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INTRODUCTION.

—————

A sTEP in the right direction, and one calculated to be
a great boon to all branches of the service, was taken, when,
by the endeavours of General Hay, Commandant of the
School of Musketry at Hythe, permission was obtained for
officers on leaving that establishment to extend their know-
ledge of all things connected with Musketry, by continuing
their studies at the Government Establishments of Woolwich
Royal Arsenal, Enfield Small-Arms Factory, and Waltham
Powder-mills; thereby enabling them to have more than a
superficial knowledge of the many points comprehended
within that one word, * Musketry;” a subject including a
multitude of scientific questions, of many of which we are
still quite in ignorance.

Many have an idea, that when the drill has been
mastered, correct practice obtained, and a slight knowledge
of the laws which govern projectiles during their flight
in the air attained, all that Musketry can teach has then
been fully accomplished. No error is greater than this. To
be able to give a fair opinion upon any one point connected
with this subject, it is absolutely essential to be acquainted
with the laws (if there are any), or at least with the Pheno-
mena, connected with the ignition of that capricious com-
pound, Gunpowder ; and to be so, even slightly, requires
weeks of careful experimental study. The same applies to
all the other points, such as the projectile, the cartridge,
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the arm, rifling, &c. &c., all requiring separate close and
attentive study. And this is not only requisite as a theo-
retical study, but essential to any one who wishes to obtain
good practical results.

It may be said, and is urged by many, that this is
raising the standard far too lugh for such a subject, and for
those who have to acquire it.

My answer is, that the standard can never be too high;
and if the British Army continues to be formed of the same
stuff as it is at present, it will not be found for either officers
or men a bit too high. The profession of the soldier will be
raised, by introducing into it fresh objects of study and
interest, closely connected with its practical duties; and
the country will have the satisfaction of paying for an Army
which either in war or peace can be most useful to it.

It may be urged that no military man has the time to
really study these points, or the opportunities of practically
mastering them. The first objection needs no answer. If
one half of the time uselessly spent, and even wasted, were
to be applied to the acquisition of knowledge connected with
Musketry, the country would, probably, have in the Army
the pick of some 40 per cent. of really scientific men; and
the practical results in war, and in maintaining peace, would
soon be evident.

Opportunities, however, of stretching their intellects,
learning to think, or means of study, are as yet officially
given but in a limited degree to officers or men. But no
one who has seen the difference in men, after the short (far
too short) period of training allowed in the School of Mus-
ketry, can say that either the officers or men of the Army
are, as a body, unwilling to commence schooling again, or
that such exercise of mind does not improve the man, and
shorten the defaulters’ list.

If ten weeks will do this, how much more will be the

.results of a ycar’s training in thc various sciences connected
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with the military profession, and after that of a continuous
study excited by the interest gained? And who more
willing to tackle to an interesting course of practical and
theoretical study well combined than the English soldier?
The effect of thus looking into these matters, and learning
to think, and become an intelligent being instead of a
mere machine, will improve the morale of the whole Army,
and will, in its telling effects, soon shut up those who assert
that the result of teaching the soldier aught but his drill
is spoiling the man and injuring the profession.

A move to obtain more knowledge for the instructors of
Musketry has been made, and the fact of permission being
obtained for Infantry officers to study, and become acquainted
with the manufacturing as carried on in the Government
Establishments, will, I feel convinced, have the effect of
allaying much prejudice, by sweeping away a great deal of
ignorance, as well as calculated to create a better feeling
between two arms of the service, and thus, by increasing
knowledge, enable the Government to obtain opinions worth
recording on the many points of military economy connected
both with the manufactures and material employed in Small
Arms, as also with the practical results, to give opinions
upon which, at the present period, most men are very diffi-
dent, feeling that they have not had those opportunities of
studying carefully, and in detail, the various requirements
sufficiently to enable them to form any decisive opinion.

Being fortunate enough to be among the first for whom,
at the instance of General Hay, permission was obtained to
proceed to Woolwich, Enfield, and Waltham, after having
undergone a course of study I attended atthe Royal Arsenal
for that purpose, and commenced a study of such materials
as were connected with Small-Arms manufactures in the
Royal Laboratory. v

But in the absence of any system of instruction or
arrangement, or modus operandi, I experienced some diffi-
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culty in knowing how to set about getting more than a
superficial knowledge of the various subjects. To remedy
this, I commenced noting down, and arranged as I went on,
endeavouring to systematize as much as possible, each par-
ticular branch.

These notes, intended at first only for myself, were,
I am happy to say, useful to others; and from that reason
more than any other, I am induced now to offer them,
imperfect as they are, for the perusal of all who feel
interested in the preparation of ammunition of different
descriptions, with the exterior of which all soldiers are
80 familiar.

I offer them in the sincere hope that they may not
only be useful, and serve as a guide-book, but be the means
of some more extended work on the subject, and induce
others far more qualified than myself to build a perfect
work on my foundation. There exists the necessity for such
awork; if it only had the effect of preventing so much
ignorance and prejudice being disseminated on the subject.
For it is really marvellous to see the amount of bad feeling
which has arisen, and the bitter asperities which have been
exchanged, on such an apparently simple subject as Small-
Arms Ammunition. Free trade in knowledge will go some
way to prevent this.

Before concluding, I must observe that an impression
has been made upon some minds, that there is a great
mystery among the officials connected with these subjects;
that information will be but meagrely given, and then
with a bad grace; and that those connected with such
manufactures have interested motives in keeping all snug
to themselves.

Now many, perhaps, may not have heard all or any
of these remarks, or of the spirit which suggests them ;
but I have, and can only, therefore, think it my bounden
duty to take this opportunity of refuting them.
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From the moment I arrived at the Royal Arsenal,—and
I am sure all others who have come for the same pur-
pose will join with me in saying the same,—the greatest
courtesy was shown, and every facility was given not only
for acquiring information on all points, but for doing so
with ease, as well as satisfactorily.

I have had all possible assistance and help, more
than I could in any way have anticipated or hoped for;
and all I had to regret was, the absence of a course or
system of instruction, which, I hope, however poorly, I
have in some measure sketched out.

For these notes I claim no originality; I assert no
opinions: I have merely jotted down the valuable infor-
mation uniformly accorded to me with the greatest kindness
and readiness by all in their several departments.

The sketches, with but few exceptions, are mostly
reductions (with slight variations from the machines them-
selves) of larger drawings; Captain Boxer, R.A., having,
as Superintendent of the Royal Laboratory, given me all
the assistance he could, and most kindly desiring all under
him to render me every help. Captain Orr, R.A., Captain-
Instructor Royal Laboratory, personally put me in the way
of seeing everything clearly ; and Mr. Anderson, Inspector
of Machinery, also took the trouble of giving me the greater
part of the information respecting the bullet-machine; so
that, coming from such a quarter, it will, I think, be found
valuable.

- T am perfectly aware of the many defects and omissions
in this compilation of information. Many more sketches of
the different ingenious machines in use might have been
added ; but I feel convinced it would have been out of place
to have added more than were actually wanted to understand
the principles of the manufacture; and those who wish to
go deeper into each of those must necessarily study the
machinery by personal inspection.
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‘It is much to be regretted that there is no detailed
work with sketches containing the machinery in use in the
‘Royal Arsenal; but, the necessity of some such work exist-
ing, the example having been -set by Prussia and America,
I shall feel that this manual had done more than its duty
if it incited others to the compilation of the complete
work.

A. B. HAWES, Captain Bengal Army.

Woolwick, January, 1859.

" POST SCRIPTA.

It not having been my original intention to publish
these notes, it may perhaps be as well to state the reasons
that induced me to do so; and I will, therefore, give a few
‘extracts from correspondence on the subject.

The notes, after I had completed them, having met
with the approval of Captain Boxer, they were forwarded,
in January last, by him to the War Office, with a view to
their being printed by H.M.’s India Government. ILord
Hardinge forwarded them to Sir G. Clerk; whereupon
the following letter, in answer, was written to Lord
Rosslyn :—

INp1A OFFICE, 3lst Manrch.
My Logp, '

. I have received, and laid before the Secretary of State for India in
Council, Lord Hardinge's letter of the 9th ult., with a copy of a letter from
‘the Superintendent of Royal Laboratories, Woolwich, enclosing a volume of
MS8. notes on Small-Arms Ammunition, drawn up by Captain Hawes, of
JH.M.’s Indian Army, and expressing Major-General Peel's sense of the great
credit which must attach to Captain Hawes for the compilation of the

méemoir, and believes that the notes, if printed, could not fail to be of great
service both to the officers of the Indian Army, and to those of the army
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generally. Under this view, Lord Stanley will be prepared, should Captain
Hawes see fit to publish his work, and his Lordship approve of the price
at which it will be published, to subscribe for such a number, say 200, as
can be advantageously distributed among the Departments and corps in India.
Captain Hawes’ MSS. are herewith returned.

(Signed) JAMES COSMO MELVILL.

Government having thus thrown the whole into my own
hands, I immediately took steps to have them printed and
published.

On the 22nd of May I received a letter from Lord
Rosslyn, informing me that the ¢ work, when published,
should be placed on the general catalogue of military libra-
ries, and supplied to those libraries as required, from time to
time.” Owing to this, the work now makes its appearance.
Tt is of so exclusively a professional and technical character,
that T am afraid those. it will interest, or to whom it may be
useful, are very limited in number. :

' A. B. H.

Inpia Orrick, 218t July, 1859,



EMENDATIONS AND ERRATA.

At page 9, it is stated that the reels upon which the lead rod is wound,

contain about 130 yards, &c. The correct particulars are 140 yards, weighing
4 cwt., making about 5,000 bullets.

At page 10, it should have been mentioned that Weem’s lead-squirting
machine was patented by him. And at the same page, for “noé counter-
balanced,” read “more than counterbalanced by its defects.”

At page 56, fifth paragraph, for “as increasing the windage from ‘001 ¢o
018 of an inch,” read “from ‘01 or ‘009 to -018 of an inch.” -

At page 65, the present proportion of Caps to Ball Ammunition is 90 Caps
to every 60 rounds, being 50 per cent. in excess.
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SMALL-ARMS AMMUNITION.

————————

WHAT SMALL-ARMS AMMUNITION CONSISTS OF.

THE ammunition, as at present used for Small Arms in
the British service, consists, in the first place, of the Bullet,
with, in some cases, a plug of wood in its base, and in others
an iron cup; the charge of Powder; and the Containing
Paper. The greater part of the ammunition used in the
British service is made up in the Royal Arsenal at Woolwich,
although for Indian service a large proportion has been,
and is at present, made up on the spot where required, the
necessary appliances for so doing having been despatched to
the several presidencies. .

Opinions vary on several important points connected
with the ammunition for rifled arms; viz., as to the shape
of the projectile, proportions of the hollow at its base,
its weight, as to whether an advantage is gained by a plug
or cup proportionate to the expense of its manufacture, and
whether or no cannelures (or grooves round the cylindrical
part of the bullet) are the best meéans of procuring that hold
for the bullet in the grooves of the rifle sufficient to impart to
. 1t the required amount of rotation.

Some, again, strongly maintain that the bullet should
be used naked, 1. e. without the paper that serves to hold it
in the cartridge; and in that case we should in all probability
have to revert to the powder-flask for loading. _

All seem, however, to agree that pure lead and correct
manufacture of the projectile assist greatly in obtaining a
good result.

But in studying these results, so many different points
have to be considered and eliminated, as to what are really’

B
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the moving causes, and what are the merits and demerits of
any particular component of the ammunition, that unless a
series of most careful and elaborate experiments under every
different circumstance have been carried out, no declded
opinion can be entirely depended upon.

" The description of powder and the quantity used in the
charge are points that influence in a very large degree the
quality of the results obtained ; and the mode of making the
cartmdge up is another 1mportant point, on which a diversity
of opinions exists.

Lastly, the lubrication, or anti-fouling agent, as it ought to
be more correctly named, is a point upon which many different
opinions have been freely expressed.

