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shields. There is a conning tower, 10 inches thick and a 7-inch -
communication tube. These vessels were designed before the
Harvey process had been adopted for armor.

27. Iowa, Kearsarge and Kentucky.—The Iowa followed, the
armor being distributed on the same general lines, but thinner
in corresponding positions. In the Kearsarge and Kentucky
we find a slight decrease in thickness to 16 inches and an ex-
tension of the water-line belt to the bow, tapering in thickness
to 4 inches. The barbette and turret armor were slightly de-
creased in thickness and more importance given to the case-
mate armor, 5 inches thick, which was made to cover all the space
between the barbettes. The conning tower, tubes, etc., re-
mained practically the same.

28. Illinois Class.—Next came the Illinois class, including
the Alabama and Wisconsin, The principal features of the
armor design of these vessels was the abandonment of the 8-inch
turrets, a more extensive use of the casemate armor, which was
made 3% inches thick to protect the 6-inch battery, the intro-
duction of splinter bulkheads, and what is very important, the
adoption of the inclined port plate for the 13-inch turret guns.

29. Maine Class.—The Maine class followed. The general
design of these vessels is similar to that of the Illinois; 5%-inch
armor was used for the casemates, and Krupp armor being at
this time adopted, the armor protection was considered to be very
much superior to the Illinois class. See Plate II.

30. Virginia Class.—In the Virginia class there is a return
to the 8-inch turrets, two being superposed on the 12-inch like
the Kearsarge and Kentucky and two being placed in broadside.
The inclined port plates, however, of the former which permits
of a minimum port opening, and at the same time are inclined at
a sufficient angle to deflect projectiles, give very much better
protection though the thickness is only 6% inches against 8
inches for the Kearsarge. The 12-inch belt was retained, but
was carried all the way aft, tapering to 4 inches at the stern as
well as at the bow. The casemate was still further extended,
being carried forward and aft with athwartship bulkheads so as
to include the 12-inch barbettes.

31. Connecticut and Louisiana.—In the Connecticut and
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Louisiana, we find a reduction in thickness to 11 inches in the
water-line belt, the 8-inch turrets are disposed quadrilaterally,
the upper casemate armor is made 7 inches thick to protect the
7-inch guns. The general arrangement and disposition of the
armor with the weights of each class are shown in Plate IIL

32. Distribution of Armor on Monitors.—It has been de-
monstrated that such craft are only efficient in smooth water.
Thev are now considered only as a means of harbor defense, and
as other methods are more efficient for the purpose, the type has
been abandoned. Future design need not therefore be con-
sidered. As a matter of fact there has been no change in the
principle of design, since the original monitor. The essential
features are: A complete water-line belt of maximum thickness
in wake of the machinery and magazine spaces, tapering to the
ends; a deflective and protective deck, similar to that worked in
battleships; turrets mounted on the center line, revolving in
heavy barbettes.

33. Armored Cruisers.—The evolution of the armored cruiser
from the New York and Brooklyn to the latest type represented
by the Tennessee class, Plate IV, has developed what is in reality
a battleship. To compare the Tennessee and Connecticut, for
example, we find the same principles applied in the distribution
of armor in the one as i}‘x the other; namely, a water-line helt
5 inches thick; casemate armor, continuous with the belt and
of the same thickness, completely enclosing.the broadside bat-
tery ; protective decks; turrets with 7-inch sides and 5-inch back,
and g-inch port plates; 7-inch maximum on barbettes; splinter

- bulkheads, conning tower, armored tubes, etc., all being very
much lighter.

Many are of the opinion that the limit has been reached in this
type and that the logical principles of attack and defense, in
war ship design, which means using the most efficient weapon
to the end, have not been exemplified in this type.

34. Milwaukee Type.—The Milwaukee type, called protected
cruisers, but in reality armored cruisers, carry 4 inches of armor
to protect the water-line amidships and the broadside battery,
and the armor forms in effect a central citadel or casemate of
uniform thickness extending from below the water-line to the
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upper deck and completely enclosing the central portion of the
ship. This protection is supplemented by the usual protective
deck, cofferdams containing cellulose, and coal bunkers.

35. Gun Shields.—Opinion is divided as to the efficacy of
gun shields for guns in positions unprotected by armor. On
the one hand it is argued that such shields serve merely as
means for bursting shell, thus menacing the personnel of the
gun’s crew, whereas without the shield, the shell would pass
harmlessly by. Others maintain that it is better to be certain
of defeating smaller calibre projectiles and take chances of being
struck by shell that will pierce the shield.

If properly disposed, shields form the best possible protection
for the guns. The inclined port plates of turrets are in reality
shields. The round shields covering the guns in the reentrant
ports of the casemate guns.in battleships are absolutely necessary
as protection against fragments of shell.

In general it may be said to be good policy to fit shields to all
guns where it 1s possible to make them sufficiently resisting to
give complete protection against all shell of the same or less
calibre than the gun to which the shield is fitted. S

36. Tendency of Battleship Design:—Armor serves two pur-
poses; first, protection for the personnel, which involves that
of the gun positions and armament, and second, protection for
the flotability and interior mechanism of the vessel. The latter
includes protection of the hull and machinery. The present
system is to protect the water-line area by an armor belt about
8 feet wide, 3% feet below the water-line and 414 feet above,
extending the whole length of the ship, of maximum thickness in
walke of the machinery and magazine spaces, and tapering to
about 4 inches at the bow and stern. This belt is supplemented
by a deflective or protective deck, sloping from the bottom of
the armor belt, the whole length of the ship, flat in the center
amidships, and crowned fore and aift as indicated on the type
sketch of the Connecticut. There are also cofferdams filled
with cellulose, and coal bunkers. The principal function of the
coal is to smother fragments of bursting shell, and its value as
protection is only incidental. Modern methods of construction
have so minimized the effect of a water-line hit that it is doubtful

29
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if it would be possible to seriously affect the stability or even the
trim of a battleship by a single impact at the water-line. And
the chances of such a hit are extremely small, as witnessed by
the recent actions at the Yalu and during the Spanish War.
Hence more importance is being attached to the protection of
the personnel, so that we see a steady decrease in thickness of
the water-line belt, and an increase in thickness of the casemates.
It is generally agreed that the best method of protecting the
heavy guns is to mount them in turrets rising out of heavily arm-
ored barbettes. The casemate method of protecting the inter-
mediate or broadside battery (guns of calibre less than 8 inches)
has been used from the beginning of modern construction, but
many well-informed officers believe that present direction of
development will induce a more extended use of turrets.

