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FOREWORD

What is a mine? What is a torpedo? Are these naval weapons as much
of a threat todav as they were in past wars? ‘ow are these "underwater
robots" built, weapons cavab’e of destroying the largest vessels? This
book will attempt to discuss all of these questions.

During World War II most of the ships sunk or destroyed were victims
of mines or torpedoes. The high military effectiveness of mines and tor-
vedoes it explained by the fact that on detonation they damaged the underwater
portion of the ship, the least orotected portion of the wessel,

The successful use by subm=rines, surface shivs and aircraft durine
WWII of electric and homing tornedoes, as well as meny types of inf’uence
mines, cslled for the avolication of extreme measures in order t- protect
ships from thece weapons. Such measures included demagnetization of the
hulls, reducing the noise level, 2nd the use of various kinds of screens
for the ships, and the like. However, the advent of new and more vowerful
models of mines snd tornedoes invsriablv outstripoed the rates of develon-
ment of the means devised to counter them.

The process of improvement of mines and torvedoes did not stop with
the end of the war. During the post-war period there was a qualitative jump
in the development of underwater weaoons in consecuence of the achievements
made in science and technology. Also, chanpes were made in their tactical
application.

Along with the dramatic development of jet prooelled puided misciles
great improvements were made in the desien of mines and torpedoes.

The major capitalistic powers are concentra*ing their scientific
research in this sphere, making extensive use of new kinds of missiles,
as well as the application of new ideas in the fields of electronics and
atomic physics. As s result of all these things the range and sneed of
torpedoes has been increased dramatically; the destructive charges carried
by toroedoes and mines have also been increased greatly. New and more yn
effective homing systems have been perfected, end inf uence firing mechanisms
have been developed which resct to different physiczl fields surrounding
submarines and surface ships,

Apologists for war attribute great importance to the naval forces,
especially to the submarine arm, in their striving to gain world domination,
and they devote a great amount of attention to the development of mines and
torvedoes as the weapons to be used apsinst ships.

Judging from the information vassed on by the foreign press, the
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torpedo, as an antisubmarine weapon, is regarded as & very valuable tactical
device when combined with its own rocket carrier. Torpedoes of this kind
can be launched from submarines and surface vessels alike. These torvedoes
travel a grest distance along their air traiectory after being launched and,
upon entering the water in the tarpet area, continue on to search for and
destroy an enemy submarine at any depth.

The modern mine is an automatically overating underwater weapon.

In commenting on the capability of a2 mine to function over a prolonged
period of time under concealment in the worst kind of weather and bearing
in mind that modern mines are controlled, foreign militarv theoreticians are
planning to set their mines beforehand to have their mine fields in 2 combat
readv state with the commencement of militarv operations; the mines will be
activated from the land by means of remote controls.

It should be mentioned that the achievements in the develooment of
mines and torpedoes, as described in-the foreigm press, are oftentimes intend-
ed as publicity stunts. The a2uthors of these books strive to substitute
the desired for the actual.

\\dehe exveriences of WWII and the Orest Patriotic War-insistentlw-point
to the necessity for a complete study of mines and torpedoes znd of the
methods to be used for combatting them. Hence, one of the taske of this
book is to assist the reader in proilems of this kind.

P G g
This book has been written b™the authorswhe have made extensive use

of foreign literature relstine to questions dealing with mines a-7 torpedoes. .
Part I of the book was written btv Yu. M. Baginskiv, and part s the
effort of V., P, Beloshitskiy. The suthors exnress their gr + to
G. M. Lebedskiv for nis invaluable advice in the writing of v  .uok.

PART I
THE MINE -~ AN AUTOMATIC UNDERWATER WEAPON i

During the war the inine was referred to as a "dangerous, invisible [S
weapon.”" Actually, mines are underwater automatic devices operating under
conditions of concealment. They lie in wait for the ememv in ell kinds of
weather, day and night, as though hiding in an ambuscade. As soon as the
submarine or surface vessel approaches the mine closely or comes in contact
with it the powerful charge inside the mine explodes. Detonation occurs the
instant the target enters the destructive area of the charge (fig. 1).

On exploding the mine affects the most wvulnersble portion of the ship --
the underwater portion -- and ruptures the hull. The water pours into the
ship, putting the engines and mechanisms out of operation. The largest
of modern ships can be destroyed by such action,

Mines are used for the defense of a nation's coastal boundaries and




for active operations in enemy waters against submarines, surface craft,
and merchant shipping.

They are planted in the most probzble areas of movement of enemv ships,
along his coastline, in narrow straits, ch-nnels, the open sea, 2nd on the
high seas in the important lines of communication. When that occurs the vest
oceanic space becomes danperous to navigation. Where shipping lanes formerly
were free of shoals, reefs, and underwater rocts artificial underwater
barriers suddenly anpeared -- mine fields that spelled destruction to shipping.

The mine menace keeps the crew of s ship on the alert. Fear of mines [f
can sometimes occesion greater losses and damage than the sinking of a shio.
The threat posed by mines calls for the expenditure of great amounts of
monev for the purpose of seeking them out and destroying them; it diverts
large numbers of men for the dangerous and laborious work of neutralizing
them, interrupts planned military operations, and forces ships to follow
circuitous courses to avoid contact with mines.

Fig, 1. A mine field. The hull of a mechanically fired contact
mine in cross section: 1. Mine shell; 2. chambe~ for exvlosive
charre; 3. automatic firing mechanism; L. exploder device.

Use of large numbers of mines of various kinds can very dramatically
complicate and change a situation in a military thestre of overations.

The tactical properties of a mine are such as to permit the solution
of a very broad range of tasks in the war at ses when it is emploved simul-
taneously with other means of modern armed warfare,
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BRIEF HISTORY

Tha idea of lusurching an underwater attack poes back to the dawn of /7
development of marine shipping. The first underwater attack was carried
out in a nuval engagement in which one vessel attempted to rem another,
When ships were equipped with artillery they acquired the capsbility of
firing upon the enemy by maneuvering from a distance. But in those remote
times the artillery weapon was nothing but & catapult device which used
heawy rocks as its missiles. This type of artillery could attack only the
above water portion of the ship. Despite the great dam-ge inflicted upon
the ship it could remain afloat because the underwater part of the craft
remained inaccessible to damage. It therefore became clear that the most
successful kind of attack would be one directed at the vart beneath the water
surface; any damage to this portion of the hull was dangerous because it
could cause the ship to sink.

With the advent of gunpowder the idea occurred thst a charge of powder
could be placed in a waterproof container, moved under the water, and spplied
to the bottom of the enemy ship; the charge would then be exploded. This
kind of underwater explosion could inflict great damsge to a ship, causing
it to sink,

However, the first attempts to develoo 2 weapon with a powerful exclos-
ive force which might operate surreptitiously under water proved unsuccessful
despite the many methods of its application that hed been proposed.

The years passed by. Many designers struggled over the task of devel-
oping an underwater weapon. In 1807 ITC. I. I. Fitstum, an artiilerv and
fortification instructor of naval cadets in Russia designed the first success-
ful model of underwater mine. He carried out successful experiments involv-
ing the explosion of small mines laid on the bottom of a river., The mines
were exploded from the shore with the asid of a special kind of Bickford fuze
inside 2 hose.

Fitstum is also to be credited with the idea of exploding a mine charge
by means of an electric current. This concept was brilliantlv executed in
1812 by P. 7. Shilling, a talented Russian scientist, who replaced the Bick-
ford fuze with a thin cooper wire by means of which the current was instan-
taneously transmitted from the shore and ignited the detonator of the mine,

So-called "Vlasov fuzes" played a great role in the development of
ocean mines which operated independently and exploded on contact with a ship.

In 182 Viasov, a professor at the engineering academy proposed a very
original mine fure. It consisted of a glasstube with sulfuric acid which
was placed in a cvlinder, the lower part of which was filled with a mixture
of Berthollet's 8glt and sugar. "Mhen the ship came in contact with the /8
mine the glass tube broke and the acid went into a chemical resction with
the salt. In the process the sugar burned in the acid snd gave off a grest
amount of heat, csusing the powder charge of the mine to explode,




. The outstanding Russian physicist, B, S, Yakobi, proposed a mine
floating under water which was held at a certain depth by 2 line. A weight
was attached to the lower end of the cable (fig. 2). The electric furze of
the mine received its current by a wire from the shore, end the explosion
occurred automstically the instant a vessel struck the shell of the mine.
During the time a friendly ship passed over the mine it could be rendered
safe by simply disconnectine the current to it.
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Fig., 2. Disgram of circuit for controlling the explosion of a mine;
this idea was develoved by B, S. Yakobi, 2 Russian professor.

