SUBMARINE

The capital ship of today

John Marriott

ALLAN LTD

LONDON




First published 1986
ISBN 0 7110 1595 3

All rights reserved. No part of this book may be
reproduced or transmitted in any form or by any
means, electronic or mechanical, including photo-
copying, recording or by any information storage and
retrieval system, without permission from the
Publisher in writing.

© J. Marriott 1986
Published by lan Allan Ltd, Shepperton, Surrey;

and printed by lan Allan Printing Ltd at their works
at Coombelands in Runnymede, England

Acknowledgements
My thanks are duc to the many people who have
helped me and in particular to:

Mr K. V. Turner, Director of Naval Architec-
ture of Vickers Shipbuilders & Engineering 1.td,
who briefed me on submarine design .and
construction and checked the chapter on the
subject.

Mr R. Daniel of Warship Design Services 1.td,
who kindly gave me permission to reproduce a
small portion of a puper he wrote on Submarine
Design for a symposium held by the Royal
Institute of Naval Architects in 1983.

The Submarine School at wms Dolphin, who
gave me a short course on submarines,

The Clyde submuarine base, HMS Neprune at
Faslane, Scotland with whom [ spent three days
and visited various types of submarines,

Captain C. M. Mceker of the US Navy who gave
me details of life on board an American SSBN.

Finally, I am decply indebted to the help 1
received from Mr Michael Hill, the then Public
Relations Officer to the British Flag Officer
Submarines, and to all the British Ministry of
Defence Public Relations Staff, and to the Public
Affairs staff of the United States of the
Commander-in-Chief US Naval Forces in Europe,
All photographs were obtained from official
sources, as were also the diagrams, although a lew
were compiled by myself or were provided by
shipbuilders.

John Marrion

—y

"

4 5l P A N | S————



Contents

10

Preface

The Modern
Submarine

Submarine Roles

Submarine
Design and
Construction

Propulsion

Diving and
Surfacing

Submarine
Weapons

Submarine
Sensors

Anti-Submarine
Weapons

Submarine
Communications

Navigation

31
40

44

48

59

70

78
34

11

12

13

Soviet
Submarines

Submarine
Accidents

Life On board

Submarines of
the World

90

101
110

124



Preface

The object of this baok is twofold: firstly to explain
in semi-technical terms how submarines and their
weapons function and are used: sccondly. to
discuss the many types of submarines to be found
in all the major navies of the world today and the
purposes for which they are operated.

Modern submarines are extremely complex, and
modern submariners must possess a great deal of
highly technical knowledge. This book is not for
them, except perhaps as u reference book about
other navies. It is however for persons who are
interested in the undersca world and the men who
sail init, but are themselves not qualified engineers
or ¢lectronics experts.

The book ts as up-to-date as possible at the time
of writing, but more submarines are being built
almost weekly and there may be new classes of
submarines appearing, and perhaps more impor-
tant, new weapons and sensors being developed.
Basic principles, however, do not change with such
bewildering rapidity.

Right:
The nuclear-propelted attack submarine USS San
Francisco (SSN-711).

6




1 The Modern Submarine

The idea of ships concealing themselves by getting
beneath the surface of the seais centuries old. 1t is
cven said that Alexander the Great used some
form of submersible in the siege of Tyre in 3328BC.
However, the concept seemed to lapse. for itis not
until the l6th century that submersibles were
heard of again. although cven then they were more
akin to the present commercial submersibles.
which are used for recovering ohicets from the
scabed, working on oil rigs and so forth.

The Beginning

The first recorded use of o submersible for military
purposes was in 1776 when an American named
Bushnell produced @ eraft, the Turde. made of
metal, with an explosive charge attached and
manned by one man. Tt was driven by
hand-operated propeller, and the idea was to con
it, well trimmed down, on the surface to alongside
a target ship, with the one operator peering out
through scuttles just above the surfuce of the
water. and winding awuay on a handle to rotate the
propeller. When in position the craft was sunk by
flooding a tank in its bottom. The intrepid
operator then emerged. removed the explosive
charge from the submersible and attached it by
screws to the wooden hull of his target. The charge
was presumably operated by a time fuse. whilst the
operator re-entered the submersible and made his
getaway as best he could, furicusly winding his
handie.