Future design as regards armor protection will be influenced
by (1) Increase in the calibre of broadside guns (7-inch guns
have recently been adopted for the broadside battery of the
Connecticut), which will involve a commensurate thickness of
armor for protection; and for guns above 7-inch calibre, perhaps
mechanical appliances for operating; (2) Improvement in the
quality of A. P. projectiles whereby a capped projectile, at any
range within 3000 yards, and for the larger calibres than 6 inches
at considerably greater ranges, will,if striking normally, perforate
the best armor a calibre in thickness and burst inside. This
will involve an increase in thickness of armor, or some method
of inclining it beyond the biting or efficient angle of the cap;
(3) Improved methods of construction that minimize the danger
to flotability and stability if struck in the water-line region, and
"the effect of bursting shell in portions of the ship other than gun
positions, which involves a decrease in thickness of water-line
armor, and a concentration of protection at the gun positions.

(4) The use of electrical machinery for sighting the guns and
supplying ammunition, whereby it is possible to handle the larger
calibre guns (above 6-inch or 7-inch), with great ease and nicety,
so that it is not too much to hope to get as good results in the
matter of rapidity and accuracy of fire as could be obtained
from the smaller calibre guns handled by hand.

(5) Possible improvement in the quality of armor. It is doubt-
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ful, however, if such improvement will keep pace with the gun and
projectile,

All these considerations would, so far as armor protection
goes, seem to point to a more extended use of turrets, with in-
clined port plates. In the matter of armor disposition the pres-
ent design of turret could hardly be improved upon, having its
port plate inclined at an angle beyond that at which projectiles
will bite, and with minimum openings for the guns.

37. Outside Explosions.—The use of high explosives in the
the form of the aerial torpedo in the attack on armor formerly
had many advocates, but recent experiments have shown that
this method is not efficient. In November, 1gor, at Sandy
Hook, N. J., a Gathmann 18-inch aerial torpedo was fired from
an 18-inch powder gun, especially constructed for the purpose,
at an 11%4-inch Kruppized armor plate. The projectile weighed
1834 pounds, including 497 pounds of wet gun cotton, and the
fuze was so designed as to detonate the mass of gun cotton upon
impact. The impact was at a velocity of 1650 foot-seconds, cor-
responding to an energy of 34,610 foot tons. The gun cotton
detonated on striking the plate, and the effect on the plate due”
to the explosion was nil. The plate was attached to a structure
built to simulate a section of the side of a battleship, and the
effect of the explosion on the structure seemed to indicate that
the detonation of 500 pounds of high explosion against the arm-
ored side of a battleship would not seriously affect the structure
of the vessel. Two succeeding impacts of projectiles containing
the same amount of explosive confirmed the result of the first
round.

The result of this test raises the question whether it would
not be practicable to armor the bottom of a battleship so as to
secure immunity from automobile torpedoes.

38. Penetrating Power of Naval Guns.—The following
table shows the power of our naval guns with respect to the per-
foration of modern armor.
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CHAPTER XXX.
PENETRATION OF PROJECTILES.

By Lieutenant CLELanp Davis, U. S. Navy.

1. General Discussion.—When a projectile strikes a target,
and its motion is destroyed, the motion must be dissipated by
(1) heating the target; (2) heating the projectile; (3) changing
the form of the projectile; (4) changing the form of the target.
All of these but the last are, from the artillerist’s standpoint, a
waste. The amount of energy which takes the form of heat in
the projectile and target is not known, but could be approxi-
mately ascertained by the use of bodies which ignited or fused
at known temperatures. It is known that the temperature of
the shell is sufficiently great to ignite the bursting charge (540°
F.), and this indicates an amount of energy which must have
been reached or exceeded. :

No accurate experiments have as yet been carried out in order
to determine the coefficients of resistance for the different mate-
rials of projectiles and plates, so that it is difficult to study the
subject in a rigidly mathematical way. But practically the
amount of penetration, whether for iron or steel plates, masonry,
or for earth, has been determined by experiment. A number of
formulas have been proposed, based on various hypotheses, and
which agree more or less closely with the results obtained in
actual firing. The diversity of the formulas proposed testifies to
the difficulty of expressing the law of resistance of armored
shields to perforation; and it is very doubtful if it be possible to
express this law by an exact formula, since the resistance of the
plates and the power of projectiles to overcome that resistance
depend on so many conditions that escape calculation. Plates
vary in different foundries; the same foundry cannot always
deliver plates exactly alike, and any single plate is not perfectly
homogeneous. The same may be said, to a less degree perhaps,
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of the projectiles; in addition may be mentioned the variation in
shape of the projectile on impact, the possibility of the projectile
breaking up, and the amount of heat developed on impact; all
of these varying conditions make it practically impossible to ap-
ply strictly analytical investigations and deduce a law which will
stand the test of general application.

2. The Penetrative Effect.—Generally speaking, the penetra-
tive effect depends on the shape and material of the projectile, on
its energy, diameter, and the direction in which it strikes the
target.

