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PREFACE.

This work, originally designed as a book of instruction for the cadets of the Military
Academy, has, since my separation from the department of artillery, been extended beyond
the limits at first proposed, with a view of spreading information not popularly accessible,
upon a subject of the first importance to our national defence.

It is submitted to my brother officers, trusting that many allowances will be made for its
defects, and that some one more capable of doing justice to the subject will be induced to
offer to the service, and to our militia -- on whom, in the event of war, the principal defence
of our large fortifications must devolve -- a more complete system of instruction than | have
been able to furnish.

Where translations have been made, it has been my endeavor to select such portions as are
or may be applicable to our own service, leaving out those peculiar to the foreign.

J. G.

WEST POINT N. Y., August 14, 1859.

PREFACE TO THE SECOND EDITION.

THE first edition of this work having been entirely exhausted, and a second having been
called for, | have endeavored to make such alterations and improvements in the work as

seemed to be necessary, and the exigencies of active service would allow.

The chapter on Rifled Ordnance is partly taken from Captain Benton's Course of Instruction
in Ordnance and Gunnery.

April, 1863.



THE

ARTILLERISTS MANUAL.
CHAPTERII.

GUNPOWDER,.

The inflammable property of a mixture of nitre, charcoal, and sulphur, was known long
before its projectile force was discovered. Used in the form of dust, it is supposed by many
to have been the substance of which the rockets and Greek fire of the ancients were made.

Discovery .-- Gunpowder is said to have been discovered in Europe somewhere about the
XII1. century; but a somewhat similar compound is supposed to have existed many centuries
before, in China. Until towards the close of the XV. century, it was used in the dust form;
but about that time it was discovered that when formed into grains, its force was very
considerably increased.

Ingredients.-- The ingredients used in the manufacture of gunpowder are charcoal, nitre (or
saltpetre), and sulphur; and in order to explain the phenomena of explosion, a short
description of each of these substances will be given.

Charcoal .-- If charcoal is heated to a certain temperature, combustion takes place, and if
perfectly pure, no ash will remain. The charcoal will be converted into an invisible gas.
Placed under the receiver of an air -pump, and the air removed, it will not burn. There is,
therefore, needed for its combustion, an ingredient of common air -- oxygen -- and it will
presently be shown how this element is combined with the charcoal so as to produce
combustion in vacuo. The power of oxygen to support combustion is very great. This may be
seen by asimple experiment. A piece of steel wire having any inflammable substance placed
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on the end of it and lighted, when dipped in a jar of oxygen gas is rapidly consumed. This
being the case with regard to iron or steel, it may readily be imagined how much more
rapidly charcoal immersed in the gas would disappear, from what is called combustion --
really uniting with the oxygen -- forming carbonic acid gas. Now, if instead of presenting th e
charcoal in a solid mass to the action of the oxygen, it, in the form of a minute powder, be
brought in contact with a substance similarly prepared, and containing a large quantity of
oxygen, the combustion, when fire is applied, will be much more rapid, producing
deflagration.

Charcoal made from light, quick -growing wood is most easily pulverized, and the best for
making gunpowder. In the United States willow and popular are used. It should be sound,
about an inch in diameter, and not more than three or four years old. The largest limbs are
split up before burning; the smallest branches are used for fine sporting -powder. The wood
should be cut in the spring, when the sap is running freely, and the bark at once taken off
may be charred in the ordinary way, in pits; but the most usual way of preparing it for
making gunpowder is by distillation. This process consists in placing the wood in iron
cylinders, to which pipes are fitted to carry off the liquid and gaseous products. Heat is then
applied to these cylinders and kept up for a number of hours. The fires are then allowed to
go down, and when cool, the charcoal is taken out. This method has the advantage over the
common way of making charcoal, of performing the operation of charring more completely,
and of saving the ingredients which by the common process are lost. Acetic or pyroligneous
acid, tar, and wood naphtha are thus obtained. This charcoal is also said to be freer than any
other from potash.

Another process has lately been introduced in France by M. Violette, and considered a great
improvement. This consists in transmitting through the wood high -pressure steam,
producing more effectually even than fire, the desired result. It should retain a certain degree
of elasticity, have a brown color, present the fibrous appearance of the wood, and its fracture
be iridescent.

Wood contains, about fifty -two per cent. of carbon; but this process furnishes only about
thirty or forty per cent. The coal is
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usually made in the immediate locality Of the powder -factories and) as it readily absorbs
moisture, and is liable to Spontaneous

combustion, is made only asit is wanted. In sticks its specific gravity is about .300, which is
increased by pulverizing to 1.380.

Nitre.-- Nitre is the substance which, possessing such a large percentage of oxygen in a
solid form, gives charcoal the ability to burn whether in contact with the air or not. Sulphur
adds consistency to the mixture, and the result is gunpowder. The quality of powder depends
very much upon the intimate mixture and proper proportions of the ingredients -- or in other
words, on our ability always to have in contact with the inflammable materials (charcoal and
sulphur) the necessary oxygen in the form of nitre to support combustion, and change all the
solid mass into gases. Charcoal by itself, i.e. in vacuo, will not burn, nor will nitre either in
that way or in the open air; but together they burn in vacuo, and intimately mixed,
deflagrate.

The finer the gunpowder and more intimately mixed the ingredients, the nearer it approaches
a detonating powder. In large aid compact charges, however, the reverse is the case, as then
the powder itself forms an obstacle to the transmission of the flame, and it burns slowly and
in-successive layers. As a general rule, and before coming to the limit of dust, the smaller
the grain the snore rapid the combustion, and the greater the bursting force of the powder.
This is the reason that in small arms the small -grained powder is used. It has but a shor t
distance in which to act on the projectile, and being in small quantity, its bursting force is
not such as to injure a gun; while in large pieces the charges are so great, that, did they burn
fast, no metal could withstand the shock. In these, too, as the time which the powder has to
act on the projectile is greater than in small arms, the whole force of aslow -burning powder
will be produced before the projectile leaves the muzzle; and from the great heat evolved by
the large charge, the largest grains will be consumed.

Nitre or saltpetre, the nitrate of potassa, is a natural salt found in many localities, especially
in the East Indies, where it exists in great abundance on the earth's surface, and where it is
natural to suppose its peculiar properties when combined with carbon were first observed. It
isalso found in other warm countries, and in limestone caves in the States of Virginia,
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Georgia, Tennessee, and Kentucky; and in this last in the form of rock ore, a sandstone
containing avery large proportion of the salt. It may also be produced artificially in what are
called "nitre beds," by exposing animal and vegetable substances together to the action of
the air in moist situations. This method, although not first discovered, was perfected by the
celebrated Berthollet, at atime when France, cut off from communication with other nations,
was driven to these beds, or walls as they are sometimes called, to obtain supplies of an
article so absolutely necessary to her defense.

Characteristics.-- This salt when pure, has a clear, white, crystalline appearance, a specific
gravity of 2.090, melts at 660° F., and decomposes at ared heat. It is soluble in water, much
more so in hot than in cold, and has a cool, saline, and slightly bitter taste.

In the manufacture of gunpowder, it is of the greatest importance that all the ingredients, and
especially the nitre, should be pure. It never appears so in commerce, but in the shape of
grough saltpetre contains from six to twelve per cent. of foreign salts, earth, and water.

Analyzing.-- To ascertain the quality of trough saltpetre, a certain quantity, say one Ib., is
washed in a saturated solution of pure nitre, and the liquor poured off; the washing is then
repeated. and poured on a filter, which is dried perfectly by placing it on glass imbedded in
ashes or lime, and then evaporating. The saturated solution takes up only foreign salts, and
what remains, allowing two per cent. for earthy matter, &,c., will be the quantity of pure
saltpetre. As a check and comparison, perform the same operation on the same quantity of
pure saltpetre. Another and better method is to precipitate the chlorides contained in the
crude saltpetre by the addition of nitrate of silver to the solution of a given weight of the
sample to be tested. In the same way the sulphates are precipitated by adding nitrate of
baryta.

Purifying.-- Great pains are taken to purify the nitre to be used in the manufacture of
gunpowder; and the process is much facilitated by the fact that some of the impurities are
less soluble in boiling water than in cold; nitre is the reverse; and some are more soluble in
hot or cold water than nitre. For purifying then, two tiers of vats are employed, one heated,
the other cold.
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For heating, steam is sometimes used, as at the celebrated establishment of Col. Hazard, at

Enfield, Conn. The saltpetre of commerce is first placed
in the vat "A," Fig. 1, and steam applied from below,
producing complete ebullition. Particles of dust and
other light materials rise to the top, and are skimmed off.
The nitre beings more soluble in boiling water than in
cold, and such not being the case with chloride of
sodium (common salt), this last will on the cessation of the boiling sink to the bottom, with

some earthy matter, the precipitation of which is assisted by a solution of glue. The liquor,

whilst hot, is then drawn off by a syphon into the vat below. Here it is alowed to cool

slowly. Chlorides of calcium and magnesium, and the nitrates of lime and soda, being more
soluble in water, hot or cold, than nitre, are taken up by the water, while the nitre is formed

into crystals at the bottom. When the mass is reduced to about 104°, the water is drawn off,

leaving the nitre behind pure. It is kept constantly stirred during this operation, to prevent the

formation of large crystals, which would probably inclose water and some impurities. It may

then be left to drain dry through holes in the bottom of the vent, or transferred to a hind of

hopper specially made for the purpose -- Fig. 2.  One of these operations is not always
sufficient to rid the nitre of all its impurities; a matter of the
first importance, since the presence of the most injurious of
these, nitrate of line and impure common salt, having a
powerful affinity for water, will very materially affect the
quality of the powder made from it, more especially in regard to
its preservation. The importance of this will be seen when the
effect of moisture on gunpowder is observed. It rapidly impairs
its strength, and in time produces a marked change in the
structure of the grain; the nitre efflorescing on the surface in the form of a white powder, and

the whole mass being formed into cakes and lumps.

Fusing. -- The nitreis now in small, perfectly white grains; but
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before being used for powder it is fused, for the purpose of driving off any Water which may
be retained among the particles, so that it may be accurately weighed. It should never be
fused at a higher temperature than 600°, as beyond. that it is apt to be injured by partial
decomposition. It should not contain more than 1 -3000 part of chlorides; but for powder
which is to be used at once, this degree of purity need not be required; and this fact gives the
means of reducing considerably the proportion of nitre in a powder designed for immediate
use. When fused, the nitre is cast into flat cakes end allowed to cool. In the manufacture of
powder in this country, the nitre is not focused after it is reduced to fine pure grains, unless it
Is to be kept for some time before being used. But in Europe it is looked upon as an
important step; though objectionable on some accounts, as with too high a heat it is partially
decomposed, oxygen being driven off.

Sulphur .-- Sulphur is found in all volcanic countries in great abundance. Sicily supplies the
principal part of the market. It is found there in large masses, very nearly pure. The greater
part of that used in the United States comes from the French refineries. Its use in gunpowder
IS to add consistency to the mixture, to make it less liable to absorb moisture, and to give a
greater intensity to the flame.

Refining.-- Before being used in the manufacture of powder, this substance has also to be
reined. Two methods are used, one by simply fusing it, when the heaviest impurities sink to
the bottom of the vessel, and the highest rise to the top. The intermediate portion being left
pure, may be withdrawn. The other method is by sublimation, by which the sulphur is
vaporized at about 680 degrees, and again condensed in the form of a fine powder called
"flowers of sulphur." When melted and run into moulds, itiscalled " roll sulphur."

Characteristics.-- Pure sulphur is of a citron-yellow color, has a shining fracture, and
crackles when presaged in the hand. Its specific gravity is 2.033, which is reduced by
sublimation to 1.900, and still further by trituration. It melts at 220°, but at 320° takes the
consistency of paste, and sublimes or vaporizes at 680°. Insoluble in water, but in oils and
alcohol it issoluble. Aswhen pureit is entirely consumed by combustion, a simple test of its
purity isto burn some on a clean surface, and see if any residue remains.
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Manufacture. -- Having described the different substances which enter into the composition
of gunpowder, we will now proceed to the manufacture of this last, which consists in
pulverizing the ingredients, incorporation, compression, granulation, drying, glazing, and
dusting.

Pounding-mill. -- Two methods of making gunpowder are used -- by the pounding-mill and
by the rolling-mill. In the pounding-mill the ingredients are pulverized, incorporated, and
compressed, at the same time, by the pestles: twenty or twenty four mortars and pestles are
placed in two rows in the mill; the mortars are nearly spherical, and dug out of a piece of
oak, having a piece of harder wood in the bottom. Each mortar receives about twenty |bs. of
composition. The charcoal in small pieces is first placed in with a quantity of water, and
pounded for half an hour, after which the saltpetre and then the sulphur, previously
pulverized and sifted, are put in, and the whole well mixed with the hand; and, after being
pounded for an hour, it is transferred to the next mortar, and so on, changing every hour. At
the sixth or eighth change add a half -pint of water, to guard against explosion. During the
last two hours no change is made, in order to allow the composition to form into cake. It is
then taken from the mortar, the moisture reduced to flour per cent., and then grained; for
which purpose it is partially dried and placed in a graining -sieve of parchment pierced with
holes, which is moved by hand or machinery, whilst a lenticular disk of hard wood,
weighing five Ibs., breaks up the powder, which passes through the holes as soon as
sufficiently reduced. The cakes may also be grained by being passed between wooden
rollers. The grains are then sifted, to separate those which are too coarse and too fine, as also
to separate the different kinds -- cannon, musket, and rifle -- from each other.

Glazing.-- About five hundred Ibs. of it, containing about three per cent. of moisture, is then
placed in alarge glazing -barrel, and glazed by revolving the barrel fifteen or twenty times a
minute for twenty -flour hours or less, according to the degree of glazing required. Glazing is
necessary in order to prevent the absorption of moisture, and breaking up of the grains in
transportation -- forming dust, which, sifting thr ough the bags, reduces the charges, and
retards the inflammation by choking up the interstices between the grains.
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Drying.-- The powder is then dried, either in the open air or in a drying -house. In the first
case it is spread on sheets placed on tables, and allowed to remain ten or twelve hours, being
stirred frequently to expose it well to the sun. When the sun is too hot, it is sometimes
necessary to cover the powder over to prevent the loss of the sulphur. Inadrying -house, it is
exposed, in layers of from one to four inches, to a, current of air heated to 140° by means of
afurnace or hot-water pipes.

Dusting.-- It is then dusted by being sifted in fine sieves or bolting -cloths, in order to clean
it thoroughly and cool it before being barreled. The dust may be worked over again to make
inferior powder, or mixed with other composition in the pounding -mill.

Time.-- It requires from eleven to fourteen hours to make powder by this process. This time
may be somewhat reduced by previously pulverizing and mixing the ingredients in rolling
barrels formed of strong leather or hides stretched. over a framework, the slats of which,
nine inches apart, project half an inch inwardly. Each barrel contains 100 Ibs. of zinc or
composition balls, which serve to pulverize the materials when the barrel is revolved around
its axis. The charge for a barrel is fifty Ibs., and the elasticity of the leather prevents the
powder from adhering to the sides, as it would do with wood.

Rolling-barrels.-- The charcoal and sulphur are first placed in and rolled for two hours, to
pulverize them; the saltpetre (refined) is then added, and the rolling continued for two hours
longer; when ten per cent. of water is added, and it is pounded in the mortars for three hours;
or it may be spread in thin layer.", moistened with the same quantity of water, distributed
equally with afine watering -pot, and brought to a state of cake by pressure in a hydraulic or
screw-press; and this method of forming the powder into cakesi s sometimes adopted after
the ingredients have been incorporated in the pounding or cylinder mills.

The pounding-mills are used altogether in France, for the military service; but the charcoal
used is made in open pits (al’air libre) where it is more thoroughly burnt and becomes more
friable than cylinder coal, which last istoo hard to be pulverized sufficiently by the action of
the pestles.
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Cylinder or Rolling -mill -- Fig. 3. The cylinder or rolling mill used in England a nd this

; country consists of acircular bed of cast iron or marble, the
inner diameter of which is about three feet, and two
cylinders or wheels weighing about five tons each, of the
same material, which run on this bed, followed by a
wooden plow which throws the materials towards the
centre of the track. The cylinders revolve about ten times a
minute, and run from one half to three hours on fifty
pounds of composition. The powder is therefore made
much quicker, and it is found that it exhibits a greater degree of strength in cannon than
powder incorporated in any other way; but this superiority, though uniform, is not so great as
to give the rolling mills an absolute preference over all other methods of incorporation, so
far as regards the strength alone; and the choice between them must be decided by the
relative economy, and the other qualities which each imparts.

Experiments in this country, as well as in France, seem to give the preference to the
rolling-mill powder; but the pounding -mill is still retained in France; where it is claimed, --
1. That the pounding-mill makes powder better adapted to the promiscuous service of all
arms. 2. That it isless injured by exposure to moisture; and 3. That it is less injurious to the
gun. The first is of no advantage in the United States, as we use different kinds of powder
for cannon and small arms; and rolling -mill powder may be so worked as to render it equally
resistant to moisture. In the third place, by a simple alteration in the cartridge (reducing its
diameter), the destructive force of dense powder on the gun is reduced without diminishing
its projectile force; and this may be further reduced by the reduction in the charge which we
are enabled to make in dense Powder from its g eater force. In small -arms, the barrels are so
strong that the destructive effects of the small charges used constitute no objection to the use
of a powder more violent even than the strongest rifle -powder pro-
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posed to be made. The pounding -mill powder, in order to be of a force nearly equal to
rolling-mill powder, must be world -ed not less than fourteen or sixteen hours; and even then
the grain is hardly firm enough to resist the jolting of ammunition wagons. The force

retained by some Waltham powder after being kept for thirty years without special care,

speaks strongly in favor of the English mode of manufacture.

It is a characteristic of gunpowder, that the greater the opposition offered to the expansion of
its gases whilst the powder is burning, the greater becomes the force developed. This fact is
taken advantage of in various ways in the science of artillery, Thus, for instance, a, gun is
made smaller at the seat of the charge by making use of a chamber, because the powder is
thereby more confined, and a greater force developed; and it is found that the form of
chamber which delays the escape of the gas the longest, is productive of the greatest force,
though for other reasons it is not adopted. In firing shells from mortars, where the angle of
elevation is 45°, and the weight of the projectile amost directly opposed to the effort of the
powder, we are enabled to reduce the amount of the powder used, on account of the
increased force developed. Thus, too, in blasting rocks, the amount of execution by a small
charge of powder is apparently out of proportion to its size, on account of the manner in
which the powder is confined. Good powder should be perfectly free from dust. Smooth,
brilliant grains are more solid and fit for war purpose than those which are not so. When the
grains are porous, combustion takes place more rapidly, and the powder approaches more
nearly a bursting powder. Thus a, powder which has absorbed a, certain quantity of
moisture, and been redried, may become more destructive to guns than when first taken from
amagazine.

Gunpowder, in order to be of good quality, should have the ingredients carefully prepared
and thoroughly incorporated, should be perfectly dried and highly glazed; all of which are
favorable not only to the production of the greatest force, but to the quick combustion of the
grains and the rapid transmission of the flame through the whole mass of the powder. The
injury caused to powder by moisture, is too apparent to need any further comment on the
necessity of drying it well. Glazing does not affect the strength of powder; and though, it
lessens somewhat the rapidity of burning, thisis, more than compensated
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by the advantages resulting from the process. The preparation of the materials having been
previously noticed, it now remainsto refer to the other conditions.

Density .-- The more a powder is worked, the more dense it becomes, and up to a certain
point, the greater is the force of the powder, but beyond this limit it is found that no increase
of force follows the continued working. The density of gunpowder may be approximatively
determined by taking, the weight of a cubic foot in ounces. This is called the gravimetric
density, and it is obtained by means of n, gravimeter, a brass cylindrical vessel holding 1 -27
of a cubic foot (64 cubic inches). By taking the weight of the contents when loose and after
being shaken, the relative irregularity and size of the grain will be indicated by the
difference. Experiments show that the gravimetric density of cannon powder should not be
loss than 870, nor greater than 920.

Specific Gravity .-- Gunpowder being but a, mechanical mixture, water readily dissolves out
the nitre, and its specific "gravity cannot be determined directly. The French use the
following method: A cylindrical glass vessel of uniform diameter, the edges well ground, to
which is adapted a polished glass cover so made as to hermetrically seal the vessel, isfilled
with distilled water, carefully closed by sliding on the cover so as to exclude the air, and
after being wiped dry on the outside is accurately weighed. The weight of the vessel and
cover having been previously ascertained, take the difference, which will give the weight of
water which the vessel holds (W). Find in the so me manner the weight ( W') of a saturated
solution of nitre which the vessel holds. Pour out a portion of this, and poor in 1500 grains of
gunpowder slowly so as to exclude the air; fill up with the saturated solution, put on the
cover, wipe the vessel, and again weigh it. From this weight subtract the weight of the vessel
and cover and the powder. The remainder will be the weight of the saturated solution
occupying the vessel with the powder. Subtract this from the weight of the solution before
found, and the remainder will be the weight (w') of the solution which occupies the same
volume as the powder. Then W"W::w"w = the weight of an amount of water equal in
volume to the powder; and w: 1500 grs.:: spec. gravity of water (or 1): specific gravity of
powder. Or, specific gravity of powder = (1500 grs/w). This opera-
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tion is repeated three times, and the mean taken. Alcohol may be used instead of the
solution; though neither of them gives perfectly accurate results. The principal reason for
this seems to be the difficulty of expelling all the air in the powder. Another cause of error in
the use of nitre-water is the difficulty of keeping it in a state of saturation, the heavier
portion settling to the bottom; and a still greater cause of error may result from a slight
change of temperature during the experiment, causing the solution to deposit some of its
nitre, or take up some of that of the powder. By placing gunpowder in any liquid, such as
rectified alcohol, sufficiently thin to penetrate all the pores of the grains, it must be in a great
measure disintegrated, and furnishes thus, not the specific gravity of the mixture which
forms the powder, but the combined specific gravity of the ingredients themselves; and the
results would depend less on the intimacy of the mixture than on the trituration of the
ingredients, which increases the specific gravity of charcoal, while it decreases that of
sulphur.

A more accurate method of determining the specific gravity of gunpowder has been invented
by Col. Mallet, of the French army, and M. Bianchi. A glass globe fitted at the top with a
graduated tube leading to an air -pump is connected at the bottom by means of another tube
with the mercury contained in an open vessel. Both tubes have stop -cocks. By exhausting
the air in the globe it is filled to any point of the graduated tube with mercury. The
stop-cocks are closed, the globe detached and weighed, after which in the same way the
weight of the globe when filled to the same point with a given weight of powder and
mercury is determined. Call P the weight of the globe full of mercury, P’ the weight of the
globeitself, and a the weight of the powder used. We have the specific gravity of the powder
by multiplying the specific gravity of mercury (13.58) into the ratio between equal volumes
of mercury and powder) Or Specific gravity Of thepowder =13.58  a  This apparatus
Is called a mercury densimeter. P-P’+a°

Packing.-- United States powder is packed in barrels of 100 Ibs. each; the barrels being
large enough to allow vacant space sufficient for the powder to move when rolled, to prevent
its caking. They are made of well -seasoned white oak, hooped with hickory, cedar, or
copper. Cedar islessliable than hickory or
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oak to the attack of worms. The hoops should cover two thirds of the barrel, and when made

of copper are fastened with copper nails. A screw -hole one and a half inches in diameter is
made in the head of the barrel, and closed with a wooden screw with an octagonal head,

which renders the removal of the head of the barrel unnecessary, and the hoops can be
secured with copper nails. To protect the powder from moisture, a thin washer of leather

steeped in a solution of beeswax in spirits of turpentine is placed under the head of the

screw; and, for transportation, a piece of cloth should be glued over the head. Dimensions of

powder-barrels, 20 %2 in. long by 14 in. in diameter at the head.

I nspection .-- The powder received into the United States service is inspected and proved; a
sample for which is taken from each barrel by means of an extractor, a copper tube 18 in.

long and 1 in. in diameter, pointed at the end, and having an opening about 9 in. from that

end, by covering which with the hand the powder can be poured from the mouth of the tube.

Each sampleis placed in atin canister marked with a number, a corresponding number being

placed on the barrel from which it is taken. These samples are inspected, and the charges
weighed from them when the strength is tested.

Characteristics.-- The powder should have an even grain, angular and irregular in form;
such being the form which exposes most surface to the flame, and therefore burns most
rapidly: round grains burn slowest. It should be so hard as not to be easily crushed by
pressure with the anger, should leave no dust when poured on the back of the hand, and
should leave no bead or foulness when flashed, ten grains at a time, on a polished copper
plate. The size of the grains is tested by means of sieves having holes of the maximum,
minimum, and medium size, for each kind of powder. Ten grs. troy, contain of

CANNON POWDER. MUSKET POWDER. RIFLE POWDER

150 grains. 2,000 or 2,500 grs. 12,000 or 15,000 grs.

Usually, the uniformity and size of grain isjudged of by mere inspection.

Proportions.-- Before mixing, the ingredients are carefully weighed in the proper
proportions. These depend upon the kind of powder to be made. When it is remembered that
on the quan-
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tits of oxygen present depends the rate of burning of the charcoal, it will readily be perceived
why it is that to produce a quick burning powder we must increase the amount of nitre; as
the same amount of consistency, however, is required, the sulphur, which produces this,
remains the same, and the nitre is increased at the expense of the charcoal. Different nations
vary slightly the proportions for military powders. In the United States two sets are used, as
follows:

Nitre Charcod Sulfur
(1) 76 14 10
(2) 75 15 10

Thisisthe English. In France, the proportion is-
75 12Y% 12>

and in Prussia,
75 13v 11v

For sporting-powder, which, of course, burns much quicker than other kinds, France and the
United States have adopted --

78 12 10
In blasting-powders, which it is not necessary should burn fast, France has adopted -
62 20 18

Gunpowder explodes when suddenly submitted to a temperature of about 600°. It will also
explode when struck a violent blow with a hard substance. This may be demonstrated
satisfactorily by firing from a rifle a hollow pointed ball having a few grains of powder in
the aperture near the apex, against an iron target: on striking, the powder explodes. It is more
than probable that many premature explosions of shells, and more especialy of
spherical -case shot, in the bore of guns, are due to this fact, instead of to the driv ing in of the
fuze, as has been sometimes supposed. Moderate heat applied to the constituents of
gunpowder separately, produces no chemical change. If applied to sulphur and charcoal



mixed, a substance (bi -sulphuret of carbon) is produced which may be condensed to aliquid.
If charcoal and nitre be reduced to fine powders, mixed and heated, the two combine and
deflagrate, as has been stated, but not violently, forming carbonate of potassa, nitrogen,
carbonic oxide, and carbonic acid, of which thefirst only issolid -- combined in such
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proportions that none of them are left unconsumed; the volume of the gas resulting is, of
course, a maximum, and is about 1,000 times the volume of the ingredients. This
combination would give but small projectile force in a gun, as, burning but slowly, it would
only be partly consumed, and throw the rest of the charge with the ball from the gun,
producing on the ball but little effect. Sulphur and nitre, powdered, mixed, and having heat
applied so as to first melt them, explode with great violence, though the gas evolved is
somewhat less in volume than in the other case. The greater violence is probably due to the
more intimate mixture of the two substances in consequence of their liquid state, and the
greater heat resulting from the burning of the sulphur. The substances formed in this case are
sulphuret of potassium, nitrogen, and sulphurous acid. A mixture of this kind would, in its
effect, resemble too strongly a fulminating powder to be used as a projectile force, and
would probably burst the gun. Now, a, powder, to give a good projectile force, must neither
burn too slow, as in the first case, nor too fast, as in the last; so by adding sulphur to the
first, we increase the intensity of the flame and rate of burning, and by charcoal in the
second, produce the contrary effect, thus striking the medium and producing gunpowder.
The proportion of the ingredients has been arrived at by calculation (by means of their
chemical equivalents); and repeated experiments give results almost identical.

Thus,-
NITRE CHARCOAL SULFUR
Atomic theory 74.64 13.51 11.85
Practice 76 14 10.
Prussia has followed the theory even more closely. Thus,

75 13.5 11.5

Combustion .-- The substances resulting from the combustion of gunpowder, are nitrogen
and carbonic-acid gas -- both highly elastic gases; sulphuret of potassium, which produces
the sulphurous smoke, and in part adheres to the sides of the bore. Brought in contact with
water, sulphuretted hydrogen is produced, causing the offensive smell noticed in washing
out agun.

It has been stated that burning a small quantity of powder is a good test of its quality;
leaving no residue when burnt on white paper, therefore, shows the proportions are correct
and the pow-
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der properly made. Should it, however, blacken the paper, it contains too much charcoal;
while a yellow stain shows too much sulphur. Its color should be a dull brownish black or
dlate, not shining. If black, too much charcoal has been used; and this being the principal
absorbent in powder, such a one will soon deteriorate from moisture. The grains should be
sharp and angular, as these present a greater surface to the action of the flame, and ignite
quicker, than round grains. When thrown from the hand it should leave no dust, which fills
up the intervals between the grains, and forming a compact mass retards combustion very
much. When the grains are very large, a mixture of fine grains (not dust) is advantageous, as
they serve to transmit the flame from one grain to another, and thus assist combustion.

Ignition and combustion of powder must not be confounded. Ignition takes place when it
begins to develop light and heat, and this takes place from grain to grain with great rapidity,
assisted as it is by the gas first produced forcing the flame through the other portion of the
grains. Combustion takes place more slowly, and refers to the total decomposition of all the
grains, and the total evolution of all their gases.

The larger the grains the more rapid is the ignition, but the slower the combustion. With
small grains the ignition is slower but the combustion much feaster; and hence, in
small-arms, when small grains are used, the projectile gets the full force of the powder in a
smaller space than in large guns.

Powder is a poor conductor of heat; and hence, in a compact mass, as a rocket filled with
meal -powder, or a cake, if one end is lighted, combustion will take place very slowly. This
shows the importance of graining powder.

Ramming.-- In small-arms, the charge is rammed; because, besides increasing slightly the
distance the ball has to pass over before leaving the gun, it retards slightly the ignition of the
powder, which, from the rapid combustion of small grains, has still time enough to develop
its full force before the ball leaves the bore. Ramming is not advantageous in large guns;
since, as it decreases the ignition, the large grains would not all be consumed by the time the
ball reached the mouth of the piece.

Pressure.-- Supposing a powder to be formed according to the theory of chemical
equivalents, which is nearly in accordance with the practical formula, it is found that 135
grains occupying
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a space of about 3-10 of a cubic inch, will furnish gases which occupy about 623 times that
space. But in an explosion these gases are evolved at a very high temperature, which, of
course increases immensely their bulk, besides converting the sulphuret of potassium into
vapor. The volume has been estimated as high as 5,000 times the original bulk; and Gen.
Piobert estimates the ordinary maximum pressure of these gases on a projectile at between
2,000 and 3,000 Ibs. to the square inch. Figures, however, are merely approximations, and
no definite idea can be given of the absolute force of gunpowder. The expansion of powder,
however, like everything else, has its limit; and the idea once entertained, that a thimbleful
of powder completely confined at the center of the earth would, if ignited, produce a general
earthquake, is now exploded. During some recent experiments with concussion fuzes, an
8-inch shell was charged with ¥z |b. of fine rifle -powder, and a bronze fuze -plug screwed in.
The shell did not explode, but on being recovered and an attempt made to unscrew the fuze
plug, it was found impossible to remove it. An attempt to remove an iron screw which
stopped o, smaller hole used for charging the shell, met with a similar result. By means of
cold-chisels and punches a hole was now drilled through; but no sooner was an entrance
made than the tool was hurled from the workman's hand across the room, he himself was
knock-ed backward with a feeling on his hand and arm as if burnt, and the escaping gas
made a noise like the escape-pipe of a small steam engine. This powder, therefore, in a
gaseous form, had been bottled up for several hours in the shell. The same thing occurred.
several times, and the world-men soon became more careful in opening recovered
concussion shells. A simple remedy was soon found, however, by increasing the charge to |
Ib.

I gnition .-- Powder does not inflame instantaneously. If it did, no gun could be made strong
enough to resist its force. Its inflammation is gradual and progressive, and in a gun the
projectile commences to move, probably, before all the charge is ignited. The development
of its force is affected. by the proportion of the space whirls it occupies to the space around
it in the gun. It isfound that as this vacant space increases, the projectile force of the powder
greatly decreases, while its absolute force or shock seems to increase. Thus, for instance,
when aball is not rammed home, it is not moved by the first portion of the gas
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evolved, but it remains stationary until nearly the whole force of the charge is developed,
when, acting by its inertia against the immense shock of this force, the violent reaction of
the fluid takes effect before the ball moves, and bursts the gun. In the same way, a musket
whose muzzle has been stopped with mud, or even snow, has been known to burst just
behind the obstruction. As a gun is usually loaded, the ball moving with the first gas
generated, its inertia is gradually overcome, it furnishes space by degrees as the
development of the gas requiresit; no shock is felt, and nearly the whole force of the powder
istransferred to the ball instead of the gun.