At the time when loading was performed by force, some
(then properly called) lubricating agent was required to enable
this operation to be performed at all; but on the introduction
of the expansive or groove-taking-after-explosion systems,
bullets of less diameter than that of the bore of the piece were
used ; and except where the windage (or difference between
these two diameters) was very small, no lubrication was
required to assist in the qperation of loading, its real duty
being to prevent the fouling, or the residue or ash of the
powder after ignition from adhering to the sides of the barrel,
and so, by combining with this residue, enabling the gases of
the powder fo expel it on ignition.

The description and texture of the paper used for the
cartridge is another point requiring close attention; and,
indeed, so many and various are the questions that have to be
considered in the production of a perfect cartridge for a rifled
arm,-that the greatest care, patience, and no small amount of
scientific knowledge are required on the part of those intrusted
with this duty.

Some of the main pomts to be considered in striving to
obtain such ammunition are as follows :—

1. The projectile, if elongated, should have its centre of
gravity as near its point as possible ;* but care must be ta.ken,

-# Opinions vary as to.the advantage of having the centre of grawty in
fropt. - Captain Boxer thinks there is no advantage : : '
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in so doing, by making a hollow in its base, that the bullet i8
not rendered too weak to withstand, uninjured, the rough
treatment it is subject to on service.

2. It should be of such a weight as to secure velocity of
flight and good penetration, and, still preserving the minimum
of diameter and the maximum of length, to be of such propor:
tions as not to be liable to ¢ topple over” or revolve on its
shorter axis during its flight.

3. That the cartridge, when' made: up, should be
strong enough to bear the rough treatment of transport on
service.

4. That in making up the cartndge, it should be so con-
structed as to prevent the possibility of the powder escaping
between the bullet and paper, thereby rendermg loading
difficult and fouling inevitable.

5. That the paper should not be too thick round the
bullet, nor uneven in texture.

6. That the paper should be so folded and contrived as to
hold the bullet firmly, but still to be easily freed from it on its
leaving the muzzle of the rifle.

7. That the lubricating or anti-fouling agent should be
free from acids ; as a very small proportion of acid will greatly
affect the durability of the ammunition when in store, by
penetrating the paper and corroding the lead of the projectile.
These keeping qualities are very important.

8. And lastly, the whole should be so constructed and
arranged as to render the process of loading as easy and
simple as possible.

In the accompanying diagrams, some of the different
forms of cartridges and pro;ectlles are shown.

'~ Fig. 1, diagram 1, is a sketch of the Enfield Rifle
Cartridge. The lubrication is shown by the darkened part at
the base, extending upwards about ‘8 of an inch.

Fig. 2 is a section of the same, showing the numerous
folds of paper (five on one side and seven on the other) to
strengthen that part containing the powder, whilst that round
the bullet has but two folds. It also shows how completely,
in a well-maﬂe cartridge; the powder is separated from the

B 2
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bullet. The bullet is also shown in section, exhibiting the

hollow and the wooden plug.

Fig. 8 is the new Blank Cartridge,* made from the pulp.
A purple paper band is pasted round it, to distinguish it
from the ball-ammunition. The lubrication extends up to

the band.

Fig. 4 is a section of the same, showing the powder-bag
and mock bullet-bag or cup, also filled with powder. The
dotted line at the base is the book-muslin pasted over the hole
in the base, and through which the powder in the mock bullet
i8 ignited. A more detailed description of this cartridge is

given hereafter.
Fig. 5, diagram 2, is the Sea-service Cartridge, made of

yellow paper.

Fig. 6.—A section of the same, showing the bullet with
its hollow, and the iron cup, the end of the paper being tucked
into it.’

Fig. 7.—Sharp’s Breech-loader Cartridge, made from the
pulp. '

* The following Circular Memorandum was addressed to the army at home
and abroad, dated Horse Guards, 8.W., 25th February, 1859 :—

“ The General Commanding-in-Chief has been pleased to sanction the adoption
of a new pattern blank cartridge proposed by the superintendent of the royal
laboratories, for the purpose of assimilating the method of loading with blank to
that of loading with ball cartridge, and it appears by a communication fron:
the War Office, that cartridges of this description are now ready for delivery.
They are composed of the same number of parts as the service ball cartridge ;
viz.,, an inner bag containing the powder ; a mock bullet, consisting of a paper
bag, with a muslin bottom, filled with fine grain powder ; and an outside hag
to contain both. '

“In order to insure the flash of the discharge igniting the powder in the
mock bullet, and to prevent its being projected from the musket entire, a por-
tion of the bottom of the outside bag is cut away. The operation of loading
with the blank cartridge is to be performed in exactly the same manner as
with the service ball cartridge. Care must be taken that the cartridge is
reversed afier the powder is poured into the barrel, and that the mock bullet,
which gecupies the portion covered with bees-wax, is alone rammed home upon
the powder, the empty powder-bag being detached in the usual way before the
ramrod is inserted. —By command, G. A. WETHERALL, Adjutant-General.

“ N.B.—This Memorandum is to be substituted for the circular of the same
date and number issued last week, and which is to be cancelled.”






Lk A

!
J

"

e

— <
i -
e J v
‘?T‘ T
-,
b
1
L
%
1
;
-

B 8 B s gt st %.r: & Wymar, Pintws Creat Juoer 5°L



THE BULLET. 5

Fig. 8.—The old Blank Cartridge, which is simply a-
purple paper bag, tied at each end when filled with powder.

Without offering any opinion on the merits or demerits
of, or entering into discussion on, the numerous points con-
nected with Small-Arms Ammunition, I will at once commence
a description of the manufacture of the various parts, as it is
at present carried on in the Royal Arsenal, Woolwich ; and
for this purpose shall take them in the following order :—

The Bullet, the Plug, the Cartridge, and the Cap.

———Oe—

THE BULLET.
The Material used, and the Tests for it.

Tae bullets for the rifled arms at present in use are
made of lead, which is procured as pure as possible, the
alloys and impurities that. are often found in large quantities
in lead—such as antimony, copper, silver, iron, tin, sulphur,
and arsenic—rendering it too hard for the process of manu-
facture into bullets, as well as destroying that softness which
is an essential property for the lead in the expanding bullet ;
the lead, therefore, which arrives at the Arsenal, although it
is procured from and carefully selected by a broker, who is
previously informed for what purpose it is required, is sub-
jected on arrival to a test in the Chemical depa.rtment of that
establishment. ‘

The lead usually arrives from the broker in pigs weigh-
ing 1 cwt. To ascertain the purity of this lead, the following
test or examination is made ; one-tenth per cent. of antimony
being sufficient to condemn the metal for the purpose requlred
and so to-cause its rejection.

 Chemical.Test or Examination.

Samples weighing 200 grains are cut from each of the
pigs, and after having been scraped bright and clean, are
placed in a phial or conical flask, and on each sample is
poured 6 drachms of concentrated nitric acid (the greatest
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care being taken to procure it pure); this is then diluted with
12 drachms of distilled water, and placed in & sand-bath or
heated place, to assist dissolution.

If the golution be perfectly clear, it may be presumed that
there is no considerable amount of antimony or tin present,
and the lead is, comparatively speaking, pure. If, however,
the solution has a milky, turgid appearance, and a greyish
powder is deposited, or if it has a decided blue colour,
antimony, tin, capper, or other impurities may be suspected.

The solution is then evaporated by being placed in a
dish or saucer in a heated place. Crystals of nitrate of lead
remain in the bottom of the dish after this has been done.

In most cases, in the purest specimens, a slight precipi-
tate of nitrate of copper is left in the form of bluish-green
crystals with the nitrate of lead; but as a very minute
portion of copper will cause this, no notice need be taken of
it, unless very marked or in large quantities. Iron may be
easily detected by its imparting a reddish hue to the
crystals.

The crystals are then dissolved in about 4 oz. of water,
and if the solution has a reddish-brown colour, iron is
present ; but if clear and bright, the lead may be presumed
to be pure. If, however, it is turbid, and there is & consider-
able amount of deposit, it is passed through a paper filter.
The nitrates of lead, copper, and silver, being soluble in
water, will pass through the filter, leaving the arsenic, anti-
mony, tin, and sulphur, in the shape of matter upon the
paper. In conducting this operation, it 'is as well to test,
from time to time, whether all the lead has passed through
the filter, by placing a little of the filtered solution in a test-
glass, and pouring a small quantity of sulphuric acid upon it.
If lead remains, a white precipitate will be thrown down; in
which case the washing through the filler must be continued.
When the whole of the lead in solution has been passed or
washed through, the paper funnel is placed upon a clean
glass, and the impurities on it, either antimony, arsenic, or
gulphur, are dissolved by pouring upon them hydro-chloric
gcid and pure water, equal parts, both boiling, or at least
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heated. By washing through with this mixture, these impuri-
ties will be completely dissolved; but if any portion remains.
on the paper and is not soluble, it shows that- the lead con-
tains tin ;—other impurities, such as clay or sand, will remain
as matter not being soluble. ' If .there is a considerable
amournt of tin, it will be necessary to “fuse’ it with car-
bonate of soda .or cyanide of potassium. Sulphur is tested
for by adding ta this solution chloride of barium. If a white
precipitate takes place, it is due to sulphuric acid, and shows
that -there is sulphur in the lead; if, however, it remains
bright after this test, there is no sulphur. . .

Arsenic_and antimony are tested for by placing a piece
of litmus-paper into the above solutions, and adding ammonia
until the paper is permanently changed to a blue colour. A
small quantity of sulphide of ammonium is then added as a
portable agent. This mixture is then warmed and filtered
through paper, and neutralized with hydro-chloric acid, to
get.rid of the ammonia. It is then boiled, and the antimony
and tin will be precipitated in sulphides. If antimony is
present in any considerable quantity, the substance which
separates has a deep orange tint ; if arsenic, a yellow colour :
if only of a white or green hue, the absence of arsenic .or
antimony in the lead is proved.

To test the pureness of the nitric acid to be used in ﬁne
foregoing examination, evaporate to dryness about half an
ounce. If there is any residue, dissolve it in water and add
a little chloride of barium. If sulphuric acid is present, a
white precipitate will appear, apd will prove that the nitric
acid is unfit for the purpose of testing lead.

In the absence of chemical appliances for conducting
this examination, a rough test may be made by firing a certain
number of rounds of bullets made of the suspected lead, and
comparing the results with the same number fired with the
standard ammunition ; but the greatest care is required in
conducting experiments of this kind to find out the real
causes of any difference there may be in results. This is a
very gaod test as to its efficiency, if the experiments be pro-
perly conducted ; but not a good test as regards the purchase.
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Another rough physical test may be madé by pressure or
indentation to test its malleability and softness.

The lead, after it has been ascertained that it is pure by
the above-mentioned examination, is conveyed in pigs to the
melting-pots attached to the ¢ lead-squirting’’ machine, and
in this machine the semi-fluid lead is forced by hydraulic
pressure into the form of rods, previous to its being brought
to the bullet-machine to be compressed into bullets of the
required dimensions. In order that it may be clearly com-
prehended, I will proceed to describe, in a detailed manner,
each process, in the order that they occur, commencing with
the “lead-squirting *’ machine, as it is technically called, and
its melting appurtenances.

The ¢ Lead-squirting > Machine.

The pigs are melted down in melting-pots, shown in the
accompanying diagram in section.
A A is the melting-pot.
B the furnace.
C the melted metal.
D the orifice through
which the lead is discharged.
This is accomplished by
turning the wheel F, which
acts upon the rod E, working
in a fixed female screw, in the
arm G. By this means the.
plug H, at the end of the
rod, is withdrawn from the
orifice, which it fits when
screwed home, and thus the
melted lead escapes through
the orifice D, into a trough,
by which it is conducted to
the squirting machine into a
cylinder or reservoir to re-
ceive it. I will now refer to
A SO — the diagram of this machine,
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Diagram 3 shows in section and elevation one of these
““lead-squirting *’ machines, of the same pattern as those in
general use in the Royal Arsenal.

