






The developments in Ordnance during the last ten 

years may be classified broadly, as follows: 

let. Increase in the size of guns and very 

marked increase in their power. 

2nd. Improvements in powder and in our 

knowledge of the action of powder in the gun. 

3rd. Improvements in armor. 

4th. Improvanents in projectiles, including 

explosives for bursting ci,arges . 

5th. Improvements in mechanical details of 

Ordnance material, such as mounts, sights, fuzes, &c. 

In the development of guns, the advance has 

been very notable, as is indicated by a comparison 

of our own 12 -inch guns of 1896 and 1906, shown in 

the accompanying sk et ch es . ( Plate I) 

The power of this calibre has increased, as will 

be seen, from about 26,000 to something over 49,000 

foot -tons. This increase has been gained by a 

considerable increase in the size and weight of 

the gun; by improvements in the quality of the 

steel and in methods of manufacture; and, finally, 

by improvements in powder. 

As regards the size of the gun, it would seem 

that we have now nearly or quite reached the limit. 

The 12-inch gun of to -day weighs practically the 

same as the 13-inch gun which was given up ten years 

ago as being too large for advantageous use on 

shipboard; and while it is true that the increase in 

the displacement of battleships allows a great in-

crease in the weight of the battery, the tendency  is 

to put this additional weight into more guns, rather 

than larger ones. Ls regards the length of the gun, 

this is limited not only by the additional weight 



which comes with an increase of length, but by the 

danger of drooping toward the muzzle in the case of 

• a very long gun, and by the greater diameter of the 

turrets which su ch a gun demands. It may not at 

first thought be clear why a few calibres added 

to the muzzle should necessitate a larger turret. 

The explanation is that the weight added to the 

muzzle throws the center of gravity forward, and 

with it, the pivotting-point; and as the pivotting-

point must be near the port hole, if th e port hole 

is not to be unduly large, the change throws a 

greater length of the breech inside the turret. 

The most important Improvement in the duality

of the steel for guns is connected with the intro-

duction of nickel steel. The quality of what is 

technically knov¢ri as "gun steel", - by which is 
r -

meant the simple carbon steel which has until quite 

recently been used exclusively for guns, - has not 

materially improved in the last few years, except 

in the size and general trustworthiness of the forg-

irags which can be produced; but nickel steel, which 

was for a time considered too unreliable a product 

for use in guns, has now been so far perfected that 

it will probably be exclusively used in fature. 

This gives us an elastic strength of from 60,000 to 

70,000 lbs, and a tensile strength of fully 

100,000, as aga ins t 40,000 and 60,000  1 bs . for 

carbon steel. So far as the tube of the gun is 

concerned, a new factor has recently entered into 

the question of the most suitable material. This 

is the power of the various grades of steel to 

resist erosion; - that is to stay, the wearing away 

of the bore, an d especially of the lands, by the 

wash of the powder-gases. I shall discuss this 
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subject a little later at considerable length, and 

describe some interesting experiments vtiich have 

been made with various grades of steel in the hope 

of finding some material offering exceptional re-

sistance to erosion. It has been hoped that such 

a material might be found among the many new 

grades of steel which have been developed within 

the last few years, of which the so -called "high-

speed tool -steel" is the best example. Fersonal ly, 

I am not very hopeful as to the res Its of this 

search, but I am hopeful, - indeed I am convinced, -

that from the development of these new grades of 

steel we are likely to get a material for use in 

the construction of guns which will be enormously 

stronger  than any that we have now. It has long 

been known that the characteristics of ordinary 

carbon steel could be greatly modified by the 

addition to it of small quantities of other 

substances; but only within the last few years 

has any systematic study been made of the possibil-

ities of such alloys. 

Since then, the developments along this line 

have been little less than marvellous, and the 

possibilities of the future seem almost unlimited. 

\Ve are all familiar with the great step in advance 

which came with the introduction of nickel steel. 

Even earlier than this, manganese steel had been 

found effective in projectiles, and both Holzer 

and I'irminy were getting wonderful results, also in 

projectiles, from alloys of which the full secrets 

have never been made public. The essential feature 

of the brapp armor plate i;: the use of chromium. 



But the most striking results of all have been 

obtained in tool-steel, by a combination of carbon, 

chrome and tungsten. This alloy, when appropriate-

ly tempered, gives an edge which cannot be turned, 

and which, in a tool, holds its temper no matter 

at what Epeed it may be worked.; whereas in the 

case of a tool made of ordinary steel, the temper 

is drawn and the tool ruined, by the heat generated 

by even a very slight excess of speed. The re-

markable results obtained with tools have led to 

experiments in other directions and with other alloys, 

and steel can now be had commercially in forginge of 

considerable size with an elastic strength of nearly 

150,000 lbs . 

Two experimental 6" guns are now building of a 

material known as "Amorphous" steel, the elastic 

stren th of which exceeds 100,000 lbs . It is 

probable that this or some similar material will 

sooner or later be adopted for general use in guns, 

but for the present we shall doubtless continue to 

rely upon nickel steel. While this is reliable in 

the main, it occasionally develops flaws for which no 

satisfactory explanation has yet been found. 

(Remarks upon streaks, blow-holes, &e., 
their probable cause, and their effect). 

As a means of eliminating these, and of perfecting 

large frgings, there has recently been devised in 

Prance a new and very interesting process of fluid 

compression, known as the Rarmet process, in which 

the liquid metal is poured in a conical mould placed 

with its small end up, and is then forced inward by 

power applied to the moveable base. By this process, 

the metal is continually compressed inward upon its 

center, with the effect of eliminating the defects 





which with other processes develop in the mass of 

the ingot, especially toward the center and top. 

The process is, in fact, one of wire drawing, and 

is said to produce more perfect ingots than can 

be made in any other way. (Plate I I ) 

Coming now to the designs of our own and foreign 

guns, a marked change is to be noted in the strength 

given to the walls at and near the muzzle. The 

earlier designs were not, in most cases, hooped to 

the muzzle, the idea being that the pressures here 

w uld necessarily be low. Comparatively little was 

known, when these guns were designed, about the mode 

of combustion of smokeless powder. Experiments 

which have been carried on at the Proving Ground 

at Indian. Head within the last two years have furnish-

ed data by which w rave been r Ile to plot the 

pressure curves of this powder in all of our service 

gins, with what is probably a fair approach to 

accuracy. These curves indicate that with our 

present composition of powder and with the granula-

tions which have heretofore been used, the carve of 

pre.sure is flatter than had been supposed, and the 

muzzle pressures considerably higher. This accounts 

for the accidents to the 8-inch guns of the "IOWA", 

in which the muzzles of the guns were blown off. 

English guns of the same period were of similar 

design and have in many cases given trouble through 

the enlargement of the muzzle. It is not known 

that any of them have actually exploded, but this 

is not because they were stronger than our guns but 

because the English Cordite is essentially much 

quicker than our own nitro-cellulose powder, and 

therefore gives, for a given muzzle energy, a 









pressure curve which is considerably higher at 

the breech, and correspondingly lower at the 

muzzle. 

The drawings herewith show the advance in 

design of our 8-inch guns fmm the Mark III 

of 1£396 to the Mark VI of 1904. (Plates III & 

IV) . It will be seen that the latest design 

has abundant strength at all points, even for 

a powder much slower than any that we have dais 

far had occasion to use. With such a gun we 

might even approach rather closely to that old 

ideal of the artillerist, "a low maximum 

pressure maintained uniformly throughout the 

length of the bore". 

Explain objections to this view - lack 
of economy, large charges to carry and handle, 
very severe blast, bad effect of blast on 
accuracy of fire, irregularity resulting from 
variable quantity of powder blown out un-
burned, awkwardness of gun, large turret re-
quired. 