Testing.-- Besides the tests of the external senses applied to powder, analysis is sometimes
resorted to. The simplest method is to dissolve out the nitre with pure water, and the sulphur
by the aid of a solution of potash, thus isolating the charcoal. These, when dry, are weighed.
Should the solution of nitre precipitate nitrate of silver, the presence of common salt or
carbonate of soda would be shown. If it blacken a solution of acetate of lead,
hydro-sulphuric acid is present. Other chemical tests may be applied to determine the
presence or absence of other impurities.

Rate of Burning .-- Its rate of burnings may be determined by noting th e time taken for the
Rhyme to travel from one end of a uniform groove, in a plank or piece of metal filled evenly
with powder, to the other, protecting the flame from the action of winds, &c. The relative
rates of two similar kinds of powder may be determined by filling such a groove, circular in
form, one half with each kind of powder, and applying a light at one of their points of
meeting. Of course, the one which burns past the opposite point of meeting, is the fastest
powder. This test is the most satisfactory when applied to small -grained powder, which can
be placed evenly in the groove. All the powder used in the United States' service is madein
private factories; but before being accepted, is examined and tested by officers of the army,
who apply all the foregoing tests, besides applying those in regard to strength. These last
have, until late years, been very unsatisfactory and imperfect, being the results of
experiments with the mortar eprouvette, the inaccuracy of which will be presently shown.
Since the adoption of the "gun -pendulum eprouvette," much more satisfactory results have
been obtained,;
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but it remained for Capt. Navez, of the Belgian army, to attain the highest degree of
accuracy in determining this important element of gunpowder, by the invention of the
wonderful electroballistic apparatus.

Testing with the Mortar Eprouvette .-- Powder was formerly tested by means of the
mortar eprouvette, a small piece used for this purpose alone, and cast with an iron bed -piece
(or sole), the plane of which makes an angle of 45 degrees with the axis of the piece. Aniron
bed-plate, countersunk to receive the piece cast on the mortar, is solidly placed in a level
position, so that when the mortar isin its place, its axis has an elevation of 45°. It is carefully
loaded with the powder to be tried, and a ball, which is first accurately weighed, and then
fired. Being elevated at 45°he range will be the greatest possible for that quantity of that
kind of powder, and for that piece; but will it be indicative of its strength in any other
guantity or piece? It is found that the force of powder does not increase at al regularly asthe
guantity in the charge is increased, but irregularly, and in a much greater proportion. The
result then obtained by using a small charge gives no indication of the effect with a large
one, when the heat is so much greater, and consequently the tension of the gases so much
increased. The eprouvette mortar being very short, if the powder tried is a very quick one, of
fine grain (rifle-powder, for instance), the whole force will be expended on the ball before it
leaves the piece, and a greater range will be obtained than with a large -grained,
slow-burning powder such as is used in cannon. But experiment has fully demonstrated that
this last is the very kind of powder which in practice gives the greatest ranges, so that the
mortar eprouvette gives in this case the very opposite of the truth. It has, therefore, been
discarded as a proper test for the strength of powder; though, for want of a better, it may be
used for determining the relative strength of different kinds, when they are all obtained from
the same factory, and it is known that the same ingredients and the same manner of making
it have been employed.

The Gun and Ballistic Pendulum .-- The only true manner of determining the relative
strength of powder is, to measure its effects when fired under the same circumstances asit is

to be employed in service, using the kind of piece, the quantity of powder, and weight of

projectile, that isto be used in thefield. A great
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improvement has, therefore, been made in the adoption of the pendulum eprouvette; which
consists of a gun, usually a 6 or 12 pdr. slung on a, horizontal axis in such a way that the
axis of the gun passes through the center of oscillation of the pendulum thus formed, and is,
when the gun is fired, perpendicular to the vertical plane passing through the axis of
suspension. The axis then receives no shock, and knowing the time of oscillation of the
pendulum, aformulais easily deduced, by which the initial velocity of the shot, or the space
passed over in the first second of time after it leaves the bore, is determined. This instrument
is called the gun pendulum. The ballistic pendulum consists of a hollow cast -iron frustrum
of acone, slung in the same way as the gun, with its axis in the same horizontal plane as the
axis of the gun when at rest. This cone is filled with sandal packed in baskets destined to
received the ball first from the gun pendulum, or from a stationary gun. A. graduated are
under each of these pendulums shows, by means of a sliding -pointer, the angle through
which they recoil when the first is fired, or the second struck by the ball. This angle is, of
course, the element from which the initial velocity is determined. These pendulums may be
useful together or separately; but when used together they servo as checks on each other, and
great accuracy has been attained in determining the force of powder, as well as many other
points important to the science of artillery, such as the proper size of the charge, its form, the
proper position of the vent, the best length of bore, thickness of metal, form of gun, the
effect of wads and sabots on the force and accuracy of the shot. But these data, after all, are
true only for the gun which is used in the pendulum, and it by no means follows that points
which have been determined for a6 or 12 pdr. will hold good for a 32 or 42 pdr.; so that for
any gun below or above calibers used, the results are simply approximate calculations.

It is evident that by using the gun -pendulum, too large an are will be obtained, giving,
consequently, too great a result, whilst with the ballistic, too small an are and velocity will
be shown; as in the latter case the ball, by its weight, will tend to retard the recoil of the
pendulum, whilst in the former it passes to the front of the center of gravity, and the gas is
still acting on the bottom of the bore to increase the recoil of the gun after the ball has left its
mouth, and received itsinitial velocity. A mean, then,



ELECTRO-BALLISTIC MACHINE. 29

between the two processes should give the truest result. Great pains are taken in weighing
and adjusting the powder and ball, measuring the spaces occupied by them in the gun, in
adjusting the axis of the gun and pendulums block in the same line, so as to strike the block
in as near the same place as possible every time.

To Benjamin Robins is due the invention of these pendulums, which, under the
improvements of Hutton, have made such a great stride towards perfection in the
determination of the strength of gunpowder. Could the process, with any sort of economy, be
applied to guns of al sizes, little else would apparently be left to be desired by the most
enthusiastic artillerist; but this great improvement seems, like most others, to have had its
day, and to be obliged to give place to one destined, it is thought, to supersede it entirely,
and of such accuracy and minuteness in its results as seem to preclude the idea of any farther
improvements in the measurement of the flight of projectiles.

Electro-ballistic Machine. -- It is evident that if any machine can be produced for
measuring the flight of projectiles, and can be indiscriminately applied to every gun useful
asitisin actual service, and be made to exhibit accurately the time occupied by the ball in
passing over different parts of the trgectory, the whole problem of measuring the force of
gunpowder is solved, to say nothing of the many other important results which follow the
possession of such knowledge.

In the first edition of this work the electro -ballistic apparatus invented by Capt. Navez was
described.* More recently Capt. Benton of our ordnance department, has invented a much
less complicated pendulum, which works very satisfactorily in connection with a disjunctor,
the conjunctor of Navez being dispensed with. The disunctor of Navez may be used with
Capt. Benton's pendulum, and the description of it is therefore retained. Any disjunctor,
however, can be used, the essential point being to break the current exactly at the same time.

The Digunctor ,-- Fig. 4. Two blades of copper, L L, separated by a piece Of lvory, and
kept in position by a Stirrup lined inside With ivory, are connected, the One with Screw 9,
the other with 10 by copper bands running on the under side Of the board on which this
instrument is built.

Two other similar blades, L' L', which are also separated by
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Fig. 4.

GUNPOWDER.

Ivory, form a movable system whose extremity may

be introduced between the blades L and L, rubbing
them dlightly as they enter. Each of these movable
blades is connected by the zigzag copper ribbons B
B, with a screw on its own side of the

platform (11 and 12).

A steel rod jointed to the piece of ivory separating the movable blades, passes through the
cylinder, C, and having a thread cut on the end, screws into the knob, E. In the cylinder C is
placed a strong spring, which, acting on the movable blades, keeps them separated from the
axed ones. By pressing on the knob Z, the spring yields and the movable blades are pushed
up between and in contact with the others. The nose of a seer beneath the platform, and
pushed up by a small spring, catches in a notch made in the steel rod, and holds it and the
blades in that position until by pressing on the trigger at D,the nose of the seer is disengaged
and the blades L' L' fly back.

Benton's Electro -ballistic Pendulum, consists, Fig. 5, of a, vertical are of brass graduated
into degrees and fifths supported by a tripod
with a thumb-screw at each foot. Levels are
attached to the are that it may be kept in a
vertical position. Two pendulums, with their
axes in the same line passing through the
center, and perpendicular to the plane of the
are, swing freely in front and near to the are;
to the lower extremity of each is attached a
piece of soft iron. The bob of the outer pendulum is adjustable. An electro -magnet is
attached to each end of the horizontal limb of the are, and holds the pendulums horizontal, or
at 90° from the zero or lowest point of the are, when the soft iron of the pendulums is
brought in contact with the magnets. The inner pendulum has at its lower extremity a
movable point projecting towards the are, the head of which is struck by a blunt steel point
on the outer pendulum, when the two pass each other,
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leaving a mark on the paper which is clamped to the are for that purpose. Wire conductors
lead from the magnet to the clamp-screws secured to the upright limb, where they are readily
joined to the wires leading to the batteries and targets.

Adjusting.-- 1st. Level the instrument by means of the thumbscrews.

2d. See that the magnets are in such a, position that each pendulum, when brought up against
them, is exactly 90° from the lowest point of the arc. The magnets are held by clamp -screws,
to admit of this adjustment.

3d. Move the bob of the outer pendulum till the times of vibration of the two are the same.
This is done by connecting the wire of the magnet to the poles of the battery, including the
disunctor in the circuit. Bring the two batteries to the same strength. Break the currents by
means of the digunctor, and see if the two pendulums meet exactly at the zero -mark. The
two batteries are known to be of equal strength, when the pendulums meet at the zero -point,
irrespective of the particular battery that works them. The disjunctor should. give the same
point of meeting of the pendulumsin six or eight trials made in quick succession.

Two target frames, C and C', are placed along the line the shot is to travel, which it is
designed to measure. The size of the target frames will depend upon the distances at which
they are placed from the piece, and the accuracy of fire. These frames are covered with
copper wirein parallel lines,
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Fie. & Fig 6 the spaces between being about two -thirds the diameter of the
- shot to be used. The wire, which must be annealed, is supported on
nails covered with gutta-percha (Fig. 6),  which are driven along
the uprights of the frames. With very large target frames it is better
to place the lines of wire vertically, in order to avoid injury from
their being thrown around horizontally when struck by the
projectile; when it is necessary to make these lines very long, a
second set, which should be non-conductors, is woven into the other
in a direction perpendicular to them. Cotton cord
covered with a coating of varnish, is very good for this

purpose.

The apparatus, batteries, and targets, are connected by
means of the copper wire (No. 16), which is held in its
position by the press-screws of the different instruments.
Posts ten or fifteen yards apart are used to support the
wire running to the targets, being provided for this
purpose with nails covered with gutta-percha, each one
of which to protect it against moisture has over it a small
rectangular piece of zinc, curved downwards and
fastened in the post as represented in Fig. 7.

Where the conductors pass through the walls of the
building, they should be protected by gutta -percha tubes, through which they run.

For the conductor between the different parts of the apparatus, the wire should be covered
with silk or varnished cotton. This precaution is necessary to avoid accidental deviations of
the currents by the wires touching each other; but outside of the building in which the
instruments are placed, it is not necessary.

The connection between two pieces is made as

represented in Fig. 8, and the short splice, a, istied to %QT“H——%
the main wires, b and c, with fine wire.
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To use the Apparatus.-- Establish the wires as shown in Fig. 9. Insert a piece of
drawing-paper under the are and

clamp it. Set the trigger of the disunctor;
w“ raise the pendulums against their magnets,
Eﬁ% press the trigger; if the point of meeting is

» very near the zero, set the trigger again,
% give the caution "ready,” raise the
pendulums, and fire. Read off the angle,

which must be corrected, if the pendulums on the trial did not meet at the zero, by adding the
angle between the zero and the mark, if it be on the right, and subtracting it, if it be on the

left. The angle thus corrected must be doubled for the time of passage of the projectile
between the two targets.

To determine the Initial Velocity. -- Let | be the length of the equivalent simple pendulum,
and t the time of passing over any one degree beginning at an angle x from o: then

360 \/2gl cos x

By substituting for x different values, we get the times of passing over the different degrees,
supposing the velocity to be uniform for the time of passing. In this way a table is formed
which should give the times for the different degrees and tenths of degrees, and the sums of
the times to each degree.

The value of | is determined by supporting the inner pendulum on the knife -edges, and
noting the time required to make 500 or 1,000 vibrations. The length of the equivalent

simple pendulum is obtained from the relation [1=t"2", t',being the time of a single vibration
as just determined, and I' the length of the simple second pendulum at the place of

experiment.
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The machine is placed on a solid foundation, about 100 yards from the cannon. Grove's or
Bunsen's batteries are best; and the power must be regulated according to the length and size
of the wire. If the wireislong and small in size the battery must be stronger.

Thefirst target is placed about 20 feet from the muzzle of the gun, and the second from 70 to
120, according to the velocity of the projectile. The size of the target is no greater than to
ensure its being struck every shot.

Initial Velocities.-- In, proving cannon powder, the initial velocity of a ball of medium
weight and windage, with a charge of one fourth its weight of powder, should be:

From a twenty -four-pounder garrison gun, not less than 1,600 feet.
From a, twelve-pounder field gun, not less than 1,550 feet.
From a, six-pounder field gun, not less than 1,500 feet.

Hygrometric Qualities .-- The susceptibility of powder to absorb moisture may be judged of

by exposing any quantity, as one pound, to the air, in amoist place (such as a cellar which is

not too damp), on a glazed earthen dish for fifteen or twenty days, stirring it sometimes so as

better to expose the surface: the powder should be previously well dried at a heat of about

140°. Well-glazed powder made of pure materials, treated in this way, will not increase in

weight more than five partsin 1,000, or a half of one per cent. Such powder kept in casks in

a dry magazine will absorb about eight -tenths of one per cent. of moisture. A sample thus
kept for fifteen years in a common barrel, was found to lose but nine -tenths of one per cent.
in drying.

A more accurate and expeditions method of comparing the hygrometric qualities of different
samples of powder, is to expose them to air saturated with moisture. For this purpose,
samples of about 1,500 grains weight may be placed in a shallow tin pan, nine inches by six
inches, set in atub, the bottom of which is covered with water; the pan of powder should be
placed about one inch above the surface of the water, and the tub covered over. In this
manner any sample of powder may be compared with another of known good quality. Good
powder, made of pure materials, will not absorb more than two and a half per cent. of
moisture in twenty -four hours.
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Restoring unserviceable Powder -- When the quantity of water absorbed by gunpowder
dues not exceed seven per cent., the powder may be restored by drying; this may even be
effected in the magazine, if it is dry, by means of ventilation, or by the use of chloride of
calcium for twenty or thirty days. Quick --lime may be used; but the use of it is attended with
danger, on account of the heat evolved in slaking.

When powder has absorbed from seven to twelve per cent. of water, it may still be restored
by drying in the sun or in a drying -house, but it remains porous and friable, and unfit for
transportation; in this case it is better to work - it over. In service, it may be worked by
means of the rolling -barrels, as described for making round powder.

When powder has become mixed with dirt or gravel, or other foreign substances which
cannot be separated by sifting, or when it has been under water, or otherwise too much
injured to be reworked, it must be melted down, to obtain the saltpetre by solution, filtration,
and evaporation.

Storing.-- Gunpowder is preserved in magazines specially constructed for the purpose,
made fire-proof and dry, and protected by lightning -rods, which are attached to masts or
poles planted from six to ten feet from the walls of the building; the stem of the rod need not
be thicker than the conductor, nor more than six feet high; but the mast should be of such a
height that the point of the stem may be about fifteen feet above the building. The barrels are
generally placed on the sides, three tiers high, or four tiers if necessary; small skids should
be placed on the floor, and between the several tiers of barrels, in order to steady them, and
chocks should be placed at intervals on the lower skid to prevent the rolling of the barrels.
The powder should be separated according to its kind, the place and date of fabrication, and
the proof range. Fixed ammunition, especially for cannon, should not be put in the same
magazine with powder in barrels, if it can be avoided.

In aroom thirteen or fourteen feet wide, the barrels may be arranged in a double row in the
centre, two alleys two and a half feet wide, and two single rows, six to twelve inches from
the walls: in this way the marks of each barrel may be seen, and any barrel can be easily
reached. In a room twelve feet wide, an equal number of barrels may be placed in two
double rows,



36 GUNPOWDER.

with a central alley of three feet, and two side alleys, next the walls, of about ten inches
each; there should be an unincumbered space of six or eight feet at the door or doors of the
magazine.

Should it be necessary to pile the barrels more than four tiers high, the upper tiers should be
supported by a frame resting on the floor; or the barrels may be placed on their heads, with
boards between the tiers.

Besides being recorded in the magazine book, each parcel of powder should be inscribed on
aticket attached to the pile, showing the entries and the issues.

Ventilating M agazines .-- For the preservation of the powder, and of the floors and lining of
the magazine, it is of the greatest importance to preserve unobstructed the circulation of air,
under the flooring as well as above. The magazine should be opened and aired in clear, dry
weather; the ventilators must be kept free; no shrubbery or trees should be allowed to grow
SO near as to protect the building from the sun. The moisture of a magazine may be absorbed
by chloride of calcium suspended in an open box under the arch, and renewed from time to
time; quicklime, as before observed, is dangerous.

The sentinel or guard at a magazine, when it is open, should have no fire -arms, and every
one who enters the magazine should take off his shoes, or put socks over them; no sword, or
cane, or anything which might occasion sparks, should be carried in.

Transportation .-- Barrels of powder should not be rolled for transportation; they should be
carried in hand-barrows, or slings made of rope or leather. In moving powder in the
magazine, a cloth or carpet should be spread; all implements used there should be of wood
or copper, and the barrels should never be repaired in the magazine. When it is necessary to
roll the powder for its better preservation and to prevent its caking, this should be done, with
asmall quantity at atime, on boards in the magazine yard.

In wagons, barrels of powder must be packed in straw, secured in such a manner as not to
rub against each other, and the load covered with thick canvas.

In transporting powder an escort should always be sent with it, the number of men
depending on circumstances. With
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wagons, a man is attached to each one, and the commander of the escort frequently inspects
them. Pavements are avoided as much as possible, and the train is marched in single file, and
usually at a walk. No smoking is allowed near the train. Towns and other inhabited places
are avoided if it can be done without making too great a detour. If this cannot be done, the
pavements, if the weather is warm and dry, should be watered. If forges are with the trains
their fires should be put out; and in case powder is found sifting from any of the wagons,
they are placed in the rear, and fifty yards apart. In camping, care should be taken to place
the wagons by themselves, and away from the camp fires. A special guard is placed over
them, and strict orders given to allow no unauthorized persons to approach.

GUN - COTTON.

In 1846 the important announcement was made of the discovery of a substitute for
gunpowder, possessing, it was said, all the advantageous properties of the latter, with none
of its defects.

The announcement was first made by Prof. Schonbein of Bale, Switzerland, who attempted
to keep the preparation a secret; but the same or similar compounds were soon after
discovered by different chemists in Europe, and the whole military world was set to work
making experiments on this new -found material, which was destined, according to some, to
supersede entirely the use of gunpowder, thrusting this last into the class of things which,
having had its day, must give way to the march of improvement and later inventions.

Preparation .-- To prepare it, well -cleaned, ordinary cotton is steeped for about half a
minute in highly concentrated nitric acid. It is then washed several times in pure water and
dried, when it isready for use.

Characteristics.-- Gun-cotton thus prepared explodes like ordinary powder, when struck a
sharp blow, or when brought in contact with a coal of fire. It burns at about 380° F.; and will,

therefore, not set fire to gunpowder when burnt in aloose state over it. By varying the mode
of preparation, it may be made to
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explode at a much lower temperature; and great care should, therefore, be taken in drying it.

In the first experiments made, its projectile force was found to be so great as to favor the
idea that the military purposes it was far superior to gunpowder; it being found that in
moderate charges its force was equal to that of about twice, or according to some
experimenters three times, its weight of the best powder. But by further experiments it was
found that its explosive or bursting force is much greater than that of ordinary gunpowder,
resembling more the action of fulminates. It is, therefore, in its effects on guns much more
injurious than powder; though for mining purposes it is well adapted, especially in sieges,
as, burning without any smoke, the workmen in the galleries, etc.,, would be less
incommoded, though the acid vapors resulting from the combustion of gun -cotton may prove
as objectionable as smoke. From the rapidity of its action, too, it is suitable for loading
shells, which are burst into a much greater number of pieces than when loaded with five
times the amount of ordinary powder.

When compressed by hard ramming, asin filling fuses, it burns slowly.

It is more liable than powder to absorb moisture, by which its force is rapidly diminished;
but by drying it is immediately restored with but slight diminution of strength, possessing
thus one great advantage over ordinary powder, which is very difficult to restore.

When well prepared, it leaves no perceptible stain when a small quantity is burnt on white
paper. The principle residua of its combustion are water and nitrous acid; which last is very
injurious to the gun, soon corroding it if not wiped after firing.

Velocity .-- In the experiments made at Washington in 1846, it was determined that sixty
grains was the proper charge to give the requisite force to the musket -ball for service; and to
test its applicability to our muskets, in which two or more cartridges are frequently inserted
by mistake, abarrel was loaded with 120 grains, aball and wad. On being fired it burst at the
breach.

Another barrel was then loaded with two charges of sixty grains each, one ball, and a wad.
This barrel also burst, blowing out of the opening the upper charge unburnt.
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A third barrel was loaded with a charge of sixty grains, two balls, and two wads, and by the
discharge was somewhat swelled at the seat of the shot, and on being fired again with the
same load burst.

These barrels had all borne the regular proof -charges at the armory; and the results fully
demonstrate that the use of guncotton is unsafe in our present small -arms; nor is it probable
that the advantages resulting from its use will compensate for the increased weight
necessary to be given the piece to guard against the accidents of service.

The experiments in this country with cannon have not been quite so extensive as those with
small-arms; but it is reported that very extensive ones leave been lately carried onin Austria,
that they have been very favorable, and that the arsenals of that country are now engaged in
casting short, thick howitzers for the express purpose of using gun -cotton.

In Maor Mordecai's experiments with a twenty -four-pounder, it was found that two pounds
of gun-cotton gave the same initial velocity (1,422 feet) as four pounds of good

cannon-powder; and by analogy it is calculated that to produce the same initial velocity asis

furnished by one pound of cotton, would require two and a quarter pounds of common

powder, which is about the same proportion as in the musket.

Gun-cotton, if not designedly colored, has nothing to distinguish it in appearance from
ordinary cotta; it would, therefore, to avoid accidents, be well to dye it, which can be done
without injuring its ballistic properties. Compressed in the hand it produces a peculiar
crackling sound, resulting from the fact that the oily matter which imparts to raw cotton the
same kind of adhesion as existsin wool, has entirely disappeared by the action of the acids.

Space.-- Ordinarily, gun-cotton occupies double the space of the same weight of powder,
though by compression it may be made to occupy only about one -third that occupied by the
same weight of powder.

Heat.-- The influence of heat on gun -cotton is much more marked than on gunpowder.
Sulphur commences to evaporate at 35°R.(110.75 F.), but so slightly that ordinary powder
may be submitted to that temperature without any loss in weight or effect being perceived.
Powder inflames at 240° R.; whereas
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gun-cotton exposed to from 10 to 12°R. (54.50 -- 59°F.) for a few days is decomposed; the
gas (oxide of nitrogen) escapes, and combining with the oxygen of the air forms gaseous
nitric acid; and this takes place in afew hours at a temperature of 35°R. or more. Gun -cotton
inflames at a temperature only about one half that necessary to inflame gunpowder; and in
one particular case, it has taken place at a point much below the boiling -point of water. It is
also snore easily exploded by a blow than gunpowder.

Compressed .-- If gun-cotton is compressed so as to diminish its volume more than one -fifth
its ordinary bulk, its combustion is retarded very much, and its projectile effect may be
entirely destroyed. Pressed into a metallic tube, suspended as a pendulum, it burns very
slowly and without imparting any motion to the pendulum, whilst under the same
circumstances gunpowder causes considerable oscillation. A piece of gun -cotton held tightly
between the fingers, or wrapped closely with paper and lighted, burns up to the fingers or
paper and then goes ouit.

Cost.-- It is estimated that the cost of manufacturing guncotton, including the cost of the
ingredients, is three times as great as that of ordinary gunpowder; but before it can be made
up into ammunition it has to undergo another operation, which will increase the cost
considerably. The charges of ordinary gunpowder are not weighed, but measured with
instruments prepared for the purpose; but as gun -cotton cannot be so measured, the charges
have to be all weighed, which will take ten times as long, require a large number of accurate
balances and other utensils which must be carried into the field, to say nothing of the
necessity for the employment of reliable and skillful men.

The principal advantage claimed for gun -cotton is that a charge of it produces as much effect
as three times the amount of powder; but this claim loses much of its force when it is
remembered that the two charges occupy about the same amount of space, the volume of one
pound of gun-cotton being equal for instance to that of three pounds of gunpowder, so that in
regard to space nothing is gained by this reduction in weight, which, moreover, in the whole
armament of an ammunition wagon would be very little.



CHAPTER I

ARTILLERY.

By the term artillery, is meant all fire-arms of large calibre, together with the mechanical
machines and implements used with them. It also refers, in a technical sense, to the art of
constructing, preserving, and using, al kinds of machines and munitions of war, as well as
to the particular troops which perform these different duties. In the United States' service,
these duties are distributed between two different corps, the artillery and the ordnance; the
former being entrusted with the use of the arms and munitions, and the latter with their
construction and preservation.

Ordnance.-- The term ordnance is applied to the guns themselves; and in the United States
service, the ordnance is divided into guns, howitzers, and mortars.

Form.-- The form originally given to ordnance was that of a truncated cone, both within and
without, similar to the common household
mortar which is supposed to have first
suggested it. This was first used as our
present mortars are, stone balls being
employed. It gave, however, but little
velocity or accuracy, from the fact that as
soon as the ball moved from its position, the
greater part of the force of the powder was lost by the gas escaping around its sides, and no
certain direction could be given to it in the bore of the piece. The escape of gas was so much
greater, too, as the powder then used was in the form of dust, and burnt very slowly.

To get the full force of the powder, the bore was made nearly cylindrical, from four to eight
times its diameter in length, and terminated by a long narrow chamber, the object of which
was to
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make it more difficult for the gas to
escape; and this was further increased by
stopping the mouth

of the chamber with a wooden tompion
driven down against the powder. The bore
was finally made perfectly cylindrical, the
piece called a stone mortar, and used to fire nearly horizontally like our present guns and
howitzers, Fig. 11. From the earliest times, the diameter of the projectile, or that of the
bore of the piece, has been used as a unit in the construction of the pieces. These ancient
pieces were originally made by placing together bars of iron, and hooping them like the
staves of a barrel. They were then made of forged, and finally of cast iron. Bronze pieces
were used as early as 1350.

Breech-Loading.-- Loading at the
Tio. 13, breech was early attempted; and for
1) this purpose a

rectilinear enlargement was left in the
piece, in which was inserted a box
containing the powder, kept in its place by

awedge and key, Fig. 12. But this construction was found wanting in solidity, and was soon
abandoned.

Length.-- It was thought, reasoning from the analogy between small -arms and cannon, that
the longest guns were the most effective; but the question of mobility and the difficulties of
fabrication caused it to be laid down as a principle, that the largest calibres should be
proportionally the shortest and lightest, so that the small calibres approached more nearly in
dimensions the portable arms. Some, however, were made very long, and one is mentioned
26 feet in length, carrying an 18 Ib. ball.

When powder instead of being used in the form of dust was grained, its rate of burning
being much increased, the very long pieces lost their advantages; for the nearer the

combustion of a powder approaches to being instantaneous, the less necessity there exists

for having the gun long in order that the ball shall receive the full effect of the powder before

it leaves the month.



Under Charles V. an enormous piece was cast at Genoa, which was fifty -eight calibres long,
and carried a ball thirty -six pounds
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in weight. It had less range than an ordinary twelve -pounder, and was about being re -cast,
when the expedient was adopted of cutting off from the muzzle, first, eight calibers, then six,
and then one; and the range was found to increase as the piece became shorter; which shows
that there is for each piece e maximum length, which should not he exceeded. The reason of
this seems to be, that for any increase of length over what is necessary to insure the total
combustion of the powder before the ball leaves the muzzle, aloss of velocity follows from
the friction of the ball against the sides of the bore. This limit, from experiment, is found to
be about twenty -four times the diameter of the bore. In the United States' service the length
of the pieces varies from fourteen to twenty -three calibres.

Calibre.-- Each power at first adopted a series of calibres or weight of ball, decreasing in
geometrical progression. The first was 32, 16, 8, 4, 2, forming the French calibres, and the
second, 48, 24, 12, 6, 3, 1 %2, forming the German. In time, each nation adopted one or other
of these series. This was found necessary from the immense multiplicity of calibres, and the
want of uniformity among them.

This large number of calibres being found very disadvantageous in war, the number was
reduced to five by Charles IX. In 1732 France adopted her first regular system of artillery,
but it was too heavy for field service, and the teams being harnessed in single file, it was
very difficult to move at arapid pace.

In 1765 this system was replaced by that of Gribeauval, who introduced many
improvements, especially in the carriages, and formed a distinct artillery for service in the
field, lighter than the old, and drawn by double teams. Since that period the French calibres
have varied but little, the precarious condition of politics in Europe rendering a total change
at any time dangerous, to say nothing of the immense expense.

Mortars and Howitzers .-- Short chambered pieces, fired under large angles, similar to our
present mortars, are of avery early date, and were used in Flanders in 1478 to crush and set

fireto buildings in sieges. The attempt was also early made to throw hollow projectiles filled

with powder, and carrying with them alighted match to explode them. According to Villaret

such projectiles were made use of at Bordeaux in 1452; but it is probable that the accidents

consequent upon their imperfect con-
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struction, caused them to be very soon abandoned. The fuze was lit by a man standing near
the muzzle, at the same time that the charge was fired. General Cotty says the Turks made
use of them at the siege of Rhodes in 1522. A work of Tartaglia (1537) represents an
inflamed shell thrown from a short piece similar in every way to our mortars. It was not until
1634 that these projectiles were introduced into France, giving birth to the present mortar.

Efforts were also made to throw hollow projectiles from stone mortars and guns; but the
loading was so difficult, and so many accidents happened, that the attempt was abandoned,
until the Dutch, having reduced the pieces to such alength that the charge could be placed in
by hand, again brought them into use. The pieces from which they were fired were called
howitzers, from the German haubitz, and were introduced into France in 1749. They were
very similar in appearance to the present eight -inch siege howitzer of our service.

The Russians continued to make use of long howitzers, after finding means to load them
without danger, calling them Licorns. Almost all European powers adopted them about
1826.

Construction .-- The general principles upon which cannon of the present day are
constructed, are the results of experiments and calculation. In place of the extremely heavy
pieces, the service of which was so difficult, and the small pieces scarcely more formidable
than small-arms, and the employment of which did harm by decreasing the moral effect of
artillery, a certain number of mean calibres has been adopted, regard being had to their
destination. The maximum effect to be produced under every circumstance of war has been
determined, by which was obtained the maximum calibre for each service.

For the inferior limit, a calibre large enough to act powerfully, both physically and morally,
Is taken. Hence results, that all pieces possess the necessary efficacy and degree of mobility
required in the different circumstances under which they are used, and that the number of
calibres is reduced as much as possible; which facilitates the equipment, and renders
replacements in the field easy.

Materials.-- Pieces for service in the field are generally made of bronze, or gun-metal, a
mixture of one hundred parts of copper and eleven of tin. This mixture possesses great
tenacity;
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which allows a diminution in thickness and an increase in length for a given weight, a matter
of considerable importance in the manufacture of guns.

By increasing the proportion of tin in bronze it becomes harder, but more brittle and fusible.
If the tin is decreased, the metal becomes too soft and loses a part of its elasticity. Between
eight and thirteen per cent. is generally used.

