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).
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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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Top:
A Dutch submarine of the ‘Zwaardvis’ class of 2,700
tons submerged, diving.

Above:
A Soviet ‘Foxtrot’ class submarine seen an patrol.
‘Foxtrots’ have been sold to Cuba, Libya and India.

Right:
HMAS Oxley, a Royal Australian Navy 'Oberon’ class
submarine built in the UK.

submarines of the US ‘Tang’ class, transferred to it
by the Americans between 1952 and 1959,

Most other countries, whether NATO members or
not, buy their submarines from abroad, although
some of them have manufacturing facilities and
buy only the design. to be manufactured by their
own shipbuilders. Denmark. however, has buili a
few small submarines to its own design.

Outside NATC there are three major countries
(apart from the USSR) which have thriving
submarine design and buiiding facilities: Sweden,
China and Japan. Yugoslavia also has built six
small submarines since 1957.

Sweden

AR

The Swedish Navy is very submarine-minded. All
Swedish submarines are of conventional type and
are built by Kockums. with considerable help
given by Karlskrona Dockyard. The latest class is
the “Vastergétland™ of four submarines, but nonc
has yet been launched. Kockums is building the
midship section and carrying out the final

assembly. whilst Karlskrona is building the bow
and stern sections. They will displace 1,140 tons
submerged with a maximum submerged speed of
20kt.

In addition, Sweden has three ‘Nacken' cluss
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Above: )
An sraeli 500-ton conventional submarine built by
Vickers 10 a German {IKL} design.

vessels commissioned in 1980-81, and five 'Sjoor-
men’ class commissioned in 1968, all home built.
Both types are waround 1.200 to 1400 tons
submerged.

China

SSBN

Unfortunately very little is known about Chinese
submarines. They are believed to have built two
SSBNs of the *X1A” class and are expected to huild
more. The class will carry 14 to 16 Chinese-built
nuclear ballistic missiles with o reported sange of
I 800nm; some test firings are known to have been
curned oul.

A diesel-propelled strategic missile submarme.
appearing to have three Jaunch tubes in the
conning tower has been sighted, and this may be
an experimental prototype.

SSN

The Chinese are supposed to have built no less
than 76 ‘Han class 85Ns of around 5.000 tons
submerged. They were the first nuclear cralt to be
built in China and construction apparently began
about 1971, They were reported by the Chinese

press to have taken part in exercises in late 1980 or
early 1981, Details of their armament are not
Known.

SSN

There are some O conventionul submarines in
the Chinese Navy. They are of the Soviet ‘Romeo’
and “Whiskey™ design and some were obtained
from the USSR, but most are copies built in China.

Japan

AR}

The Japanese submarines are all conventional.
There are three classes — “Aroschio” {two boats),

‘Ususchio™ (seven boats} and “Yuuschio® (nine
hoats). All are ot about 2,500 tons, double hulled
and capable of 18-20kt submerged. The oldest
vessels are the “Aroschios’. launched in 1967-68.
and they arc now being faded out. All were built in
Japan by Kawasaki and Mitsubishi.

Markets

With some 31 countries buying submarines from
abroad, st will be seen that there is potentiadly an
cnormous market for submarine bwilders, pas-

ticularly those that can design and build relatively
small, not too sophisticated boats, The building
vards wre well aware of this and their salesmen will
be tound throughout the maritime world.



2 Svbmaringe Roles

The Ballistic Missile Submarine (S5BN)

In NATO the rolc of the ballistic  missile
submarine is to deter an enemy from the use of
strategic nuclear missiles of any sort, The modern
theory is that should the Soviets launch a nuclear
strike against the USA. it would probably be
launched at the strategic nuclear weapons silos on
land and might conccivably knock them all out. Ir
this did oceur, it would prevent the USA from
launching a second strike against the USSR were it
not for the SSBNs. Similarly pre-emptive nuclear
strikes against Britain and France would be replied
to by British and French SSBNs,

To guard against a completely  unexpected
Soviet nuclear strike, the USA, Britain and France
all keep some SSBNs at sea in peacetime, day in,
day out, year in, year out. How many deterrent
submarines are on patrol at once i kept secret:
America has 34 SSBNs, Britain has four and
France has six. Britain makes no secret of the fact
that it always kecps one SSBN on patrol, and
France has announced that it will keep three on
patrol.  Working on  these figures it seems
reasonible to guess that the USA could keep
between seven and 17 on patrol. However, even if
it is only seven, it would mean that the USA has
over LK missiles targeted on the USSR at all
times, and most missiles carry between eight and
I4 warheads. cach having the equivalent power of
between 50 and 200k T of TNT.

The first nuclear weapon cver used (on
Hiroshima) was only of 20kT, but the damage
done was colossal. Out of a population of 300,000,
8000 were  killed, 84,000 were seripusly
wounded, and 124,000 were badly shocked or
slightly injured. Numerous others suffered radia-
tion sickness and many of them have since djed of
the effects. It is obvious. therefore. when the
smallest nuclear warhcad in  the  American
armoury is of S0kT. that seven American SSBNs
alone have the power of inflicting unacceptable
damage 1o the Soviet Union. Even Britain's one
submarine with 16 missiles and at least 32
warheads. and France's three submarines with 48
missiles  all carrying  ImT  warheads, would
devastate an ¢normous area of the USSR. The
Soviets must feel that to start a nuclear exchange
by bombing cither the US, or Britain. or France
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would be shecr suicide. Further they cannot be
certain that a nuclear strike on other European
countrics would not provoke a British. French or
US response.

Itis the SSBN deterrent which NATO hopes will
always be sufficient to prevent any nuclear strike
by the Soviet Union. Of course, the USSR has
nearly 70 SSBNs itself and they similarty constitute
an enormous deterrent to any nuclear adventure
on the part of NATO,

What then is the exact role of the SSBN in peice
and war? In peace the SSBN's duty is to patrol the
high scas, always ready to unlcash its deadly
missiles. Each patrol Jasts some six to cight wecks
and cvery man on board knows that at any time he
may be called upon to carry out kis task. however
small it may be, to ensure that the missiles are
correctly luunched.

All Western SSBNs have two crews. one on
patrol and the other resting or on refresher courses
and training at the SSBN's basc. The patrols are
turned over at sea so that there is never a moment
when the nuclear deterrent guard is dropped. On
patrol, the submarines do not remain stationary
but move aiong their patrol line very slowly (3-4kt)
to ensure that they make as little noise as possible




Above:

Missile hatches on board the USS Sam Rayburn, a
‘Lafayette’ class SSBN. Sixteen missiles are carried
in this class.

Below:
The British SSBN Resalution hows-on.

Below right:
The commanding officer of a British SSBN takes a
very rare look through the periscope.

in case an cnemy submarine is listening. Where the
patrol lines are is never disclosed and even the
crew on hoard have no idea where they are. All
that we do know is that as missile ranges are
improved, the farther away from  the Soviet
coastline can be the patrols. Trident missiles now
have ranges of up to 5.000nm, and the distance
hetween the Fast Coast of America and Moscow
and many other Soviet cities is between 4,000 and
5.000nm, so the Trident submarines need not
patrol very far out to sca, By the sume token. the
distance from the Soviet naval base at Murmansk
to New York is about the same, so the Soviets with
their newest submagine-launched ballistic mussile
{the §S-N-20. which has about the same range as
the Trident), can patrol just off their base and still
threaten the USA™s most famous city.

However, in spite of all this, NATO still has a
problem. Normally British and French submarines
patrol in the Atlantic only. and many of the Soviet
Union's major citics and military bases are still
outside the range of missites Lamched in the
Atlantic. so the USA keeps SSBNs patrolling in
the Pacific. 1t would not be surprising also to lind
some American SSBNs in the Indian Oceuan to
cover the southern part of central  Russia
Therefore, with only seven $SBNs on patrol the
American nuclear force is well stretched.

SSBNs are given the positions ol their targets
before they leave harbour — indeed all the major
Saviet targets have been long decided upon and
their positions entered into computers on board
the submarines. Targets can be changed during a
patrol by signal from the shore.

The submarines dive soon after leaving harbour
and proceed to thuir patrol positions: they remain




dived throughout the entire six- to eight-week
patrol period. They certainly, however, come up
to periscope depth at intervals to expose their
satellite receiving antennas, but again in theory
they never transmit to the shore. If necessary they

can recctve signals from the shore without
exposing anything.

Chapter 13 gives some idea of what it is like to
be cooped up in a submarine over long periods,
but the boredom is relieved from time to time by
exercising the launching of missiles, when all the
launching procedure is followed, except of course
the actual launch.

S5BNs are also fitted with torpedo tubes. In
wartime, torpedoes might well be used against a
shadowing submarine: in addition, when all
missiles have been expended, it enables the SSBN
to act as an 55N, should the war still be continuing.
Torpedo attacks are therefore also exercised,
again without actuaily firing the torpedoes.

Missile Launch Procedure
The very greatest care is taken to avoid the
launching of a nuclear missile by mistake, or
because of false orders passed by signal to a
submarine by the enemy in order to justify a vast
nuclear bombardment of the West. The launch
procedure relies on numerous checks, double keys
and highly secret methods of authenticating
signals. The following is as much of the British
procedure that is allowed to be published; it is
probable that similar procedures exist in the
American and French systems,

The start of a missile launch sequence is the
receipt in the radio office of a signal from the
shore, prefixed FLASH, the highest degree of
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Left:

Two officers on board a British SSBN removing tae
authentification codes from their safe in order to
determine whether a firing signal just received is
genuine or not.

priority. The operator on watch, on sceing it
announces over the main public address system,
“There is a FLASH message for us’. A few
moments later, when he has had time to scrutiise
the message. he will add, ‘the FLASH message is a
firing message’. The Officer of the Watch then
orders "Action Stations Missiles’ and the crew
proceed to their assigned stations.

The FLASII message contains a group of codes,
which are not decoded in the radio office but are
handed to two officers specially detailed for the job
of decoding, usually the Exceutive Officer and the
Weapons Engineer Officer (WEO). The codes
contain the authorisation for the message and will
ensure that if it is a bogus signal, perhaps
originated by the enemy or a third party, it will be
recognised as such. The two officers check the
authorisation with certain data heid in separate
safes. to which only they have access, and then
report to the Captain.

Up to this point, nobody on board knows
whether it is an exercise or the real thing, but the
cross checking by the two officers will indicate
which it is.

Assuming that it is an exercise, the order is then
passed to ‘set condition XYZ, for weapons system
readiness test’. Everything is carried out as
realistically as possible, cven to adjusting the
submarine’s depth, attitude, course and speed to
suit a missile launch. In the missile compartment,
the Assistant WEO and his technical staff prepare
the missiles for launch, whilst the WEQ and his
team at the missile control centre, programme the
numerous computers for the launch sequence. The
Captain takes out of a safe two boxes of missile
arming keys and passes them to an officer who
takes them to the Assistant WEO in the missile
compartment. There is one key to cach missile
tube, and until the tubes are unlocked, the missile
launching system cannot function.

Meanwhile, the WEQ and his Assistant receive
a large number of verbal reports and watch the
electronic indicators showing the readiness con-
ditions of each tube. The WEO unlocks two small
safes fitted with combination locks. In one of the
safes is a black trigger assembly, which is used for
exercise firings. and in the other is a similar rvd
trigger assembly, which is used for actual launcn.
Both assemblies are on flexible leads and the WEQ
places the appropriate trigger closc to his hand.

Finally. the Assistant WEQ reports ‘Launchers
ready condition XYZ'. The WEQ checks his own
displays and satisfies himself that all is indeed
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Right:

Checking the missile system on board the USS John
Adams. A missle tube can be seen behind the
enjisted man.

ready. and then passes a message to the Captain:
‘Missiles in XYZ'. The Captain takes a key on a
chain hung round his neck and places it in a
keyhole in the Missilc Readiness Panel. but does
not turn it — the key is the only one of its kind and
is kept permanently round the Cuaptain’s neck. The
Captain then passes a message on the main public
address system. “WEOQ trom Captain. You have
my permission to fire.” On another internal circuit
the Fxecutive Officer calls the WLEO and says,
“You have the Captain's permission to fire.” Once
these two messages have been passed. the Captain
turns his key which completes the firing circuit.
and lights up green firing lamps in the Control
Room and the Missile Control Centre. The WEQ
presses the appropriate trigger. If it Is a real live
firing the missiles are then lannched automatically
in succession. If it is merely a practice. various
circuits are made and the missile *fire” lights show.
but of course no actual launchings take place.

The peographical launching position 1 taken
from the submarine’s navigational system and is
automatically fed to the missiles, whilst the
positions of the targets have already been fed to
the missiles’  guidance  computers. It would
probably take half an hour from receipt of the
firing signals from the shore until the missiles are
launched.

Polaris and Poscidon missiles have two-stage
motors to propel them. Trident missiles have
three. The following refers to Polaris and
Poscidon. On emerging from the submarine the
first stage motor ignites and serves to take the
missile through the water and up into the
atmosphere. On breaking surface the missite
guidance computer is initiated and starts control-
ling the missile on its way, Having completed its
job. the first stage separates from the missile and
falls into the sea. Meanwhile the second stage
motor has ignited and continues to propel the
missile. Shortly afterwards. the nose fairing
separates and s jettisoned into the sea, and finally
the re-entry body is ejected, This takes place when
the guidance computer calculates that the missile
has reached a point tfrom where the re-entry body
can continue unpropelled in a normal ballistic
trajectory to take it to the target. but of course
wurhcads may be dropped off on other turgets as it
descends.

Submarine launched  ballistic missiles  were
originally not very accurate, hence they were all
aimed at large targets. such as cities. However,
accuracy has improved so much in recent years

that they can now be used on much smaller targets,
such as missile silos (latest Trident missiles are
reponted Lo have a CEP — crcle of cqual
probability —— of 250m). Tt may well be thai the
second strike concept could be altered from
attacks on cities to attacks on missile sites 1o
prevent o third strike.

The Nuclear Attack Submarine (SSN)

The primary role of the SSN is to hunt and attack
enemy submarines, and in  particular  cnemy
SSBNs. For this they are provided with the best
possible sonars and underwater weapons. which.
against other submarines. arc usually torpedoes.
Their secondary role is 1o attack surface craft. Up
to date this has been carried out by means of
torpedocs, a recent classic example being the
attack on the Argentine cruiscr General Belgrano
by the British SSN Congueror. In future, attacks
will probably be made by submarine launched
anti-ship missiles.

Given the vastness of the oceans, which cover
0% of the surface of the world. it is obviously
ridiculous to send an SSN to sea to look for an
enemy $SBN or other submarine. Some indication
of the possible whereahouts of enemy submarines
must be made available to the SSN.

NATO is perhaps fortunate that the Soviets
have to transit fairly narrow channels to reach the
operating areas in the open ocean. To reach the
Atlantic, for example. Soviet submarines must
pass between the Arctic ice and lceland, or
petween Iceland and the Faroes, or between the
Faroes and the UK. There is also the English
Channel route, but this is so crowded and so
shallow that it is a highly unlikely route for Soviet




submarines. There are similar restrictions into the
Pacific from Soviet bases in Eastern Russia, and
from their bases in the Black Sea into the
Mediterrancan.

One way therefore of finding Soviet submarines
is for allied submarines to patrol these gaps, or
choke points. For this the SSN. with its speed
comparable or superior to that of the Soviet
SSBNs, is ideal. It must however be pointed out
that, with the new types of strategic nuclear
weapons and the new type of SSBNs. it is possible
for the Soviets to launch their submarine-borne
nuclear missiles on America or Europe without
passing through any of these gaps.

Another obvious place to find cnemy attack
submarines is in the vicinity of important allied
surface targets. These may he convoys, task forces
or highly valuable ships such as aircraft carriers.
Such targets are very attractive to enemy
submarines of both the SSN and S§ types, and
thercfore constitute one obvious place in which to
deploy friendly submarines. It is, for example,
possible for a convoy or task force to have with it
one or more SSNs. They would remain continy-
ously submerged and can be stationed by the
Officer in Tactical Command in the direction in
which he thinks enemy submarines might attack.
Alternatively, they can be stationed beneath the
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convoy/task force and directed out to attack when
a distant submarine contact is made by other
means, perhaps an aireraft.

There are. however, problems. The noise made
by the ships of the convoy/task force means rhat
the noise made by an attacking submarine may not
be heard by the SSN under the force until itis too
late. Equally though, the attacking submarine may
not know that therc is an opposing submarine
under the force at all, at least until it is well clear of
the surface ships.

There are of course many roles for which S&Ns
can be used. Admiral Sir John Woodward. of
Falklands fame, and later Flag Officer of all British
submarines, listed their possible roics as follows:

a Protection of sea lines of communications,
including support of convoys and maritime tisk
groups.

Barrier or choke point operations.

Mining.

Special Forces operations.

Surveillance.

Forward defence.

Deterrent support.

Anti-surface vessel warfare,

= R N s A = W S o

The final role quoted is of course stifl highly
important, but SSNs are fitted with torpedocs
primarily designed for use against other sub-
marines. For 4 number of reasons, such torpedoes
are not very satisfactory for use against surface
ships. However, as already mentioned, with the
coming into service of the submarine launched
anti-ship missile, whose range is greater than that
of the torpedo, the majority of attacks will no
longer be by torpedo.

Finally. the high speed of SSNs is a great
advantage whilst actually carrying out an attack
against a fust nuclear. It also means that the times
taken to get out to, and return from. the patrol
area ure very much shortened. which in the long
Tun means that the size of a submarine fleet can he
reduced.