The American War of Independence was in
progress at the time and Turtle was designed as a
means of attack on the blockading British ships.
The new vessel did in fact make one atfack on
HMS FEagle, a 64-gun ship, at anchor off Staten
Island in New York harbour. Turtle. with its
inventor on board. was towed into a position near
the Eugle. by two rowing boats. and successfully
carried out the operation until the moment came
to screw the charge on to the ship’s botton: to
Bushnell’s horror he found that the ship had a
copper sheathing 1o its bottom and the screws
would nat penetrate it. Later he made two other
atternpts on ships in the Hudson River without
success, except perhaps as being the first man Lo
attempt an underwater attack.

Towards the end of the century, the well-known

American engineer Fulton entered the ficld with
another invention, The UJS government was not
mterested in his proposals, but in 1802 Napoleon
granted Fulton sufficient money to proceed with
his ideas, and in Paris he built a submarine called
the Nawetilns. Its hull was similar in shape to the
tear-drop shape now much o wse today. but the
craft was small, less than 20ft in length. and had o
crew of three. It was propelled submerged by o
Bushnell-type winding handle driving one pro-
peller. but on the surface a small collapsible mast
complete with sails was raised and Nentilus turned
into a sailing ship, One external cxplosive charge
was carricd. but how this was to be attached to a
ship's hull is not explained. The French kindly lent
Fulton an old hulk and he succeeded in blowing it
up. Nautilus had a reasonable endurance and on
one occaston remained submerged for five hours
with the crew on board.

Eventually, though, the French decided not to
proceed with the project as they considered such
wurfare dishonourable. Fulton went to England
and succeeded in getting his invention ¢xamined
by a government committee. of which the Prime
Minister. Pitt. was a member. Pitt was apparently
enthusiastic about it. but the First Lord of the
Admiralty, Farl S8t Vincent, successtully squashed
it when he made his famous statement “Pitt is the
ereatest fool that ever existed to encourage a mode
of war which those who command the sea do not
want and which. if successful. will deprive them of
it. From then on, for nearly a century. it was
official Royal Naval poticy that any form of
underwater warfare was “not guite cricket” and wis
to be discouraged.

Other nations were not quite so naive (or
perhaps  did not  play cricket) and  further
inventions appeared. Among these was the spar
torpedo, an cxplosive charge on the end of a long
spar sticking out from a submarine. Intrepid
submariners manoeuvred the submarine so as to
place the charge. still on ity spar, against the
bottom of the target ship and then explode it. The
spar, however. was not very long and the
submarine was almost in as great a danger as the
target.

In the American Civil War, the Confederates
attempted to use the spar torpedo attached to a
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submarinc against the Federal blockading ships.
At least four attacks were made but the results
were not very successful; one new steam wooden
sloop was sunk, but the attacking submarine was
also sunk in the explosion. An ironclag and
another vessel were damaged, but that seems to be
the total of casualties.

As the years went by quite a few inventors
produced a variety of ideas, some of which came to
fruition. including a steam-powered craft designed
by an Englishman called Garrett. When the boat
submerged, the furnaces were extinguished, but
for a short time left a full head of steam in the
boiler which was used to propel the craft
submerged.

The early Whitehead torpedoes showed that
clectric motors powered by batteries were a
possibility for submerged boats, and the design
was quickly followed up, but the Royal Navy stuck
to its principles and showed no interest in
submarines. The French had more foresight and
actually funded the development of one or two
electric submarines. In America, the government
ran a competition for the development of a
submarine, which was won by a Mr Holland who
had been working on submarine designs for some
years. His vessel was propelled by steam on the
surface and by batteries and electric motors
submerged, the batteries being charged by the
steam plant when on the surface. Holland’s boat
also carried for the first time a propelled torpedo
made by Whitchead. Named the Plunger, the
vessel was laid down in 1897, but, soon after, it was
realised that the heat given out by the steam boiler
when submerged would make the interior of the
boat too hot. Work on it was therefore stopped.

