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CHAPTER I.


DEFINITIONS AND GENERAL PRINCIPLES.






A submarine mine consists of an explosive charge inclosed in a

water-tight case, and a firing device, the whole intended to be

submerged in a waterway which it is desired to close against the

passage of an enemy’s vessels.


With respect to the position of the case containing the explosive,

submarine mines are of two classes, buoyant and ground.


In the buoyant mine, the case contains the explosive and the firing

device, and has such excess of buoyancy that it would float were it not

held below the surface by a mooring rope and an anchor. The submergence

is such that, while the mine would be struck by the hull of a passing

vessel, it is not so near the surface as to be seen.


Buoyant mines may be planted and operated successfully in water 150

feet deep. They should not, in general, be used where the depth of

water is less than 20 feet.


In the ground mine, the case contains the explosive and the firing

device, and is heavier than the displaced water; it therefore rests

upon the bottom and requires no anchor. Ground mines are not used where

the depth of water exceeds 35 feet.


With respect to the means used to fire them, mines may be classed as

mechanical and electrical.


Electrical mines are, in turn, of two general classes, controllable—in

which the firing device is under control after the mine has been fixed

in position; and noncontrollable—in which no such control is had.


Mechanical and noncontrollable electrical mines are intended to be

fired only by the blow of a passing vessel. When once in position they



are dangerous alike to friend and foe, while controllable mines

may instantly be made safe for friendly vessels or as quickly made

dangerous to vessels of the enemy.


Controllable electrical mines are arranged so as to give a signal

to the operator when they are struck. They may be set to fire

automatically when struck or tampered with, or may be fired at the will

of the operator. In the latter case the firing may be delayed, in which

case the operator fires the mine some short interval after the signal

indicates that it has been struck; or by observation, in which case he

fires it after the position-finding system shows that the vessel has

come within the mine’s destructive radius.


LOCATION OF MINES.


The considerations involved in the location of mines are of two general

classes, tactical and local.


Tactical considerations deal with the position of mines with reference

to the other defenses. Local considerations deal with the width and

depth of the channel, the swiftness of the current, the variation of

the tide, and the relative importance of the harbor.


Where ordinary ship channels are unobstructed it is possible for modern

battleships, with their high speed and heavy armor, to run by shore

batteries, at least in the night or during a fog; hence the defense of

such channels should not be left to guns alone.


On the other hand, where mines are unprotected by the fire of shore

batteries it is possible for an enemy to remove or disable them.


Therefore guns and mines, the two elements of the fixed defenses of a

harbor, are mutually dependent, and when the location of one has been

decided upon that of the other must conform thereto.


Within the zone between 4,000 and 8,000 yards of the main defense the

fire of heavy guns is destructive for warships, yet the latter are at

such a distance that their rapid-fire guns will be of little effect

against the batteries.




Moreover, at 4,000 yards vessels are just beyond the inner limit of

mortar fire.


If possible, therefore, hostile vessels should be held in this zone by

some obstacle. Such obstacle is afforded by a mine field.


On the other hand, attacks upon a mine field are most liable to be made

by small boats at night. If the mine field be at too great a distance

from the defenses, these boats will not be revealed by the mine

searchlights. Furthermore, for protection against such attacks, the

defense relies upon rapid-fire guns of relatively limited range.


Due to the above considerations the outermost mines are usually placed

between 3,000 and 4,500 yards from the main defense.


In general, there should be in each main channel at least three lines

of mines.


ELEMENTS OF A MINE SYSTEM.


The elements of a mine system are:


1. The mining casemate, consisting typically of four rooms:

(1) The operating room, containing the power panel and the operating

boards; (2) the engine room, containing the engine and the generator;

(3) the battery room, containing the storage battery; and (4) the

sleeping room for the personnel.


2. The multiple cables, 7 and 19 conductor, leading from the

casemate out to the distribution boxes, one of which is in the center

and rear of each group of mines.