Fig. 1.—C is the lead cylinder into which the lead is run
from the melting-pots. It is also shown in section in fig. 2.
It is made of a massive form, to resist the pressure, and also
to retain the heat. This cylinder is placed upon the ram R
of the hydraulic press P. The water entering the press at
the lower feed-pipe D, forces.up the ram, and with it the
lead cylmder, against or upon the die-holder H, which is
made in the form of a piston, fitting accurately into the lead
cylinder. Into this die-holder the die @, which is of the
exact diameter of the required rod of lead, is bushed; and to
cause it to be perfectly concentric with the eylinder and the
piston, it is constructed so as to be adjustable by screws.

As the cylinder ascends upon the die-holder, the lead,
having no other escape, is forced or squirted up through the
die. This is only done when the lead has set, which is usually
about eight minutes after it has been poured into the cylinder.
It has thus acquired sufficient solidity to maintain its form,
and is forced up through the opening T, in the frame FFFF,
which is made very strong, and strengthened further by the
stays E E.

The rod, after it has been forced up through T, is wound
upon a reel fixed close to the machine.

When all the lead in the cylinder has been forced or
squirted through, the cylinder descends. This is also per-
formed by hydraulic pressure, the water, in this instance, being
forced through the upper feed-pipe U, acting with a downward
pressure on the piston, and causing the ram to descend.

The first few yards of lead rod, as well as the last few
which are squirted up, are cut off, being, in most cases,
unformed ; a portion of the former charge of lead always
remaining in the cylinder: it is in too solid a state to form a
perfect rod.

The reels upon which the lead is wound conta.m about
130 yards, weighing 44 cwt., and sufficient to make about
6,804 bullets for the Enfield rifle, i
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To imsure good results with this ¢ lead-squirting”
machine, several precautions have to be observed.

The cylinders should be retained at an even temperature
during the night, so that they may be ready for work in the
morning ; and in order to secure this, they are detached from
the machine and kept in ovens constructed for this purpose.
A small fire is lighted immediately underneath, the heat and
flame being allowed to traverse them on their outside. Such
a small fire is used for this purpose that } cwt. of wood ought
to suffice for four or five days. If the lead is not allowed
" to settle a sufficient time in the cylinders, which, from expe-
rience, ag mentioned above, has been found to be about eight:
minutes, it is too liquid for the operation to be performed.
properly, as it is squirted through in too soft a state to
retain its form in the manner required, and thus clogs in the
hollow part above the die. When this happens, not only is
no proper rod formed, but increased force is required to drive
up the ill-shapen mass, and generally more than the machine
is calculated to resist, and then something must give way.
A pressure of 800 or 900 tons is sometimes required on
ordinary oconsions. Again, if the lead has.been allowed to
sottle too long, the pressure required to force the solid metal
through the dio is more than the machine is capable of sus-
taining ; and if this happens, the lead has to be melted out
from the cylinder. Another point upon which attention
must be paid is the lubrication of the ram of the press; for if
that has been done in excess, the lead rod will not be solid.
This results from the oil mixing with the lead.

To keep up a constant supply, two of these machines are
always at work at the same time in the Royal Arsenal. Six
men are an ample allowance to attend to the two machines,
melting-pots, and furnaces.

The cost of the two machines as made by Weems was,
including the pumps, presses, melting-pots, and lifting-cranes,
£2,380.

.. In diagram 4, another arrangement of a machine for
the same purpose is shown in section. It has one advan-
tage,—not counterbalanced, however, by its defects, being



DIAGRAM 4.

Fig. 1.

Transverse Section.

o)
o

e

rtdar B Hawes, Copt del® Qox & Wymarn, Brinters, Great Jueen. St Zondon,.

LEAD - ROD - SQUIRTING MACHINE..
Made by Nasmyth £ Gaskol, Patricroft, near Manchester.

Seale ¥ofarn rch to a. Fot.

ol::nrm-nm}—.:::x::t—_!t: 1:.—_1::1—_}3; I;J:t'_;:r_—l_—_r‘_i Ret






THE BULLET. . 11

practically a very bad machine,—that the cylinder for the lead
has not to be removed at night to be heated, as it is so
constructed, that it is kept at the required temperature by
small fire-grates, shown at E in the diagram. This machine
was constructed and patented by Nasmyth, of Manchester.
It will be seen, by referring to the diagram, that the lead
reservoir D in the cylinder N is stationary, and the die G is
fixed above it ; the ram A is bolted at.B to the ram R of the
press P, and forces the lead upwards through the die.

- TT are strong iron bars or keys, to prevent the die-holder
being forced up. . The lead is poured in at S, which funnel is
taken out before the machine is set in motion, and the plug Y
inserted and screwed in tightly. F F are the pillars of the
frame CC. OO are cast-iron segments, of which there are
nine, fo cover the fire-grates ; K K, the fire-bars; L, the
lower feed-pipe of the press; U, the upper feed-pipe. Several
difficulties have arisen of a practical nature in working this
machine, the ram A becoming frequently clogged. The machine
i8 not, therefore, in such general use as those made by Weems,
although machines of this pattern are worked in India.-

Having followed thus far the preparation of the lead for
the bullet~machine, I will endeavour to show clearly the
further process that the lead undergoes, in describing the
action and principles of the bullet-machine.

The Bullet-machine.

The reels on to which the lead-rod has been wound,
when formed at the lead-rod “ squirting machine,” are con-
veyed to the bullet-machine, and one end of the lead being
attached to a reel fixed to the upper part of the frame of this
machine, which reel has motion imparted to it by being
connected at will to the driving-gear, it is put in motion,
and the lead-rod is wound upon it, until all has been unwound
from the other reel upon that on the bullet-machine. " (The
former iy then takem back to the lead-squirting machine.)
One end of this rod is then inserted between two rollers (after
having been passed through a guide) with semicircalar grooves
in them ; and, by the motion of these, is drawn forward, first
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passing through a box (which is loosely clamped upon the
lead-rod), containing a flannel rag soaked in some lubrication,
for the purpose of giving the rod an easy passage through the
machine. It then passes through a small hole in a movable
arm or lever (which rises and falls when the machine is in
motion). The required length having passed through, which is
regulated by a screw in front of the lever, the protruding
piece is seized by a pair of grippers or nippers, and held
firmly, whilst the lever rising cuts it off; the nippers then
opening, the piece falls, and is caught below by the two lower
arms of these nippers closing upon it, and held in front of a
die of the exact dimensions and shape as the required bullet.
A punch of the shape and size of the hollow which is necessary
in these elongated projectiles now advances, and forces the
lead pellet into the die, stamping it at the same time with the
number of the machine, and affixing the Government mark of
the broad arrow to the sides at its base. The top part of the
die, or that part which forms the apex of the bullet, being
movable, is now caused to advance with a smart jerk, and
throws the bullet out of the die, passing it at the same time.
through a hole in a plate, which rises in front of the die at
the same moment. This movable top has a small air-hole
drilled through it lengthwise. The superfluous film of lead
round the base of the bullet, caused by the punch not being
permitted to touch the die, is thus cut off, and the bullet
at the same time gauged. The bullet now falls into a gutter,
by which it is conducted to the box placed underneath the
machine to receive it. By a reference to the diagrams of
this machine, and the detailed descriptions given, the whole
process, and the beautiful arrangements (calculated to meet
most difficulties) which have been devised, may be much
more readily understood.

The frame of the machine is so arranged that there are
four complete bullet-machines on one square frame. These.
are driven or worked by two sets of driving-gear, and the.
punches obtain their reciprocating motion from two eccentrics :
one of these serves to work two of the punches. One machine
is similar in every respect to the others. It is not, therefore,
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necessary to show the whole frame, but merely one complete
machine for making bullets, which forms a corner of the
whole frame. The eccentric, which is, however, common to
two machines, is shown in section. :

The reels on which the lead is wound, for want of space
are not shown, but they are fixed to the upper part of theé
pillar of the frame, which is shown in the diagram as if broken
off. The punch, die, and die-holder are shown in a separate
diagram further on, half the real size. By referring to
diagram No. 5, a general acquaintance of most of the parts
can be quickly acquired.” '

F FF, the main frame. E, the eccentric, which is fixed
upon @, the shaft, in such a manner that its centre is an inch
and a half from the centre of G; thus giving a throw to the
reciprocating spindle of three inches. BB, the box for the
eccentric to work in, within which the brass casing of the
eccentric slides freely vertically; thus imparting to the box
only the horizontal movement, or throw of three inches to
each side. S S8, the reciprocating spindles, which are bolted
or pinned to the box B. They are shown in section, the whole
of one and a part of another: they slide horizontally in cham-
bers, into which they fit accurately. O, section of the punch-
holder screwed into the reciprocating spindle. P, the punch,
which is shown in section. It is screwed into the punch-
holder, and is shown in the diagram pushed into the die to
the full extent. It is also shown in diagram half the real size.
D, section of the die bushed into the die-holder, shown also. .
half the real size in diagram No. 8. H H, the die-holder,
adjustable by screws, so as to make the die concentric with
the punch; shown in diagram No. 8 half the real size.
11, section of the die-box. JJJJ, screws, by means of
which the ejecting spindle is adjusted concentrically. KK,
gection of the box through which the spindle works, and
adjusted by the screws JJJJ. LL, the spindle, which has
an horizontal movement or throw, and to which is screwed
the ejector, which forms the movable bottom of the die:
M M, frame for holding the screw m, which regulates the
amount of motion or throw of the ejecting spindle. NN, a
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standard, on which are fixed funnels or tibes, as guides
to the lead-rod from the reel to the rollers. The rod is
guided by two of these in its progress. R R, the lead-rod,
shown in dotted lines.

The working of the machine and process of making the
bullet may be divided into several operations, vtz.—

1st. Unwinding the lead-rod, and passing it up to the
cutting-off lever and nippers.

2nd. Cutting off the lead from the rod, and delivering
this pellet to the die.

8rd. Compressing the bullet into the die.

4th. Ejecting the bullet from the die.

5th. Cutting off the ring of superfluous lead that remains
round the base of the bullet after compression.

I will endeavour to make each operation clearly under-
stood by describing them in the order given above ; and whilst
doing so, will refer again to the diagrams.

Unwinding the Lead-rod, and passing it up to the Cutting-off
Levers and Nippers.

- This operation is performed by a pair of rollers, rr.
They are worked by means of W, a ratchet-wheel. After
being worked for a short time, these rollers become leaded ;
and although the semicircular grooves in them are perfectly
smooth, the cohesion of the particles of lead on the part that
becomes leaded to the lead-rod enables the rollers to push on
and unwind the rod. The rat¢het-wheel is worked by means
of the ratchet U. There are four of these ratchets, so as to
insure a continuous action, and to diminish the chance of a
slip stopping the delivery of the lead.
" VYV 18 a rocking-lever, to which the ratchets are fixed.
Motion is given to it by means of X X, a rod connected to
the -eccentric box ; and thus is imparted to the rocking-lever
a reciprocating motion. The amount of this motion is regu-
lated by a screw and stud in the rocking-lever. This is
adjustable, and by this means the amount of motion given. to
the rollers is regulated.

At first several methods were devised for causing the
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feeding-rollers to pass on the lead-rod, and for this purpose
they were roughened in the grooves; but it was found in a
short time that the fact of these grooves:becoming leaded
was sufficient, without any other extra.neous aid, to push the
lead-rod onwards.

Cutting off the Lead Pellet, and delivering it to the Die.

This is done by means of a lever, shown in seetion in
diagram 5, but better in diagram 6.° The lead-rod is pushed
through a hole 4, diagram 6. This hole is bushed with steel.
When the proper quantity has been pushed through, the lever
rises, and the piece or pe]let of lead ‘which has been previously'
geized by the nippers is cut off. The mppers are shown in
section at n, diagram 5. :

The motion of opening and closmg' these nippers is gained
by a lever being attached to one of the nippers, and which
receives motion from a cam on the cam-shaft. At the end of
this lever, to which the nipper is attached, is a toothed
segment, working into a similar segment connected with the
other nipper. Thus, by the rising of the lever, the upper
parts of the. nippers elose and the lower open, and the reverse
of this when-the lever falls; an alternate opeming and shut<
ting being thus obtained.