However, Holland, at his own expense, pro-
duced another design. Instead of steam propulsion
he used a petrol internal combustion engine,
which, of course, also charged the batteries.
Named Holland, it was, in fact, the only

reasonably successful submarine produced by any
nation until that time. Displacing 105 tons. ifs
petrol engine drove the boat at 8.5kt on the
surface, and the electric propulsion at 7kt when
submerged, but only for up to 24 miles. Its main
rival was the French Norval of 108 tons with sieam
prepulsion and batteries with motors, giving | Lkt
on the surface and 8kt for 25 miles submerged. It
had four torpedo taunchers.

By the end of the 19th century six navies had
submarines. France was in the lcad and was
building fast. The USA had two boats. one of
which was the Holland. the most advanced of them
all. Britain had none, but the Admiralty began to
realise that it was being ieft behind and. because it
had done no development work, decided to buy a
design from abroad. Tt therefore bought the design
of the Hollund type. and ordered five boats from
Vickers. The very first British-built submarines
were only 63ft long with a displacement of 120 tons
and carried a crew of two officers and seven
ratings. They were driven by a four-cylinder petrol
engine on the surface and by an electric motor
when submerged.

The “Inspecting Captain of Submarine Boats' —
a new naval post — energetically started increasing
the numbers of the ‘Holland” class. but they were
still intended purely as defensive weapons. About
10 a year were being built in the UK and shortly
afterwards their role was extended from thar of
defending major ports to defending the entire I:ast
Coast.

In 1907, Britain finally broke away from the
basic *‘Holland” design with a British designed ‘D
class. They were of 500 tons and driven by dicsel
engines instead of petrol, and were capable of
remaining submerged the whole of the daylight
hours. It was soon realised that here were vessels
which could be used both defensively and
offensively. Sizes were increased and by 1914
Britain had its ‘Nautilus’ (again) class of 1,270 tons
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with an endurance of 5.000nm, two torpedo tubes
(one forward and one att). one [2pd gun, 17kt on
the surface and 10kt submerged. Meanwhile the
Germans had not been idle and decided to go tor a
large "overseas’ submarine of more thun 500 tons
from the start. By the beginning of World War |
they had ordered 42 large submarines. of which 29
were in service when the war started — twice as
many large submarines built or building as the
British.

The French also went for large submarines, but
they were not so successful as the British and
Germans, and used their craft purely for defensive
purposes.  American  submarine  construction
Jagged well behind that of the Europeans and by
1914 they were relegated to fourth place m the
submarine stakes,

Today
This is no place to  discuss the  submarine
campaigns of two world wars, but as s well known,
submarines developed apace. becoming larger.
faster and deeper diving. The German U-boat
campaign very ncarly brought the Allies to their
knees in both wars and showed convincinply to the
whole  world  the  inestimable  value of  the
submarine to any maritime power: even the advent
of senar in World War 2 did little to diminish their
worth. Of recent years we  have scen the
tremendaus strides made by submarines to avoid
sonar detection,  which have  probably  oul-
distanced the efforts made by the sonar manufac-
turers to improve their sensors.

Perhaps we should now look at where we stand

Below left:
An early Royal Navy submarine of the ‘Holland’ type.

Below:
One of the Royal Navy's early midget submarines,
photographed in 1957.

today in the modern submarine world. There are
basically three main types of submarines. Top ot
the list comes the Ballistic Missile Nuglear
Submarine {SSBN). of which there are 117 in
service: 66 are Soviet, 38 American, six French,
four British and two Chinese. They are the largest
ivpes of submarines built. most averaging 3.000 to
9000 tons, but with two very large types — the
Soviet “Typhooen” class of 30,000 tons and the US
‘Ohio” class of 18,200 tons, (The tonnage s the
displacement when the submarine is fully sub-
merged and throughout this book when submarine
tonnage is mentioned it refers to submerged
tonnage.) SSBNs. in a sense, are purely strategle
missile launchers, but they can be used in the
normal attack rele if required. They are nearly all
capable of 24kt or more submerged.

Next in size comes the Nuclear Attack (Fleet)
Submarine (SSN). The Americans cull these
-attack” submarines: the British and French *lleet’
submarines, presumably because they are tast
enough 1o be able to operate with the flect at sea.