= il

PRI

S

e ma



et o s T PR N

Above:

One role of a modern SSN is the support of convays
and task groups. This is the nuclear-powered fleet
subrnarine, BMS Warspite, seen in the Indian Ocean
in 1974, in company with a frigate and a Royal Fleet
Auxiliary tanker. Normally the submarine would be a
little less conspicuous!

Left:

HMS Conqueror, a 'Churchill’ class SSM with SixX
21in torpedo tubes. It was this submarine which sank
the Argentine cruiser General Belgrano.

Above:

The submarine manoeuvres to attack.
(Watchkeepers on the planes and rudder on board
the USS La Jolla, a nuclear-powered attack
submarine of the ‘Los Angeles’ class.}

Left:

Missile fired.

(A McDonnell-Douglas Harpoon anti-ship missife
breaks the surface after being launched from a
submarine. Britain has bought the missile far use by
its submarines.}

Below:

Target destroyed.

{in this case the old RN frigate HMS Rapid, sunkin
1981 by torpedoes fired by HMS Onyx.}




Typical Sequence of Events of an SSN Attack

The following shows, in an abbreviated torm. a typical sequence of events of an SSN fulfilling two
ot its main roles — attacking another submarine and attacking a surface craft.

Event

Signal received from shore operating authority:
‘Enemy submarince located in position . . .,
course . .. speed. . . . Scarch and destroy. She
may be accompanied by surface ships’.

Navigator recommends course to intercept,
Captain orders new course and speed: “Steer
046. Revolutions for 16kt”,

Captain to Weapons Engineer Officer {WEO):
‘Bring all tubces to the action state™,

Sonar operator to Officer of Watch: *Contact
bearing (U357, OOW reports to Captain.

First Licutenant over main public address
broadcast system: *Assume ultra quiet state’.

Captain to control roem and sonar: *Start
tracking’.

Captain orders; " 1) down. Keep 2601t

Navigator (who is also the operations officer) to
Captain: *Computer makes enemy’s course 210,
speed 13, range 20,000vd.

OOW on main broadeast: *“Watch stand to”,

Attack Co-ordinator at Tuctical Table to
Caplain: "We are in a firing position. Sir",
Captain to WEQ: ‘Proceed with firing
sequence’.

WL then passes orders to the tubes crow in the
Wweapon compartment at the fore end of the

boat. such as: *Tubes to readiness ™ ‘Open bow
caps”: "Firing drill’.

WEQ to the fire control team® *Fire”

Remuarks

Sonar commences listening watch on passive
equipment,

The torpedo tubes are got ready in the weapons
compartment,

No range can be given as yet as the sonar is not
in active mode.

Certain machinery configurations are made to
ensure less noise. Crew move silently about thei
business,

Sonar commences passing bearings to the
Tactical System. Boat is manoeuvred to enable
computer to work out range.

The Captain is selecting the best depth to suit
sonar conditions,

The computer has worked out from the series of
bearings the enemy’s course, speed and range,

35Ns have a large enough crew to carry out an
attack using one watch only. Conventionals
would go to Action Stations. which would
involve evervbody.

The firing sequence is controlled by the
computer after initial order 1o Fire,

Opening the bow caps will allow sea water to
enter the tubes. The firing drili ensures that the
correct tubes to use have been inserted in the
tire control system.

The firc control team is in the control room. The
computer shows the right moment to fire the
torpedoes and controls the firing sequence. On
the order Fire. an operator presses a button
which starts the firing scquence. Not all the
torpedoes would be fired, in this case probably
only two.

The wire guided torpedoes are guided by a
computer under the supervision of a fire control
operator, who also switches each torpedo to self
homing when they have acquired the target,




Sonar to Captain: “Target achieved, Sir™.

Tactical System Ofticer to Captain: “There
appears to be a group of “skimmers™ behind
that submarine’,

Captain to Control Room: “We will attack by
Sub-Harpoon, [ am going to have alovk at
them. 10 up. keep 70ft. Up periscope’.

Captain to control room: "Down peniscope. A
carrier and three or four escorts. Tam going to
attack the carner’.

Captain to Sonar: *One ship is a carrier., can you
pick her out?”

Sonar to Captain: *Afraid not, Sir, there are too
many contacts to be definite’.

Captain to control room: ‘I am going to attack
by periscope’.

Captain to control room: *Bearing is . . . that’.
‘Range is . . . that’.

Captain to WEQ: “Fire when ready’.
WEQ to Caprain: ‘Missile fired. sir’.

Captain to control room: “Up periscope’.

Captain to control room: *‘Down periscope.
We've got him. Steer 180. 10 down. Keep 4001t
Revolutions for 20kt

Captain on main broadcast: "Clear the datum’,

Captain to Marine Enginecr Officer ‘Bring the
plant to full power’.

The sound of the explosions can be heard in the
cantrol room if the target is close enough. If it 1s
too far away, the sonar operator will hear it

The sonar operator has heard the noise of
surface ships and has started tracking them.
passing the bearings to the Tactical System.

The Captain decides to attuck the largest ship.
using the Sub-Harpoon anti-ship missile fired
from a torpedo tube. He decides to look at the
ships. both to confirm that they are hostite and
to try and identify the largest ship. Sub-Harpoon
can be fired on sonar bearings or by use of the
periscope.

The Captain will take a number of quick looks
through the periscope and each time he is on the
carrier he will press a button which will transmit
the bearing of the carrier to the tactical system.
Similurty he will take ranges of the target. He
also calls out to the control room so that they
can record the bearings and ranges.

The bearings and ranges when he calls “that” are
read off indicators in the control room.

Ouly one missile is being fired and the WEO will
press the firing button when he is satisfied that
he has enough information about the target’s
position, course and speed.

The Captain looks to see if the target 1s hit.
Alternatively he may rely on the senar to tell
him if an explosion has occurred.

This means. ‘Let’s get ous of here”.

The Captain cons the boat on to the best course
to clear the arca and goes decp in case of
counter-attack. As soon as he can. he will
increase to full speed. Quietness is now no
Jonger necessary. It is doubtful if any surface
ship will be able to catch him, but attack by
helicopter or fixed wing aircraft is possible.

25







The Conventional Submarine (S5)

Conventionals can carry out most of the roles
mentioned for SSNs. but for some of them with «
diminished  capability,  However,  they are
undoubtedly very usctul craft, They are consider-
ably cheaper to build and operate than nuclears,
but of course as yet they do not have the
submerged endurance of the latter, acither arc
they so fast. This lack of speed in a conventional
can be a very limiting factor, as is also the fact that
they have 1o raise their snorkels every so often to
suck in the air required by the diesels when
charging the batterics. A snorkel can be detected
by radar, thus during the period it 15 raised. the
sibmarine can be said to be at risk. This risk
period (often known as the indiscretion period) is
normally expressed as o percentage of the total
time submerged: a typical figure might be 7%. A
submarine must always bear in mind that having
snorted, it may have been detected by an aireraft
or ship™s radur. so it is undesirable to snort again
for some time in case the detecting eraft is still in
the vicinity.

In fact. most conventional submarines can go for
quite a long time without snorting at all. For an
average ocean-going conventional submarine, the
cruising range submerged at cconomical speed
(about 5k1) before having to snort can be as much
as 500 miles. or 100 hours. but on completion the
submarine would have to snort tor seven hours to
recharge its battenies fully.

Compare this with a nuclear submarine. It can
virtually choose what submerged speed it likes on
passage, but in order not 1o make 100 much noise
would probably restrict it to 10kt so its time on
passige o, say, its patrol area could be half that of
a conventicnal. Further, it would be able to
proceed at its full speed of, say, 30kt immediately
on arrival on patrol for as long as it wished. as
opposcd 1o the conventional whose time at full
specd, without being at risk by snorting. would be
severely limited by the capacity of its batteries,

Another point about speed is that on a barrier
patrol, with perhaps only few  submarines

Top left:
The USS Barb, one of the 'Thresher’ class of SSN,
seen diving.

Centre left:

The conventional submarine Sauro, nameship of
four submarines of 1,500 tons built by Italcantieri for
the italian Navy.

Left:

A French conventional submarine of the 'Agosta’
class, She displaces 1,726 tons submerged and has a
maximum submerged speed of 20kt.

available, the first information the submarines
would get of an approaching hostile submarine
might come from intelligence or from a detection
by a maritime patrol aireraft. patrolling some
distance in advance, ic towards the likely approach
route of the encmy. The atreraft report might show
that the hostile submarine was making for one end
of the barrier. and it might be that the nearest
friendly submarine was at a considerable distance
off the hostile’s track. High speed would then be
essential to make an intereeption.

It follows that if only conventional submarines
were used on a patrol line, it would require many
more submarines than if nuclears had been used.
In addition it might be necessary to put the aircraft
patrols tarther from the submarines, in order to
give carlier warning. The carlier the warning.
however, the more changes there are of the hostile
making evasive alterations of course. Yet again, if
the aireralt were able to track the hostile all the
way, the patrol submarines should  have no
ditficulty in getting into a position where their own
sonars could detect the intruder.

Conventionals are often used in coniunction
with nuelears on barrier patrols for a number of
reasons. Their battery-drniven clectric motors are
quicter than the steam turbines on the nuclears,
They have smaller and narrower hulls which are
more difficult for active sonar to deteet than the
lurger. somewhat bulbous hulls of nuclears and, as
mentioned. they are cheaper to operate.

Conventional submarines would not be used o
accompany convoys or task forees, because they
would be unable 1o keep up with them, but they
might be used o patrol convoy lanes in dungerous
areas. Assuming that they ase able to expose their
snorkels  (without undue risk) reasonably  {re-
cntly. w vconventional’s endurance might be s
much as 9.000nm. The figure is largely governed
by the amount of fuel that can be carvied.

Conventionals are not so strongly constructed as
nuelears and are thus unable o carry out really
deep dives. For example, the US “Los Angeles”
class of $SNs has an operational diving depth of
450m. whilst the British conventionals of the
‘Oberon” class can enly achieve 350m. In both
cnses. however. this does not mean that they could
not go deeper in an emergency. kn fact nuclears
could prohably go down to 1.000m without
collapsing, The figure for conventionals would be
considerably less.

Srnall Stibinarines

Many nations do not have large conventionat
submarines of, say, 1L6O0D tons or more. capable of
operating m the wide ocean, with high endurance
and good sca-keeping qualities. A great deal
depends upon the depth of water in which they are
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likely to operate, the tasks they are likely to have
to perform, and of course the amount of moncy
available. Small submarines vary between about
430 tons and about 1,200 tons. The leading
operator is West Germany which has cight
conventionals of the 203" class, displacing 450 tons
submerged, and 16 of the 206’ class, displacing 480
tons. It has also sold similar sized submarines to
Norway, Greece and Ecuador.

Although so small, these submarines manage to
pack in quite a considerable torpedo armament,
most having at least cight full size (21in)
torpedoes. The submarines are primarily for use in
enclosed and shallow waters, such as the Baltic and
Norwegian Fjords. They are ideal for coastal
patrols and to lic in wait in entrances to ports or
other strategic points. They can be used for
clandestine reconnaissance or to land spies or
saboteurs and for minelaying. They carry crews of
around 22 men.

These 500-ton submarines are at the lower end
of the normal submarine scale. but there are mary
nations which use medium size submarines of
between 1,000 and 1.600 tons. most of them
German-built,
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Above:

HMS Osiris, a British conventional submarine of the
‘Oberon’ class (2,450 tons submerged, maximum
speed submerged 17kt), seen here arriving in the
Pool of London in April 1984. Note that the forward
planes are folded when not in use.

Right:

A German submarine of the ‘208 class. These are
small conventional submarines of 498 tons
submerged.

Midget Submarines

Finally we come to midget submarines. Although
not included in the list of modern submarines in
Chapter 1., these submarines played a very
important role in World War 2 and it seems
possible that they might be of use in any futurc
conflict, particularly a somewhat limited one. (n
spite of this they have been badly neglected since
the war.

There is no official definition of what constitutes
a4 midget submarine. and the term pocket
submarine has also come into use. meaning a very
small  submarine, which tends to complicate
matters. However, a midget is generally taken to
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be the smallest possible type of submarine . capable
of holding a crew of not more than about four,
whilst a pocket submarine is somewhat larger —
certainly over 100 tons — and with a crew of five or
more.

In World War 2, the Germans, Japanese,
Ttalians and the British all used midget vesscls. The
Germans had by tar the jargest number, 971 the
Japanese had 391, the Ttalians 26 and the British
23. The Japanese used their craft for attacking
warships in harbour, including the famous air and
submarine attack on Pear! Harbour. The Ttalians
had few successes, although they had planned to
attack the British base at Frectown in West Afnica
and more ambitiously. New York harbour: the
Frectown operation was abandoned as being too
difficult and the ltalians capitulated before the
New York attack had been attempted.

The Germans used their midgets in massed
attacks on shipping in the Channel and North Sea,
but had little success. Although they did not sink
many ships in their operating area -— the North
Sea —- the 14.7-ton “Sechund’ class constituted an
annoying threat to allied shipping towards the end
of the war.

The British X craft succeeded in putting the
German battleship Tirpirz out of action in Kaa
Fjord in Norway on 22 September 1943; Tirpitz
remained out ol action until March 1944, and was
finally sunk by RAF bombs on 12 November 1944
at Tromso.

Although midget submarine operations were
highly dangerous and, because of their limited




endurance, they had to be towed by other
submarines to the scene of action. there is no
doubt that they achieved some significant success,
which makes it all the more strange that so few
midgets have been built for military purposes since
the end of the war, particularly as quite & number

of commercial midgets have been built for
underwater operations in connection with il
exploration.

Yugosiavia has built a few two-man midgets and

has sold two of them to Libya. and North Korea is
reported to have some sort of *X° craft. The UK
has no requirement for them, but Vickers of the
UK has designed the most sophisticated and
ambitious midget — or rather pocket — submarine
yet seen, called Piranha. Vickers has spent some
time on the design, but so far has not sold it to any
country.
Piranha is a 26.6m long, 150-ton submarine with a
submerged and surface speed of 9kt and a crew of
seven, but with room to carry up to 10 pPussengers,
Commandos or Frogmen. Her operating depth is
0m and she can carry six ground mines or
alternatively two chariots’, which are two-man
diver transport vehicles. The men take with them
limpet mines or explosive charges to lay bencath
ships’ hulls. Access to and from the submarine
when submerged is by two divers” lock-outs. one
for the crew and the other for the Commandos or
Frogmen.

Piranha is a conventional submarine in all
respects except that it is much smaller than is
normal. It can be directly driven by its dicsel when
snorting or on the surface. and has a motor
generator by which it is driven when submerged.
and can also be driven by it when on the surface.
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Above:

Artist’s impression of the Vickers-designed pocket
submarine Piranha. So far the design has nhot been
sold. She displaces 136 tons and can carry a crew of
seven and 10 Commandos.

Vickers claims  that  Piranha s very  quict
submerged and highly manoeuvrable. difficull to
detect by sonar (because of its small size), and very
suitable for shallow water operation. Another
point in Piranha’s favour is that it has an excellent
endurance for so small a craft — 1.870nm
continuous snorting and capable of 4kt for 70nm
when fully submerged.

The role of midgets would undoubtedly he
clandestine  attacks on warships at anchor or
alongside in harbour. They could also be used Tor
the destruction of floating docks and wharfs and
for the landing of spies or sabotcurs. clandestine
reconnaissance and minelaying,

Whether there would be any call for such
operations in a modern Eust/West war is uncertuin
because the Soviet naval bases are mostly a very
long way from NATO bascs, and to get the
midgets into the operational arcas would be a
major task. However, the Soviets have apparently
recently deployed a number of small or even
midget submarines in the Baltic, particularly in the
Swedish archipelago. Quite what they have been
doing there is not clear, but probably they have
been  practising  carrying out some  form  of
surveillance, or underwater charting. with the
possibility of bottling up the Swedish Fleet in the
event of  hostilities. Occasionally Soviet suh-
marines have also been detected in the Norwegiun
fjords.
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3 Submarine Design and
Construction

In World War 2 submarines needed (o spend a
high propostion of their time on the surface. They
alse had to be designed to cope with rough weather
likely to be found on the surface. Thus they had
long hulls, which were able to make passages in
rough weather, and were conducive to high surface
speed but not to high submerged speed. In the
Atlantic in World War 2 the German U-boats
frequently attacked on the surface in "Wolf Packs”,
which cmphasised the need for designs with high
surface speed.

Today the pendufum has swung. Submarines
spend little time on the surface and most are
designed for higher underwater speed than that
attainable on the surface. As a result the shape of
their hulls has changed. It has been found that the
relatively short, bulbous nosc type, tapering to a
narrow end aft (the ‘tear-drop” shape) is a better
form of streamiining when submerged. The reason
is that the length to diameter ratia is smaller and
this reduces the hull surface presented (o the sea
and thus the skin friction. This in turn means
higher underwater speed for a given power.

Fundamental to the opcration of any submarine
arc the ballast tanks which provide the means for it
to submerge and to surface again, In modern single
hull boats the ballast tanks are usually situated
forward and aft in the free flooding space between
the pressure hull and the casing. In double hull
hoats the ballast tanks are placed between the
inner and the outer hulls.

Submarines are built of a pressure hull strong
enough to withstand the pressure of a seu down to
(sometimes) considerable depths. In addition to
the pressure hull there is an outer casing, which
forms a deck on which to walk when on the surfuce
and to get access to the outside of the submurine
for cxample, for boats coming alongside and for
mooring to Jetties. The casing normally extends
forward and aft of the pressure hull and in the
space formed between the casing and the ends of
the pressurc hull are compartments, The forward
one usually contains a sonar transducer, the ballast
tanks and the torpedo tubes. The anchor and cable
are also stowed there, The after compartment
contains the propeller shaft. the remaining ballast
tanks and the rudder controls. The whole of the
casing and the two compartments formed by it are

apen to the sea, so the casing does noi need to be
anything like as strong as the pressure hulls holes
to enable the water to enter and drain out are of
course  essential,  but  they  do constitute a
significant drag on the eraft’s underwater speed.