Bronze is almost entirely free from any ill effects resulting from exposure to air and
moisture. It has, however, the disadvantage of being a very dear material for guns, being
seven or eight times more costly than cast iron; the price of bronze guns in this country
being about forty -five cents per pound, whilst that of iron is only about six or six and a half
cents per pound. The bore in Bronze guns is more apt to be injured by the shot than in iron
guns; as, the iron being much harder than bronze, when the shot strikes against the sides of
the bore the indentation is greater than in the iron gun.

Naval guns, and those used in garrisons and sea -coast defenses, are generally made of cast
iron; which, besides being cheaper, is not furrowed and cut up by the shot, and the pieces
preserve their accuracy of fire to the last. Iron has the disadvantage of being less tenacious
than bronze, rendering necessary increased thickness for strength, and decreased length for a
given weight. It has little elasticity, in consequence of which the metal gradually loses its
force of cohesion from firing, and without giving any sign of danger the piece bursts
unexpectedly, even when fired with light charges. Iron isalso very liable to rust.

These disadvantages become greater as the quality becomes worse. In Sweden, where the
material is excellent, all pieces are made of iron. So also are all United States guns and
howitzers, except those used in field artillery. In France, both field and siege and garrison
guns are made of bronze, which is also generally the case in Mexico.

Attempts have been made to make bronze pieces with cast or wrought -iron bores, but have
failed; the difference in tenacity, elasticity, and expansion causing separation between the
envelopes. Various efforts have been made to use forged iron; but the difficulty of welding it
completely, especially with large masses, the high price of manual labor, the want of
elasticity of the metal, and the want of hardness relative to cast iron, render very
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doubtful the advantages claimed for guns made of it by some authors; at the bead of whom
stands the celebrated Mr. Mallet, whose valuable work on cast iron contains a mass of
interesting and instructive information for the artillery student. Forged guns usually fail from
defective welding, especialy after use and exposure to the air and moisture; the least
opening gives rise to rust, which of course soon weakens the union between the different
parts of the metal. This peculiar weakness of wrought iron will be better understood when it
Is stated that there is no iron of so close a texture as to prevent gases or even fluids from
passing through its fibres. Grease will penetrate through the sides of an iron pot; and the
finest steel blade, if oiled and bent, and the oil wiped off clean, will, when allowed to
resume its natural position, exude particles of oil, thus showing that the fluid has penetrated
the pores of the metal.

The Bore.-- The bore of gunsis smooth, though many attempts leave been made, by cutting

grooves in them, to produce rifle motion in the shot; a much more difficult problem than in

small arms, since the metal of cannon -balls is too hard to be forced into the grooves asin a
common rifle.

Richochet firing plays an important part in warfare, since by the bounding along of the ball
on the surface of the ground, points are reached not otherwise attainable by direct fire. The
best form for richochet Firing being the spherical, a ball of that shape having a girdle around
it on one of its great circles similar to the English rifle -bullet, would present some of the
advantages of arifle-ball, without losing all those of one fired from a smoothbored gun. But
the great difficulty isin compelling the girdle to follow the groove in the gun. If it becomes
in the least jammed the progress of the ball is arrested, and with the immense force of the
expanding gases behind it, the gun is very apt to burst. Though, in this particular method of
rifling balls, the danger is less than with elongated projectiles (as in a sphere the centres of
gravity and figure are but slightly separated), the force of rotation required to retain the ball
in the vertical plane of fire need not be so strong as with elongated projectiles, and the
inclination of the grooves may be reduced sufficiently to allow the girdle to follow them,
even with strong charges.

When elongated projectiles were used, buttons were placed on each side of the cylindrical
portion, which fitted into the grooves
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of the gun, and produced rotation. But great care had to be taken in placing them in the gun;
and, during some experiments at West Point, in 1858, a gun of the kind was burst, probably
either from the shot getting a little out of its proper direction, and becoming jammed in the
bore, or from too great a reduction in the windage.

No difficulty is found in cutting the grooves in the gun, thanks to the marvellous

improvements made in machinery, and they can be made of any number, size, shape, or

curve, with ease. The only difficulty being in making the shot follow them -a subject which
will be more fully discussed under the head of " Projectiles.”

The friction of iron against bronze being one of the lightest known, bronze pieces would
make the best rifles for firing the kind of projectiles just mentioned.

Exterior Form .-- Cannon are in general of a truncated conical form, with a cylindrical
opening along the axis to a certain depth. The strongest part surrounds the seat of the charge.
The form is one adapted to the effects of powder, the gases of which act equally in all
directions, and with a decreasing force as the projectile moves towards the mouth of the
piece. The rate of this decrease, however, was comparatively unknown until the late Col.
Bomford, of the Ordnance, succeeded in demonstrating an approximate law by an ingenious
device. Commencing near the muzzle of an ordinary piece, a hole was bored perpendicular
to the axis. In this a pistol -barrel was securely screwed, and a bullet inserted in it. The
velocity of the bullet blown out by the discharge of the gun was measured, and similar
experiments being made in succession at different points along the piece, a series of
velocities increasing towards the breech was obtained, showing the relative force of the
powder at the various points, and giving an indication of the requisite thickness of metal. On
the data thus obtained, our first shell -guns; or columbiads, were formed.

Capt. Rodman has suggested an improvement to Col. Bomford's method of determining the
thickness of metal at different points. This consists in substituting for the pistol -barrel and
bullet, a piston having a punch at one end. This is put in the hole made in the gun, and a
block of copper so placed that as soon as the piston is acted on by the inflamed charge, the
punch
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is forced into the surface of the copper, making a certain indentation which is afterwards
compared with one made in the same block of copper by the same or a similar punch in a
machine where any amount of pressure can be given by the application of weights. This,
although not an accurate process, the forces applied in the two cases being so different in
their nature, gives probably the nearest approximation yet obtained.

Weight.-- The weight of a piece is determined by that of its projectile, and the maximum
velocity necessary to give this, according to the service in which it isto be used. It is evident
that in cannon, as in small -arms, the piece is acted on by a greater effort than that which
throws the projectile forward; the difference in the result being due to the weight and friction
in the gun. The recoil of the gun will, therefore, become greater as it becomes lighter, and
the reverse.

The velocities vary inversely as the masses (V:v::m:M); therefore by making the piece 300
times heavier than the ball, the recoil will be scarcely 1 -300 of what it would have been had
the piece and ball been of equal weight. Take the case of an iron 12 -pdr. (300 times heavier
than its ball) which, giving with 3 Ibs. of powder an initial velocity of 1,742 ft., would recoil
1742/300 = 5.8 ft., a velocity not too great for the preservation of the carriage, which, by its
friction on the platform or ground, decreases still further the recoil. Had the piece been but
100 times heavier than its shot, as is about the case with the 12 -pdr. field-gun (121 times),
the velocity of recoil would have been three times as great, or 17.4 ft., and the carriage
would be destroyed unless the charge was diminished; and in field artillery thisis done.

The weight of the ball and the velocity it is to have being given, the weight of the piece
becomes known; and then the metal is distributed along its length, in the way that
experiment proves is most suitable to resist the force of the powder. The piece is made
thicker as the tenacity of the metal decreases.

Form.-- If the tension of the gas diminished at a uniform rate the surface of the piece might
be continuous; but it is not so, and the piece presents several truncated cones, forming
offsets, which are finished off with mouldings. These cones are called reinforces; the one
next the breech being the first, the next one the second reinforce, and the third the chase. The
different thicknesses are
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so calculated as to offer sufficient resistance to the force of the powder and the shock of the
projectiles.

If the action of the gas alone were considered, it would be necessary to give but little
thickness towards the muzzle. But the shocks of the projectiles glancing along the bore
would soon injure the accuracy of fire of a piece so constructed, and a thickness greater than
isrequired merely to resist the force of the powder is necessary.

The chase is terminated by the swell of the muzzle in guns, and a muzzle band in howitzers,
an increase of thickness which is found necessary to prevent the mouth from splitting from
the shocks of the projectiles.

The interior of guns, called the bore, is perfectly cylindrical, and has a diameter greater than
that of the shot; the difference between the two is called the windage, the object of which is
to insure the service of the piece, and prevent any difficulty in introducing the projectile,
either from the formation of rust, or from heat, asin firing hot shot.

Windage diminishes the accuracy of fire, weakens the effect of the charge by allowing an
escape of gas, and is the principal cause of deterioration in cannon. It is therefore of
importance to make the windage as small as possible compatible with ease and efficiency in
loading.

Length.-- The weight of a piece and its thickness being given, its length is determined; yet
In some cases a certain length is indispensable, as in the case of embrasure guns, where the
muzzle must project so far into the mouth of the embrasure as not to injure the checks. Then
the question of length is more difficult to solve.

At first sight it would seem that the longer the piece the greater would be the velocity
impressed on the ball; but the shocks and friction of the latter counterbalance, and might end
with exceeding, the action of the motive force. For this reason bronze pieces are not made
longer than 24 or 25 calibres. Iron pieces, in order to render them movable, and in
consequence of the want of tenacity in the metal, are made generally shorter, though our
12-pdr. iron gun is longer than the 12 -pdr. bronze field-piece, an anomaly which probably
results from the necessity for length in the first piece, and lightness in the second. The limit
of length
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appears to be more extended for small calibres than for large, and for very dense projectiles
than for those of little density.

Chamber .-- When a light piece is intended for throwing large and heavy projectiles, the
effect of recoil may be lessened by employing small charges of powder; but as they would

be difficult to manage, and would form but a small mass retained with difficulty in its proper

place in the gun, a cavity called a chamber is made in the bottom of the bore, designed to
keep the powder together in its proper place, and by keeping it more confined, increasing its

efficiency. There are three kinds of chambers: the cylindrical (A), Fig. 13, conical (B), and
spherical (C).

Cylindrical .-- In the first, the bottom of the
bore at the mouth of the chamber isformed of
aportion of

a sphere, so that the projectile closes the
mouth of the chamber. This is the chamber
used in our different howitzers, and in the eprouvette mortar. It is, however, joined to the
bore in the way above described only in the eprouvette, and in one of the howitzers (the 8 -in.
siege). In the other howitzers it is connected by means of a conical surface, the junctions
being rounded off to prevent being worn away by the action of the powder. Cylindrical
chambers, when narrow and deep, give greater ranges than shallow wide ones, which do not
confine the powder so much, but as in the former the gas acts on but a small segment of the
projectile (usually hollow), it sometimes breaks it; and, for this reason, too great a depth in
cylindrical chambersis avoided.

The Gomer chamber (after its inventor) consists of the frustrum of a cone connected with the
bore by a portion of the surface of a sphere. This kind of chamber is considered the most
.advantageous for mortars, and is used in most of ours. Being large at the mouth, it allows
the powder to act on an entire hemisphere of the projectile, and no risk is run of breaking it.
It, however, gives a less range than either of the others, but its capacity is greater.

The spherical chamber consists of a sphere, joined to the bore of the piece by means of a
small cylinder which serves as a channel to the gases. Asthis cylinder decreases in diameter,
the gas fines more difficulty in escaping, and greater force is devel oped.
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This chamber, however, is even more objectionable than the cylindrical one, from its
liability to break the projectiles, although it gives the greatest range of the three chambers.
This chamber isin the first place hard to make, and, in. use, soon becomes foul, and is very
difficult to clean out. It is now entirely given up.

With pieces which are fired nearly horizontally, and loaded with a rammer, the cylindrical

chamber is the best, and being connected with the bore by a conical surface, the charge
slides up into the chamber without any difficulty. In the 8 -in. siege howitzer, which is short
enough to be loaded by hand, this connection is not necessary, and it is made spherical for

the purpose of using the shell without a sabot. The advantages of which will be mentioned
hereafter.

For small charges a chamber is always advantageous, no matter what the length of the piece;
but the advantages are more marked the shorter the piece is made. In proportion as the piece
Is lengthened and the charge is increased, the influence of the chamber becomes less
marked, until with a bore of 10 or 12 calibres long and a charge 1 -7th the weight of the
projectile, it ceases to be appreciable. In guns where the charges are large a chamber would
diminish the velocity by lengthening and conning the charge, thus retarding its
inflammation.

In al our guns and howitzers, the bottom of the bore is a plane surface perpendicular to the
axis of the piece, and joined on to the sides of the bore by an annular surface whose
cross-section is part of the circumference of a circle described with a radius of 1 -4th the
diameter of the bore or chamber at that point. This construction, which facilitates the boring
and cleaning of the gun, adds somewhat to the solidity at the breech.

The Vent is the cylindrical channel which serves to convey fire to the charge. It is, in our

service, 2-10ths of an inch in diameter, and is calculated in such a manner that the escape of

gas shall not be too great, and that the priming -tubes, wires, &c., used with the pieces, may
be large enough for effective service. In general, the vent enters the bore at a distance from

the bottom equal to 1-4th the diameter of the bore; that is, just where the curved surface
joining the two commences. It usually makes an angle of 80° with the axis of the piece,

which, besides giving a
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greater thickness of metal to pass through, makes it more convenient to prime.*

In bronze pieces, the heat and current of gas through the vent melts out and carries away the
tin, rapidly widening the aperture. For this reason the vent is made in a vent-piece of pure
copper screwed into the gun, which enables us, when the vent becomes too much enlarged,
to replace it by another. When the charges used are very small, and the projectile not very
heavy, no vent-piece is used. In iron pieces the vent is made in the metal itself.

With the usual charges, the influence of the position of the vent on the force of the shot or
recoil does not appear to be great, whether it enters at the middle or the bottom of the
charge. In firing small charges, however, the latter position is the best, so that every portion
of the cartridge-bag may be expelled. Should the vent enter too far from the bottom of the
bore, the priming wire and fire might miss the cartridge by passing to the front of it.

Trunnions.-- Pieces are mounted on their carriages by means of trunnions. These are
cylinders east on the gun, having their common axis perpendicular to that of the gun. Their
size should be proportional to the force of recoil, and their position is determined in such a
way as to weaken or favor the recoil according to need. In long pieces they are placed
dlightly in front of the center of gravity of the piece, in order that the breech may always
remain resting upon the elevating apparatus, for convenience in sighting, &c. In mortars,
they are now placed entirely behind the piece, so that the chase of these rests upon their
elevating quoins, which are placed in front.

It is on the position of their axis in reference to that of the gun that the recoil depends to a
certain extent. If thisis below

that of the piece, A, Fig. 14, the recoil will be
diminished; for, being transmitted along the axis of
the piece, bb, and the carriage resisting, by virtue
of its inertia, the tendency would be to turn the
piece around the




* This inclination of the vent is objectionable when friction tubes are used, by rendering it
easier to pull the tube out of the vent. The vents of the new guns, 12, 64, and 128 -pdrs., have
in consequence been placed perpendicular to the axis.
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axis of the trunnions, with a force proportional to the arm of thelever, ab, and this, pressing
down the breech, forces the trail to the ground, and diminishes the recoil.

If the axis is above that of the piece, B, the tendency to turn around the trunnions is in the
opposite direction. This relieves the trail and favors the recoil, but the carriage, and
especially the axle-tree, experiences less shock. These two positions are used by some
nations, according to circumstances.

In al our pieces, the axis of the trunnions is in the same plane with the axis of the piece, C,
which transmits the recoil directly to the trunnions.

Rimbases.-- The trunnions are joined to the piece by larger cylinders called rimbases, which
serve to consolidate them and keep the piece in the same position on its carriage.

Knob.-- irons and howitzers are terminated at the breech by a knob or ball, called the knob
of the capable, which, placed at the end of a contraction called the neck, gives a point of
attachment or support in manoeuvering the piece. Without this arrangement the piece would
offer but little hold for the action of forces.

Handles.-- Some pieces, as our 12-pd. field-gun, and 24-pd. and 32-pd. field-howitzers,
have handles placed over the center of gravity, to assist in manoeuvering them. The pieces
mentioned have two, which are cast with them, and are rounded off on the inside so as not to
cut a rope, when used as a means of suspending them. Mortars, when any are placed on
them, have but one. They are not usually placed on iron pieces, as, unless they are very large
and clumsy, the metal is too fragile to support the weight of the gun. Small bronze pieces, as
the 6-pd. field-gun, 12-pd. field-howitzer, and 12 -pd. mountain-howitzer, have none.

Formerly guns were covered with all sorts of ornaments, coats of arms, devices in relief,
&c., which, besides increasing the cost of them, were the cause of weakening the pieces.
They are now very plain, and marked after their reception into the service.
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UNITED STATES ORDNANCE.

Ordnance for the land service is divided into three classes, according to form and the kind of
projectile used with each, viz.: Guns, Howitzers (including Columbiads), and Mortars.

I. Guns are the largest and heaviest piecesin regard to their projectiles, which, acting simply
by their force of percussion, are always fired with large charges, ¥4 and sometimes %z the
weight of the ball. They are used for striking objects direct and at a distance; or, by their
richochet fire, for attaining objects not accessible by direct fire, and overthrowing or
breaking them down by the force of percussion. They are also used in battering down the
walls of fortifications. They are always designated by the weight of the solid shot which
they carry.

Divided ,-- We have seven different calibres, which are divided into three classes, according
to the positions in which they are used.

1. Sea-Coast............... 32 and 42-pdrs.* } Castiron. For dimensions,
2. Siege and Garrison, 12, 18, and 24-pdrs.t } Cast iron. see Appendix,
3. Fidd....ccoovee 6 and 12-pdrs.1 .. Bronze. pp. 1 and 2.

The sea-coast, Fig. 15, being the heaviest, are used principally in permanent fortifications on
the seaboard. They are neither as long nor as heavy, in proportion to the size and weight of
their projectiles, as the 2d Class.

The line of metal, or natural line of sight, is the line joining the highest points of the breech
and muzzle, but in these two pieces the intervening metal prevents the highest point of the
muzzle from being seen when the eye is at the highest point of the breech. In firing,
therefore, at what would be point-blank distance, or within that, a muzze-sight has to be
used, the top of which is at a distance above the highest point of the muzzle



* The 42-pdr. has been suppressed.

T To this class has recently been added a cast -iron rifled gun of 4 % in. calibre See chapter
on rifles.

T To this class has recently been added awrought -iron or steel rifled gun of 3 in. calibre. See
chapter on rifles.
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equal to the difference between the semi -diameter of the muzzle and the semi -diameter of
the largest circle of the breech. This difference is called the dispart. The above remark
applies also to the sea-coast howitzers.

The natural angle of sight is the angle which the natural line of sight makes with the axis of
the piece.

The dispart is therefore the tangent of the natural angle of sight to a radius equal to the
distance from the rear of the base-ring to the highest point of the muzzle, measured on aline
parallel to the axis of the gun.

The base-ring is a projecting band of metal encircling the gun next to the base of the breech,
and isjoined to the body of the piece by a concave moulding.

The base of the breech is the part immediately in rear of the breech, and in these gunsis a
spherical segment.

The cascable is all that part of the gun in rear of the base -ring, and is composed of the knob,
neck, fillet, and base of the breech.

The breech is that part of the solid metal between the bottom of the bore and the rear of the
base-ring.

The neck is the smallest part of the chase of the piece. Around it is placed the chase-ring.

The swell of the muzzle is the largest part of the piece in front of the neck. It is terminated by
the muzzle mouldings, which in these guns consist simply of a lip.

The face of the piece is the terminating plane perpendicular to the axis.
The bore of the piece includes all the part bored out. It is terminated, in all guns, at the
bottom, by a plane perpendicular to the axis, joined to the bore by an annular surface, as

before described.

A lock-piece is usually cast on iron guns near the vent for the purpose of attaching a lock,
but is now never used since the introduction of friction tubes.



The preponderance of the breech is the excess of weight in rear of the trunnions over that in
front, and is measured by the weight which must be applied in the plane of the face to
balance the gun when suspended freely on its trunnions.*

* A more accurate method is to determine the lifting force in pounds necessary to be applied
at the base-ring to balance the piece in its trunnion -beds; and this is the plan now pursued.
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The siege end garrison guns, Fig. 16, are used in permanent fortifications, as well asin field
works, and in sieges to batter down the walls of the besieged, forming breaches, to dismount
their guns, &c. As when used in a siege they have to be fired through earthen embrasures,
they are made long enough to project into the mouth, so that the blast from the gun will not
destroy the cheeks.

The natural angle of sight in these guns is 1¥°. The muzzle mouldings consist of a lip and
fillet. The base of the breech is of a conical shape.

The field-guns, B, Fig. 17, are used in the field as light artillery. They are made of bronze,
and are our lightest pieces. The natural angle of sight is 1°. The 12 -pdr. has over its center of
gravity two handles. The base of the breech is a part of a cone, like the preceding guns.

Fig. 17, A, represents the new 12 -pdr. or Napoleon gun recently adopted for field service. As
it is designed to use with this piece both hollow and solid shot, it will probably replace in
our field artillery both the guns and howitzers now in use, except where very light pieces are
required. For dimensions, &c., see Appendix, p. 417.

In all our guns the diameter of the trunnions is the same as that of the bore of the piece.*
Their axisisin the same plane as the axis of the piece, and perpendicular to it. In the French
gunsit is below the axis of the piece.

A very good way to remember the diameter of the bore of any particular piece is by means
of the following table, showing a common difference with all the pieces but one.**

42 32 24 18 12 6

imeter of the bore 7 64 582 53 462 3.67 Ininches
mmon difference . .6 .6 .6 .6
lich would give......... 7 64 58 52 46 A7t Very nearly the same.

By an examination of the table at page 1 of the Appendix, it will be seen that the windage
also in these guns decreases very regularly.

* Inthelight 12-pounder the diameter of the trunnionsis less than that of the bore (4.2).
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A howitzer isa gun with a chamber init. It is used principally for firing hollow projectiles or
shells; and as these require for efficiency a certain velocity, and are liable to break if too
much powder is fired behind them, it becomes an important object to gee asmall charge, and
give it all the power of which it is susceptible. These points are gained by the use of the
chamber, which in all our howitzersis cylindrical in shape.

The howitzers are divided into four classes, viz.:

1. Sea Coast........... 8and 10in. } Castiron

2. Siege and Garrison* 8-in. and 24-pdr. } Castiron For dimensions See
3. Field............... 12, 24 and 32 pdr. } Bronze Appendix page 4
4. Mountain............ 12 pdrs. } Bronze

The calibre of the howitzer is designated either by the weight of the solid shot it would
carry, or the diameter of the bore in inches.

F1a. 18.

The sea-coast howitzers, Fig. 19, are used in
permanent fortifications principally on the
sea-coast. They are similar in appearance to the
sea-coast guns, except being shorter and thicker,
though with a less thickness of metal, as the charges are so much less. The parts are
designated in the same way, and in addition we have the chamber. It is sometimes stated as a

reason for not making these chambers conical in form, that the cartridge is apt to slide

forward, instead of lying against the bottom of the bore as it ought; but many of the naval

howitzers are made with conical chambers and found to work well.

Howitzers are used generally to throw shells and other hollow projectiles, which act by -
their explosion as well as by their force of percussion, and set fire to towns and other
shelters of an

* The form of this piece has been modified and made to conform more nearly to the
principleslaid down in Chapter 111.
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enemy. The piece being shorter and lighter in proportion to its projectile than the gun, and
the charges used being smaller, the accuracy of fire is much less. This is compensated for,
however, in the greater execution of the shell when it bursts.

The system of shell -guns first practically brought into use in 1822 by the French general

Paixhans, was adopted soon afterwards by us, and the number of pieces has been steadily

increasing ever since;, a special piece called the Columbiad, differing slightly from the
ordinary howitzers, having within late years been added to our armament. The propriety of

this addition is questionable. The columbiad requires a special carriage, drill, and method of

management, thus increasing the number of these in the service, which is objectionable. As

the columbiads carry the same sized projectiles as the sea -coast howitzers, these last should
be discarded from our armament at once, if the superiority of the columbiad is

demonstrated.* The form of this last is objectionable in several particulars, which will be

noted under another head.
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The siege and garrison howitzers, Fig. 20, are used in the trenches at sieges, and in the
defenses of permanent fortifications. The 8 -in. usually in sieges, the 24 -pdr. generally in
garrison, more especially in flank casemate defense, in which position a special carriage is
appropriated to its use.

The 8-in. is avery short piece, and is loaded by hand. The chamber, instead of being joined
to the bore by a conical surface, has a spherical one, thus allowing the shell to fit down close
over the mouth of the chamber, without using a sabot or block of wood, as with other
howitzers. This is a, matter of considerable importance, as the piece being used in siege
batteries, is frequently compelled to fire over the heads of the men in the advanced trenches.
A. sabot so fired, and flying to pieces, would be dangerous to one's own party. The breech of
this howitzer is made as heavy as possible, so as to throw the centre of gravity to the rear
and make the muzzle project as far as possible to the front to save the embrasures.

The 24-pdr. having but one reinforce, shows no band similar to the one on sea -coast
howitzers at the junction of the 1st and M reinforces. The swell of the muzzle is replaced by
amuzzle band, asisthe case also with the 8 -in. and the field and mountain how -

* The sea-coast howitzers have been suppressed.
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itzers. The base of the breech is conical, asin all guns and howitzers, except the sea -coast.

The field howitzers, Fig. 21, are used in the field in light batteries, the 12 -pd. with the 6-pd.
gun, and the other two with the 12 -pd. gun, which fits on the same carriage as the 32 -pd.

The chamber increasing the thickness of metal near the breech, enables us, where greater
lightness is necessary, to reduce the weight by taking off a portion of the metal on the
outside around the chamber. This is done in the 24 and 32 -pdrs., and in the 8-in. siege
howitzer, as also in the mountain howitzer; forming what is called the recess.

The 24 and 32-pdrs. have each two handles.

The mountain howitzer, Fig. 21, isavery light 12 -pdr. a trifle over a yard long, without any
reinforce, and used for service in countries so rough as not to admit the passage of wheeled
vehicles. It and its carriage, taken to pieces, are carried on the backs of mules, which, with
more favorable roads, may be used to draw the carriages (two -wheeled) with the piece
mounted ready for use. A special carriage with four wheels has been invented for use with

=
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this piece on the prairies, where the two -wheeled carriage is inconvenient on account of its
liability to upset.

Columbiads A, Fig. 22.-- These are of two sizes, the 8 and 10 -inch. They are longer, thicker,
and much heavier than the sea-coast howitzers, and are used in similar positions. They have
no band at the junction of the 1st and 2d reinforces, like the howitzers, and the breech is not
so full and rounding. The first, we will show hereafter, strengthens the gun; and the last
feature weakens it. The bottom of the chamber is hemispherical. The knob of the cascableis
also different from other pieces, and is cut through for the purpose of forming on the base of
the breech a system of steps or notches, which are of very great assistance in elevating the
piece, the mass of metal being so great.

New Columbiads. B, Fig. 22, represents the new columbiads, or 128 and 64 -pdrs.*

* A columbiad of 15 in. calibre has recently been adopted, the form of the cascable is
changed and the elevating notches no longer cut into the base of the breech.
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MORTARS.

A mortar, Figs. 23, 24, is a short -chambered piece used for throwing, at a great elevat ion,
shells, which, acting by their velocity acquired in falling, serve to crush the vaults and
shelters of the enemy, and set fire to them. The chamber is particularly necessary, as the
piece, being very short, small charges have to be used. The chamber usually employed in our
service, isthe conical or Gomer.

Mortars are designated usually by the diameter of the bore in inches. They are cylindrical in
shape, terminated in the rear spherically, and have, of course, no angle of sight.

In our service there are seven, divided into the following classes, viz.:

Heavy, SeaCoast......10and 13in.} lron

Light Siege Garrison. 8and 10in.}  *“ For dimensions, see
Stone................. 16in.} Bronze Appendix,pp 1 and 4.
Coehorn............... 5.82in.(24 pdr.)  Bronze

Eprouvette............ 5.655in.(24 pdr.)  lron

The last is the only one with acylindrical chamber.

The heavy sea-coast mortars, Fig. 25, are used principally for sea-coast defense. Their
chamber is terminated at the bottom by a hemisphere, and joined on to the bore by a portion

of another in which the shell fits. This connecting surface in the siege and garrison mortars,

is so small a portion of a sphere as to be scarcely perceptible, being, in fact, ssmply a
rounding off of the metal where the chamber and bore meet. All sharp angles at this

junction, as well as at the mouth of the chamber, in all the mortars and howitzers, are

rounded off to prevent their being worn off by the action of the powder.

In place of handles, the heavy mortars have an ear cast over the center of gravity, by means
of which, and a bolt, a clevisis attached, to be used in handling the piece. The stone mortar
isthe only other one having a similar arrangement.

The light siege end garrison mortars, Fig. 26, are for usein



* The form of these has been somewhat modified, see Figs. 23 and 24, and made to conform
more nearly to the principles laid down in Chap. IIl.
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the trenches at sieges, and in the defense of fortifications of all kinds. They are made light

enough to be easily transported with a marching army. The stone mortar, Fig. 27, is used
under the same circumstances for throwing baskets of stone or small shells for very short

distances. It is used by the besiegers to clear the breach just before the advance of the

storming party, or by the besieged to repulse this last as it advances up the breach.

The divided state of the projectiles thrown from it, renders it unnecessary to leave the sides
very strong, which are therefore thin; and the piece is made of bronze. It is further decreased
in weight by removing a large portion of metal in rear of the piece, which changes it from
the spherical form of the other mortars. The bottom of its chamber is hemispherical.

The Coehorn, Fig. 27, named after its inventor, is used like the preceding, and is especially
adapted for sieges, where, on account of its lightness, it can be carried from trench to trench
by two men. It is strong enough for the use of large changes, and with 8 oz. gives a range of
1,200 yards.

The Eprouvette, Fig. 27, can scarcely be considered as a part of our armament, since it is
used simply for testing powder; and even for this, it is now almost entirely superseded by the

pendulums It is cast with a sole, the plane of which makes an angle of 45°with the axis of the

piece. This sole glides into a recess in the cast -iron bed-plate, which last is bolted to the
platform.

Although called a 24 -pdr., its boreis less (5.655), for the purpose of reducing the windage as
much as possible, and preventing the escape of gas. For the same reason the vent is only
1-10th inch in diameter. The chamber is cylindrical, with a hemispherical bottom.

Such are the pieces, as they now exist, in our service; and although it is not likely that any
very great changes will be made in the calibres, improvements are constantly taking place as
experiment and use show them to be necessary. The 10 -in. sea-coast howitzer has fallen into
disuse; and experiments are being carried on with a columbiad of 12 -in. bore. The form of
the columbiad, too, has changed, becoming more that of Dahlgren's gun, with




* |t is sometimes used at the powder factories for determining the relative strength of
powders of the same kind.




62 ARTILLERY.

little or no swell of the muzzle, and no chamber. They are now designated as 64 -pdrs. and
128-pdrs.

Manufacture -- All the ordnance for the United States service is made at private foundries,
and afterwards inspected and proved by officers of the ordnance detailed for the purpose.
The foundries where the most of our pieces are made, are the following: -- The West Point
Foundry, near Cold Spring, N. Y.; the Fort Pitt Foundry, near Pittsburgh, Pa.; the Algers
Foundry, near Boston, Mass.; and the Ames Foundry, near Chicopee, Mass. The last two
furnish the bronze ordnance, and the others the iron.

MANUFACTURE OF ORDNANCE.

The "model" or form of a gun, is made of hard wood or iron
Fig 28. turned to a size alittle larger than the gun to be

made, in order to allow metal enough to turn the outside
smooth. The model is generally of wood, and composed of
four or five pieces. Thefirst, Fig. 28, forming the body of the
piece, extends from the chase ring to the base ring. The
second,

~Ee |

Fig. 28, forms what is termed the "sprue" or "dead -head" and
extends from the top of the first piece to the end of the
model, which is longer than is actually required for the gun,
in order to furnish metal to supply shrinkage, and to produce
greater pressure and density in the lower part of the gun.

e .

s For reasons which will be explained in discussing the
manner in which the gun cools, these two pieces are now
made in one at some foundries, the upper part being formed

of one unbroken cone, as represented by the broken linein Fig. 28.

The third. piece, Fig. 29, forms the breech and cascable of the gun, having a square
projection, longer than that necessary to form the knob) which

Is used in attaching machinery to give the piece arotary motion in turning and boring.

The models for the trunnions and rimbases form
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the 4th and 5th pieces, as represented in Fig. 30, and are
connected with the body of the piece at the proper place by P 20
means of bolts passing through their axes. —7

The "mould" is made of hard, angular, and refractory sand,
moistened with water in which clay has been stirred, to make it
adhere and retain the form given to it. This mould is formed in
a jacket or case made of sheet iron in four or five different
parts, each part being formed of several segments fastened
together by bolts and nuts passing through flanges on the edges,
and the different parts are fastened together in the same way before pouring in the metal.
Fig. 31.
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To form the mould, piece No. 2, or, in the case of the
improved form, the body of the model, is placed on aplain
surface, "sprue head" down, inside of the first part of the
jacket, and adjusted in a vertical position, the axes Fig.
32.of jacket and model coinciding, Fig. 32.