‘When the upper part of the nippers which are holdmg
the pellet of lead open, the pellet falls, and is caught by the
lower arms, and held immediately in front of the die D.

Compressing the Bullet into the Die.

P, the punch, or movable die, now advanoes towards
the fixed die D, and pushes the pellet in a short distanes,
the nippers opening at the same time to allow the larger paré
of the punch to advance, and thus compressing the lead pellet
into the die, and forming the hollow in the base:of the bullet,
leaving a small ring or film of superfluous lead round the
base of the bullet. At first the punch was found to stick, at
times, in the bullet ; therefore, to obviate this difficulty, it was
found necessary to lubricate the point of the punch, Thisis
done by means of a spindle worked by a cam on the cam«
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shaft. At the end of this spindle there is a piece of irom,
covered with flannel saturated with oil; this darts out in
front of the punch just before it enters the die, and lubricates
it at the point. The die is a most important part of the
machine, and requires to be turned with care, precision, and
accuracy. It is very liable to injury, its duration depending,
under ordinary circumstances, upon the quality.of the steel.
Close attention must be paid during the working of the
machine to see that the bullets turned out are of the proper
dimensions and generally well made. At times the bullet was
found to stick in the die, for two reasons; firstly, the die had
become leaded, and, secondly, the resistance of the air in
front of the die, from a vacuum being formed at the top, as
. the ejector advanced to force it out. From these causes at
times the bullet adhered so firmly as to admit of the ejector
being forced quite through it. To obviate the first of
these difficulties, the lead-rod was lubricated previous to
. its being compressed. This was done by screwing on to the
lead-rod, close behind the cutting-off lever, a small box con-
taining flannel saturated with some lubricating agent; but
if there be already oil or grease in excess on the lead, turpen-
tine is employed in this box. To obviate the second difficulty,
a small air-hole was drilled through the ejector, allowing the
air to enter through it.

‘ FEjecting the Bullet from the Die.

The fixed die is made of the same shape and size as the
required bullet, but with a large hole at the end, in which the
movable bottom or ejector works. The end of this ejector is
hollowed out so as to form the apex of the bullet. When the
lead has been forced in, the punch retires, and the ejector on
the spindle L is smartly pushed forwards, and the bullet is
thus ejected from the die.

Cutting off the Film.

On the punch retiring, a plate of steel, ¢ (with a hole in
it of exactly the same diameter as the bullet), rises. The
bullet is ejected through this hole, which has a sharp edge.
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The film is thus cut off, and the bullet drops into a gutter,
and is thence conducted to a box or receptacle for it, whilst
the film falls underneath the machine. The motion necessary
for the film-plate is gained in three ways,—the first to raise
the plate, the remaining two to lower it. The raising is per-
formed by a lever and cam, shown in the diagram No. 6.
The lowering is obtained in two ways, so as to secure the
plate from remaining in front of the die; in event of which, it
would be forced into the die and broken by the punch, pro-
bably breaking and seriously injuring all three; viz., the
punch, the fixed die, and film-plate. A strong spring, f,
hooked on to the arm to which the plate is attached, keeps a
constant downward pressure or strain upon the plate ; and
another cam is so constructed as to work upon a lever
attached to the plate, and lower it; so that, in the event of
one failing to do its duty, the other arrangement insures the
lowering of the plate : e is the rod for connecting one end of
the lever to the film-plate. By carefully examining the orifice
in the film-plate, and keeping it constantly in repair and of
the proper size, it acts as a gauge for the bullets, in the event
of the die wearing away, and the bullet becoming too large :
Tooo of an inch is allowed as a margin to work the dies; <. e.
the die for the *568-inch bullet is cut originally ‘567 inch,
and worked till worn to *568.

Exrranamion oF Diaceam No. 6.

This gives an end-elevation of the same machine shown
in diagram No. 5.

FFFFis the main frame. A is that part to which
the levers for moving the nippers and cutting off the lead,
and the nippers themselves, are fixed; the whole of which
being bolted on to the main frame, is technically called the
““head.”” B is the lever for moving the nippers. It is raised
by means of the cam No. 6, which acts against the friction-
roller b, in the arm. The weight at the end serves to bring
the lever down again, and keep it in close contact with the
eam. C is the lever for cutting off the lead: it is moved
by means of cam No. 4. When raised, it closes the upper

c
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part of the nippers, the weight at the end of the lever serving
to bring it down ; and thus closes the lower part of the nippers
and opens the upper. O is the arm by means of which the
ejecting spindle is forced in and out. It is worked by means of
the cam No. 1, which is so constructed as to give to the arm O
an horizontal reciprocating movement during each revolution.
PP is the arm or lever by which the film-plate is raised and
lowered. It is worked by means of the cams Nos. 3 and 2
working against the friction-roller fixed in it. Cam No. 3
lowers one arm of P, and thus raises the film-plate fixed to
the other end by the connecting-rod e. Cam No. 2 raises one
end of the arm, and thus lowers the film-plate, the spring f
performing the same office. Cam No. 5 is so constructed as
to give to a spindle an horizontal reciprocal movement. At
one end of this spindle is attached an arm rolled with flannel
soaked in some lubricating agent. This passes in front of
the punch, and thus lubricates it, previous to its entrance into
the die. G G are the upper arms or fingers of the nippers,
the lower half being exactly similar, with the exception
that to the upper arms are fixed small springs, with pins
working into holes in the top of the nippers, and which serve
to force the lead -pellet out of the nippers, in event of its
sticking to them when they open. H is a small frame fastened
to the lever C, with an adjusting-screw to regulate the length
of the lead-rod forced through. JJJJ are the adjusting-
screws for the die-holder; N N, the guide for the lead-rod;
M M, the frame in which the ejecting-spindle works: m is the
screw by which the length of its throw is adjusted. V is the
rocking-lever ; the connecting-rod, or link, X, being connected
with it, W is the ratchet-wheel ; S, the fly-wheel driven by
the spur-gear; T, a spur-wheel, which is driven by the driving-
pulleys on the same shaft; Q, the shaft which works the
eccentric, and by means of bevel-gear drives the cam-shaft.
The cost of this machine, as it is on one frame, viz., four
sets with one die to each, and capable of producing 12,500
bullets in a day of ten hours, was £2,000. With it the following
additional apparatus are required :—Two spare head-stocks,
costing £170 ; one lathe for repairing dies, costing £80; and
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also reels, reel-truck, small crane, boxes, nut-wrenches, &c.,
costing in all about £140.

Most kinds of elongated projectiles can be made in this
machine ; but the machine is not calculated, as at present
contrived, to turn out these with canneluires. Mr. Anderson
is, however, quite prepared to overcome that difficulty.

In diagram 7, fig. 1, the die is shown half the real size.
The spindle which forms the bottom of the die appears as if
slightly advanced into the die, as it is when ejecting the
bullet. The small air-hole is also shown, which is drilled up
the centre. Fig. 2 shows the die-holder into which the die is
bushed. There are two small hollows in the top for the
adjusting-screws to fit into. Fig. 3 shows the die-holder in
section. If the die should not fit well into the die-holder
when it is bushed, a small piece of paper is fitted round it to
cause it to do so. In fig. 4 we have the punch which com-
presses the lead pellet into the die, and forms the hollow in
the bullet. The shape of the top of. course varies with the
different hollows required. The die and punch shown here
are for the Enfield rifle bullet ‘55 inch diameter. A certain
per-centage of bullets manufactured in -the machine are
taken out daily, and carefully examined and gauged, both
as regards diameter, length, form, and weight, and also as to
the position of the hollow in the base, that its concentricity
may be insured. ‘ A

Forging, Turning, and Finishing of Dies for the Bullet-
machine.

For this purpose a bar of the best cast steel is brought
to the forge. (These bars are square, and 14in. x 14in.) It
is heated to a red heat, and the angles are flattened either
by a steam hammer, or on the ‘anvil, thus—
This is done to facilitate the turning-work. After this,
a piece 18 inches long is cut off, and when it has been il
heated to a red heat, is put into an iron box containing finely-
powdered charcoal, where it is left until quite cool, completely
covered with the charcoal: it is softened by this process,
called annealing. It is then brought to the lathe and turned

c2
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to the required size, so that it may be nicely bushed into the
die-holder, and then driven into the die-holder by force,
until it accurately fits; the die-holder being then fitted into
the centres of the lathe, the die is turned flush to the top of
the die-holder. Afber this has been done, boring commences.
Tt is first commenced with a drill that bores right through,
then with a small half-round bit that makes the hole the size
required for the spindle or movable top of the die. After
that, with a steel tool called a * rymer,” which is angular, -
and being worked about in the hole corrects the taper, if there
~ be any. It is finally bored out with the boring-tool, which
bores it to the size and shape of the bullet required ; the spindle
being fastened in at the same time, so that they may both
be bored out together. The spindle has a hole drilled through
it with a very fine tool, to allow the air to escape, as previously
mentioned. After this has been done, it is filled with prussiate
of potash (ferrocyanate), and heated to a red heat, and then
plunged into cold. water (end on), and continually worked
about until quite cool. This case hardens the outer surface
of the steel. If, however, it should contract, it is necessary
to grind out the interior to the proper size with emery powder.
This completed, the die is fitted to, and adjusted in the
machine.

Forging and Finishing the Punches, Film-plates, and Steel
Bushes.—Of Cutting off Levers of the Bullet-machine.

The Punch.

This is made from the best cast steel; it is forged as
nearly as possible into the required shape, tapering to a point.
It is then annealed in the same manner as the die, and after
that the piece is fixed and centred in a lathe, and the screw
end, which is intended to fit into the reciprocating spindle,
turned, great care being taken to turn this concentrically.
This finished, it is fitted into a chuck, and the punch is turned
to the shape of the hollow required in the bullet. The punch
i8 now finished, and ready for the machine, as it is never
hardened, as is the case with the die, &c.; the process being
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likely to render it brittle, and thus easily liable to be
broken off.

The Film~plate.

This is also made from the best cast steel ; it is forged by
means of a gauge to the exact size. The hole is then bored
through, ‘002 of an inch smaller than the diameter of the
required bullet, allowance being made for grinding out and
hardening. '

. After this, it is carefully ground out and made as hard as
possible ; the dimensions of the plate being as follows—length,
4} inches ; breadth, 1} inch ; thickness, & inch. The diameter
of the hole for -cutting off the film, and for the bullet to pass
through, is, of course, regulated by the diameter of the bullet
desired, to which it ought to coincide exactly.

It is fixed to the lever of the machine by means of two
screws. The steel bushes, in cutting-off lever, are prepared
in a gimilar manner.

Cost of Enfield Rifle Bullets, and Rate of Production.

From 25 to 35 Enfield rifle bullets can be turned out of
the machine in a minute; as, to insure a good action of all
the parts of the bullet-machine, it is necessary to work it at a
considerable speed. Including steam power, repair of the
machines, and, in fact, all contingent expenses, the price of
bullets may be taken at 16s. per 1,000, or a little more than
five for a penny.

Casting Bullets.

The necessary appliances for compressing bullets being
of too complex and cumbersome a nature to be always carried
about in the field, and an army being often in want of
ammunition without the means of procuring it in the regular
way, the necessity exists of making it up on the spot. The
only means of making the bullets is by the process of casting.
And as there is an art in everything, a few words on even
such a simple operation as casting bullets will not be out
of place. ‘
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Much care must be necessarily taken to procure the
lead as pure as possible, previous to its being used for this
purpose ; but of course, as far as speed of production and
economy, independently of the impossibility of producing
quite as correct a projectile in form and density, this is far
inferior to the process of making the bullet by compression ;
its only advantage being the portability of appliances a.nd
facility of manufacture.