From the strength point of view, an ideal
pressure hull would be o sphere, and indeed very
deep-diving experimental and oceanological sub-
mersibles are built to this shape. However, a
submarine has to move through the water and a
sphere would be impracticable, so instead the
pressure hull is made tubular in shape and 1s buill
round a scries of concentric frames. Construction
of the pressure hull s a very specialised business
and is done by making small sections of it at a time,
in the shape of circular rings, Usually five or six of
these rings, called “hoops™ by constructers, are lirst
welded together to form a short tube, perhaps 3m
long. Morg sets of hoops are then built on until an
entire section of a pressure hull has been
completed. Towards the ends of a complete
pressure hull its diameter is reduced and finally
each end of the hull s closed by toroidal or
hemispherical cones.

On top of the pressure hull, and forming part of
it, is welded the conning tower; the navigating
bridge. for surfiuce use. is on top of that. Around
the conning tower is built the fin. It has an oval
cross section and threugh it pass the periscopes
and the masts. It is free Hooding, but water is
prevented {rom entering the conning tower by a
hatch at the top of it, and it is the duty of the Jast
man off the bridge before diving ta make sure that
itis securely shut.

Of course various holes have o be feft in the
pressure hull for escape and access hatches. There
is a large access hatch forward through which
torpedocs are lowered into the torpedo compart-
ment. One torpede s loaded from there into cach
tube and the remainder are stowed in the torpedo
compartment as spares. In addition. in a 5SBN the
missile tubes must penetrate the pressure hull
They are fitted with hatches on top of them to
prevent water entry. The hatches are opencd from
inside the submarine before the missiles are fired.
leaving a thin diaphragm at the top of the tubes,
which the missiles penetrate when fired and the sca
pours in and replaces the missile.
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At the bottom of the pressure hull in submarines
which may have to lie on the sea floor (usually
conventionals only), is a ballast keel runmng the
whole length of the pressure hull. In the keel are a
number of compartments, some open to the sea.
others enclosed. 1n the free flood sections are put
Jead weights which can be removed {a dockyard
job) if, for example, some additional heavy
equipment is subsequently fitted. All submarines
also carry other ballast in the bottom of the hull for
stability purposes.

All the above is assuming that there is only one
pressure hull, but not all submarines have only
one. Double hull boats are occasionally found in
various Buropean designs. and the Dutch even
have one class with triple pressure hulls, The space
between pressure hulls is often used for ballast and
oil tanks.

The steel uwsed in British and American
submarines is called High Yield 80 (HY80). Steel
has gradually been improved throughout the ycars
and each new type is given a ncw high yield
number, thus we get HYS0 which is extremely
strong. The Americans have now developed an
even stronger steel, known as HY100. It 15 in
scrvice, hut is not extensively uscd at present.

Inside the pressure hull there may be onc or
more decks. In addition the submarine may be
divided into a number of pressure tight compart-
ments, cach being divided from the next by a
watertight  bulkhead. British and  American
auclear submarines have two  pressure  Light
bulkheads: one shuts off the fore end, the other
the after. thus making two watertight compart-
ments. From these compartments there extends
upwards an escape tower. The principle iy that,
provided onty one of the compartiments is flooded,
the remaining crew can move into the other and

Left:
General arrangement of Britain's latest conventional
submarine, the Type 2400.

Below: )
Cutaway of the Type 2400 patro) submarine.

escape one by one up the tower and into the sea,
and thence to the surface.

Alternatively, external rescue methods may be
used. such as the Deep Submergence Rescue
Vehicle (DSRV), or a diving bell. Either could
mate with the usable escape tower and the crew
could pass from the stricken submarine to the
rescue vessel, all at atmospheric pressure.

Diameters of pressure hulls in the West vary
from about 8m for a 2,000-ton conventional to
somethin just over 10m for SSBNs: French SNLEs
are 10.6m. most US and all British SSBNs 10.1m.
The USSR's enormous Typhoon SSBN has a
pressure hull with a reputed diameter of 22.9m,
and the US counterpart, the ‘Ohio’ class SSBNs,
12.6m. Length of pressure hulls are about
two-thirds the overall length of the submarine,
overall lengths varying from about Y0m for a
2.000-ton conventional to 129m (approx) for the
US, British and French SSBNs. The USSR
Typhoon and the American Qhio are, despite
widely differing pressure hull methods, almost
exactly the same length at 170m. about the same as
the US ‘Spruance’ class destroyers.

The draft of a submarine depends very much on
whether it has to carry strategic nuclear missiles.
These are carvied in vertical tubes. the tops of
which arc level with the top of the pressure hull. so
the longer the missile, the greater must be the
draft. The US Qhio, for cxample. built to carry the
Trident missile (length 10.36m) has a draft of
10.9m. whilst other US SSBNs (mostly Poseidon
missiles also 10.36m long) have a draft of 9.6m. but
many of them arc being converted to carry
Trident. British S§BNs built to carry Polaris
(length 9.55m) have a draft of 9. im and the French
SNLEs {which casry the French MSBS M20
missile, 10.4m long) have a draft of 10m. Although
in some cases the missiles are longer than the draft,
it must not be forgotten than draft is measured
from the waterline when on the surface down to
the lowest point in the bottom of the boat, and a
considerable portion of the pressure hull extends
above this waterline.

$8Ns have no such problem and their drafts can
he less. They vary from 6.6m in the French

TYPE 2400 BATRUL A
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SNA72s to 8.2m in the British and American
S5Ns, although the new *Los Angeles’ class vessels
have a draft of 9.9m, possibly so that they could be
converted to SSBNs should it ever be required.

SSBN Designs

SSBNs are always larger than other types of
submarines because they have to carry the very
heavy nuclear missiles: one  Trident C4, for
example, weighs 29.500kg. The missiles are stowed
in their verticul launch tubes i the missile
compartment. which in all SSBNs ¢xcept the
‘Ohio’ class and the Sovict "Typhoon® class is abafi
the fin which is thercfore in"the fore part of the
vessel. In the two exceptions the fin is much farther
aft to leave room forward for the 24 missiles in
Ohio and the 20 in Tvphoon.

SSBNs have a special trim problem when they
launch their nuclear missiles. If the tremendous
missile weight was suddenly released from the
submarine. it would pop up to the surface in no
time unless compensating weight was added, What
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Above:

US nuclear ballistic missile submarines buitding at
the electric boat division of the General Dynamics
Corporation yard at Groton, Connecticut. The Ohijo
can be seen in the foreground {in dock) and the
Michigan (No 727) on the pier. The hoop between the
twa is the start of the pressure hull of a third ‘Chio
class SSBN.

Top right:
An American SSBN under way with some of the
Poseidon missile tube doors open.

Centre right:
A Soviet ‘Echo Il class submarine. Note the eight
hatches for nuclear cruise missiles.

Right:
The interior of a missile launch tube with men at
work in it.
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happens is that initially the air pressure inside the
tube is increased until it is the same as the water
pressure on the tube hatches to cnable the hatches
to be opencd. Tust inside the hatches each tube is
covered by a membrane which keeps the water
out, but which is burst by the missile firing. As
soon as the missile lcaves the tube the water enters
and fills the tube. Tn fact the water is heavier than
the missile so the submarine should tend to go
deeper. To compensate for this there is a Missile
Compensating  System which  blows out  the
difference between the weight of the water in the
tubes and the weight of the missiles launched into a
secondary hallast tank which can then be pumped
out.

A similar process oceurs in all submarines when
they fire their torpedoes, with special trim tanks
provided to adjust weights. The object in hoth
cases is not only to keep the submarine in trim. but
to keep it at a constant depth.

The maximum depth at which a submarine is
required to be able to operate is laid down by a
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Staff Requirement, and the submarine designer
builds his submarine to satisfy it. However, it is not
unknown for a submarine diving in un emergency
to go down too quickly and inadvertently go below
the specified depth, so the designer lcaves a good
margin to allow for this. When the depth is such
that the pressure of the water fets too great for a
particulur submarine. the pressure hull will start to
buckle and eventually the hull will implode or
explode. Such a depth is known as the collapse
depth and is invariably kept secret.

Other Submarine Designs

Whilst the general principle of submarine designs
is roughly the same in all navies. there are one or
two main differences, primarily caused by the
means of escape in use in the navy concerned.

The West Germans, for example, have had
various internal changes to the destgn of the
pressure hulls. At one time they thought it
advisable to divide up their submarines into a
number of pressure tight compartments in order to
contain general flooding. However, such an
arrangement might mean that men could be
trapped i a number of compartments and would
be unable to reach an escape tower unless they had
access to a compartment in which such a tower was
situated. It was obviously impracticable to fit each
compartment with escape towers.

Recently the West Germans have changed their
minds and in some export versions of the ‘209"
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class a rescue sphere is permanently attached to
the submarine. The boat is divided into the normal
tWo pressure-tight compartments by a bulklead.
roughly in the centre of the pressure hull. Each
compartment has an cscape tower which join
together at the top, thus giving access to the rescue
sphere from either or both compartments. When
all the escapees are in the sphere it is released and
floats to the surface where it becomes a form of
lifeboat. It is 4 once-only system and the sphere is
large enough to hold all the crew which in the small
209 class number only 22.

Some navies have no pressure tight compart-
mcnis and leave the crew to move freely abour the
entire submarine. Only one escape tower is fitted
and reliance is placed on external assistance, either
by a DSRV (Deep Submergence Rescue Vessel)
mating with the escape tower. or by a diving bell
being lowered on top of the tower. The system is
presumably only of use if the submarine hag sunk,
not by being holed or flooded in any way, but
because of loss of power.

Endurance
The designer of conventional submarines is always
much concerned with endurance and underwater
speed. There is constant demand from sea-going
officers to increase the underwater endurance to
something approaching the unlimited endurance of
the nuciear.

The only way to do this is to find or develop an
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engine (whether it be used for charging batterics or
for actual propulsion) which can function without
air, or to be more specific, without oxygen. The
fuel cell has often been quoted, but this still
requires a supply of oxygen. A combination of fucl
cells and balteries has been suggested. but lack of
space would make this diffieult. Any tform of
propulsion completely air-independent seems as
far off as ever. so the designer is faccd with
improving the batteries so that they do not need
charging so frequently, This would obviate the
submariner’s great fear — exposing the snorkel
which he knows full well can be detected from the
air by radar.

Batteries have been improved tremendously
over the lust decade. It is now not uncommon. for
example, for conventional submarines to stay fully
submerged for three or more days without the use
of the snorkel. always assuming that they de not
have to use high speed for any length of time. and
also assuming that the use ol all other clectrical

Below left:

The French submarine Beveziers, one of the 'Agosta’
class. The draught of the vessel can be appreciated
fully in this bow view.

Below:

A stern view of the same class of French
conventional submarine showing the long narrow
hull which is a feature of this class.

cquipment in the submarine is reduced to the
absolute minimum, This latter is not casy. Sonar,
tor example. consumes a great deal of electrical
power. and what cuptain would be happy without
the use of his sonar? The present situation is that
high speed breaks of 25Kkt or so submerged are
possible, but arc limited to no more than about
one hour before re-charging becomes necessary.

Whatcver way one looks at it. sooner or later the
conventional submarine must expose a snorkel.
With this in view, perhaps it would be better to
redouble research efforts into means of rendering
the snorkel undetectable by radar,

Control

The control surfaces in a submarine are the
hydropianes und the rudder. There are two sets of
hydroplancs. onc forward and one right aft.
Usually the forward planes protrude trom the hull
and are mounted well forward; they can either be
retracted or folded back against the hull when not
in use. Some submarines. however, have their
torward hydroplanes mounted either side of the
fin. The after hvdroplanes are attached to two
horizontal stabilisers on either side of the after part
of the hull and they extend beyond the widest part
of the submarine. They cannot be retracted or
folded. Provided the bout is proceeding at a
moderate speed. the control of depth can be
exercised by the after hydroplanes alone. The
forward planes are however necessary for control




at slow speed and at periscope depth in rough
weather. A curious feature is that at very slow
speed the hydroplanes have to be used in reverse,
ic when set to dive, the boat in fact will tend to rise
and vice versa.

Some navies, notably the Swedish, have their
hydroplanes and rudder control surfaces shaped
like an X and mounted aft; they can then control
the boat in both the horizontal and vertical planes,
the control being exercised by a sort of joystick.
Normal submarine controls consist of two wheels,
placed side by side and manned by two planesmen.
One is for the forward hydroplanes and the other
for the after ones. The wheels are not unlike car

Above left:
The launch of the ‘Los Angeles’ class SSN
USS Honoluiu on 24 September 1983.

Above and above right:
The launch of HMS Tireless — a ‘T class SSN — at
Vickers' Barrow-in-Furness yard in the UK.

Below and below right:

Two SSNs compared — the Royal Navy's HMS
Churchill and the USS Los Angeles on her initial
trials, Note that the Americans place the forwara
hydroplanes protruding from the canning tower,
whilst the British have them protruding from the
hull.
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steering wheels, but have no upper and lower rims
to them. To operate the hydroplanes the whole
wheel is pushed forward to cause the submarine to
dive decper. and pulled back to level off or cause
the submarine 1o rise. An automatic pilot can be
connected up and it acts in much the same way as
does a similar device in an aircraft, keeping the
boat level and on the correct course.

A submarine, particularly o small one. can
change depth by hundreds of feet in less than a
minute and with trim angles no greater than 20° 10
3¢°. In the horizontal plane a small submarine can
achieve a tactical diameter of less than four times
its own length. Violent manoeuvres such as these

may be invaluable when avoiding torpedoes or
depth charge attack and when attacking anether
submarine.

SSBNs arc not s0 manocuvrable, owing to their
size, and they must rely more en high speed to
escape attack. In addition. nuclear submarines
have other problems all of theyr own. One 1s. in
order to satisfy standard satety measures, the
reactor and all its shiclding should be placed as far
distant from the crew as possible, and this suggests
that it should be as far aft as possible, Because of
its weight. this is not possible and it has to be sited
amidships. This puts it right amongst the crew —
s0 it has to be particularly well shiclded — and
right across the access from one end of the
submarine to the other. It is so large it stretches
right across the inside of the pressure hull, so the
problem is overcome by building a tunnel right
through the reactor compartment. on top of it. The
doors at each end of the tunnel are not allowed to
both he open at the same time, and of course the
whole arrangement adds weight.

Another problem is that a nuclear plant
produces saturated steam. and not the superheated
steam commeoen in surface ship engines. As a result,
the turbines. condensers and  the  sccondary
machinerv have to be larger than in craft using
superheated steam. The nuclear plant also uses a
considerable amount of electricity. necessitating a
number ol turbo alternators, again more weight.

Finally, of course. nuclear submarines are
proverbially noisy at speed. A great deal has been
done to quieten them. such as mounting all moving
parts on resilient mounts, using non-cavitating
propellers and so forth, and some success has been
achieved. The result is that the old adage that
conventional submarines are much quicter than
nuclears has now become only marginally true.
However, conventional submarines are at least
cheaper to build and operate.
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4 Propulsion

There are at present only two methods used to
propel submarines through water: by diesel-
electric drive and by steam generated by a nuclear
reactor.

Nuclear Propulsion

As is well known, the prime method of propelling
a nuclear submarine is by steam, in exactly the
same way as for many years surface craft were
propelled by steam, firstly using reciprocating
engines and later using turbines. In surface craft
the steam was produced in a boiler in which water
was heated, originally by burning coal and latterly
by burning oil fuel. A nuclear submarine is little
different, except that its steam is produced by heat
from a nuclear reactor.

The Reactor

A submarine reactor uses atomic energy to heat
water in a steam generator (boiler). The steam
produced is then used to drive the main turbine
which in turn is connected through gears to the
submarine’s propeller by means of a propeller
shaft.

The reactor consists of 2 large number of
uranium coated plates. When two such plates are
placed facing each other a bombardment of
neutrons is set up between them. This has the
effect of splitting the uranium atoms which
produces intense heat. The whale process is known
as nuclear fission.

To control the nuclear reaction, and thus the
heat produced, other shielding plates known as
control rods are inserted between the uranium
plates. In fact there are not just two plates facing
cach other, but a number of plates are bunched
together. and the control rods are inserted
between bunches of wranium plates. When the
rods are fully inserted they form a complete barrier
between the ‘bunches’ of plates and no bombard-
ment by neutrons can take place. However. if the
rods are slowly withdrawn {(usually upwards) and
the plates gradually become exposed to one
another, a bombardment starts between the
exposed portions of the plates. As the rods are
further withdrawn, the reaction becomes more
active: maximum heat is produced when the rods
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are fully withdrawn. Thus the heat generated in
the reactor is a direct function of the position of
the control rods between the bunches of uranium
plates. The hot water generated in the reactor is
pumped through coiled pipes in the stcam
generator, the remainder of the inside of the
generator being filled with water. The heat in the
pipes warms up the water in the same way as does
an immersion heater in an ordinary domestic
boiler, until it boils and steam is formed.,

The heat in the reactor is far greater than the
heat in the steam generator and would soon boil
the water in the pipes leading to the steam
generator. This is obviously undesirable, so a
device called a pressuriser is used to prevent the
water in the reactor boiling, but at the same time
allowing it to pass on as much heat as possible to
the steam generator. The pressuriser creates a
bubble of steam in the top of the pressuriser’s
cylinder. This exerts pressure on the water in the
reactor, which in turn prevents it beiling, because
water under pressure boils at a much higher
temperature. The greater the pressure on the
water in the reactor, the higher will be the
temperature at which it wiil boil, so the pressurc in
the reactor is kept very high, around 3.000Ib/sq in,

The reactor, the steam generator, the pres-
suriser and their associated pipes are known as the
primary circuit, and they are all kept in one
compartment which is heavily shielded from the
rest of the submarine to avoid any radiation leaks.