Key: 1. Test circuit; 2. mine station; 3. mine shell; L. line to
next mine in series; a. firing mechanism; 2. de‘onator.

A special eroup headed bv Yakobi was set up to develop a new type of
mine. This group included the talented Russian scientists P, L. Chebyshev,
E. Kh. Lents, and some outstanding fleet officers.

The successful development of underwater mines in Ryssia vielded results.

During the Crimesn War the Russian Navy used the mine for the first time in
history.

In the Russo-Japanese War (1904-1905) mines were employed in large
numbers for the first time by the Russian fleet. More than half of all
the Japasnese vessels were sunk by mines in that war,

During the blockade of Port Arthur two of the newest of the Japanese
ironclads , the Khatsuse and the Yasima, two cruisers, two runboats, four
destroyers, snd two counter destroyers (destroyers with reinforced artillery
snd torpedoes) and a tender were blown uv by the Russian mines and sank.

In sddition, an ironclad, two cruisers, a destroyer, and two counter destrov-
ers were seriously damaped. [9

As 8 result of the successful employment of mines by the Russian navy
men they rightfully earned the title of masters in the art of mine wsrfare.
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The services rendered by Admiral Stepan Osipovich Makarov in the devel-
ooment of mines in the Russian fleet were great indeed. This outstanding
naval leader and scientist foresaw the great potenti-l of automatically
functioning underwater weapons. He evaluated the role of the mine in the
war at sea in the following words: "In my opinion mines will play a tre-
mendous role in our future wars,"

A variety of means for the employment of mines appesred in the Russian
navy and were cuickly developed. In 1892 the Russians were the first to
build special ships to be used in planting mines. They we e the Bug and
the Dunay, surface mine layers,

In like manner the mine field was first developed and put into practice
in our country. The plan of the mine field was proposed by a Russian
technician, Mikhail Petrovich Naletov., During the Russo-Japanese War
during the difficult days at besieged Port Arthur he began construction of
midget submarines, utilizing his own resources, whose only armament were
mines., Workers, sailors, and soldiers provided much needed support for Na-
letov in his efforts.

The submerine passed its sea trails, but when Port Arthur fell the
mine field had to be destroyed to prevent its falling into Japanese hands,

After the Russo-Japanese War “sletov continued to worl on his plan for
s minelayer. In 1906 he proposed a new desipn for a l=rge minelayer, the
Krab, which was tulilt on the ways at Wikolayev and performed creditablv
during World War I.

In the early stages of the war the Breslau, an enemv cruiser, was
blown up by mines secretlv vl-nted in the Bosphorus against the German-
Turkish fleet by the Krab.

During World War I the mines produced in the Russian fleet were con-
siderably more advanced than those of other nations. This weapon was
skillfully emploved, and the fleet was able to inflict heavv blows sgainst
the well armed enemy vessels. /10

The widespread employment by the Russian navy of mines planted in the
Baltic Sea hindered the German fleet from active operations there. The
planting of mines along the enemy coastline forced him to suspend naviga-
tion at times and to restrict ships to their bases even to withdraw them
from the Baltic area entirely,

Because of the danger of being blown up by mines planted by the Russian
ships in the Black Sea, German submarines snd cruisers discontinued all
sorties in t-is area also,

From the very early days of the struggle for Soviet power the new
Soviet fleet correctlv evaluated the importsnce of mines. Vladimir lenin
perceived in the underwater weapon s mighty force to be used in the deense
of the Soviet Union's coastlines.
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On 9 August 1918 Lenin issued his order to the Baltic Fleet command to
establish mine fields forthwith in order to defend Petrograd from attack
by sea. To put this into effect the navy dispestched the following vessels
of the Baltic Fleet to the Gulf of Finland: the destroyer Metkiy, the de-
stroyer Legkiy, and the minelayer Narova., They continued to lay mines
during the months of November and “ecember 1918. Many enemy intervention-
ists that tried to break through to Petrograd fell victim to the mines.

The British scuadron, or which the imperialists h-d 1-id great hoves
as a striking force in the assault on revolutionary Petrograd, failed
to attain its assigned objective, and, having lost a score of ships in
battles with the Red Baltic Fleet, was driven ignominiously from the Baltic.

On 15 March 1927 in a telegram to the Revolutionary Council of the
Republic Lenin colled for the prepsration of all naval forces (mines,
submarines, etc) for the battle with Wrangel. On 28 May 1920 under the
direction of Lenin, the Council of Work and Defense considered the wroblem
of increased production of mines, deemed to be & most powerful underwater
weapon.

During the period of the Civil War some 7,000 mines were lzid in the
seas and 500 were planted in vsrious riveors. This action was of tremen-
dous importance in the defense of the younr Soviet Republic. During WTI
and the Great Patriotic War mines were the principal tactical weapons
for waging the war at ses.

TACTICAL CHARACTERISTICS OF MOD™RN MINES

Of the several underwater weapons, the mine has always been a relisable
tactical devicein the formation of a stable defense in both wars, as well
as in blockading enemy bases, ports, and narrow passages. [11

It is interesting to note that the range of employment of underwater
weapons is very great. This can readily be seen by opening a map of the
world and comparing the areas occuvied by water and land: approximately
71% of the earth's surface is covered by water.

Modern mines compared with the 0ld models are considerably more power-
ful in destructive characteristics, and the autom=tic design features
of the latest moored and floating mines all have 2 high order of operating
reliability., Bottom mines can be laid in shallow water, moored mines can
be employed at greater depths, and automatic floating mines can be used
in any kind of waters, regardless of depth.

After being set mines do not have to be monitored; they function auto-
matically. These properties of mines permit submarines, surface craft or
planes to lav them beforehand, thereby svoiding close contact with the enemv.

A ship can proceed slong its course directly toward a mine without any
indication of the danger that lurks ahead. And regardless of the armament
it carries the mine can destroy the ship unless it can avoid contact with it.
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It is very difficult to detect a mine beforehand, especially bottom mines
located on the bottom of the sea, and make preparstions to repulse a "mine
attack."

The mine suddenly explodes beneath the ship, therefore it is not always
possible to take the necessary action to save the ship. Even in cases where
the ship does not go down after coming in contsct with a mine the damage
is usually so serious that it loses combat e“ficiency and its capacity to
escape and, therefore, it can be reesdily destroyed.

Particulerly dangerous to aircraft carriers are holes in the hull because
of the list in the vessel that results, thereby making takeoffs and ~ _ndings
impossible from the carrier's decks, Cariers bereft of their "wings" become
imrotent and good targets for enemy action.

Submarines which have been blasted by mines sre ususlly lost. If the
submarine survives the mine explosion and surfaces it cen readily be detected
and destroyed. The elements of conceslment and surprise of an underwater Ll?
strike by a mine instill fear in the enemyv of this massive type weapon of
the sea. The constant watchfulness and the fear of encountering & mine
~long its course make it necessary for modern ships to carry s wide variety
* complex devices essential for the detection of mines and protection

-2inst them. With the slightest suspicion of the presence of mines in

" particuler region a careful inspvection is made of the sea lines and

.ot until then may warchips and merchant vessels out to sea.

On finding even a small number of mines an area is proclaimed to be
8 danger zone. The large scale emrlovment of mines is exrlained by the
fact that it is a comparatively simple, cheap weapon. From the time it
was invented and in each successive war mines have been used on an ever-
increasing scale. As for back as the Russo-Jepanese War the two warring
sides had planted a total of 6,365 mines; during World War I sbout 310,000
of them were laid; and in World War II about one million mines had been
deploved.

Mines do not distinguish between enemyv and friendly ships and explode
underneath any ship which has crossed the boundary line of s mined zrea.
In order that ships may not be destroyed by their own mines it is necessary
to know the location of the mine fields and follow special channels -- nar-
row passages through mine fields. Information concerning these channels is
a closely guarded secret and their location is chenged periodically.

4 mine can damage or destroy a ship only if the lstter approaches it
close enough or if the ship strikes against it. The fact that mines are
"tied down" to the area where they are laid is oftentimes reparded as a
shortcoming of this weapon. dowever, this feature of mines is extremely
valuable in setting up stasble and long lesting underwater barriers.