The moulding-sand is then packed tightly around this until
the top of the jacket is reached, when it is levelled off,
made perfectly smooth and even with the top, ab, and
sprinkled with fine dry sand, to prevent the succeeding
portion from sticking to it. Another portion of the jacket is
now fitted around the model on top of the other portion,
and the mould completed in the same way; and so on until the position for the trunnions is
reached.

The end plates of the trunnion jackets, a, are then taken off as represented Fig. 33; the
trunnion-models are run in and bolted to the body of the model, and the sand is packed in
around them until the trunnion -jackets are nearly full, when the bolts are withdrawn, the
remaining portion of the trunnion jackets filled in even with the faces, the end -plates placed
on and fastened. This portion of the mould is then completed by filling in sand from above
as before; another or
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tion of the jacket is placed on; and so on till the mould is finished; taking care to

Fra, 82,

jacket are taken off, the trunnion -models are removed by han

Fig. 33,

sprinkle the top of each portion
of the mould and the model
with dry sand, to prevent
sticking between the parts.

The top portion, containing the
model and mould for the
breech, is now taken off, and
the breech-model removed; the
body of the model is drawn out,
the trunnion bolts having
aready been removed; and
when the upper portions of the
d.

Such portions of the mould as have been broken are now repaired by hand, with instruments
used for the purpose; and the whole interior covered with a cokewash, made of water and
powdered coke, put on with a fine brush, in order to make a smooth surface and prevent the
sticking of the metal to the mould. All the parts are then placed in an oven, and baked hard.

In most of the castings made in this country the metal is introduced at the bottom of the

mould, through a channel ( b, Fig. 33) made in the same way

and of the same material as the

mould, in order to prevent the falling metal from injuring the form, and also with the idea
that by giving the entrance a position oblique to the axis and imparting a circular motion to
the fluid iron, the casting is snore homogeneous, and such scoria as enters the mould is kept
in the centre and rises to the top. In some countries, however, the metal is allowed to fall in
at the top, the advantage being claimed for this method that by the concussion of the falling

metal the formation of air -bubblesis prevented.

Sand is used in making the mould, because it is considered that in casting in an iron mould,

the metal cools too quickly, and
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forms on the surface hard projections which it is very difficult to remove; but it is contended
that in casting bronze guns, the metal of which cools much more slowly than iron, the more
rapid cooling in iron moulds is advantageous to the strength of the guns.

The metal cools in layers, commencing on the outside of the casting, and contracting as it

cools; the fluid mass in the center supplies the metal, causing a current down from the

dead-head to fill the vacancy. It is found that the narrow part at a, Fig. 28, cools so fast as to
obstruct the supply from the dead -head, and. the model is now made of an unbroken cone, as
represented by the dotted line in the figure, the surplus metal being turned off afterwards.

The mould, having been baked hard, is put. together again, breech down, in a pit, the
sprue-head being a little below the level of the point of the furnace from which the metal is
to flow; the different parts of the jacket being bolted firmly together, to prevent their
separation when the metal is poured in. A trough is now made from the furnace to the top of
the mould, the valve of the furnace opened, and the metal run in, in as short a time as
possible; holes being left at different heights to allow the metal to pass into the mould. As it
rises it is agitated with a pine stick, and the scoria kept in the middle to prevent its entering
the trunnion-moulds; which are enlarged slightly on top, so that any defect there may be
removed by the cutter when the trunnions are turned.

When full, a quantity of charcoal is thrown on the top of the dead -head to absorb gases and
prevent oxidation from taking place; and the casting is then left for several daysto cool.



Boring and Turning .-- It is then taken out of the mould, the sand cleaned off, and when
perfectly cooled, is taken to the boring -room to be bored and turned. These operations are
performed by fixing the gun on a track, in a horizontal position, supporting it near the
muzzle by a collar in which it turns, and at the breech by the square projection in rear of the
cascable to which the machinery : Pt
Is fastened to give it the rotary S
motion about its axis. Fig. 34,
Plate 10.

When accurately adjusted, and
the machinery put in motion, a
cutter is applied at the proper
position near the muzzle, and the
dead-head cut off; after which
the bore-cutters are adjusted in
the




66 ARTILLERY .

prolongation of the axis, and pressed by means of aweight and system of cog -wheels against
the gun. Several kinds of cutters have been used; but the one now generally

adopted consists of a hollow cylinder with cutters projecting from the base sufficiently to cut
out a cylinder somewhat larger than the one to which the cutters are attached. This allows
the cutter cylinder to pass down into the mouth of the piece, and the iron

cuttings to pass out of the gun along the outer surface of the cylinder. A. solid mass of iron
Is thus left inside the cutter cylinder, which is broken off by wedging, after the cutter has
gone down as far as it can (between two and three feet), and been. withdrawn. The cutter is
then run in again, and so on, until the boring is finished. A smaller cylinder for the chamber
in boring howitzers, or a chamber -cutter, is used; and the whole bore is reamed out and
finished by a standard reasoner of the proper size.

While the piece is being bored, cutting instruments are applied to the exterior, which is
turned down to the proper size. That portion of the gun situated between the trunnions
cannot be so removed; and is taken off in a planning machine, in which the piece moves
backwards and forwards under a cutter. Such portions of the surface as cannot be reached by
these two machines, are removed by the chisel.

The pieceisthen placed in the trunnion -lathe, where centers are pressed against the trunnion
faces at the proper points; a rotary motion is given by machinery around this axis, and the
trunnions and rimbases turned. Fig. 35, Pl. 10. While in this lathe, the axis of the piece is
placed at a proper angle with the horizontal, a borer applied at the proper point, levelled, and
the vent bored. In bronze pieces, the gun is placed in a proper position, and a hole bored
through for the vent -piece; after which the thread of a screw is cut in it, and the vent -piece,
made of well -hammered copper with a corresponding thread on it, screwed into its position,
the vent bored through this as before, and the part of the vent -piece projecting into the bore,
cut off by a cutter inserted in the bore.

The square projection at the end of the knob is not removed until after the piece is inspected,
in order to enable the founder to replace the piece in the machinery to correct any
irregularities in the form. It is then removed by boring small holes in it, and splitting off the
metal with wedges. The piece is then ready for inspection and proof:
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For Inspection, the piece is placed on skids, for the purpose of being easily moved. It is
examined carefully on the exterior to see that there are no cracks or flaws in the metal,

whether it is finished as prescribed, and to judge, as far as practicable, of the quality of the

metal. The gun must not be covered with paint, lacker, or any other composition, beforeit is

inspected. Any attempt discovered to fill up flaws or cavities with plugs or cement, causes

the rejection of the piece without further examination. The exterior diameters of the piece

are now measured by means of callipers, Fig. 36, Pl. 10, constructed for the purpose. The
lengths of the different portions are also measured with along rule of hard wood.

A common looking-glass is now held. so as to reflect the sun's rays into the bore, which can
be seen with great distinctness to the bottom. In case of the absence of the sun, a short piece
of candle, lighted and placed on the end of a pole, isinserted to the bottom of the bore.

The Searcher Fig. 37, Pl.10, is then used. This is an instrument for determining the
presence of small cracks or flaws in the bore not visible to the eye. It consists of four flat
springs turned out at the ends and sharpened, the other ends being fastened in a socket into
which a handle is screwed. The handle used with this and several other of the inspecting
instrumentsis -

The Cylinder -staff Fig. 38, PI.10, a round staff of mahogany or other hard wood, in two
parts, joined together by brass sockets and screws. The other instruments used with this staff
are the cylinder-gauge, Fig. 39, PI. 10, guide-plate, Fig. 38, Pl. 10, and measuring-point, Fig.
38, PI.10, al of which can be screwed on the end. The staff is graduated in inches and
tenths, on a strip of brass let into the side. The graduation is arranged to read the distance
from the end of the measuring point, when screwed into its place. The searcher is about
fifteen inches long, and the blades twelve. To insert the instrument in the muzzle of a gun,
the blades have to be pressed up together, and the points then move along the surface from
the stiffness in the blades. The searcher is pushed'slowly to the bottom of the bore and
withdrawn, turning it at the same time. If one of the points catches, its distance from the
muzzle is read from the staff, its position in the bore noted and marked on the exterior of the
gun. The size and figure of the cavity is then determined,
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by taking an impression of it in wax placed on the end of a hook.

To keep the staff in the axis of the piece whilst using the different instruments, it is
supported at the muzzle by a half-tompion of wood, having in the center a groove to fit the

staff. The rest for the star gauge may be also used for this purpose.

The Cylinder Gauge is a hollow cylinder of cast or wrought iron turned to the exact
minimum or true diameter of the bore. Its length is equal to its diameter, and it has at each
end cross-heads perpendicular to each other. In one of the cross --heads, and in the axis of the
cylinder, a smooth hole is left of the size of the cylinder staff. At the other end the hole is
threaded for the reception of the end of the cylinder staff, on which the gauge is now
screwed, and this pushed slowly to the bottom of the bore. It must go all the way down, or
the bore is too small; but if it goes down, the bore may still be too large, and irregular in its

dimensions.
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and 41, Pl. 11.- To

ascertain this, a more complicated and delicate instrument is used, called the star gauge
from the shape of its head, which is of brass, with four steel sockets, two movable and two
stationary, for the measuring points. There are four measuring points for each calibre; and



when two of these are screwed into the fixed sockets, the distance between their points is
equal to the true diameter of the bore. The movable sockets rest against the inclined sides of
a slider or wedge whose sides incline 0.35 in. in alength of 2.2 in., so that by pushing the
dlider the 35th part of this distance (about 0.06 in.) the distance between the two sockets or
the measuring points, if screwed into their places, isincreased .01 in.

The dlider is fastened to a square steel rod consisting of three parts, which are screwed
together according to the length of bore to be measured. This rod passes through a brass tube
which is also made in three parts, and to screw together. This tube is graduated into inches
and quarter inches, commencing at the plane of the measuring points, so as to indicate the
distance of these from the muzzle of the gun.

The handle, Fig. 41, PI. 10, is of wood, attached to a brass cylinder or socket through which
the rod passes into the handle. The socket of the handle slips over the end of the brass tube
made smaller for the purpose, and has a dlit in it allowing the brass tube
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to be seen through. On the side of this slit a scale is constructed, to indicate the movement of
the measuring points. Each joint of the long tube has a mark on it, to show the position for
the zero of the scale when the instrument is properly adjusted for any particular calibre. In
this position the handle is fixed to the sliding rod by means of a screw clamp.

A Ring Gauge, or ring of metal, for each calibre, is used for adjusting the instrument for
use. The handle is loosened, the proper measuring points are screwed in, the ring gauge
placed on them, and the slider pushed out until all the points touch the inner circumference.
The zero of the scale is then made to coincide with the mark on the tube, and the handle
clamped, when the instrument is ready for use.

A Rest, Fig. 42, PI. 11, in the form of a T, is placed in the mouth of the gun to keep the
instrument in the axis of the piece. It has three sliders which can be adjusted on the different
limbs, to suit any sized bore.

Commencing at the muzzle, the diameter of the bore is measured at intervals of a calibre, as
far as the trunnions. From that point to the seat of the shot, a diameter is measured at every
inch, and for every quarter of an inch, for the rest of the bore. No variations over 0.03 of an
inch, are allowed.

The Trunnion Square, Fig. 43, Pl. 19, consists of a horizontal piece of wood with two
perpendicular limbs projecting from it, the distance between which is equal to that between
the rimbases of the gun. The bottom edges of the limbs are shod with iron, and are in the
same plane, parallel to the upper edge of the connecting piece, so that when the square is
placed with its feet resting on the trunnions, the upper edge of the connecting piece is
parallel to their axis. At the middle point of the horizontal piece a pointed slider projects
down, with a thumb-screw to fasten it in any position. Each of the limbs has an iron plate
projecting from its side, the lower edge of which is perpendicular to the limb. It is placed on
top of the trunnions, whilst the edges of the feet press against the side to determine whether
the trunnions have the same axis perpendicular to that of the piece.

To find whether the axis of the trunnions is in the same plane with that of the piece, the feet
are placed on the top of the trunnions, and their edges should touch throughout. The dlider is
pushed down till its point touches the surface of the gun, and is
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then fastened with the thumb -screw. Turn the gun over, and apply the square in the same
way to the other side. If the feet now rest on the trunnions, and the pointer touches the
surface of the gun, the two axes are in the same plane. Should the point of the slider not

touch, the axis of the trunnions is below that of the piece; but should that touch and the feet

not, it is above. If the alignment of the trunnions be accurate, the edges of the feet will fit on

them when applied to different parts of them; and if their axis is perpendicular to that of the

piece, the edges of the feet will touch throughout the trunnions while the iron perpendicular

projection will rest on the top of them.

Trunnion Gauge.-- The size of the trunnions is determined by the trunnion gauge, which is
an iron ring which must fit closely on the trunnion, its outside circumference being of the
same diameter as the rimbases, and thus serving to verify them at the same time.

The Guide Plate, Fig. 44, Pl. 12, isathin circular iron plate of the minimum diameter of the
bore, for directing the measuring point to the centre of the bottom of the bore. It has a hole
through the centre, with athread by which it is screwed on to the end of the cylinder staff.

The Measuring Point , Fig. 45, Pl. 12, is a short pointed piece of iron, with one end

cylindrical, and having a socket into which the end of the cylinder -staff is screwed after the
guide-plate is placed on. The scale on the cylinder -sty is made to commence from the end of

this point.

To find the length of the bore push the staff, with the guide-plate and measuring point in
their positions, to the bottom of the bore, resting the staff on a halt -tompion or the star -gauge
rest. With a straight -edge against the face of the piece, read off the length on the staff.

The Trunnion Rule, Fig. 46, Pl. 12, is along graduated rule, having on it a piece of metal
in the shape of an L, one leg of which rests on top of the trunnion, while the other rests
against its side, and the distance of the trunnion from the base -ring is read off from t he staff.
Other external dimensions of the piece are measured by a wooden rule, or verified by means
of an accurately cut profile.

A Rammer -head or simply a profile cat to fit the bottom of the bore, is used to determine
the point at which the vent enters
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the bore, by thrusting in a priming -wire, and marking where it makes an impression on the
wood. The position of the exterior orifice of the vent is also verified.

The Vent Gauges Fig. 47, Pl. 12, are two pieces of pointed steel wire, greater and less than
the true diameter of the vent by .005 inch. They are used to determine the size of the vent.

The Vent Searcher , Fig.47, Pl.12, is a hooked steel wire about half the size of the vent,
used to detect flaws or cracks. The dimensions and form of chambers are verified by means
of forms cut from wood or metal. After the powder -proof, the bore is washed and wiped
clean, the bore and vent again examined, and the bore measured. The results of both

measurements and examinations are noted on the inspection reports opposite the number of

the gun.

Figure and letter stamps are required, to affix the necessary marks.

Inspection of Brass Ordnance .-- Brass cannon are measured, and their dimensions
recorded, as prescribed for iron cannon. The exterior form and dimensions are verified by the
application of a profile cut out of sheet iron, of the exact shape of a longitudinal section of
the piece. All brass ordnance, except stone mortars, should be bored under size from .04 to
.05 inch, and, after proof, reamed out to the exact calibre. When the powder -proof is
finished, the bore should be cleaned and examined; the vent should then be stopped with a
greased wooden plug, the muzzle raised, and the gun filled with water, to which pressure
shall be applied to force it into any cavities that exist; or, the water shall be allowed to
remain in the bore about twenty -four hours. The bore must then be sponged dry and clean,
and viewed with the mirror or candle, to discover if any water oozes from cracks or cavities,
and also if any enlargement has taken place. The quantity of water that runs out of a crack or
honey-comb will indicate the extent of the defect; and if it exceeds a few drops the gun
should be rejected, although the measured depth of the cavity may not exceed the allowance.
If the water oozes out, between the vent -piece and the metal of the gun, a new vent-piece
must be inserted, and the gun again proved with one charge, and the water -proof repeated.
After the bore has been reamed out to the proper size, its dimensions are again verified, and
an examination of the bore and vent is made, to detect any
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defects which may have been caused or developed by the proof. Whitish spots show a
separation of the tin from the copper, and, if extensive, should condemn the piece. A great
variation from the true weight, which the dimensions do not account for, shows a defect in
the alloy. Any attempt to conceal cavities by filling them with screws, or by any other
methods, should cause the rejection of the piece.

Brass cannon should be rejected. for the following cavities or honey -combs:

Exterior.-- Any hole or cavity 0.25 inch deep in front of the trunnions, and 0.2 inch deep at
or behind the trunnions.

Interior.-- From the muzzle to the reinforce, any cavity 0.15 inch deep. Any cavity from the
reinforce to the bottom of the bore.

The specific gravity of the metal of brass ordnance should be occasionally ascertained, by
taking that of some of the heaviest, and some of the lightest pieces, at each inspection.

The exterior surfaces of all ordnance are turned, or dressed smooth.

Proof .-- Gunpowder for proving ordnance, should be of the best quality. It should be proved
immediately before being used, unless it has been proved within a year before, and there is
Nno reason to suppose it has become damaged.

The cartridge-bags are made of woollen stuff or paper, the full diameter of the bore or
chamber. They are filled by weight; and if not filled where the proving takes place, each bag
should be enveloped in a paper cylinder and cap, marked with the weight and the proof
range.

The shot must be smooth, free from seams and other inequalities that might injure the bore
of the piece; and they must be of the true diameter given in the tables.

The wads are made of junk.

Proof of Iron Ordnance .-- Guns and howitzers are laid with the muzzle resting on a block
of wood, and the breech on the ground, or on a thick plank, giving the bore a small elevation.
mortars are mounted on strong wooden frames or beds, at an elevation of 45°, supported by
the trunnions.



In proving iron ordnance, after pricking the cartridge, prime with powder, or a tube, and
place over the vent a piece of port -fire, set in clay or putty, long enough to permit the man
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who fires it to reach a place of safety before the charge explodes.

Proof-charges for Iron Guns .-- First and Second Rounds.-A charge of powder equal to
one-half of the weight of the shot; two shot and one wad.

Third Rounds.-- A charge of powder equal to one-third of the weight of the shot; one shot
and one wad.

In proving new guns, a compound shot, or a cylinder with hemispherical ends, of the true
diameter of the shot, and equal in weight to the two shot, shall be used instead of them. The
wad is placed over the cylinder or the upper ball; the whole being well rammed.

Should any of the guns proved at one time, fail to sustain the. above proof, the remainder
shall be again fired twice with a charge of powder equal to one -half of the weight of the
shot, one shot and one wad; and if, in either or both of these trials, one -fourth of the whole
number of guns should fail, the whole shall be rejected.

Other iron ordnance are fired with the following charges:



Columbiads.----

10 inch. -
1st round: 20 Ibs powder, 1 10 inch strapped shot and one wad over the shot
2d round: 24 Ibs. of powder, one 10-inch shell strapped.

8-inch-
1st round: 12 Ibs. of powder, one 8-inch strapped shot and one wad.
2d round: 15 Ibs. of powder, one 8-inch shell strapped.

Howitzers.--

Sea-coast:
10-inch -- 2 rounds, with 15 Ibs. powder, one 10-inch strapped shot, and one wad over the shot.
8-inch.-- 2 rounds, with 12 |bs. of powder, one 8-inch strapped shot, and one wad over the shot.

Sege and garrison:
8-inch.-2 rounds, with 4 Ibs. of powder, one 8-inch shot,a nd one wad over the shot
24 pdr.-- 2 rounds, with 3lbs. of powder,one 24-pdr.strapped shot, and one wad over the shot.

MORTARS.

Heavy:
13-inch -- 2 rounds, with 20 Ibs. of powder, and one 13-inch shot.
10-inch.-- 2 rounds, with 10 Ibs. of powder, and one 10-inch shot.

Light:
10-inch.-- 2 rounds, with 5 Ibs. of powder, and one 10-inch shot
8-inch.-- 2 rounds, with 2 % Ibs. of powder, and one 8-inch shot.

Should any columbiad, howitzer, or mortar, fail to sustain the above proof, the remainder of
those offered at the same time shall
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be again fired twice with the same charges; and if, in either or both of these trials, one -fourth
of the whole number should fail, the whole shall be rejected.

The Water -proofs, as described for brass cannon, mast also be applied occasionally to iron
cannon, at the discretion of the inspector.

The bore and vent, and the exterior surface of every piece which is approved, should be well
covered with sperm oil immediately after the inspection.

Proof of Brass Ordnance . -- They are mounted on appropriate carriages or beds, and fired
three times; guns and howitzers at an elevation of 5° mortars at an elevation of 45° degrees,
with the following charges:

Field Guns.-- A charge of powder equal to one-third of the weight of the shot, one shot and
one wad.

HOWITZERS.-

Field:

32-pdr.-- 3 ¥ 1bs. of powder, one strapped shot and one wad.
24-pdr.-- 2 Y2 1bs . of powder, one strapped shot and one wad.
12 pdr.-- 1%21bs. of powder, one strapped shot and one wad.

Mountain:
12-pdr.-- 3/41b. of powder, one strapped shot and one wad.

Mortars.-- Slone Mortar.-- 2 Y2 |bs. of powder, covered by a wooden tompion 2 inches
thick; a basket filled with alternate layers of stones and earth, weighing 100 |bs.

Coehorn, 24 pdr.-- 3/4 |b. of powder, and one 24 -pdr. shot.
In proving brass cannon in service, or after they have been bored to the proper calibre, the

shot should be wrapped in cloth or strong paper to save the bore as much as possible from
injury.



Marking.-- All cannon are required to be weighed and to be marked, as follows, viz.: the
number of the gun, and the initials of the inspector's name, on the face of the muzzle; the
numbers in a separate series for each kind and calibre at each foundry; the initial letters of
the name of the founder and of the foundry, on the end of the right trunnion; the year of
fabrication on the. end of the left trunnion; the foundry number on the end of the right
rimbase, above the trunnion; the weight of the piece in pounds on the base of the breech; the
letters U. S. on the upper surface of the piece, near the end of the reinforce.

The natural line of sight, when the axis of the trunnionsis
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horizontal, should be marked on the base ring and on the swell of the muzzle, whilst the
piece isin the trunnion lathe. Cannon rejected on inspection are marked X C, on the face of
the muzzle; if condemned for erroneous dimensions which cannot be remedied, add X D; if
by powder-proof, X P; if by water -proof, X W.

Injuries.-- Brass cannon are little subject to external injury, except from the bending of the
trunnions sometimes after long service, or heavy charges.

Internal injuries are caused by the action of the elastic guide developed in the combustion of
the powder, or by the action of the shot in passing out of the bore. These effects generally
increase with the calibre of the piece.

Of the first kind, which exhibit themselves in rear of the shot, are: the enlargement of the
bore by the compression of the metal, which is seldom a serious defect; corrosion of metal,
particulary at the angles, such as the inner orifice of the vent, or the mouth of a cylindrical
chamber; cracks, from the yielding of the cohesion of the metal; cavities, cracks enlarged by
the action of the gas, and by the melting of the metal, observable especially in the upper
surface of the bore.

Injuries of the second kind, which appear in front of the charge, are: the lodgment of the shot,
a compression of the metal on the lower side of the bore, at the seat of the shot, caused by
the pressure of the fluid in escaping over the top of the shot. Thereisa corresponding burr in
front of the lodgment; and the motion thereby given to the shot causes it to strike alternately
on the top and bottom of the bore, producing other enlargements, generally three in number;
the first, on the upper side, alittle in advance of the trunnions; the second, on the lower side,
about the astragal; the third in the upper part of the muzzle.* It is chief from this cause that
brass guns become unserviceable; the extent of the injury varies according to the length of
the bore. Scratches, caused by the fragments of a broken shot, or the roughness of an
imperfect one. Enlargement of the muzzle, by the striking of the shot in leaving the bore.
Exterior cracks, or

* These shocks are sometimes so violent as to break the projectile, the fragments of which
form furrows and ridges which prevent the introduction of the shot afterwards. Bronze



pieces, after long use, show these indentations at the mouth, and become then atogether
inaccurate in their fire. They ultimately fail in the chase,
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longitudinal splits, caused by too great a compression of the metal on the interior.

The durability of brass cannon may be much increased by careful use, and by the
precautions of increasing the length of the cartridge, or that of the sabot, or using a wad over
the cartridge, in order to change the place of the shot; by wrapping the shot in woollen or
other cloth, or in payer, so as to diminish the windage and the bounding of the shot in the
bore. In field guns, the paper cap which is taken off from the cartridge should always be put
over the shot.

Iron cannon are subject to the above defects in a less degree than brass, except the corrosion
of the metal, by which the vent especially is rendered unserviceable from enlargement. The
principal cause of injury to iron cannon is the rusting of the metal. producing a roughness
and enlargement of the bore, and an increase of any cavities or honey-combs which may
exist in the metal.

Iron has no elasticity, and less tenacity than bronze when subjected in guns to the violent
shocks of gunpowder; it does not yield like bronze, but losing gradually its cohesion, finally
bursts at the breech suddenly and without any external indication of the danger; the fracture
generally passing through the vent. Iron guns are more injured by exposure to the weather
than bronze.

It is considered that after 1,200 rounds iron guns are not safe; but bronze guns have been
fired as high as 2,400 times without failing. An important discovery was made by Gen.
Piobert, by which the strain on guns was reduced, and their durability consequently
increased. This consists in reducing the diameter of the cartridge, which, giving a greater
length of bore between the bottom and the projectile, allows more room for the gas to
expand; and a part of the force which was before exerted on the piece is transferred to the
projectile, giving an increased velocity. This discovery is of the more importance, from the
fact that guns under some circumstances have been rendered unserviceable after fifty shots.

The injuries to mortars and howitzers, progress more slowly than in guns. The trunnions in
mortars are sometimes bent from using heavy charges.

The service to which an iron cannon has been subjected may generally be determined by the
appearance of the vent.
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Spiking and Unspiking Cannon, and Rendering them Unserviceable .-- To spike a piece,
or to render it unserviceable, drive into the vent ajagged and hardened steel spike with a soft
point, or a nail without a head; break it off flush with the outer surface, and clinch the point
inside by means of the rammer. Wedge a shot in the bottom of the bore by wrapping it with
felt, or by means of iron wedges, using the rammer or a bar of iron to drive them in; a
wooden wedge would be easily burnt by means of a charcoal fire lighted with the aid of a
bellows. Cause shells to burst in the bore of brass guns; or fire broken shot from them with
high charges. Fill a piece with sand, over the charge, to burst it. Fire a piece against another,
muzzle to muzzle, or the muzzle of one to the chase of the other. Light afire under the chase
of abrass gun, and strike on it with a sledge to bend it. Break off the trunnions of iron guns;
or burst them by firing them with heavy charges and full of shot, at a high elevation.

When guns are to be spiked temporarily, and are likely to be retaken, a spring spike is used,
having a shoulder to prevent its being too easily extracted.

To unspike a piece: -- If the spike is not screwed in or clinched, and the bore is not impeded,
but in a charge of powder of 1/3 the weight of the shot, and ram junk wads over it with a
handspike, laying on the bottom of the bore a strip of wood with a groove on the under side
containing a strand of quick -match by which fire is communicated to the charge; in a brass
gun, take out some of the metal at the upper orifice of the vent, and pour sulphuric acid into
the groove for some hours before firing. If this method, several times repeated, is not
successful, unscrew the vent -piece, if it be abrass gun, and if an iron one, drill out the spike,
or drill anew vent.

To drive out a shot wedged in the bore: -- Unscrew the vent-piece, if there be one, and drive
in wedges so as to start the shot forward, then ram it back again in order to seize the wedge

with a hook; or pour in powder, and fire it after replacing the vent-piece. In the last resort,

bore a hole in the bottom of the breech, drive out the shot, and stop the hole with a screw.

Preservation of Ordnance .-- Cannon should be placed together, according to kind and
calibre, on skids of stone, iron, or wood, laid on hard ground, well rammed and covered with



78 ARTILLERY.
alayer of cinders, or of some other material, to prevent vegetation.

Guns end long howitzers.-- The pieces should rest on the skids in front of the base ring and
in rear of the astragal; the axis inclined at an angle of four or five degrees with the horizon,
the muzzle lowest; the trunnions touching each other; or if space is wanting for that
arrangement, the trunnion of one piece may rest on the adjoining piece, so that the axes of
the trunnions is inclined about 45 © with a horizontal line; the vent down, stopped with a
greased wooden plug, or with putty or tallow. If circumstances require it, the pieces may be
piled in two tiers, with skidding placed between them, exactly over those which rest on the
ground; the muzzles of both tiers in the same direction and their axes preserving the same
inclination.

Short howitzers and mortars. -- On thick planks, standing on their muzzles, the trunnions
touching, the vents stopped.

Iron ordnance should be covered on the exterior with a lacker impervious to water, the bore
and the vent should be greased with a mixture of oil and tallow, or of tallow and beeswax
melted together and boiled to expel the water. The lacker should be renewed as often as
requisite, and the grease at |east once every year.

The lacker and grease should be applied in hot weather, in order to enter the pores of the
metal.

The cannon should be frequently inspected, to see that the moisture does not collect in the
bore.

In England, France, Belgium, and Sweden, howitzers and mortars take their denominations,
as with us, from the diameter of the bore, or from the calibre of a gun of corresponding bore;
in Austria and Prussia, from the weight of a stone ball of the calibre of the bore; in Russia,
from the true weight of the shell.



CHAPTERIII.

FORM OF CANNON, MATERIALS, &c.

Allusion has been made to the defects in the form given to cannon, which will now be
treated of.

The ancient method of forming guns from a number of pieces, and hooping them together,
after the fashion of a barrel, no doubt gave rise to the use of bands and mouldings on the
exterior, with an idea that they were strengthening the piece. Latterly, these have been
modified in order to produce a certain finish in the appearance of the piece, it being
presumed that even if they did no good, they certainly could be productive of no harm. We
will try to prove that this is altogether a mistake, and that these bands, mouldings, &c., are
actually the cause of weakness to the gun.

Fracture.-- In Robert Mallet's work "On the Construction of Artillery," many important
facts bearing upon this subject are laid down; and among the rest is the general direction and
course of the lines of fracture in cast -iron guns which have burst under fire. It is generally
laid down that such guns burst through the vent, that being a weak or starting -point for the
action of the powder. From there the line of fracture passes along the axis to the front of the
trunnions, where it turns as to the right or left, or both, leaving the rest of the chase entire.
That this is by no means always the case it is not necessary to state; but the heavy dotted
lines in figures 48 and 49 will show the most usual course for the fracture. The eye is
supposed to be above the gun, placed vent upward.

1. 48,
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On examining a burst piece, the dividing plane in the direction of the axis will be found
suddenly curved on one or other of the sides near the exterior of the gun, as shown in section
in Fig. 50, PI. 13; showing that the fracture commenced at one side, a, opposite the inflected
portion, and spread from that, the parts dividing and turning from each other upon the point
of inflection at f.

Fracture, therefore, appears to commence at the interior, rending the metal apart from within
to without, a result agreeing with mathematical investigations, since the metal must yield
first where the pressure per square inch is greatest upon its resisting unit of section, and this
iIson the interior.

Planes of Weakness.-- The planes of fracture follow the track, with almost unerring
precision, of all re-entering angles on the exterior of the gun. Thus, although the longitudinal
fracture often passes through the vent, it more frequently passes along the re -entering angle
formed by the lock -piece with the gun; whilst the transverse fractures follow the edges of the
base-ring and reinforce mouldings, and those near the trunnions, the re -entering angles
formed by these with the body of the piece. These general directions of the fracture cannot
be the result of accident; there must be some cause to place the fracture there in preference
to other parts of the gun.

Mallet says, "It is a law (though one | do not find noticed by writers on physics) of the
molecular aggregation of crystalline solids, that when their particles consolidate under the
influence of heat in motion, their crystals arrange and group themselves with their principal
axes in lines perpendicular to the cooling or heating surfaces of the solid -- that is, in the
lines of direction of the heat -wave in motion, which is the direction of least pressure within
the mass; and thisis true whether in the case of heat passing from a previously fused solid in
the act of cooling and crystallizing on consolidation, or of a solid not having a crystalline
structure, but capable of assuming one upon its temperature being sufficiently raised by heat
applied to its external surfaces, and so passing into it.

If one of these crystalline bodies be cast in the form, say of an ingot, and " broken when
cold, the principal axes of the crystals will always be found arranged in lines perpendicular
to the bounding planes of the mass; that isto say, in the lines of direc-
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tion in which the wave of heat has passed outwards from the mass in the act of
consolidation."

The same effect is produced by applying heat far below that of fusion, to the surface of
solids of similar substances.