The Secondary Circuit

What happens to the steam after it leaves the
primary circuit of the reactor until it returns to it as
water constitutes the secondary circuit. Starting
from the stcam generator, steam is led away by
pipes, through a control valve, to the main turbine
which it drives in the normal way. Before it
reaches the control valve, however, some of it is
tapped off to drive a turbo generator which
generates all the electrical energy, at various
voltages, required in the submarine. The major
portion of the steam, after passing through the
main turbine, is passed through a sea water cooled
condenser which turns it back into water, and from
there it is passed back into the steam generator as
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Above: i
A typical submarine nuclear propulsion power plant.

cool water. On the same principle. the steam used
to drive the turbo generator is condensed and joins
the water returning to the steam generator. Thus
we get a complete closed circuit loop of steam and
water.

Changes of Speed

Now let us look at what happens when speed
changes are made. For example, suppose the boat
is being driven ahcad at half speed and the captain
suddenly orders full speed ahead. The contrel
valve is opened up to alilow more steam into the
turbine. As this steam is drawn off the steam
generator, the water level in the generator will go
down, so more water will have to be pumped in to
level it up. The new water, however, will be cool
and will tend to lower the temperature in the
generator. But more steam is required because of
the higher speed. so the reactor must be made to
produce more heat. This is done by rassing the
control rods to allow larger surfaces of the uranium
plates to bombard cach other. The control rods are
operated by one man whose main job is to see that
the temperature in the reactor remains constant.
He has various gauges and as he sees the
temperature tending to drop due to the higher
speed. he electrically operates the control rods,
raising them until the temperature comes back to
normal. Thus, with frequently varying speed,
which does not happen very often, he is kept busy
raising und lowering the control rods.

On reaching harbour. the reactor can be shut
down. This is done by slowly lowering the control
rods until the flow of neutrons between the
uranium plates is stopped altogether. Similarly, on
preparing for sea, the control rods have to be
stowly raised until the reactor is once more in a
working state — a position known as ‘going

critical’. The process of raising the control rods up
to the critical state takes some time,

When a reactor is shut down, the water cools
and shrinks. On going to sea, more water has to be
pumped in. Thus when the reactor is back in full
working order the water is hot and has expanded,
s0 the excess water has to be pumped out into the
sea. This is done when well clear of the land as the
water might be radioactive, but the amount is very
small and is soon dissipated into the vast oceans of
the world and does no harm. Similarly, reactors
sometimes accidentally shut down whilst at sea and
the same process takes place.

Fuelling

The plates in the reactor slowly lose their uranium
coatings and eventually refuelling has to take
place. In peacetime it occurs about once every five
years, To refuel, the entire reactor has to be taken
out of the submarine. This is a lengthy process
lasting four to five months and involves cutting a
hole in the pressure hull, fifting the reactor out and
replacing it by a new one: the lifting crane and all
the personnel on the job have to be screened from
the reactor.

Noise Suppression

One of the main problems in a modern submarine
is to prevent it making any significant noise when
dived: nuclear submarines tend to be particularly
noisy, especially when they are proceeding at
speed.

The propulsive machinery and the propelier arc
two of the main sources of noise. Whilst the
machinery inside the pressure hull can be made as
quiet as possible --- by mounting it on rubber pads
so that the noise is not transmitted to the pressure
hull — the propeliet is not inside the pressure hull.
By its very nature it is bound to thresh around in
the water and a largg part of the noise it makes s
caused by drops of water falling off its blades — a
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process called cavitation. A censiderable amount
of this noise can be cured by the design of the
propeller — bending the tips of the blades over
and inwards is onc method — but development
work is still being carried out in reduction of noise,

Most nuclear submarines, and modern conven-
tional ones too. now have only one large propeller,
instead of the customary two. These monster
propellers, specially designed to reduce cavitation,
need only rotate slowly to drive the boat at
reasonable speed. and provided they are kept
slow, they make little noise. However, at high
speeds,they can be detected at great distances,

One modern idea to reduce noise is to fit a
shroud over the entire propeller and to rotate the
latter by means of water jets. The system ts known
as a propulsor and is said to be considerably
quieter than any other form of propeller yet
designed, but it is not yet generally at sca.

Diesel-Electric Propulsion

The so-called ‘conventional® submarine  uses
electric motors to rotate the propeller at all times
whether on the surface or submerged. To provide
power for these motors, batteries are used. but
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they of course have to be charged and for this
purpasc two  or more diesel gencrators are
provided. Most modern conventionals have anc
propeller only and one eleetric motor. but possibly
with a twin armature. A final electric drive is used
because it is quieter than a direct diesel drive and
in fact conventional submarines, when operating
on balteries only, are quieter than nuclears, It is
possible by the use of slow running. for large
propeliers to have direct shaft drive instead of
having to go through a gearbox. and this reduces
the noise considerably,

The diesels are of various makes, although
perhaps Piclstick and MTU types are the most
common. Their bhp varies with the size of the
bout, but Lirge conventionals of 2,000 tons or more
would probably have two l6-cylinder vee-type
diescls of at least 1. 500bhp.

Control of the speed of the boat is normally
effected by altering the voltage supplied to the
armatures of the propulsion motor. The batteries
are normally run in parallel, but for higher speeds
they can be put in series, and if more than a single
armature motor is being used, these too can be put
in series.

ba
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Atypical conventional propulsion arrangement. The
propeller is rotated by an electric motor to which
electric power is supplied from the batteries, not
shown here, but situated low down in the submarine
usually farther forward. The diesels are used to
charge the batteries, but as they need oxygen,
charging can only be carried out when on the surface
or when snorting.

Left:

The stern of the ltalian submarine Leonardo da Vinci.
The peculiar curved blades of the propeller are
designed to ensure that the propeller makes as little
noise as possible in the water.

Batteries

There is great competition between battery
manufacturers in Germany, Sweden and the UK to
produce batteries with a much higher capacily
without increasing the weight and size. Indeed.
batteries have been greatly improved over the last
decade. Lead-acid batteries are generally used and
stowed as low in the boat as possible. because their
heavy weight gives the boat better stability. The
overall size of the battery is another important
factor since space is always at a premium in a
submarine. The average life of a battery is about
five years. although the German Navy has some
batteries which have been in use for seven years,
but battery life is very dependent upon main-
tenance.

Batteries can be re-charged when on the surface
or when submerged by use of the snort system
which sucks fresh air into the boat. To charge. the
charge current must always exceed the current
given by the batterics to drive the propulsion
motor. Thus if the submarine is procceding at a
fast speed all that can be done is to ‘trickle charge’.
in other words cnsure that the charging current
cquals that being produced by the batteries. It

follows that when it is essential to charge the
batteries, the submarine will be very restricted in
speed. both on the surface and submerged.
Britain's new Type 2400 conventional sub-
marines, being built by Vickers, can be regarded as
reflecting the latest state of the art in propulsion.
The submarines will have two Paxman Ventura
dicsels of 1.350kW cach, and one twin-armature
motor of 4.000kW. The batterics will be of the
lead-acid type and will consist of 240 cells. the
whole battery weighing 270 tonnes. The propul-
sion motor can have its two armatures connected
in parallel or in series, as of course can the
batteries. These systems will enable maximum
speeds of 12kt surfaced and 20ke plus submerged.

Fuel

Unlike nuclear submarines, conventionals must
carry diesel tuel. This is stowed in tanks which are
situated outside the pressure hull, adjacent to the
main ballast tanks. but unlikc the ballast tanks the
fuel tanks are not open to the sea, However, water
and fuel can be stored in the same tank if
necessary. as they do not mix and the fuel floats on
top of the water.

The Snorkel

The snorkel. or snort as it is generally known. is a
pipe about 14in in diameter, which is raised above
the surface of the sca to get fresh air into
conventional submarines to enable the diescls to
be run. There is also a second pipe which can be
raised and lowered to carry the exhaust gases out
of the submarine. The top of the pipe is Kept just
helow the surface of the water so that the gases are
discharged into the water. The snort mast itself is
about the same height as the periscope, so it
follows that submarines snorting must be at
periscope depth. To prevent water, which might
lap into the top of the snort, from entering into the
boat. a feat valve in the sport tube shuts
momentarily.
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Underwater Dynamics

In a ship the centre of gravity (G) is normally
above the centre of buoyancy (B), but in a
submarine totally submerged. B is naturally higher
than G. In order to attain submerged necutral
buoyancy (when the boat neither tends to rise or
sink) the buoyancy of the submarine must be equal
to its weight. To ensure this, submarines are fitted
with ballast tanks open to the sea. Under surface
conditions the pressure of the air inside the ballast
tanks is equal to that of the sex. and no warter
enters the tanks, To allow water to enter the tanks,
the air is allowed to escape and the water replaces
it. the weight of water causing the submarine to
submerge. Final adjustment to achieve buoyancy,
and also to ensure that the submarine is perfectly
tevel and with no list, is made by entering or
expelling water from small ‘trim’ fanks situated
inside the pressure hull.

Submurine ballast tanks are usually situated
outside the pressure hull. In modern single-hull
boats they are normally fitted t the bow and stern,
while in twin-hull boats they arc between the inner
and outer hulls. Some older boats have ‘saddle
tanks’ on either side of the outside of the pressure
hull.

Q»»?« »”

In a typical single-hull boat the casing extends
beyond the ends of the pressure hull, leaving a tree
flooding space forward and aft in which the ballast
tanks are fitted. There are ustally two small tanks
tnside the pressure hull, which are used for
trimming, and also other tanks for filling with
water to compensate for the loss of weight wihen
missiles or torpedoes are launched. All ballast
tanks are open to the sea at their bottoms,

Diving

To dive the submarine, the bridge staff clear the
bridge, taking with them all portable equipment,
signal books and other papers. When ali the
personnal have entered the submarine a watertizht
hatch in the conning tower is closed and firmly
latched, and the captain gives the order to dive and
also probably orders half ahead, The hydroplanes
are put to ‘dive’. The normal position of the
hydroplanes is horizontal, but when set to dive
they are turned so that the two forward ones slope
downwards and the two after ones slope upwards,
This in itsclf is not sufficient to dive the boat,
although it is a very good methed of changing
depth once the boat is fully submerged. To get
below the surface of the sea it is necessary to flood

[
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Above:
Testing a ballast tank’s blow system on board an
American SSBN.

Left:

Diving and Surfacing

1 On the surface the main ballast tanks are filled
with air, giving the submarine positive and stable
buoyancy.

2 \When the main vents at the top of the bailast tanks
are opened for diving, sea water enters through the
‘free flood’ hoies in the bottom of the main ballast
tanks forcing the air out through the open vents. The
submarine is thus forced down in the water.

3 When the submarine is fully below the surface and
the main ballast tanks are full of water it should be
neutrally buoyant and the main vents are shut.

4 To restore positive buoyancy so that the
submarine can float stably on the surface, high
pressure aiv at 4,000/bfsq inis blown into the top of
the tank forcing the water out of the free flood holes
in the bottom.

5 Once the submarine has surfaced and is free to
draw in fresh air through the conning tower, itis
possible to save using high pressure compressed air
by slightly compressing normal air with a low
pressure compressor.

& This low pressure compressed air can then be
used to complete the “blowing out’ of the ballast
tanks in order to achieve full buoyancy.

Normal diving and surfacing evoiutions are carried
out using a cambination of appropriate hydroplane
deflections with the subrmarine moving forward,
aided by the changing buoyancy state as the main
hallast tanks fill and empty.

the main ballast tanks. They are already open 1o
the water. but it will not rise in the tanks because
the pressure of the air on top of the water will
prevent it. This pressure 1s therefore released by
apening the vents at the top of the tanks. When the
tanks are sufficiently full, the vents are shut and
the boat. now negatively buoyant, sinks. To
control the depth, the hydroplanes are used. and it
is possible to level the boat off at the required
depth. and for the depth to be maintained,
provided the boat is "in trimt’.

Trimming is done by pumping water to and from
small tanks inside the pressure hull. On going to
sea. and after any major changes of weight in the
submarire, it is necessary to “catch a trim’. By this
is meant that the boat has to be balanced so that it
is neutrally buoyant and level when proceeding
ahead at a very low speed. In theory therefore.
when the boat has reached the required depth and
is proceeding at onty a knot ot two, it should not
sink farther or rise and should remain horizontal
when the hydroplanes are put to the horizontal
position. In practice this is not usually the casc as
the density of the water may not be the same as it
was in the position where the trim was originally
caught. and there may have been other small
changes on board: perhaps the drinking water was
diminished or there may be additional water in the
bilges.

It is normal thercfore to remain at periscope
depth until the re-trimming  has taken place.
However, at periscope depth the submarine is ncar
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enough to the surface to feel the effect of the
waves, so it is sometimes necessary to go deeper
until no wave motion is felt.

Normally it takes a medium size conventional
submarine about 1% minutes to dive. Nuclear
submarines, being much larger, take up to seven
minutes. However, some submarines can dive
much faster by the help of a quick flooding tank
under the keel of the boat, known in the Royal
Navy as QO rank (Q for Quick). Tt can hold up to
four tons of water dependent upon the size of the
submarine. It is not open to the sea, like the ballast

tanks, and water inlet is controlled by Kingston
valves operated from the control room, The tank is
kept flooded when on the surface if 2 ‘crash’ dive
may have to be made. With the extra weight of
water, when the main ballast tanks are flooded the
boat will sink much faster. At other times on the
surface the quick dive tank is empty.

After diving, the tank is emptied and can always
be rapidly refilled. even from dived, if it is desircd
to make a rapid descent to avoid detection, for
example after carrying out an attack, Nuclear
submarines do not carry a quick tank since it is too




Left:

The helmsman, and forward and after planesmen
during a deep dive on board the US submarine
Grayback.

dangerous to “erash’ dive such a large craft.
Modern submarines can dive to great depths.
Two figures are usually quoted. the diving depth

and the collapse depth. The latter is considerably

deeper than the diving depth and is kept a close
secret. The diving depth is that to which the
submarine is  actually tested:  the ill-futed
Thresher's test depth was 600ft (200m approx) and
it was diving to this depth when lost. The present
‘Los Angeles” class of US $SNs hus a diving depth
of 1 475f (450m). but strangely the US latest

SSBNs. the "Ohio’ class. have a diving depth of

only 985tt (300m). Below the diving depth the (irst
thing that will oceur is that fittings and pipes on
board the submarine begin to give way. As the
submarine goes deeper the enormous pressure on
it will begin to pull the craft apart, further
rupturing pipes and fittings and even the hull.
Water starts flooding in and all efforts to bring at
up become of no avail. until finally the whole
pressure hull collapses.

Submarines only dive below their diving depth
in emergencies, but the captain will know when he
i~ reaching a dangerous depth by the initial
fracturing of pipes. ete. and he will at ence come
up to a safer depth.

Surfucing

To surface. the water from the ballast tanks must
be pumped out. The vents wre already shut. so it is
necessary (0 apply pressure at the top ot the tanks
and foree the water out through the openings at
the bottem. This is done by high pressure (HP) air
which is blown into the tanks: as the water is being
forced out. the submarine continues to go ahead

with the hydroplanes angled to foree the bows up.
HP air is stowed in a submarine in bottles and,
since there is a limit to the number of bottles that
can be carried, is used very sparingly. It has other
uses than blowing the main ballast tanks: finng
torpedoes is one example.

As soon as the submarine reaches the surface
and the conning tower hatch is opened, the P air
blower s stopped  and  separale  air  pumps
(sometimes known as low pressure blowers) take
over clearing the water trom the ballast tanks, until
the submarine is fully surtaced. an operation which
may take all of live minutes, Meanwhile the HP air
bottles  are  recharged by means of an air
COMPIessor.

Before surfacing, it is vital to make gquite sure
that there are no ships around which might be a
hazard. In war it is also necessary to ensure that
there are no hostile ships or aireraft close enough
to he able to attack, Submarines theretore have
NATO standardised procedure for surfacing. They
come up to [BUFC depth and stop or proceed very,
very slowly whilst carrying out a passive. all-round
sonar scarch by listening on their hydrophones. 1f
nothing is detected, vr il any detection is too far
away to constitute a risk, the submurine slowly
comes up 1o periscape depth. The periscope is then
raised and w caretul visual all-round search s
made. I all is clear, the submarine surfaces. In
wir. the main danger is hikely to be enemy airerafl,
so the first mast to be raised is the ESM, or
Warner. mast. This carries o radar search receiver
and looks for enemy radar transmissions. The
search receiver will pick up a radar signal long
before the radar in the bostile craft can detect the
mast. Not until the captain is satisficd that there
are no hostile craft within radar range docs he raise
the periscope. The Warner mast has only o small
receiver on it and it is not casy for aircraft to detect
it by radar, particularly if the weather is choppy.

One would think that with all these precautions
there could be no danger of surfacing under a ship.
in peacetine at least. However, on at least one
occasion a4 submarine captain has raised  his
periscope to find a sailing cratt. usually a yacht, tar
too close for comtort and has had to po deep.
Sailing cratt nermally  bave no  cngines or
machinery running and cven a careful passive
sonar search can fail to deteet them.

Surfacing used to be one of the most dangerous
manoeuvres Tor submarines both in peace and in
war, but nowadays with modern highly sophisti-
cated sensors and a careful, laid down procedure
any danger is minimal.