The cost of bullets by this process may be estimated at
18s. 4d. per 1,000, whilst as to rate of manufacture, two men
and one boy are occupied ten hours in casting 2,648 bullets ;
the same number being compressed in thé¢ machine in less
than two hours!

The appliances required, are the melting-pot, ladles,
moulds with plugs for forming the hollow in the bullet,
nippers, and the rectifying-machine. This is a small hand-
worked machine, worked by means of a lever with a handle
at the end. To this lever is attached a spindle, working
horizontally in a socket; to the end of this is fixed a punch
of the same form as the hollow in the bullet ; in front of this
i8 a die, funnel-shaped, the smaller end being of precisely the
same diameter as the bullet : it is open at both ends, and the
bullet being placed point foremost in the large end, with its
base towards the punch, the punch is driven forwards into the
hollow by means of the lever handle, and the bullet pushed
smartly through the die; the superfluous lead being thus
cut off, and the bullet at the same time gauged or pared
down to the required size. To preserve this die correct, of
course requires constant attention, gauging, and repair.

In casting bullets, the lead should be poured in rather
slowly, after having taken it out from the melting-pot care-
fully with a ladle.

Care must be taken to get a freedom from air-holes, and
the moulds should not be closed too tightly, but so that the
air may escape easily ; for, unless it is allowed to do so, an
uneven surface to the bullet will invariably ensue. The
moulds also should be of a proper temperature. Practice
alone can regulate the requisite speed in pouring the lead in.
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When the lead has cooled slightly, the bullet must be taken
out with the pliers, holding it by the piece of superfluous
lead, and placed point first, as before described, in the die
of the rectifying-machine. The punch must then be forced
forwards with a smart but firm pressure; thus cutting off
the superfluous lead and regulating the size of the bullet.

The plugs of the bullet-moulds require occasional ex-
amining and gauging. The following precautions, taken in
America for casting bullets, are recommended in the United
States Ordnance Manual, and also in the French ¢ Aide-
Mémoire d’Officiers d’Artillerie :”’—

“ Weigh the lead, fill the kettle (or melting-pot), and cover
it; as the lead melts add more, until within three inches of
the edges of the kettle. Cover with a layer of powdered
charcoal one inch thick, push the heat until paper in contact
with the lead is inflamed by it: this requires from omne to
two hours. .

“ Immerse the ladle and fill it about three-quarters full
of the lead, covered with the charcoal, which is kept back by
a piece of wood. The first castings are thrown back into the

-kettle, being imperfect, from the moulds being cold.

 The diameter of some of the bullets should be verified
from time to time with gauges. The moulds must be
carefully cleaned when it is perceived that the lead sticks
to them. ' ‘

“ With proper care, 1001b. of lead will give 961b. to
98 1b. of bullets.”

——O——

THE PLUG.

To insure the expansion of the bullet into the grooves
of the rifle, plugs and cups of different forms
have been used. General Hay proposed giving
the hollow in the bullet and the cup conoidal
forms; he also recommended the adoption of
a wooden plug in the place of the iron cup.
This plug is the one at present used in the
Enfield rifle bullet. And that it answers the purpose will be
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seen by the annexed section of a bullet, taken from amongst
many others similarly effected, which had been fired into
water.

Description of Wood used.

The wood required for the purpose of making these plugs
must be hard, close-grained, and well seasoned ; and there-
fore box-wood which has been well seasoned is selected for
this purpose. It is mostly procured from Turkey; it is not
the best description of box-wood that is required, but that
which is technically called ¢ split,” <. e., which has cracked
open during the process of seasoning.

The wood is prepared for the plug-cutting machine by
being cut up into slips or square rods at a circular-saw
machine ; these rods being about 4 an inch square, and from
1 to 3 feet long. These are brought to the machine, and one
is fixed firmly into a bracket on a movable frame in the
machine. The slip is caused to advance upon a cutter,
which, revolving rapidly, cuts out the plug; the movable
frame now advances towards the main frame, bringing the
already turned plug in contact with a circular revolving saw,
which cuts it off, and the plug falls into a receptacle placed
underneath the saw to receive it.

To understand this machine more fully, it will be neces-
sary to refer to the lettered diagrams, in which this machine
is shown in elevation as well as in a plan. The same lettering
refers to both diagrams. The shape and dimensions of the
plug are, as shown in fig. 2, diagram 1, in section. '

The Plug-cutting Machine.

Diagram 8 is an elevation of the front of the plug-
cutting machine; FF FF is the main frame of the machine;
- fff is a movable frame upon which a rack R is fixed. This
rack has a slight play, which is made reciprocating by a
spring W. C is a slide which moves upon the upper part of
the frame f, and to which the slip of wood is fixed by means
of a bracket and thumb-nut B. The slide, and the wood-
slip with it, are advanced forwards on the frame by means of
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the rack R acting against the ratchet r, hinged on to the
slide. The rack receives its forward motion in the following
manner. The frame ff is hinged on to the main frame
at X X, and receives a reciprocating motion from a cam on
the cam-shaft, as seen in the plan. As the frame is brought
towards the machine, a piece that projects underneath and is
fixed to the rack R, catches in the inclined plane or ¢ fixed

am ” I, and throws the rack forwards, the spring W serving
to bring it back again to its place, after it has moved the
glide C, the space between two notches in the rack: the slide
thus travels the whole length of the rack. § is the circular
saw for cutting off the plug from the wood-slip ; it is worked
by means of a band on the pulleys P P. T is the cutter
for turning the plug; it revolves rapidly in a sliding frame,
and is worked by means of a band and the pulleys K K.
L L are the pulleys for driving the main shaft, on which
are fixed the larger pulleys P and K, and M, a pulley which
gives motion to the spur-gear m, driving the cam-shaft.
N is a cam for giving a reciprocating motion to a lever, by
means of which a sliding frame, on to which is fixed the
revolving cutter, is caused to advance and recede: by turning
to diagram 9, this will be the more easily comprehended.
f f is the movable frame; R the rack; r the ratchet;
C the slide holding the wood-slip W; D is the thumb-nut for
fixing the wood-slip into the bracket; I is the inclined plane
for giving motion to the rack; T the revolving cutter fixed in
the frame H H, which slides within the frame YY; K the
pulley giving motion to T, also on the frame H ; O O the lever
- which gives to the sliding frame H a reciprocating motion.
This lever is worked by means of the cam N. A a cam
working against the friction-roller in the arm B, which is
fixed to the frame f; and thus causing the frame to advance
and recede, serving to bring the wood-slip at each stroke up
to the circular saw, which cuts off the plug turned at the
end. This connecting-rod B slides in slits in the arms or
guides Q Q; G G is the cam-shaft; m the spur-gear giving
motion to it by means of the pulleys M; L L pulleys driving
the main shaft; S the circular saw.

4
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This ingeniously-contrived machine is calculated to turn
out 10,000 plugs in a working day. The cost may be esti-
mated at somewhat less than 10d. per 1,000, if box-wood be

"used, which includes the repair of the machinery. The
cutter, saw, and bands require constant care, as they fre-
quently are in need of repair. If, however, this repair of
machinery were excluded, the cost of 1,000 plugs would be
reduced to 83}d. This also includes the waxing them, and
placmg or fixing them into the bu]lets,—a. process performed
in the followmg manner.

Plugging, Gauging, and Examining the Bullets.

. The plugs, previous to being placed in the bullet, are
dipped into a composition of beeswax and a very small quan-
tity of spirits, to prevent alteration in size and shape.

This mixture is kept in a melted state in coppers, and
the plugs being placed in a metal sieve, are dipped into it,
being stirred about briskly at the same time with a copper
shovel. When completely covered and saturated, they are -
thrown out of the sieve on to a zinc-covered table, and left to
cool, being, however, moved about from time to time with the
hand to separate them. They are carried thence to be placed
into the bullet. _

Each bullet is first carefully examined to see if it is
perfect. Itis then plugged, an operation easily performed
by pressing the base of the bullet upon the small end of the
plug as it lies on the table, the plug remaining fixed within the
hollow, which it fits exactly. Care, however, must be taken
in doing this, that the plug is flush with the sides of the
bullet, 4. e., placed evenly into the cavity.  The bullets
are then gauged, by being passed through a steel ring gauge
fixed to the table, and which is ‘001 of an inch larger in
diameter than that of the~bullet: the bullet ought to pass
through freely. The bullets are then placed in trays per-
forated with holes, and so constructed with covers, that, by
turning them, the points of the bullets alone are visible, the
bases are then carefully examined, any defect being seen at
a glance. The main points viewed are, as to the plugs,

A 4
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whether they are placed in properly, neither sinking in too
far nor projecting. If any of these defects exist, the bullet is
at once rejected, and the points of the bullets, if found to
be defective or broken, necessitate their immediate rejection.
This being done, they are taken away to be made up into
cartridges.

—, OO

THE CARTRIDGE.

Having followed the bullet through its various stages
until complete, the process of forming or making it up in the
cartridge, ready for use in the field, will next come under
consideration.

The Paper and the Tests for it.

There are several sorts of paper used in the manufacture
of small-arms ammunition ; the same qualities are, however,
required in all ; viz., regularity of texture, evenness of surface,
a certain amount of tenacity, and freedom from spots.

The paper of which the greatest quantity is used is that
which is called technically White Fine (WF). It is procured
in reams weighing 131b., the cost being 26s.; size of each
sheet is 29 inches x 19 inches.

Each ream is first tested by weight; and if there be a
difference of 41b. over or under the proper weight, it is rejected.

A certain per-centage of sheets from each ream are also
examined ; and if they have not sufficient toughness, and are
not regular in texture,—the former tested by stretching or
pulling, and the latter by holding them up to the light, and if
not found perfectly free from spots, they are rejected.

The “ wrapping,” or cartridge paper used in making the
cylinder which contains the powder, is a thicker paper than
the WF. The same tests are employed to prove its suitability.
It weighs 451b. per ream, and costs 25s. 6d. The size of a
sheet is 19 x 25 inches. _

The ¢ wrapping” paper for the sea-service musket
cartridges used at the present time, is a yellow hand-made
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paper, costing from 24s. to 26s. per ream, each sheet being
192 inches x 23% inches in size.

For blank ammunition, for all arms, a purple paper is
used, weighing 151b. per ream, and is procured in sheets
212 inches x 174 inches; costing about 32s. per ream, and
18 also hand-made.

The new rifle blank cartridge, and Sharp’s breech-loader
blank cartridge, are not made from this paper, but in a manner
which will be described hereafter.

For all paper used in making ball ammunition, care must
be taken that such paper is selected as will not increase the
diameter of the bullet, when rolled tightly round it, more than
‘009 of an inch, and the paper should not be highly sized.

In making up the cartridges for small arms, the following
is a list of apparatus required :—

A former, plug, scissors, small piece of catgut, twine,
choking-pin fixed to the table, a board fixed on trestles, or
in any way so as to form a table, and a box to place the
cartridges in when made, and a tray for the ready-plugged
bullets ; gauges, or cylinders of metal, usually of the same
diameter as the bore of the piece for which the cartridge is
intended : the gauges for the bullet ‘550 inch diameter is *559.
The cartridge should pass freely through the gauge.

Tin patterns are also required, so that the paper may
be cut to the required shapes. In the Royal Arsenal this
is done by machinery.

The choking-pin is a small brass pin, with a round
knob at the top, screwed or fixed to the table by means of a
nut underneath. It serves to give a purchase to the catgut,
in choking the paper round the base of the bullet to make
a “rose.”

The string or twine that is used is what is technically
called 3-ply. It is tested as to its strength, and costs about
1s. 7d. per pound.
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Cutting the Paper to the Different Shapes required for
Jorming Cartridges.

This is done in cutting-machines of several constructions.
The dimensions of the papers, and other points connected
with the cartridges used in the service, are given in the
tables at the end of this chapter:

The process of cutting is much the same with all; I
will only describe, therefore, that for cutting the papers for
making the Enfield rifle cartridge.