3. The single-conductor cables, radiating to the front from the

distribution boxes, one leading to each mine.


4. The mines, in groups of 19 or less, extending across the

waterway to be defended, planted approximately 100 feet apart and

anchored so as to have a submergence of about 10 feet at low water. The

groups are numbered 1, 2, 3, etc., from left to right of the observer

stationed in rear of the line, and the mines in each group are numbered

similarly, No. 1 being on the left, No. 10 in the center, and No. 19 on

the right.




The groups composing a line of buoyant mines are not usually planted

in prolongation of each other, but with a space for the passage of

friendly vessels, and also for the movement of the planter when at

work upon adjacent groups. Groups of ground mines may be placed in

prolongation of each other or between the groups of buoyant mines, as

they will always be below the hulls of passing vessels.


5. The mine planters and other boats with the necessary

equipment for planting and maintaining the planted mines.


6. The range-finding system, the same as or similar to that

used for the guns, enabling accurate plotting of the positions of the

individual mines, and consequently permitting vessel tracking and

observation firing.


7. The searchlights, for illuminating the mine fields at night.


8. The rapid-fire guns, for the protection of the mine fields.









CHAPTER II.


MATÉRIEL OF THE SYSTEM.






The generating set.—This consists of a D. C., shunt-wound

generator driven by a kerosene oil engine, or of a direct-connected

gasoline set. (For method of operation of a Hornsby-Akroyd oil engine,

see Appendix 2.)


The storage battery.—This is a 40-cell chloride accumulator,

with a normal charge and discharge rate of 5 amperes. The voltage may

be taken at 2 volts per cell; the internal resistance is negligible.

Directions for setting up, care, and usage of the storage battery are

given in Appendix 3. The 5-ampere battery is

the standard equipment at the present time, but the new installations

will have batteries with a normal charge and discharge rate of 15 amperes.


The motor-generator, D. C.-A. C.—This is a D. C.-A. C.

(60-cycle, single phase) machine, running on D. C. voltage (80-110)

and designed to give one-half kilowatt at 80 volts. To insure against

breakdown two of these motor-generators are supplied to each casemate.


Starting switch.—This is a 4-point lever switch and is used to

start the motor-generator and to accelerate it to full speed. To insure

against breakdown two of these motor-generators circuit to the fourth

point. Resistances are connected between the points, as shown in

figure 1. The contact made at point 1 is not

broken as the lever is moved to its successive positions. It is seen

that the total resistance is 8 ohms; it is all in the armature circuit

when the switch blade is in the first point; 4 ohms when in the

second point; 2 ohms when in the third point; none when in the fourth

point. The operation of closing the lever short circuits in turn the

resistances 4, 2, and 2.




The casemate transformer.—This is a step-up transformer, of the

oil-insulated core type, and is rated at 60 cycles, 500 watts, 80 volts

primary and 500 volts secondary, when carrying full load.




[image: ]

Fig. 1.—Starting switch.





The power panel.—This panel is shown in figure 2, its wiring diagram in figure 18 at the end

of the book. It consists of an enameled slate panel upon which the

apparatus is mounted. It is 32 inches wide, 69 inches high, and is set

up with its face 34 inches from the wall in rear.
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Fig. 2.—POWER PANEL.







Across the top are two lamps, a double circuit breaker, a D. P. D. T.

switch, and a single circuit breaker. Below these there are an ammeter,

an A. C. voltmeter, and a D. C. voltmeter. Below the ammeter is a

battery rheostat and below the D. C. voltmeter a field rheostat. On a

bracket at the side there is a mil-ammeter, with a 16 c. p., 110-volt

lamp in series with it.


The remaining switches, receptacles, and attachments are sufficiently

well indicated in the figures.


Switch No. 1 controls the lamps at the top of the board. When it is up,

they are supplied from an external source of power. When it is down,

they are supplied from the storage battery.