Left:

Like a whale, the USS Birmingham, an SSBN,
surfaces.
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6 Submarine Weapons

SLBM Method of Qperation

SLBMs all work on roughly the same principle.
Their guidance during the powered flight is by
inertial navigation. They are given the exact
geographical position of their starting point and
the exact position of their target(s). The inertial
navigation system calculates the course to steer,
and the moment when powered fight should cease
and they should go into an unpowered ballistic
trajectory to hit the target. Should the missile stray
off course, the system can steer it back again, but
once it has gone into a ballistic trajectory it cannot
be further controlled in course,

The missiles are lifted out of their vertical launch
tubes by an expanding gas and when they reach the
surface of the sea the first stage motor ignites to
boost the missile into flight. It burns out after a

short time and is jettisoned. A second stage motor
immediately ignites and this continues to power
the missile until the calculated separation from the
missile, which then proceeds, without propulsion,
as a re-entry vehicle on a ballistic trajectory.

In the Trident system there are three stuge
motors instead of two because the missile is
heavier than Polaris, Poseidon and MSBS. In
addition, because Trident has such a long range, it
can automatically take a star fix during its powered
flight and update the inertiai system. Of course the
entire system depends upon the submarine
knowing its position extremely accurately at the
moment of launch.

Strategic missiles of this type are not as accurite
as missiles designed as first strike weapons, ie, to
take out the enemy’s bailistic missiles before they
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Above:
Types of ballistic missile.

Left:
A Polaris A3 missile is launched.




can be launched. For this reason they are normally
targeted on large targets, such as cities or
industrial complexes. Even so they have a CEP of
500m and it is actually hoped to improve this by
various forms of terminal homing, including
optical guidance using TV cameras. Polaris. which
is not as accurate as Trident, could easily use
MRVs, which would drop in different parts of a
city and create unbelievable havoc over a large
ared. -

The new Trident D5 missile. which Britain is to
buy instead of the existing €4, and which will be

retro-fitted in the American ‘Ohio’ class of SSBN,
will have an even longer range than the C4, and
will embody new methods of updating the inertial
system (one possibility is fixing itself by the new
GPS satellite fixing system which will shortly come
into service). It is also hoped to improve terminal
guidance so that the missile actually homes itself
on to the desired target.

The following table gives a picture of the
strategic ballistic missiles in use, or coming into
use, in the world’s submarines.

Submarine Launched Ballistic Missiles

NATO
Launchers in
Missile Vessels fitted each submarine  Warkeads Range
Polaris A3 4 British 16 IMRVS of 2006T  2.880nm
each
Poseidon C3 19 US 16 Up to 14 MIRVs 2.880nm
of SOkT each
Trident 1 C4 17 US 12 (except for 5 8 MIRVs of 100kT  5.000nm

*Chio’ class
which carry

24)
Trident I1 C5

ecach or fewer
MARVS

Under development. Will be bought by the British. Longer range with same payload as

the C4 or similar range with a heavier payload.

MSBS 20 6 French 16 One of IMT 2.200nm
MSBS M4 Under development to replace the M20 3,000nm
USSR
55-N-5 12 :Golf II" (Conventional) 3 One of 800kT 90 0nm
7 *Hotel IT" and '1II° 3 One of S00KT 9)nm
§8-N-6 25 Yankee I’ 16 One of IMT: later  1[,300nm
versions have
2MRVs
SS8-N-7 ] *Yankee IT" (for trials) 12 MRVs or MIRVs 2, 00Knm
SS-N-8 18 Delta I and 1ZinDelta I One of IMT 4.200nm
4 Delta IT 16inDeltaIl” One of IMT
S55-N-18 13 Delta II1I’ 16 MRVs 5.200nm
SS-NX-20 1 *Typhoon’; 1 more building 20} MIRVs 4,500nm: believed
to use solid fuel
Note:

MRVs (Multiple Re-entry Vehicles) are nuclear warheads which are dispersed more or less randomly on

sepuration from the missile.

MIRVs {Multiple Independently Targeted Re-entry Vehicles) are nuclear warhcads which are
contained in a *bus’. The “bus’ separates from the missile and continues on a ballistic trajectory towurds
the ground. The *bus’ contains up to 10} separate warheads and it can alter course in space. At the
appropriate moment, each warhead is ejected according to instructions given it by an onboard computer:;
thus each warhcad can be dispersed to a different target. The “bus” can also ¢ject a number of decoys (o

confuse the enemy’s anti-ballistic missiles (ABMS).

MARVs are MRVs which can weave on their downward path to make them more difficult for an ABM

to intercept.
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Above left:
Carrying out checks in the missile compartment of a

British SSBN. One of the Polaris missile tubes can be
seen on the right.

Above right:
Open missile launch tubes on a US SSBN.

Left:
The bailistic missile compartment on board the
SSBN USS Ohic.

Below:

First launch of the Trident missile, at Cape Canaveral,
The missile was launched from a flat pad.

Right:

A Poseidon is launched from the USS James
Madison.
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Cruise Missiles

All American SSNx are to be [itted with General
Dynamics Tomahawk cruise nussiles with a
considerably extended runge in pluce of the
Sub-Harpoon. Tomahawk will be luunched from
the torpedo tubes, and submarines can carry two
versions, one for anti-ship use with a range of
244nm. and the other with a range of 1.353nm for
use against fand targets. In both versions either
nuclear or HE warheads can be used.

To attack targets on land. a guidance system
called TERCOM (Terrain Contour Matching) is
used coupled with inertial navigation. The latter
takes the missile to a predetermined point on the
coast-line, und from there on compares the
contours of the ground with a contour map held in
the missile’s computer. This cnables a continuous
appraisal of position and any course corrections
necessary  can be made. The svstem sounds
difficult. but is similar to the ground launched
cruise missile, and many trials of SLOCMs have
been carried out in the USA with outstanding
success.

The anti-ship version of Tomahawk uses a
specially modified version of the active rtadar
guidance system found in the normal Harpoon
missife. It enables the missile to be launched in the
general direction of the target, using inertial
navigation. and at a pre-set distance from the
target the radar s activated, scarches for and
acquires the target and guides the missile to hit. In
this respect it 1s very similar to Harpoon. but
presumably the radar has a much wider are of
search. The anti-ship version can also be fitted in
surface ships.

Both verstons in submarines are contained in a
stainkess steel canister which s loaded into the
torpedo tube. On launch the canister and the
missile are cjected. the canister is separated from

Below:

Atypical cruise missile exemplified by Tornahawk.
The missile is powered by a smail air-breathing jet
engine which gives long endurance at high subsonic
speeds.
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the missile and a boost motor propels the missile
through the water and up to the surface. Once in
the air, the boost motor is jettisoned and a
turbofan cruise motor keeps the missile in flight
until the end of its mission. Cruising speed is 479kt
and the missile tlies very low to avoid detection by
enemy radars. The anti-ship version of Tomahawk
is being fitted in some 70 US nuclear attack
submarines, but how many have becn fitted so far
is not known.

The Soviet Navy has at least two SLCMs but
their ranges are only about é0nm and they are
purely anti-ship and cannot be used against land
targets.

Torpedoes
It will be appreciated that strategic ballistic and
cruise missiles are not reaily naval weapons. The

redl naval weapon of the submarine is and has
always been the torpedo, although it is likely that
the tactical submarine-launched anti-ship missile,
now being generally fitted, may replace it.

All nuclear attack submarines carry torpedoes.
The number of torpedo tubes fitted wvaries
somewhat, but in general the figure is between
four and six. The latest US 'Los Angeles’ class has
four tubes, the British ‘Swiftsure’ class has tive,
whilst the older *Valiant’ and *Churchill' classes
have six. Up to 26 reload torpedoes can be carried
in some classes, but the new French *SNA72" ¢lass
vessels can carry only 10 because the submarines
themselves are smaller than the British or
American,

All torpedoes are 21in (333mm) in diameter.
The British, French and Americans use wire
guided torpedoes; the British Marconi Mk 24

Above left:

A patrol aircraft's view of the Tigerfish torpedo
striking the hulk of the decommissioned destroyer
HMS Devonshire in 1984.

Left:

A distant shot of the Tigerfish hitting HMS
Devonshire, taken through the periscope of the fleet
submarine HMS Spiendidin 1984.

Above:

A Mk 48 torpedo in the torpedo room of the USS
Ohio.

Right:
A Mk 48 torpedo is lowered into the torpedo room on
board a US SSBN.

Above right:

Checking instruments in the torpedo storage area on
board a British SSBN. Six torpedoes are carried in six
torpedo tubes; these torpedoes are spares.
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(known as Tigerfish), the Americans the Gould
Mk 48, and the French the F17P.

The Mk 24 (Tigerfish) is 6.46m long and weighs
1.550kg. Its maximum speed is S0kt and its range is
reported to be about 10nm. Electrically driven, it
has contra-rotating propellers and two speeds —
high and low. The high specd is used tor its initial
run to the vicinity of the target and the operator
can switch it to low speed, by a signal down the
wirc, when it goes into the search mode.

Om being launched, the wire is played out both
from the submarine and from the torpedo. The
submarine’s computer has the position of the
target and steers the torpedo towards it. On awirival
in the target’s vicinity, the torpedo is put inte the
search mode and it then carries out a computer-
ised, pre-programmed search. During the final
homing run the torpedoe’s computer interprets the

data from the homing sonar (which can be active
or passive) and calculates  and  orders  the
appropriate course to be steered, although the
operator onboard the submarine can override the
torpedo’s computer and alter the course of the
torpedo to miss it for some reason it is necessary to
abort the attack (eg the target suddenly proves 1o
be friendly).

Tigerfish has had a number of modifications
made to it. One has been to improve the torpedo’s
homing capability on surface targets when coming
up fram deep. The torpedo is optimised for attack
against submarines. since this is the main turget of
an attack submarine. [t is unfortunate that the

same torpedo has to be used against ships where it

is not quite so effective, but it would be impossible

to carry two ditferent types of the same torpedo.
Tigerfish's range, although a great dead longer

than previous British torpedaocs. is too short for
modern warfare. so o relacement. called Speartish,
15 under development by Marconi Underwater
Systems. It is to have a greatly increased range
(said to be possibly us much as 350m). a higher
speed of 70kt and a deeper diving capability.

The American Mk 4% is 5.8m long (about 0.7m
shorter than the British torpedo. which facilitates
handling). Tt weighs 1.600kg (slightly heavier than
Tigerfish), has a maximum speed of 55kt, and its
maximum range is stated to be 19nm. Like
Tigerfish there have been a number of maodifi-
cations  to at, the latest being the ADCAP
improvement programme  started in 1979, 1t
includes o new guidance system by Hughes, to
enable it to deal more effectively with the fust
deep-diving submarine. Itis able to run deeper und
makes less noise than the original torpedo.
ADCAPFP also  includes better shallow  water
performance. and better performance under ice.
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against doppler targets, in strong thermal gradients
and in high sea states. A higher powered active
sonar is fitted which will enable the torpedo to
search a greater volume of the sea. The sonar array
is electronically steered, reducing the need for the
torpedo to manoeuvre whilst searching.

Unlike the electrically driven Tigerfish, the
Mk 48 is driven by a 500hp six-cylinder two-stroke
swashplate engine using Otto fuel, which is a
nitrogen-based fuel enriched by an oxidiser that
allows the engine to operate independently of
outside air. The ADCAP modification has run into
some trouble with the Oto fuelled engine, and the
madification is not yet in service.

The French use the F17P wire-guided torpedo
with a sonar homing system. The weapon is
normally launched in the wire-guided mode, but it
can be launched in the ‘automatic’ mode which
means it has no wire guidance. It is 5.620m long
and weighs 1.320kg. Maximum speed is 35kt and
maximum depth 500m, It carries an explosive
charge of 250kg. Its range is not disclosed, but it is
probably about 10nm. Propulsion is electric.

Nearly atl submarines launch torpedoes from
bow tubes, but the Americans, in their latest class
of SSN. the 'Los Angeles’ class, have gone in for a
different arrangement. The vessels have four 21in
torpedo tubes mounted on either side of the hull
roughly amidships. This is because the greater part
of the space in the bows is taken by by the large
BQQ-5 sonar dome which contains transducers for
the active element of the sonar. From SSN-719
onwards there will be 12 Tomahawk launchers in
each submarine, mounted in the space between the
BQQ-5 dome and the fore end of the pressure hull,
in special launch tubes and not torpedo tubes.

Soviet Submarine Torpedoes
Few details of Soviet torpedoes are known, Most
of them arc 2lin as used in the West, and it
appears that they can carry either nuclear or
conventional warhcads. When the Soviet ‘Whis-
key® class submarine ran aground in Sweden, the
Swedes estimated that the torpedo nuclear
warheads onboard would have a yield of 15kT.
Torpedo propulsion is by steam or electric

Left:

Spearfish, the new British heavyweight torpedo by
Marconi Underwater Systems. Itis reputed to be
able to achieve a speed of 70kt.

Below:

The AN/BQQ-5 sonar room on board a ‘Los Angeles’
class nuclear attack submarine.

Right:
The submarine-to-surface Harpoon missile being
lowered below in a US attack submarine.
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motors. They are either straight or pattern running
with acoustic homing: wire guidance does not yet
seem to have been introduced.

Whilst the Sovicts have dual purpose warheads
(anti-submarine and anti-ship) they also are swid to
have designed torpedoes for anti-ship use only,
and some specifically for anti-submarine usc.

Submarine Launched Tactical Missiles

A weapon which is coming more and more into use
in NATO submarines. and which is also in use 1n
Soviet submarines, is the submarine launched
anti-ship nussile.

In NATO are two main tvpes of missile which
have been adapted for submarine use the US
McDonne!l Douglas Harpoon and the French
Acrospatiale Exocet SM3Y. Both are basically the
normal ship-to-ship missile: Harpoon has a range
of 60nm and Exocet 26nm. The British are fitting
the Sub-Harpoon in an increasing number of
SSNs, and the US “Los Angeles’ class will also
have it. The missile is 211t Jong and is launched
from a torpedo tube in an expendable capsule: this

rises to the surtace and is disconnected when the
missile’s engine ignites, its fins extend and it takes
off, assuming a simtlar flight path to that when it is
launched from a surface ship. The new class of
SSN in France the SNA72 — will carry the
Exocet SM39, similarly enclosed in a capsule and
launched from a torpedo tube,

The Soviet Navy has three submarine launched
missiles, the §5-N-7 (NATCO code name “Siren’),
the SS-N-Y and the S85-N-19. with yet another
under development — the S5-N-21. The §8-N-7
was  the  Soviets”  first underwater  launched
anti-ship missile and has a range of 30 to 35nm. It
15 a0 radar homer and can carry nuclear or
conventional warheads. It s fitted in the S8N
‘Charlie I" class. and the SSGN ~Charlie 117 class,
although some of this latter class have pot the
S8-N-U.

The §5-N-9 can be launched tfrom surface ships
or submarines and has a range of 60nm. but
mid-course  guidance s requited for maximum
range. It is slowly replacing the $8-N-7 and may be
fitted in the one "Papa’ class submarine so Tar built.

The S§-N-19, so far as is known is only fitted in
the 25.000-ton Kirov' class of battle cruiser and
the large SSGNs of the *Oscar’ class. Each of the
“Oscars” is to carry 24 missiles reported to have o
range of over 250nm.

A feature of Soviet underwater cruise missiles is
that. unlike those in NATO. they are carried in
special tubes mounted on top of the pressure hull.
The tubes Llie flush with the upper deck and are
raised to an angle ot about 40w before firing from
submerged. In the British and American systems
at least one torpedo tube may have to be kept
loaded with an anti-ship nussile to the detriment of
the submarine™s anti-submarine capability.

Missile Carrving Depth Charge
There is one other ASW weapon carricd in
American  and  Soviet  submarines. I s an
underwater Taunched missile which rises to the
surface and then fies like a missile, until over the
target, when it drops a nuclear depth charge or
bomb. Called SUBROC hy the Americans, it is
launched  from o normal  torpedo twbe by
conventional means, and, after a short underwater
path {which need not be in the direction of the
target) 1t rises to the surface and takes off,
procceding through the air like a missile and
steering itsell in the direetion of the target by
inertial means. On reaching the target arca. a
nuclear depth homb s dropped and follows »
ballistic trajectory to the point where it enters the
water. 1t then sinks and is self detonated at a
predetermined depth.

The lethal range is o matter of conjecture. The
nuclear bomb is equivalent to IKT of TNT and if it
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explodes below the target would probably destroy
the target’s pressure hull at ranges up to 2km, but
the pressure wave caused by the explosion might
put the enemy submarine out of action at much
greater ranges by blowing all internal fittings off
their seatings and generally causing havoc inside
the submarine. Explosions above the target have a
much shorter lethal range. The actual range of the
SUBROC missile has never been officially
published, but it is believed to be 35 to 40nm. The
weapon is fitted in quite a number of SSNs.

SUBROC has the advantage of not giving away
the position of the launching submarine, but it is
not sufficiently accurate to carry a conventional
warhead, nor was it designed to carry a homing
torpedo, as do the similar ship launched weapons
— ASROC and Tkara. As the first use of a nuclear
weapon, even under the sea, will for NATO
probably not be possible, a nuclear-only weapon is
of little value in the opening stages of a conflict, so
a new system is under development in the USA,
called the stand-off ASW weapon (SAW). It is
similar to SUBROC, but can be launched both by
submarines and by ships, the latter by vertical
launch. It can carry the Mk 46 ASW homing
torpedo or the new Advanced Lightweight
Torpedo under development. or, if necessary, a
nuclear depth bomb. Its range is presumably of the
same order as SUBROC.,

The Soviet equivalent to SUBROQC is the
S8-N-15. It carries a nuclear warhead but whether
this is dropped, or the whole missile dives into the

sea, is not clear. It is reputed to have a range of
20nm. Like the Americans, but a little earlier, the
Soviets evidently realised that any future war may
not necessarily go nuclear, so they have developed
the S5-N-15 to carry a homing torpedo which is
parachute dropped from the missile near the
target. The missile is launched from a tube which is
said to be larger than the normal 2lin torpedo
tube. It is fitted in the ‘Oscar’, ‘Papa’ and ‘Charlie’
class submarines.

