-
boats were instructed to fight both the air and
the surface escorts, rather than to attempt to

This may cenvey some impression of how crowded U-boals were. Even the Type IX was small by US standards.
These are officers’ quarters next to No 2 battery room. Most of the erlisted men had 10 ‘hot bunk’ {use the same
bunks in rotation).
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The conning tower of L/-885 shows the pipe connection to ber snorkel; the snorkel itself is folded down into the
deck (left side of the picture). The port side of the fower has a bulge mount for the radar mast and the DF loopison

the cpposite side of the bridge

evade them; they were provided with
additional anti-aircraft guns and acoustic
(anti-escort) torpedoes. In theory the first
measure would prevent aircraft from
breaking up packs, and the second would
allow the U-boats to break up the surface
screen before attacking the merchant ships.
In fact, neither measure was effective. The
aircraft drove the U-boats from the surface,
and that in turn destroyed the radio net and
the mobility required to concentrate the pack.

Recent accounts of World War IT convoy
battles show a complex series of moves and
countermoves. German cryptanalysts would
determine the planned convoy route, and the
U-boat command would throw a patrol line
of U-boats across it. The Allied ASW
command, decoding the German signal
setting up that line, would crder the convoy
re-routed, and the Germans might break that
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signal in turn to redeploy the U-boats.
Individual U-boats on the patrol line would,
in turn, report to the centralised command
when they sighted the convoy, so that other

U-boats could be ordered to attack. Long-
range communication was so central to this
type of warfare that the Germans could not
avoid it, even though they suspected that it
was their most serious vulnerability,

The Allies ultimately exploited U-boat
tactics - themselves a consequence of the
basic character of the submarine force - in
two quite distinct ways. One was to locate
transmitting UU-boats using HF/DF, both
ashore and afloat; aircraft running down
HF/DF ‘cuts’ accounted for many U-boats,
The other end of the German net was the
command circuit emanating from the U-boat
HQ (mainly near Lorient and at Berlin).
Once that code had been broken, the Allied
naval command could anticipate planned U-
boat dispositions, re-routing convoys and
ordering hunter-killer groups to attack.

Surface attack tactics were an integral part
of the wolfpack technique. Mindful of the
failure to sink enough Allied rtonnage in
World War I, Doenitz ordered his captains to
attack from ranges so short that every torpedo
would be effective. He reasoned that gt night
a surfaced U-boat would have so small a
silhouette as to be effectively invisible, so that
she could operate within a convoy as a surface
torpedo boat, diving only after attacking so as
to evade counter-attack. A surfaced U-boat
could expect to fire at 600 vards; hits would
be nearly certain and salvoes would be
unnecessary.

Similar ideas were proposed in other
navies, but they were generally rejected as
suicidal. For example, a US S-boat
commander who penetrated the Fleet Train
during a fleet manoeuvre, attacking on the
surface, was severely reprimanded. British
submarine commanders were indoctrinated
in the supposed effectiveness of sonar.
Similar ideas prevailed in the German Navy
of the mid-1930s; submarine doctrine
required that torpedoes be fired outside the
presumed 3000 yard sonar range. But
Doenitz doubted that sonar would perform
very effectively, possibly because German
experiments with active sonar had been un-
successful.

Perhaps because of the corresponding
German success with passive directional
sonars, Doecnitz based his tactics on
presumed  British dependence on such
sensors. He argued that, unlike a submerged

U-889. a Type IXC, running an the surface at 17 knots, her best speed. under the White Ensign (Royal Canadian
Navy) after the war. Note that her superstructure has been enlarged to take additicnal AA weapons, not mounted.
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submarine running at speed, a surfaced U-
boat would not be detectable by either
hydrophones or by active sonar. U-boats
were instructed to evade counter-attack at
very low speed, to minimise noise. However,
surface attacks became more and more
dangerous as the British introduced effective
surface search radars, and from 1941 onwards
the Germans tended more and more to fire
from underwater, as they had in 1914-18.
Wakeless (electric) torpedoes and special
devices to eliminate splash on firing made
detection of the firing submarine more
difficult. As before, detection of asubmerged
submarine before firing was extremely
difficult, and did not have to be taken into
ACCOUMnt,