The D. C. terminals are all carried to one terminal bar, the A. C.

terminals to another. All terminals and all switches are labeled.


Provision is made for energizing the D. C. busses:


(a) From an external source of power: Close single circuit

breaker and close switch No. 2 to the right—facing the board.


(b) From the casemate generator: Close single circuit breaker

and close switch No. 2 to the left—facing the board.


(c) From the storage battery: With switch No. 2 open, close

double circuit breaker.


Feeder switches are plainly marked. The D. C. switches supply power as

follows:


No. 3. When up, supplies the operating boards (negative pole to boards,

positive to earth); when down, it is spare.


No. 4. When up, supplies motor-generator No. 1; when down,

motor-generator No. 2.


No. 5. When up, supplies the mine commander’s station.


No. 6. When up, supplies casemate lamps; when down, it does the same,

but the power is now drawn from an external source and not from the D.

C. busses.


No. 7. When up, grounds the positive bus and connects the negative bus

through the protective lamp and mil-ammeter to the mil-ammeter lead.


The A. C. switches supply power as follows:


No. 8. When up, supplies the operating boards, one pole to boards, the



other to earth through an independent lead; when down, it does the

same, but the side grounded is grounded through a choke coil.


No. 9. When up, energizes the A. C. busses from motor-generator No. 1;

when down, the A. C. busses from motor-generator No. 2.


No. 10 is spare.


No. 11. When up, supplies power to the primary of the testing

transformer; when down, it is spare.


No. 12. When up, supplies power from the secondary of the testing

transformer to the test fuses.


Voltmeter receptacles and plugs, all of which are properly marked, are

provided for obtaining the reading of the A. C. and D. C. voltages. The

D. C. receptacles are on the right and the A. C. on the left. The first

receptacle of each set is spare to hold the plugs when the latter are

not in use.


With the D. C. plug:


In the second receptacle, the voltage of the casemate generator is

indicated.


In the third receptacle, voltage of external D. C. power.


In the fourth receptacle, voltage of storage battery.


With the A. C. plug:


In the second receptacle, voltage of A. C. power on the busses is

indicated.


In the third receptacle, voltage of external A. C. power, if the latter

is supplied.


In general, no external A. C. power should be led into the casemate, as

the system would be unsafe, owing to the liability of a “cross.” The

standard system is perfectly safe, as it is impossible for a mine to be

fired when the motor-generators are idle.


The double circuit breaker is an ordinary single-coil breaker. The

single circuit breaker is an overload and reverse-current circuit

breaker. The reverse-current coil has two windings, one of which is

bridged across the power supply, and the other is in series with it. On

charge, the effect of these coils is differential, and on discharge it

is cumulative and will trip the circuit breaker when the current from

the storage battery exceeds 2 amperes.
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Fig. 3.—OPERATING BOARD.







To charge the storage battery:




(a) From an external source of power: Both the single and the

double circuit breakers are closed and switch No. 2 is closed to the

right (facing the board).


(b) From the casemate generator: Both circuit breakers are

closed and switch No. 2 is closed to the left (facing the board).





The operating board.—A front view of this is given in

figure 3, its wiring diagram in figure 18

at the end of the book. One is required for each group of 19 mines. It

consists of an iron frame to which are attached a signal block, a

master block, 19 mine blocks (1 for each mine), busses, and a terminal

bar with 19 numbered terminals. The frame is 78 inches high by 24

inches wide. It should be set up so that its face is 34 inches from the

wall in rear.


The signal block (see fig. 18).—This is an enameled slate

block 24 inches wide and 11 inches high, upon which are mounted three

binding posts, three lamps (red, white, and green), a bell and bell

switch, a 90-ohm non-inductive resistance in parallel with the white

lamp, and a 125-ohm resistance in series with the bell. The binding

posts are marked “Earth” or “G.,” “A. C.,” and “D. C.,” respectively.