Conventional Submarines
The weapons carried by conventional submarines
are similar to those carried by nuclears, Some
conventionals are fitted with the latest wire guided
torpedoes and the submarine launched missile.
Whilst the torpedoes in use by SSNs have been
mentioned, the West Germans have developed a
very fine wire guided torpedo for their conven-
tional submarines. Called the SUT, it is now
coming into service; a version of it, the SST4, is
being exported. Made by AEG Telefunken, the
SUT is a development of the well-known Seal and
Sceschlanger German torpedoes. Tt is a dual
purpose weapon for use against surface craft or
submarines, is electrically propeiled and has
active/passive acoustic homing. No performance
details of it have been released but it is said to be
‘long range’.

Whitehead Moto Fides of Ttaly is also in
production with its A184 submarine or surface-
taunched, wire-guided torpedo, whose range is
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stated to be greater than l4km (7.4nm). How
much greater is not stated, but it is doubtful if it

has a range approaching that of the American and
British submarine launched torpedoes.

Other Weapen Systems

Two other weapon systems must be mentioned.
Many conventional submarines are capable of
laying mines which are discharged through the
torpedo tubes. When on a minelaying mission
therefore, the submarine is unlikely to carry its full
complement of torpedoes.

The other system was developed by Vickers of
the UK and is called SLAM. It consists of six Short
Blowpipe missile launchers mounted on the fin and
is for defence against helicopters when on the
surface. It is remotely controlied from the control
room using radar or thermal imager sensors. It was
intended for the British *Oberon’ class but has not
been generally fitted, neither is it destined for the
new Type 2400s at present, It has however been
sold abroad and at least one foreign navy has fitted
its submarines with the system.

Command and Control Systems

Submarines need Command and Control systems
just as much as surface ships. Usually the action
information system is combined with the fire
control system, the latter being the system for
atming the torpedoes and/or the undersca guided
weapon (USGW).

SSBNs™ fire control systems for launching their
stratcgic missiles are entirely separate and are
highly classified. so no information on them is
available, However, SSBNs also carry torpedoes
for use once their ballistic missiles have been
launched, or, if for some reason they are deployed
in the hunter killer role. Thus they must carry the
same type of fire control system as any other attack
submarine.

Similarly there is very little to choose between a
conventional’s control system and that of an SSN.
Various new types of fire control systems are
however being produced to take account of the
new long range wire-guided torpedocs and also the
underwater launched missilc.

To obtain the maximum amount of information,
virtually every tvpe of sensor fitted in the

Left:

A weapons readiness test in the missile control
compartment of a British SSBN. The weapons
engineer officer (WEOQ) in the foreground can be
seen holding the trigger which would fire the
missiles.

Right:
The missile launch operating panels on board the
SSBN USS Lafayette.

submarine feeds into a central computer which
sifts and analyses the detections and displays them
on a tactical display. Sensors can include any or all
of the following.

Underwater

Sonars, both active and passive and including
towed arrays

Sonar path predictors

Bathythermographs

Sonar intercept receivers

Underwater telephones

Above Water

Radar

ESM Receivers

Infra-red sensors (thermal imagers)

Periscopes

Laser rangefinder

Image intensifier fitted in a periscope

Low light TV

Radio communications with both the shorc and
co-operating aircraft

As passive sonar is used more frequently than
active, arrangements have to be made to plot the
tracks of targets and from these deduce their
ranges. Thus the main tactical computer display
should show target submarine tracks as well as
their range. course and specd.

Fire Control
The job of the firc control system is to provide the
command with the target’s course and speed. and




its anticipated position when the submarine’s
weapon strike takes place. Since both the course
and speed of the target may vary during the course
of the run of the torpedo, the latter is fitted with its
own computer which can criginate a pre-
determined search pattern. In addition, the
torpedo is fitted with an active and a passive sonar
homing device. which once the torpede had found
the target should accurately home it to hit. Of
course, one of the big advantages of wire guidance
is that the torpedo’s course can be altered by
command from the launching vessel to take
account of any changes made by the enemy during
the torpedo’s run. One other job for the fire
coutrol computer therefore is to display the
position of the torpedo as well as that of the target.
Assuming a maximum torpedo range of, say, 20nm
and a maximum torpedo speed of 55kt, the time
taken for the torpedo to reach the target area will
be anything up to 22 minutes, ample time for the
target to make a number of alterations of course.

If 4 TUSGW is to be launched, the fire control
problem is not so great. The submarine should be
abic to get a fairly good estimate of the range of
the surface target even though only using passive
sonar. und be able to predict its course and speed.
The missile has to have its starting position and the
estimated position of the enemy ship on impact fed
into its intertial navigation system, together with
the moment at which its radar should open up. The
problem is however simplified by the fact that the
speed of the missile is so much greater than that of
a torpedo, Of course the actual distance of thé
target at the moment of firing may also be greater,

Above:

An action information and fire control system for
conventional submarines developed by Ferranti and
known as KAFS,

say up to 60nm, but the missile’s active radar has
quite a large arc of search and so should be able to
take carc of any alteration of target course, which
in any case is unlikely to be made before the
oncoming missile is detected, which may well be
anly a minute or so before impact.

The Americans, with SUBROC, have one other
problem. The point at which the nuclear depth
bomb must be released in order to get the bomb as
niear as possible to the target has to be predicted.
In addition, the missile has to commence its
airborne run absolutely level for its inertial system
to be set. An additional computer is therefore
carricd to perform these two functions,

There are a number of submarine command ung
control systems on the market, of which perhups
the best known is the US system made by Singer
Librascope Division and known as FCS Mk 113
Mod 8. It is the standard system in use in many
American S5Ns. In the UK the comparable system
s the Vickers TIOS-E. which uses Ferranti
computers and a Gresham Lion fire control
system. Furthermore, a new company formed by
Gresham and the CAP Group (specialists in
software) is developing a new tactical system tor
future submarines. Ferranti also makes a tactical
system, calicd KAFS, which has been operational
in some British submarines for some years, but has
only recently been released for export.
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7 Submarine

Whilst undoubtedly sonar is the main sensor of any
submarine, there arc 2 number of others. Perhaps
the most important is the Periscope, followed by
Electronic Support Measures (ESM). and Radar.
Then there are a number of devices, principally for
sceing in the dark. such as Thermal Imagers,
Image Intensification, and Television. Finally
there is a radio communication intercept facility
and often a Laser Rangefinder. All of these except
sonar are for use above the surface of the sea: in
other words the sensor must be exposed. Tt follows
that a modern submarine must have a large
number of telescopic masts which can be raised
above the surface when required and lowered
again when nat required. To usc any of the sensors
therefore, the submarine must be at periscope
depth.

A modern conventional or SSN will probably
have up to seven masts, any of which can be made
to protrude from the top of the fin. They are as
follows:

(a) A snortinduction mast (not u sensor)

(b) A snort exhaust mast (not a senser)

(c) A search periscope

(d) An attack periscope

(e} A communications mast (not a sensor)

(f) An ESM mast

(g) A radar mast

(h) A satellite communications receiver mast (not
@ $ensor)

In fact, although many modern submarines do
have as many as seven masts, normally it is
possible to combine some of the systems on one
mast or periscope. For example, the ESM antenna
may be fitted on the periscope or the communi-
cations mast, and the thermal imager is often
combined with one of the periscopes.

Let us look at all the sensors in turn and discuss
their function and value, starting with by far the
most important — sonar.

Sonar

It would be nice to report that NATO had at least
made a real breakthrough in submarine sonar
detection of other submurines, but alas such is not
the case, not is it likely to be in the forsccable

Sensors

future. The taws of physics still apply and it is just
not possible materially to increase the maximum
range an underwater object can be detected by
sonar. Sound is still attenuated by water, the sea s
still full of a thousand and one minute noises, and
theve arc still thermoclines and  temperature
lavers, all of which do not help sonar detection.
although the last one - - temperature layers - - can
increase ranges considerably if the sonar sensor
happens to be in the same temperature duct as the
turget submarine.

However, this certainly does not mean that
there have been no new developments in sonars.
Scientists and engineers have been working hard
on the difficult task of recognising the acoustic
noises made by a submarine from all the other
noises in the sca. and analysing the returning echo
from a submarine. In addition, great improve-
menls have been made in recognising non-sub
echoes of rocks, wrecks, fish and whales. More
important perhaps in the submarine world. where
passive sonar is used a great deal more than active,
is the ability to recognise and analyse the sounds
made by a submarine proceeding through the
water and the sounds made by its engines and
ancillary machinery. Tt is now possible to keep a
record of the types of noises made by different
classes of submarines, and to store them in a
computer library.

Below:
A typical mast arrangement.
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1 Snort Exhaust
2 Snort Induction

3 Periscope

4 Communications

SEW

6 Radar

7 Periscope

8 Sateflite Communications




Behaviour of Sound Waves

We now know a great deal more about the
behaviour of sound waves under water. The
principles of thermoclines and temperature ducts
have long been understood. and the use of
bathythermographs to determine where they exist
is commonplace. Less well known, however. is the
manner in which sound waves can be reflected or
refracted upwards by the increase of water density
with depth, until they reach the surface where they
are reflected back again to the denser water where,
once more, they are bent up again, and so on. This
effect gives rise to what are known as ‘convergence
zones’ near the surface, where the sound waves are
strong over a small area, with gaps of many
kilometres between them where they are non-
existent. Other phenomena include active sonar
waves being reflected off the bottom of the sea bed
and returning to the surface many kilometres away
(23km with a sea bed at a depth of 5,000m); this is
known as ‘bottom bounce’. Similarly, sound
emitted at great depth can travel upwards to the
surface and be refracted back and carry on
travelling on this up and down path for a
considerable distance.

Limiting the distance travelled by sound is the
fact that sound is absorbed in water in proportion
to the distance it travels, and also in proportion to
the frequency of the sounds; the lower the
frequency, the less the absorption.

By predicting these various acoustic features —
and sound path predictors now exist — it is
possible to take advantage of them. For example,

modern long range active sonars tend to be of very
low frequency. Similarly. the low frequency
sounds emitted by submarines will be picked up
farther away than will high frequency sounds. Thus
submarine dcsigners pay particular attention to

suppressing  low  frequency sounds in  the
machinery inside the beat.

Towed Arrays

Undoubtedly, the most reliable method of

detecting the noises made by a submarine is by an
array of hydrophones (passive sonar) towed well
astern of a ship or submarine — the towed array,
The array consists of a line of hydrophones, one
behind the other stretching for about 200m and
towed by a cable, which also carries electrical
wires, which is anything up to 1,000m long and is
neutrally buoyant so that it does not sink to the sea
bed if the towing vehicie should stop. Such an
array achieves a much larger receiving aperture
than would be possible if it was arranged round the
hull of the towing vehicle, and it can be towed at a
selected depth dependent upon the previously
ascertained sonar conditions. Passive sonars can
detect submarines at very much greater ranges
than can active sonar (pinging), because with the
latter, the sound has to travel to the target and
back again,

A towed array’s hydrophones cannot distinguish
from which side the sound is coming, but it can
determine bearings or their reciprocal, and after a
few have been plotted by a computer, the actual
direction of the target will become obvious. The
array is well away from the noises generated by the
towing vehicle’s own propeller and this helps it to
pick up the sometimes very faint noises made by a
submarine. However, its own motion through the
water generates noise which increases with speed.
Ideally it should be towed at a very slow speed.
and it need not necessarily be towed by a
combatant vechicle at all; but in general it is only
fitted in submarines and some surface ships.

Submarine Towed Arrays

Submarine towed arrays originated in America
and the US Navy used to designate them by a
particular type number. For example, the
designation for the towed array specifically
designed for use by S5BNs, and by some SSNs,
was known as the AN/BQR-15. However, today
towed arrays form part of a complete sonar
system. thus we find that in the latest SSNs — the
‘Los Angeles’ class — that there is one sonar

Left:

An older type of conventional submarine, HMS
Sealion. The sonar dome on the bow has now been
placed below decks in newer submarines and no
longer protrudes.




system only, known as the AN/BQQ-5 and that it
inciudes a towed array. Similarly in the latest
SSBNs — the 'Ohio’ class — there is the
AN/BQQ-6 which also includes a towed array.

The original towed array in US submarines was
fitted to be towed from a fixed point on the hull of
the submarine. This must have been very awkward
as presumably it had to be stipped and picked up
by a tug, or similar type of ship, before cntering
harbour, and rcconnected on going to sca. Now,
however, the US towed arrays are recovered and
streamed by the submarine itself and are stowed in
recesses down either side of the hull but outside it.
The towing cable is believed to be coiled down
inside one of the ballast tanks.

Brituin reveals little information on submarine
sonars. but British submarines are known to use
towed arrays. There appear to be two types, the
Type 2024 which was procured from America and
the Type 2026 which was developed by Marconi
Avionics and is fitted in some. but not all, RN
submarines.

France is reported to have a surface craft towed
array under development: however no mention
has vet been made of a towed array for
submarines. but with the advent of France’s new
SSNs it is bound to come. In [983 the US
Government stated that the new Soviet *Victor LI
class of submarines can tow an acoustic array {rom
the top of a vertical fin.

As there is more information available on the
US BQOQ-5 towed array for submarines than on
any other, perhaps a brief description of it will
show roughly what form other navies” arrays will
take. The array itself consists of some 600
hydrophones (L.3m apart strung one behind the
other. This makes the array about 200m leng. and
it is reported to be 82.5mm in diameter. The array
is towed by a cable 8}m long and Smm in
diameter. The cable and the array are neutrally
buovant and the drop with the towing vehicle
proceeding at only 2kt is said to be about 15m.

Ranging

Whilst passive sonar arrays are excellent for itial
detection. it is vital to obtain the range of the
target if any form of weapon is to be fired at it. Of
course range can be obtuined by using an active
sonar, but this is likely to give away one’s presence
to the hostile submarine, the onc thing any
submariner intent on making an attack wants to
avoid. Considerabie thought has theretore gone
into ranging by passive means and 1t has now

Right:

The Plessey Marine 2020 submarine sonar which is
currently being fitted to some RN ‘Trafalgar’ class
supbmarines.

become possible to obtain reasonably accurate
ranges without having to transmit a sonar signal at
adl.

There are various methods. One is for the
submarine’s hull-mounted passive sonar and the
towed array to take bearings of the sound source.
With the reasonably long baseline formed by both
the towing vehicle and the towed array working
together. the bearings should cut at a distant point
and a computer can then determine the range by
trigonometry. Another method is to take and time
a series of bearings. Given an estimate of the
target's speed. a computer can work out the course
of the target and calculate its range. Such a system
15 used 10 a new passive sonar recently unveiled by
Ferranti of the UK. By plotting the bearings
against time. a course of the target together with
its range can be shown on a vertical display.

Yet another method is the Sperry (USA)
Micropuft system. Here there are three hydro-
phones, mounted as far apart as possible, along
cich side of the submarine’s hull. The sound waves
emanating from the target arrive first at the
hydrophone nearest to it, then at the middle
hvdrophone and finally at the one which is farthest
away. If the time of arrival at each point is
accurately measured. and the distances between
the hydrophones are known, simple geometry can
then calculate the target’s range from the centre
hydraphone. In all these methods the range may
not be very accurate. hence the necessity for a
homing torpedo.

Towed arrays have undoubtedly helped in the
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Above left:
The French submarine sonar ‘Eledone’ display
console.

Left:

The data processing cabinet of the Thomson-CSF
‘Eledone’ sonar.

detection of submarines and they are constantly
being improved. Now that sonar processors have
become digital, as opposed to analogue, signal
processing is so sophisticated that an analysis of
the echo, or the received sound, can not only
enable target submarines to be picked out from
other extraneous underwater sounds or echoes,
but has also made it possible to identify, within
limits, the type of submarine detected.

Typical Sonar System

Whilst towed arrays are rapidly becoming all
important, submarines do of course have other
types of sonars. A typical attack submarine system
might consist of the following.

@ A passive sonar system on board the craft itsclf.
Sometimes the receiving hydrophones ure
arranged round the hull, starting usually about




Above!:
Operating the main sonar of the US S5BN Ulysses B.
Grant.

Above right:

A Ferranti engineer carrying out final commissioning
tests on the display console of the sonar equipment
far the Royal Navy's latest attack submarines.

half way along the hull on one side, round the
how to half way round the hull on the other.
The object is to keep the hydrophones as far
away from the propeller ag possible to minimisc
the reception of the noise it makes. Sometimes.,
however, the hydvophones are arranged in
columns round a circular array protruding trom
the hull.

® An active sonar with the transducers for it
mounted in o large dome either on top of the
how or below it. Alternatively the transducers
may be mounted inside the bow itself. Low
frequency sonars are extensively used nowa-
days as the sound waves they produce penetrate
farther through the sea: conseguently the
transducers may be large and the domes in
which they arc housed verging on  the
EnOrmous.

@ Anintercept sonar receiver or receivers, These

listen for enemy transmissions and record them

for analysis, at the same time taking bearings of

them.

A towed array.

A number of computers and displays, the most

important of which, to a submarine, is the all

round display showing the detections made by

the passive sonar (including the towed array).

Targets can be labelled with their course and

speed, or these details can be shown separately

on another display.