To some extent Doenitz’s ideas played to
Allied strengths. World War II sonars were
essentially contact-holding rather then search
sensors. A submarine revealing its
approximate position by attacking could
often be caught in a sonar beam, and then
tracked for attack after attack. Low-speed
evasion tactics made it easier to keep the sub-
marine in the sonar beam. Conract-holding in
general was effective, according to a postwar
British study, not because it led to
destruction by depth charge, but because a
U-boat could be held underwater until it had
to surface to replenish either its battery or its
air supply, at which time it might be sunk by
gunfire,

Airborne radar forced the Germans to
abandon wolfpack concentration on the
surface, ie to surrender their initial mobiliry.
In 1944-45 they tried to restore invisibility to
the submarine via the snorkel, which
permitted continuous underwater operation,
albeit at a loss in maximum speed. A postwar
British account described this as a real change
from the ‘submersible’ to the ‘snorkel-fitted
submersible’. Pack tactics had to be
abandoned because communication (both
with the U-boat command and with other U-
boats) became much more difficult, and the
submarines had to return to the inshore ‘focal
points” of World War I tactics. This they
could do only because they were no longer
detectable visually or by radar, Only sonar
could still detect them, and it was hampered
by interference from wrecks, tide rips, and an
uneven botrom.

German late-war inshore tactics indicate
just how effective Allied ASW had become.
The U-boats operated almost entirely sub-
merged, navigating by dead-reckoning, by
using' electronic aids (a chain of ‘Electra-
sonne’ transmitters and beacens), by echo-
sounding, and by taking periscope bearings of
lights and landmarks. Since aircraft could
sometimes detect the snorkel itself or its
characteristic exhaust, U-boats attempted to
snorkel only at night, for about four hours out
of 24, While snorkelling and therefore at its
mnst vulnerable, the U-boat kept both peri-
scope and radar detection watch. It stopped
its diesels every 15 or 30 minutes to conduct
an all-around hydrophone sweep, in the
expectation that any approaching surface
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Radar detectors carried by 1/-889 at the time of her capture. The curved reflector was part of Tunis (FUMB 26),
operating at S- and X-hand to counter Allied airborne sea-search radars The cone is presumably an active
microwave surface search radar

ASW craft could be detected in time. Once in
the patrol area, it would attempt to lie on the
bottom, under a convoy route, listening. QOnly
when a convoy was detected by hydrophone
would the U-boat rise 1o attack, firing salvoes
of pattern-running torpedoes at the merchant
ships, or else single acoustic torpedoes at the
convoy or at its escort. In either case, the
attack could be conducted from relatively
long range. Once an amack had been
completed, the U-boat would try to evade
counter-attack either by lying on the bottom,
or by creeping off at about 3 knots or less,
using special low~-speed motors.

By mid-war a surfaced submarine could
expect to be detected on escort radars at
ranges of three or four miles at night. Escort
sonar screens in the van of convoys increased
minimum torpedo firing range to 5000 yards
or more, which in itself greatly reduced
torpedo effectiveness. A postwar US
submarine tactical manual claimed that any
submarine trying to come closer would have
about an even chance of being detected and
attacked immediately, as well as a reduced
chance of escaping unscathed after launching
its torpedoes. By the later stages of the war,
U-boats rarely attacked conveys. When they
did, they generally had to fire from ranges as
great as 2000-4000 yards. In effect this
experience vindicated the pre-Doenitz
German doctrine, with the very important

QB/IK
Single Merchant Ship 7
Convoy 10
Warship 7
Escorted Warship 15

addition of radar to deny submarines the
surface at nighr.