The bell, the 90-ohm non-inductive resistance, and the 125-ohm

resistance are so indicated on the figure. The lamps are marked as

follows: Red, “R. L.”; white, “W. L.”; green, “G. L.”


The circuit, under normal conditions, is: From negative D. C. bus on

power panel, to switch 3 closed up, to “operating board” terminal, to

D. C. lead, to D. C. post on signal block, through green lamp, to D.

C. jaw on master block, to D. C. bus on operating board, through power

switch P on mine block, through solenoid S, to middle of testing switch

T, to upper contact of same, to upper contact of automatic switch A, to

middle of same, to mine switch M, through same to terminal bar, through

19-conductor and single-conductor cables, through mine transformer

primary, to mine case, to ground, to D. C. “earth” terminal on power

panel, to switch 3, and to positive D. C. bus on power panel.




Green lamps of 8, 16, and 32 candlepower are supplied. The

16-candlepower green lamp glows dimly when 19 mines are connected to

the operating board and all are free from short circuits, grounds,

or abnormal resistances. If it should glow abnormally bright, due to

grounds, a 32-candlepower lamp should be substituted. If it should glow

very dimly, due to a less number of mines connected, an 8-candlepower

lamp should be used.


A short circuit in a mine circuit causes the green lamp to glow more

brightly.


Breaks in conductors not causing short circuits will not be revealed

ordinarily by this lamp. To detect breaks, tests of individual mines

must be made.


The red lamp glows and the bell rings when any automatic switch is

down. The circuit under this condition is:


From negative D. C. bus on power panel to switch 3 closed up, to

“operating board” terminal, to D. C. lead, to D. C. post on signal

block, through green lamp to D. C. jaw, to D. C. operating board bus,

through power switch on mine block whose automatic switch is down,

through insulated pin of lower arm of automatic switch, to lower point

of testing switch T, to operating board lamp bus, through bell, 125-ohm

resistance and bell switch, and red lamp in parallel, to “earth” post,

to earth lead, to D. C. “earth” terminal on power panel, to switch 3,

and to positive D. C. bus on power panel.


The resistance of the bell is such that a resistance of 125 ohms must

be placed in series with it to make the joint resistance of the red

lamp-bell circuit so large that if one automatic switch is down it will

not interfere with the tripping of another.


The white lamp, W. L., is in the firing and A. C. testing circuits. The

90-ohm resistance is in parallel with this lamp, and in addition to

protecting it from excessive current, serves to keep the firing circuit

complete should the lamp burn out.


The master block (see fig. 18).—This is an enameled slate

block 6 inches wide by 9½ inches high, upon which are mounted two jaws

for the terminals of a jumper, a testing switch, T. S., and a firing

switch, F. S.
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Fig. 4.—MINE BLOCK.







The testing switch, T. S., is used to determine if the A. C. power be

on the signal block. If so, when it is closed the white lamp on signal

block glows. This switch is marked to indicate its “off” and “on”

positions. When “on” the circuit is as given in “test of the delivery

of the A. C. power to the operating board,” Chapter VI.


The firing switch, F. S., is used to throw the A. C. power on the

operating board A. C. busses. This is marked to show its “on” and “off”

positions. No mine can be fired unless this switch is in its “on”

position. When “on” the firing circuit is as follows:


From A. C. bus on power panel to switch 8 closed up, to “operating

board” terminal, to A. C. lead, to A. C. post on signal block, to

white lamp and resistance in parallel, to A. C. jaw, through firing

switch, F. S., to A. C. bus on operating board, to lower point of

automatic switch when it is closed down, to middle point of automatic

switch, through mine switch to terminal bar, through 19-conductor and

single-conductor cables, through mine transformer primary, to mine

case, to ground, to A. C. “earth” terminal on power panel, to switch 8,

and to other A. C. bus on power panel. The white lamp glows after the

mine has been fired.