A mine cannot damage a ship from a greater distance, i.e. it has a
limited range of action, and this is its principal shortcoming; to increase
the probability of destroying a ship it is necessary to increase the number




of mines in setting up a mine field.

The art of laying down a mine field consists in overlapping areas of the
greatest importance to the enemy with the least expenditure of mines. [13
Increassing the effective range of modern mines is achieved by the placement
in them of highly destructive charges along with automrtic devices which
are capable of exploding mines at certain fixed distances from the target.
In such case the total expenditure of mines is sharply decreased and the
quantity of men and means necessary for plating the mines is reduced.

MINES IN NAVAL WARFARE

During the past war the naval fleets of the warring nations resolved
the most veried tactical missi-ns which were carried out independently
or in cooperation with the ground forces. The orincipal tactical operations
of the defferent navies c nsisted in destroving the enemy's fleet elements,
disrupting his industrial and military water supply routes, snd in executing
and supporting naval assault landings.

The tasks of navzl fleets also included protecting the sea and coastal
lines of communication against enemy attack fr-m the sea and in fighting
off seaborme landings. Mines have been of great importance in the war at
sea. Mines were employed in so-celled active, tactical, and defensive mine
fields.

Active mine fields were laid down in enemy waters mainly under conceal-
ment. They destroved enemy submarines and surface craft, created a con-
tinuous, prolonged threat to the free navigation of his vessels, pinned down
enemy shipping, and restricted his tactical operations. Tactical mine
fields were used in armed warfare with enemy naval forces for offensive
and defensive purposes. They were laid in various sreas of the ocean and
were operative over a specific period of time, such as the duration of
a naval action and withdrawal from it. On the expiration of such a period
the mines exploded or sank.

The main purpose of defensive mine fields is to securely shut off the
aprroaches of enemy submarines and landing craft from the sea into the
defensive zone and, in addition, to prevent enemy ships from entering into
areas from which they could strike coastal targets with naval artillery.

With the beginning of WWII all of the warring nations set up mine fields
both along their own cosstlines for defensive purposes and in enemy waters
as well. Even certain of the neutral nations used mine fields to protect /1L
their neutrzlity, taking into account the fact that mines are capable of
providing a prolonged, relisble defense against the penetretion by sez of
undesirable guests without manifesting their tactical characteristics
until the boundaries of their de”ended arez are vioclated.

The conducting of mine warfare was begun with the mining of vast water
areas. This was carried out basically with the sim of constraining and




disorganizing sea lines of communication and impeding warship navigation
and merchant shipping activities., Several minefields were 1sid down in
order to prevent enemy submarines from penetrating into friendly sea lanes.
For example, the band of minefields 1aid by the British along the English
coast provided cover for the coastal shipping channels used by the British
fleet.

Minefields planted by the Red Banner Baltic Fleet at the mouth of the
Finnish Gulf and the St-aits of Irbensk at the beginning of the Creat
Patriotic War constituted a powerful system of defenses. The large form-
ations of enemy ships which attempted to breach these lines suffered huge
losses. During the course of the war our fleet developed a mine and artil-
lery positicn in the central portion of the Finnish Gulf which formed an
insupersble barrier to ememy submarines and surface vessels and thereby
protected Leningrad against attack from the sea., One distinguishing feat~
ure of mine laying during World War II is that many mines were planted with
the object of striking the enemy in his own waters.

‘he advent of aviation-borne mines made it possible auickly to plant
active minefields from the air. During the Great Pgtriotic War our sub-
marines and air elements laid down many offensive minefields in the enemy 's
communication lines, blockading his warships and merchsnt vessels in their
bases.

Aircraft were able to set the mines directly in the roadsteads, harbors,
channels and in the rivers in the enemy rear. Mine dangers forced all /15
ships to be on the watch on all water communication routes. Merchant ves-
sels that were supplying the army and navy were blown up by mines; shivs
were lost not only on the high seas and along the coastline but also in
their own harbors and rivers which had formerly been considered inaccessible
to mine laying by the opposition. Minefields were especislly effective
in the campaign against submarine. Submarines which had the valuable tac-
tical capacity of hitting the enemy with secrecy and surprise now had to
deal with a treacherous foe -- the mine.

The tactical effectiveness of mines is often judged bty the number of
ships destroyed by mines. However, this method of Judging should not be
considered whollv correct since the tacticsl problems of mines are not
restricted merely to sinking ships; mines can make a large ocean area
inaccessible to navigation.

According to information available the number of submarines -nd surface
vessels destroyed by mines during the past wars is very impressive. During
WWI over 200 warships (nine battleships, ten cruisers, 106 destrovers, 58
submerines, and 2L ships of other classes) were destroyed by mines, not
counting special vessels, like minesweepersthat were blown up while sweeping
ereas for mines. Germany slone lost about 100 ships, the greatest losses
being in the Baltic Sea due to mines planted by the Russian navy. L8 ware
ships were lost here and over 20 vessels, in addition to transports and
merchant ships, were seriously damaged due to exploding mines,
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Great losses were suffered by the commercial fleet whose ships were
less well protected against mines than warships and lacked sufficient capa-
city to stay afloat when damaged. About 600 ships of different countries
were destroyed by mines and sank to the bottom.

The following are some of the ships that wer~ blown up by mines and lost
during WWII, In December 191L the German battle cruiser Hoeben struck a
mine in 2 minefield 1~id down by the Black Fleet in enemy waters and was
put out of »ction for several morths, and in April 1915 in the northern
part of the Odessa minefield the Turkish cruiser Medzhidiye was blown up
and sank to the bottom.

In March 1915 the French battleship Bouver was blown up by a mine in
the Dardanelles; this detonation ca:sed the ammunition magazine to explode
and in minutes the ship went to the bottom.

In November 1914 the German armored cruiser Friedrich Xarl was blown
up by Russian mines and sank; in 1915 the Bremen, a former passenger liner,
senk after coming in contact with s mine. During th.¢ same yezr the
cruisers Asburg, Gagelle, and Danzig suffered mine C-mage.

In November 191€ seven of the newer German destroyerr were lost in
8 forward mine position laid down by the Ruscsian Baltic Fleet. /16

In the summer of 1918 the San Diepo, a Ynited States armored cruiser
struck a mine laid down by a German submsrine along the American cossline
and sank in half an hour,

The examples cited by nc mezns exh~ust the many instznces involving the
sinking of large ships, but they demonstrate how powerful underwater attacks
by mines can be to shipring.

During WWII mines, esvecizlly airborne mines, were very powerful mili-
tary weapons which were successfully emnloved apzinst enemy merchant ves-
sels and warships. The mine became an active wespon in offersive orerations
on the seas and was used by all warring nations. During that war one enemy
ship was blown up for every 50 mines l2id down in the tactical minefields
planted to oppose the German fleet.

Island nations like England and Japan were in especially difficult
straits. Mines dropved by planes and submarines into the most important
ses lanes tying these islands to the sontinent cut off the flow of strategic
raw materials for use in industry and fuod for the populace. About two
thousand minesweepers were assigmed to the task of clearing mines from
the more important chammels along the coast of England, but even that force
was inadequate tc cope with the massive numbers of mines planted.

The British regarded the war against the mine menace as a vital factor
insofar as the survival of the nation was concerned. They organized an
extensive network of observation posts slong the coast and at sea to deter-
mine where enemy mines had been laid. A special orgenizetion headed by the
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Prime Minister of Britain vas set up to invoke the populace for the
campaign against the mine menace,

Mines were very effectively employed in rivers, channels, and narrow
straits. For example, 2,500 aviation mines dropped in the Danube cut off

the flow of petroleum by this important transportation line, and over 330
ships were damaged or sunk.

Even a small number of successfully planted mines oftentimes caused
tremendous losses, especially in sreas of intensive nasvigation. In 15L1
German planes dropped acoustic mines in the Suez Canz] which blew up and
sank three ships, thereby closing off the canal. The cansl was considered
dangerous to navigation for a long time and it was necessary to trans-shi
the cargo via rsil, and that required much time,. [ﬁ?

During the war this canal, which was of great importance in the trens-
portation of military cargo, was frequentlv mined by the enemy. For this

reason it was closed for several months, thereby leading to tremendous
losses in time and equipment.

At one time the British air force dropped 11 mines in the ¥Kiel Csncl.
Although no ships were lost as a result, nevertheless traffic through the

canal was interrupted for a3 long time. German industrisl enterprises ren
out of raw materials.