3. Form of Head.—Several forms of head have been exten-
sively experimented with, viz., flat, ogival, hemispherical, and
conoidal. For piercing plates by shot striking normal to the
surface of the plate, the ogival head of two to two and a half
diameters is considered to have given the best results.

4. The Steel Cap.—A soft steel cap is now being fitted to
all A. P. projectiles. This cap is in diameter about half the
calibre of the projectile, and is about 4 per cent of the weight.
Its action is fully explained in the preceding chapter. It adds
about 15 per cent to the efficiency of the projectile with respect
to the thickness of the plate and about 20 per cent with respect
to the striking velocity.

5. Material.—Chilled iron, wrought iron, and steel have been
experimented with to ascertain their respective merits for ma-
terials to make projectiles for piercing armor plates. Although
chilled iron has been used on account of its easier manipulation,
its great hardness, and its cheapness, the best material for pro-
jectiles to pierce armor is that which will neither break up on
impact nor change its shape; this metal is a forged oil-tempered
steel of special treatment and of special alloy which fulfills these
conditions better than any other metal.

Various elements have been and are used to alloy the steel in
order to obtain the requisite qualities for a good armor piercing
projectile; these include principally nickel, chrome, manganese,
and tungsten, and are combined in various ways to produce
the desired results, namely a maximum of hardness combined
with a maximum of toughness.

6. Change of shape means a loss of energy uselessly expended



ERRATUM.

Page 371, Par. 8 Text-Book of Ordnance and Gunnery, 1003, and the
figure on the same page illustrating the bifing angle.

The line CB, which is the tangent to the ogival, is not co-incident with
the radius for this ogival and is no! equal to 2c in length. And the com-
putation of « for different radii on pages 371 and 372 is incorrect.

Substitute the following figure for that in the book, and the following
computation of a for that contained in the last two lines on page 371 and
the first four lines on page 372.

The figure shows the shell striking the plate at the biting angle, i. e,
with the tangent EB in the plane of the plate’s surface. Radius of ogival
two calibers.

CB = zc = radius of arc HB.AC= 32‘":.

The angle ACB = ABE = the biting angle, a, because its sides are per-
pendicular, respectively, to AB and BE.

3&
From the triangle ABC, cos a= i=_: a =41° — 24" — 30",
2C

From the above it will be seen that the value of « may be expressed as
follows:

@ =cos—" % where n—=radius of the ogival in calibers.

Thus, for n=2%, a = cos—" -2—2 36° — 52",

n—= 2 , rx:cos"'l% —41° — 24" — 30",

2 5
n—=1%, a =cos—! 3 = 48° —171/, etc, etc.
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in heating the projectile; and if the projectile breaks up, it gen-
erally fails to impress all its energy on the armor plate. Tough
steel more nearly answers the requirements for armor-piercing
than any other metal. Torged steel is better than cast stecl, as
it does not break up on impact; and if the power of the armor
for resistance nearly equals the power of the projectile for pene-
tration, it is the only metal that will carry a bursting charge
through the plate. 'With nickel steel armor, Harveyized, or with
Krupp process armor, it is even more necessary to have forged
steel projectiles of special treatment and of special alloy, since
experiments show that those constructed of other materials break
up on impact.

7. The best weight for a projectile of given diameter is gener-
ally found by giving a value to the ratio of g, where W =
weight of shot, d = diameter., The latest researches give .45 to
.5 as the value of this ratio. Thus for a 6-inch gun the weight
would be not less than g7 pounds.

8. The Biting Angle.—It is evident that the point of an
ogival-headed projectile will not bite thick armor at a less angle
than that made by the tangent to the projectile at its point and
the axis of the projectile. This will be seen from an inspection
of the figure, and this angle is called the biting angle.

The angle made by the tangent C'B with the axis of the pro-
jectile is equal to the angle ABC, and when the head is struck
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with a radius of 2 diam. if ¢ be the diam., we have sin a= 34,...
a = 48° 30, about. Similarly, it may be shown that when the
head is struck with a radius of 114 diam. that the angle will be
about 42°. If the plate is of comparatively soft metal, such as
wrought iron and low steel, the shot will bite at a slightly less
angle, owing to the fact that the plate bends slightly on impact
and increases the angle between the tangent and the surface.

It has been demonstrated experimentally at the N. O. P. G,
heads of various shapes having been used, that the flat-headed
projectile is the superior of all others, at short ranges, against
armor inclined at small angles to the line of fire.

g. Biting Angle of the Cap.—Proving ground experiments
have demonstrated that the cap is not efficient at angles of im-
pact above about 20° from the normal. In other words this is
the biting angle of the cap. Taken in connection with the
theory of the cap, the reason of this is susceptible of explanation.
Assuming that the normal component only of the total striking
energy is useful in smashing in the hard face, there is a point
at which this component is not sufficient to give the desired re-
sult, so that the effect is the same as if the projectile were not
capped.

10. Empirical Formulas for Penetration.—For thin plates
which can be easily penetrated, experiment seems to show that
the projectile acts as a punch, cracking the plate circumferen-
tially, at the same time bulging it on the inside, where it also
commences to crack. In this case the method of estimating the
resistance per inch of projectile’s circumference gives good
results, but in cases where the projectile acts as a wedge, and
drives the resisting material before it, the method of estimating
the resistance per square inch of sectional area gives approxi-
mately better results. The truth probably lies between the
two, inclining the more to the one or the other according as a
punching or wedging action is brought into play.

The following formulas, by Th. Jacob de Marre, Capitaine
d’Artillerie de la Marine, France, are those now in use, and
have been deduced from the results of experience.

In these formulas,

v = striking velocity in {. s.
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p = weight of projectile in pounds.

¢ =diameter in inches,

E = thickness penetrated in inches.