The nomenclature cattack™ s however more
descriptive and will be used in this book.
In the USSR, many of the nuclear attack

submarines are fitted with submarine-launched
auided missiles for anti-ship use. and NATQ has
christencd them SSGNs. The USSR has [27 SSNs
and SSGNs, NATO 115, of which 96 are
American, 17 British and two French, Flowever.
the building of these very useful craft is procecding
at a steady rale — in the Soviet Union. at an
accelerated rate — thus these figures will soon be
out of date. For example. Britain is to buld three
more $SNs in the next few years and France four
more. SSNs are normally  between 4,000 and
7.000 tons, although the French ones are consider-
ably smaller. whilst the Soviets are now building
the "Oscar’ class SSCGNs of 18,000 tons.

The third main tvpe of submarine is the

‘conventional’, so called because 1t uses conven-







Top left:
The USS Nautilus. An SSN, Nautilus was the US
Navy's first nuclear-powered submarine.

Left:

The USS John C. Cathoun. An SSBN of the
‘Lafayette’ class, she displaces 8,250 tons
submerged.

Bottom left:

The nuclear-powered fleet submarine HMS
Courageous in San Carlos Water off the Falkland
Sound. Courageous was one of six RN submarines
to take partin the 1982 campaign.

Above:

The German submarine U712, one of the Type 205s of
450 tons submerged. It is possible to see how small
the type is by the size of the inflatable dinghy
alongside.

tional diesel-electric propulsion, as opposed to
nuclear. Conventionals are generally denoted by
the letters SS (standing for submarine), but some
nations refer to them as Patrol Submarines. They
can vary considerably in size from some 3,000 tons
down to about 400 tons. There is nevertheless o
fairly clear dividing line between ocean-going
conventionals with a good endurance, mostly of
1.600 tons upwards, and the smaller submarines
which are not really intended for deep ocean work.,
but could be used as such if necessary. The latter
arc more for coastal and narrow water patrols,
clandestine work and reconnaissance. They arc
also particularly valuable in shullow water.

There are no less than 367 conventional
submarines in the world today. some still being
built. Qut of these, China has 112, the USSR 223,
West Germany 26, France 14, North Korea 19 and
Britain 16. The US has stopped building conven-
tional submarines altogether, but has three old
ones left. France too has announced that it will
build ne more. but has quite a few still in
commission. Britain is to maintain its flect of
conventionals and has recently ordered the first of

a new type - the Type 24000 — to replace its
existing "Oberons’ and "Porpeises’. but whether all
16 of them will be replaced is doubtful.

Costs

The cost ot building @ submarine is difficult to
ascertiin. as many governments are distnelined to
publish the cnormous sums involved. However.
this is not always the case and it is occusionally
possible to obtiwin some fairly accurate figures. The
latest American SSBN. the Ohio. cost about
$1.000 million: this includes the missiles. which are
of course the very expensive long runge Trident
4. as opposed 1o the cheaper Polaris/Poseidon
missiles at present casried by other American and
British SSBNs. The projected British Trident-
carrying suhmarines are estimated to be going to
cost £1.8700 mitlion each including 16 missiles,
which will be of the newer Trident DS type., and
this alone adds about £570 million. The ligures
have been projected ahead for 13 years and allow
for inflation, but the estimate was made when the
sterling-dollar exchange rate was $1.78 to the £, At
present the figure is around $1.40. Who can tell
whut may happen in the next 15 years?

The cost of a nuclear SSN varies considerably.
For example. the ‘Los Angeles’ class is now costing
about £353 million per submarine, but the next
British SSN to be built is estimated at only £175
million by the time it is completed in 1986. This
includes all the equipment and weapons,

Conventionals come somewhat cheaper. but
even so are by no means inexpensive. Britain's
latest ocean-going conventional, the first of the
Type 2400k (Upholder), which commenced build-
ing in 1984, will cost about £100 million, but
subsequent ones are expected to be slightly less.

Submarines in the Major Navies of the World

A hreakdown of the world's submarines is listed at
the end of this book. Tables cannot tell all the
story, so let us look now at the submarines in the
major navies. The Soviet Navy has such an
incredible number of submarines that it has a
chapter all to itsell — Chapter 11,

USA

SSBNs

Next to the USSR, the United States has the
largest submarine fleet. The Americans put great
faith in the submarine launched ballistic missile as
a second strike weapon and have amassed a
considerable number of these highly cxpensive
craft.