Illustrate by three pressure carves. 
(a) high maximum pressure, low muzzle. 
( b ) moderate " 

It higher " 
(c) flat 

( Explain these curves, - discuss) ( 2 late IV) 

A very important advance in design is 

illustrated in the sketches of plate V, which 

shows two types of 12-inch guns both of which 

are hooped to the muz zT e . In the Mark I, five 

short hoops are used along the chase. In the 

Mark V, these are replaced ty a single long hoop, 

giving great longitudinal strength and stiffness. 

It would have been impossible to make such a 

hoop as this ten years ago. The steel -makers 

could not have produced the forging and the 

shops could net have machined it. (Explain why.) 



A co mpa ris on of our gu ns wi th English guns 

of corresponding periods reveals no important 

difference in power. Their latest 12-inch 

design, that for the "DREADNOUGRT" - is a wire -

eaund gun of 45-calibres, weighing 58 tons and 

firing a pm jectile of £350 lbs. with a velocity 

of 2900 f.s. These figures are identical with 

those of our 12 -inch , Mark V. In anal le r cal fibres , 

they have still the 9.2 inch, to which they are 

now proposing to give a length of 50 cal ibr es . 

Regarding this as an intermediate battery gun, 

English writers compare it with out 5-inch, to 

which it is, of course, much superior. It is 

not clear, however, that there would be any 

advantage o u: in putting In this calibre bet-

ween the G and 10-inch. 

As regards quick-firing guns, the "DREA DROUGHT " 

was designed to carry a 50-calibre 3-inch gun 

exactly like our 3-inch, but there has been some 

talk of substituting a heavier gun for this, 

recent developments in the automobile torpedo 

having indicated the necessity of standing off 

torpedo -boats by a gun which will be effective 

against thorn up to 5,000 yards. Anticipating this 

development and as suming that torpedo -boats will 

in fature have better protection than they have 

had in the past, our own Bureau of Ordnance has 

developed a 50-calibre 4-inch gun, having a 

penetration of nearly 3-inches of steel at 5,000 

yards. (Dis cues this at some length). 

The information available with regard to 

Prench and German Ordnance is not very full. 

The Germans have for many years been o3ntent 

with an 11-inch gun of low power for their turret 



ships. i?or the new ships which they are 

planning, to meet the "DREADIy0UGHT" design, 

it is known that they expect to adopt a 45 

calibre 12-inch, which will probably correspond 

rat her closely with our own and the ngl i sh guns. 

It is not easy to see how they can make it any 

more powerful without exceeding the limit of length, 

which seems to be established for guns to be 

carried in turrets. 

The French are reported as contemplating a 

12-inch gun of 50 calibres, to give a muzzle 

velocity of 3,000 f.s. As this velocity is to 

be obtained with a pro jecti is r:uch lighter than 

our own, the power of the gun Is really lec; than 

that of our Lark Y. The French have always 

preferred to get their energy with light pro-

jectiles and high velocities - a policy to which 

there are several objections. Apart from the 

fact that a light projectile loses its energy 

much more rapidly than a heavy one, there is a 

serious disadvantage in attacking hard-faced 

armor with a light projectile, the racking axe 

smashing effect of a heavy projectile being very 

helpful in breaking through the hard face of a 

Krupp or Harvey pl ate . For the attack of 

homogeneous and relatively soft plates, like the 

Schneider plate of ten years ago, the use of a 

light projectile with a high velocity was logica1 

enoggh, and it may have been their belief in this 

type of plate - a belief to which they clung after 

the rest of the world had abandoned it - which 

committed the French art illeriets to the policy 

in this matter to which they still adhere. 



In adopting a 50 calibre 12-inch gun, they 

are going beyond the limit ieh seems to be fixed 

for naval guns by considerations which have al-

ready been explained; - the danger, that is to 

say, of drooping toward the muzzle, an the 

necessity for using turrets which are unduly 

large. On the other hand, they are gaining 

certain advantages in reducing the blast, and in 

carrying it we 1.1 clear of the ship. (Explain) . 

The conditions which limit the size of 

naval guns have no application to guns for use 

on land. The Ordnance Department of tine Army 

des igned, some years ago, a 16-inch gun, firing a 

projectile of 2300 lbs, with a velocity of 2150 f.s. 

Only one gun of this type was actually constructed, 

and t his one has never been provided with a service 

mount, although it has fi red a good many rounds. 

It is by far the most powerful gun in the world 

to-day. Believing that this gun is unnecessarily 

powerful, and that the 12-inch is not powerful 

enough, the Army has designed a 14 -inch, which 

will fire a projectile of 1600 lbs. , with a velocity 

of 2150 f.s. Apart from the increase of power 

which this gun gives as compared with the 12 -inch, 

it is believed that the low velocity and pres sire 

used will greatly reduce erosion ar that the life 

of these guns will be much greater than that of a 

smaller gun giving the same energy by means of a 

lighter projectile fired with higher velocity. If 

this view proves to be correct, it will furnish 

another argument against the new French 12-inch gun. 

This matter is to be taken up experimentally at 

Indian Head. 

Assuming that, so far as gems for use on 
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shipboard are oancerned, the limit of size has 

been reached in our 12-inch hark Q, it is clear 

• that any further increase in power must oo me from 

impro van ent s in the design of the gun, the muter ial 

of which  it is made, an the powder which it burns. 

One of the most promising advances in con-

struction is the use of wire - winding, which has 

been adopted in nearly all recent English designs. 

The advantages claimed for wire - winding are 

two-fold. let, the material used is in such shape 

that no flaw in its manufacture can possibly 

escape detection, and secondly, it can be made 

so s tzvng that when properly used it will give us 

a gun whose ul t ima to strength is far beyond that 

of a gun built up from forgings. It must be 

r 

clearly understood that this is not at all the 

same thing as the working strength. The working 

strength is the strength within the elastic limits 

of he tube. If we go beyond this the tube will 

take a permanent set, and the accuracy of the gun 

will be destroyed, whether the tube is supported 

by a forged hoop or by layers of wire. But a 

pressure which would actually explode the fo rg e d 

gun would only deform the wire one, - so that not 

only do we get a safer gun by this process, but 

we can afford to use a lighter one, because we do 

not need sD great a margin of safety. It is only 

fair to state that many advocates of the wire-

winding system do not accept the view that the 

working pressure must not exceed the elastic 

strength of the tube. By winding the wire at 

very high tension - in some cases as high as 

140,000 lbs. to the square inch, - they put the 



tube into a state of compression beyond its 

elastic limit for compression, thus very much 

extending the range through which it can be worked 

under internal pressures. This practice is 

condemned by the best authorities on gun con-

struction, who ins i t  that no part of the gun 

should at any time be strained beyond its elastic 

limit. Recent reports of failures in English guns 

constructed with over-compression of the tubes are 

to the effect that the tubes have stretched unduly -

longitudinally - and that the bore has closed in, 

reducing the diameter so much as to necessitate 

condemning the gun. It seems at least possible 

that this trouble comes from a breaking down of 

the me tal of t he tube from over -compression. 

I have here a mall piece of wire which was 

used in building the Army 6-inch wire wound gun at 

the Watervliet Arsenal. It includes a brazed joint, 

the strength of whi di is in excess of that of the 

wire. 

There has be en a good deal published within 

th e la st few ye am ab out the Bro wxt segme nt al wi re - 

wound guns, and several guns of this type have been 

tested by the Army at the Sandy Hook Proving Ground, 

with good results. In so far as the advantages 

of the wire-t~und system depend upon the fact that 

better material is secured by manufacturing the 

gun in small parts, it may fairly be said that the 

original Brown gun carried the system to its logical 

conclusion.. In this gun, the longitudinal con-

struct ion was subdivided inter staves arranged 

segmentally around the bore and bound tightly 

together by the layers of wire outside them. At 

first, no liner was used, but later a liner was 
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introduced merely to carry the rifling. Over 

the outside of the wire, hoops were shrunk, but 

only to protect the wire; - not to strengthen the 

gun. T his arrangeme nt , a lthough theoret i tally 

excellent, was found to have mechanical dism 

advantages, and has now heen given up. In his 

latest gun, whi cal is now undergoing test at 

Sandy Hook, M. Brown uses a tube for his longitud-

inal strength, and over this wrapes thin "involute" 

sheets of steel vahle h are bound tightly upon each 

other and upon the tube by the layers of wire 

outside. In this gun the v ire i, carried all 

the way to the muzzle, instead_ of being confined, 

as in some other types, to the breech of the gun. 