According to foreiesn press recorts the militzry end merchasnt fleets of
the different nations involved in World War II suffered huge losces becsuse
of mines. These included over 500 German warships and about 550 merchant
vessels; 2L0 United States naval ships, over 280 British warships and ~bout
342 merchant vessels; snd 107 Japanese warships and over 350 merchsnt vessels.

During the course of WWII the mine menace in shzllow ocean areas, lakes,
and rivers oftentimes became the main danger. One indicator in this regard
is the fact that at the end of the war the Germans were forced to build

snecial ships to cope with the rines even though it was at the expense of
reduced construction of submarines.

It is important to comment on the role played by mines ir combaztting
seaborne landings.

The Normendy operation was a vast undertaking involving the seaborne
invasion of the European cosst. It was launched on & June 194L. Partici-
pating in it were several thousand warships, transports, and landing craft.
A tremendous number of aircraft supported the land operations from the
air. Much attention was directed to mine countermeasures. As a result
of the collosal superiority of sllied naval and air forces, as well as the
weak Germen defenses it was possible with only a few large minesweepers
at the beginning of the operation to clear channels to the coast in the
Cherbourg, Cannes, and Havre areas. During that time ten flotillas of [}8
minesweepers incessantly conducted reconnaissance sweeps in the maneuvering
area of the ships which were suoporting the landings.
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However, despite their vast superiority in nazval and air forces the
joint U.S, and British command could not clear the mines in the landing
area. German olanes continued with their mine laying operations, and
during the Normandy operation they dropoed more than 500 mines which resulted
in the loss of 43 ships by the joint U5, - British command.

During the Korean War, which was launched by the aggressive cireles
in the United States, the attempt by the Americans to make a seabornme land-
ing at the Korean port of Wonsan in October 1950 proved unsuccessful. The
plan was to land 50,000 troo~s, unlcad a variety of military equioment in
the Korean People's Republic rear, and launch and attack. This invading
force consisted of seaborne equipment of many varieties and about 270
warshios,

The Americans made preparations to repulse attacks by surface vessels,
submarines, and aircraft, as well as to land troops on the hostile shore.
However, their seaborne landing was not prepared adequately tn cove with
mines. Therefore, upon receiving intelligence reports that there were
minefields fzcing the Port of Wonson, the c~mmanders of the operstion were
compelled to halt the movement of this armada. Heavily armed ships, includ-
ing battleships, aircraft carriers, cruisers, and others, proved to be
helpless in the situation and the 50,000 man force was obliged to wait at
sea while the mine menace in the path of the ships was clezred.

The Americans counted on a schedule of five days to clear the mines.
A helicopter,which flew in front of the minesweepers, was used to spot the
mines, which were subsequently destroyed. By the end of the first dzy only
21 mines had been spotted and destroyed.

On the following day the process of clearing the channel continued at
a slower pace. It became clear that the five day period schedule for the
destruction of the mines was unrealistic. To hasten the channel clearing
operation it was decided to bomb it from the air. The Americans hoped to
destrov any mines in the channel by exploding them with airborne bombs.

Thirty-nine bombers were assiened to the project, dropping 100 bombs
at each pass. But the results were not very significant. Two minesweeners
were blown up by mines in the chennel which had been bombed from the air
that very day. /19

Continued work on the destruction of mines continued with very great
care at a still slower pace. The helicopter made its observations from
the air, divers from launches sought out mines, and when they located one
a floating marker consisting of an empty wooden crate and an anchor were
attached to indicate the position, The minesweepers followed these refer-
ence markers and destroyed the mines. This was really an antiquated method
of coping with mines, but the Americans could think of nothing better.

Clearing the channel was hopelessly delayved, therefore the landing

force command informed the Commander of U.S. Naval Forces in Korean waters
that it was impossible to carry out the landing operation in the Wonson
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area because of the serious danger presented bv the mines. The landing
overation was delayed for several more days., A communique was tranamitted
to the Pentagon which began: "The United States Navy lost dominance in the
Korean waters,"

The commander of the United States Navy made the following announcement:
"They took us by surprise. These sccursed mines cost us eight days delay
in the seaborne assault landing and over 200 men killed. This in itself
is 2 serious matter. But I can easily imagine & situation when an eight
day holdup along the coastline could mean losing a war., If we are not in
a position to go where and when we please then we don't have dominance at
sea. And this is the basic element of all our militarv planning. We
were seriously preoccupied with the threat of submarines and planes, and
since a week ago we have been stymied by the mine menace.™™t

# G. F, Elliot. The New Russia -- A Threat to our Naval Mipht,
Colliers, L.9.1953.

Regardless of the measures takeﬁ by the Americans they still could not
cross the minefield in the Wonson area.

It became necessary to land the invasion force in snother area. The
Americans themselves admit that the assault landing was made on a beach
held by the United States Army, hence the assault landing was meaningless
and was simply a deliv-rance from sea captivity in which they had been
held for several days.

The naval mines set by the Korean People's army for the defense of
their shores brought manyv urpleasant surprises to the armed intervention-
ists and resulted in heavy losses to their ships.

The United States, Great Britsin, and Japan promptlyv dispatched a L?O
considerable number of special shivs to Korea to sweep the area for mines.
But the ships of the interventionists continued to be blown up by mines
until the final days of the militarv operation,

UNDERWATER MINES, SURFACE VESSEL-BORNE AND AIRBORNE MINES

Vehicles carrying mines should deliver them to the proposed mine field
area and properly lay them. One of the advantages of mines is that they
can be planted by submerines, surface craft, planes, helicopters, dirigibles,
and even o-dinary barges and boats.

Selection of a carrier for lsying mines, obviously, depends on the
conditions, the site, and the objective of the minelaying operation. If it
is required to set up a large area minefield quickly to orovide defenses
in friendly waters, for example, sll types of carriers can be called upon
to perform the task simultaneously.

In selecting carriers to plant mines in enemy waters specizl attention
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is given to the matter of delivering the mines surreptitiously to the
proposed minefield area and avoiding attack by the enemy.

Submarines have been widely employed since World War I for laving mine-
fields. Modern submarines sre capsble of maneuvering under concealment
at high underwater speeds, travel great distances, launch surprise attacks
upon the enemy and avoid attacks by the latter, and set mines in enemy
waters unobserved.

Submarines can operate singly or in groups when laving mines or setting
up minefields without need for special protection. Mines can be planted by
submarines equipved with torpedo launching gear. In such case mines are
taken on instead of torvedoes or are carried as supolemental armament and
i on the ocean bottom via the torpedo tubes. Some Americ-n submarines
can carry up to LO different kinds of mines.

However, the basic tasks involved in laving mines can be carried out
by specisl submarine minelayers which are cavnsble of takine on a3 large num-
ber of mines and have all the necessarv devices for laving them quicklv.

In laving down offensive mine fields submarines may run into considerable
difficulties inasmuch as the aporoaches to vitally important installstions [21
inasmuch as the aporoagches to vitally iwmportant installations =re protected
by fleet and air force antisubmarine elements, and in the coastal and shallow
water areas antisubmarine nets and minefields are set up which are s source
of great danger to submarines. Therefore, the methods for laving mines by
submerines are under continuous development.

In 1959 a manual, "Principles of Naval Ordnance and Gunnery," was
issued by the United States Navy for use of Naval personnel which state in
part that the 7.5, Submarines carried special mines which, on emerging from
the submarine tube, are capable of floating underwater indevendently over
a great distance for a certain period of time; these mines move forward to
the -rea earmarked for the mine layine operation, It is apparent that such
mines can be directed from submarines to areas of difficult accessibility,
as well as to areas which had previously been mined. In addition, the
"nited States and Great Britain have special, small-dimensioned submarines
for penetrating into the more iwportant areas and laving down mines, inclu-
ding mines with stomic charges,

The widesoread use of #ir elements for planting mines did not begin un-
til World War II, although the proposal to lay mines by this means had been
made as far back as 1915 by Csptain First Rank I. A. Kovalevskiy, a Russian
naval officer.

Aircraft couid effectively establish mobile mine fields until an effec~
tive means apoeared for their long range detection and destruction. Under
modern conditions the active concesled laving of mines by planes has been
greatly complicated.

The chief sdvantage of avi-tion lies in the speed with which mines are
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delivered over great distances snd the capacity of plznes to penetrate into
areas which are inaccessible to other types of mine carriers. Therefore,
much attention is given in the imperialist armies and fleets to the matter
of improving the methods of laving down aviation mines.