There are two different kinds of paper used in * ro]]mg”
or making this cartridge—white fine, and wrapping, or car-
tridge paper. The latter is first brought to a machine about
two reams at a time, and passed between revolving rollers,
on to which are fixed circular cutters. By this means it is
cut into strips two inches broad, and of the same length as
the sheet. Each half-sheet is thus cut into six strips, and
each strip forms four wrappers, cylinders, or * stiffs,”” as they
are often called. These strips, by being Pig. 1.
folded first into two and then cornerwise,
form four trapezoids of the required dimen-
sions. These are shown in the accompanying
figure, half the real size; a small piece is cut
off the right-angled corner on the shortest
side, to facilitate the rolling up. The outside
forming-paper is taken to a cutting-machine two reams at a
time, and cut into strips 44 inches broad, and the same
length as the sheet. Each sheet is thus cut into four strips,
and these strips are again cut into eight trapezoids.

For all conical bullet rifle cartridges, there are two
outside forming-papers, and one inside, or ¢ stiff.”

The knife of the cutting-machine for these papers cuts
into the paper vertically; to save the edge of the kmife, a
bar of lead is inserted into the frame to receive it ; the bar,
however, requires renewing from time to time; and for this
purpose a mould is supplied with the machine, so that they
may be cast when required.
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The largest of the two outside papers is brought to a
small fly-press, to the end of the spindle of which are
fixed three sharp-edged punches. The papers being placed
underneath these, receive three cuts at one corner, in the
place where the bullet is placed in “ rolling;’ this enables
the bullet to free itself from the paper immediately on being
discharged from the muzzle of the rifle ; it also facilitates the
operation of tearing off. This paper is called the third
outside forming-paper. Since the introduction of the three
cuts into this paper, a great improvement has been visible in
the firing test of these cartridges,—an absence of what was
often thought to be a *strip” of the bullet (i. e. tearing
through the grooves without taking the rotation from them),
which produces a peculiar whizzing sound, attributable,
however, more frequently to a portion of the paper of
the cartridge adhering to the bullet, which of course was
calculated to produce great deviation.

The form of the third outside forming-paper, and the
position of the three cuts, are as in
the annexed sketch. The papers
5 cut into the above-mentioned shapes
» are conveyed to the boys who are

employed in making up the car-
#-es £ tridges, who, being supplied with

the bullets ready plugged, and the necessary appliances as
before enumerated, commence rolling and making, or
forming : — The accompanying diagrams represent two of
the tools required in rolling cartridges, and the dimensions
of each,—the ¢ former” and the *plug.”” The ¢ plugs”
which have been made for India are of brass, with the
exception of the round knob or handle, which is made
of box-wood. All others are, however, made entirely of
box-wood. The ¢ former,” or ‘mandrel,” is a cylindrical
piece of wood or metal, upon which to roll the cartridge
paper. It has a hollow or cup at one end, into which some
of the paper is pressed by means of the ¢ plug,” to form the
hollow for the point of the bullet. They are all made
pierced with an air-hole, shown by dotted lines; this pre-

Pig. 2.

18




THE CARTRIDGE. 31

vents the paper from collapsing in withdrawing it after
rolling.

Fig. 8.

Operation of Rolling orr Forming Cartridges.

Take the former in the left hand, lay it upon the cylinder
paper or stiff, as in fig. 5. The
cup being to the right-hand Fig. 6.
side, roll up tightly until within
% of an inch of the top on the
right-hand side. Take up the
second or inside paper (taking
care with this, as with all the ¢ 7
papers, to keep the side with
the acute angle and right angle to the nght-ha.nd side),
place it on the unrolled part of the cylinder paper, leaving
about ‘5 of an inch overlapping on the right-hand side;
roll up tightly and press this overlapping piece firmly into
the cup of the ¢ former’ with the ‘ plug.” It is important
that this should be well done, as, if done carelessly, when
the cartridge is made up, the powder may escape between
the bullet and paper.

Then take the ¢ forming,” or outside paper, place the
¢ former,”” with the
rolled-up paper upon
it, as represented in
fig. 6; place the point
of the bullet into the .

cup of the ¢ former,” H&E

Fig. 6.




32 SMALL-ARMS AMMUNITION.

the side of the bullet resting on the three cuts in the paper
(care being taken that the cuts may extend above the cylin-
drical part of the bullet, and that a small margin of paper
remains to the right-hand side at the base of the bullet, so
as to be tied up to secure the cartridge).

Then roll up tightly, choke the paper with a piece of
catgut, so as to form a “rose’’ at the base of the bullet, and
tie with string with two half-hitches. The rose should be
‘made in the centre of the base of the bullet, and as small as
possible, so that it is secure.

The cartridge has then only to be filled, twisted, and
greased, or lubricated.

The cartridges for the navy (that is, those used in the old
musket rifled out) are made in the same manner precisely.

Manmufacture of Bags for Cartridges from the Pulp.

Besides the method described of making cartridges, they
are also made direct from the pulp, by an ingeniously-con-
trived process, by which every shape and description of paper
bag can be made.

As yet, however, no very satisfactory result has been
obtained ; the cartridges made by this process not fulfilling
in every respect the requirements for rifle cartridges.

But as there is little doubt that improvements will
suggest themselves in this particular mode of manufacture,
there is no necessity however for this ingenious machinery
to remain idle, as every description of paper bag for caps,
cartridge bundles, cannon cartridges, &c., can be manu-
factured by means of it, and Sharp’s breech-loading cartridge
is invariably made in this manner at the present time.

I will now endeavour to make this process, as at present
carried on in the Royal Laboratory, clear to the reader.

The pulp is made in the paper-factory, in the following
manner :—

The rags, principally linen and canvas, are cut into
pieces from 3 inches to 4 inches square, and are brought to
a machine called a ¢ rag-winnow "’ to be dusted of the im-
purities, This is done by placing them on a broad endless
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band, which, revolving horizontally, carries them into a
cylindrical box, in which they are tossed about by blunt teeth
fixed to cylinders revolving in contrary directions : by these
means they are thoroughly dusted. A funnel attached to
this cylindrical chamber, and having within it fans rapidly
revolving, carries off all the light dust to a chamber above,
the heavy and gritty substances falling below. This machine
has an arrangement by means of a lever and cam, which
discharges the rags when dusted, at intervals, through a door
in the lower part.

Materials producing a paper of a thin texture are
mixed with those producing a thicker or coarser species of
paper, so that a pulp of the required consistency may be
obtained. ,

The rags are then boiled in a cylindrical steam-heated
boiler, with a solution of lime and soda ash, in the proportion
of 3% lime to 7} soda ash for 1 cwt. of rags. The propor-
tions, however, are greatly dependent upon the state and
quality of the rags. After being boiled for about twelve
hours, they are brought to the ‘ breaking-in engine.”

This is a large vat or oblong cistern, rounded at the
angles and lined with lead; it is divided in the centre
- longitudinally, the ends of which do not touch the sides of
the vat, but leave a channel of about the same breadth all
round; in the centre, on one side of this partition, is &
revolving wood cylinder, which is furnished with a number
of cutters fastened parallel to the axis, so as to project
about an inch from the circumference. This cylinder is
driven by means of a pinion fixed to one end of its shaft,
the shaft extending-across the vat. Underneath the cylinder
is a block of wood furnished with cutters, similar to those
on the cylinder, to which they are parallel, and are very close
when it revolves, but do not touch.

The cistern is supplied with water and rags at one end,
great care being taken that the water is free from iron;
vegetable size is introduced, as also alum and resin, the pro-
portions being about 10} 1b. of alum to 2%1b. of resin to
2 cwt. of rags, which is about the charge for this engine,

D
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In this vat the rags are beaten up into a rough pulp, and
cut up at the same time ; but to render this of a consistency
required for the manufacture of the paper bags, it is allowed
to pass into another machine of a similar description, in
which the pulp is cut up finer and reduced to the required
consistency. In this machine, the distance between the
fixed cutters and those on the cylinder is regulated by a
lever, by which the cylinder is raised or depressed as occasion
requires. .

The pulp is now prepared, and runs from hence into the
reservoir, in which it is kept for use, technically called the
stuff-chest. To prevent its settling in this reservoir, it is kept
constantly in motion by means of a spindle, with long arms
or agitators attached to it. By an ingenious arrangement of
tubes and valves, the pulp is pumped from this ¢ stuff-chest”
into the vats for use, and the liquid portion repumped again
into the * stuff-chest’’ after being used.

The bags for the cartridges are made in the following
manner. Upon a circular frame, composed of a double row
of tubular rings, are fixed the * moulds,” or small perforated
tubes, closed at the top, the other end opening into the tubular
rings composing the frame. These moulds are of the same
size and shape as the required paper bag. The moulds are
covered with little bags of woollen cloth called ¢ mould-
covers,” and fitting accurately. This frame is then screwed
on to the pipe of a powerful suction-pump, of which it forms
the spout. (The pump has four valves to keep it constantly
in action.) The whole frame is then plunged into the vat
containing the pulp. There are two of these vats ; one con-
taining pulp of a thicker consistency than the other, in event
of any of the bags requiring a second and thicker coating.
The frame being thoroughly immersed, the suction-pump to
which it is attached is set in motion. By this means the water
is drawn through the mould-cover, leaving the pulp on the
surface. The pulp has only to be dried after this has been
done, and a perfect paper bag is formed.

The bags for Sharp’s breech-loader cartridge being conical,
require a second dipping at the points, the threads of the
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“ mould-covers” of this shape being drawn together so tightly
that they are less porous at the top than at the other part.

The inner bags, or inside cylinders of the Enfield rifle
cartridge, always receive a second coating, about half the
length, making them sufficiently strong where the powder
rests, but thin enough at the upper part to be easily twisted.
After this process, the tubular frame, containing the moulds,
is taken off from the pipe of the suction-pump (on to which
it is fastened by means of a bayonet-catch), and the mould-
covers are then dipped into animal size, kept at a warm
temperature by means of steam-pipes passing through the
pans containing it.- After this the * mould-covers” are taken.
off the moulds, with the pulp adhering, and transferred to the
drying formers,—tubular cylinders of the same form as the
moulders, but not perforated. These drying  formers’ are
all fixed to a large circular and tubular frame, heated by
steam, and which revolves slowly. A boy standing in omne
place ascertains by the touch if the bags are dry, and, if dry,
he takes off each as they pass, and separates the paper bag
from the woollen ¢ mould-cover” (it easily comes away when
dry); he then throws the paper bag into a basket at one side,
and the mould-cover into another receptacle, so that they may
be used again.

The bags intended for the Enfield rifle cartridge are made
in two forms, the inside cylinder for the powder, and the outer
cylinder to receive the bullet. The inside cylinder, which is
formed from the pulp with a flat top, has a hollow afterwards
formed at the top by means of a steel former : this hollow is
made to receive the point of the bullet when the cartridge is
formed.

The ¢ outside cylinder” is flat at one end. Previous to
being made up into cartridges, these bags are * glazed,”” which
is- done by passing them (when fitted upon steel formers of
the exact dimensions of the bag) between & circular revolving
roller and the smooth steel frame of the machine. By this
process the pores of the paper are closed, and a slightly
polished appearance is given. This done, the bullet is pushed
down intq the * outer’ cylinder,” base downwards, by means

D 2
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of a former; the “inner bag’ being then placed upon thé
former, is pushed down and firmly pressed upon the point of
the bullet. The cartridge is now ready for the operations of
filling, twisting, and lubricating, which are carried on in
separate buildings, and which operations are precisely similar
to those in practice for the Enfield rifle cartridge.

At present, this branch of manufacture has not been quite
perfected ; the bags are slightly porous, and liable, therefore,
to absorb moisture, it being found a difficulty in this process
of manufacture to work the pulp in an advantageous manner,
or to introduce much size. The cartridges are, moreover;
weak at that part where the inner cylinder fits upon the
apex of the bullet, no doubt owing to the porosity of the
paper as it is at present made by this process.

The ¢ outer bag” of the cartridge for the Enfield rifle,
after the cartridge has been made up, is cut from the shoulder
to the base of the bullet with a longitudinal slit, so that it
may free itself easily from the bullet when discharged from
the rifle.