As a matter of fact, it is at and near the muzzle 

that the wire is capable of being most useful. 

plate VI). 

There is no cbubt that the Brown syste3ti makes 
not 

a very strong gun, butAne cessari ly a stronger one 

than can be made by other and less complicated 

processes. Moreover, it is doubtful whether we 

shall ever be able to use with this or any other 

gun, the very high pressures which this construction 

is designed to permit. It is found that erosion

increases rapidly with pressure, and the 6 -inch 

Brown gun at the Sandy Hook Pro ving Ground is 

practically worn out after about 60 rounds. The 

pressures used have exceeded twenty-two ant' the 

velocities have been well above 3,000 f.s. 
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EROSION.

Exhibit casts from guns, worn and uncvo rn. 
n n  re -lined guns. 
" braids old, new, worn, c:c. 

The very great increase of the last few years 

in the power of ordn.ce has been purchased by a 

great reduction in the lifetime of the guns. The 

12" guns of the TEXAS and IOWA show little or no 

wear after more than 150 rounds, while the oo rre -

spondi ng guns of t1 MAINE and rISSOLTRI were so 

badly worn after 50 rour~ls that t le projectiles 

fired from them, in many cases, tumbled end over end. 

Erosion is not a new phenomenon, but the 

acute fo rm in which it has manifested itself of 

late is not only new but su.rpri sing and very 

disquieting. It was forseen, of course, that 

the wear on the bore of a gun would increase 

materially with an increase in power from 26,uO0 

to 49,000 foot -tons, but nobody could have 

anticipated that the increase would be as great 

as it has proved. 

There have been many theories put forward to 

account for this trouble; one of than attributing 

the wear to gases escaping past the band of the 

projectile during the brief interval which elapses 

after a pressure is set up in the chamber and 

before the pro je ctile begins to move; others 

attributing the trouble to the friction of the 

band. It seems now, however, to be pretty well 

established that while both of these causes just 

mentioned may, and probably do, contribute more 

or less to erosion, the greater part of the trouble 

is due to a softening of the inner layers of the 
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bore by the very high temperature to which they 

are exposed, and to the wearing away of the bore 

thus softened by the friction of the rapidly moving 

gases which follow up the projectile. It is clear 

that if this is the explanation, the lands should 

be affected more than the grooves, since they 

project downward into the bore and feel the heat of 

the gases on three sides. Moreover, in the motion c£ 

of the gases as they rush down the bore, there is 

undoubtedly something of a vortex-action, vthich 

carries the mass of the gas around the bore, as 

well as along its axis, causing it to cut across 

the projecting lards. It is found that, as a 

matter of fact,  the lands are actually warn away 

about twice as much as the grooves. The wear in-

creases with the temperature, which in turn in-

creases wi th the pressure. It Increases also 

with the anount of gas which passes over a unit 

surface of the bore; and this explains why a 

large gun wears so much more rapidly th a small 

one, the amou nt of gas per unit surface being 

greater in the larger aim . The wear also in-

creases with the temperature of eo mbustion of the 

particular powder in use. (vitro -glycerine vs 

Nitro-cellulose powders. Discuss). 

The highest temperature to :i ch the bore of 

the gun is szzb jetted is felt only in the chamber 

and for a short distance forward of the origin of 

rifling; and it is he r. e that erosion appears in 

the most pronounced form. As the projectile moves 

forward from its seat, the powder is still burning 

rapidly, and both temperature and pressure are 

rising; but this continues for a short time only. 
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The maximum pressure is presently reached and the 

gases begin to expand, absorbing, heat and lowering 

the ter„perature, with the result that the rifling 

forward of this point is not heated and softened 

sufficiently to be rn away. Thus the effects 

of erosion are confined to the first few calibres 

forward of the origin of rifling, and here the 

lands are so nearly worn away, after somethirig 

like 50 rounds, that they do not at first grip 

the band or start the projectile to rotating. 

The projectile thus gathers way in what is 

practically a smooth bore, and drives down the 

bore irit bout turning, striking the 1 ands , when it 

finally begins to engage them, with a velocity of 

translation such that the ;oft metal of the band 

is more or less completely sheared before the lands 

get sufficient hold to start the projectile to 

rotating. If the hand is sheared completely 

through in this process, as in some cases it is, 

the shell takes up no rotation at all, and of 

course tumbles end over end in fl ight . Bands have 

been recovered at the proving Ground which have 

been thrown off from 12 -Inch shells fired from 

badly worn guns, on which the marks of the rifling 

were entirely obliterated. 

(Show  ban ds . ) 

This difficulty has been met, for the present, 

by a change in the size of the rotating bands, the 

new ban. being considerably wider than the one 

heretofore in use and having a lip at its after end, 

which serves the double purpose of arresting the 

projectile at a fixed point in loading, and also 

of checking the escape of gas forward of the band 
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at the first instant of ignition of the charge 

and before the band has been jammed into the 

rifling so as to give complete gas sealing. 

Another change, designed to help the band in its 

resistance to sheering, has been made, in chang-

ing the material from the soft copper which has 

been used for so many years, to cupro-nickel. 

As a result, we have a band of harder metal and 

with much mcre metal to be sheered. With this 

band, the 12" guns have been fired up to 90 

rounds, and the projectiles are still steady. 

There is no doubt, however, that the trauble will 

recur, necessitating a further increase in width 

of the band; and that, sooner or later, a point 

will be reached where no increase in width nor any 

oti~r change thus far suggested will give steady 

flight from our high power guns. When this time 

arrives, and with some of the guns it cannot be 

far distant, the only remedy is to re-line the 

guns, and preparations have already been made to 

undertake this work at the Washington Navy Yard. 

It is something of a consolation to recognize 

the fact that in this difficulty, as in mahy others 

which fx►~ m time to time arise in ordnance, of he r 

nations are quite as much embarrassed as we our --

selves, although we know much less about their 

tiDubles than about our own. Cordite, w'tioh has 

been the English service powder for im ny years past, 

gives 50% higher temperature in the bore than is 

given by our powder, and the erosion of English 

guns, when fired as they are now being fired, - as 

rapidly as possible and with full service charges, 

will unquestionably be much more pronounced tlaa~ 
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with us. So far as "ranee and Germany are con-

cerned, it is difficult to learn just how they 

stand, but it is well known that the French, al-

though very conservative in the matter of target 

practice, have been greatly ,concerned about the 

wear of their guns. The Germans state, in an 

official note whit recently came under my notice, 

that the principal measure resorted to for the 

avoidenee of erosion is to "Refrain fxom wearir 

out the guns in time of peace". It ha s been 

stated, on what seems good authority, that a number 

of the Japanese turret guns had to b e replaced 

d:trng the recent war because of erosion, and that 

the ern] of the war found the fleet seriously 

crippled because of the inaccuracy of many other 

turret guns resulting from this cause. 

It has been suggested that a partial rEned7 

for erosion might be found in the use of a herder 

steel than that which is now used, the suggestion 

being based upon the theory that the wear was 

connected with the friction of the band. As a 

matter of fact, there is more hope in the use of 

a softer material, approaching wrought iron. 

What is needed is evidently a material whose melting 

point is the highest possible; and the melting 

point of high steel is lower than that of mild 

steel, and much lower than that of wrought iron. 