If a cylinder of lead four or five inches long, and as many in diameter, be cast around a
cylindrical bar of iron one and a half inches in diameter, and two or three feet long, the lead,
cooling rapidly in contact with the cold iron, will have a perfectly homogeneous structure,
entirely devoid of crystals. If the end of the iron bar be now placed in a furnace and heated
red hot, and time be allowed for the heat to pass along the bar and into the lead until the
temperature is raised to about 550° Fahr., it will, when struck several blows with a hammer,
all fall to pieces, and show a complete crystalline structure with the principal axes of the
crystals radiating from the center of the cylinder. See Fig. 51, PI. 13.

If aflat, thick piece of malleable or rolled zinc which, if not homogeneous, has its fibres
lying in the plane of the plate, be laid flat upon a cast -iron plate, heated to within a, few
degrees of the melting-point of the zinc, it very soon becomes crystalline, the axes of the
crystals being now all arranged perpendicular to the sides of the plate; the planes of internal

structure being actually turned round 90°.

Any one who has ever remarked upon the formation and melting of ice, will have seen the

same principles exemplified on a grander scale. The little sharp crystals, as they form, are

lying flat upon the surface of the water. When, in the spring, the ice becomes rotten from the

heat it has absorbed from the water beneath and the air on top, these crystals will all be

found arranged vertically, and are easily pushed through by the weight of the foot or a stick.

Large floating calves of ice have been known to disappear on being struck by a vessel, or on

striking the shore, called sometimes the sinking of the ice. The shock destroys the little
cohesion remaining between the crystals, and the whole mass falls apart.

Cast iron is one of the substances which, in cooling, obeys more or less perfectly thislaw, so
that it may be laid down as a fact, that the crystals of an iron casting arrange themselves
perpendicularly to the exterior surfaces. The crystals being small, this arrangement is not
very apparent to the eye. Their devel -
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opment depends upon the character of the iron and the size of the casting; the largest casting
presenting the largest and coarsest aggregation of crystals, but not the most regular
arrangement of them, which depends upon the rate at which the mass is cooled, and the
regularity with which heat has been carried off by conduction from its surface to the
surrounding mould. Hence, in casting by what is called the " chilling" process, where the
mould is cold thick iron, whose high conducting power carries off the heat rapidly, the most
complete crystalline structure occurs perpendicular to the chilled surface.

The arrangement of the crystals in castings of different forms, - can be better seen by
referring to the figures which represent sections of the different forms.

Fig. 52, Pl. 13, isasection of around bar where the crystals all radiate from the center.

In the square bar, Fig. 53, they are arranged perpendicular to the four sides, and hence in the
diagonals of the sguare, the terminal planes of the crystals abut or interlock; along these
lines the crystallization is always confused and irregular.

In the flat bar, Fig. 54, the crystals are arranged as in the square, with an extension in one
direction.

In Fig. 51 is shown the arrangement in a hollow cylinder.

Fig. 55 represents a portion of the closed end of the cylinder of an hydraulic press which
broke under a great pressure, the end of the cylinder coming out in the form of a Rat
frustrum of a cone, showing that the planes where the crystals perpendicular to the different
surfaces join confusedly together, are planes of weakness, along which the cohesion of the
metal islessthan in any other part.

In consequence of the failure of this cylinder, the form was changed to that represented in
Fig. 56, where the direction of the crystals, changing gradually, formed no planes of
weakness; and this stood the pressure without breaking. The similarity of these forms to the
breeches of gunswill be readily recognized.

Figs. 57 and 58 are sections of different re -entering angles found on guns as now cast; and
show the planes of weakness resulting therefrom. Fig. 57 is through the lock -piece; Fig. 58,
through a trunnion; and Fig. 59, through a reinforce band, or chase -ring; and all show planes
of weakness to exist exactly where the planes of fracture passin burst guns, as will be seen
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by referring back to Figs. 48 and 49. "The conclusion, therefore, seems inevitable, that
however incapable the unaided eye may be to discern any difference in the crystalline
arrangement of one part of the gun more than another, such planes of weakness do exist, in
the positions, and from the causes here pointed out."

It follows, then, that in casting our guns, all sudden changes in the direction of the surface
should be avoided; that all unnecessary projections, such as the chase and base rings,
reinforce bands, mouldings and muzzle bands, should be dispensed with; and that the piece
when finished should present as unbroken a surface as possible, and with a rounding (if
possible spherical) breach* so as to avoid the great planes of weakness now formed there,
which there is little doubt were the cause of the great number of failures among the
columbiads of the old pattern. with such a form it is worse than useless to add more metal.
The defect increases with the size of the casting, and the strength gained is not enough to
compensate for the increased weight. This fact is beginning to be appreciated in our service;
for very great changes have been made in the new columbiads, by omitting the chase and
base rings, rounding off the breech, and reducing the swell of the muzzle. The rounding of
the breech has not yet been carried sufficiently far, probably on account of its interfering
with the elevating notches; though these have not as yet been placed on the new pieces.
This, however, can be no serious objection, since if once the strongest form is obtained,
mechanical ingenuity will very soon invent a means of manoeuvering the piece.

It may be objected that these bands, ornaments, &c., are not cast on the piece, but turned
from it after the casting is cool, and can therefore have no effect upon the arrangement of the
crystal. Not certainly at first; but it must be remembered, that the law quoted applies as well
to the body when receiving heat as when giving it off; and that after a gun becomes heated
by repeated firing, the heat, leaving passed through from the inner to the outer surface, has
produced its effect upon the crystals, and arranged them normal to the surfaces by which the
heat goes out. Hence, old guns which have been a great deal used take a crystalline

* The forms of the siege howitzers and mortars are now made to conform to this principle.
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form, and are liable to fall to pieces at any time from the shock of gunpowder, a fact not
often appreciated until too late at our popular Fourth of July and other celebrations.

This is by far the most satisfactory way of accounting for the weakness and bursting of old

guns. Cast-iron guns have not the tenacity of bronze, which commence splitting long before
they burst. But the change gradually takes place in the metal, and when, after long use the
shock becomes too great to be borne, the mass flies apart like a huge cake of ice in the

spring, which in the winter, before its crystalline structure was upset, was capable of
supporting thousands of tons.

In testing columbiads within late years, it has been found that it is ailmost impossible to
make them strong enough to withstand the proper number of charges, notwithstanding that
the very first quality of iron was used, and one which, as a metal, had borne the very highest
trials for tenacity and strength. After attributing the failures to quick powder, and various
other reasons, the expedient of changing the form of the piece has been finally resorted to,
and it isto be expected with very beneficial results. These trials generally take place as soon
asagunisfinished.

In casting guns, some parts which are smaller than others, will cool the fastest, forming
strains in the piece which are liable to act injuriously. Thus, for instance, the neck of a piece
will cool much before the body, thus cutting off the supply of liquid metal from the
dead-head; and a vacant space or cellular portion of metal is left in the interior of the gun,
having very little tenacity. On this account the models for guns are not now made so sloping
towards the muzzle, but approach more nearly a cylinder in shape, and the gun is afterwards
turned down by machinery. Thisis found to render the piece very much stronger.

The exterior of course cools first, and successive layers become solidified and contract until
the centre is reached, the particles of liquid metal being drawn out towards the cooling
surface. The tendency of thisisto produce a state of internal tension in the molecules of the
metal, tearing away the external portions from the internal nucleus, and producing along the
axis a line of weakness, where the metal is soft, porous, and with coarse and separated
crystals, leaving, in spite of the constant feed of liquid metal through the dead -head, actual
cavitiesin the centre of the casting.
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Fortunately, in pieces of artillery this portion is nearly all bored out; but where the boring

does not extend well back to the exterior of the breech, a portion of this soft spongy mass

remains, forming the bottom of the bore. This is more especially the case in very large
mortars, and the defect increases, of course, as the mass of the casting becomes larger.

Figure 60, Pl. 13, represents a large mortar with the dead -head still on, and the bore marked
out in black lines. The weak point is evidently at the bottom of the chamber.

A remarkable exemplification of this weakness was exhibited in the English mortars (13 -in.)
used in the bombardment of Sweaborg during the last war with Russia. Three of these
mortars burst after firing from 100 to 300 rounds. They split into two almost equal halves, in
a plane passing through the axis and vent, and exhibited no defect or injury except just at the
bottom of the chamber, where "a small, irregular cavity was found, with jagged sides and
bottom, as though borrowed into by some corroding agent." The metal of which they were
made appears to have been of a very indifferent quality, but pieces taken out near the
muzzle, inside the bore, showed a mixed metal of the very coarsest kind; and could the part
bored out have been examined, it would no doubt have shown a much worse texture. Most of
the other mortars showed similar defects.

Hollow Casting.-- To avoid these defects, it has been proposed to cast guns, more
particulary heavy mortars, hollow, or on a core, and in this way to have in cooling a hollow
cylinder, which we have shown to be the strongest form. The piece may be cast on a core
placed in the centre of the mould, just as a shell is east. Capt. Rodman, of the ordnance
department, has for some time been making experiments on a plan of his for casting guns
hollow, which promises very important results.

A core is formed on a water -tight cast-iron tube, closed at the lower end. By means of an
interior tube in the center of the other, and open at the lower end, a stream of water is

conducted to the bottom of the larger tube, and rising through the circular space between the

two, Bows out at the top. A fire is built around the jacket at the bottom of the casting -pit,
and the gunmould kept at nearly red heat. Twenty -five hours after casting, the core is
withdrawn, and the Row of water continued through the space left by it for forty hours

longer.
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The amount of water used is about fifty times the weight of the casting, and the heat
imparted to the water, and carried off by it, is equal to 60° on the whole quantity used. This
Isin casting an 8-inch columbiad. For larger pieces, the amount of water and time of cooling
are greater.

All the guns east in this way present a marked superiority in endurance, over those cast solid

in the ordinary way; and the 8-inch columbiad mentioned above, sustained 1,500 rounds,
including proof -charges, without bursting; whilst another of the same calibre, cast solid,

from the same metal, at the same time, and under precisely the same circumstances, failed at

the seventy third round.

In the ordinary method of casting, all the cooling takes place on the outside. The temperature
of the metal being much above the melting -point, cools down until the exterior surface
reaches the freezing-point, when a thin layer is formed by congelation on the exterior,
inclosing within it the liquid metal.

Another layer is now formed within this and upon it, and in the mean time the first layer
loses a portion of its heat, and its temperature falls below the freezing -point and below that
of the next layer. Next, a third layer is formed, and so on until the whole becomes solid; at
which time, if we suppose the outside layer to have arrived at the temperature of the
surrounding bodies, the difference between its temperature and the centre of the casting will
be about 2,700°.

The outside layer has now ceased to contract, whilst the interior ones are just beginning; and
the effect of such a contraction must be to effect a very injurious strain upon the exterior,
and on the interior to form avery porous, weak metal, especially if the supply of liquid metal
Is cut off, asin the case of casting guns with a narrow part at the neck.

The case supposed where the difference between the temperatures of the interior and the
exterior is a maximum, is, of course an extreme one, which will never occur in practice; but
it serves to explain the law relating to the contraction of iron in cooling. The ignore equally
and uniformly a casting cools, the less liable it is to be weakened by these strains; and the
merit of Capt. Rodman's invention evidently consists in retarding the cooling of the outside
by the application of heat, and hastening that of the inside by the application of cold, thus
rendering the
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cooling of the whole mass slower and more uniform, and preventing the formation of those
successive layers of different temperatures, or if they are formed at all, making them
commence on the interior, by which the strain is reversed and actually made to add to the
strength of the piece.

The method can only be perfected by experiments by which the proper degrees of heat and
cold to be applied may be determined; for to cool the piece too rapidly on the interior would
be even worse than too rapid exterior cooling.

Capt. Rodman has met with such success in his plan of hollow casting, that he is now about
to cast by direction of the government, n, gun of 15 inchesin calibre, which will probably be
a complete test of the system; since, if such an immense piece can be formed with a,
corresponding strength, there will remain no doubt of the advantages of this method of
casting.*

Trunnions. -- Another great cause of the want of strength in guns as at present formed, is
the position of the trunnions, as regards the point to which the recoil of the gun is
transmitted. The existence of these trunnions, by forming great re -entering angles on the
surface of the gun, is of itself a, great cause of weakness, as has already been explained; but

their position on all pieces except mortars, has a weakening effect in a different way, which
will now be explained.

Let M be the mass of a shot, and D its diameter, v = itsinitial velocity, and M' the mass of
the gun neglecting the mass of the powder. The "work done" by the explosion will be =
Mv2+ M'v'2; the quantity of work of the recoil being = M'v'2, which, transferred against the
interior of the breech, tendsto stretch, the metal from the section y to the muzzle. Fig. 49.

o e The rate of propagation is very rapid, so
c@T _______ e much so as to present to the eye the
—7 appearance of a, simultaneous recoil of the
= 9 * whole

* The casting of this piece has since proved completely successful.
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gun. The first effect, however, is to elongate the gun, successively straining each portion.
The gun resumes its original length, provided the elongation is far within the elastic limits of
the metal.

If the gun, instead of resting on its trunnions, abut firmly against a fixed object at the breech,
X, the segment in rear of the cartridge will be compressed by aforce equal to the whole recail
in the direction yx, while the other portion of the gun will be catered by a force in the
direction yz, which, at the section v, is equal to the recoil, and at the muzzleis = 0. If F, then,
be the work done to tear the gun in two at y, and t = the time the shot takes to reach the
muzzle,

will be the longitudinal strain on the gun.

If the breech be unsupported at X, the strain tending to tear it off at

diminished only by the inertia due to its small mass between y and x, or Ft=

M'v'2 mv'2
Ft=(----- - ) t.
2 2




If the gun be fixed rigidly on trunnions placed in the usual position at t, the strain tending to
tear them off is equal to the whole work done by the recoil The bearings always yield some,
however.

If M"= the mass between x and t, the tendency to tear the gun in two at the trunnions, is

MIV|2 MIIV|2

This extension at t at the first moment is, on the principle already stated, followed by a
compression in the direction zt, of equal amount; and so for any other position of the
trunnions.

The amount of extension or compression -- assuming the gun of equal transverse section of
metal throughout its length, and its elasticity perfect -- being proportionate to the extending
or compressing forces, it follows that the longitudinal strain on the gun,




CHANGE IN FORM. 89

due to recoil, will be a minimum if the trunnions he placed at the farthest point to the rear,
as in mortars, or if the breech be rigidly fixed there, and supported, without trunnions,
against the recoil.

The metal of agun is, therefore, subjected at the same time to three different strains, which
act at right angles to each other. 1st. The tangential or bursting, which is extensional, and
accompanied by -- 2d, compressive or radial strains, which are normal, and -- 3d, the
longitudinal and re-active strains of the recoil, which are chiefl y extensional. There are good
grounds for presuming that the existence of the latter two tend, to a certain extent, to weaken
the resistance of the metal to the former.

Could, therefore, a convenient method be invented for supporting guns upon their carriages
without the use of trunnions, the recoil being received by a support entirely in rear of the
piece, the trunnions could be dispensed with, and the gun very much strengthened in two
ways.* Muskets and other small -arms are, therefore, arranged in the way best suited to their
strength, and they can therefore be made much lighter than would otherwise be safe.

Whether designedly or not, the ancient guns possessed this element of strength, for they
were without trunnions, and transmitted the recoil to supports placed behind. Being of
immense size, this might have been the result of calculation, provided trunnions had ever
been used on guns in early times; but it is probably the case that they were an invention of a
later day.

It is therefore, concluded, that were these causes of weakness in guns obviated in the way
proposed, -- 1st, by forming the piece perfectly plain, and with no re -entering angles; and 2d,
by dispensing with the trunnions, -- they would become much stronger, and could be made to
support the same amount of strain by using less metal, thereby reducing the weight.

By looking at Fig. 61, it will be seen what, according to the preceding remarks, is regarded
as the weak point of our present columbiads. The sharp angle at the breech forms a plane of
weakness in the direction ab; and the additional metal outside of the dotted circle, instead of
strengthening the piece, actually makesit weaker.




* All guns now made for our navy are cast without trunnions and supported on their
carriages by means of a bronze breeching.
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Fig. 61.This fact is beginning to
beappreciated by our authorities; for
finding it impossible to obtain the
proper strength with the present form
of the columbiad, they have been
compelled to change it to that
represented on the lower half of the
figure. lout this, athough an
approximation to the theory of Mallet,

stops short of it; and | think -

agun formed as represented by the dotted line on the upper half of the figure, would give
greater strength, at the same time that less metal would be used and a lighter piece be
obtained.*

The principle that sharp angles in castings do cause weakness being acknowledged, it is to
be presumed that other reasons, besides a disinclination to make such a complete change in
the form of the piece, exist to prevent our authorities from following the theory more
strictly; and among these is probably the fact that a gun so formed would require a great
change in the present carriage, and possibly an entirely new one.

The breech of the "Dahlgren" gun, now so well known in our navy, seems to have been
formed in accordance with the principles just laid down; and a paragraph in a letter from its
distinguished inventor is so directly to the point in the matter, that it is inserted. He says:

"It would be an egregious error to suppose that the resistance demanded for the gun in its
different parts is to be obtained solely by the thickness of metal; other controlling
considerations come into question, as | think you will admit upon noticing the dimensions of
different models of guns, and the leading fact that in scarcely any instance has aweald - gun
been wanting in quantity of metal."

The iron used in the manufacture of these deflective pieces was of the very best quality, so
good in fact, that it began to be suspected that it was too good, and that it was necessary to
mingle with it some of inferior quality, in order to produce those peculiar qualities of metal
most suitable to resist the force of gunpowder.



* See form of the new mortars and 8 -in. siege-howitzer, Figs. 18, 23, and 24.
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As if to completely demonstrate that in the form lay the defect of the pieces, an incident
occurred some time ago at Boston where an opportunity was offered of comparing the two
forms of the army columbiads and navy shell guns.

Some of each were cast from the same metal at the same time and by the same persons, and

when completed were proved. The columbiads 8 -in. failed under proof, two bursting by
service charges at the 180th and 45th rounds. The navy guns 9 -in. succeeded completely,
enduring 1,500 rounds without bursting. The cause of the failure of the columbiads being

supposed to be due to the high bursting quality (brisante) of the powder used, the navy
department caused another gun of the same lot to be tested with powder similar to that used

with the columbiads. The gun sustained 1,500 service rounds, appeared then to be in good

order, and was finally burst with proof -charges at the 23d round, the shot having been
gradually increased to 7, weighing about 650 |bs.

The pieces were about the same weight, about 9,000 Ibs. A. 68 -Ib. shot and 10 Ibs. of
powder were used with the columbiads, and a shell weighing 70 Ibs. and 10 Ibs. of powder,
with the navy guns.

In connection with this subject of endurance, an important fact was noticed in making some
experiments in 1852. It was found that the length of time that a piece had been cast had a
very great influence upon its endurance.

Three 8-in. columbiads of the same form and dimensions, and cast in the same way, were
tried. One of them had been cast only a few days, the other two were six years old, and of
metal of inferior strength to the first. The one tested immediately alter casting failed at the
72d round; of the other two, the weaker failed at the 800th round, and the other sustained
2,582 fires without yielding.

Hereis an apparent anomaly which appears to be satisfactorily explained by the supposition
that the strain which has been referred to as assisting in the gun when cast is limited in
duration, and that, like many other substances, iron possesses the property of
accommodating itself to an unnatural position, and finally of adopting this as its natural one,
and of actually being as strong or even stronger in that than in the original state; just as a
wagon-bow or barrel -hoop after becoming used to the new direc-
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tion, will not only not return, when released, to the old, but require force to bring it back,
showing that the fibres possess the power of accommodating themselves in accordance with
the solicitation of external forces. There is nothing in the character of iron which precludes
thisidea of a new arrangement of the fibres; on the contrary, as has been shown, it does take
place under certain circumstances.

It would therefore seem to be advisable and of benefit to the strength of ordnance, that it
should be allowed to remain for a certain length of time undisturbed after casting and before
being tested; and, most probably, the longer this period the greater becomes the strength of
the pieces.

MATERIALS FOR ORDNANCE.

Iron.-- It is laid down that iron for our cannon must be of the best quality of charcoal iron,
made in a smelting-furnace, with a cold blast, and should be selected especially with regard
to its strength. There are, however, many important details necessary to be observed in
making the casting, and without which defects are almost certain to result: among these may
be mentioned the temperature of the metal at the time the casting is made, the number of
times it has been melted, the method of making the casting, &c., all of which vary according
to the particular kind or "make" of metal which is used. An accurate knowledge of all these
details is necessary to a successful founder; but to enter deeply into them would scarcely be
within the scope of this work.

Gray, -- The iron suitable for cannon should be soft, yielding easily to the file or chisel; its
fracture an uniform dark gray, brilliant appearance, with crystals of medium size.

This iron is distinguishable from the other principal division (the white), by being softer and
less brittle, slightly malleable and flexible, and not sonorous. The color of its fracture is
lighter as the grain becomes closer, and the hardness increases at the same time.

A medium-sized grain, bright gray color, lively aspect, fracture sharp to the touch, and a
close compact texture, are the characteristics of agood quality. If the grain be very small
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or very large, or the iron present a dull, earthy aspect, loose texture or dissimilar crystals
mixed together, the metal is of an inferior quality. If the iron is too soft, loose and coarse, its
strength and elasticity may be increased by remelting it once or twice, and by continuing it
in fusion several hours under a high heat.

Gray iron melts at a lower temperature than white, becomes more fluid, and preserves its
fluidity longer; it runs smoothly; the color is red, and deeper in proportion as the heat is
lower; it does not stick to the ladle; it fills the mould well; contracts less, and contains fewer
cavities, than white iron; the edges of a casting are sharp, and the surface smooth and
Convex.

The mean specific gravity of pig -iron is 7.0, and its tenacity, about 16,000 Ibs. to the square
inch, which are both increased in the gun, the former slightly, the latter to between 25,000

and 30,000 Ibs. The tenacity and specific gravity of gray iron are diminished by annealing;

whilst in white iron the former isincreased and the latter diminished by the process.

White iron is very brittle and sonorous; it resists the file and chisel, and is susceptible of
high polish. The fracture presents a silvery appearance, and, compared with gray iron, is
comparatively smooth. The differences between the two, when placed side by side, are very
marked. When melted, it is white, and throws off a great number of sparks, but is seldom
used by itself; without being mixed with a superior quality of iron. A mixture of the two
kinds (white and gray) is generally used in making shot and shell, where strength is not of
the same importance as in guns.

Besides these two divisions, manufacturers distinguish more particularly the different
varieties of pig-iron by numbers, according to the hardness, No. 1 being the gray, and No. 6,
the white iron.

The qualities of these different kinds of iron depend very much upon the proportion of
carbon, and the state in which it exists in the metal. In the darker kinds, where the proportion
IS sometimes 7 per cent., it exists partly as graphite or plumbago, which softens the iron. In
white iron the carbon is thoroughly combined with the metal, asin steel.

Swedish Castings. -- The tenacity of gray cast iron is much lessened by using intense heat
in the blast-furnace; and where
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castings are required to offer great resistance, it should not be employed. That obtained from
less refractory ores, and in furnaces of lower temperature, gives greater strength, provided it
IS not too gray, i. e., too graphitic, and does not expel too large a quantity of graphite (in
cooling).

In certain cases, neither gray iron nor white should be used for cannon. Gray iron produced
from a mixture of refractory ore and flux (any material used to assist the reduction of the
ore, as limestone or clay), is unsuitable, because it then contains a large proportion of earthy
metals, but even with readily fusible ores it is extremely difficult so to work the
smelting-furnace that the pig-iron shall neither be too gray nor too white, either of which is
equally injurious for gun -founding.

The plan pursued in Sweden, where they have the finest cast iron guns in the world, is to
charge the furnace partly with roasted and partly with raw ore, and the blast is so regulated
that the yield shall be regular, and the slag, or refuse, nearly colorless. These two kinds of
ores, having different degrees of fusibility, are reduced after different periods in the furnace,
and, hence, afford, one a gray and the other a white iron. If the minerals are properly
proportioned, there is obstained a very finely mottled gray iron, which is said to be less
porous, harder, and more tenacious than the gray iron obtained in the ordinary way. Cast iron
frequently retains a portion of foreign ingredients from the ore, such as earths, or oxides of
other metals, and sometimes sulphur and phosphorus, which are all injurious to its quality.
Sulphur hardens the iron, and, unlessin avery small proportion, destroys its tenacity.

Testing.-- These foreign substances, and also a portion of the carbon, are separated by
melting the iron in contact with air; and soft iron is thus rendered harder and stronger. The
kind of iron most suitable for casting guns should be ascertained by trial in the furnace in
which it isto be used; and atrial -gun is made and tested to extremity. The piece adopted for
this proof, is a long 9-pdr., which is fired with the following series of charges, and is
required to sustain the first four without breaking.



1st 20rounds 31bs. of powder, 1bal. Without wads
2nd 20 rounds 4.5 |bs. of powder, 2 balls. Without wads
3d 10rounds 4.5lbs. of powder, 3balls. Without wads
4th 5rounds 9 lbs. of powder, 6 balls. Without wads

5th -rounds 18lbs. of powder, 13 balls. Without wads
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Samples of the iron are also taken from the castings, and tested by an ingenious machine
invented by Maor Wade. in which the tenacity of the iron and its capacity to resist
compression, a bursting force, and transverse and torsional strains, are all measured in
pounds.

This method of applying the strains to iron can, of course, give but an approximate result
with regard to the strain resulting from the use of powder in the gun. It would appear that a
bursting force, where a steel cone is forced through a cylinder of the tested metal, ought to
represent more nearly than any of the others, the real action of powder in a gun. But even
there, the force applied is by a steady, regularly increasing pull, whereas the force of the
powder acts suddenly, and, as it were, by a shock; so that the one power cannot accurately
represent the other.

The nearest approach which has been made to the real action of powder in a gun, comes to
us from one of the European arsenals, where very slightly conical steel punches are forced
into conical openings of the same inclination formed in small cylindrical specimens by the
action of agiven weight falling from a known height.

Alloys.-- Attempts have been frequently made to improve the quality of cast iron for guns,
by mixing with it foreign metals in minute proportions. Copper, tin, lead, and manganese
have thus been tried, but with no favorable results. The affinities of iron, in forming alloys,
are very slight, and its previous combination with carbon, for which it possesses so powerful
an affinity, seems to reduce the former to so low a point that its alloys are little better than
heterogeneous mixtures, which separate on cooling after being heated.*

All attempts, too, to form guns compounded of different metals, placed one within the other,
with the idea of gaining strength, have failed. In this way bores of cast iron, surrounded with
rings or jackets of bronze or wrought iron, to obviate the interior defects of bronze, and
strengthen the outside. or protect it from the weather by a better metal, have been formed,
but soon abandoned.

* With a good deal of mystery; the production of a metal "infinitely superior to bronze," for
field-pieces, is confidently predicted by a recent English writer. Such a metal, or probably



mixture, could not long remain a secret. It is, probably, one of those hopeful chimeras of
which the science of artillery affords so many instances.
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Wrought Iron & c .-- Theyielding of the ball when a piece is Fired, gives the inflamed gases
an opportunity to expand, and prevents their effort being expended upon the piece; but for
this, a piece made of unyielding material, and loaded with a tight -fitting heavy projectile,
must give way to the force of the powder. If a piece could be made of elastic material which,
yielding to the first force of the powder without breaking, would give time for a sufficient
force to be developed to expel the ball, the same injurious effects upon the piece would not
resist.

Were a, tube of glass and one of india -rubber to be made of the same strength, as determined
by the ordinary methods, it may be readily imagined how much more easily one of these
would fail from the explosion of a charge of gunpowder than the other, from its utter
inability to yield to the first force of the powder.

In the manufacture of guns, this fact was early appreciated, and efforts were made to so
construct them as to yield a certain amount to the force of the powder. It is mentioned that
guns were made by placing over each other tightly -fitting layers of leather; be such pieces,
as may be imagined, did not long retain their places before the rapidly -advancing
improvementsin firearms.

Up to the present time, insuperable obstacles have presented themselves to the formation of
cast-iron guns of a larger calibre than 10 -inch. Beyond that, so many defects are liable to
occur in the casting, it is not considered safe to go; though with mortars the calibre has been
extended to 13-inch. As, so far, all attempts to make castings larger than this have failed,
attention has naturally been directed to wrought iron, with the hope of increasing the calibre.

Modern artillery is here referred to; for in the construction of ancient artillery the reverse of
this process seems to have been adopted, and the wrought iron tried first, or at least
contemporary with the cast. These ancient pieces, some of them as large as 33 inches in
calibre, were made of longitudinal bars, hooped round with heavy wrought iron, shrunk on
while hot. With these pieces, however; were used stone balls and the slow -burning,
ungrained powder of early times, which did not require the same amount of resistance as
iron balls and grained powder. The carriages too, from which they were fired, were very
different
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from those now in use; and the pieces being without trunnions, the recoil was transmitted
directly to the breech, which probably increased considerably the resistance and endurance
of the pieces.

The great objection to wrought -iron guns, especially those of large size, is the great
difficulty of forming a perfect weld between the parts, the effect of the blow decreasing very
rapidly as the distance from the point struck increases. This imperfect welding, besides
causing weak points in the piece, which are constantly made weaker by service, allows the
penetration of moisture, causing oxidation, which is rapidly destructive to the metal.

Wrought-iron pieces are usually made by placing together, in the form of a faggot, a number
of bars of the metal, which are

then welded together under a heavy hammer, other bars being

added as the welding progresses, until the proper size is reached. During this time, the mass
of iron has to be kept more or less heated. Experiments made on the metal taken from the
gun, and compared with those made on the metal before forging, prove that this method of
manufacture is highly injurious to the strength of the iron.

In the manufacture of the "Peacemaker,"” the bursting of which on board of the steamer
Princeton, in 1843, was so disastrous to the country, the above plan was pursued; and
although the metal of which the piece was made was not of the best quality, it was found to
have decreased in strength, from the intense heat applied in forging it, from 46,950 Ibs. to
the square inch, to 33,586, or more than 13,000 |bs.

Such a result ought alone to be conclusive evidence against the practicability of making
wrought-iron guns of large calibre, by welding in a mass. For small calibres, the case is not
so clear, and pieces have been made giving results which would seem to lead to an opposite
conclusion. But from the fact that the principal powers of Europe, where these experiments
have been made, still retain bronze as the metal for their field -pieces, it woul d seem that the
guestion is far from being decided in favor of the wrought iron. It is stated that a 12 -pdr.
steel gun has been made in France which has been fired more than 2,000 times, without
showing any signs of injury, except an enlargement of the vent, and that after bouching it
with copper, the firing was to be continued.
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How is it that ancient cannon, some of which are of immense calibre, and made of wrought
iron, have shown such strength, lasted such a length of time, and now present an appearance
so free from those defects which are stated as characteristics of the material? The reason is,
that these guns, instead of being forged in one mass, like the " Peacemaker," were built up
usually of longitudinal wrought -iron bars, bevelled and fitted at the edges; only a small
mount of heat and welding force being applied. On this hollow cylinder were driven heavy
rings, applied when hot, and shrunk into position.

Such pieces would, of course, be liable to the attacks of rust; but the joints appear to be
remarkably well fitted, and on examination, are found to be filled with rust, converted, by
time, into crystalline hematite, as hard as the iron itself, the whole presenting the appearance
of one solid mass. Others of these ancient pieces are formed of a number of segments,
which, put together when required for use, form the piece, and which can be taken apart for
the purposes of transportation, & c. The carriage for such pieces was simply a large wooden
trough, in which the piece was laid, abutting at the breech against a solid structure which
received the recoil, the force of which was sometimes lessened by the interposition of a pad
or cushion; and in ease of trunnions being dispensed with on modern cannon, this
arrangement knight furnish a useful hint for forming a structure by which the recoil of the
piece might be almost entirely overcome, by bringing into play the elastic force of material.
This method of receiving the recail, is of much more importance with these built-up guns
than with any other, as the constant tendency of the forces exerted on a gun mounted in the
ordinary way would be to separate the rings and parts, and this in a much greater degree than
where the recoil is all transmitted directly to the breech.

Mallet's Mortar .-- On a principle somewhat similar to this last one, Mr. Mallet has
constructed his monster mortar, which has a calibre of one yard.