The quantities in brackets are the logarithms of constants.
For penetration of wood backing,

iy
£ =[7.79013— 10] %5 - (1
For penetration of wrought iron,
b
£ =[7.03838 — IO}%::. (2)

For penetration of thin steel plates, not Harveyized, by steel
shell from 6-pounder R. F. guns, and smaller calibres,

#
E* =[6.86572 — 10107 . (3)
For penetration of thick plates, not Harveyized,
e
£ =[6.99066 — 10]%; : (4)

To find the striking velocity necessary to penetrate a given
thickness of plate and backing, solve the proper formulas for ».
If w, is the striking velocity necessary to penetrate the plate, and
v, the striking velocity for the backing, the required velocity is
. v=y 2} + 2%,

The use of formula (4): '
*“ Formula (4) can be put in the form

et .
v_KP Exn,
It is still used to represent the average resistance to the armor-
piercing projectile when it penetrates the armor plate without
being deformed, the plate being oil tempered and annealed. The
value of K is 1022. for practical purposes.

With a face-hardened plate it has come to be the practice to
use this formula with its velocity or the thickness of the plate
multiplied by some factor. For some time, for example, our
government shot at plates as if they were 1.15 times their thick-

* Discussion by J. F. Meigs, Artillery Engineer of the Bethlehem

. Iron Co.
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ness, but at present it is the practice to multiply the velocity as
derived from de Marre's formula, as formula (4) is called, by a
factor, which factor has been 1.38 on thin plates of 5 inches and
6 inches in thickness, and about 1.30 on thick plates of 12 inches
to 15 inches in thickness. These factors are used only in the case
of Krupp process plates. With ordinary hard-faced plates, which
were called Harvey plates, the factor could not reach so high a
value,

The difficulty of measuring resistance of the hard face plate
is much greater than in the case of the soft plates, because it
becomes largely a question between the temper of the plate and
the projectile.

If the temper and toughness of the projectile could be made
perfect they would unquestionably penetrate the existing armor
plate, but in existing armor plates the hard face is relied upon
to destroy the projectile and thus prevent its penetration. It
will be noted that the head and point of the projectile are hard
and its base end soft and tough, and that it presents itself in
just the same way to the impact as does the plate.”

11. Recent Formulas.—Other formulas for the penetration of
both homogeneous and face-hardened armor have heen proposed
both in this country and abroad, but the de Marre formula is the
one on which ballistic tests are based universally, and this is
of value to all governments in that it affords a basis of compar-
ison as to the quality of armor each is getting.

The following formule were deduced by Lieut. Cleland Davis,
U. S. Navy, from experiments made under the direction of the
Bureau of Ordnance, for the perforation of Harveyized Armor:

Projectiles without caps. Cupped projectiles.

be? et
V:f}; K (D V:‘ﬁf- K (2)

log K = 3.34512, log K'==3.25312 using notation as before.

In these, the thickness of armor given just matches the veloc-
ity, so that under normal conditions of plate and projectile the
latter would just get through, being itself destroyed in so doing.
No satisfactory formula has yet been deduced for the perforation
of Krupp armor. For capped projectiles, however, a fairly good
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approximation may be obtained by adding a constant of from
100 to 150 foot-seconds to the velocity obtained from (2).

The velocities for the acceptance test of projectiles by the Bureau
of Ordnance are based upon (2).

For uncapped projectiles, a fair approximation may be ob-
tained for plates equal in thickness to the calibre of the attacking
gun by adding 200 to 250 f. s. to the velocities given from form-
ula (1).

12. Oblique Penetration.—When a target is penetrated by
oblique fire, it is generally found that the projectile turns and
penetrates nearlv normal to the plate. The normal velocity is
then I/ sin ¢, if ¢ is the biting angle with the face of the plate.
In formulas in which ¥ is used, the value I sin # must be substi-
tuted.

=

13. Kinds of Projectiles.—Three kinds of projectiles are in
use in the U. S. Navy for the large calibre guns: Armor pierc-
ing, common or semi-armor piercing, and shrapnel. The lat-
ter would only be used in the attack of exposed bodies of men
on shore. The specifications for the two former require that
armor piercing shell shall perforate face-hardened armor plate
of thickness equal to the calibre, and remain in a condition for
effective bursting. Semi-armor piercing, or forged steel shell,
must pass through half a calibre of face-hardened armor and
remain in a condition for cffective bursting.

14. Development of High Explosive Shells.—Great Improve-
ments have recently been made in armor piercing shell, and
the fact that it is possible to send an armor piercing shell loaded
with a high explosive through a thickness of plate equal to its
calibre and detonate it behind the plate may result, eventually,
in the adoption of but one type of shell for the Navy. The most
striking example of this result was in the test of the 12-inch
Army rifle in comparison with the 18-inch Gathmann Torpedo
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Gun. This test marked such an important advance in the at-
tack on armor that the result is given in full together with photo-
graphs. The target was an 11%2-inch Krupp plate, 16 feet long
by 7Y% feet wide attached to a structure which represented a
section of the side of the Towa.

Round one—An armor piercing shot weighing 1001 pounds and
7 ounces, including 19 pounds 7 ounces of army high explosive,
struck the center of the target with a velocity of 1800 feet per
second, corresponding to a range of 4400 yards. The striking
energy was 22,500 foot-tons. This shot penetrated the plate and
was detonated just in the rear. The backing, the skin plates,
frames, and cofferdam plates were completely demolished in the
line of this impact. The crater formed in the sand butt in the
rear of the structure measured 15 feet by 6% feet. Pieces of
the plate and projectile passed through the structure, through
the butt, and were recovered at distances of 150 to 200 feet in
rear of the butt. The rivets in the top plate were sheared, the
side plates of the cofferdam were buckled about 3 inches, and the
plate was forced back bodily about three-fourths of an inch.
See Plates I and II.