A series of tests have recently been made in rTich 

~n.okele s powder was exploded in a bomb, end. the 

gases were allowed to escape by vents bored through 

plugs made of different grades of steel. It 

was hoped that among the various alloys to which 
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reference has been made in the discussion of 

gun steel, some rat er ia.l would be found with 

greater resistai e to erosion than is afforded 

by carbon or nickel steel. The results were 

not encc uragi ng, and it is pro beb le that a mild 

soft steel, without nickel, will be used for the 

tubes of g~rio, no matter what impxovemeats m~ 

be made in the steel for hoops and jackets, 

unless the plan should be adapted of building 

guns originally with liners which can be replaced 

from t ime to time as may be found necessarg, in 

which case t lie tube would be made of the material 

giving the highest possible elastic strength, and 

the liner of wrought iron or very low carbon steel. 

There is much to be said in favor of this con-

struction. 

It has been stated that the 12 -inch guns in 

our service which have been vArn out would be 

re-lined as soon as practicable. This may be 

done either by a liner running the thole length 

of the bore, or by one inserted from the rear and 

extending only far enough forward to cover the 

eroded part. In the case of the Mark III guns 

of the MISSOURI class and the monitors, it )as been 

decided to extend the liner to the muzzle and to 

ma ke it of nickel steel rat 1r than of :oft steel, 

wi th a view to increasing the strength of he 

guns at the same time that the erosion is corrected. 

There is a 13-inch gun at Indian Head which was 

relined in this wait some years ago and which has 

since fired a large number of ro unds and is still 

in efficient condition. 

In other  cases where there is no reason for 

seeking to gain any increase in strength, the 
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plan will pro bab ly be adopted of insert irng  a 

partial liner, of mild steel. This method ha.s 

been used and successfully with one of our own 

6-inch guns and with a 10-inch. Army gun, both of 

whi oh have fired a large number of rounds with-

out developing any difficulties due to he joint 

between the two parts of the bore. Either one 

of these plans for relining will require from 

four to six months for each gran. 

It has been explained that the excessive 
c 

erasion og high-power guns is due to two factors, 

the high pressure and temperature developed by 

large charges of powder and the very great mass 

of gas vtich results from the use of such charges. 

Evidenty, both of these factors would be reduced 

by the use of snaller charges. The gain which 

can be effected in this way is, in fact, rather 

surprising. Experiments made with English guns 

and powder indicate that the erosion from one 

full charge equals th at of fur 3/4 charges or 

sixteen 1/2 charges. In most foreign services, 

advantage i.: taken of this fact to spare the guns 

in time of peace by v.sing reduced charges for 

much of th e target practice, full rounds being usec1. 

occasion yr, to test t]-'e rater ib.l and to 

familiarize the gun crews with the effect of 

fall c1.erc es . Thie was the custom of the English 

service until a few years ago, but their practice 

is now the sane as ours; tat is to aUy, they use 

fall charges at all times, wit}out reference to 

the probability that their guns will wear out more 

rapidly thmi they can be relined or replaced. 

It must not be appo sed that erosion in a 
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serious form is co nfi ned to guns of Z~sge caliber. 

It 1 hr More rapid with such guru , all conditions 

being equal, that with smaller ones, because the 

amount of gas per unit surface of the bore is 

greater in the larger guns; but any gun when used 

with lame charges and high pressures wears away 

very rapidly. There are at present two 6-inch 

guns at ,andy Hook which have fired about 60 rounds 

each with velocities in the neighborhood of 3,000 

foot se oo nds and pressures of 10 tons or more. 

Both of these guns are practicely worn out. 

If our latest guns, most of which have 

abundant streith for any demand that can he made 

upon them, are vrked up to their maximum 

capacity, with velocities from 2800 to 3000 f.s., 

the it endurance may be estimated toughly as follows: 

6-inch guns,   150 rounds. 

U -inch "  100 " 

12-inch "  60 T7 

The subject of erosion is now being very care-

fully studied experimentally, with a view to 

determining all the elements which enter into it, 

and the comparative importance of each. 

Having a prescribed velocity for a given gun, 

we can get this in tw ways - by a large charge 

of slow-burning powder giving a low maximum 

pressure, or by a small charge of quick bit=ning 

powder. Only experiment can determine which of 

these methods is the better, se far as erosion is 

concerned. 
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Investigations along another line have al-

ready demonstrated that powders made from cotton 

of a high degree of nitration produce more erosion 

than those to which the cotton used is lens highly 

nitrated. Then: and otLer lines will be followed 

up and may result in prolonging somewhat the life 

of our guns. But at the b t the gain will not 

be great. 
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Ate: QB . 

In the character of armor there have been no 

important developments since the displacement of 

the Hafivey by the Krupp process about ten years ago. 

There have, of course, been improvements in the 

det ai is of manufacture and a gradual perfection of 

the product, but no pronounced step has been taken in 

advance like that from the compound plate to the 

Harvey or from the Harvey to the Krupp. New 

processes have been introduced by various makers 

in this country and abroad, for which originality 

is claimed, bait all consist essentially of the 

cementat ion of the face of the plate by burning 

in carbon to the depth of an inch or more, and 

the subsequent hardening of this cemented race, -

the back in the me ant ime being toughened by such 

processes of "heat treatmentTT as experience shows 

to be appropriate to the particular grade of steel 

in use. The essential difference between the 

Krupp and Harvey processes is one of composition, 

the re suit o f whi ch is to m eke the back of t he 

Krupp plate much tougher than that of the Harvey; 

and this difference in composition results in 

important differences of treatment. 

The Harvey plate is of nickel -steel, the 

treatment of which is a nparatively simple. 

The Krupp plate contains from 1% to 2% of chromium, 

the effect of which is to increase very greatly 

the possibilities of the plate, and to increase 

very greatly also the difficulty of bringing out 

these possibilities. Chromium makes for toughness, 
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and, generally speaking, for nearly all the de-

sirable qualities of steel; but just because it 

toes make for so many and such widely di ffer ing 

qualities, it renders the plate extremely sensitive. 

The difference of only a few degrees in the 

temperature to which it is subjected, whether in 

tempering or in annealing, will entirely charge 

the resulting structure of the steel. This 

explains why the Krupp process has not been found 

practicable for thin plates. To obtain the hard 

tare of either a Krupp or a Harvey plate, we must 

raise the cemented face to a tempering heat; and 

with a thin plate it is next to impossible to do 

this without rai s ing the back of the plate to some-

where near the same point. With a Harvey plate 

this does not matter. The nickel -steel of which 

it is made up is not especially sensitive to 

changes of temperature - provided they are not 

too sudden - and we may therefore heat the whole 

mass of the plate and then chill and harden the 

can ent ed face, without in the least affecting the 

toughness of the ba cis . But with the s ensit ive 

chrome steel of the Krupp plate, this will not do. 

We must keep the tough back at a unifonn tempera-

ture while he at ing and chilling the face. Other-

wise vas shall destroy the fibrous structure upon 

which the toughness of the back depends. Hith 

a thick plate we can protect the back by loon or 

ashes., while treating the face; but with a thin 

plate the back vi.11 feel the heat and the chill in 

spite of all precautions, and will become more or 
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less hard and. brittle. The result is that for 

the present the Harvey process still holds its 

own for plates up to 5-inches, although plates 

as thin as 3-inches have been treated by processes 

allied to the Krupp, with very good results. 

The trouble is that these results camhot be 

duplicated at wll.Several foreign m~ufacturers 

have recently attempted to develop thin plates 

which shall give as good comparative results as 

the Krupp process gives for thick plates. What 

is needed here is not a new method of treatment, 

but a new composition for the steel; - a composi-

tion, that is to say, which shall give as tough a 

back as the chrome steel of the Krupp plate, with-

out the sensitiveness which makes the Krupp process 

unsuitable for thin plates. 

w 
It is claimed that a oteel having these 

aharacteristices h been deve~ed in Ezgl and, but if 

this steel has been tested, the results have not 

been published. Very good results seem to have 

been o of ai ne d in France with what is called the 

Charpy process, - the invention of the Director 

of the St. Jaoques Steel Works. It is stated of 

that this composition that it is primarily a 

nickel steel, but wi th a very much larger per 

tentage of nickel than is used in the Harvey 

process. 