US PACIFIC WAR TACTICS

Doenitz was not unique in his need for two-
way communication. The US Navy also used
centralised intelligence to direct an anti-
shipping campaign. Well aware of the
operational success of shipboard direction-
finding, it tried hard to avoid the return
circuit from the submarines. One American
advantage was the breaking of the Japanese
convoy code; the US codebreakers could
estimate the positions of particular
submarines, and even the number of
torpedoes left aboard, by listening for Japan-
ese attack reports in the submarines’ patrol
areas. As a corollary, American wolfpack
practice was to delegate command to the
pack’s senior officer so as to minimise radio
traffic.

American wartime submarine experience
was summarised in the 1946 edition of the
standard fleet manual on submarine warfare,
Perhaps the greatest limitation of the fleet
boat was its inability to detect targets at a
great range. A surface ship radar 100ft above
the waterline could detect shipping at ranges
beyond 30,000 yards (almost 15 miles). By
way of contrast, according to the manual, the
fleet boat could expect to achieve:

IP Enemy Periscope  S]-1
Sonar

10 17 12.5 17

15 17 17 19

10 17 10 10.5

20 17 17 25
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The figures are ranges, for various sensors, in
thousands of yards. Half the time the range
would be shorter; refiable ranges, for planning
purposes, were counted as 75 per cent of the
averages. In this table, QB/JK was an active
sonar, JP was a passive receiver of propeller
noises, and the ‘enemy sonar’ column
indicates counter-detections of enemy
pinging. In each case the target is treated as a
point target, so that the distance a scout can
spot a formation increases with formation
size.

US doctrine kept the submarine surfaced
as long as possibie so as to move into the most
favourable position, a few miles zhead of the
targets. That required effective warning of
the approach of enemy aircraft, so that the
submarine need not dive excepr when in
danger. Thus a submarine warning radar,
8D, was among the first products of the
American naval radar industry. Unlike con-
ventional surface ship sets, it had no fire
control function; it merely indicated that an
aircraft was nearby. That was not enough.
First, it proved relatively easy for the Japan-
ese to home on the ommi-directional SD
emissions. Second, the SD was triggered
even by aircraft not flying towards the sub-
marine. Later models were made directional;
they were also more difficult to intercept. By
1944 the Japanese were using their own
primitive airborne radars, and US
submarines were being equipped with
countermeasures receivers. They could, then,
dive long before being detected, and they
gave off no tell-tale signals of their own.

Heading toward the target from ahead,
even submerged, the submarine would make
the maximum possible speed relative to the
target. It could, therefore, expect to be able to
counter target manoeuvres (such as zigzags)
and yet close to effective torpedo range. The
faster the targets, the more difficult this
manoeuvre, so that some artacks had to be
made from beam or quarter positions. In
those cases torpedo runs would be longer,
with a greater chance thar targer evasive
action after firing (such as zigzags) would
cause misses. More generally, given fixed
torpedo, submarine, and target speeds, there
is a relative bearing beyond which a sub-
marine cannot approach to within effective
torpedo range.

Standard practice was to avoid coming
within visual range of the target. At night that
minimum range was sometimes more than
6000 yards, and sometimes so short that
torpedoes could be fired on the surface.
Submerged, the submarine would try to side-
step the escorts, run as silently as possible,
and avoid sonar detection by not presenting
its beam aspect (the greatest sonar cross-
section). Statistical analysis showed that
night attacks and submerged daylight attacks
were about equally common.

Only loaded torpedo tubes were fired since
reloading required withdrawal and a fresh
approach to the target. A US fleet submarine
had 10 torpedo tubes, 6 forward and 4 aft.
Statistics covering the entire war showed an
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average of 3 torpedoes per salvo, and about
one in three hit. Acoustic torpedoes were
generally fired singly with the same success
rate. Thus the bow tubes were good for two
targets, the second to be attacked as soon as a
fire control solution could be obtained. To
shift from bow tubes to stern tubes, or vice
versa, required a course change of about 14¢
degrees and, according to the manual, ‘there-
fore entailed a somewhat longer delay, but
was usually attempted unless activities of
enemy escorts made it inadvisable’.