Round two.—An army 12-inch armor piercing shot weighing
1006 pounds, including 23 pounds of Maximite, struck the right
center of the plate with a velocity of 1804 feet per second, cor-
responding to a range of 4400 vards. The striking energy was
22,500 foot-tons. The shot detonated in the plate, completely
wrecking the right-hand portion and demolishing the frames
behind the armor and the plates of the cofferdam. See Plates
IIT and IV.

Round three—A 12-inch armor piercing shell weighing 1045
pounds, including 60 pounds of army high explosive, struck the
lower left-hand center of the plate with a velocity of 2073 feet per
second, corresponding to a range of 1880 -vards. The striking
energy was 31,100 foot-tons. The shell penetrated and deton-
ated in the plate. As a result of this impact the plate was totally
wrecked and the backing, frames, beams, and cofferdam plates of
the structure were completely demolished. An opening was made
through the plate 4 feet wide by 8 feet long.

The lower left-hand quarter of the armor plate was broken
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into six large fragments and numerous small ones, the largest
being about 4% feet square, which, with the backing and skin
plates, was torn loose from the structure and turned inward, so
that the left-hand edge of this fragment was in the plane of the
original face of the plate. One large fragment about 2 feet by
2Y; feet by 1114 inches, and weighing about 2500 pounds, was
hurled thrfough the target, through the butt, and was recovered
135 feet in the rear of the butt. Numerous fragments of the
plate and projectile passed through the target structure, through
the butt, and were recovered in the rear. The effect of this shot
would have resulted in serious injury to a battleship. The com-
parative harmlessness of the Gathmann shell loaded with 500
pounds of gun cotton when exploded against this plate is re-
ferred to in the previous chapter. See Plate V.

15. The Attack of Armored Ships.—No academic rules camn
be laid down as to methods of attacking amored vessels. There
are now but two classes of projectiles available, the armor pierc-
ing and the common or semi-armor piercing. All the former
are now being filled with bursting charges, and the quality is
being so much improved that those that will in future be issued
to the service will possess the perforating power of the present
armor piercing shell and at the same time have sufficient capac-
ity for well-conditioned bursting. Assuming that the object is
to explode the shell on the inside of the enemy’s vessel, the
rule would be to use whatever could accomplish that object.
If the enemy is unarmored, semi-armor piercing or common shell
should be used. If armored, it may be said in general that the
heavier guns with A. P. shell should be used against the most
important positions, which would be the most heavily armored,
and the lighter calibre guns against the corresponding positions
of the enemy. Whether A. P. or S. A. P. shell would be used
in the latter case would depend upon the vulnerability of the pro-
tection. Of course, if only one type of shell were issued to
the service the question would resolve itself into one of choosing
what portion of the enemy to attack.

16. Experiences of Modern Warfare.—The battles of the
Yalu of the China-Japan war, and the battles of the Spanish-
American war, afford the only experiences of recent years in
which armored vessels have been engaged.
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In the battle of the Yalu, the heavy armor of the Chinese battle
ships was not materially damaged, and so far as the life of the
ships was concerned, they were effective at the close of the
battle.

At the battle off Santiago, between the Spanish armored cruis-
ers Maria Teresa, Oquendo, Viscaya and Colon, and the United
States fleet, the Spanish cruisers, except the Colon, were totally
destroyed, not by the piercing of their side armor, but by the
destruction of their unarmored parts by the terrific effects of
shell fire and by the fires created by bursting shells. The side
armor, so far as is known, was not pierced, but the upper works,
battery decks and all unarmored parts were riddled and torn to
pieces, by the fire of common shell principally, the wood work
being set on fire, fire mains and hose cut, the crews demoralized
with great loss in killed and wounded; the ships finally being
run ashore. The Colon was run ashore and surrendered ufter
being hit but six times without material damage, in her attempt
to escape by flight.

The conclusion reached is that there should be greater pro-
tection for the gun positions in armored cruisers than obtained
in the Spanish ships, that casemates and splinter bulkheads
are a necessity, that the chances of penetrative hits on water-line
armor, except in very close actions is small, and that wood and
inflammable material must be reduced to a minimum in ship
construction.



CHAPTER XXXI.
THE PROVING GROUND.

Prepared by LIEUTENANT JoserH StrAUSS, U. S. Navy.

1. All guns, gun carriages, ammunition, armor and new devices
in naval ordnance are tested at the proving ground before being
accepted for the service.

2. The United States Naval Proving Ground is situated at
Indian Head, Md., and comprises a tract of land of nearly one
thousand acres, on the left bank of the Potomac river, about
twenty-five miles below Washington. There is a clear range
over the water six and one-half miles long.

3. The Proof of Guns.—After a gun is completed it is sent 10
the proving ground and fired five times, with pressures ranging
up to one and one-quarter times the service working pressure it
is designed to withstand. Thus, a gun which is to be habitually
used with a maximum pressure of sixteen tons will be subjected
to a final pressure during proof of not less than 20 tons per
square inch. The proof velocities must also de correspondingly
high, in order that the chase and muzzle may be tested for their
ability tc withstand high pressures. After proof the gun is
stamped with the letter P and the initials of the officer in charge
of the proving ground, after which it is returned to the gun
factory at Washington.

Every gun manufactured for the naval service is submitted to
this proof; in the case of those guns manufactured by private
concerns equipped with a proving ground, the proof is conducted
by the Inspector of Ordnance attached to the works.

4. Proof of Powder.—An “index” of powder is, generally
speaking, the largest lot of a single kind of powder that the
capacity of the manufacturing plant is capable of blending.
Blending houses are usually large enough to mix from 25,000
to 30,000 pounds, and these figures, therefore, represent the weight
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of one index. Small arm and machine-gun powders are usually
made up into indices of less weight.