The U.S. Air Force has the important mission of laying down antisub-
marine and anti-landing mine obstacles and minefields, especially during [22
the initial period of military activities., Mention is made in the foreien A
literature that mines can be planted by planes even in areas with strong :
air defenses. In this case the United States proposes using specizl glide
mines which can be air dropped at a considerable distance away from the
mine laying area.

According to the foreign press every bomber that joins the fleet has
everything necessary for tsking on mines and dropping them at high speeds.
The United States has constructed a hydroplane, the Sea Master, which is
designed to plant mines at supersonic speeds. It can carry up to 13 tons
of cargo. Not only aircraft, but helicopters and diripibles,which can
carry a tremendous amount of mines, are adspted to mine laying; they are
sble to drop them more accurately than planes.

Minefields covering large areas at a considerable distance away from
the coast were usually set by special surface minelayers and large trans-
port ships converted to minelaying operations. These shivs have a long self-
sustaining period and good seakeeping aualities. As » result, thev are ca-
vable of setting the mines corparatively quickly in fewest trips, a fact
that reduced the requirement for military forces needed to provide cover. :
During World War II, for examnle, eirht converted transports carrying 4
669 mines each were used by the British in laying the so-c2lled northern f
minefield. In laying down the Orkney Island system of minefields five
converted merchant ships with an average cavacity of 250 mines each were
used.

Present day surface minelsyers specially designed for erectine defensive
minefields are capable of high speeds. The British Apollo type surface
m nelayers, tor example, are capable of developing a speed of LO knots.

Foreign specislists are planning to use small-sized sneedy ships for
laying down defensive minefields in inland waters or in sreas where navi-
gation is restricted to narrow passages. The number of mines carried by
these craft, to be sure, is less than that carried by the large minelayers
and transvorts, but by virtue of their high sveed they are capsble of pute-
ting to sea more frequently and t=king on and laying down mines more quickly.
The loss of one of these small craft cannot be very perceptiblv reflected
on the rate of laying down the entire minefield.

According to foreign press reports#* the Americans are building special
minelayers for putting down remote controlled mines, Minefields made up
of these weapons will be set out in advance :nd armed by means of underwater
signals.
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VARIETIES OF NAVAL MINES

Mzny different models of mines are organic weaoons in foreign navies.
This is explained by the fact that a variety of tactical missions have to
be resolved with the aid of mines.

Depending on the methods used to hold mines in position they are sub-
divided intofloating mines, moored mines, and bottom mines (fig. 3).
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Fig. 3. Different types of mines based on their ability to maintain
the set position:
a. Floating mine; b. moored mine; c. bottom mine.

After being set floating mines drift with the current, holding a given
depth beneath the surface by means of specisl devices.

In the case of moored mines the hull, which has positive buoyancy, is
held at a riven deoth beneath the water surface by a cable secured to a
weight at the bottom of the sea. This weight is caslled the mine anchor,
while the cable which connects the anchor with the mine hull is termed
the mooring rope.

Moored mines may maintain their set position for a long time with great
reliability, which is their chief advantage. The maximum depth of the site
for setting moored mines is governed by the length of their moorine rove.
The 1length of the mooring rope in certain foreign models of mines is two
thousand meters,

Bottom mines are set on the bottom of the sea. They are difficult to
locate and destroy. The fact that these mines have no anchor or mechanisms
for setting them automatically at s given depth grestly simplifies their
design and permits construction of more compsct mines,
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The greatest depth at which bottom mines ere set depends on the radius
of action of their firinr mechanisms and the size of the powder charge.
Ordinarily, this depth for the foreign types of mines does not exceed 50-70
meters. Bottom mines can be employed against submarines traveling submerged
in deeper waters.

In addition to the indicated basic types of mines the Italian, German,
and British naval forces also used special delayed action mines which were
secured to . e bottom of a ship by frogmen.

Dependi., 1 the operating principle, mine firing mechanisms are sub-
divided int> > » contact, influence, and controlled types of firing mechan-
isms. In orucr for contact mines to explode they have to make direct
cont.ct with the ship (From this point on the term ship is ured to denote
a submarine or a surface ship). Contact is established when the ship strikes
against the mine or when it comes in contact with the specisal antenna devices
disposed on the mine hull or mooring rope, etc.

Influence mines are detonated when the shiop is at a certain distance
away from them.The firin- mechanisms of influence mines react to the ship's
physicsl field.# They have the capscity to sense the aporoach of the ship
at a considerable distance away and to detonate the mine the instant the
ship enters the destructive area of the charge. 125

# The physical field of a ship is the space in which it is possible
to detect the physical forces generated by the presence or passage of a
ship. This field is located under water and extends in all directions
from the ship, accompanying it wherer it goes.

Controlled mines have firing mechanisms which can be switched on or
off from the shore by wire or by some other means. After they are switched
on these mines function like contact or influence mines, depending on the
type of firing mechanism installed.

There are special mines for use in rivers and lakes, They are smaller
in dimensions and simpler in design that sea type mines, but practic-1lly
211 ocean mines can be laid in rivers and l-kes if required.

Present day naval mines are subdivided, depending on the type of basic

carrier, into three major groups (fig. L): ship, submarine, and airborme mines.
CONSTRUCTION OF MINES AND MINE SWEEP OBSTRUCTORS

Surface craft may set mines of all types, i.e. moored, bottom, and
floating mines. In the past war up to 80%f of the mines were laid by surface
craft. The moored mine was the main type of naval shipborne mine used,
Both contact and influence firine mechanisms are installed in modern moored
mines. The main parts of such a mine are the shell and the anchor (fig. 5).

The mine shell consists of & watertight metallic sheath., The firing
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mechanism and explosive charge are contained in the lower part of the
housing. In moored mines of foreign design the firing mechanism and explo-
sive, which weighs between 200 and 300 kg, are contained in the lower part
of the housing. The instruments which make ur the mine firing mechanism
are contained in the upper part.

The shell should have 8 high buoyancy reserve since this governs its
| capacity to hold firm at a given depth in a rough sea and strong currents.

Fig. L. Principsl varieties of naval mines and their carriers:
a. Aircraft launched mine; b. ship-launched mine; ¢. submarine mine.

Construction of such a housing in the case of a ship-borne snchored mine
is not a complex matter but the basic requirements should be observed: .2
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the given dimensions and weight of the mine should not be exceeded in order
that a grester number of them may be accomodated on a ship and that they
may be readily handled on the deck and laid without difficulty when the
ship is sailing at high speed.

The spherical shape of the mine housing should be preserved. This
design permits the greatest hull capacity at lesst weight and provides maxi-
mum resistance to water oressure and the effects of explosions of nearby
mines. In addition, ocran currents have less effect on a sphericsl shaped
hull,

The mine anchor has a shape and weight such as to insure holding the
mine in the set position. In addition, the anchor is made in the form of
a dolly on which the mine housing is placed. The assemtly can readily be
moved gbout on the deck of a ship. & reel with flexible steel moorinse
rope and the mechanism for setting the mine at a given depth are contained
on the anchor,

ihe most common method of setting a mine st a given depth is the plum-
met method of m'ne laying from the ocean surface. It was proposed as far
back as 18°2 ty N. N. Azarov, a lieutenant of the Black Ses fleet. This
method is simple and de- endable and is still being used. 1t consists of
the following.

The mine is dropped into the water (fig. S) snd first floats on the
surface, the hull secured to the anchor whose air space has not vet been
filled with water. Following that there is a separation of the weight
which is connected by a thin line (lany-rd) to the pantograph svstem
mechanism designed to separate the anchor from the mine hull, As the
line unwinds the weight suspended from it suddenly releases the reel and
the mine anchor is simultaneously separated from the shell. The 1stter
remains on the weter surface while the anchor gradually settles to the
bottom on becoming filled with water. As the anchor submerges the mooring
rope is unwound from the reel under tension. As soon as the weight comes
in contact with the bottom and slack develops on the line the storrer is
immedistely activated to check the reel. Reeling of the moorine rope ceases
thereupon and the mine hull submerges due to the weight of the anchor to
a deotn equal to the length of the line. The length of the line with [29
weight is set beforehand in accordance with a preselected depth for the mine.