Pilling, Twisting, Lubricating, and Packing Cartridges, and
the Precautions taken in the Royal Laboratory.

The empty cartridges are conveyed in boxes by means
of waggons to the cartridge-sheds, which are small isolated
buildings. When in the vicinity of these sheds, they are
wheeled in trucks moving on copper rails; great care being
taken that these are rolled slowly and steadily.

The boxes are taken out and conveyed to the shed, that
the cartridges may be filled. This is done by means of filling-
machines, one of which is shown in fig. 1, diagram 10; the
box being placed immediately underneath the hoppers of the
machine, which ought never to be kept more than half full,
and but two barrels of powder ought to remain at any one
time in any of these sheds.

Each cartridge having been filled, the boxes are taken to
be examinéd by a man well accustomed to the duty. He
glances down uporn them, and if he has any doubts concerning
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a cartridge, he empties it into a small tin measure, to prove
if his suspicion be correct. A slight excess of about two
grains above the regulation charge is desirable, to allow
for that portion of the powder the effect of which is
usually lost by its adhering to the bottom of the powder-
cylinder.

The filling-machine requires testing constantly, allowances
being carefully made for any variations in the powder. When
the man who has examined the box is satisfied as to the
correctness of its contents, he affixes a mark to it and passes
it on, that the cartridges may be twisted; an operation per-
formed by twisting from left to right the superfluous paper at
the top completely round, pressing it down upon the powder
at the same time. This done, the cartridges are taken to be
lubricated, or dipped, and for this purpose are fixed in trays
so contrived that each cartridge fits into a small cylinder,
leaving that portion alone projecting at the bottom which it
is necessary to lubricate. The lubrication, or anti-fouling
composition, at present composed of wax alone, is carefully
weighed out, and stirred whilst melting in steam-heated pans
until thoroughly incorporated. When it is required for use,
it is heated and kept by means of steam at a temperature of
230° Fahrenheit. At the side of the dipping-pans are slabs
or metal plates heated by steam. Upon these the trays
containing the cartridges are placed until the cartridges are
thoroughly dried and have acquired some slight degree of
heat. Of course the heating of these is carefully regulated.
Each tray is then successively dipped into the composition,
in such a manner that the bases of the cartridges touch the
bottom of the dipping-pans, which are adjustable so as to
regulate the required depth. A reservoir of the composition
is fixed at the back part of the pan, with a cock, so that the
quantity in the dipping-pan may be regulated. In front of
the dipping-pan there is a small copper cylinder running
across horizontally, upon which, after having been dipped,
the bases of the cartridges are just touched or lightly drawn
across, taking off the superfluous composition which may
adhere. The cartridges are then left to cool, and until they
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are thoroughly so, the operation of packing is not ventured
upon. When this more cumbersome apparatus for dipping
cartridges is not available, or for field service, a portable
apparatus is used, in the form of the lubrication-kettle shown
in fig. 2, diagram 10. A is a copper kettle, with a handle D ;
B a saucepan or pot, in which the composition is placed; it-
fits into A, into which hot water is placed after the fashion
of a glue-pot. E is a perforated piece of copper, tinned ; it
forms a bottom for the dipping-pan, and is adjustable by
sliding upon a small rod, and being fixed by means of the
screw F. C is the handle of the dipping-pan. G is a small
brass cylinder, in which the cartridge is placed after having
been dipped, so that it may be gauged ; the hole to receive it
is *582 of an inch in diameter for the Enfield rifle cartridge.
There is a small orifice at the bottom of this gauge, to allow
the composition to flow out. The filling-machine is shown in
fig. 1 : A is the receptacle for the powder; B is a handle, by -
turning which the powder is allowed to escape into either the
tube C or F; D is a handle, by means of which either C or
F is alternately brought underneath the receptacle A and
over the funnel E, by which the charge is introduced to the

cartridge.
Packing Small-arms Cartridges.

For this purpose the ¢ slip,” or packing-paper, is laid
upon the table; a cartridge is laid parallel to the nearest end,
bullet to the right; the ¢ slip” is then rolled once round.
The second cartridge is then laid under it close to the first,
the bullet towards the left ; the remainder, up to the first five,
are thus laid alternately over, and under the  slip,” the
bullets’ ends alternately reversed. When five have been thus
laid, the remainder of the slip is passed over and the sixth
cartridge placed at the same time in the double ; the seventh
is then placed over the second, the bullet towards the right,
and the rest are alternately placed over and under, as before,
until ten have been laid ; the remaining portion of the slip is
then passed over ; the whole are then gently pressed with the
hand, and packed in the wrapping-paper, the dimensions of



DIAGRAM IO.

A
¥

Fig. 1.

. B _ — T
F i
CAFFIN’S FILLING MACHINE ‘fSize.
Fig. 2.
Arthar B Hawes Cap" delt Gz & Woymary, Beniers, Orent Jueen S¢ Londlon.

LUBRICATION EKETTLE % Sixe.






THE CARTRIDGE., 39

which are given in the tables of dimensions of cartridge-
papers ; upon which paper the description of cartridge con-
tained is marked. Packets of cartridges of *55 diameter are
labelled as follows :—

For
Rifle Musket /53.
Bullet ‘55 diameter,
WAX —
Powder 2} drs.
Wood Plug.

The word ¢ wax’’ signifies that the lubrication is com-
posed of wax unmixed, and the three lines represent that the
outer forming-paper, or ¢ outside,” has received the three
cuts before described.

The packets are then fastened with strong twine, and
carefully packed in barrels, by being built up round the sides;
a cylinder of caps being placed in the centre, in the propor-
tion of 75 caps for every 60 rounds: this proportion, however,
it is in contemplation to alter, by increasing the number of
caps. Previous to the packing, however, each bundle is
weighed against a standard bundle, and if found light, is
immediately rejected. They are also examined to see that
they have been properly packed. Packing and fastening the
barrels are operations performed in the same building as
filling and dipping, and from thence, when the barrels have
been marked with the contents, they are conveyed to the
several magazines to which they are destined.

The New Blank Cartridge.

This ingeniously-contrived cartridge, a sketch of which
is shown in diagram 1, enables the soldier to go through all
the motions of loading in exactly the same manner as if
loading with ball-cartridge, and has been devised by Captain
Boxer, to obviate the difficulty of the soldier having to
practise on parade, or at reviews, a different plan of loading
than he would have to do when before the enemy.
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With the old blank ammunition, he merely poured the
powder into the musket from the paper bag, and then
rammed the paper down upon the top of it. With the new
one, he goes through the motions of reversing the cartridge,
after pouring in the powder, thereby lessening the chances
of the soldier’s obliviously loading his rifle in action with the
bullet point foremost, a mode of performing this operation
which is obviously calculated to prevent any good results being
obtained in practice, and to cause the grooves of the rifle
to become leaded.

These cartridges are made with bags manufactured as
described before from the pulp. There are two cylinders
similar to those in the ball-cartridge made from bags; the
inner bag has a hollow in its base, the outer bag is a cylinder
with a flat bagse. There is also a small bag or cup, somewhat
of the form of the conical bullet, and of the same length and
diameter. These three bags are conveyed to the filling-sheds,
the filling and making this cartridge being simultaneous
operations. The ragged edges at the mouth of the bags are
first cut off; the outer cylinder being about 8} inches in
length after this operation. These outer cylinders are then
dipped in the lubricating composition, and for which purpose
are fitted upon boxwood formers, seventy-two of these formers
being fixed perpendicularly, and in six rows, upon square
brass plates, with handles to each side. These plates, or
dipping-trays, are then reversed and dipped in the pans,
which are in every respect, as regards arrangement, and also
the composition and temperature, similar to those already
described.

The former are constructed larger at the top, so that,
where the lubrication is required on the bag, it fits tightly; a
small groove up the side allows the air to pass in in removing
the bag, and enables that operation, therefore, to be easily
performed. After the lubrication has hardened by being
allowed to cool, the bags, or ‘ outside cylinders,” are brought
to a boy, who, fitting them upon a brass former with a box-
wood top, by means of a small punch attached to a lever,
punches a small hole from the bottom of each bag. This
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.done, a small piece of coarse muslin, cut into a circular shape
of about the same diameter as the cartridge, after being well
pasted, is inserted by means of a former into the cylinder,
and pasted over the hole punched out in the bottom of the
cylinder. These pieces of muslin are cut out by means of a
common circular punch, or patch-cutter, and mallet.

The next process is to place within these cylinders the
small bags or cups before mentioned, and which have been
previously filled with 13 dram of powder. These are
reversed, and pressed in by means of a former, the muslin
being too fine to allow of the powder escaping through the
interstices. Upon this imitation bullet the inner bag is then
firmly pressed by means of the former. The cartridges are
then put on one side to be examined by placing a former in
them to ascertain if these mock-bullets are placed in, as also
to open the mouth to receive the charge. -

The trays are now placed under the filling-machine, and
each cartridge receives its charge of 2 drams; and after
this a small strip of purple paper, 2} inches x 4 of an inch, is
pasted round each as a distinguishing mark. The twisting is
performed in the same manmner as other cartridges already
described.

They are packed in the same way as the ball-cartridge,
10 in each packet, the wrapping-paper being, however, purple,
and labelled as follows :—

BLANK.

The operations for loading
with the new pattern blank
and with the service-ball car-
tridge are the same. The
portion of the blank cartridge
which is lubricated, represents
the bullet in the service car-
tridge.

1858.

A paper containing these directions is also inserted into
each barrel.
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They are packed in half-barrels, marked in the following
.manner :—

W.
BLANK.
For Pattern /53.

And all arms.
577 bore.
No. ... ... 1,400.
Caps... ... 1,540.

On “firing,” the powder of the charge ignites through
the interstices of the muslin the powder in the bag or cup;
thus blowing it to pieces, and preventing the contingency of
any part “balling,” or being expelled en masse.

The old form of Blank Ammunition.

Blank ammunition for all arms is made of purple paper;
one forming-paper alone is used, of the dimensions given in
one of the tables.

The paper is rolled upon a former in precisely the same
manner as the outer forming-paper of the ball-cartridge ; the
former is *65 of an inch in diameter, and rounded convexly at
the end. After being rolled, they are choked, and tied with
twine; thus forming bags.

They are then filled at the filling-sheds with 8} drams
of powder, then twisted and tied, as shown in diagram 2,
fig. 8.

They are packed in half-barrels containing 1,800, and the
proper proportion of caps, i.e. 1,980.

Mode of forming Sharp’s Breech-loading Carbine
Cartridge.
The charge for this cartridge is the same as for the
Enfield rifle cartridge, viz. 2} drams. The bullet is the

same externally, the difference being in the hollow at the
base, which is not so deep, and the surface of which is
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roughed; the weight.is 530 grains, diameter °568. The
former for making this cartridge is 0'5 inch in diameter, and
tapers slightly towards the end, which is rounded off, so that
it may fit the hollow of the ball. A piece of white fine paper
is cut to the pattern A B C D E, shown in the diagram
half size. :

The ¢ former” is then placed upon the  forming-paper,”
as shown in the diagram, and the part A is laid over it, and
the whole rolled tightly up. The projecting part of the
paper, after this has been done, is twisted close on to the
rounded end of the ¢ former” by the finger and thumb,
assisted by a “choking twine” fixed to the table. The
twisted end of the cartridge is then dipped into a cement of
the consistency of thick glue, consisting of shell-lac dissolved
in spirits of wine, and then pressed into the hollow of the
ball, which is roughed. The ¢ former” is now taken out,
and the cartridge is left for about two hours to dry. A slip
of * white fine” paper, 0-7 in. wide, is then pasted round the
lower part of the ball and cartridge. When the whole is dry,
the powder is put in, and to insure the cartridge being made
of the proper length (a matter of great importance), it is
placed in a small block of wood having a cavity of the same
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diameter as the shoulder of the ball, and 2} inches in length ;
the end of the cartridge is folded down as flat as possible.
A small quantity of lubrication is then put round that portion
of the paper band that covers the ball, and the cartridges are
packed in bundles, as before described.