All of these efforts to develop a satisfactory 

face-hardening process for thin plates are based, 

of course, upon t he assumption that face-hardening 

is favorable to the efficiency of thin plates. 
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It is by no means certain that this is the case. 

It certainly is not invariably so . A face-hardened 

plate is most efficient when the attack which it 

is called upon to resist does not greatly overmatch 

it. Suppose, for example, that we have two 3-inch 

plates, one of them Harveyized, the other of 

homogeneous tough steel, - say Kropp steel non-

cemented. - not face hardened. If, now, these 

plates are attacked by 3-inch projectiles, at, say, 

2200 f.s. velocity, the hard faced plate will 

probably keep out the pm jeotile, while the se ft 

plate will be pierced. But suppose that the 

attacking gun is a 4-inch, with 1600 f.s. 

velocity. The hard-faced plate will almost 

certainly be pierced, while the soft plate will 

have a chance of resisting succe~fully. If 

for the 3-inch or 4-inch gun we sub st it ute a 

6-inoh and let the striking velocity be what we 

please, both plates will be pierced, but the hole 

in the hard-faced plate will be larger than that 

in the other. If we could be sure that the thin 

plating of our caseniates, our armored decks and 

our gun shields would be attacked only by light 

projectiles, we might be 

would. be an advantage. 

sure that hard-faced armor 

But if they are to be 

racked and smashed by heavy projectiles, as in 

many cases they must be, then there is much reason 

to contend that a tough homogeneous plate like a 

chrome -steel plate unceme nted and unhardened , is 

to be preferred. The matter is an important one, 

because the search for a reliable method of face-

hardenirg thin plates has for its object the use 
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of such plates for armored decks, casemates, ke. 

• This may be a great improvement. But that it is 

so, has not yet been demonstrated, though it seems 

to be taken for granted. 

For thick plates, there is, of course, no 

question about the advantage of the hard-face, and it 

was for the attack of aich plates that capped 

projectiles were introduced some ten years ago. 

The action of the cap is somewhat inconsistent, but 

it appears upon the whole to give an advantage in 

penetration of from 15 to 25 per cent, at normal 

impact and at fairly high velocities. As the 

veloeity falls the advantage decreases, and the 

English claim to have found that with velocities 

under about 1500 f . s . it disappears altogether. 

There is 

that the 

it .es. 

of value 

some evidence, moreover, for the belief 

advantage falls off at very high veloc--

At inclined impact, the cap seems to be 

so long as the angle between tie line of 

impact and the face of the plate exceeds about 200 . 

With a snaller angle than this, it probably does 

harm, as it has a tendency to throw the point of 

the projectile off from the face of the plate. 

Seve l theories have been put forward to 

explain the action of the cap. One of these is 

that the cap, being of soft metal., acts in some 

war as a lubricant  for the point of the projectile. 

If this theory needed refutation, the refutation 

might be found in the frequently observed fact 

that the cap on striking splits into a small number 

of pieces - rarely exceeding three or four, - which 

rebound and may usially be picked up in front of 
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the plate. Another theory, which is probably in 

a measure correct, suggests that were no cap is 
~. 

used, the heat of impact being concentrated on the 

point of the projectile draws the temper of the point 

and afters it. This c~ouN of course be prevented 

by the cap. The theory now generally accepted is 

simpler than either of the preceding. Recognizin` 

the fact that the hard face of the plate is 

designed to break up the hi h1y t npered point of 

the pi j ecti le before this point can get in far 

enough to find n1ppo rt from the material of the 

plate, this theory regards the function of the 

cap as two -fold; first, to support tine point in 

the first instant of impact, distributing the 

shock over a considerable area of the head; and 

_ second, to transform the projectile for a bslef 

interval from a piercing instrument into a smashing 

one. Although the analogy i.s far from perfect, 

it is a little as if we fired at the plate first 

with a flat -headed projectile, breaking up the 

brittle face, and then followed this up with a 

pointed projectile fired with reduced velocity &t 

the same irsp act . 
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P0WDEB$ 

-. I now come to the subject of powder, which, 

however, I shall treat only from the ballistic, 

not at of from ti, e ehemi cal, point of view. 

It is now about fifteen years since smokeless 

powders came into rather general use for military 

purposes, but up to a very few years rho nearly 

all of the great naval Powers hand on hand large 

supplies of brown powder, and were still using 

this powder in their current v rk. It may be 

assumed that they have by this time accumulated 

full supplies of srnokelss powder for all purposes. 

The definite adoption of smokeless powder by 

our own service goes back only six or seven years. 

~Jithin this time, the Powder Factory at Indian Head 

has been developed to a capacity of 1,000,000 lbs. 

per year, and four other establishments have been 

built up in t rs country as coin ercialenterrrises, 

each of these est ablishm eats having a capacity of 

something like 2,000,000 lbs. per year. We 

are thus in a position, so far as manufacturing 

knowledge and facilities are concerned, to turn out 

for the army and T;avy combined fit m eight to ten 

million lbs. per year. 

It may be safely asserted that the powder 

which we are manufacturing at Indian Head and 

elsewhere today, i; in azl respects equal to the 

best powders that are being made abroad. It is, 

as you are all aware, a pure nitro -ce7.lulos a powder, 

as distinguished from nitro-glycerine powders, of 
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which the English Cordite is a type. It should be 

explained that Cordite and the other so-culled nitro-

glycerine powders in reality have nitrocellulose for 

a base, but a;socyated with this they contain a 

quantity of nitro-glycerine, which may be anywhere 

from 5 to 65 per cent. 

As regards tho r~ lstivc r~rits of nitro -

glycerine and nitro-cellulose powders, there seems 

to be very little to choose. Engl and , Germany, 

Italy and Jap ui have adopted the nitro-glycerine 

form, while France, Euswia and thn United States 

have preferred a pure nitro-cellulose. Germany 

has tried both, and it is reported to have decided 

definitely upon nitro-cellulo ee . The nitro-glycerine 

powders are more powerful, as might be expected, 

~. and a smaller charge i re csu ired for a given energy 

of projectile. They burn more rapidly in the gun 

and produce a higher chamber pressure, which however 

falls off more rapidly toward the muzzle. Their 

most serious defect is that their heat of com-

bustion is greater than that of nitro-cellulose powders 

and that they are therefore more active in producing 

erosion. So serious has this feature become since 

the recent great increase in to power of guns that 

the English have felt obliged to cut down the 

percentage of ni tro - yce nine in their powder from 

60 per ,cent to something less than 30 per cent. 

It remains to be seen whether they can afford to 

continue using even as large a percentage as this. 

It should be noted, further, that Cordite is 

incapable of givig the very high velocities 

obtained from nitre -cellulose powders as t?,e 

breech pressures uld be dangerously high. This 
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has had so m et ping to do with the change in England to 

M.D. cordite. 

The most important disadvantage of our nitro-

cellulose powder is the weight of charge required 

and the comparative difficulty of inflammation, 

calling for rather a large ignition charge of 

black powder at the base of the cartridge. It may 

be added that nitro --cellulose powders are :lower 

in dryix; than are those that contain nitro-glycerine, 

making the total time of manufacture considerably 

great er. . 

For a given composition, the behavior of powder 

in the gun depends upon the size and shape of the 

grain, as det e'mining the extent of initial burning 

surface and the way in which this surface must change 

as the burning proceeds. If the surface of the 

grain is large, the gases will at first be liven 

off rap idly and we shall have a high pre s sure 

developed early in the burning of the charge. 

If, as the grain burns, its surface decreases, 

the gases will be given off more slowly; if the 

surface increases, they will be given off more and 

more rapidly. Thus the size and form of grain 

det ermine how the powder shall do its work, and by 

varying the size and shape we mcr change its 

perfozmance radically. The whole story of its 

action could be told if we had the means to trace 

a curve of pressure following the length of the 

bore, and corresponding to the ndieator diagram 

of a steam engine. Unfortunately, we have no 

gauge by which to record the presslue continuously. 

When we get such an instrument, - and it does not 

seem impossible that one should be devised, - the 





- 31 - 

problems of ballistics will become simple. 