It consists of an immense breech of cast iron, into which islet a wrought -iron chamber; of a
chase which consists of three large rings, all built up of smaller ones of wrought iron,
rabetted into each other. These rings, jointed together, fit on top of the breech, and are
strengthened and held firmly together
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and to the breech by six wrought -iron staves, which run along the outside of the rings and,
passing through openings in the muzzle ring, and a projecting ring on the cast -iron breech,
connect the whole system together. The binding power of these staves is regulated by
guoin-like wedges driven through the ends of the staves beneath the projecting breech -ring,
thus tightening the longitudinal binders by a blow, when necessary. This immense structure,
with its bed, weighs about fifty tons, and carries a shell weighing some twenty -five out. It is
said to have cost $40,000, and is denominated by a recent English writer " a monster
failure;" though, judging from the fact that they are now engaged in making experiments
with the piece at Woolwich, and from the description given of its execution by one of our
officers who saw it fired, this condemnation appears to be premature. There can be no
guestion of the immense execution attending the fall of such a mass of metal, and the
explosion of its charge of powder (480 Ibs.); and should the present experiments determine
favorably the practical questions involved, the effect upon the present system of engineering
must be very great. No bomb -proof shelter or masonry vault, as now constructed, would be
any protection against such shells.

Military men, however, may well be incredulous with regard to the practical success of such
a system of mortars. It is true that such a piece at Sebastopol, when once established in
position, might have materially shortened that memorable siege, by the devastating effects
of a few of its shells. But such sieges as that do not often take place; and it may be
considered as questionable in the great mgjority of those which do occur, if a piece of this
kind, taking all things into consideration -- the transports,-tion, setting up of the piece, its
slow Firing, &c.-- could not better be replaced by a number of smaller pieces, the rapidity of
firing of which is much greater, and the points struck - much more numerous.

Bronze, or brass, for cannon, is made of 100 parts of copper and about ten of tin; a variation
of 1 part of tin, more or less, being allowed. Bronze is more fusible than copper, much less
so than tin. It is more sonorous, harder, and less susceptible of oxidation, than either copper
or tin; less ductile than copper, more so than tin. It is harder than either. Its fracture is of a
yellowish color, with little lustre; a coarse grain, irregular, and
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often exhibiting spots of tin of a whitish color, which indicate defects in the metal. The
specific gravity of bronze is about 8.700, which is greater than the mean of the specific
gravities of copper and tin.

Copper, when pure, is of ared color, inclining to yellow, and has a fine metallic lustre. Its
fracture exhibits a short, even, close grain, of a silky appearance. Copper is very ductile and
malleable. The greater the purity of it, the more malleable it becomes, and the finer its grain.
It has a specific gravity of from 8.600 to 9.00.

Tin, when pure, is of a white color, a little darker than silver. It is malleable, but not very
ductile, though it can be rolled into sheets. It is very soft; and, when bent backward and
forward, gives a peculiar crackling sound, the distinctness of which is in proportion to the
purity of the metal. Specific gravity, from 7.290 to 7.320.

Analysis.-- To analyze bronze, put 10 parts (say 100 grains) of it in small particlesin a small
glass matrass, with 80 parts of very pure nitric acid, at 22 °© Beaume's hydrometer; heat it
gradually to ebullition, and continue the heat until red vapor ceases to come over. The acid
dissolves the copper, and converts the tin into an insoluble peroxide. Let it settle; pour off
the liquid, add to the oxide of tin 20 parts of nitric acid, and let it boil ten minutes; decant the
liquid again, and repeat the same operation; dilute the first portion decanted with two or
three times its volume of water, and pass it through afilter. Do the same with the second and
third portions. Place the oxide of tin on a double filter, the two parts of which are equal,
washing it until the water that comes of no longer gives a blue color when heated with
ammonia, and does not change the color of litmus paper. Spread the filter on paper, and dry
it perfectly in a stove or sand bath. Weigh it, adding the exterior filter to the weights, which
will give the quantity of peroxide of tin which remains on the upper filter; 127 parts of
peroxide give 100 parts of puretin.

If the bronze contains lead, it will be dissolved by the acid. To detect it, add sulphate of soda
after the solution is cool, in order to precipitate the lead in the state of an insoluble sulphate,
145 parts of which contain 100 of lead.

Composition.-- It is a singular fact that the ancient composition of bronze, as in the case of
gunpowder, has remained almost un
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changed to the present day; and the metal from cannon is found to be almost identical in the
proportions of copper and tin with the rude weapons of Scandinavian, Celtic, Egyptian,
Greek, and Roman warfare. It has never been satisfactorily demonstrated, however, asin the
case of powder, that this composition is the best that can be formed from the two metals for
the manufacture of guns. For, strange as it may appear, it is asserted by Mallet that, after five
hundred years' habitual use of the material, not a single series of systematized and accurate
experiments on the physical properties of gun -metal has been undertaken; and that such a
series is entirely beyond the reach of private means, or the demands of commerce, and can
be carried on to successful and satisfactory results only as a national undertaking.

The amount of tin in bronze varies in different Countries from 9 to 12.5 parts to 100 of
copper: 12.5 parts are used in England; and in France 11 partsis fixed by law as the proper
amount. As with many other metallic alloys, the combination between the two metals in
bronze is so imperfect, that very slight forces are sufficient to cause its separation into two
or more different alloys, which, on cooling, are found to occupy different portions of the
mass. In casting a gun, for example, the outside, which cools first, has a constitution
different from that assigned by the proportions of the metals, as fixed for fusion. The
interior, which cools last, has another different from both, and always richer in tin. On being
examined after cooling, portions at different heights are found to differ from each other; and
this difference varies along the exterior and interior portions, so that no two adjacent
portions have strictly the same chemical constitution; the maximum of copper being found
in the exterior and breech of the gun, making these portions less flexible, and the maximum
of tin in the interior and higher parts.

Specimens taken from the top and bottom of the casting, show also avery great differencein

density and tenacity; the density at the breech being much greater, and the tenacity, in one

instance cited, more than double. The dead -head, in consequence of these facts, is made
much longer in casting bronze guns than is otherwise necessary.

It is found that the constitution of the alloys changes not only in cooling, but in melting, by
the reduction of the quantity of tin, which oxidizes much faster than the copper; and this
takes
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place at such arate that after six successive meltings the amount of tin is reduced one -half.

The alloy used in France appears to result after cooling into one more nearly coincident with
the atomic constitution, the small excess of tin being oxidized during the process of melting,
and leaving the solid metal almost precisely in accordance with the atomic theory (17 Cu +
S N). This more staple alloy is therefore considered the preferable one.

Cooling.-- Very rapid cooling is considered most adv antageous for bronze pieces; and as the
cooling will be slower in proportion as the temperature of the metal when poured into the
mould is higher, it results that, the lower the temperature at which the metal remains
sufficiently fluid to fill the mould perfectly, the better will be the gun when cast.

Gun metal, when suddenly cooled, as when the red -hot metal is plunged into cold water, is
rendered softer, tougher, and more malleable. The more quickly, then, a gun is cooled the
better; and it has been proposed to employ iron moulds of nearly the true dimensions of the
gun in place of the ordinary composition, thus producing a casting more nearly of the exact
size required, economizing in metal, and reducing the expense and time in turning down the
exterior surface.

By this method, too, a greater amount of pressure could be given by increasing the height of
the "dead-head,” which is found very materially to increase the density and other good
qualities of the gun.

Major Wade suggests that the iron moulds be lined with athin layer of clay or other suitable
material, and that n, free circulation of air be kept up around the mould. As this method of
rapid cooling would soon cause a large difference of temperature between the exterior and
interior portions, resulting in cavities in the interior, a division in the alloys, and a want of
homogeneousness in the mass of the casting, he suggests the application of Rodman's
method of hollow casting and cooling by water, by which on equality of temperature in all
parts may be maintained. The core to be so arranged as to discharge the water horizontally
near the lower part of the dead-head, so that the latter will be unaffected by the flow of
water, leaving it liquid metal, which by its own gravitation will supply the void spaces
created by the contraction of the solid.
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Re-heating the solid soon after it is formed, and then cooling slowly, is found to greatly
improve the tenacity of the metal; and Maor Wade therefore suggests, that as soon as the
gun has become solid the Row of water should be stopped, and the free circulation of air
interrupted by covering over tightly the casting -pit.

Tenacity .-- In testing the tenacity of bronze taken from the dead -heads of. guns, near the
junction with the muzzle, it isfound that the tenacity of those samples of which the planes of
fracture passed through the axis of the gun, was much greater than in those in which the
planes were perpendicular to the axis or parallel to the face of the muzzle, although the
densities of both were about the same. The cause of this is not explained, though probably a
result of the same general law regarding the Formation of crystals aslaid down by Mallet for
east-iron, and most other crystalline bodies. The crystals being formed normal to the cooling
surface are more difficult to fracture by a force acting in the direction of their axes than by
one acting perpendicular to them.

The principal injuries to which bronze guns are subject in service being the indentations
formed in the bore, rather than any want of tenacity or endurance in the metal itself, the
relative qualities of different alloysto resist aforce of compression is a matter of the greatest
importance, and should be the subject of extensive investigation.; which is accordingly
recommended by Major Wade,

MATERIALS FOR CARRIAGES, IMPLEMENTS, &c.
TIMBER.

The kinds of wood principally used in ordnance constructions are the following:
White Oak .-- The bark is white, the leaf long, narrow, and deeply indented; the wood is of a
straw color with a somewhat reddish tinge, tough and pliable. It is the principal timber

employed for all kinds of artillery carriages.

White Beech -- Red Beech -- are the most suitable for fuzes and mallets;, also for
plane-stocks and various other tools.



104 ARTILLERY.

White Ash, is straight-grained, tough, and elastic, and is therefore suitable for light
carriage-shafts; in artillery, it is used chiefly for sponge and rammer staves; sometimes for
handspike, and for sabots and tool -handles.

Elm, is well-suited for fellies and for small navel. Hickory, is very tough and flexible; the
most suitable wood for handspikes and tool -handles, and for wooden axletrees.

Black Walnut, is hard and fine-grained; it is sometimes used for naves, and the plank for
ammunition-boxes; it is used exclusively for the stocks of small -arms.

White Poplars or Tulip -tree, is a soft, light, fine-grained wood, which grows to a great
size; it isused for sabots, cartridge blocks, &c., and for the lining of ammunition boxes.

White Pine is used for arm-chests and packing -boxes generally, and for building purposes.

Cypress, is a soft, light, straight-grained wood, which grows to a very large size. On
account of the difficulty of procuring oak of suitable hind in the Southern States, cypress has
been sometimes used for sea-coast and garrison carriages. It resists, better than oak, the
alternate action of heat and moisture, to which sea -coast carriages are particularly exposed
In casemates; but, being of inferior strength, a larger scantling of cypress than of oak is
required for the same purpose; and on account of its softness, it does not resist sufficiently
the friction and shocks to which such carriages are liable.

Bass-wooded or American Lime , is very light, not easily split, and is excellent for sabots
and cartridge blocks.

Dog-wood, isfirm and hard-grained, suitable for mallets, drifts, &c.
SELECTION OF STANDING TREES.

The principal circumstances which affect the quality of growing trees are soil, climate, and
situation.

Sail .-- In amoist soil, the wood is less firm, and decays sooner, than in adry, sandy soil; but
in the latter the timber is seldom fine: the best is that which grows in a dark soil mixed with
stones and gravel. This remark does not apply to the poplar, willow, cypress, and other light
woods, which grow best in wet situations.
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Locality, -- In the United States, the climate of the Northern and Middle States is most
favorable to the growth of the timber used for ordnance purposes, except the cypress.

Trees growing in the centre of aforest, or on a plain, are generally straighter and freer from
limbs than those growing on the edge of the forest, in open ground, or on the sides of hills;
but the former are at the same time less hard. The situation most sheltered from the prevalent
winds, is generally most favorable to the growth of timber. The vicinity of salt water is
favorable to the strength and hardness of white oak.

Time.-- The selection of timber trees should be made before the fall of the leaf. A healthy
tree isindicated by the top branches being vigorous and well covered with leaves; the bark is
clear, smooth, and of a uniform color. If the top has a regular, rounded form; if the bark is
dull, scabby, and covered with white and red spots, caused by running water or sap, the tree
Is unsound. The decay of the uppermost branches, and the separation of the bark from the
wood, are infallible signs of the decline of the tree.

FELLING TIMBER.

Time.-- The most suitable season for felling timber is that in which vegetation is at rest,
which is the case in midwinter and in midsummer. Recent experiments incline to give
preference to the latter season, say the month of July; but the usual practice isto fell trees for
timber between the first of December and the middle of March.

The tree should be allowed to obtain its full maturity before being felled; this period in oak
timber is generally at the age of from seventy -five to one hundred years or upwards,
according to circumstances. The age of hard wood is determined by the number of rings
which may be counted in a section of the tree.

Cutting.-- The tree should be cut as near the ground as possible, the lower part being the
best timber; the quality of the wood is in some degree indicated by the color, which should
be nearly uniform in the heart -wood, a little deeper towards the centre, and without sudden
transitions.

Felled timber should be immediately stripped of its barley, and raised from the ground.



106 ARTILLERY.DEFECTSOF TIMBER TREES (ESPECIALLY OF OAK).

Sap, the white wood next to the bark, very soon rots, and should never be used, except that
of hickory. There are sometimes found rings of light -colored wood surrounded by good hard
wood; this may be called the second sap; it should cause the rejection of the tree in which it
occurs.

Brash wood, is a defect generally consequent on the decline of the tree from age; the pores
of the wood are open, the wood is reddish -colored, it break s short, without splinters, and the
chips crumble to pieces. Thiswood is entirely unfit for artillery carriages.

Wood which has died before being felled should in general be rejected; so should knotty
trees, and those which are covered with tubercles or excrescences.

Twisted Wood, the grain of which ascends in a spiral form, is unfit for use in large
scantling; but if the defect is not very decided, the wood may be used for naves and for some
light pieces.

Splits, Checks, and Cracks, extending towards the centre, if deep and strongly marked,
make the wood unfit for use, unlessit is intended to be split.

Wind Shakes are cracks separating the concentric layers of wood from each other: if the
shake extends through the entire circle, it is aruinous defect.

All the above-mentioned defects are to be guarded against, in procuring timber for use in
artillery constructions. The centre heart is also to be rejected, except in timber of very large
size, which cannot generally be procured free from it.

SEASONING AND PRESERVING TIMBER.

As soon as practicable after the tree is felled, the sap should be taken off and the timber
reduced, either by sawing or splitting, nearly to the dimensions required for use. Pieces of
large scantling, or of peculiar form, such as those for the bodies of gun carriages and for
chassis, are got out with the saw; those of smaller dimensions, such as spokes, are split with
wedges. Naves should be cut to the proper length, and bored, through the axis, with a1 1/2
in. auger, to facilitate their seasoning and to prevent
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cracking as much as possible. They should be cut from the buitt of the tree.

Timber of large dimensions is improved by immersion in water for some weeks, according
to its size, after which it is less subject to warp and crack in seasoning.

Dry Seasoning .-- For the purpose of seasoning, timber should be piled under shelter, where
it may be kept dry, but not exposed to a strong current of air; at the same time, there should

be a free circulation of air about the timber -- with which view, slats or blocks of wood
should be placed between the pieces that lie over each other, near enough together to prevent

the timber from bending. In the sheds, the pieces of timber should be piled in this way, or in

square piles, and classed according to age and kind. Each pile should be distinctly marked

with the number and kind of pieces, and their age, or the date of receiving them. The piles
should be taken down and made over again at intervals, varying with the length of time
which the timber has been cut. The seasoning of timber requires from two to eight years,

according to its size.

Kyanizing.-- Gradual drying and seasoning in this manner is considered the most favorable
to the durability and strength of timber; but various methods have been proposed for

hastening the process. For this purpose, steaming timber has been applied with success; and
the results of experiments with Mr. Kyan's process of saturating timber with a solution of

corrosive sublimate, have been highly satisfactory: this is said to harden and season the
wood, at the same time that it secures it from the dry rot and from the attacks of worms. The

process of Mr. Earle, which consists in saturating the wood with a hot solution of copperas

and blue vitriol mixed together, has been tried by the Ordnance Department; but the results

have not been favorable, as regards its effect on the strength or preservation of the timber.

Kiln Drying is serviceable only for boards and pieces of small dimensions, and is apt to
cause cracks and to impair the strength of wood, unless performed very slowly. Charring or
painting is highly injurious to any but seasoned timber; as it effectually prevents the drying
of the inner part of the wood, in which, consequently, fermentation and decay soon take
place.

Oak timber loses about one-fifth of its weight in seasoning, and about one-third of its weight
in becoming perfectly dry.
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MEASURING TIMBER

Sawed or hewn timber is measured by the cubic foot; or more commonly by board measure,
the unit of which is a superficial foot of a board one inch thick. Small pieces, especially
those which are got out by splitting (such as spokes), and shapes, or pieces roughed out to a
particular pattern (such as stocks for small -arms), are often purchased by the piece.

Usual rule for measuring round timber:

Multiply the length by the square of one fourth the mean girth, for the solid contents; or L
c?/16 ; L being the length of the log, and C half the sum of the circumferences of the two
ends. But when round timber is procured for use in the Ordnance Department, it should be

measured according to the square of good timber which can be obtained from the log.
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RIFLES.

Origin.-- Rifled small-arms date from a very early period (1498) -- in France, from about
1515; though the principle from which their accuracy results does not seem to have been
well understood.*

A rifle is a gun having in its bore a number of grooves, helical in form, which, as the
projectile passes out of the bore, give it the rifled or rotating motion. In rifles loaded at the
muzzle, the projectile must be made to "take" the grooves, by being forced into them. It will
then turn in the piece as often as the entire curve is repeated in the length of the bore, and
continue the same motion after leaving the muzzle. The rate at which it revolves will
depend, for any given velocity, upon the inclination which the grooves have to the axis of
the piece.

Theory.-- The deviation of a shot is caused by the resistance to its passage offered by the
air. The effect of rifling a ball isto make it keep the same part always to the front. Thisis
shown by marking the top part of arifle ball as it is placed in the gun. That part always
strikes the target first. This renders the retarding effect of the air on the ball much more
uniform than it would otherwise be.

Suppose that the point M,
Fig. 62, of the front surface, be
the point of application of the resultant P M

of the resistance of the air acting obliquely to
the vertical plane of fire of

which A B is the trace. -- As the bal
revolves, the point M takes the position m, and the force M P assumes the position mp,




* The grooves of the first rifles made were perfectly straight, the metal being cut out to
receive the dirt accumulated in firing a gun, as well as to allow the escape of the air in
forcing down the ball, made with an increased diameter to diminish windage.
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directly opposed to the first position, and tending to throw the projectile back to the left with
the same force it before exerted to throw it to the right, thus neutralizing this last motion.
The force M P describes, as the ball revolves, a surface which we may take for a cone. For
any two positions of the force M P opposite to each other in this cone, the deviating
influences mutually counteract each other.

A helix is a curve on the surface of a cylinder
‘1\ which meets the elements of the Cylinder

-
o . Constantly under the same angle. To trace, one
3 S \ practically upon a cylinder, take a paper triangle,
8 0 8, whose base is equal to the circumference of
o the cylinder, their altitudes being the same. Place
P 5 /J} the line 8 8 on one of the elements of the cylinder,
v and roll the latter in the triangle; the hypothenuse
At I 80 will describe the helix. Should we desire the
5 helix to make but the fourth of a revolution
.‘ ' instead of an entire one, the triangle a 8 6 would
'@‘ be used, in which a 8 is one-fourth of 8 8.

oy

Cutting grooves .-- The ordinary ones are the easiest described, and the best. To describe the
curve on the bore of the piece, it is only necessary to give the barrel a certain motion of

translation and rotation whilst a stationary point presses upon it. Or the barrel may rotate

while the point is given a motion of translation. Or finally, the barrel may remain stationary

and the point have both motions, and this last is the usual way of rifling in practice. The

cutter is placed on the end of a shaft moved back and forth by machinery, and having on it a

projection which is forced to move in a groove cut in the proper form on the surface of a

metal cylinder. A. groove of the same form, consequently, is cut in the bore of the piece.

Thisis the plan usually adopted in rifling large guns; but with small -arms the barrel is fixed
as before, and the grooves are made by a cutter which moves back and forth, turning at the

same time by the
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action of a ratchet, moved up and down by a wheel at the bottom moving on an inclined
plane or curve, according to the kind of helix to be cut, and which works into teeth placed on
the frame, which support the rod of the cutter. This method has recently been applied also to
rifling large guns.

These grooves are sometimes made with an increasing curve or a "twist," when the angle
which they make with the axis increases as they approach the muzzle. The inclination at any
point, as at the muzzle, is determined by the angle made by the tangent at that point with the
axis. It may be described like the ordinary helix, by substituting for the hypothenuse of the
triangle a, parabola, or any other regular curve, as 8 4, Fig. 63, tangent to it at the extremity.
This will give a curve less developed than the right line, and its mean inclination will be
less. The friction, consequently, with arifle of thisform, will be less.

Length.-- Friction is a matter of considerable importance in rifles, and its retarding effect
seems to increase in a greater ratio than the velocity. Hence, the inclination of the grooves
should increase as the gun decreases in length, and the reverse. Other considerations will
have a bearing upon this same point. The velocity of rotation should be great enough,
otherwise the tendency of the ball to turn round its shortest axis overcomes the rotary
motion, and the Firing is inaccurate. It should not be too great; as in that case the velocity of
translation is reduced. When the charge is increased, the inclination of the grooves should be
decreased, otherwise the ball isforced across them without being rifled; and it isin this way
that the velocity of rotation takes from that of translation.

If the groove makes one complete revolution in the length of the gun, it is supposed to
impart that rate to the ball when it leaves the muzzle, and that it makes one of these
revolutions in the same space in air. This, of course, is not strictly true, from the friction of
the air, which will commence to reduce that velocity as well as the velocity of translation,
from the moment the ball leaves the piece.

The curve, however, generally makes but a part of a revolution in the piece, the ball
perfecting the revolution after it gets out -- that is, after it passes over one complete helix.
L et us suppose the length of the helix to be 16 feet, and the initial velocity of the ball to be

1,600 feet. It will take 16/1600, or 1/100 part, of a
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second to pass over one length of the helix; or, the ball makes 100 revolutions in a second.

Knowing, then, the initial velocity of translation of the ball, and the length of a completed

helix of the gun, the initial velocity of rotation is obtained by dividing the former by the
|atter.

L ead being a softer substance than iron, the projections on the ball will be the more liable to
be tom off; or what is termed " stripped,” as the inclination of the groove to the axis and the
charge of powder are increased. To avoid this, therefore, there must be a certain relation
established between the dimensions of the grooves, their number, and inclination, -- and the
velocity of

ball.

Inclination .-- Experiment demonstrates that the inclination should increase as the spherical
form is departed from in the projectile. Thus, an elongated ball having a, greater bearing
surface than a sphere, will have more metal forced into the groove, take a better hold of it,
and be less liable to "strip." Such a ball, too, will stand a larger charge of powder before
stripping, than a spherical ball.

Thefirst rifles were made with grooves like teeth, and a great number of them, asin Fig. 64;
but the sharp edges soon became worn by the rammer, and the

piece became inaccurate. F1o. 64
A screw, when used without oil, is soon destroyed. Grease or £
oil reduces the friction, and renders its movement more u/
uniform. Grease applied to the

grooves of arifle, produces the same effect, and it is for this
reason that the path of arifle-ball is greased.

As the power of powder isincreased by offering a greater resistance to it, the friction of the
ball in the grooves requires a greater thickness of metal in a rifle than in a smooth -bored
gun.

Slugged .-- It is believed that the first attempt to use the rifle principle, was in
breech-loading arms. In breech-loading pieces, the bore consists of two separate parts, viz.,
the long part or barrel, which is rifled, and the chamber immediately behind it, the bore of
which is larger than that of the barrel. In this part, the charge and ball fit. When the ball is



forced into the barrel by the ignited powder it enters the grooves and becomes what is
termed slugged.

The advantages of this mode of loading, are, that it is safer;
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that no soldier, however awkward, can get more than one charge in the gun; that no rammer
is required in loading (a great advantage, especially on horseback); that the ball remains in
its place, no matter if the gun is carried muzzle down and at a rapid pace; and that the piece
can be loaded much more rapidly and easily.

The disadvantages are, that no matter how perfect the mechanism at the joint, the powder
being exploded at that point, the gas is sure to penetrate it. The parts become rusty and foul,
work with difficulty, close badly, and allow an escape of gas injurious to the marksman.
These disadvantages are increased by the rapidity with which the piece can be fired.

The most noted arms of recent date in this country, loaded in this way, are those of Colt,
Hall, Sharp, and Burnside. All of these have their peculiar advantages and defects, which
will not be discussed at any length.

Since the great improvements made in the muzzle -loading rifle, in regard to range and
facility of loading, the breech -loading principle is not a matter of so much importance. When
it is remembered that soldiers in action, even when well disciplined, expend from 10,000 to

30,000 cartridges for every man disabled, it becomes a self -evident fact that they fire too fast
aready, and that it is only adding to the evil to give them the means of firing four or five

times as fast, by placing breech -loading guns in their hands. It is, then, only special corps to
which this arm should be supplied, and not to the main body of an army.

English.-- Another plan for forcing the ball was as follows: The ball, very little smaller than
the bore, was forced down on the powder with a heavy rammer, and driven into the grooves
by several sharp blows. This method was not found very effective, and was injurious to the
powder by mashing it. After a few rounds the piece becomes foul and works with great
difficulty. Projections were then formed on the ball, corresponding to grooves in the gun,
and no forcing was requisite; but this method was very inconvenient when firing and loading
rapidly in succession, or in the dark, as the ball had to be placed in a particular position
before it would. enter the bore. These are the objections to the English or rather Brunswick
rifle, which has but two grooves, and on the ball a projection in the form of a girdle, which
fitsinto them. Fig. 65.
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A third plan was by means of the common greased patch of linen or thin leather which
envelopes the ball.

Delvigne, a French infantry officer, suggested an improvement in forcing, which, athough
soon given up, was the cause of another of much greater importance. He proposed to place at
the bottom of the breech, a small chamber having an abrupt connection with the bore, Fig.
66. The powder nearly filled the chamber, and the ball, having been inserted like an ordinary

musket ball, was arrested at the mouth of the
chamber. To force it into the grooves, it was
S’ i rammed several times with a heavy rammer
R having a concave head. This forced it also,
into the chamber, by which the powder was
injured. The ball, however, was forced very much out of shape, and being flattened in front,
increased the resistance of the air. This rendered an increased twist necessary, in order to
keep the ball from turning around its shorter axis. To prevent the ball being driven into the
chamber, a sabot of hard wood was placed below it, which, resting on the offsets at the
mouth of the chamber, prevented the ball from entering.

Carabine a Tige.-- The invention which has been alluded to as the result of the preceding
one, seems to be a very simple and natural consequence of
Fia. 67, it. It consists in substituting for the chamber a small
P cylinder or pin, Fig. 67, projecting into the lower part of
the bore, and on the top of which the ball rests; thus
furnishing the celebrated " Carabine a tige," or stem-rifle.
The powder now lies in a ring -shaped chamber around the
stem, which supports the extreme point of the ball,
allowing it to be forced more easily and with less detriment
= to its shape. This piece, the inventor of which was Col.
Thouvenin, seems to have been the first military arm in which an elongated projectile was
used.

Elongated Bullets.-- It has long been known that the spherical form was not the one to
which the air offered the least resistance; but all attempts to keep the projectile from turning
around its shortest axis had failed.



ELONGATED BULLETS. 115

The arrow, among elongated projectiles, has, with equal velocity, the most flattened
trajectory, or path through the air. Thisis due: 1st, To the little resistance offered to the point
of the arrow by the air, and to its great mass compared to that of a ball. 2d, To the volume
which the arrow occupies, which preventsits falling as rapidly as a body of greater density;
and, 3d, To the resistance offered by the air to the feathers placed on the rear part, which
assist to prevent the arrow revolving on its shortest axis. These feathers are sometimes
placed obliquely on the shaft so as to produce the rifle motion in the arrow. The arrow, then,
is the type of rifle-balls, and the elongated projectile which can be made to approach nearest
its trajectory in form will be the most advantageous.

Metal which must be used in connection with powder in order to resist its effect and have
the proper penetration when it strikes, is too heavy and unmanageable to be used in the
arrow form; but the proportions may be approximated to, and the proper amount of rotation
be given by rifling.

Fla. 64, Fia. B0, Fia. 70, The first form used was

the  cylindro-spherical,

/\ Fig. 68, then the
_ cylindro-conical, Fig. 69;
: and finally, the
i ogee-shaped ball, Fig. 70,

having circular grooves
cut upon the cylindrical part, which, acting like the feathers of an arrow, aided in
maintaining the point to the front. This ball having been used with the chambered pieces,
and found not to take the groove well, the chamber was suppressed, and a " tige" or stem
substituted, which was found to force the ball better. The size of the stem is so calculated
that the space around it is still large enough to contain the necessary charge after the piece
has been fired fifty times. It was found necessary to increase the twist of the groove so asto
make one revolution in about six feet, it having been before one in about twenty feet.

T

[
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The difficulty of cleaning and keeping this gun in order was a serious objection to it, and
means were sought of forcing the ball without the aid of the stem. This |led to the adoption of
the hollow Minie ball, having in the conical opening an iron cup, which, moving before the
inertia of the lead is overcome, forces the ball into the grooves. This was found to force the
ball quite aswell, if not better, than the tige, at the same time that the ball was not deformed.
When using very large charges, the cup is sometimes forced entirely through the ball. It is
now discovered that the ball is forced as well without as with the cup, which has accordingly
been suppressed.

A projectile may be so formed as to fly point first, like an arrow, even when fired from a
smooth-bored gun; but in order to do so, it must fulfill the same conditions as the arrow, and
have its centre of gravity near the point, and such an arrangement on the rear part of the ball
as will be acted on by the air to prevent its turning.
Fra. Tl Suppose, for instance, we have a projectile formed as in
Fig. 71, the front being made of lead or iron, and the back
part of hard wood, throwing the centre of gravity well
forward of the centre of the figure. Such a projectile,
although perfectly useless in practice, would travel point
foremost when projected through the air. If the centre of
gravity be moved back farther and farther, a point will be
reached where the projectile begins to show a tendency to
turn over. It is evident, then, that a very dlight rotation
around its longest axis would at first maintain the point to
the front; and this velocity of rotation would. have to be
increased as the centre of gravity receded from the front.

The causes of inaccuracy in firing spherical projectiles from smooth -bored pieces, are: 1st,
Windage; 2d, A want of coincidence between the centers of gravity and figure; and, 3d, A

rotary motion around an axis oblique to the plane of fire; this motion being partly a
consequence of the formation of the bullet, partly in consequence of its shocks in the bore.

Rifling nullifies all these causes Of error. It destroys the windage, prevents the bullets from

oscillating in the bore, and by substituting for its Old motion Of rotation another, around an

axislying in the vertical

plane of fire, keeps the same part to the front.
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The air retards the movement of projectiles, changes their velocity, and diminishes their
accuracy.

When a spherical bullet is fired from a musket, its form is not changed at all. But if fired
from arifle, after having been rammed down to fit the grooves, it leaves the bore flattened in
front, and somewhat cylindrical in shape. This form increases the resistance of the air, at the
same time that the curve of the trgjectory becomes flatter, on account of the air supporting
the projectile. Hence result less velocity and range, but not less accuracy. The rotary motion
of a disk, to which the flattened bullet approximates, is better maintained around the shortest
axis than any other, and when the motion is around any but the shortest, the constant
tendency is to return to this. This is also the case with elongated projectiles, unless some
means are used to prevent it.

When moving front foremost, these experience less resistance from the air than spherical
balls of the same calibre, especially if these last be flattened by ramming. By its greater
mass, the elongated projectile has greater power to overcome the resistance of the air.
Hence, an elongated bullet may |leave the bore with less velocity than a spherical one, and
yet, at a short distance from the piece, have a greater. This superiority of velocity will cause
greater penetration, which will be still further increased by the pointed form.

In order to have arapid rotary motion, without too great an increase in the inclination of the
grooves, a great velocity of translation is indispensable. But in attempting to impress a great
velocity of translation on a spherical bullet, it is apt to "strip," not having so great a hold on
the groove as the elongated one; moreover, as this last loses its velocity less rapidly than the
spherical, lessinitial velocity will be required in order that the bullet may have the necessary
velocity of rotation.

The motion of arifled elongated projectile has been likened to that of a top; and the analogy
is great. Could this toy be so constructed that its centers of figure and gravity accurately
coincided, it would stand alone when placed vertically on its peg; but as this construction is
mechanically impossible, it must incline to one side or the other. If, however, a rapid rotary
motion be given to it, it will, whilst its axis is inclined, describe spirals on the ground, and
finally assume avertical position, until the rotary
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motion is exhausted, when it falls. When in inclined positions, the air on the under side
being of the greatest density, tends to force the top up until it reaches the vertical, when the
density of the air being equal on all sides, and the inequalities of the top being neutralized by
the rotary motion, it stands in that position until the rotary motion becoming too small to
fulfill its object, the top falls.