® An underwater telephone for communication
with other submurines or surface ships.

A Typical Submarine Sonar Qutfil

Few nations release tull details of their submarine
sonars, but Thomson CSF of France has recently
produced a new modular senar system for
submarines. known as Eledone. and the com-
pany's marketing overseas has given a reasonably
full description of it. Since it is probably the best
explanation of a modern submarine sonar avail-
able, it is reproduced here in a shortened form.

The Eledone Sonar
Eledone integrates all the main functions of a
modern sonar on board submarines, as follows:
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@ Panoramic search in the passive listening mode,
coupled with automatic tracking and processing
of up to 12 simultancous targets.

® Ranging by directive sonar transmissions, the
returning echoes being received by the passive
listening receiver.

@ Full 360° interception of enemy sonar transmis-
sions, with automatic detection and storage of
the analysis results.

@ Additional signal processing capable of being
associated with each of the above functions, to
give enhanced performance in specific areas,
such as discriminating capability, spectral
analysis, sound-field plots, etc.

® Processing the data from the different sensors
for a tactical situation display.

@® Fire control for torpedo
guidance.

launching and

The whole equipment is built on a modular
concept so that navies wishing to confine
themselves to the passive listening function, for
example, need only select the corresponding
modules and will consequently have a system that
is easy to install. Alternatively, on board medium
or large submarines it will be possible not only to
install the major functions, but also to duplicate
themn and to equip the system with a second
operator’s console. The latter can then be used for
attack purposes in complex tactical situations that
may require two operators,

The Passive Sonar

The passive sonar consists of # circular array of 32
or 68 columns of hydrophones, and its diameter
can be adapted to the submarine’s dimensions. A
total of 128 preset panoramic channels for all the
versions are formed on the basis of this array,
enabling a single ¢lectronic package to be used for
cach version.

There are simultaneous tracking channels for
four to 12 targets with a direction-finding
capability aceurate to within one-tenth of a degree.
A directional audio channel is preset separately.
This channel is always useful to assist in
unambiguous target classification thanks to good
frequency-wise selection flexibility. The transducer
and signal processor are very sensitive giving
greatly extended detection ranges, the improve-
ment over equipment designed in the 1960s being
better than 10 decibels.

The Active Sonar

The active sonar facility is often considered to be
the least important for a submarine, generally
required to exercise maximum stcalth. Conse-
quently the Eledone system is a simple and low
cost one. It has an unsophisticated transmitter with
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ditectional transmitting arrays, but its perfor-
mance is good, thanks to the reception being by
the passive array and the listening circuits. It is
primarily used to obtain a snap range of a target
detected only by the passive sonar.

Interception Equipment

Interception of enemy sonar signals is often vital to
a submariner. It may well be that it is the first
indication of the presence of an enemy surface
ship, submarine or helicopter with dipping sonar,
[t is of course necessary to recognise the type of
sonar intercepted and to be able to say from what
type of craft the transmission emanated. A store of
known sonar signals is therefore kept in the
submarine and a computer will consult it when an
interception is made and will indicate the platform
from which it probably emanated. As it is possible
to intercept a sonar transmission at a much greater
range than the transmitting vehicle can obtain an
echo, an intercept receiver is a very useful wariing
device to enable the submarine to take evasive
action. The Eledone intercept receiver is a 360°
system and has an automatically triggered device
which sounds an alarm when an intercept is made.
Direction finding is embodied. The equipment also
feeds the detections made into a store so that they
can be subsequently analysed.

Displays

The main display console employs a coloured
cathode ray tube, and different colours distinguish
by which mode any information is obtained, eg
active detection symbols might be coloured green,
passive ones red, intercepted sonar signals blue,
and s0 on. The console can be supplemented by a
graphic recorder or a television screen so as to
capitalise on the immense advantages offered by a
‘waterfall’ type display in passive detection.

A feature of the Eledone system is that the
images corresponding to the different functional
modes are correlated. For instance, passive
listening targets may not correspond with sonar
interceptions or vice versa; in addition, the fuct
that two images obtained by different modes are
superimposed on  the display makes instant
classification of the targets possible. Another
example is that if the intercept equipment detects a
sonar transmission. but the passive listening sonar
does not detect any water noises, such as might be
made by a ship or submarine on the same beari ng,
it is a fair assumption that the intercepted sonar is
adipping sonar deployed by a helicopter,

Finally, the system has a built-in test system
which not only locates a malfunction but evaluates
it and causes an indicator lamp to glow on the
fauity printed circuit boards involved. They can
then be replaced without further adjustment.
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Eledone’s main sonar function can be sup-
plemented with the following items:

@ A bathycelerimeter which gives an extremely
accurate measurement of the speed of sound in
sea water as a function of the submarine’s
depth.

® A sound-field plotter to display the sound
beams and thus ensurc proper utilisation of the
acoustic coverage dependent upon propagation
conditions.

@ A compact, acoustic underwater telephone for
communication between submarines and sur-
face craft.

@ An acoustic distress beacon to enable searching
craft to find the stricken submarine in the event
of an accident.

Eledone can be operated by one man. thus
reducing the size of the crew carricd in a
submarine,

Over 20 Eledone systems have been ordered by
five Curopean navies.

Submarine sonars are constantly being improved,
but major advances are always kept secret for as
long as possible. With the advent of the
micro-chip. data processing and the analysis of
underwater sounds becomes easier and takes less
time. Towing cables for towed arrays should soon
be made smalter in diameter and lighter, by the use
of fibre optics instead of electric cables,

There is no reason why the sonar transmitter
and receiver of an active system should be
co-located. They arce already scparated by some
distance apart with the transmitter on board a ship
or submarine and the recerver at the end of a
towed array. This enables the receiver to be placed
at a different depth to the transmitter. Carrying
this even farther, the transmitter and the receiver
need not even be on or near the same platform.
They could be stationed a long distance apart, with
the echo being received by obligue reflection from
the target. Again. it might be possible for the
transmitter to be deployed from a helicopter whilst
the attacking submarine receives the echoces from
the target causcd by the transmitted waves
impinging on it. The target will naturally try to
close the transmitting sonar, thinking it to be an
enemy submarine, whilst the attacking submarine,
remaining completely silent as far as its sonar is
concerned, stalks the target quite unbeknown to
those on board it.

Right:
On board the SSBN USS Ohio. The officer of the
watch looks through the search periscope.

These are but a few of the potential develop-
ments of the future, and they may be in operation
much sooner than many suspect.

Periscopes

So much for underwater sensing. Now let us look
at the submarine’s traditional sensor for detecting
and (perhaps more important} identifying ships
and aircraft, the periscope.

All submarines have two periscopes, the Search
and the Attack, but it is possible to combine them
into one periscope standard. Periscopes are
basically tubes with  lens at the top and a viewing
device at the bottom in the control room. The
viewing device may be of the binocular type or
monocular, and various focusing controls are
situated adjacent to it. In some cascs viewing can
be remoted to a display in the control room.

The search periscope has a wide angle field of
view and the operator can tilt it to view the sky or
the sca. or it may have a wide enough ficld of
vertical view to sec both at the same time. It can be
rotated by two horizontal handles protruding from
either side of the base of the periscope. The
handles are normally folded up to lie alongside the
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periscope when it is lowered to its down position.
The operator can press a button on one of the
handles and an electric motor will help rotate the
periscope. Alternatively, he can connect a more
powerful motor which can rotate the periscope
through a 360° scarch without manual assistance.
This is very useful if a remote viewing display is
fitted, and avoids an operator having to walk
round, looking through the viewer all the time.

Periscopes can have a window at the top and the
eyepiece at the bottom heated, and there are
facilities for desiccation. In addition therc are a
number of other devices which can be embodied in
the periscope. These include an ESM antenna: an
active receiver antenna for the interception of
enemy radio communications; and a still camera
with up to 250 frames per film on which the time
and bearing are injected and printed.

On the optronic side. an image intensifier can be
fitted, giving improved vision at night to near
starlight conditions with a high resolution.
Alternatively a thermal imager can be fitted. 1t can
be viewed from the cyepiece, or relayed to a
remote monitor and/or a video tape recorder. It
gives the periscope a day or night capability and
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enhanced detection and identification in haze, mist
or sun glare conditions. A 16mm TV camera can
be fitted in the control room to relay the optical or
image-intensified picture to a remote monitor or
video tape recorder with provision for alpha-
numeric insertion of data. The bearing on which
the periscope is trained can be displayed in one of
the eyepicces, as well as remotely. Finally, sights
of heavenly bodies can be tuken through the
periscope which is fitted with a sextant and an
artificial horizon.

The attack periscope can have most of the
additions listed for the search periscope, but not
the sextant and artificial horizon. In addition,
however. it can have a laser rangefinder fitted with
an accuracy of £10m. Its line of sight is usually
stabilised and range is displayed in the eyepiece or
can be transmitted to the fire control systen.

It will be seen that by fitting some of the
additional sensors in the search periscope and
others in the attack. it is possible to carry a large
number of sensors and only a few masts. Flowever,
periscopes are getting so many bits and pieccs
hung on them that Barr & Stroud Ltd, the British
firm that supplies periscopes to more than nine
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Above left:

The ‘Leander’ class frigate Diomede (F16) seen from
HMS Cnyx.

Above:
Barr & Stroud attack and search periscopesin an BN
subsmarine.

Aboveright:

A Barr & Stroud attack periscope fitted with thermal
imaging. Barr & Stroud makes all British periscopes
and a great many foreign ones as well.

forcign navies, has developed an optronic pod
which gathers together all the additional sensors
into onc smail pod which can be fitted on top of a
periscope or on a separate mast. It contains:

® A radio communication intercept facility

@ An ESM capability

@® An integrated day and night thermal imaging
facility, capable of scarching rapidly for air and
surface threats and relating them to ESM
threats.

@ Television

The prime purpose of the pod is to provide
improved all-round watchkeeping and target
acquisition facilities in intercepting radio and
radar, and in day and night viewing at rotational
speeds, decided upon by the operator. Data
transmission from the sensors down to the displays
in the control room is provided and the thermal
imager has a 90° overhead coverage as well as the
3607 in azimuth. The pod can be programmed to
search the complete hemisphere automatically.
Such a mode of operation ensures that the search is
methodical and that no sector is either omitted or
covered twice. During the search, a thermal
picture can be recorded for subsequent evaluation.
Speed and pattern of search can be changed 1o suit
operational circumstances.

ESM

ESM equipment embodied in periscopes. as
mentioned above, can also be supplied for fitting
on masts; indeed, it is more common to have a
scparate  mast. A submarine on patrol can
anticipate maritime patrol aircraft, helicopters and
surface ships as well as submarines, The air and
surface craft are likely to use radar to try and
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detect anything a submarine might show above the
surface. However, with ESM the submarine
should be able to detect the radar transmission at a
considerably longer range than the radar itself can
detect the submarine’s masts. Unfortunately,
detection is not cnough, because the submarine
must know whether it has detected an ENemy or a
triendly radar. It is also necessary for the
submarine to know what type of radar it has
detected, and if possible what type of craft it
emanated from. To do this, submarines, like
surface ships. are provided with a computer library
giving the parameters of all known radars, both
hostile and friendly and both military and civil. To
enter the library it is first necessary to collect all
possible parameters of the intercepted radar.
These include such things as frequency, pulse
repetition rate, sweep rate, pulse length and so on.
A modern ESM suite takes less than two seconds
to do this and to present the answers to the
operator. They would also automatically be fed
into the library. The computer library’s first action
is to identify if the radar is hostile and, if so, to
initiate an alarm signal to warn the submarine.
Less than a second later it will display as many of
the radar’s parameters as possible and the type of
platform from which it emanates. It will also show
a ‘confidence’ factor and a rough bearing of the
transmission,

Before exposing anything else in possibly hostile
waters, the normal procedure is first to carry out
an all-round ESM search. Most ESM equipments
are all-round looking and no rotation of the
antenna is necessary. If an apparently hostile radar
transmission is detected, the mast is withdrawn

immediately, and if the signal is strong, indicating
that it emanates from somewhere quite close. the
submarine may also go deep.

The normal type of display will indicate the
direction of the intercepted radar, so that the
submarine will have some idea of the direction in
which it should nor try to make a get-away.

ESM in a submarine is also used to gather
electronic intelligence (ELINT). For example, a
submarine or submarines could be deployed off an
enemy coast to gather intelligence of, say, a coastal
radar, always bearing in mind that the submarine
should be able to detect the radar transmission at a
greater distance than the transmission can detect
the ESM mast. All possible intelligence.is gathered
and forwarded to the appropriate authorities on
return to harbour. It forms one of the ways of
compiling the library.

Radar

Nearly all submarines carry radar with the antenna
mounted on a separate mast. The antenna itself is
probably a rotatable and quite small horn type und
will detect surface ships and low flying aircraft.
Radar of course is a two-edged sword. It may tell
the submarine the bearing and range of an aircraft,
helicopter or ship, but it will not indicate whether
the craft detected is hostile or not, although IFF
can be fitted. What it does do is to advertise the
submarine’s presence to any aircraft or ship’s ESM

Below:

The captain of a German submarine takes a look
through the periscope to see if all is clear for
surfacing.
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receiver, and such a craft might have remained
blissfully ignorant of the submarine’s presence.
Submarines therefore tend to rely more on their
ESM equipment than on their radars.

Optronics

As we have already seen, optronics can include
image intensifiers, thermal imaging and devices to
enhance plain vision, such as television. The main
feature of optronic equipment is that none of it
makes any emission which could be detected by
thc enemy. The one exception is the laser
rangefinder, but its transmission to obtain a range
is so short that it is unlikely to be intercepted; even
it it is. it is doubtful whether the enemy could
make much use of it.

Probably the best of the above-water devices is
the thermal imager because it affords a method of
recognition by silhouette, which none of the other
devices does. It works on the principle of detecting
the infra-red emissions given off by any object
whose temperature is above absolute zero, and so
well does it do it that it can display a completc
picture of the sea and any ships on it. It will also
show aircraft up to an elevation of 90°, The picture
is similar to a black and white television image. but
not so detailed and generally little more than the
outline of a ship or aircraft can be seen. Darkness
makes no difference. but its performance s
degraded in mist or heavy rain or snow, and it is of
litle value in fog. Not all submarines arc vet fitted
with it, but it is being constantly improved and it
will not be long before it becomes a standard fitting
in conventional and nuclear attack submarines.
SSBNs, which seldom. if ever. expose anything
above the surface, may not all be fitted.

Above left:

An ESM antenna manufactured by Racal of the UK
for various types of submarines.

Above:
A conventional submarine diving, showing the
attack periscope.

Summary

Subrnarine sensors have improved greatly from the
rudimentary equipments used in World War 2.
Sonar has been considerably improved, image
intensifiers and thermal imagers were unknown in
the 19405, and periscopes are now very much more
sophisticated. The trouble is that improvements
have alse been made in submarine detection
devices. Modern maritime patrol aircraft, for
example. now have highly sensitive radars, capable
of detecting the smallest submarine mast in all but
the roughest seas. Ships and helicopter sonars are
good, but not always perfect. Similarly ESM in
aircraft and ships is excellent, but submariners
know it and avoid the uwse of radar as far as
possible.

On the whole it is generally agreed that the
submarine still has the edge over the anti-
submarine ships and aircraft. The greatest danger
to a submarine is still the maritime patrol aircraft
and the helicopter whose presence the submarine
cannot detect from submerged unless it shows a
mast or periscope. However, even this may change
as there are persistent rumours that scientists may
have found a method of hearing an aircraft’s
engine noise whilst fully submerged. They are still
rumours, but it is an obvious line of development
well worth pursuing,.
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8 Anti-Submarine Weapons

Since this book is about submarines, it follows that
anti-submarine weapons must be looked at from
the point of view of what the submariners may
have to face in the enemy’s efforts to destroy them.
The first problem in anti-submarine warfare is to
find a target. The oceans cover 70% of the earth’s
surface  and to locate one relatively  small
submarine in such a vast expanse of sca is no mean
task. One S8N sent out to iook for and destroy any
enemy SSBNs it could discover, would be a waste
of time; the chances of coming across even one are
remote — unless, and this is the vital point, the
hostile submarine can be found by other means
which have greater possibilities of finding sub-
marines over far wider areas.

With this in view both the US and the USSR
have established enormous fixed underwater
listening sonar installations, or chains, in stretches
of the oceans in which the other side’s submarines
are most likely to be found. These are near choke
transit points, off enemy coasts and ports and in
well-known shipping areas, for example the route
between western Europe and the Americas. In
addition, a certain amount of reliance is placed on
the long range patrolling anti-submarine aircraft
and on satellite detection. The Americans alsa
have a number of mobile underwater sonar arrays
towed by ships and some laid by aircraft, but they
are unlikely to be far from a friendly coast line.

Air patrols, even given far more ASW aircraft
than either NATO or the Warsaw Pact possess,
are, at best, a very hit and miss system of finding
submarines, observing that a nuclear submarine
need never surface or even expose any mast, snort
or periscope above the surface. Of course, aircraft
can lay sonobuoys, but even then the area
searched by any one aircraft by this means is a
minute fraction of the oceans. There are other
detection devices used by aircraft, such as the

Magnetic  Anomaly Detector (MAD) which.

detects the disturbance made to the carth’s
magnetic field by the presence of a submarine.
Again, such a device has only a short range and is
virtually useless unless the enemy submarine has
been previously located by other means so that the
aircraft has some idea as to where to look.

The chances of an aircraft catching submarines
on the surface, or even with a periscope, mast or
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snort protruding above the water, are extremely
limited, and only likely with conventional sub-
marines. However, the fact that aircraft carry
highly efficient radars does tend to inhibit
submarines from using their periscopes, radars and
snorts, and certain circumstances their radio
communications.