In the case of some moored mines the shell is set for z preselected
depth automatically as it rises up from the bottom. This method of zutome-
tic mine laying was proposed by S. O. Mskarov in 18R2,

The mine planting process consists of the following. ‘he mine is
droppred into the water and immediately sinks to the botiom where it remsins
until the mechanism which sepsrates the mine shell from the anchor is
trigpered (fig. 6a). ‘hen the housing separates fr-om the anchor it begins
to ascend and unwinds the mooring rope from the reel which is located on
the lower portion of the shell. The stopper working off a hydrostatic /30
instrument secured to the mine housing stops the reel and the mooring rope

20




ceases to unwind. This occurs the instant the mine housing floats to a
depth at which the externel pressure of the water acting on the hvdrostatic
disk becomes less than than the stress of the spring holding this disk.
Under these conditions the hydrostatic instrument will be activated and
the stopper controlled by it will halt the rotation of the reel.

306opmmic munnerd
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Fig. 5. Automatic setting of & moored antenna mine at a pre-selected
deoth from the ocean surface (plummet type method): h - depth of mine
shell; 1. sponson rails for surface vessel lsunched mine; 2, buoy with
antenna; . detonators; L. rollers; 5. anchor; &. reel with mooring
rope; 7. shell or housine; 8. buffer.

The moment of activation of the stopper is set at the time the mine

is prevared on the ship by changing the degree of spring compression in the
hydrostatic inctrument.

It should be noted that the reel with mooring rope contained on the
mine housing reduces its buoyancy reserve. Therefore, some models of
mines use the so-called "loop" method, In this system (fig. 6b) a portion
of the mooring rope directly underneath the mine hull is gathered together
into 3 loop that is held by the clamps of the hydrostatic device. The
spring of the hydrostatic irstrument is set, as in the above described
method, sccording to the pre-selected depth of the mine. In this case one
also takes into account the difference in depth by which the mine hull will
rise when the loop is unwound. The reel with mooring rope is on the mine
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anchor, and when the hull floats uguard the mooring rope is unwound from
the reel which is under tension. he tension of the mooring line does not
permit the stopper to halt the >otation of the reel when the shell ascends.

Fig. 6. Automatic setting of a moored mine as the shell floats
upward from the bottom.

a. Setting 2 mine by ascending from the bottom by me-ns of the

"loop-free method"; b, setting a mine by the "loop" method; 1.

drum with mooring rooe; 2. hydrostastic instrument; 3. hydrostat.

When the mine shell reaches the depth at which the external pressure
of the water on the disk of the hydrostatic device which holds the loop
becomes less than the force of the spring the clamps of the hydrostatic
instrument liberate the loop. The moment the loop is unwourd the tension
of the mooring line weakens and the stopver in the mine anchor is triggered,
thereby stopping the rotation of the reel. The unwinding of the mooring
rope ceases in the process which means that the mine shell has stopped
at the pre-selected depth.

One advantage of all the methods of setting mines from the bottom is
that the mines may have a hydroststic arming delay surfacing switch and
their hulls and anchors may remain on the bottom over a period of time
established beforehand on the inetrument. During this time it is difficult
to locate and destroy the mine., The time of useful service of the contact

anchor mine is limited, basically, to the useful service life of the mooring
rope.
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With time the mooring rope corrodes in water, loses its strength and, [31
when the seas are rough, may break loose. The waves oscillste ‘the shells
rather consideratly when they are near the surface and the jerking effect
on the mooring ropre amounts to hundreds of kilograms of force; in the case
of large dimensioned mines it amounts to several tons of stress.

Verious kinds of shock absorbing buffers are used between the shell and
mooring rope to protest the latter against wave pction.

Controlled or so-called "engineer" mines were used during the war in
addition to the autometically operated moored, bottom, and floating mines.
These were usually laid from surface craft on aprroaches to vorts, in
narrow passages, and in channels between islands and on rivers. These mines
(moored or bottom mines) were connected to the coasst by electric cables
(fig. 7). 1In the manual "Principles of Navel Jrdnance and Gunnery" it states
that an operator at a2 coastal post has the capability of exploding one or
several mines with the apvesr-nce of an enemy ship in the minefield area.
The signal of the apoearance of an enemv submarine can be transmitted
by the mine via cable to the distribution panel where bulbs representing
individual mines light up when s submarine passes close by.

The controlled mine can be disconnected during the time of passezge of
friendly vessels through the mined srea and it cen be switch on at any
moment; it can also be destroyed in order to clear an ares of mines by ex-
ploding it on a signal from shore.

The chief advantage of "enpineer" mines vis-s-vis autonomous (indepen-
dent) action mines is the fact that their explosions are controllable.

Submsrines lay mines of all types, includine moored, bottom, and float-
ing mines. PBoth contact znd influence tyre firing mechanisms can be used
in these mines. Moored mines planted bty submarines operate like the ship-
borne anchor mines prevsiously described, but from the structurzl standpoint
they are substantially different from them.

In the first place, the dimensions sand weight of submarine mines are
determined by the conditions of storage of minec inside the boat, as well
as the system of planting them by means of the torpedo tubes or through the
mine tubes of special submarine mine layers.

Secondly, the construction of a mine should always insure secrecy
when it is planted. The American submarine launched anchor tyve influence
mine (fig. B) is adspted for planting from torpedo tubes, The shell is
equipped with a special stabilizer which imparts stability to the motion
of the mine along its trajectory as it submerges after leaving the torpedo
tube,

The mines are sutomstically set at the assigned depth on ascending from
the bottom.
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Diagram showing the application of controlled mines, [32
1.

Control panel; 2. observation post; 3. cable; L. distribution box.
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Fig: 8, American made submarine-borne anchor type influence mine,

the Mk-10, model 3, desirmed for laving from torpedo tubes.
1.

Casing; 2. electric bsttery; 3. starting lever; L. safety cleat

L3 . ;
5. time mechsnism; 6. stabilizer; 7. fir:ng mechanism; 8. influence
firing mechanism; 9. charge.
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Fig. 9. American submarine-borne bottom type influence mine, Mk-12,
model 0.
1. Safesty cleat; 2. firing mechanism; 3. strops from safety device.

‘he mine c%sine is cylindrical in shespe with 2 diameter corresvonding
to the diameter of the torredo tube. The firing position of the casing
is horizontal {i.e. parzllel to the surfzce of the water. This position
reduces the effect of current on the mine casing and prvents it roine too
deeo.,

Fig. 9. snows an American submsrine-torne bottom mine which is capable
of being planted throueh torvedo tubes. 4lso of interest among the sub-
marine mines are the floatins typ-s which automatically hold their flosting
denth. These mines are designed for use in tactical minefields which
can be 1laid down by submarines. Floating mines are also laid by planes,
but is much more difficult to maintain secrecy of operstion in the process.

The first design for a floating mine kept autematically at a pre-set
depth was developed in Russian in 1909 bv Captain First Rank Ye. V. Xolba-
s'yev. Tests of this floating mine were carried out at sea and gave good
res-lts. Tge pneumstic principle of the mine floating apparatus is quite
oririnal, lhe author referred to it as the "fish tladder" vrinciple. [;5

With increased deoth the mine automaticslly increased its btuoyancy, and
when rising it decreased the buoyanry; this process kept it at an sssigned
depth, i.e. it was set on the floating device the moment the mine was
released into the water.

In 1913 S. A. Kalchev, s navsl lieutensnt, proposed a desien for an
automatic floating mine with an electrically operasted floatineg system.

The operation of the motor is enntrolled ty the hydrostatic instrument
which works off the external water pressure and periodically switches in
the storage batterv to the electric motor. The American automaticallv
floeting mine has & flosting instrument based on the use of an electric
motor which turns a propeller located ir the lower portion of the mine.

If the mine descends to a depth greater than that which is set on the
floating device the hydrostat cuts in the electric motor. The motor
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turns the propeller causing the mine to ascend. As soon as the mine

rises to the pre-selected depth the hydrostat disconnects the power to the
motor. If the mine continues to surface the hydrostat will again switch
in the motor. However, in this case the propeller will turn in the oppos-
ite direction snd will czuse the mine to descend. The accuracy of holding
the mine at s given depth is within one meter. /36

Defense against sutomaticelly floatine mines (fig. 10) is extremely
difficult because the ordinary mine sweeps and ship paravanes do not
recover these mines. As a rule, floatins mines are eauipped with destruc-
tive devices which either sink or explode the mine after a certain period
of time,

Modern aircraft are canable of laving out mine fields using anchor,
bott m, or floating mines. Contact »nd influence fir‘neg mechanisms can be
installed in these mines. Most characteristic of the aviaticn mine is the
bottom type irfluence mine.