After the index is boxed and ready for shipment, a sample
of ‘prescribed weight is sent to the proving ground for proof.
A careful chemical analysis of the sample is made at the labora-
tory in order to ascertain whether the stability, percentage of
nitrogen, residual volatiles and solubility are in accordance with
the specifications. The powder is then fired in the gun for which
it is intended, beginning with small charges and working up to
the required velocity, unless the proof is halted by the develop-
‘ment of pressures in excess of those permissible. For a required
velocity the weight of charge used must not exceed a given
amount, nor must the pressure exceed that for which the gun
is designed. After fixing the charge, a report of the ballistic and
chemical qualities are forwarded to the Bureau of Ordnance,
upon which the powder is either accepted or rejected. If ac-
cepted, an index number is assigned, and this, with the manu-
facturer’s name, date of manufacture, weight of charge, and man-
ufacturer’s lot number, is stenciled on the boxes and the index
shipped, to a magazine.

5. Proof of Shell.—Two kinds of shell are at present
purchased for the Navy: armor piercing and common. The
armor piercing are all capped down to and including the 3-inch.
The inspector at the factory selects one shell from every lot man-
ufactured, and this is shipped for test. It is fired with a striking
velocity (fixed by the Bureau of Ordnance) at an armor plate
which is set up at a distance of about 100 yards from the gun.
The conditions for acceptance are, that it must completely per-
forate the plate, no fragment of it to remain in front of the plate.

Common shell are fired at nickel-steel plates having a thick-
ness of half the caliber of the shell, with just sufficient velocity
to get through. They must completely perforate the plate with-
out sustaining any fracture that will open up the shell cavity.
After this test, the shell is loaded with fine-grained black powder
and exploded in a suitable chamber. If the fragmentation is
satisfactory, the lot is accepted.

6. Cartridge Cases.—One case out of every lot of 100 is
proved by firing it six times with service pressures, after which
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it must be in perfect condition. It must enter and extract easily
during and at the end of the proof.

7. Fuzes,.—Minor calibre fuzes are fired against a 3-16-inch
plain steel plate and must not have more than a fixed per cent
of failures to a lot. Larger calibre fuzes are fired against a 34-
inch steel plate under similar specifications. Both fuzes must
withstand a drop from a height of 30 feet when inserted in blind
shell, without arming.

8. Shell Powder must be well incorporated, clean and free
from dust, and exhibit a proper glaze. It is tested in small-arms
for velocity.

9. Armor.—Face-hardened armor is tested by firing armor
piercing projectiles against it with normal impact. The plate
is always backed with 12 inches of oak backing secured to two
5g-inch skin plates by armor bolts spaced at normal intervals,
It is set up against the target structure at a distance of about
100 yards from the gun. The velocity of impact and calibre of
shell are fixed with reference to the state of the art of armor
manufacture, and the plate must be able to resist a given number
of blows without developing through cracks or permitfing any
shot to penetrate through the skin plates.

Protective deck plates are of nickel-steel and are set up so
that the projectile strikes them at an angle of from 7 to g de-
grees from the tangent to their surface. The plate must not
fracture under the single blow delivered.

10. Ranging Guns.—The powder charge is carefully ascer-
tained a short time before the ranging is to be conducted, in
order to eliminate any changes in velocity that may have oc-
curred since the last proof of the powder. The gun is laid at
an exact angle of elevation of 1° and trained on a fixed mark and
fired. The fall of the shot is plotted from observations, with
the theodolite and plane table, made by observers stationed at
various points down the range. This operation is repeated at
3°,5° 7° . .. 15° and back again through the same angles. The
height of tide is noted in order to reduce the height of gun above
the water to zero. The barometer, temperature, direction and
force of wind are also recorded, although, if possible, the ranging
is conducted in calm weather. After plotting all of the shots

x
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and reducing the range for each to a normal temperature and
barometer, these ranges are plotted on section paper and a
smooth curve drawn through the positions. This curve then
forms the basis for the range-table. A drift curve is also plotted
from the position of the shot on a horizontal plane. The
“jump” of the gun on modern carriages is inconsiderable or
variable, and is measured by firing the projectile through a
paper screen.

11. Instruments Used at the Proving Ground.—For velocity
work, three Boulengé chronographs are used. A separate cir-
cuit and screen are provided for each instrument. The Boulengé
chronograph is operated, briefly, in the following manner: Two
electro-magnets are each provided with a separate circuit which
are cut in turn by the passage of the projectile. The wires that
are cut are placed 30 meters apart; when the first circuit is
broken a metal rod is dropped from the first magnet and when
the second is broken a weight drops from the other magnet,
which releases a knife that springs out laterally and cuts a nick
in the first rod which is still in the act of falling. Before firing,
a datum point is secured by breaking both circuits at the same
time with a suitable key; the distance between the datum point
and the second nick furnishes a measure of the elapsed time be-
tween cutting the first and second circuits. From this time
the mean velocity of the shot is calculated, and for all practical
purposes represents the remaining velocity at the middle point
between screens. A correction which reduces this velocity to the
muzzle of the gun is readily taken from the ballistic tables.

12. In order to insure the cutting of the circuits, each wire is
arranged in the form of a screen, the mesh being continuous and
parallel at a distance apart depending on the calibre of the shot.
The triple screens are placed a few inches apart, the first of a
set being exactly 30 meters from the first of the second set. The
use of three chronographs permits the selection of the most
probable result in case the results vary.