Detection of submarines by satellite is an
unknown factor. From time to time there ure
reports of satellites detecting submarines by
infra-red sensors, due to the fact that nuclear
submarines tend to heat the sea near them by their
nuclear discharge. There are also reports of trials
of detecting a submerged submarine by laser
beams from satellites, but there is little firm
information of successful detections being made.
However, satellites do serve in preventing
submarines surfacing or using any apparatus which
requires something to be raised above the surface
of the sea.

This leaves us with the fixed underwater sonar
installations, The main American system is known
as SOSUS. It consists of immense arrays of
hydrophones secured to structures embedded in
the ocean floor and connected to a controlling
shore station by wire or radio. The Americans also
have another system called SURTASS (Surveil-
lance Towed Array Sensor System). This consists
of mabile hydrophone arrays of great length towed
by specially fitted ships or tugs. There is apparently
one or more systems on each of the North
American coasts, controlled by a shore station
on each coast. Tt is unlikely that either side know
the capabilities and exact locations of the other's
installations, but both know full weli that they rely
on detecting and tracking submarines by the noise
they make. Both are busily developing quieter and
quieter submarines, but water noise can only be
reduced by using slow speed, which perhaps may
inhibit submarine commanders using the speed for
which their craft are designed.

Neither side has ever admitted the success or
failure of its fixed sonar installations, but it is
obvious that some success must be achieved, or the
two sides would never continue spending the vast
amount of money required to improve and
maintain their installations.

There are two other procedures which might
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help the detection of a hostile submarine. The first
is to detect it the moment it leaves harbour and to
continue to track it for as long as possible, calling
up other friendly submarines to take over the
tracking when forced to return to base, This means
maintaining a patrol of submarines off the encmy’s
base — a difficult and dangerous task, even in
peacctime, and easily countered by a number of
submarines leaving the base at the same time and
splitting up as soon as they get outside. It is most
unlikely that there would be enough submarines
patrolling off the base to enable all the exiting
submarines to be foilowed. In wartime such a
patrol would probably not be feasible. In any case,
tracking a submarine over a long period is by no
means an easy task. The hunted submarine may
well be able to detect and pin-point the hunter.
and a wily submarine commanding officer may be
able to throw it off the scent by rapid manoeuvring
and by the launching of decoys to distract the
hunter’s sonar operators,
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Left:

The bow of the US destroyer Spruance showing the
large sonar dome.

Right:

A Difar sonobuoy on board a maritime patrol aircraft.
Sonobuoys are widely deployed by MPAs for the
detection of submarines.

Far right:

Stonefish, 2 modern British anti-ship and anti-
submarine mine made by Marconi, about to he
loaded into an aircraft, The mine can be actuated hy
acoustic, magnetic or pressure systems.

The other way is to wait for the ‘enemy’
submarine to commit some hostile act, such as
attacking a ship or ships. It is true that with
modern stand off anti-ship missiles, the attacking
submarine may not be very near to its victim, but if
torpedoes are used, it is possible to determine the
direction from which they were fired, and to
establish a datum position from which to start a
scarch, accurate to perhaps a maximum of 40nm.

ASW Weapons

Mines

Even if a submarine has not been detected, there is
one weapon which it may encounter at any time —
the submarine mine. One type, made by the Italtan
company Whitehead Moto Fides, has a string of
explosive charges stretching from the moored mine
to the sinker. It anly requires a submarine to touch
the “string’ to explode one mine. This in turn
explodes the others, on the counter-mining
principle, so that there arc a whole host of
explosions at different depths. It is efficient down
to 300m, but some nuclear submarines can dive
much deeper than this.

The Americans have an even more ingenous
device, known as Captor. It consists of an active
and passive sonar contained in a submerged
capsule to which is attached a Mk 46 homing
torpedo. It is laid as deep as required, but ifs
maximum depth is not disclosed. The mine’s sonar
initially detects the submarine by passive means.,
and, when the submarine gets closer, automati-
cally switches on its active sonar and gets the
target’s range. from which a computer calculates
the optimum moment to fire the torpedo. The
torpedo searches for the submarine with its own
passive sonar and finally locks on to it and guides
itself to hit.

Between these two types of mine there is
whole host of submarine mines, but few arc
effective in really deep water, so far as is known.
Similarly, it is not known exactly what submarin
mines are used by the Soviet Navy, but it seems
probable that their mines are very similar to those
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of NATO. The Sovicts are reputed to have a mine
very similar to the US Captor, fitted with pussive
senar detection, capable of being taid in depths up
to 910m. and like Captor able to fire a homing
torpedo. The Soviets are very mine conscious,
more so apparently than are the NATO pations.
and are reported to have a stock of between
300,000 and 400,000 mines of all types, which is
certainly a larger stock than that held by the US
Navy.

In mid-Atlantic the sea depth can be as much as
2,000 fathoms (4,000m) or more. and so submarine
minelaying is probably impracticable. In the
Greentand-Iceland gap and in the Iceland-Faroes
gap, depths of 200 to 300 fathoms (400m to 6H00m)
are common, and submarine minclaying is
certainly possible here, In general, mines are most
valuable in shallow water when ordinary ground
mines might well be sct off by submarines. In
decper water, such as in the gaps mentioned
above, moored mines would have to be used. and
it magnetic or pressure mincs are used. can be set
off by the mere close presence of a submarine.
Submarine minefields can also act as a deterrent to
enemy submarines and channel them through
areas which the opposite side may patrol with
submarines and aircraft as heavily as possible.

Possible Sequence of Events

The idecal type of craft for use in anti-submarine
warfare is unguestionably another submarine and
the obvious weapon for it to use is the torpedo.
Submarines have much better sonar facilities than
do surtace craft and have the capability of being
able to vary their depth at will to take advantage of
temperature layers in the sea.

If we postulate a tactical situation when there
are both aircraft and submarines patrolling a gap
through which hostile submarines must pass to
reach their operating area, the anti-submarine
sequence of events might be as follows:

1 Fixed underwater sonar installation detects a
presumably hostile submarine. The detection is
signalled to aircraft and submarines on patrol. An
aircraft makes for the fikely track of the submarine
and starts laying sonobuoys. Let us assume that
some of the sonobuoys gain contact and the
aircraft starts tracking the submarine by laying
more sonobuoys in its path.

2 The aircraft signals the hostile submarine’s
position, course and speed to its shore control and
the signal is repeated to the submarines on patrol
by the submarine VLF broadcast. The aircraft and
the appropriate submarines establish voice com-
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munication. One submarine, we will assume, gains
sonar contact with the hostile submarine and starts
to track it, using passive sonar. [t will be noted
that, as yet, the hostile submarine probably has no
idea that it has been detected.

3 Mecanwhile the attacking submarine
manoeuvres, using as slow a speed as possible, to
get info a position to launch one or more
torpedoes.

4 The torpedo (or maybe more than one
torpedo} is launched and proceeds at high speed
towards its target, being wire guided by the
launching submarine. Eventually the torpedo’s
Own sonar equipment detects the target and it
starts to home itself.

5 ‘The target submarine is unlikely to have
received any indication that it is under attack until
the torpedo is nearing the end of its run. when the
submarine’s passive sonar may detect the
torpedo’s noise. At about the same time the
torpedo may open up its active sonar: the target
submarine will certainly hear this and take
avoiding action, but the torpedo’s own active sonar
should have locked on the target and will track it,
even though evasive manoeuvres are being
employed.

6 The torpedo hits and its 200-250kg warhead
explodes.

Torpedoes

This sequence sounds very simple from the
attacking submarine’s point of view, but there are
snags; firstly in the design of the torpedo. High
speed is of course a vital attribute (the Soviet
‘Alphas’ are reported to be able to attain 45kt
submerged), but the faster a torpedo is designed to
£o, the more space and weight is taken up by the
engine and the fucl, or the larger will be the
battery. This means that the warhead's explosive
charge will have to be reduced or the torpedo will
become unacceptably large. With modern sub-
marines using very tough steel plating and fitted
with double hulls. the warhcad must be as large as
possible.  Present  warheads contain  about
200-250kg of explosive, and certainly no reduction
of explosive could be considered, rather the
reverse,

Endurance is also a problem because, if the
torpedo misses on its first run, it is programmed to
turn round and carry out a search: this means it
may have to run considerably farther than the
straight line distance to the target. Similarly, if the
target turns away at high speed, the torpedo may
have a long stern chase.

The initial wire control from the launching
submarine must be accuratc enough to place the
torpedo within homing range of the target, which
may not be very great.
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Apart from the design of the weapon itself,
tactics can play a major role. The hunted
submarine, in addition to evasive manoeuvring,
can probably release a false target, ic something
which will produce a stronger echo to the torpedo’s
sonar than the target itself.

The homing equipment in the torpedo must be
capable of not only searching in azimuth, but ulso
in elevation: the target may well try to outwit the
torpedo by rapid changes in depth.

Lighrweight Anti-Submarine Torpedoes

In addition to the submarine torpedo, which is 2lin
(533mm) in diameter and weighs about 1,600kg,
and is commonly referred to as the heavyweight
torpedo, a much smalter and lighter torpedo has
been developed, primarily for launch by heli-
copters or maritime patrol aircraft, but also
capable of being launched from deck tubes on
board surface vessels and by missiles.

The present lightweight torpedo in service in
many Western navies is the US (Honeywell) Mk
46, but Britain (Marconi) has produced a new,
much more advanced one, called Stingray. It is Just
coming into service in the British Navy, and
Marconi hopes to sell it overseas. In the States,
Honeywell is developing, what at present is known
as the Advanced Lightweight Torpedo (ALWS),
butis to get the US designation of the Mk 50.

Lightweight torpedoes are around the 12-1lin
(305-356mm) in diameter and weigh something
under 300kg. so it can be seen that they can only
carry small warheads. In fact the average
lightweight torpedo will probably only have a
warhead containing not more than about S0kg of
high explosive this is hardly likely to have much
effect on a strongly built, double hulled sub-
marine. However, both Marconi and Honeywell
have produced warheads of about this size which,
provided they hit the target’s hull at right angles,
will ‘project a plug of molten metal into the
pressure hull of a double hulled submarine, or
through it in single hull boats. The head-on 91)°
approach adds complications to the homing
system, but Marconi has overcome this by
producing a highly sophisticated homing system
with its own onboard computer; presumably the
US ALWT will have a similar system.

There are three Western missile-launched
torpedoes and one Soviet. America has ASROC,
Britain ikara (which was developed in Australia),
and France Malafon. All work on roughly the
same principle. When the target has been located,
the missile, with torpedo attached, is launched in
the direction of the target and, in the case of Ikara
and Malafon. the torpedo is released by radio
command from the ship when the missile is
deemed to be within torpedo range of the target.




In ASROC’s case. the release is made at a
predetermined position. The torpedo descends by
parachute, and on entening the water starts its
engine and activates the homing system which
should bring it into contact with the target. The
distance the missile flies before releasing the
torpedo is not officially disclosed, hut ASROC’s
range has been estimated at 5-10km and [kara at
20km. Malafon is probably somewhcre between
the two. The Sovict system, called by NATO
§S-N-14 (Silex’), is very similar, but its missile
range is estimated by some analysts to be as much
as Jnm.

Apart from the lightweight torpedoes already
mentioned, Italy has the Whitechead Moto Fides
A244 and Sweden has the FFV Type 41. Very little
is known about Soviet torpedoes, but it is known
that there are lightweight ones of 16in {406mm)
diameter which are carried by some ASW frigates.

Most Western ships also carry lightweight ASW
torpedoes, launched from deck mounted tubes.
Ranges of such torpedoes are not divulged, but are
prohably not more than 10,000m which means that
they arc for usc against submarines which are
probably already committed to an attack.

Right:
Stingray suspended in a bomb bay ready for launch
from a Nimrod aircraft.

Below:

The British (Marconi) Stingray ASW torpedo
launched from a surface ship for trials.




Depth Charges

Although  somewhat outdated by homing
torpedoes, depth charges are still in use in a
number of older ships in NATO navies. Instead of
being rolled over the stern as in World War 2, they
are now launched by rocket or mortar launcher.
They are usually thrown ahead of the ship, but are
also capable of being thrown in any direction. The
old launchers of the Hedgehog and Limbo type are
still in use in older ships, but a much more modern
rocket projector with a range of up to 3km has
been produced in Sweden by Bofors; a number of
Western ships are fitted with it,

The USSR, on the other hand, still sets great
store by depth charges, perhaps because its
lightweight torpedoes have not proved satisfac-
tory. The average Soviet ship’s complement of
rocket depth charge throwers, known as RBUs
(Roketnaya Bombometnaya Ustanovka), varies
from two to four eight-barrelled mountings;
l6-barrelled launchers are however also fitted in
some ships. The launchers can throw depth
charges over distances varying from 1,000m to

Below:
A Soviet ‘"Hormone’ Ka-25 anti-submarine helicopter
in flight.
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6.000m and have warheads weighing 21-37kg.
Nearly all the Soviet ships of frigate size and above
carry depth charges, including aircraft carriers. It
is difficult to understand the philosophy behind the
latter, as by the time a submarine has got to within
6.000m of a carrier it should certainly have
completed its attack. However, the Soviets seem
to have revised their thinking; because the ‘Kiev’
and ‘Moskva’ classes of carrier have been fiited
with twin missile launchers (known in NATO as
the SUW-N-1) which carry a nuclear depth bomb
to a distance of 16nm.

Depth charges are also launched by aircraft.
Most nations’ long-range maritime patrol aircraft
can carry them, but as the aircraft also carry
lightweight homing torpedoes, they tend to use
them instead of depth charges.

The Effect of Nuclear Underwater Explosions

As virtually any torpedo, mine or depth charge can
be fitted with a nuclear warhead, perhaps it would
be as well to examine the effect of a nuclear
explosion on a submarine. It is thought in many
circles that it is possible that any future nuclear war
might be confined to the war at sea. The probably
wishful thinking behind this is that with the sea
being very sparsely populated by human beings,
nuclear explosions would not be so devastating as
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on land. Let us therefore look at how an
underwater explosion whether nuclear of high
explosive would affect a submarine. The following
is taken from a paper read to the Royal Institution
of Naval Architects in 1983 by Mr R. 1. Daniel
who at that time was the Managing Director of
Warship Building in British Shipbuilders.

“The depth at which an explosion oceurs is clearly
important. The explosion bubble migrates
upwards as it expands. Due to its energy. the
bubble over-expands and is then collapsed to
produce a secend positive pressure pulse and a
second expansion phase and upward migration,
finally to vent at the surface. An explosion deep
beneath a vehicle could result in greater damage
from the second positive pulse than from the first,
because of bubble migration.

‘A conventional cxplosion under water gener-
ates a sharp-fronted shock wave of some
milliseconds duration. Nuclear weapons gencrate
higher presures of much longer duration. It has
been stated that a 2.5kT TNT equivalent weapon
detonated at a depth of 100ft would destroy a
submarine submerged at a depth of 200ft at a
distance of 2.,000ft. A 10KT equivalent weapon
would destroy a submarine at operating depth at a
distance of 5.000-6.000ft. Qverpressures, less than
those to cause hull rupture, can causc Serious
damage to installed equipments by virtue of the
shock and displaccinent of the hull. The dis-
placement is the cause of the shock acceleration
and subsequent deceleration experienced by
machinery, equipment, armament and personnel.
reaching considerable magnitude. An indication
of the overpressure due to 1kT equivalent charge is
shown in the accompanying graph.

“The damaging effect of an underwater explo-
sion on a submarine’s pressure hull depends on the
magnitude of the overpressure along the front of
the shock wave formed when the charge is
exploded, the depth at which it is exploded, its
duration. the distance to the submarine, and the
reserve of strength of the hull. This reserve of
strength is determined by the difference between
the collapse depth of the hull and the depth at
which the submarine is submerged at the time of
the explosion. The decper the submarine is. the
Jess overpressure its hull can stand. but. of course.
the deeper the submarine is, the more difficult it 1%
to detcet and the more difficult to  attack
successfully, especially if the submarine is alerted.

“Fquipment  and  systems essential 1o the
operation of a submarine are sccured by means of
resilient  mountings  designed  to reduce  the
acceleration due to shock loading to acceptable
levels. Mountings are also designed to reduce
transmitted noise.”
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Above:

Overpressure on a submaring of a 1kT nuclear
explosion.

It will be secn from the graph that cven at Skm
from the centre of the explosion of a 1kT explosion
at depth there is stil a strong overpressure of
about 8kg/sq cm. It is virtually impossible to
calculate any safe distance a submarine should be
from an underwater nuclear explosion, becanse,
quite apart from the size of the explosion which of
course the attacked submarine has no means of
knowing. so much depends on the depth of the
submarine and the depth of the explosion.

Observing, however, that nuclear depth charges
and submarine mines may well have nuclear
warheads with an equivalent of 20kT, it would
appear that the radius at which the target
submarine would be rendered inoperable, but not
perhaps sunk. would be something over 10km. The
lightweight torpede would carry much smaller
nuclear charges. probably of only KT, This might
destroy a submarine’s pressure hull at ranges up to
Zkm, but might well put a submarine out of action
at ranges up to Skm. However, opinions on lethal
ranges differ considerably: for example in some
books of reference the 1kT SUBROC is said to be
[ethal fo submarines at ranges from  5-8km.
However, homing torpedocs are considered to be
more accurate than depth charges.

Up to now it has generally been aceepted that in
any future conflict. the submariners would have a
considerable advantage over the anti-submariners,
put the pendulum is swinging and it may be that
betore long this will not always be the case —
although the lone SSBN, securely hidden in the
vastness of the oceans, will still be very difficult to
find.
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