The mine block (see figs. 4 and

18).—This consists of an enameled slate block, 6 inches wide and 9½

inches high, on which are mounted four switches.


1. The upper switch is the “mine switch.” When it is open the

corresponding mine is cut out and can not be fired. It is placed

horizontally on the blocks of the old model and vertically on those of

the new model.


2. The right-hand switch, a S. P. S. T. knife switch, is the “power

switch.” When it is closed the D. C. power is on the block and the

automatic switch will function when the corresponding mine is struck.

When it is open the mine can be fired by raising the automatic switch

release, thus tripping the automatic switch.


3. The central switch is the “automatic switch,” a single-pole

double-throw switch, operated by the plunger of a solenoid. Through its



lower arm there passes an insulated pin which, when the switch is down,

makes connection between two contacts to the right and left of this arm.


If for any cause the current through the solenoid rises above that for

which it is set (normally 0.075 ampere), its plunger is drawn up and

the switch is tripped. Such rise in current is produced when a mine is

struck, the resistance through the circuit-closer circuit being far

less than that through the primary coil of the transformer. Such would

also be the case when a mine cable is grounded.


When the automatic switch is tripped, the D. C. circuit to the mine

is broken at its upper contact (see fig. 18) and D. C. circuit through

red lamp and bell is made through the insulated through pin in the

lower arm, thus giving warning. If at the same time A. C. power be on

the busses and the firing switch on the master block be closed, A. C.

will be thrown on the mine through the lower contact of the automatic

switch, and the mine will be fired.


Just above the plunger of the solenoid there is a red knob attached

to the tripping bar of the automatic switch release. This enables the

automatic switch to be released by hand in observation firing and in

testing.


4. The left-hand switch, a S. P. D. T. switch, is the “testing switch.”

It is used to test the automatic switch, which should open when the

testing switch is thrown down. The bell switch should be opened before

throwing down testing switch. When the testing switch is in this

position, the circuit being broken at its upper contact, the mine is

cut out, and in place of the mine there is thrown in the red lamp of

the signal block. The resistance of this red lamp is greater than that

of the mine circuit when the mine is struck, so that if the automatic

switch works for the current through the red lamp it will certainly

work for that through the circuit closer when the mine is struck.


The circuit when the testing switch, T, is down and before the

automatic switch drops is: From negative D. C. bus on power panel, to

switch 3 closed up, to “operating board” terminal, to D. C. lead, to D.

C. post on signal block, through green lamp, to D. C. jaw, to D. C. bus

on operating board, through power switch, through solenoid to middle of



testing switch T, to lower point of same, to operating board lamp

bus L, through red lamp to “earth” post, to earth lead, to D. C.

“earth” terminal on power panel, to switch 3, and to positive D. C.

bus on power panel. The circuit, when testing switch, T, is down, and

after the automatic switch has dropped, is the same as the

above up to the power switch, then from the power switch through the

insulated pin in the lower part of the automatic switch, to the lower

jaw of the testing switch, and then the same as the circuit above.


A diagram similar to the wiring diagram, figure 18, at the end of

the book should be made of the power panel and of one of the operating

boards of each casemate and posted in a conspicuous place in the

casemate. Any changes made in the wiring of either of these boards

should be made immediately on this diagram.


Submarine mine cable, 19-conductor.—This is an armored cable

about 1 inch in diameter and contains 19 insulated single conductors of

No. 16 American wire gauge wire (51 mils in dia.). The conductors are

arranged in two concentric layers around a single central conductor,

the inner layer containing 6, the outer 12. One conductor in each layer

is distinguished from the rest by some characteristic mark, as a spiral

white thread, a wrapping of tape, or other easily detected mark. The

marked conductor in the outer layer is No. 1, that in the inner layer

No. 13, and the central conductor is No. 19. The other conductors are

numbered at the shore end of the cable in a clockwise direction; at the

distant end in a contraclockwise direction.
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