In the meantime, we can do something. A 

very interesting series of experiments has been 

in progress at Indian Head for more than a year 

past, under the direction of the special Board, as 

a result of which, pressure curves have been traced 

for every one of our Service guns. These curves 

are not exact, but they are sufficiently close 

approximations to admit of many very valuable 

deductions. As illustrating the application 

of these curves, I will refer again to the drawing 

already shown of the s -inch „ark III gun ( IOVA' S ) , 

giving the curves of two powders;- one, manifestly 

too slow for a gun with an unhoo pe d muzzle; the 

otlar, well suited to such a gun. Plate III. 

Before showing the other curves which I have 

here, I will explain the process by which they were 

obtained. As you know, there have been several 

accidents to the 8-inh Mark III gups, in which the 

muzzles of the vans were blown off. The Board 

obtained permission to use these disabled guns for 

experiment. The guns were cut-off to different 

lengths, as shown in the accompanying sketch, and 

pressure gauges inserted at points along the chase, 

near the muzzle. (Plate VII). 

These guns were fired with identical charges of 

powder, and the velocities noted. Pressures were 

al so noted., both by the regular chamber gauges and 

by those along the chase. Comparing now, two guns 

of different lengths, the difference in energy given 

by the two affords a means of determining the mean 

effective pressure which was acting on the projectile 
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while it passed over the length x.y, of the longer 

gun, r'or, it was this mean pressure, acting through 

the space x.y. , which caused the difference in energy. 

Enough rounds were of course fired to eliminate 

accidental variations. The pressures thus deduced 

were compared with those recorded by the pressure 

gauges along the chase. But here, an allowance was 

necessary. These gauges are so suddenly un-masked 

to the effect of the gases as the band of the pro-

jectile passes them, that they feel the pressure as a 

blow, and are compressed just twice as mucta as they 

would be if the pressure were applied to them 

gradually? Again, the pressure recorded by the 

gauges should be greater than that which appears 

in the energy of the projectile, by the amount wasted 

in overcoming friction, imparting rotation, Lc. 

Making allowance for these points, the pressures 

obtained by the twn methods agreed rather surprisingly. 

Ve had then the following data; (Refer to sketch 

of type curve) Plate VIII. 

1st. - The rectangle representing the total 

energy of the projectile A.B.C.D. 

2nd. - The maximum pressure ( but we do not 

know at what point along the bore this must be 

placed). 

3rd. - The pressure at the points P.Q.R. along the 

chase. 

The problem is now to draw a curve which shall 

enclose an area equal to that of A.B.C.D., which shall 

have a maximum ordinate equal to the maximum pressure, 

and which shall pass through the po ints P.Q.R. 

Having done this for one powder, the experiment 
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was repeated with several othars covering as wide 

a range of granulations as could safely be used 

with the 8-inch gun. From all the data thus 

obtained, a formula was derived, or more strictly, 

the data was applied to the formulae already 

known, and these formulae were modified by the 

introduction of constants deduced from the actual 

firings. In the eni, a formula was developed 

which accorded so consistently with practice that 

with the use of proper constants we could use it 

with confidence to pass from one weight of charge 

to another, from one granulation of powder to 

another, and, in so far ei it was possible to judge, -

from one ga.n to another. This formula was accord-

ingly applied to other guns, and curves were worked 

out for all calibres and all powders in Service. 

The re alts indicated that up to the present time 

we have been inclining to powders rather slower 

than is desirable, the pressure curves being rather 

flat, and the muzzle pressures rather high for guns 

like the IOWA'S 8-inch. 

The experirre nt s with cut-off guns will be 

cant inued, and are even now being extended to the 

4, 5, b and 12-inch calibres, with a view to 

correcting by actual experiment any errors which 

may have been involved in the application to these 

calibres of the foi,nula which has been described. 

The mode of combustion of a powder in any gun 

depends, as has been said, upon the size and shape 

of the grain. This is because the powder, in its 

colloided form, is so hard and tough, and so 

impervious to penetration by flame, that it can 
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burn only in conse cut lye layers from the surface in. 

If the surface increases as the grain is burned, the 

O gas will be given off more and more rapidly, and 

we shall have what is called a progressive grain, 

with a tendency to carry the maximum pressure far 

down the bore and to keep the pressure high toward 

the muzzle. If, on the other hand, the surface 

decreases as the burning goes on, the tendency will 

be to develop the maximum pressure early in t ie move-

ment of the projectile and to give slower pressures 

toward the rnuz. e. Furthermore, it is evident 

that the t hioknes:; of the individual parts of t1-

grain will detenriine how long the grain will take to 

burn through; that is to say, how long it will take 

to give off all the gas that it represents. We 

• have, then, as determining the burning of the powder 

gases, three factors, which, while closely related 

to and dependent upon each of he3c , have their individual 

effect; - the initial burning surface; the rate of 

chine of t his surface; wn d the total time of burning. 

These three factors can be varied widely by variations 

in the size and shape of the €rain. I have here 

a number of grains which illustrate this po int . 

Show: 

O 

Cordite - cylinders. 

Strips. 

Multiperforated (service) 

" long stick. 

Tube, short. 

IT long. 

Discuss various granulations. 
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As illustrating and conf m ing the statement 

which has been made that Co1101ded powders burn 

• regularly by consecutive layers, I have here a 

number of parti~i11y burned grains which have been 

blown out of guns at the Proving Ground. ( Show and 

d is cuss). 

The fact that the English use a granulation of 

solid cylinders, the l'reneh of strips, and our own 

Arxr and Navy a multipe rforat ed cylinder, proves that 

there is room for wide difference of opinion as 

to the best fo rm of grain. The subject is a, large 

one, and one in which tLeoretical calculations 

should be cYie eked by practical experiments. Such 

expe rime r± s have been outlined by the Bureau of 

Ordnance and would have been completed long ago if 

the pressure of work at the Proving Ground had 

permitted. It is proposed, shortly, to enter 

upon a rather elaborate progrcr: of experiments, to 

be carried out with the various cut-off guns, and 

to include all the different granulations which have 

been exhibited here, together with another of which 

Iave no sample, - a perforated strip. These 

experiments will probably occupy a year or more, 

and may lead to important changes in the granulation 

of our Service powders. 

lith regard to the coripo  ition of the powder, 

there are possibilities of change in the future, 

though none of wh i ch I am at liberty to speak at 

present. In this, as in other matters, suggest ions 

are constantly being received by the Bureau, from 

inventors who claim to have ideas of value. One 

of the latest inventions in the powder line has 
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been broug~it out in England under the name of "Axite". 

Tests of this powder in small arms seem to justify 

the claim of the manufacturers that it has some 

advantages over Cordite for small calibres, but no 

reports have come to hand of tests in larger guns. 

What ever changes in the essential character 

of our powder may come with time,- there is no 

question that for some years we shall continue to 

depend upon the same composition that we are using 

at present. It is therefore of vital importance 

to perfect this in all details. 'or seVera2 months 

past, a Board has been engaged in rev 1 i the 

specifications under which this powder is manu-

factured, and while no radical char; es have been 

found rleces::a.ry, steps have been taken to perfect 

the product in two directions; in purity and in 

uniformity. s regards purification, there was 

not much that could be done, as our requirements 

have been gradually grovwing more rigid from year 

to year until there remained little more to be 

demanded. This little has, however, been in 

silted upon. In the matter of uniformity, there 

is room for considerable improvement. The ideal 

condition would be that every dimension of every 

grain should be absolutely identical with the 

corresponding dimension of every other grain. 

We ;hall never attain to this ideal with a powder 

which takes months to dry and which shrine in 

drying. But the present conditions can be 

improved, and by mak i ng the requirements 

gradual ly more rigid, we can pro bably el iminat e all 

sources of irregularity except those connected with 
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shrinkage; and the irregularity resulting fn~m 

this source can be overcome by careful blending. 