13. Schultz Chronograph.— Besides the three DBoulengé
chronographs, a Schultz chronograph is used for time measure-
ments where more exact results must be obtained, such as veloci-
ties of recoil and counter-recoil, or in any case where several con-
secutive intervals must be measured.
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This instrument consists, essentially, of a nickel plated cylin-
der revolving by means of a falling weight, and the rotation of
which is controlled with more or less constancy by means of a
fan which is in gear with the mechanism: a stylus is fastened to
one prong of a tuning-fork and the turning-fork kept in vibra-
tion by means of a small electro-magnet, much in the same man-
ner as electric trembler bells are arranged. The breaking of
an electric circuit is the means employed to mark successive in-
tervals of the measurement, the break causing a spark to leap
across from a point near the stylus on the tuning fork to the
metal cylinder, the latter having been coated lightly with lamp
black just before the measurement is to be made. As the cylin-
der revolves and the tuning fork vibrates, a wavy line is traced
on the surface and each spark is marked on the line by a small
bright dot whenever the current is broken.

The speed of vibration of the tuning-fork is nearly constant
and equal to about 250 a second. The distance between two
sparks in terms of the vibrations would then measure N.oo4 sec-
onds. By means of a magnifying glass and micrometer N may
be measured quite accurately to } thus permitting the determ-
ination of time intervals of zx}yy of a second.

14. For the Ranging of Guns it is necessary to employ the
following instruments: 1. A gunner’s quadrant, which consists
of a level which is hinged at one end, the other end sliding on
an arc and provided with a tangent screw and vernier. The
movable end is tilted up to the required angle and clamped and
the quadrant is then placed on some part of the gun or carriage
that is parallel with the axis of the bore. The gun is now
elevated until the bubble in the level comes back to the center,
and the gun is then at the elevation required.

2. Theodolites or plane-tables for plotting the fall of shot as
they strike the water. 3. A stop-clock which measures tenths of
seconds to record the approximate time of flight of the pro-
jectiles.

15. Pressure Gauge.—The pressure gauge consists of a cylin-
der of steel closed at one end with a screw plug and copper
washer, and made strong enough to resist great collapsing pres-
sure. Into this cylinder is loosely inserted a circular prism of
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copper, with its base resting against the closed end. Into the
other end a solid piston of steel is inserted and just presses
against the other base of the copper prism. This steel piston is
not packed in any manner, but is made to fit the cylinder with
great nicety. A cupped disc of thin copper is gently pressed into
the open end of the cylinder and serves to prevent any gases irom
flowing through beyond the piston. These gauges are of two
kinds: those which screw into the mushroem of the breech
mechanism, called mushroom gauges, and those which are
dropped into the bottom of a cartridge case before the powder
charge is put in, called cylinder-gauges. Before inserting the
prism, its length is carefully measured by means of a micrometer’
caliper, and after the gun is fired it is again measured, the dim-
inution of its length furnishing a measure of the pressure it has
been subjected to.

The area of the prism is, for all guns down to the 6-pounder,
Y4-square-inch; for guns below that calibre, prisms having an
area of 1-30 square-inch are used, as the larger gauges would
seriously alter the apparent density of loading where the chamber
is so small. P

For pressure measurements up to g tons, copper prisms are
made 14-inch in length. At the Naval Gun Factory, where they
are made, sample prisms of that length are gradually shortened
in a testing machine, and the pressure corresponding to a given
shortening noted from time to time, from which data a table is
constructed which is used with that lot of prisms at the proving
ground. For pressure measurements above g tons, prisms that
have already been subjected to that pressure are used.



CHAPTER XZXXIIL
SUBMARINE MINES.

Norte—Much of the information in this chapter was taken from
Bucknill’s “ Submarine Mines and Torpedoes,” and from Arm-
strong’s “ Torpedoes and Torpedo Vessels.”

1. Definition.—A submarine mine may be defined as a charge
of explosive confined in a strong case moored beneath the surface
of the water in rivers, channels, and sometimes in outer roadsteads
for the purpose of preventing or delaying the passage of hostile
ships. The charge need not necessarily be so powerful as to com-
pletely shatter a ship, but its explosive effect should be sufficient to
blow a hole in a double bottom and sink any ship that strikes, or
passes near, the mine.

Mines are of several different classes. Each class has its pecu-
liar uses, and the class to be used and the weight of the charge
to be employed, depend upon the time and facilities available, the
depth of water, the rise and fall of the tide, the strength of the
current, and other conditions that may exist at the port to be
defended.

2. History and Development.—Submarine mines were first
used with effect by the Confederates during the Civil War, 1861-
1865, and, notwithstanding the crude and imperfect appliances at
that time, and the use of gunpowder, which was often rendered
harmless by the leakage of mine cases, more than thirty ships
were destroyed or segiously damaged by these mines.

Noting this fact, European nations took up the subject and
began extensive experiments which have resulted in a steady devel-
opment and improvement of submarine mines. This auxiliary
method of harbor defense is now of great importance.

3. General Abbot’s Experiments.—General Abbot, Corps of
Engineers, U. S. Army, contributed greatly to the knowledge re-
garding submarine explosions, and his report to Congress giving

‘.
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the results of his exhaustive experiments at Willets Point is re-
garded as a classic.

4. The Oberon Experiments.—In England, an important ser-
ies of experiments was conducted by exploding mines of different
sizes, and at various distances, against the hull of H. M. S. Oberon,
a large number of crusher gauges being used to record the pres-
sure of each explosion in order to discover a law connecting the
pressure with the weight of the charge and the distance of the
latter from the ship.

5. As a result of the Oberon and other experiments, various
opinions have been advanced as to the pressure necessary to de-
stroy or blow a hole through the double bottom of a modern ship.
Some authorities put this pressure as low as 6000 pounds per
square inch; but Colonel Bucknill, who was a member of the
“Committee on the Experiments against H. M. S. Oberon,”
expressed the opinion that the pressure required is nearer 12,000
pounds per square inch. Considering the increased strength of
modern ships, Colonel Bucknill’s rule would be the safer one to
adopt.