Once it had attacked, the submarine would
generally have to evade the escorts, going as
deep as possible and steering to minimise the
sonar cross-section presented to the enemy.
Tactics depended on whether the escorts had
passive or active sonars. The Germans and
Italians, for example, depended largely on
passive equipment, and that in turn shaped
British tactics. Thus, an evading submarine
had to increase speed gradually to avoid
cavitation noise as speed through the water
built up to the equivalent of the propeller
rpm., War experience showed that often the
best place to evade was the noisest, right
under the formation just attacked, where
propellers and exploding depth charges
would mask the noise of radical high-speed
manoeuvring. A submarine might turn into a
noisy surface ship wake or run beneath a
moving ship. If the target had stopped, the
submarine might still wish to hide beneath
her, but it would have to balance on a heavy
water layer, or back down to do so.

Active sonar carried its own vulner-
abilities. Its downward-angled fan-shaped
beam could not hold contact with a sub-
marine at very short range. Allied ASW
forces used as a rule of thumb that submarine
depth was one-third of the range at which
contact was lost. Density and thermal layers
reflected sonar signals and so could shield a
submarine able to dive deep enough. There
were also many false targets: wrecks, eddies,
currents, even the submarine wake itself, A
violently-turning submarine would leave a
‘knuckle’ in the water simulating the
submarine’s own echo. A submarine under
attack might dodge by accelerating to full
speed when the ASW vessel was committed
to attack, and therefore about to lose contact.
A full-speed dash would create a wake, an
artificial target of about the right size; the
submarine would then glide with its
machinery stopped, making a slow
withdrawal. Sonar decoys gave the same
effect without the dash. Manoeuvre could
also reduce the sonar echo strength itself; the
sonar cross-section of an end-on target is far
smaller than a broadside target’s.

Attack by a hunting ASW ship could be
expected ‘when (i) the true bearing remains
steady; (ii) the ASW ship shifts to short scale
on her echo-ranging gear; (iii) the ASW ship
speeds up and an up-doppler of target noise is
detected. When the attack is believed coming
in, the submarine should make a radical turn
towards the target at high speed... [and]
maneuver to put the ASW ship on her
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quarter. When depth charges explode, depth
charge direction indicator should be watched
very closely and submarine should be
maneuvered to keep the ASW vessel astern.”

Once the attacker had been shaken off, the
submarine could withdraw at periscope
depth to observe enemy moves. The British
claimed, however, that the best anti-sonar
measure was & torpedo in return followed up
on the surface with gunfire. By 1944 the
Germans were using homing torpedoes as an
anti-escort measure, and the late-war US
submarine designs showed special tubes for
small diameter anti-escort homing torpedoes.

From January 1943 to April 1945 US sub-
marines on average attacked 32 per cent of all
merchant ships sighted, hitting 75 per cent of
those artacked, and sinking 66 per cent of
those hit. Against large warships, the cor-
responding figures were 17 per cent of those
sighted, reflecting the protective effect of
high speed; 66 per cent hits on ships attacked,
but only 35 per cent of those sunk, reflecting
large warships greater ability to survive.
Against smaller warships, primarily escorts,
only 49 per cent of ships attacked were hit
(presumably due to their agility), but 72 per
cent of ships hit were sunk.

The 1946 manual claimed that many ships
sighted but not attacked were either not con-
sidered worth attacking, or could not be
engaged because the submarine was not fast
enough (submerged or surfaced) to reach a
firing position. Thus greater underwater
speed or a longer-range torpedo might have
increased the ratio of ships attacked to ships
sighted. Speed, particularly surfaced speed,
limitations were even more severe in other
navies, and many World War 1I submarine
memoirs describe the frustration of sighting a
target too distant to attack.

The other possibility was to reduce the
number of torpedoes expended per target, so
that a submarine could fire at more ships ina
convoy before retiring to reload or being
forced to defend itself against escorts.
According to the 1946 manual, however, ‘A
stucty of cases in which a group of ships was
contacted but not artacked indicates,
however, that...probably about two-thirds
of all ships which presented an oppeortunity
for attack were actually attacked.’