With this increase in regularity and with more 

exact knowledge of the behavior of the powder in 

the gun, we rn r look f.cr and to the time when no 

firing test of powder will be needed, the dimensions 

of the grain carrying with them till info rmat ion as 

to tie velocities and pressures for a given weight 

of charge in a given gin . Even where the powder 

is perfectly uniform, irregularities in its 

performance mom, r es ult from imperfect infl ari ation 

of the charge, due to insufficient ignition. This 

is a reason for not reducing the present ignition 

charge, as has been suggested, with a view to gettirg 

rid of mno'ke. The question of ignition le one of 

the most important ones in connection with the use 

of nitro cellulose powder; and one which is receiving 

careful attention at present. 

An important so tce of irregn1arit in actual 

firing will be reduced, if not entirely removed, 

by the change, already spoken of, from a slow to a 

quicker powder. The high muzzle pressure which 

results from the use of a slow powder means, among 

o t h r things, that a large volume of gas rushes out 

irmnediately in rear of the pro jectile and continues 

to act upon the pzo je ctile for some time after both 

are clear of the gun. The projectile, in fact, 

moves forward for some time in an envelope of gas. 

Recent experiments at Indian Read indicate that this 

gas continues to accelerate the projectile for a 

considerable length of time after it leaves the 

muzzle, the increase in velocity outside the gun 

berg in the case of a 6-Inch projectile as much as 
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40 f . s . It is found that this gas not only acts 

somewhat irregularly in its acceleration, but that 

it is apt to make the piv jecti le unsteady in fl ight. 

Iyaturally, the more of this gas we have to reckon 

with, the greater the irregularities which result 

fix n it. Cdhile on this subject therF are certain 

other sources of irre zlarity in the behavior of 

powder which should be noted, though they are not 

of the same nature as those thus far referred, 10 . 

Differences in atmospheric conditions have an 

important effect upon any kind of smokeless powder, 

pro vi ded the powder is subjected to th es e conditions 

for some time before firing. The powder, if warm 

and dry, may give a much higher velocity town if 

cold or damp. A differerce of 40°  in temperature 

may make nearly or quite a. hundred feet difference 

in velocity. The amount of solvent in the powder 

also has an important effect, en excess of lvent 

being unfava rab le to high velocities. Although 

the powder is dried before issue to Service until 

it shows no change of solvent in several we eks , a 

si ight evaporation t;ocs on afterward vnd the powder 

gradually becomes Ticker, .ith a tendency to«rd 

h_;;her velocities and pressures. 

Dis c' s toughness, critical po int , &o. 
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PROTECTI7EZ.

The last ten years have been marked by a steady 

improvement in the quality of projectiles, and by a 

pronounced advance in their efficiency due to the 

introduction of the cap. High explosives are also 

much more generally used for bursting charges -

chiefly with cor~nnon shells, but in some cases with 

armor-piercers. 

The improvement in the quality of the steel comes 

partly from the use of special alloys which are 

doubtless allied to those used in high speed tool 

steel, and partly from new methods of tempering 

and annealing. As regards the alloys used, they 

all contain chromium and probably tungsten. 

And it is known that some manufacturers are ex-

perimenting with Va~gadium. There is no other line 

of ordnance material in which the field for these 

alloys seems as promising as is that of projectiles. 

The net result of the improvements in composition 

and treatment, taken in connection with the 

introduction of the cap, is a shell which takes a 

bursting charge almost twice as large as the armor -

piercer of ten years ago, and which, in spite of the 

thinning of the walls to make room for this charge, 

can be driven. through its own calibre of Krupp 

armor, not only w. thout fracture, but without 

deformotion. The increased bursting charge which 

these shells carry makes their explosive action a 

much more important feature than it has heretofore 

been, and suggests the possibility of a change 

of policy with regard to the types of shells 

which should be used. 
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Ten years ago, the type of armor piercing 

projectile in general use was a thick walled shell 

carrying either a small bursting charge of black 

powder or no bursting charge at all. As indicating 

how little importance was attached to the explosive 

effect of these shells, it is significant that they 

were, in many cases, designated as shot. It was 

not considered practicable to drive through thick 

armor a shell with walls thin enough to carry a 

bursting charge large enough to be of any great 

importance. The necessity was recognized, 

however, of using, for other purposes than armor 

piercing, a shell of large cavity and thin wall, 

which should carry a large bursting charge and , 

sensitive fuse. The demand for such a pro-

jectile was met by a connion shell of low 

penetrative power but great destructive effect. 

Manifestly, the armor piercer would be comparatively 

harmless if it strack an unarmored part of a ship, 

since it would pass through and out on the other 

side, damaging only such parts of the ship or 

personnel as might be directly in its path. On 

the other hand, the thin walled or eonunon shell 

would be absolutely useless if it stra.ck an armored 

part. In seeking for a compromise between these 

two types, the semi-armor piercing projectile was 

evolved, with the idea that it would be useful 

against armor of moderate thickness, and also against 

cruisers and the unarmored parts of battleships. 

It is evident that neither one of the three 

types which have been mentioned is satisfactory for 

use in an engagement where it is desired to make 
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sure of obtaining the maximum effect without 

reference to the nature of the target. If we 

are firing at a battleship, we wish to insure 

both penetration and explosion with the maximum 

destructive effect, whether we strike the turret 

or the unarmored super-structure; and it is at 

least regrettable that we should be obliged to 

put into the shell rooms of any ship pro jectiles 

which, under many circumstances will be al-

together useless. The logical projectile for use 

with all guns and under all conditions would seem 

to be one which is capable of penetrating armor 

of at least its own caliber in thickness, and of 

carrying through that armor, and exploding on the 

inside of the ship, a bursting charge sufficiently 

large to do the maximum possible damage to the in-

terior of the ship; and which, furthermore, can 

be relied upon to explode inside the ship with 

efficient fragmentation even though the target 

which it encounters is the thin side of a 

cruiser or the super-structure of a battleship. 

The effort of the last few years has been toward 

the development of a projectile capable of meeting 

these requirements; and it will be clear f m 

what has been said of the latest development in 

armor-piercing pr jectilee, that considerable 

progress has been made in this direction. It 

is probable, however, that for some time to cane, 

two types of projectiles will continue in use, 

these types gradually approaching earth other through 

further improvements in armor-piercing projectiles, 

as a result of which tie cavity in these projectiles 

will be enlarged unt it it shall admit a bursting 
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charge large enough to give satisfactory fragmenta-

tion for use against the unarmored parts of ships. 

Even now, this condition could be fulfilled if 

a high explosive were accepted as a bursting charge 

for armor-piercing shells. Up to the present time, 

our service has not thought it wise to adopt a 

high explosive %*' for common shell. Igor does 

there seem any satisfactory reason for doing this. 

If a common shell is to be us ed , black powder Is 

about as efficient as a high explosive, and much 

safer than most high explosives. If there is 

a premature explosion in the gun, the gun is not 

seriously injured. The fragmentation of a common 

shell of black powder is coarser than that given 

by a high explosive, and would probably do more 

damage. It is true that the shock of detonation 

of a high explosive - considered without reference 

to the fragmentation - has an importance of its own, 

but its effect is less than is generally supposed. 

I speak here from personal observation of experiments 

recently conducted at Indian head, the results of 

which have never been published. The Japanese 

high explosive shells, which were very thin walled 

and carried a large bursting charge, did surprisingly 

little damage to the Russian ships in the engagement 

of August 10th, of which is agement we know the 

results in great detail. It is altogether probable 

that black powder vtinuld have been more affective. 

., 
Igo reo ve r, it is understood that one of the MIKASA' S 

12-inch guns was burst and that two others were 

ruined by premature explosions of high explosive 

shells in the bore. In short, the latest 

developments in the matter seem to justify the 
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policy of using black powder for common shells. 

With regard to armor piercers which actually strike 

thick armor, it probably makes very little difference 

what explosive they are loaded with, provided it 

is one which can be trusted not to explode too soon. 