The bottom mine is most simple in desien and for that reason it maintains
operaticnal efficiency after being dropoed into the water fr-m a consider-
gble height and at a high launching speed.

The first bottom type irfluence mine was proposed in our country by
I. A, Averin, s student. However, it did not get widespread appliceation
or use until World War I.

Taking into account the vresent day level of development of the means
for locating and destroyving mines, military specizlists abroad feel that
bottom type influence mines should have high sweeping stability. To locate
cuch mines requires searching virtually every meter of bottom, and destroy-
ing them requires exploding by means of special sweeps capable of repro-
ducing the appropriate physical fields of a ship. However, this latter
may not bring about the desired results because the builders of influence /37
mine firing systems took the trouble to provide them with clever devices
which can differentiate between an artificially crdated sweep field and
the naturel field created by the ship.

In size and weight aircraft launched mines are similar to air-lsunched
bombs, hence they are placed in aircraft that are adspted for bombing. Any
bomber type sircraft can be used to carry mines. The U.S. bottom mine
shown in fig. 9 can be dropped from any plane. Special shrouds are provided
to switch in the instruments the instant the mine is dropped from the
plane.

Mines may be dropped from a plane into the water with or without para-
chute, just like bombs. Fig. 11 shows the externsl view of a U.S. sirborne
anchor mine, which is dropped from a plane by parachute. The basic parts
include the shell contain‘ng the charge and instruments; the anchor with /38
mooring cable; and parachute jacket with chute. The orifices in the mine
shell contain instrumentation. Le-ding away from the instruments sre strops
by means of which the instruments are cut in the instant the mine is released.
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The mines are suspended beneath the plane by means of lugs contained on bands
which surround the shell,

Fig. 10. Foreign made automatically
floating type mine, the Leona:

1. Propeller of floating device;

2. electric motor; 3. storage bat-
tery; L. fir‘ng mechanism; 5. explo-
sive charge; 6. hydrostat for con-
trolling the operation of the elec-
tric motor.

. 3. Cmporwy Oan
1, Tiapounommen A Onmouenun npubopol
o e 2 om comanema

Fig. 12. Operation of a
parachute system,

Pig. 11. U.S. Mk-10, Model 9 aircraft

lsunched moored mine with psrachute.

1. Parachute jacket; 2. shell; 3. strops for cutting in instrumentation
when mine is released from sircraft; L. anchor.
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When the mine is released from the plane (fig. 12) the strop which is connected

with the parachute jacket valve tips is extracted from the valve openings,
causing the valves to open up; the halyard then extrects the narachute
out of the jacket.
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Fig. 13. German mrde tvoe BMA-II airecraft launched mine without para-
chute,
1. Ch-rge; 2. stabilizer; 3. detonator syster.

As the mine drops the parachute is filled with air and recuces the
speed of entry into the water. When the mine enterc the water the para-
chute locking device releases the parachute from the shell.,
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Fig. 1L, Sweep obstructor and diagram illustrating its action against
moored mine destruction sweeps. 1. External asvect of sweep obstructor;
2, buoy buoyancy; 3. buoy rope with explosive charge; L. cutting sweep;
5. anchor; 6. sweep destroyed by explosion; 7. explosive charge of sweep
obstructor detonated; 8. mine.
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Mines without parachutes at first glance avvear to be simpler than
those with parachutes, but this is not entirely so. A pzrachuteless mine
dropped from an aircraft develops a high velocity of fall and thereby
subjects the instrumentation to c nsiderable shock on contact with the water.
In order thst a mine remain operationslly efficient following such entry
into the water it should have an extremely strong shell and especially
rugged shock-proof instruments provided with pood shock sbsorbine devices
(fig. 130).

The question arises why one should have parachute-less mines if they
are harder to produce than mines with parachutes? The fact of the matter
is that parachuteless mines czn be laid with s high degree of accuracy.
The same sights that are used for dropping bombs can be used for aimed
dropping of psrachute-less mines. In addtion, mines dropping at a high
velocity without a parachute are considerably more difficult to locate
after they are laid than those dropved by varachute.

Mine sweep obstructors (fig. 1lk) desiemed 8s a defense apainst sweeping
a field of moored mines constitute a svecial type of mine. The sweep [bo
obstructors are set together with the mines. Their purpose is to cut
through the trawling portions of the contact sweeps.

Sweep obstructors sre simple in design and in most c-ses remind one of
mines except that the exvlosive charges in them are contained not in the
shell, as is the case with mines, but on the buoy rope, the line which
connects the sweep obstructor to the anchor. In this case the buoy holds
the buoy rope with explosive charges.

The explosive charge or firine unit, as it is referred to mine special~
ists, is provided with an igniter which detonates the charpge automstically
when it is depressed by the line portion of the contact sweep and treaks
it up. ‘the more modern sweep obstructors are designed to insure reveated
action against sweeps.

DESTRUCTIVE FRCE OF AN UNDZRWATER EXPLNSION

An underwater explosion has greater destructive force than one on the
ground or in the air. This is explained by the fact that water is s high
density medium. The shock wave formed in an explosion spreads at & tremen-
dous velocity over preat distances and carries with it sobroximstely half
of the total enerey of the explosion.

In the case of an underwater explosion the shock wave, the hydrsulic
shock of the water mass, and the hot paseous products of the explosion
(devending on the distance) exert an action upon the ship.

If the center of the explosion is near the ship's hull, which is the
case when a ship encounters a contact mine, the shock is exerted directly
upon the external vlating of the ship and ruptures it {fig. 15). The flow
of expanding gases bursts into the interior of the ship at great velocity.
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Small ships may sink as a result of such explosions while larger sized
vessels sustain holes in the hull allowine large quatities of water to
flow in.

The explosion of an ‘nfluence mine charge usually occurs beneath the
bott-m of a ship. Such an explosion is most dangerous because the shock
wave produces both local damage to the ship's bottom, thereby weakenine [Ll
the entire hull, and causes it to bend generally in consequence of the
non-uniform intensity of its action along the length of the ship. The size
of the hole in this situation is sometimes greater than when the mine
explodes near the side. Since it is practically impossible to provide
a defense against mines on the bottom of the ship similar to the defenses
for a ship's sides (this is associated with lessened metacentric statility
and the ship's seaworthiness), the explosion of an influence mine beneath
the bottom of the ship constitutes the greatest possible danger. ™here were
instances durines the war wherein the bow or stern portisns of a large ves-
sel were corpletely blown off by 2 mine -nd the vessel remsined afloat,
but when a m'ne exnloded underneath the centrsl part of the ship it broke
into two vparts.
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Fig. 15. Explosion on the side and beneath the ship's bottom.

Key: 1. Contact mine explosion; 2. antimine protection on the sides;
3. explosion of influence mine.

At the oresent time foreign models of influence type anchor mines
activated at distances ur to 2 =30 meters undernesth the ship carry a 200
to 300 kg charge, while bottam mines which sre activated at distances of
the order of 30-50 meters from the ship carry an exvlosive chsrge of 750-
1000 kg of TNT equivalent.®* TNT type high explosives are used in mine charges
(fig. 16). In an explosion these substances are very quickly converted

# U, S. Naval Institute Proceedings, No. 11, 1959.

into gases, releasing tremendous quantities of heat, and instantly produce
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produce great pressures capable of pulverizing obstacles which obstruct
the expansion of gases.

Fig. 16. Explosion and detonation: a. Explosion of powder charge;
b. detonation of TNT; c. uncerwater explosion of & mine with a charge
of TNT; d. underwater explosion of torpedo with TNT charge.

rxplosives which have low sensitivity to shock and heating are selected
for use as charpges of mines and torpedoes, otherwise handling them on a
ship would be very dangerous.

Ordinarily used as charges in present day mines and torpedoes of the
United States and Britain are TNT, HBX and Torpex; all have s TNT base.

We learn from the foreipgn press that the U,S, and British navies have
mines with atomic warheads with a charge equivalent of 20 thousand tons
of TNT. The effective radius of such mines is tens of times greater than
that of mines with TNT type explosive charpes. Ju3

The underwater explsoion of an atomic charge with a TNT equivalent of
20 thousand tons is capable of inflicting serious damapge, sinkine, or
putting out of action large warshios, such as battleships, cruisers, snd
aircraft carriers at a distance of up to 770 meters, while st a distance of
up to 1400 meters it is cspable of inflicting damage greatly reducing the
combat effectiveness of these ships.