After much experimental work in submarines
with large, unwieldy, primarily land-based mis-
siles, such as Regulus, Triton and Jupiter, all of
which would have required very large submarines
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to carry them. US naval opinion turned towards
smaller submarines but more of them, each wizh 16
missiles. Opinion was considerably helped by the
fact that such a missile then under development,
named Polaris, appeared viable and would soon
complete development. After a number of triu]
firings from surface ships, the first Polaris
submarine was commissioned on 30 December
1959 and fired the first Polaris Al missile on
20 July 1960. Al had a range of 1,200nm and a
warhead with a yield of 700-800kT,

F was soon replaced by Polaris A2, with a ringe
of 1.500nm, which first flew in November 1960.
The operational requircment was quickly amended
to a missile with a range of 2.500nm and the Poaris
A3 was produced. The A3 was first fired from z
submarine in 1963. It is the A3 that Britain now
uses, but it has undergone a number of
improvements. and its range has been increased to
2.880nm.

Staff requirements increased again and after
numerous discussions and fresh proposals, the
Poseidon C3 was announced and was first fired
from an American submarine on 24 August 197().
Poseidon was a great improvement on the Polaris
A3, principally by having 14 MIRVs {Multiple
Independently Targeted Re-entry Vehicle) as
opposed (o the original Polaris A3's three MR Vs
(Muitipie Re-entry Vehicle).

A total of 31 US SSBNs were converted to ca Ty
Poseidon. Meanwhile, McNamara, the US Secre-
tary of Defense, had ordered a new study of ali
future US strategic offensive forces, and out of this
came a requirement for a missile with a much
longer range and improved accuracy. This was
Trident (C4). and 10 SSBNs were converted to

Top left:
The latest SSBNs of the US Navy displace 18,700

tons submerged. Seen here is the lead ship of the
class —the USS Ohio.

Centre left:

The USS Batfish, a ‘Sturgeon’ class SSN fitted with
the Harpoon submarine-launched anti-ship missile,
SUBROC and four 21in torpedo tubes, Her maximum
submerged speed is 30kt.

Left:

HMS Revenge is one of four British SSBNs Although
she appears to be diving, in fact she is not because
some members of the crew can be seen on the
bridge.

Top right:

HMS Superb leaving the Royal Navy's submarine
base at Faslane in Scotland. She was the ninth ‘Fleet’
(Attack) submarine to be built in the UK. She
displaces 4,500 tons submerged and has a maximum
underwater speed of 30kt.




carry the missile; they are now at sca. However,
Trident 2 (D3) with an even longer range was
being developed. It turned out to be too arge to fit
into existing Polaris/Poseidon submarines and so a
new class of submarine had to be built to carry it.
Known now as the “Ohio” class. two are already at
sea, and o {urther three are ordered and 14 more
projected. At present the "Ohtos” will cayry the
Trident (C4) as the D3 has not yet completed
development, but they carry 24 of them instead of
the 12 or L6 with which all US SSBNs had been
fitted. Britain has also decided to operate the
Trident (125).

SSNs

The USA's 96 SSNs (100 are planned) range from
the *Skate” class. launcihed in 1954-55, 10 the latest
‘Los Angeles’ class of which some 24 have been
launched since 1974 and more are following. They
all have between four and cight torpedo tubes for
2hin torpedoes. The "Los Angeles’ class vessels,
unusually, have four tubes mounted anidships,
two protruding out of each side of the hull.
American SSNs vary between 2,500 tons for the
old “Skate” class to 6,900 tons Tor the "Los Angeles’
class, and all have submerged speeds of over 25kt

UK

SSBNs

The UK has four $$BNs of the ‘Resolution’ class.
each armed with 16 Polaris A3 missiles. They have
a submerged tonnage ot 8,400 tons, a2 maximum
submerged speed of 25kt, and are to be replaced in
the early 1990s with four new submarines carrying
the Trident D5 missiles. Tt was announced in April
1986 that the first of these, HMS Vanguard. is 1o
be built by Vickers. Considerable controversy
exists in the UK as to whether or not the country
can afford the enormous cost of the missiles and
the new submarines. Britain's policy is to keep one
SSBN on patrol at all times.