If the shell gets through the annor and explodes on 

the inEida, the difference in effect between black 

powder and high explosive will not be great, al-

though I am inclined to think that there would be 

some advantage on the side of the high explosive. 

But to my mind, the important point is that the 

armor piercer does not always strike thick armmr, 

and we must consider 'tat its efieet is going to be 

when it strikes an unarmored part. Io attention 

whatever seems to have been given to this point in 

discussions of the best type of shell and explosive. 

Brassey says, (1902, page 330) - "The writer does 

not attach much importance to the use of high 

explosive bursting charges for projectiles used for 

the attack of thick armor. - - - Ii . barbettc 

were pierced, the fragments projected by a shot 

would be sufficient to put the guns out of action 

without any explosion inside. And if the belt were 

pierced there are no men immediately behind it to 

be demoralized by an explos ion" . All o f this, and 

nearly all the discussion that has appeared in the 

successive numbers of Brassey, assumes that armor 

piercing shells will always strike armor. Starting 

wi t  this tacit assumption, the i~nnual of 1904 

expresses the opinion that for the present the 

projectiles in cormion use will be 

Nose-fused thin -walled shells filled with high 
explosive. 

Base -fused annor-piercing shell filled with 

black powder. 
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While this doubtless accords with the official view 

in England, it differs f m the official practice, 

in that, so far as I have been able to learn, no 

high explosive shells larger than 5-inch are issued 

to ships. The large calibre shells, whether common 

or armor-piercing, are loaded with black powder. 

In my opinion, the rile just quoted .from Brassey is 

exactly the opposite of what it should be. Assuming, 

for the moment, that we have a high explosive which 

is satisfactory for use as a bursting charge, and 

assuming also that we are to continue to use two 

types of shells, I would load the thin walled shell, 

which is to carry a very large bursting charge, with 

black powder, which will give perfectly effective 

fragmentation, and which, if it explodes in the bore 

will do no serious damage. . And I would load the 

armor -piercer, which carries a small charge at best, 

with high explosive, in order that, if it struck an 

unarmo red part, it might still be effective, - which 

it would not be if loaded rith powder. If this shell 

explodes in the bore it may destroy the usefulness 

of the gun, but will not burst it. 

Brassey gives two reasons for preferring black 

powder .for exmor piercing; first, that a Lyddite 

shell fired against armor is likely to explode by 

shock before complete penetration; and second, that 

base -fuzes must be used with ainor piercing shells, 

and there is danger with a base -fuze that flame will 

penetrate to the bursting charge and cause a premature 

explosion in the gun. 

1;ow as to the first of these points, - the danger 
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of explosion against the plate before penetration, -

this danger does exist in the case of Lyddite, but 

there is no difficulty in finding explosives with 

which it would not exist. As to the second point, -

the danger of prenr~ture explosion in the gun where 

a base-fuze is used,- this depends altogether upon 

the faze and how it is protected, i7e may admit 

that it is not worth while to use, in armor piercing 

shelle, a ]:igh explosive which is liable to detonate 

prematurely, whether against the face of the plate 

or in the gun. In other words, the adoption of s 

high explosive for rxty type of shell can only be 

justified if both the explosive itself and the fuze 

to be used *;ith it are thoroughly trustworthy. 

About three years ago, the United States Army 

adopted, after very thorough test, a high explosive 

for use in shells, which they call TExplosive RD". 

Since that time something over 1000 rounds have 

been _fired with this expl&live in buns of all 

calibres, from 3-inch to 1C-inch,masly of them with 

excessive pressures, without accident of any kind. 

The material seems to be absolutely stable and inert 

under all conditions of temperature, showing no 

disposition to either decompose or to form compounds 

with other substances. As far as can be seen, it is 

much the safest explosive that has ever been proposed 

for military use. It can be detonated by a suit-

able faze, but in no other way that has been yet 

discovered. It as been repeatedly fired against 

armor plates, thick ax . thin, and in no case hes it 

ever exploded by the shock of impact. The Laval 
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Bureau of Ordnance is at present experimenting with 

this explosive and there is much reason t© believe 

that it will be redo pt ed, for use with one or both of 

our :;erg; ice shells. An important feature about 

it Is that shells can be loaded with it quickly and 

safer by the use of very simple tools which re 

quire neither experience nor special skill. In the 

Arsr.y, the shells are stored cripty, and the explosivf: 

Is s kept in boxes in the magazines. On t l threat 

of war, the shells are to be loaded and fuzed. A 

similar plan might be p.dopted on shipboard, a all 

number of shells being always ready. There is, 

however, no necessity for this, as the material does 

not deteriorate in the least by keeping. 

(Show sample of Explosive "D"). 

The fuse which the Army has adopted is 

ingenious and has shown itself abundantly safe, but 

it has some features which are not entirely satis-

factory from a navel point of view, and we are at 

present experimentir with a fuze which gives promise 

of answering our purposes perfectly. The character-

istic features or this fuze are tl t the detonating 

fuze Compound is carried in a safety chamber from 

which it carrot escape until the pro jectile is clear 

of the gun; and that the action of the faze is as 

certain against a thin plate aE aga.I "t s thick one. 

If we finally adopt "Explosive B", it may be 

possible for us to do away with common shells and use 

only one type for all purposes. Attention has 

already been called to the advantages of adopting 

this policy whenever circumstances make it 

practicable to do so. The latest type of armor-
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piercing shell lends itself well to this change. 

As already stated, it has thinner walls than any 

projectile heretofore used for armor piercing, and 

therefore carries a larger bursting charge. In 

spite of this thinning of the walls, it penetrates 

its own calibre of Yrupp armor, withour frau~e or 

deformation. Its walls are too tough to give 

satisfactory fragmentation with black powder, on 

striking thin plating, but with "Explosive D", the 

fragmentation is all that could be desired. It is, 

in fact, quite as satisfactory as that of a common 

shell, the pieces being larger, without being too 

large. The accompanying sketch shows the details 

of this shell, (Plate IX) together with tie latest 

form of band, and. details of the base-cover used 

to protect the fuse and the bursting charge from 

danger of premati~e ignition. This is essentially 

the array; eme rt which has been used by the Army in 

all their experiments with TTExplosive D", with the 

result that, as already stated, more than 1000 

rounds have been fired without accident. 

The development of armor -piercing shell abroad 

has just abo ~t kept pace with that in this country, 

but it is interesting to note that the Firth Gterling 

Company of Pittsburg was the first firm in the world 

to produce a shell with a. large cavity w~nich would 

penetrate its own caliber of armor and remain in 

efficient condition. 

Kadfield, in England, claims to have penetrated 

a 12-inch Krupp plate, with a 9.2 inch shell. If 

this is true, he has beaten the world. 
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An interesting application of "Explosive D" 

by the Army, is its use in what is called a 

^ "Torpedo Mortar Shell". This is a very thin 

walled shell, holding in the case of a 12" mortar, 

130 lbs , of explosive. Such a shell if landed 

on the deck of a battleship would go through at 

least to the armored deck before exploding, and 

would, in all probability, wreck pretty much of 

the interior even if it did not sink the ship. 

But the Army Officers believe that this is not the 

only advantage of their "Torpedo Shell". They 

hold that if it strikes the water within 20 feet 

or the ship's side and explodes after penetrating 

to some little depth, say 10 or 20 feet, it will 

still damage the ship very seriously if it does 

not sink her. It should be noted that this view 

has nothing in common with the theory held by 

Gathmann and others, that the detonation of a 

large charge of high explosive in the air against 

the armor of a ship would do great damage. 

To test this theory, the Board on Ordnance k 

Fortifications had a target constructed at the 

New York Davy Yard representing a section of a 

battleship, complete in all details of plating, 

rivetting, bulkheads, &•c. This target was towed 

to Sandy Hook and moored in 30 feet of water. A 

torpedo shell such as has been described was sus -

pended in the water and exploded 15 feet from the 

side of the target, and at a depth of 15 feet 

below the surface. The photograpi- herewith 

exhibited show the rather startling result. 

PB 
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