The same is the case with the rifled projectile; and if its longest axis should not coincide at
first with the direction in which it is travelling, its point will describe spirals like the top
until those lines do coincide, it; in fact, they ever do so accurately. This spiral motion is
made distinctly evident by the whistling noise made by a projectile not well rifled. The
irregularity in the motion is easily detected by the ear.

The projectile cannot move through space in aright line, but in consequence of the action of
gravity and the resistance of the air, it must describe a curve, the elements of which change
direction at every instant. In order that the point of an elongated projectile shall strike first,
the axis around which it revolves must be continually tangent to the curve of the trajectory.
Thiswill be apparent by referenceto Fig. 72.

Fia, 12,

Supposi
ng A to
be the
directio
n in which the projectile leaves the piece, if its axis should remain parallel to itself in all its
positions, it would at length reach one as at B, where its side being presented to the pressure
of the air, it would turn over, and might assume any other position, as C. Rifling such a
projectile will keep it in the vertical plane of fire, but it still may turn over in that plane. To
prevent this, circular grooves are cut upon the cylindrical part of the projectile, as shown in
Fig. 70. The moment the axis fails to coincide with the tangent to the trajectory, the air acts
oil these grooves on the side of the bullet opposite to the one on which the point is deviating,
and forcing this back to its proper position (thus acting like the feathers of an arrow), keeps
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the axis coincident with the tangent. Such being the way in which the elongated bullet
travels, the resistance to its passage through the air is evidently a minimum for that sized
and shaped body; the loss of velocity is likewise a minimum; and the velocity when it strikes
IS the greatest.

From what precedes, it appears there are three principal things to be considered in making a
rifle.

1st. The charge of powder.

2d. Theinclination of the grooves; and

3d. The diameter and form of the projectile.

In connection with tire grooves, should be considered --

1st. The number.

2d. The depth and width; and

3d. The form.

The number of grooves should not be less than two; but an uneven number is the best, as
there is then a land opposite each groove, and the bullet is not so much deformed by forcing
asit would be were two grooves opposite to each other.

The number adopted in our service is three, of a rounded form, and. equal in breadth to the
lands; and instead of being of uniform depth throughout, they decrease as they approach the
muzzle, the slope being the same in all arms; commencing at the muzzle with .005 inch in
depth, and increasing in the musket at the breech to .015. They are uniformly spiral, and

make in the long pieces (muskets), one turn in 6 feet, and in the short ones (pistols), one turn
in 4 feet.



Bullets for altered M uskets.

Figures 73, 74, 75, 76 and 77 represent
the forms and dimensions of the
projectiles found most suitable, and
adopted, in the United States service.

Rutlats for new Riffe-musket and Pigtol-carbine,
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Bullets for new Rifle-musket and Pistol -carbine

The bullet, Fig. 76, is necessary for use with the pistol, on account of the less charge used,;
the force of the powder not being great enough to force the thick sides of the bullet, Fig. 75,
into the grooves. The two, however, differ only in the size of the cavity, and of course
weight, and may be used indiscriminately if necessary.

By placing a percussion cap on the point of these elongated projectiles, they are very
formidable against caissons, &c., for blowing them up.*

Almost every European army has adopted its own kind of rifle, the different arms differing
from each other, sometimes very essentially in their construction, sometimes only in the
lesser details. Nearly all have the elongated projectile; but the iron culot of Minie has been
for some time abandoned as useless, though still retained by some. The English use a
wooden plug in place of the culot with their projectiles which are transported to any great
distance, asto India, to keep them from becoming deformed.

Rifled Cannon .-- The importance of applying the rifle principle to guns of large calibre, is
too evident to need any explanation; and many and various have been the attempts made to
succeed in it, but up to the present without any degree of cer -

* It is somewhat remarkable that during the experiments carried on in various countries with
aview of perfecting the form, &c., of the elongated bullet, the discovery that the culot could
be dispensed with, and the bullet forced simply from the action of the powder in the cavity,
was made about the same time in several different places, and without the experimenters
having communicated the results of their investigations to each other. Thus, in England,
Belgium, and the United States, the discovery was made about the same time. In this country
it was aresult of a suggestion of Mr. Burton, master armorer at Harper's Perry.
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tainty, although much progress has been made. The importance of the question is much
enhanced by the fact that the moment a successful plan is discovered, the great problem of
concussion and percussion shells is solved. That a way will sooner or later be discovered,
there can be but little doubt.

Large projectiles, being made of iron, cannot of course be forced into the grooves of a gun
like the leaden ball of small arms. All projectiles designed for rifled cannon are elongated in
shape. Some have been made with spiral grooves, or projections, on the "after" surface,
through which the gas as it rushed produced the rotary motion; others have these grooves on
the fore part of the bill, and the rotation is produced by the action of the air on them as the
ball moves forward; but although the effect was produced by these two methods in a slight
degree, the Force of rotation developed was not sufficient to insure the direction of the ball
with any certainty.

Attempts have been made to cast on the outside of the cylindrical part of the shot some
softer metal, such as lead, or composition, to " take" the groove and give the necessary
rotation; but it has invariably been found that, although these metals take the groove at first,
they are immediately torn to pieces, and off the iron part of the shot, by the force of the
powder. The increase of force in powder cannot be calculated upon like any other motive
power; and because a leaden projection of 0.01 in. will hold in its position a common
rifle-ball, say of 2 oz. in weight, when acted on by 60 grs. of powder, it does not follow that
the same effect will be produced when these elements are increased a hundred times, much
less when they are increased a thousand times. This is the common mistake in a great many
inventions of the day. Large breech -loading guns are constructed, with no other protection
against the escape of gas than is used with a breech -loading rifle. Such inventions, many of
them very ingenious, must fail, from the simple reason that they are not so calculated as to
withstand the tests to which they must be submitted in service. Breech -loading cannon,
however, have been made to work successfully for atime, like that of Col. Cavalli; but they
are generally too complicated for active service.

Several were recently cast at the West Point Foundry for the English Government, the
breech-piece of which alone weighed
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several tons, and was moved in and out by means of machinery. No favorable report has
ever been received of them.

The French have long been making experiments upon a cannon with two grooves, having an
elongated projectile with buttons on the sides to fit into these grooves; and similar pieces
have been tried in this country at Fort Monroe and West Point; the piece at the latter place
bursting after a few rounds. Increased range and accuracy seem to be attained, but no
dependence can be placed on them for any length of time.

The English Lancaster gun, which was brought prominently into notice some time ago,
seems now to have proved a failure and fallen entirely into disuse. To convey some idea of
the form of its bore, let us suppose a right cylinder, with elliptical bases fastened at one end
so it cannot move with the longest axis of the bases in a horizontal position. Twist the free
end of the cylinder around until the longest axis of that base is in a vertical position. This
will represent the bore of the Lancaster gun, whose cross section will show two grooves, so
to speak, but so gradually merging into the bore as to be scarcely discernible. The cross
section of the bore is an ellipse the axes which are 8 and 8 5/8 inches in length. The
projectile was elongated and ellipsoidal in shape, to fit the bore. The rifle -motion is
produced, but not always with certainty; and the pieces are very liable to burst, probably
from the projectile becoming jammed by a little obliquity in the bore. The same principle
has been applied to small -arms, with much better success.

Parrott's Rifle. -- In this country many different forms of rifles and projectiles have been
experimented upon. As regards the projectiles, those have been most successful which

depend for the rifle motion upon the expansion of soft metal, either wrought iron, or a
composition of lead, fixed to the base of the shot. The first tried was the invention of Dr.

Reed of Alabama, and consisted of a wrought -iron cup cast on to the projectile. This
expanded into the grooves by the explosion of the charge like the ordinary Minie bullet. This

projectile underwent various modifications attended with more or less success, until finally

Mr. Parrott of the West Point Foundry adopted a projectile, which takes the grooves by

expansion, and is furnished with aring of brass attached to the projectile at its rear end. Fig.

78.



In the rings for the 10-pounder, 20-pounder, 30-pounder, and
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some of the 100-pounder projectiles, there is a recess, giving its exterior a cup -like form. In
other cases, it is a continuation of the cylindrical body of the projectile. The recess facilitates
the expansion in the lighter guns. The windage admits of loading with great facility, and the
expansion is caused wholly by the force of the powder.

It is believed, from long and careful practice and observation, that with suitable powder
these projectiles will almost invariably take the grooves. Should difficulty in this respect,
however, be experienced from any cause, it may be remedied by separating the brass ring
from the east iron at three or four points of the circumference. This should be done with a
cold chisel very slightly, and not so as to interfere with loading. It is only necessary to sever
the contact of the two metals. The rifle with which this projectile is used, has been
extensively adopted into our field service, Fig. 79.1t

isalight cast iron gun, strengthened by shrinking a band of wrought iron
around that part of the gun which surrounds the seat of the
charge. The pieces

of this kind now in use are the 10 pdr. and. 20 -pdr., a 30-pdr.
for siege, and a 100 pdr. for sea-coast service.

Schenkle's projectile is shown in Fig. 80. It is composed of acast -iron body,



Fra. 52.
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Fig. 81, the posterior
portion of which
terminates in a cone. The
expanding portion is a
papier mache wad, Fig. 82, which being forced
forward on to the cone, is expanded into the rifling
of the bore. On issuing from the bore, the wad is blown to pieces, leaving the projectile

entirely unincumbered in its flight through the air.

P u United States Rifles -- The use of the Parrott gun has very
[ ] recently been superseded in our field service by the adoption of a
3-inch gun represented in Fig. 82. It is made of wrought iron, and
has 7 grooves, .84 in. wide and .075 in. depth. The twist is
uniform, and makes one turnin 11 feet.

A similar piece of 4 % incher calibre has been adopted for our
siege service, ig. 83, but in this the number of the grooves is
SRR increased to 9, the depth remains the same, but the width is
EfR (H] increased to .97 inch, and the twist (uniform) is one turn in 15

feet. This length of helix is amost precisely what results from the
calculation based on the Swedish experiments as laid down on p.
136 -- taking the length of helix of the 30 -pdr. as 33.69 feet. The
: length of helix in the field piece is considerably more than results
\/ from that calculation. For dimensions of these pieces see

| v Appendix, p. 417.

Dyer's Projectile .-- Of course any projectile acting on the expansive principle may be used
with these pieces. Various forms of these exist, but the one adopted by the Government is
the invention of Capt. Dyer of the Ordnance Department, and consists of an iron projectile
cast with a cup of soft metal (8 parts of lead and one of antimony) at the base. The cup and
body
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are firmly united in the process of casting by covering the surface of contact with tin. The
discharge forces the sides of the cup into the grooves, and thereby compels the projectile to
take up the rifle motion.

For dimensions of these projectiles, see Appendix. p. 443.

The Hotchkiss Projectile . -- Hotchkiss & Sons, of New York, leave invented a projectile,
which has met with very great success and can be used with any kind of arifled gun. Itisa
compound shot, and consists of two parts of cast iron with the rear cap fitting over the
forward portion, as

Fig. %

seen in Fig. 85. Around the joint is placed a band of lead
so locked into both parts of the shot as to prevent its
flying off, after it leaves the piece. The explosion of the
charge forces the rear part forward, expanding the lead,
forcing it into the grooves and cutting off windage. The
amount of expansion islimited

by the distance the cap is allowed to move, and the strain
upon the gun is thus reduced to the smallest amount
required to give the necessary expansion. Fig. 86
represents a shell. The shot is the same as the shell but
left Solid-

The Armstrong Gun .-- Great importance has recently been given in England, to this newly
invented piece, which has, so far, been made of only two calibres, both small, viz., 2 1/2, and
3 1/4 inches. From such information as has reached this country, these pieces seem to have
met with remarkable success both as regards



range and accuracy. No very detailed and authentic description
of the gun has, however, as yet, been received; and but from
the fact of so much importance being attached to the invention,
and the knighting of the inventor, it might appear premature
and out of place to venture any opinion or description of it.

It appears, from the imperfect descriptions received, to be a
breech-loading, "built-up" gun; the central portion, or part
around the bore, being formed of a steel tube bored out and
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rifled with forty grooves, making one turn in twelve feet. This tube is wrapped spirally with
wrought iron overlapping and welded together, and outside of this is another wrapping in the
opposite direction and welded like the other; these outside tubes being, in fact, formed
exactly as are the barrels for small -arms. The objections to this kind of a b arrel for large
cannon, have been noticed elsewhere, and it
Is not deemed necessary to repeat them here,
with the exception of remarking that the more
the mass of metal is increased, the greater
will be the difficulty of welding properly, and
although the plan may succeed well for light
guns, it by no means follows that it will be equally successful for large ones.

By referring to Fig. 87, the method of loading at the breech will be seen. In rear of the bore,
and extending to the end of the piece, is a
F1o. A8, threaded opening into which fits a screw
with its axis perforated, and an arrangement
at its rear end for turning it. In front of this
screw, the metal of the gun over the bore is
cut away so as to form a recess to receive a
block of metal, which is lifted out by
handles attached to it. This block is
represented in Fig. 88, and is solid, with the exception that the vent T is perforated in it,
opening into the front end.

This block being removed from the gun, the projectile is placed in the recess and rammed
forward into its position by a bar of iron passing through the opening in the breechscrew.
The cartridge is placed in the same way. On account of the crooked vent, the cartridge
cannot be pierced as in an ordinary gun; and to fire it, a small cartridge is placed in a recess
formed in the front end of the block (as shown at D, Fig. 88),
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and fired in the usual way with a friction tube. These breechblocks are furnished in
duplicate, one being with the gun, the other carried in the limber.

If the breech-block is now placed in position, and forced against the front part of the recess
by the breech-screw, it is evident that although the gas will be partially cut off, its escape
will not be entirely prevented. To prevent entirely the escape of gas, advantage is taken of

the expansibility of a softer metal, such as copper. A ring or short cylinder of this metal islet
into the rear end of the bore, and forms a part of the chamber for the main charge of powder.

By the explosion of the powder, this ring is forced into the joint and cuts of the escape of

gas.

Another description of this gun makes no mention of the recess and breech -block, and
merely describes a solid breechscrew, which is supported after it is withdrawn on a slide
which passes under the gun. But the above is believed to be a correct description of it, as

mention is made of an accident which occurred in firing one of the pieces, from the

breech-screw being left loose, and the block blown from its position.

It is supposed that, like all breech -loading pieces, the chamber is larger than the bore. The
shot originally used. was covered throughout with lead; but this is now replaced by two
projecting bands (as shown in Fig. 87) which are forced into the grooves as the shot moves
through the bore.

It is stated that two fuzes are used with these projectiles. one contained wholly within the
shell, and essentially a concussion fuze; the other communicating from the outside, and
partly a concussion, partly a time fuze, which does not depend upon the flame from the
discharge for its ignition. In the latter, fire is communicated to the composition column by
means of a small quantity of percussion powder, which is exploded by the impact of a
pointed steel bar let loose by the force of the explosion; the point at which fire is
communicated to the column of composition being regulated by a cap and index, probably in
asimilar manner to that laid down for the Breethaupt fuze.

The results said to have been obtained with the Armstrong gun are very remarkable. It is
stated that a range of 9,600 yards has been reached; and that shot after shot may be depended
on for striking a target two feet square, at 1,000 yards. The loading of the piece is, however,
necessarily slow.
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It is scarcely fair to condemn an invention before the inventor has had full opportunity to test
it thoroughly; but if the above proves to be a correct description of the celebrated Armstrong
gun, it is doubtful if, taking all things into consideration, it will ultimately be found to
possess such marked superiority over all other cannon as is claimed for it, and more than
doubtful whether, when applied to guns of the largest calibres, its success will be anything
like as great as it has been for small guns.

Cavalli Gun, Fig. 89.-- This piece, invented by Col. Cavalli, of the Sardinian service, has
become somewhat noted in Europe as a
breech-loading rifle of some success.

The chase of this gun does not differ
essentially from the usual form of cannon; but
at the breech the piece, instead of being round,
has the four sides planed off so as to present
from the rear an appearance of a square with
the corners rounded off. It is bored throughout its length, and rifled with two flat grooves
with rounded edges. The rear of the chamber is enlarged, and these grooves being continued
through it, although shallower than in the chase, are deep enough to receive the wings or
projections on the shot and hold it up till it reaches its seat in the gun.

Crossing the bore at right angles, with its front face perpendicular to the axis of the piece, a
wedge-shaped opening with arectangular cross -sectioniscut. It isfor a32-pdr. 9.4 in. deep,
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5.4 in. wide at the large end, and 3.7 in. at the small. This opening receives the quoin or
wedge destined to close the breech in rear of the charge.

The wedge, Fig. 90, is made of
hardened iron or steel, and of the
same shape as the part of the
opening which it is to fit. The
wedge shape enables the bottom
of the bore to be more perfectly
closed, and prevents the escape of
gas, whilst it also enables the
breech-piece to be more easily
moved after firing. The front face

of the breech-piece is perpendicular to the axis of the piece, whilst the rear face makes with
it an angle whose tangent is 18th, the co -efficient of friction of the hardened iron wedge
against the cast iron of the piece. By means of this disposition and keeping the surfaces in
contact well greased or moistened according as required, the breech -piece is found after
firing to be more or less moved, at the same time that there is no danger of its being pushed
too far or thrown out of its place.

The breech-piece is provided with two handles, which serve to handle it in pushing in and
withdrawing it from its position. The large handle placed on the right, is of such a size that,
when the breech is open and ready for the charge, the projectile can be passed through it, the
lower part of the handle supporting the projectile, and guiding it through the breech opening
into the chamber. To the large handle is attached a small chain and
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hook, the latter fitting into an eye screwed into the top of the opening on the right. This
chain, when the breech is being opened, arrests the quoin when the opening in the large
handle comes opposite the bore. When the charge is introduced, the cannoneer on the left
pushes, and the one on the right pulls each by his handle, and the quoin comes back to the
proper position for firing. In case any forcing is necessary, either for this or to move it after
the piece is fired, amortise is formed in the rear face of the quoin to receive the square end
of alarge iron handspike. It is not generally found necessary to use this lever except for the
last-named purpose. In order to diminish the adhesion of the parts, three points are placed
under the lower face of the quoin, which keep the quoin at the proper height in the cut.

Cut-off.-- To cut off the escape of gas, aring of hammered copper is used, similar to the one
in Armstrong's gun. The cross -section of thisring is about one inch square. A recess for it is
cut out of the gun at the rear part of the bore, the inner diameter of it being greater than the
outer one, in order to retain it in position. The ring projects about 1/4 in. behind the bore, and
Is pressed against by the quoin when in position. The interior diameter is the sane as that of
the chamber, and corresponding recesses are cut in it to alow the passage of the
shot-flanges.

The Projectile.-- Two projectiles have been used with this piece, both oblong, but differing
in the front part, one being conical, the other ogee -shaped. They are made entirely of iron,
and have two flanges or wings, properly inclined to suit the grooves, and extending from the
rear to a short distance in front of the cylindrical part, for the purpose of preventing as much
as possible the oscillations of the projectile, resulting from the windage, which is not
destroyed in this piece. With the same object two other short flanges are placed at the
junction of the cylindrical and conical portions, just thick enough to allow their entrance into
the bore, leaving for them awindage of .015 in.

Loading.-- The quoin having been pushed to the left until stopped by the chain, the
projectile is introduced, with the Ranges in the grooves, and pushed in with arammer until a
stopper on the handle of the latter strikes against the breech,
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and shows the shot is in the proper position. The charge, inclosed in strong paper, is then
pushed in, raising it slightly to pass it over the connection between the large and small parts
of the bore. After this a culot is put in. This culot is a block of wood, the outer surface of
which is turned with a shoulder, so that the front part of the culot enters the small part of the
bore, immediately in rear of the cartridge. The object of this culot is principally to receive
the residue of the powder, and keep it from soiling the front face of the quoin. It has a recess
and thread of a screw in the rear, and is placed in the gun, and taken from it, by screwing
into this a, handle, which has, near the end, a sponge used to wet the parts when loading.
The culot being in position, and the handle withdrawn, the quoin is jerked back to its
position by the cannoneers acting on both the handles. After the piece is fired, the quoin is
forced back with the handspike, the culot withdrawn by screwing in its handle, and plunged
into water without detailing the handle, when it is ready for the next charge. The parts
should all be well washed and greased after firing.

Cavalli designs this piece more particularly for casemate battery, or positions where it can
be protected by blindages and covers of different kinds. He has suggested a method of
covering them from on enemys fire by revetting the front of the battery with guns of the old
pattern, with their muzzles planted in the ground and eloping backwards. For field artillery
it' is recommended to use rifled guns, but not with the breech -loading apparatus.

French.-- The French have a rifled 30-pdr. (corresponding to our 32-pdr.), with two
grooves. The projectile, which is oblong, has, instead of wings or Ranges, two buttons, as
before mentioned. These allow too much oscillation in the bore, causing the shot to wedge,
and either break it, or burst the piece. These oscillations of the shot in the bore probably
were the cause of the deviations observed in the firing; and it has been estimated that with a
windage of 0.079 in., the angle of departure of the shot may be changed 1°7 ', and the lateral
deviation reach 2/103 of the range. On the other hand, too great a reduction of the windage,
by not allowing sufficient play to the shot, is apt to cause it to break.

Therifled gun used with such success by the French in Italy,
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was, from the imperfect description we have received of it, a three -grooved rifle, and fired
an oblong projectile having on the cylindrical part three pairs of soft metal buttons
projecting from the surface and countersunk in the metal of the shot. Each pair instead of
being placed on an element of the cylinder were oblique to it so as to suit the inclination of
the groove. This arrangement renders the fitting of the shot in the bore more important than
ever, and is open to the objections urged against rifles of that kind. This piece, athough

wowwm, giving great range and accuracy, is said not
to retain its good qualities after more
extended trials.

Belgium. -- Recent experiments have been
made in Belgium, which, from modifications
in the form and curve of the groove, and in
the wings of the shot, have indicated great
improvements.

The form of groove first used,

Fig. 91, was too open, alowing but little
support to the buttons and permitting them to
twist out and break. The dimensions in the
figure were those used in an 18 -pdr.

The form used by Cavali, Fig. 92, is
considered preferable to the other, if the
edges where it joins the bore were somewhat
rounded of. The depth of this grooveis 0.315
in., and its outer opening 1.26 in. The bottom
of the sectionisan are

Of acircle concentric with the bore, and is joined on to the bore with arcs of 0.315 in. radius.
The width of the grooves is so calculated as to give sufficient thickness to the wind's of the
shot to resist the force of the charge. The width stated (1.26 in.) was used in a 30 -pdr. The
Belgium 18-pdr. groove,
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although greater in width (2.048 in.), caused the shot to break, in spite of the less twist
given, probably from its defective form. By simply increasing the width of the Belgium
groove, Fig. 91, and merging it gradually into the bore, a gun similar to Lancaster's would be
produced; and it is more than probable that the same cause which is assigned for the
breaking of the projectile in the Belgium gun existed, though to a greater extent, in the
Lancaster. The groove in the latter gun, however, was a progressive helix, whilst that in this
isauniform one.

Projectile.-- During Cavalli's experiments with the 30 -pdr., the wings of his shot were partly
cut off; so asto leave them only 0.118 in. long, and it was found that these buttons sustained
the force of the powder as well as the entire wings. The Belgians
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formed their first shot on this plan,
constructing it as shown in Fig. 93, but
making the outer side of the button a curved
surface in both directions, so that but a few
points in each came in contact with the gun,
the windage allowed the buttons being 0.079
in. The shot moved freely about in the gun,
and did not give as good results as Cavalli's
shot.

Fie. 8. Tia. M

In order to steady the shot in the bore, it is
suggested by Capt. Gillion, of the Belgian
artillery, to construct it as represented in Fig.
94, with two or four pairs of buttons placed on the front and rear ends of the cylindrical part
of the shot. Two pairs would give more stability than two single buttons; and by placing four

grooves in the gun, and four pairs of buttons on the shot, still greater steadiness would be

attained, and the pressure against the buttons more uniformly distributed. The form and

dimensions of the buttons are sufficiently explained by the figure.

Grooves.-- The experiment, in Belgium have developed certain facts in regard to the hind
and length of helix most appropriate for rifles, which are of great importance. The velocity
of rotation is directly proportional to the calibre and the velocity of translation, and inversely
as the length of the helix. The velocity of rotation in the bore increases progressively from
the action of the velocity of tranglation, which makes the shot, in equal times, pass over
portions of the helix which become more and more extended as it approaches the mouth of
the piece, at which point it has its maximum velocity. After the shot leaves the piece, the
velocity of translation diminishes very fast, whilst that of rotation does so much more
slowly, and this fact may enable both direct and ricochet firing to be successfully made from
the same piece; in which case the inclination of the groove should be so regulated that the
smallest charges would produce the necessary amount of rotation, and the largest ones not
be destructive either to the piece or its projectile. For a piece to be used only in. direct firing,
the helix should be such as to insure only the amount of rotation necessary to direct the
shot., in order that the grooves may be as little injured as possible.

There can be no doubt that each piece has a certain length of helix with which it will give
more favorable results than with any other; but experiment goes to show that a considerable



variation can be made from this particular length without producing any great differencesin
the results. It wasfirst laid down as alaw
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that the length of helix for different calibres should be proportional to the calibres, and
consequently that when once the beat length for any particular calibre was determined, the
length for any other piece could be calculated; but this law, as it leaves out of consideration
two important circumstances, is not exactly correct.

1st. The difficulty which the projectile experiences in following the grooves, increases in
proportion as the calibres increase, since there is at the same time, with equal initial
velocity, an increased moving force both of translation and rotation.

2d. The moving force of rotation will be preserved in direct proportion to the size of the
calibre, since the resistance of the air acts in direct proportion to the surfaces, and in inverse
proportion to the volumes of the projectiles.

Hence it follows:

1st. That the velocities of rotation of similar projectiles, of different calibres, will be to each
other inversely asthe calibres; and

2d. That the inclination of the helices will be proportional to the preservation of the
velocities of rotation.

The length of the helices will be to each other as the squares of the calibres. This appears to
be more correct than the hypothetical law first stated.

To demonstrate this fact, call H and h the lengths of helices for two pieces, whose calibres
are D and d; a @ the angles of inclination of the helices upon the developed surfaces of the
bores. Suppose V to be the initial velocity, in both cases. (V/H) and (V/h) -- will represent
the number of turns per second made by the two projectiles, and (V/H)pi D and (V/h)pi d
the velocity of rotation on the surface of the cylinders.

By the first proposition we have (V/H) pi D:(V/h)pi d::(1/D):(1/d) and hence H: h:: Dz d2.
By the second proposition, tang. a tang. a:: D: d or (H/pi D):(h/pi d):: D:d and hence H: h::
D2: d2.

136 ARTILLERY.



The first law would give the same inclination of the helix for all pieces, whereas this one

shows that the length of helix should increase in a greater proportion than the calibre, which

would make the inclination less for the large calibres.

Cavalli's experiments in Sweden, with a 30 -pdr. (6.56 in.), gave good results with two
lengths of helix -- one 33.69 feet; the other 12.37 feet long. By calculating from the
preceding formula, the length of helix corresponding to our 24 -pdr. (5.82 in.),.18-pdr. (5.3),
12-pdr. (4.62), and 6-pdr. (3.67), we have -

30-pdr. 24-pdr. 18-pdr. 12-pdr. 6-pdr.
Feet. Feet. Feet. Feet. Feet.

H=33.69 265 2201 16.71 105
H=12.37 9.73 807 6.13 3.87

which we may take as the limits between which the length of helix should be comprised. It

will, however, be better, for firing with large charges, to approach the larger limit in
preference to the smaller, in order to lessen the drift and preserve the grooves. The
experiments with the 18-pdr. (5.41), and a helix of 19.685 feet in length, gave more
favorable results than with either 16.40 feet or 13.12 feet. The lengths corresponding to this
for our 24-pdr., 12-pdr. and 6-pdr., would be 22.77 feet, 14.34 feet, and 9.06 feet. Various
lengths, from 25 to 100 feet, have been used in the United States; but as yet no systematic
experiments have been made to determine the best.

With regard to the kind of helix best adapted for rifles, it is now well established that the
uniform is the most suitable.

The progressive helix acts favorably only with small charges.

This kind of helix appears at first sight more favorable than the uniform one, for the passage
of the projectile along the grooves,; but as the velocity of rotation increases with that of
translation, and the latter continues to increase until the mouth of the piece is reached, it is
evidently easier for the projectile to enter an inclined groove at the commencement of its
movement, when its projectile force is small, than to follow one whose inclination is greater
in proportion as the velocity of translation increases.
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This reaction caused the trial of one of these grooves reversed; that is, with its greatest
inclination at the bottom of the bore, but the results obtained were very indifferent, and
caused its prompt abandonment. Both the progressive and retrogressive groove is found to
deform the indentations on a bullet; whilst in passing over the uniform groove the
impressions remain undamaged, and the projections follow the grooves. So far, the
progressive groove in cannon gives indifferent results.

Whilst experiments are going on in this country with regard to rifled cannon, it would be
well to find the best length of helix between the limits laid down on page 136, for any one
gun, and then, by experiments on other pieces, show whether the rule in regard to the lengths
varying in proportion to the square of the calibre, holds good.



CHAPTERV.

PROJECTILES.

THE projectiles first used in artillery were irregular in form, and consequently very
inaccurate in their fire; and it was night long before the advantages of the spherical form
were demonstrated.

The Sphere presents the minimum surface for a given volume; and the wind, which causes
so much inaccuracy in elongated projectiles, has comparatively but little effect on the round
one, which, having its centres of gravity and figure more nearly coincident than any other,
presents, when it rotates, an equal surface always to the action of the air. If it strikes any
object in its flight, it is less deflected from its course than one of any other form; -- an
important fact, since ricochet firing is of great importance in war, it being sometimes the
only means of reaching an enemy behind obstacles.

Oblong.-- When the design is to strike an object direct, however, the sphere is no longer the
most advantageous form. For, by making the projectile elongated and pointed, the resistance
of the air is very much diminished; and additional weight can be added without increasing
the cross-section of the projectile; thus increasing its power of overcoming the resistance,
and the penetration of the projectile when it strikes.

Taking the most approved form for elongated projectiles, the resistance to it is found to be
about 1/3 of that offered to a spherical ball of the same diameter. The resistance to the
spherical ball is %2 of what one of its great circles would experience. So that the resistance to
a projectile moving point first isjust 1/6 of what it would be were it moving with the base to
the front. The resistance increases as the surface against which it acts becomes more nearly
perpendicular to. the direction of this resistance. Hence, if the projectile becomes flattened
by the rammer in loading, the resistance is very much increased.
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Stone balls were first used, but were found too brittle to resist the force of powder, and not
sufficiently dense to produce the proper effect when striking.

L eaden balls, although snore dense and less brittle than stone, cannot be used in large guns
on account of the softness of the metal, and the ease with which their form is changed when
striking against objects offering even but slight resistance. Consequently, lead can be used
advantageously only in small -arms, and against animated beings.

Iron.-- The use of iron in the manufacture of balls, dates from the X1V. century. The density
and resistance of this metal allow the use of large charges. Consequently the effect of the
ball is much greater, and it has an effect on stone walls vastly superior to stone balls.

Shells.-- Soon after the adoption of iron balls, attempts were made to throw explosive
globes, designed to act against an enemy behind his works. The first mention made of them
is at the siege of St. Boniface, Corsica, in 1421. They were formed of two hollow
hemispheres of stone, or bronze, joined by means of a hinge, a circle of iron, and keys. The
fuze to this rude shell consisted of a sheet -iron tube, inclosing the priming, and riveted to one
of the hemispheres. These were succeeded by shells cast in a single piece, either of
bell-metal or iron, possessing much more solidity than the others, which often burst before
leaving the piece.

Canister .-- In firing against masses of troops at short distances, the advantages of a divided
projectile, such as to strike a number of points at the same time, was early seen. The first
used consisted of a box filled with old scrap -iron, which soon gave place to small iron balls,
which of course carried further, and had many other advantages. Gibbon mentions the use of
such canisters at the defense of Constantinople in 1453; and the grapeshot, canister, and
spherical case or shrapnell, of the present day. are all modifications of them.

Projectiles are divided into two general classes, viz., solid shot and hollow shot or  shells.
Solid Shot are divided into balls, or those used in heavy guns, and bullets, which are used

with small ones. Solid shot being more dense than shells, are much more accurate in their
fire, especially at great distances. They have greater power of over
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coming the resistance of the air, and consequently greater velocity and penetration when
they strike. They are made of cast iron, and used principally in guns. Their fire increases in
accuracy and range as the size or calibre increases.