6. Explosives for Mines.—Iigh explosives have replaced gun-
powder, and are now exclusively used for submarine mines. Their
explosive action is not seriously affected by moisture, leakage of
the mine case is not so liable to render them ineffective, and they
are from four to six times as powerful as gunpowder.

Gun-cotton and explosive gelatine are preferred, and the former,
being extensively employed for military purposes, is more gener-
ally used for submarine mines, though it is not quite so powerful
as gelatine.

7. Destructive Radius.—As a result of a careful study of sub-
marine experiments, several formule have been proposed to deter-
mine the distances at which different charges of the various explo-
sives would be effective against a double bottom. It is evident
that such a formula can only be approximately correct; but an
approximate rule may be useful. Assuming that a pressure of
12,000 pounds per square inch will be fatal against a modern ship’s
bottom, the following rule may be used to obtain the distances at
which mines containing gun-cotton should be effective :

For distances between 20 and 50 feet from the ship’s bottom,
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multiply the distance in feet by 12 to get the effective charge in
pounds; for distances less than 20 feet, multiply by 8. Thus at
30 feet, 360 pounds, and at 10 feet, 8o pounds of gun-cotton would
be effective against a double bottom. Or, given the weight of the
charge in pounds, to find the distance at which it will be effective,
divide the weight by 12. Thus, 480 pounds would be . effective
at about 40 feet.

It is recorded that in an experiment conducted by Danish naval
officers, 660 pounds of gunpowder, exploded at a distance of 24
feet, tore a hole 100 feet square in the outer bottom of a ship and
sank the ship. Assuming gun-cotton to be about four times as
powerful as gunpowder, 170 pounds of the former would have
produced the same result. The rule stated above would give
between 200 and 300 pounds of gun-cotton for a distance of 24
feet, and it would appear, therefore, that the rule gives an ample
charge.

8. Classes of Mines.—Submarine mines arg of two general
classes:

(a) Buoyant mines.

(b) Ground mines. g

Buoyant mines are moored to the bottom so that they may be
held above their anchors a certain distance beneath the surface
of the water. Ground mines rest directly upon the bottom, where
they should be securely anchored.

9. Buoyant Mines.—There are several kinds of buovant mines,
as follows:

(1) Contact mines.

(2) Electro-mechanical mines.

(3) Electro-contact mines.

(4) Observation mines.

The different kinds of buoyant mines will be briefly described
in the order named, which is the inverse order of their safety and
effectiveness.

10. Contact Mines.—The contact mine is the simplest and
crudest form of submarine mine. It consists of a strong water-
tight case containing the charge, moored at a certain depth below
the surface of the water, the case having a number of projecting
levers or firing pins, which, if struck by a passing vessel, may be
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driven in, thus exploding the charge by direct percussion and in
immediate contact with the vessel's bottom. Such were the mines
used by the Confederates during the Civil War,

It is evident that contact mines are dangerous alike to friend
and foe, and should only be used, therefore, where other and safer
forms are not available. The firing pins, or levers, have often
been rendered ineffective by the adhesion of barnacles, or by other
causes, as was the case with the Spanish mines at Guantanamo.
Leakage may destroy a percussion primer and thus prevent explo-
sion, even when the firing pin is driven in.

SURFACE OF THE WATER.

Aunchor

Contact Mixg. Par. 10.

11. Electro-mechanical Mines.—The electro-mechanical mine
is a modification of the ordinary contact mine in which, instead of
firing the charge by a percussion primer, the firing pin (or any
other form of circuit closer) completes the circuit of a firing
battery carried within the mine case. This form may be ren-
dered somewhat safer in handling, and more certain of action,
than the percussion form of contact mine, but when once moored
it is equally objectionable in that it is under no control from the
shore.

12. Electro-contact Mines.—The electro-contact mine differs
from the electro-mechanical mine only in having the firing battery
on shore instead of at the mine. This brings the mine under con-
trol from the shore and removes one of the great objections to
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contact mines. When hostile ships are not in the vicinity, the
firing circuit may be broken at the shore station so that an acci-
dental blow will not fire the mines, and a friendly ship may pass
in safety. When the enemy appears, the firing circuit may be
closed at the shore station and the mines will then be operative
upon contact.

13. Laying Electro-contact Mines.—To reduce the number of
firing batteries and electric cables as much as possible, electro-
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ELeEcTRO-cONTACT MINE. PARr. 12.

contact mines should be laid in groups of three or more, as shown
in the sketch.

Three or more mines may be joined by electric cables to a dis-
connector box 100 yards distant, and two or more disconnector
boxes may be joined by 200-yard lengths to a common junction
. box, the main or group cable leading from the junction box to the
firing battery in the station on shore. By means of the discon-
nector a mine which has been fired or destroyed may be cut out.

14. Anchors.—Mushroom anchors are preferred for all kinds
of submarine mines. i

15. Firing Electro-contact and Electro-mechanical Mines.—
Instead of using projecting levers or firing pins to fire electro-
contact and electro-mechanical mines, the firing circuit may be
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closed at the mine by a rolling ball, or by mercury contained in a
cylinder. When the mine is tilted through a certain angle, or is
struck with sufficient force, the ball or the mercury will rise in
the cylinder, complete the circuit and fire the mine. This form
of circuit closer renders electro-mechanical and electro-contact

Firing Battery on Shore

Grours or Contact Mines. Pawr. 13.

mines much more certain of operation, because there are fewer
holes in the mine case and less chance of leakage than with pro-
jecting firing pins or levers; and rust or the adhesion of barnacles
will not cause failure.

16. Contact Buoys.—Instead of placing both the explosive
charge and the circuit closer in a single case, it is usual and pre-
ferable in all forms of electrical mines to place the circuit closer