In an underwater explosion of s hydrogen charge equivalent to one
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million tons of TNT the same kind of damage results to ships at distsances
five to ten times greater than in the case of an underwater atomic charge.

Radioactive substances can act with great intensity on the personnel
of a ship in addition to the shock wave when an atomic or hydrogen charge
is exploded underneath a ship. As a resvlt of the explosion a tremendous
mass of contaminated water rises above the ocean surface which rains down
on the ship for several minutes in the form of a radioactive cloudburst.
Ships at a distance of three kilometers and over from the point of burst
of an underwater explosion may be greatly contaminated by radioactive
substances. The contaminated radioactive fog is capable of spreading from
the central point of the explosion over a considerable distance.

MINE FIRING MECHANISMS AND THE PHYSICAL FIELDS OF SHIPS

Electric and percussion firing mechanisms (fig. 17) are used, for the
most part, in contact tvoe anchored 2nd floating mines. The palvanic cell
they carry is contained in metallic- (usuaslly lead) caps located on the
mine shell surface. Lead caps are covered over with cast iron protective
caps which are automatically ejected by springs after the mines are planted.

Y‘he galvanic cell consists of a carbon (positive) and zinc (negative)
electrodes and an electrolvte, The electrolvte is placed in a glass con-
tainer positioned above the electrodes.

When the ship comes in contact with the mine one or several of the cans
collapse, The glass container inside the cap breals, the electrolyvte purs
over the electrodes, and the cell becomes an electrochemical source of
current instantlv. The current from the electrodes connected by conductors
with the electric detonator of the mine passes through the electric b5
detonator bridge filament, heats it to incandescence and ipnites the primer
which detonates the mine charge.

Inertia firine mechanisms ere ordinarily used in moored mines. An
inertia firing mechanism (fip. 1R) is used as the detonating device in them.

When the ship strikes the hull of a mine the inertia weight which holds
the firing lever by its head is shifted in position., When the head slides
out from underneath the lever it drops down quickly with the firing pin due
to the spring action. The point of the firing pin pricks the detonator of
the primer and the charge explodes,

Inertia electrical firing mechanisms are used in moored and floating
mines. Several rods extend out of the mine shell which are bent on contact
with a ship or are pushed inward, connecting the mine detonator with the
electric battery. [u6

Electrical contact or so-called antenna firing mechanisms are used in
mines which are employed mainly against gubmarines (fig. 19). The opera-
ting orinciple of these igniters is based on the characteristic of certain
metals, such as zinc and steel in seawater to produce a difference in po-
tentisl.
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Fig. 17. German electrochemical mine.
Key: 1. Mine shell; 2, lead cap with
galvanic cell; 3. cast iron safety

cap; L. rlass container with electro-
lyte; 5. carbon electrode; 6. zinc
electrode; 7. insulating washer; 8.
wires from carbon and zinc electrodes;
9. spring for ejecting safety cap after
mine is laid; 10. electric primer;

11. mine charge,
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Fig. 18. Mechanically fired
contact mine,

1. Orifice for inertia firing
mechanism; 2, orifice for primer;
3. orifice for sinking valve; k.
inertis firing device; 5. sinking
device; 6. primer; 7. charpe
chamber; 8. anchor.




Metallic antennas about 30 meters long each are secured above and
below the shell of the mine to the antenna firing mechanism. The tips
of the antennas turned toward the mine are connected together by a wire
which passes into the mine shell. Therefore, the electrically connected
upper and lover antennas represent an electrode. If the hull of a sub-
marine comes in contact with one of the mine antennas a current will flow
through the wire connecting this antenna with the second antenna.

The current obtained from such an electric cell is usually insufficient
to heat the electric igniter of the mine to incandescence, therefore its
energy is used as a signal for very sensitive instruments. After receiving
a signal these devices connect the electric detonator to the source of
direct current contained in the mine. A current of required magnitude
passes through the filament of the electric detonator bridge, heats it to
incandescence, and causes the mine charge to detonate.

It was demonstrated during the first World War that contact mine firing
devices do not fully satisfy the reauirements of mines because of the
rather low probsbility of a ship encountering a contact mine. Therefore,
the idea occurred of making firing mechanisms for mines which might be
able to sense the aporoach of a ship from a considerable distance and to
detonate the mine the inst-nt the ship is in 2 position of dangerous proxi-
mity to such a mine.

The task was not an easy one but mine specialists succeeded in design-
ing "eyes" and "ears", as well as an "antomstic brain" which proved capable
not only of sensing the approach of the ship but of exploding the mine
independently and at the right time. This became possible only after the
physical fields of a ship had been discovered and analyzed.

It is well known at the present time that a ship has a number of physi-
cal fields, including magnetic, ac-ustic, hydrodynamic, and other fields.,

The physical field acting as if it were assisting the underwater weaoon
"increases the draft and beam of the underwater portion of a ship's hull
many fold.

Devices for exploding mines which are activated by the influence of a
ship's physic-1 fields are known as influence firing mechanisms. The
orinciple on which they operate consists in the following. On spprosching
the mine the ship acts through its physical field or fields upon the receiver
of the trigpering device of the mine which trensmits a signal to the inter-
mediate instruments snd actuating mechanisms.

When the ship enters the area of the mine's destructive sction the ac-
tuating device cuts in the electric current to the detonator which explodes
the mine.

Advent of the influence firing mechanism insured the production of a
nev type of bottom mine and permitted the use of moored mines in seas with
great tidal tidal action, as well as in areas with strong currents.
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Fig. 19. The U.S., Mk-6 type antenna mine.

1. Anchor buoy; 2. upper antenna; 3, antenna connection; L. sub-

marine; 5. mine shell with firine mechanism; 6. lower antenna; 7.

insulators; 8. mooring line; 9. anchor; 10. mine shell with antenns
marking buoy.

'se of moored mines with contact firine mechanism in these cases is

not very effective because during the incoming tide the water level rises
several meters higher than the shell of the mine and the ship can opass

over it seremelv., During the outgoing tide the mines float to the surface
and become visible to the enemy. 1In ad’ition, in areas with high velocity
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currents moored contact mines cannot maintain the depth necessary to insure
contact with a ship.

Influence moored mines can be laid at a depth (distance from the water
surface) such that their shells may not surface during the outgoing tide,
but during the incoming tides the mines are danserous to vessels passing
above them. The effect of strong currents and tides simply tends to lower
the mine shell but its firing mechanism will nevertheless perceive the
approach of a vessel and will detonate the mine at the necessary moment.

A ship with a metallic hull and a multiplicity of mechanisms made of
ferromagnetic materials has the properties of a magnet. 5

The magnetic properties in a ship are due to the presence of the earth's
magnetic field. As we 21l know, our planet is a iremendously large magnet- i
ized sphere with two poles. The magnetic pole is located not far from the :
geogranhic pole as can be seen in fig. 20. [h9 ;

The process of magnetizing a ship in the magnetic field of the earth 1
begins the moment the keel is laid and continues until the construction :
of the ship is completed. !

i

~
Y,
e

——— Y

Mozsumusie

\No—,

Fig, 20, The earth's magnetic field,

Key: 1. Earth's magnetic lines 5f force; 2. north peographic pole;
3. south magnetic pole.

When the completed ship begins to move it is also subjected to the
effects of the earth's magnetic field which differs in magnitude with
changes in the latitude where the ship is 8ailing and the ship's course.
In addition, asreas of magnetic anomalies sre oftentimes encountered ==
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areas with an intensified magnetic field. Therefore, the ship's magnetic
field while navigating can change substantially. [50

Let us consider the magnitudes of the ship's magnetic field, This
magnetic field is generally described by a strength measured in oersteds.*

* An oersted is the intensity of a mapnetic field which acts on a
unit of magnetic mass with a strength of one dyne.

The voltages at the different points of the magnetic field of a ship differ.
Influence firing mechanisms of mines are capable of reacting to individusl
components of the magnetic field. One can get some idea of these compon-
ents by a consideration of the following example.

The vosition of any point in the magnetic field with respect to the
ship’s hull can be described by its distance from three mutually perpen-
dicular lines (coordinate axes).

Fig. 21. The mignetic field of a ship according to data presented
in & book by Cowie, "Miner, Minelayers, and Minelaying," x-
ford, 1949. Key: 1. Magnetic lines of force; 2. w