SSNy

Britain has. or will shortly have. 17 $8Ns in service
and is building about one more each year. They
vary between 4,500 and 4,900 tons, with under-
waler speeds of around 30kt and are armed with
five or six torpedo tubes for 21in torpedocs.

The present complement of conventional sub-
marines is 16 with one more of the Type 2400 class
building. As more of this class are built, the
somewhat aged *Oberon” and ‘Porpoise’ classes
will be phased out. What the total complement of
conventionals s likely to be has not been
announced., but it is unlikely to be more than 12 at
the outside.

France

SSBNs

France has six SSBNs: the first, Le Redoutable,
entered service in 1971 and the fitth, Le Tonnant.
in May 1980, and L Inflexible. is just completing.
France intends in future to keep threc of them
always on patrol, and for this would seem to need
six submarines, but after cxperience has been
gained it is hoping to pay off Le Redoutuble and
endeavour to keep three on patrol with a total of
only five submarines. The submarines are slightly
larger than the British ones (8,940 tons}, but carry
the same number of missiles — 16. The missiles
and their nuelear warheads arc entirely of French
manufacture.

The French call their ballistic missile submarines
SNLEs instead of SSBNs and the entire nuclear
submarine ballistic missile force is known as the
“Force de Dissuasion’, a descriptive and sensible
title.

SSNs

The French only comparatively recently decided to
operate nuclear attack submarines. Five SSNs
fave been ordered. and although only two are so
fur in service, all should be in service by 199,
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They are of the Type SNA72 and are considerubly
smaller than simidar American or British sub-
marines. displacing only 2,670 tons submerged as
compared with medern British and American craft
which are all over 4.500 tons. Apart from the usual
torpedoes. they are also to be armed with the
Acrospatiale Lixocet SM3Y anti-ship missile when
it comes into service. A new class ot five Fleet
submarines is te be ordered m due course.

S5
France has three classes of conventional sub-
marines: the "Agosta’ class of four boats, the
‘Daphne’ class of mine boats and the older "Narwal®
class of four boats. The “Agostas” and "Daphnes’
are small (around 1,400 tons submerged), but the
Narwals” have a submerged tonnage of 1,930,
France has exported "Agostas” to Spain and
Pakistan. and “Daphnes’ to South Africa, Portugal
and Spain. The Spunish ones are being built in
their own yards.

West GGermany

S8

The West Germans have concentrated on small
conventional submarines, partly hecause after the
war they were not allowed to build large ones, and
partly because their major aperational arcas are in
the shallow Baltic and North Sca where large
submarines could not operate satisfactorily. The
German submarine fleet consists of 18 Type 2068
of 498 tons submerged and eight of the older Type
2055 of 4530 tons.

West Germany  is very  progressive inits
submarine construction and has sold many cratt
abroad, including much bigger ones, Thyssen, tor
example, has produced the TRIHIO which dis-
places 2,300 tons submerged, with six on order for
Areentina, West Germany s also experimenting
with air independent propulsion systems and hopes
to produce a new Type 208 submarine in the 1990s
which. although propelled by diesels, will never
have to snort or surface.

Abave left:

Twao views of the French SSBN L'inflexible. One
shows the fore end and the other the after end. The
two flat surfaces protruding from the conning tower
are the forward hydreplanes.

Right:
SNLE Le Redoutable, one of France's six S5BNs,
displacing 3,940 tons submerged.

Left:
The French SSN Rubis. Six of the class have been
ordered but only two were in commission in 1985,

Displacing only 2,670 tons they are the smallest
3SNs to be built.

Netherlands

5SS

Like the West Germans, the Duateh have also
concentrated on conventional submarines, but of
real occun-going size. Therr Tatest class is the
“Walrus™ of which four will be built eventually.
Two are nearly completed and are expected Lo
commission in 1986, They will displace 2,800
tons submerged and achieve 20kt dived.

Italy

A

Haly is maintaining its reputation as a submarine
builder with eight submarines, all conventional
ad all built by Italeantiere. Four are of the “Sauro’
cluss and entered service within the last fve vears:
they are primarily for service in the Mediter-
rancan, displacing 1,623 tons submerged, and. like
the Duteh vessels. their maximum underwater
speed is 20kt The other four comprise the “Toti'
cluss and are very much smaller, only displacing
582 tons submerged. {taly also has two 2,700-ton
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