The resistance of the air is the principal cause of the decreased velocity and accuracy of
balls. This resistance is proportional to the surface. a ball twice the size of another, meets
with much greater resistance; but its weight is 8 times as great, which enables it to overcome
that resistance with greater ease.

Two projectiles moving with the same velocity, the retarding force will be proportional to
their surfaces, or to the squares of their diameters. But the velocity which will produce this
retarding force is equal to the force divided by the mass of the

projectile ( V= F/M, since F = MV), which isitself proportional to the cube of the diameter
into the density. Hence the losses of velocity caused by the resistance of the air in the two
projectiles, are proportional to the squares of the diameters, divided by the cubes of these
diametersinto the densities, or inversely proportional to the diameters into the densities.

With the same density, but different diameters, the loss is inversely proportional to the
diameter; and the largest ball loses the least. Consequently, for great ranges, large balls must
be used.

With the same diameter, but different densities, the most dense loses the least, so that dense
projectiles have the greatest range.

And finally, in order that two balls, moving with the same velocity, shall be equally
retarded, the respective products of their diameters by their densities, must be equal to each
other. Thus, in order that a cast-iron ball shall be retarded the same as an ordinary
musket-bullet of 0.65 inch in diameter, .both having the same velocity, we must have the
following relation:

X X 7.207 =0.65 x 11.352,
in which, a is the diameter of the iron ball; 7.207 is the density of iron, and 11.352 is the

density of lead. Deducing the value of x, we have x=.65 x 11.352/7.207 = 1.02 or a little
over one inch. The weight of such a ball would be=pi/6 (1.02)3 .2607 =.145 Ib. or some -
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thing over two ounces, instead of about one ounce, which is the weight of the musket -bullet.
Hence, cast-iron bullets for muskets would be inferior to leaden ones, as their loss of
velocity is greater and the deviations more considerable; wherever, therefore, balls are used
approaching the size of the musket -bullet, lead is the best material.

Spherical projectiles, to be serviceable, should offer sufficient resistance to the action of the
powder, in order that the initial velocity to be given them, may be great enough to produce
the necessary results, such as penetration, & c. They should be as near spherical as possible;
homogeneous in their structure; have their centers of gravity and figure as near together as
possible; be as dense as possible, present no roughness on the surface, which would be liable
to injure the piece; and if hollow, should have capacity to hold sufficient powder to fulfill
the object for which they are fired.

The resistance offered by the air to shells, decreases as the interior is decreased or the
thickness of metal increased. If we wish to find the diameter of a solid shot corresponding to
a shell of a given density, the density of the shell being 2/3, that of the shot, we will have,
calling x the diameter of the shot, and D that of the shell, x=2/3 D.

To find what should be the density of a 12 -pound shell, in order that it experience the same
resistance from the air as a 6 -pound shot, we will obtain, by calling d the required density,
4.52d =3.58 x 7.207, and consequently, d =5.7, that is, the density

Of the shell should be the 5.7 / 7.207 = 0.79 part Of that Of the corresponding shot, and as
that weighs 12.3 Ibs., the weight for the shell will be 12.3 x 0.79 = 8.5 Ibs.

From what precedes it will be seen that lead, if hard enough, would be the best metal to use
in projectiles, forged iron the next, and then cast iron, which is much cheaper than forged.

As early as the time of Louis X1V, hollow elongated projectiles were made use of, and inst
have been in great favor, since they appear to have been made of all sizes. The pointed form
was found to aid the projectile passing through the air. The interior was divided into two
compartments, the front one filled with powder and balls, the rear one with powder only,
thus throwing the center of gravity well forward. Had these shells
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been provided with grooves on the rear part, they would have fulfilled all the conditions laid
down on page 116, and have probably given better results.

As the length of the ball increases, its mass and weight increase, whilst the resistance
remains the same. Doubling the weight of the ball thus renders the resistance of the air
relatively one-half less. If, for example, the oblong bullet weighs 730 grains, and the
spherical one of the same calibre, 412 grains, the resistance to the first will be only the
412/730, part of what would be offered to an oblong one of the same weight as the spherical
ball. But this last experiences a resistance three times that of the elongated one of the same
weight, so that the oblong bullet of 730 grains experiences 1/3 x 412/730 of the resistance
(or about one fifth) offered to the spherical bullet of the same calibre (old).

The resistance is, however, still very great to pointed projectiles, it being estimated that it
reduced the range of one experimented on in France, to one -half of what it would be in
vacuo.

In projectiles which are designed to act against animated beings, the diameter may be
decreased considerably, and the length increased without impairing their efficiency. But for
those which are to act against fortifications, masses of earth, &c., a certain calibre is
necessary. Were the projectile of too small a diameter, and pointed in form, it would go
through the obstacle without breaking or splintering it much, whilst spherical projectiles
crush and break; into pieces the objects struck, and they also have the advantage of deviating
less from ricochets, which are very important in war, either as marking the point of fall, and
allowing arectification of the aim, or as a means of reaching an enemy behind his works.

Calibre.- The calibre of balls is expressed by the round number of pounds contained in
them. Those used in our service are the following. They are made of cast iron.

128, 68, 42, 32, 24, 18, 12, and 6.
Shot to be used at sea, and on the seacoast, should be somewhat smaller than those for
service inland, on account of their liability to oxidize from the dampness of the atmosphere.

(For dimensions, see Appendix, page 442.)

Bar or chain shot consists of two hemispheres or balls connected by a bar of iron or chain.
They take arotary motion
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when fired, and are used with great effect against the masts and rigging of vessels, but are
very inaccurate in their fire.

A stand of grape consists of nine shot of a size appropriate to the calibre used, which are
held together by two rings, and a plate at each end of the stand connected by a rod or bolt.
(For dimensions, see Appendix, page 443.)

Quilted grape consists of an iron plate and an upright spindle around which balls are placed
and held in their positions by a canvas bag which is tied to the plate and then quilted. on to
the balls by means of strong twine, which is finally tied around the mouth of the bag. This
kind is no longer used in our service.

Canister Shot is atin cylinder with iron heads, filled with balls packed in with saw -dust.
The heads are movable, and the edges of the tin are turned down over them to hold them in
their places. The balls are made of such a size that seven of them can lie in a bed, one in the
middle, and six around, making the diameter of the balls about one -third that of the bore.
These balls are al made of c«t iron, except for the mountain howitzer, the canisters for
which are filled with musket -bullets, which, as has been shown, meet with less resistance
from the air, and retain their velocity longer than cast-iron balls of a much larger size. It
would be better to make them of wrought iron for field-guns, as is done in France; as,
besides being more dense, they would be less likely to break and injure the bore of the gun
than cast-iron ones. For dimensions, see Appendix, p. 444.)

It has been shown (p. 140) that a cast -iron ball 1.02 inch diameter loses as much velocity
from the resistance of the air as the ordinary musket -bullet, therefore where balls smaller
than this are required, the musket -bullet should be used.

Bullets are divided into spherical and elongated. They are made of lead, and used in
small-arms. The calibre of spherical bullets is determined by the number which a pound of
lead will make. Thus, our common musket is said to carry seventeen to the pound. But thisis
almost entirely superseded in use by the elongated bullet, the calibre of which is determined
by its diameter or its weight in grains, usually by the former. There are but two sizes now in
use in our service (see pp. 119 -- 20); and in time it is the intention to reduce these to one,
which may be used
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for either rifle, rifle-musket, or pistol. But the bullets, although precisely the same on the
exterior, differ in the size of the conical opening, and in weight, the lightest being fifty
grains less than the other, the weight of which is five hundred grains. (Figs. 75 and 77, page
120.) This difference was found necessary in order that the small charge of the pistol should
have force sufficient to press out the sides of the bullet and rifle it properly, which it was
found sometimes not to do with the thicker one. The longer these bullets are made the less is
the loss of velocity - from the resistance of the air, from the greater power of the bullet to
overcome this resistance; and were it not for the want of consistency and the softness of the
lead, this lengthening would be theoretically unlimited. But they soon become
inconveniently long, and liable to be injured in shape, and it is found that, beyond a certain
length and a certain number (three) of grooves, the bullet does not carry well. The length of
those in our service has been fixed by experiment at 1.1 inch for the large, and 1.05 inch for
the small size.

Riflesand Artillery .-- Since the recent improvements in projectiles and long -range rifles, it
has been customary to underrate the importance of the artillery arm on a field of battle, and
the assertion is frequently heard, that the use of the rifle will supersede entirely the use of
field-piecesin war, since it has a greater range and more accuracy than the field -pieces now
in use. This, | am convinced, is a mistaken view. It istrue that long -range rifles are destined,
in the hands of skilful marksmen, to play a very important part in battle, by picking off the
cannoneers of the artillery from points beyond the range of thislast, provided they can once
get their sights properly arranged for that distance; but they have first to get their range. To
do this, as very few men are at all accurate in estimating distances, trials have to be made;
and the bullet makes so little dust in striking, and what it does make is scarcely visible at
1,000 yards, that it affords the marksman but little opportunity to correct his aim. In the
mean time the gunner is getting his range, which he is enabled to correct from the striking of
the ball, which can be seen as far as it goes, and when he once getsit, and that not accurately
and precisely, as the rifleman must, but approximately, he is enabled to let loose among his
opponents a charge of from thirty to eighty musket -bullets at a time, or send a solid shot
through them with
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sufficient force to disable, perhaps kill, half a dozen, and disorganize as many more by its
moral effect.

When the rifleman gets his sight adjusted to the proper range, it is an easy matter for the
artilleryman to increase or decrease his distance, rendering new adjustments of the sight
necessary, and all thisin the heat and confusion of a combat.

These facts, to say nothing of the great physical, as well as moral effect of a rapid and
well-directed fire of half a dozen guns upon a body of infantry, seem to demonstrate that the
importance of artillery upon the field of battle is increased rather than diminished, and
should urge to improvement in its range and efficiency rather than to its abandonment and
underrating.

The uncertainty of properly adjusting the sight of arifle in the heat of battle, must be evident
to every one; and it is stated that the present emperor of France, fully alive to the fact, has
discarded the back elevating sights atogether on his rifles, or very much reduced their
graduation, preferring to leave the aiming to the judgment of the men rather than possibly
lead them into error by the presence of the sight. Napoleon's recent address to his troops, in
Italy, warning them that long -range rifles are formidable only at a distance, and that great
dependence must still be placed upon the skilful use of the bayonet, is a hint which they
seem to have followed.

HOLLOW SHOT

It has been stated that the fire of hollow shot increases in accuracy as it becomes heavier, or

the interior space decreases. This also increases the penetration. On the other hand, the
interior space should be large enough to contain sufficient powder or incendiary composition

to produce a proper effect; whether this be to produce a great number of splinters with a
certain velocity, to destroy by the explosions field -works, or to set fire to shelters occupied
by the enemy. The last objects will be attained best by shells having a large interior space.

Experiment shows that hollow projectiles fulfil the necessary conditions best when their

mean density, or real weight, isequal to 2/3; that of the solid shot of the same diameter.

Divided .-- Hollow shot are divided into shells, spherical case or schrapnell, carcases, and
grenades; all of which are made of
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cast iron. Their calibre is determined either by the number of pounds contained in a solid
shot of the same size, or by the number of inches in the diameter of the shell itself.

Shells are hollow shot, the interior space being formed of a sphere concentric with the outer
surface, thus making the sides of equal thickness. In mortar shells the thickness is uniform
throughout, but other shells are reinforced at the eye, to give a greater bearing surface to the
fuze and prevent its being blown in by the force of the heavy charges used in guns and
howitzers. They have a conical opening or eye, used to load the shell, and in which is
inserted the fuze to communicate fire to the charge. Its axis is always coincident with a,
radius of the sphere.

The eye should decrease in size with trio interior space. Too large an opening might allow
the escape of the gas without bursting the shell. It should not be too small, as this would
prevent the use of a proper thicknessin the fuze.

Shells have sometimes been reinforced with a culot, or increased thickness of metal opposite
the fuze hole, for the purpose of strengthening that part most exposed to the shock of the

powder, especialy in pieces with long, narrow chambers, which were formerly employed,

and with an idea that it would cause the shell to fall with the fuze up, and prevent the failing

of the fuze, from becoming stopped up with dirt when it fell.

The objections to the use of the culot are: that it separates the centre of figure from that of
gravity, thus diminishing the accuracy of fire and the velocity, by the increased resistance of

the air, due to the irregular movement of the eccentric projectile; that the culot being thicker,

presents more resistance to the powder than the other portions of the shell, and consequently

a less number of pieces are formed. Experiments go to show that an exploding shell cracks
generally through the fuze hole. The culot is not used at all in our service.

The resistance offered by a shell to the force of the powder increases with the thickness of
its sides. The number of pieces produced when it explodes is the greater, all else being
equal, as the metal is more brittle, and the eccentricity of the shell isless.

The French sometimes make their shells for sea -coast service with an additional eye, at an
angle of 45 ° with the other, called a charging hole, the object being to have the fuze already
fitted.
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in, ready for use, and allow the charge to be poured in just before the shell is wanted. It is
found that the powder, when left in the shell for any length of time, rapidly deteriorates,
from the dampness of the sea air. This arrangement, however, has the disadvantage of
requiring the fuzes to be cut beforehand and without knowing at what distances they are to
be used.

The following are the shells used in the United States service:

For mortars, 13-in., 10-in., and 8-in., Fig. 95, PI. 14, the last used
also in the 8-in. siege howitzer.

“ Columbiads, 10-in. and 8-in., Fig. 96, PI. 14.
“ Guns and howitzers, 42, 32, 24, 18, and 12 -pdrs., Fig. 96, PI. 14.

The sides of mortar shells are thinner than the corresponding sizes for guns and howitzers,
as larger charges are used with these.

The mortar and columbiad shells are handled by means of two ears placed one on each side

of the eye, which serve for attaching a pair of shell -hooks. The other shells have no ears, but
rope handles are fixed to the tin straps which fasten them to their sabots. (For dimensions,

see Appendix, p. 443.)

Spherical Case, or Shrapnell shot, as they are called, after the English general who brought
them to perfection, are thinsided shells, in which, besides the bursting charge, are placed a
number of musket-bullets. Their sides are much thinner than those of the ordinary shell, in
order that they may contain a greater number of bullets; and these acting as a support to the
sides of the shell prevent it from being broken by the force of the discharge. The weight of
the empty case is about ¥ that of the solid shot of the same diameter. (For dimensions, see
Appendix, p. 443.)

The calibresin usein our service are:
The 8-in.-- 42, 32, 24, 18, 12, and 6 -pdrs. Fig. 97, PI. 14.
They are all reinforced at the eye, to give a greater bearing for the fuze. Lead being much

more dense than iron, the schrapnell is, when loaded, nearly as heavy as the solid shot of the
same calibre; but on account of the less charge which it is necessary to use to prevent



rupturing the case, their fire is neither so accurate nor the range so great as with the solid
shot. But when
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the schrapnell bursts just in front of an object, the effect is terrific, being in fact much the
same as a discharge of canister from a piece at short range.

The range and effect are both much increased by the present method of loading (page 443),
which places the powder entirely free from contact with the bullets, and it isin consequence
not liable to be ground up by them whilst being transported, or when the shot is fired. These
advantages are further increased by the adoption of the admirable Barmann fuze, which can
be screwed into its place beforehand, and gauged on the field, in a moment.

The charge used in these shells is sufficient simply to rupture the case, and release the
bullets at the proper point in front of the object. Their execution depends, then, upon the
velocity which the shell has at the moment it bursts.

The Barmann fuze being adopted, the reinforce at the eye becomes useless, and may as well
be dispensed with in the large calibres to allow more room for bullets. This would also make
the firing more accurate, as the shell would be more concentric.

Carcasses Fig. 98, PI.14, are shells having, besides the usual eye, three others, which are

placed at equal distances apart, and tangent to the great circle of the shell which is

perpendicular to the axis of the first eye. They are filled with combustible composition,

primed at the four holes with quick -match and mealed powder, and are used to set fire to an
enemy's works, the additional holes being to allow a more rapid escape of the flame.

Grenades, Fig. 99, PI.14, are of two kinds. The hand-grenade is a small shell thrown from
the hand or in baskets from the stone mortar. Rampart-grenades are larger, and are used to
roll down a breach in its defense, to throw over the ramparts, &c. Any kind of shell, unfit for
firing either from being defective in form or solidity, may be used for the purpose. 6 -pdr.
spherical case shot may be used as hand -grenades.

War -rockets.-- a. rocket is a projectile which is set in motion by a power residing within
itself. It therefore performs the part both of a piece and a projectile. The cases for
war-rockets are made of sheet-iron and lined with paper or wood veneer to prevent the
composition from touching the metal and rusting it, which would destroy the missile. They
are filled with a composition of nitre, sulphur, and charcoal, in the same way as de
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scribed for signal rockets; but are generally filled solid by means of a ram or press, and the
core then bored out. At the top end either a solid shot or shell is placed, and riveted to the
case, a recess being cut out of the lower part of the projectile, which is there cylindrical, to
fit into the ease. When a shell is used, it is perforated through the diameter which coincides
with the axis of the ease, and a fuze driven into the opening next to the composition. When
the composition burns out, fire is communicated to the fuze, which, in its turn, explodes the
chargein the shell. The hole at the top of the shell enables the fuze to be regulated, by boring
it out in part or altogether. The top holeis then closed with a wooden plug or a screw.

The dimensions of rockets are indicated either by the weight of the projectile or the diameter
of the case, in inches.

Two kinds of rockets have been used in this country, the Congreve, and Hale's.

Congreves Fig. 100, PI.14, has, like the ordinary sky - rocket adlrectlng -stick, but instead
10in cotonss. ‘ , Reaoz o of being tied to
. the outside of
the case, it is
inserted in a
socket placed
directly in rear
of the case, the
flame escaping
through  holes
around this.
This
modification
was introduced
by Sir William
Congreve, who
: was also the
first one in
: modern  times
to make use of
metal cases;
but he is not the




inventor of the rocket, which has been known from time immemorial in China and India, in
both of which it had been used as awar missile.

These rockets have been made of immense size, the largest weighing as much as three
hundred pounds, but have never been adopted to any very great extent; for, although very
formidable and destructive, especially when used against cavalry, their fire is very
inaccurate. The motion of the rocket is due to the pressure on the case produced by the
reaction of the gas escaping through the vents, and depends upon the mechanical principle of
the equality between action and reaction.

Rockets are fired from troughs or tubes mounted on adjustable tripods, so that the necessary
angle of elevation can be given to them. They may also be simply laid upon the ground,
having the necessary slope, and fired singly or in volleys. In the latter case, they are
connected by a piece of quick -match communicating with the priming, by lighting which the
rockets go off in rapid succession.
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Special troops have, in some of the European powers, been formed and armed with these
projectiles, which are carried in wagons. Each man carries into action several rockets ready
for use, and tied to his saddle. In this country, however, no such organization has been made;
although, rockets were used to alimited extent in the war with Mexico.

In the Austrian service they appear to have been adopted to a much greater extent than
anywhere else. But they are there made with a shell very much larger than the diameter of
the case, to which it is fastened with tin -plate straps. They are fired from tubes into which
they are placed from the front, with the shell, which istoo largo to enter, projecting from the
mouth.

Large angles of elevation are used, and the rocket, after accomplishing a short range, drops
its shell with its fuze (previously regulated) burning.

Hale's (Fig. 101, Pl.14) differs from any other rocket in having no guide -stick. Direction is
given to the rocket by imparting the rifle motion to it. Thisis effected by placing in the rear
part a number of holes oblique to the axis. The gas, escaping through these, acts upon the air
and gives the rotary motion to the case, whilst it is propelled forward by the action, or rather
reaction, of the gas escaping at the main hole at the extreme end. Within a year past, these
obligue holes have been changed from their position in rear of the rocket, reduced to two in
number, opposite the center of gravity, and fire instead of being communicated at the end is
applied at one of these holes, and rapidly spreads in both directions in the interior.

Hale's rocket, by dispensing with the long and unwieldy guide -stick, is a great
improvement; but it is not the only one which has been made. The great difficulty in

rocket-firing, is to get them to start in the right direction. Long before it has attained

anything like its maximum velocity, it commences to move. and the moment it loses the

support of the tube or through, it beginsto fall or "dip," and before the constantly increasing

velocity is great enough to overcome this disposition, the rocket will probably ricochet; and

this, especially with Hale's, is apt to throw it very much out of its course, and add to its

otherwise inaccurate firing. Mr. Hale has striven to overcome this difficulty by placing his

rocket behind a strong spring, which holds it until it has acquired force enough both to

overcomeits
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own inertia and the strength of the spring, when it is released with a much greater velocity,
and but little of its former dispositionto " dip."

a great objection to these rockets made with metal cases, is that from the expansion and
contraction of the metal, cracks and flaws are formed, after a time, which give passage to the
flame, increase very rapidly the rate of combustion, and sometimes cause the rocket to
explode like a charge of gunpowder. Rockets, when kept any length of time, are particularly
liable to this accident. It is stated that in New Mexico, where the climate is very dry, the
common sky -rocket cannot be kept for any length of time without being subject to the same
defect; and they are sometimes restored to their former condition by soaking them for a short
time in water, and then drying them.

MANUFACTURE OF PROJECTILES.

In the manufacture of projectiles, iron moulds have sometimes been used, but are found to
make au inferior, brittle article, liable to be easily broken, principally from the more rapid
cooling of the metal. The moulds are now made of sand, similar to that used in casting guns;
though a less refractory sand is needed, as the mass of metal is less, and possesses,
consequently, a less amount of heat. It is, as before, mixed with clay -water, to give it form
and consistency.

Moulding.-- The model consists of two polished hemispheres of copper, which, fitted
together by means of a groove in one and projecting edge in the other, form a perfect sphere.
One of these hemispheres is placed on a board or other plane surface. Over this is placed
one-half of the flask, a sheet-iron box in two parts (Fig, 102, Pl. 14) made to fit each other,
for the purpose of containing the mould. Each half has a movable bottom, taken off when the
sand is placed in. Each one of the copper hemispheres has in the bottom a hole and thread of
a screw, ¢, into which a handle can be placed to lift the model out of the mould, and on the
outside at d, a corresponding hole and thread into which the handle b is now screwed. A
round stick, a, is held in a suitable position against the board on which the flask; rests, and
the moulding is driven compactly in until the flask isfull to theline e f, when it is accurately
levelled off; the handle b unscrewed,.
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and with the stick a removed. The bottom is placed on, secured in its place, and the whole
turned over; the board, g h, taken off and the other half -model and flask adjusted on top of
the first ones, dry sand being sprinkled on top of the half -mould formed, to prevent the other
from sticking to it. Fig. 103, PI. 14. After screwing the handle of the other half -model in its
place, thisflask is filled, the handle removed, and bottom put on in the same way as at first.

The top half is then taken off and turned over, and both half models are taken out by

screwing in the handle at a, and lifting them up carefully so as not to break the mould; a
passage is cut at ¢, across from the channel b, and if casting solid shot, the hole left by the

handle at d is closed with sand. Any parts which have been broken away are now repaired by

hand, and the whole interior is covered with coke -wash; the mould is placed in an oven to be
thoroughly dried,* after which the two parts are fastened together, with the two apertures b

and e uppermost.

Casting.-- The metal, in a proper state of fluidity, is brought from the furnace in a bucket or
ladle, formed as shown in Fig. 104, Pl. 14, of iron, coated with clay, having wrought -iron or
wooden handles, and poured into the mould at f, entering at the side to prevent injury to the
form. As it rises, the air escapes at e, which also serves as a dead -head to collect the scoria,
If any enters, and furnishes metals to supply the shrinkage caused by cooling.

Core.-- In casting shells, the mould is made in the same way, but a core is needed in
addition. Thisis a sphere of the proper size, made by compressing the moulding composition
on a stem b, Fig. 106, PI. 15, by means of two cups, Fig. 105, Pl. 14, the requisite
compression being given by screws placed at a, b, and c. This core is, by means of a gauge,
placed exactly in the centre of the mould, and supported in that position by the stem placed
in the hole, which, in casting solid shot was closed. The core being subjected to greater heat
than the other portion of the mould, should be made of a more refractory sand. The stem,
besides supporting the core, forms the fuze -hole for the shell. It is

* Until recently, the moulds were not dried before casting, but casting after the mould is
dried is found to produce a much smoother, better ahoy than when cast wet or "green".
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formed of a thick wire covered with the moulding composition.* After the casting has
become cool, the core is broken up and removed; and the projecting portions at the gate, c,
Fig. 103, Pl.14.and around the base where the two halves join, are taken off with a chisel.

Polishing -- A number of the balls are now placed in alarge revolving iron cylinder, which,
by friction, polishes and makes the surface more uniform; after which, and before any lacker
or grease is placed on them, they are inspected.

All projectiles for large ordnance are made of, cast -iron, though other metals have been
used, and, until recently, the Mexicans used copper to a great extent, and, perhaps, still do
SO.

Materials.-- All projectiles for our service for cannon are manufactured in private foundries,
and inspected by officers of the ordnance, before they are received into service. After which
they are covered with a coating of lacker, and placed in piles of different sizes until they are
wanted.

The iron used in the manufacture of projectiles should be what is commonly termed grey or
mottled, and should be of good quality, especially for spherical case -shot, which requires
more care on account of the thinness of the sides.

I nspecting .-- The manner of inspecting shot and shell, and the instruments used, will now
be described. To ascertain if they are of the proper weight, several parcels, of from twenty to
fifty, are weighed, being taken from the pile indiscriminately. If any are found smaller than
the rest, they are weighed separately, and rejected if they fall short of the proper weight by a
small fraction, which has been successively reduced as the improvements in the art of
casting enabled a higher standard to be reached. They generally exceed the required weight.

To find the weight of a cast -iron shot of any diameter, multiply the cube of its diameter in
inches by 0.134. The result will be the weight in pounds. If the weight of a shell is required,
use in this rule the difference between the exterior and interior diameters in place of the
diameter. 1/6 pi D3 being the solid contents of any sphere, and 0.9607 = the weight of a
cubic inch of cast-iron, the weight of a cast -iron sphere will be =1/6 pi D3 x 0.2607 =(3.1416
/ 6) X 0.2607D% = 0.134Ds.




* The stem is sometimes made hollow, as at a, a, a, Fig. 106, PI. 6, to allow the escape of
any gases which may form from the effect of the heated metal.
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The multiple in the case of lead ballsis 0.2142.

To find the diameter of a cast -iron shot of a given weight, reverse the rule: divide the we ight
by 0.134, and the cube root of the quotient will be the diameter in inches.

The shot is inspected while perfectly clean, and before becoming rusty, so that the eye can
detect any flaws or imperfections in the metal. If any attempts have been made to fill these
with iron, cement, &c., the shot is at once rejected without further examination. Such holes
as are found are probed with a steel punch, or struck with the pointed end of the inspecting
hammer .

This hammer weighs about half a pound, and is flat at one end for sounding shot and shell,
and conical at the other. Cavities over 0.2 in. deep, cause rejection.

Llale 25 The Ring-gauge Fig.

Fig 00 o oo Slipers 107, Pl. 15, is aring of
T EE— @ e | iron with a wooden
L "2 handle, used  to

determine the diameter
of the shot. Two sizes
are used. The largest is
0.02 or 0.03 in. greater
than the true diameter of
the shot, and the
smallest 0.02 or 0.03
less than the true
diameter. The shot must
pass in any direction

Ring gauge.

o e st e s through the large gauge,

Fig 108.

and not at all through
the small one. (For
dimensions see
Appendix, p. 444.)

The size of grape and



canister shot is determined by using alarge and small gauge attached at the opposite ends of
the same handle, Fig. 108, PI.15. The surface should be smooth and free from seams.

The Cylinder-gauge, Fig. 109, Pl.15, is a cast -iron cylinder with reinforce bands on the
exterior, and an interior diameter equal to the diameter of the large ring -gauge. This is
placed on blocks of wood, with one end about 2 inches higher than the other, in such a
position as to be easily turned so that it will not be worn in furrows by the shot rolling
through it. The shot is then rolled through. They should pass through without sticking or
dliding. In this last case, it shows that some one diameter istoo large. In case they stick, they
are pushed out from the lower end with arammer.

(For dimensions see Appendix, p. 444.)
The soundness or strength of shot is proved by dropping them from a height of twenty feet,

on an iron block, or rolling them down an inclined plain of that height against a shot at the
bottom.
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Shells and hollow shot are inspected in the same way, but require in addition the following
instruments: --

Callipers, Fig. 110, Pl.15, for measuring the thickness of the metal at the sides, which
consist of two bent arms movable on a common pivot, and showing on a graduated are the
thickness of the metal; or, Fig. 111, PI.16, of one straight arm which is placed tangent to the
outside of the shell, and one bent, which is inserted in the shell, the thickness being shown
on a graduated limb which joins the two.

Callipers, Fig. 112, for measuring the thickness of the shell at the bottom, which consist of
two straight arms connected by a circular piece. One of these arms is inserted in the shell,
and the other, being movable, shows on a graduated side the thickness of the metal.

Gauges Fig. 113, for the dimensions of the fuze-hole end thickness of metal at that point.--
These are pieces of plate metal having inclined sides to fit the fuze -hole, with the proper
dimensions marked on them for each calibre.

o Calipers ‘ A pair of hand bellows, and a
o ey wooden plug to fit the
fuze-hole, and bored through

to receive the nose of the

bellows.

The shell is sounded with the
hammer, to see if it is free
from cracks. The position and
dimensions of the ears are
verified; the thickness of
metal is measured at several
points on the great circle
perpendicular to the axis of
the fuze-hole, at the bottom
and at the fuze-hole. The
diameter of the fuze-hole,
which should be accurately reamed out, is measured with the gauge; and the soundness of
the metal about the inside of the hole is ascertained by inserting the finger.




The shell is now placed in atub with water, deep enough to cover it nearly to the fuze -hole;
the bellows and plug are inserted in the fuze -hole, and air forced in. If there are any holes in
the shell, bubbles of air will rise through the water. Should there be any cavities in the metal,
those portions will dry more slowly than the others.

Shot and shells rejected in the inspection are marked with a cold -Chisel with an x -- the
Shells near the fuze-hole) the shot near the gate, or point where the metal entered the mould.
The shot and shell, as soon as received, are covered with a coating of lacker, which should
be renewed from time to time as required.
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Preservation -- Shot and shell are preserved in piles according to kind and calibre, under
shelter if practicable, where there is a free circulation of air. The width of the bottom her
may be from 12 to 14 - balls, according to the calibre.

The ground should be prepared by raising it a little above the surrounding surface to throw
off the water, leveling it, ramming it, and covering it with alayer of clean sand, coal -ashes,
or any thing else which will not promote vegetation. Bury a her of unserviceable balls about
2/3, of their diameter in the sand. Place the fuze holes of shells down in the intervals, and
not resting on those below. Each pile is marked with the number of ballsit contains.

The base may be made of brick, concrete, stone, or with braces and borders of iron.

Grape and canister shot should be oiled or lackered, put in piles or in strong boxes, on the
ground floor, or in dry cellars, each box marked with its kind, calibre, and number.

Each pile should contain only one kind and calibre of shot.

There are three kinds of piles used, with oblong, square, and triangular bases; and it often
becomes necessary to calculate rapidly the number of balls contained in them. To do this,
the following formulas are used:-

In an oblong pile which has arectangular base, let n = the number of balls in the width of the
base. In the triangular end the number of balls in the different horizontal layers will increase
in arithmetical progression from 1, at the top to n, which is the bottom row. The sum to the
nth term, or the number in the end, will then be = (n(n+1)) / 2 . Representing by m the
number of balls contained in the upper edge of the pile, that in each of the lower edges
parallel to it will be represented by m+ n- 1. Considering the pile as a triangular prism
whose bases are oblique to each other, its contents will be equal to the number in one of the
triangular bases (the end of the pile), multiplied by the mean of the three parallel edges,
representing the altitude of the prism, -- that is, by (3m +2n -2 ) / 3. Hence, the number of
ballsis=(n(n+1)) / 2 ((3m + 2n -2)) / 3 and the rule, -- Multiply the number of
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ballsin atriangular face by one -third the sum of the three parcel edges.

If the base of the pile is square, m becomes = 1, and the formula reduces to n (n+1) / 2
(2n+1) / 3 andif itistriangular, mis= 1 as before, and another of the parallel edges reduces
to 1, while the third is = n, and the formulabecomesn (n+1)/2 (n+2)/3

If we have given the number of balls to be piled and the width of an oblong pile, m the
length of the top row, and the two sides of the base can be at once deduced from the formula.

If a pile consists of two piles joined at a right angle, to find the contents of it calculate the
number contained in one as a common oblong pile, and the other as a pile of which the three
parallel edges are equal.



CHAPTER VI.

ARTI