Appliances required for rolling these Cartridges.

A board for a table; (W.F.) paper; tin patterns;
choking-pin; former; block of box, or any hard wood, with
the required hollow for gauging; paste; twine; lubrication-
kettle ; and the lubrication.

Sharp’s Breech-loader Cartridge.

The cartridges generally used for Sharp’s breech-loading
carbine are made from the pulp. The bags are made tapering
to a point between ‘28 and ‘29 of an inch in length; these
bags are.brought to the filling-sheds, and are, in the first
place, placed in trays, mouth upwards, and filled with the
regulation charge of 2} drams, by means of the filling-
machine. After this the bullets are placed in, base down-
wards. The hollow in these bullets is slightly different from
the Enfield rifle bullet, the inside surface being roughened.
The bullet having been placed in, the cartridges are gauged
in a small gun-metal gauge, to see that they are the required
length, a very important point with the cartridges for Sharp’s
breech-loading carbine.

Formers with cups are used in forcing the bullet into
the cartridge-bag. If it does not readily go down, the small
end of the cartridge is inserted into a hole in a block of wood,
and a few smart- taps with the former serve to settle the
powder, and to allow the bullet to fit in; the superfluous
paper which projects beyond the point of the bullet is then
cut or torn off roughly. The cartridge is after this taken to
a boy, who, placing the point of the bullet in a gun-metal
mould made to receive a certain length, passes a knife round
it, and cuts off the paper neatly round the cylindrical part
of the bullet. After this has been done, but ‘1 of an inch
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of paper in breadth ought to overlap or hold the base of the
bullet. A small strip of paper (W. F.) 1:56”x '3, is now pasted
round the junction of the paper and the bullet, ‘2 of an inch
being on the bullet, and ‘1 of an inch on the paper; so that,
when this is pasted on, '3 of an inch of the bullet in depth
is held by the cartridge. This has been found to be quite
sufficient. :

After this process, technically called banding,” has
been completed, the cartridge is again gauged to see if it is
correct as to length; it is then placed with others in the
dipping-trays. These trays, made of copper, tinned, are
constructed with 90 small cylinders or cups, ‘917 of an inch
in depth, into which the point of the bullet fits. When all
the cartridges have been arranged, bullets downwards, in
these cups, the tray is dipped into the lubrication-pan, which,
in arrangement, is precisely similar to those in use which
have been already described; the composition is also the
same. The tray should touch the bottom of the pan, as the
lubrication is kept at a fixed depth, regulated by a mark or
gauge at the side of the pan. The temperature at which it is
kept is 180° Fahrenheit. In thus dipping them, a small rim
of lubrication adheres to the part of the cartridge just above
the cup or cylinder (if the point of the bullet touches the
.bottom of the cup or cylinder, this should be the broadest
part of the bullet), an important point ; for if the bullet is not
lubricated at its broadest part, it will invariably foul the
carbine by leading the grooves. The rim of lubrication is
about ‘2 of an inch in depth. After the lubrication has
been cooled, the cartridges are packed in the same way
as other descriptions of cartridges, viz., ten in a packet,
and labelled as follows :—

SHARP’S
Breech-Loading
Rifle Carbine,
- *577 Bore, W.T.
21 Drs. F.G.
1858.
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These packets are then packed in quarter-barrels, which
are marked thus—

W.
Cartridges.
Sharp’s
Breech-Loading
Rifle Carbine.
Ww. 577 T.
2} drams F.G. 800.
Cape 1000.

It is contemplated to alter the proportion of caps for all
arms from five to four rounds to six to four.
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SMALL-ARM CARTRIDGES.

Nnmberofcwidgu (teninsBundle)
Cases, &c.

i - packed in Barrels,
.8 - ‘ -
g ‘ % .} Barrel. Sea Service.
' NATURE OF CARTRIDGE. 2 a :
. %
i 4
" Pistol (Musket bore)*...... 2 4§ 680 :
' Balls lined with a fus-
Pistol (Carbinebore)*...... 2 20 610 { dnnpswh'facont-
Pistol (Percussion)t......... g s« )

* The *formers* the same as Carbine M.B. and C.B.
1+ The “former’’ 5 of an inch in dismeter.

DIMENSIONS OF PAPER, &c. FOR SMALL-ARM CARTRIDGES.

Forming Paper. Slip or Packing. : Wrapper.
T e 8 L -
DESCRIPTION OF g 2 g §
CARTRIDGE. g g g g g g
! 5 & & | !
. m I In - ! In. In.
Blank for all arms...... Purple. 44 58 335 Purple 1 575
Yellow :
1st Cylinder { - 455 .
Rifle o {' wropping } i Yellow Yellow 1o gas
Yellow fine wrapping
and Inside.. { g% } 35
srd Outside .. Y.F.
Red
1st Cylinder
(1as1) ) nd Inside..... Red fine e mpm Jors' 635
Ontside ..  R.F.
18t Cylinder..'
md Inside...., W.F. hite 978 635
(1858) ‘ : ‘
198 i
srd Outside .." W.F. { 195 -5s bullet
m(m)us} W.F. e |{ g (17 4 978 8
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DIMENSIONS OF PAPER, &c. FOR SMALI-ARM CARTRIDGES.

'Forming Paper. . Siip or Packing.
DESCRIPTION OF '
CARTRIDGE.
" (Common)...... Whitefine ' 48 White
. (1st Cylinder .., Wrapping 85
§ {!ndlnddc. W.F. 45 W.B. 17°5
2rd Outelde .. W.F. ‘ 0
Cor tc:limiu..: an 177 805 46 .
~ caster { gud Inside.... W.F. 485 56 85 W.B.
e (d Qpteide .. W.F. s
1s¢ Cylinder .. Wnivping 138 .
{ml Inside.... W.F. 405 Ww.B
scdOutside .. WP, 44 T
(Carbinebore).. WP, " W.B.
MBY eeverer WE } L
oo W.B.
L (MBY) seereenree WP )
Pistol (C.B.svssersssee - WoR, " W.B,
' viies W.E. W.B.

do

,‘g-llf

g8 8 &

‘Wrapper.

‘g7 G
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METALLIC TUBES.

Manufacture of Metallic Tubes for preserving Cartridges
Jrom damp.

THESE are waterproof covers.of thin tin tubing, for
preserving the cartridges on boat-service, or any service in
which they would be greatly liable to be exposed to the
action of damp. The mode of making these tubes is so
peculiar and so exceedingly beautiful, that a detailed descrip-
tion of it will, I am sure, prove very interesting. Itis performed
In the following manner :—A circular piece or pellet of block
tin, ‘63 of an inch in diameter, somewhat resembling a thick
fourpenny-bit, being '1 of an inch in thickness, is punched out.
This is put into a small circular hollow or die, sunk into the
bed or lower part of the frame of a fly press. The sides of this
hollow or bed are slightly raised above the small tin pellet,
and the die is also, in a very small degree, of a larger dia-
meter than the piece of tin. A punch fixed to a spindle is,
by means of the fly press, brought with considerable force
down upon this piece of tin. The diameter of the punch is
about ‘005 of an inch less than that of the hollow in the
frame in which the piece of tin rests. By the force of the
blow, the metal is forced or squirted up, and forms a tube
round the punch. To enable this tube to be drawn off
easily, and to prevent its being rendered useless by col-
lapsing in so doing, the air is allowed to pass down °the
punch through a small hole drilled through the centre,
and in which a delicately-constructed steel bar is placed.
This is so formed (being larger at the bottom) that, when
forced upwards, it closes the opening in the lower part of
the punch ; thus, on the punch descending, the blow closes
the air-hole, allowing the air first to escape, and preventing,
at the same time, the tin being forced up into the hole. On
withdrawing the tube from the punch, the rod falls downwards,
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allowing the air to enter from above, and thus pérmitting it to
be easily drawn off with the hand without the danger of a
collapse. .

The tube is 3 inches in length, *63 of an inch in dJameter,
and about ‘005 of an inch in thickness. Into it the cartridge
ig inserted, the bullet-end being uppermost. Upon the top
of this, again, is placed a small beech-wood cork or plug, 61
of an inch in diameter, and about ‘25 of an inch thick ; it has
a ggoove round its circumference, into which the tin sides of
the tube being pressed with the nail, it is held firmly in its
place, and the sides of the tube protected from being pressed in
or flattened ; over this another tube or cap (manufactured in:
the same manner, but, being made from a smaller piece of tin;
it is shorter) is fitted, forming, as it were, a cap for the larger
tube: a little shellac between these insures an adhesion of
the two surfaces. The sides are then pressed into the groove
in the cork with the nail, and finally the whole cap receives
a coat of black varnish; thus effectually preventing a.ny
moisture from entering and spoiling the cartridge.

These tubes are opened by tearing off the. bottom or
unvarnished end, and drawing out the cartridge by its
twisted top. All packets containing cartridges thus protected
are marked. ¢ Metallic Covers.” :

LUBRICATION.

The Lubrication, or Anti-fouling Agent,—Material used
and . Tests for it.

Tae beat anti-fouling agent known at present is beeswax,
its freedom from acid and fatty substance, and the com-
paratively high temperature of its melting-point, constitute it
a much more permanent material, -for this purpose, than
ather substances.

- In a hot climate, grease is madmmsfble as a lubrication;
a high temperature causing the grease to disappear from the
surface of the cartridge, and some penetrating the paper to

E 2
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the surface of the bullet, frequently corrodes- the. lead, ren-
dering the cartridge unserviceable, and fouling an inevitable
"consequence.

. The beeswax used, therefore, ought- to be free from a.ll
acids, and the tallow and grease should be equally  pure;
Beeswax may be adulterated with fatty matter. ‘Fhe presence
of a considerable quantity of this can be tested by rubbing it
between the finger and thumb. If-it becomes very soft. or
sticks to the fingers, and is greasy; the presence of some. ﬁtty
matter may be assumed.

~ If the wax be heated to a heat of 220° Fa.hrenhelt

and shows signs of frothing, water is present : this
may be expelled by keeping the heat up and a.llowmg it to
evaporate.
- . The subject of the lubncatmn of the ca.rtndge would seem
to the casual observer, or to one not closely. acquainted with
the practical expenditure of ammunition, to be a matter of
small importance, and that the object was gained, when there
was a something on the cartridge to grease the grooves in
the ‘barrel and to facilitate loading. = -

But . these are only secondary objects in :the choice
of a lubricating agent; its real .duty being to reduce foul.
ing, and render the rifle, after many rounds, an . efficient
weapon.

The choice, therefore, of a-lubricating agent becomes a
very large and important question. It is stated that the
rifles in the service vary nearly y¢%s of an inch; some taking
the reJectmg-plug 58 of an inch nearly halﬁva.y down the
barrel.

If no d1ﬂicu1ty existed in the field, such as rust, dn't
and fouling of the barrel, then, the components of -the lubri-
cating composition wonld not affect to the same extent: the
efficacy of the Enfield rifle on service. But such minute
accuracy either in the manufacture, or in the examining of
large quantities, is hardly to be attained and scarcely
to "be  expected, wonderful as is the precision. and
amount of perfection a.lready arrtved at in - thls branch of
wmanufacture.: : .
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o7 Tt is - difficult to .over-estimate the loss. in efficiency of ‘a
corps in the field, consequent upon the issue of ammunition
which -has .been imperfectly or improperly lubricated, or
which has been defectively made up. It is not merely a
question whether more .or less accuracy is attained, but
"whether any ﬁr'mg at all can - be ma.mtamed agamst the
foe.

It is thus easxly seen that the careful seleetion- of ‘8
" lnbrlcttmg ‘agent ‘becomes a very important part in' the
manufacture of the ammunition ; for, besides its a.daptablhty
in - obviating fouling, its keeping properties when in store
must be taken into the deepest consideration; as, in most
éases, troops on service must be supplied with ammumtlon
“which has been some considerable penod in store.

. If, then, the lubricating agent is one that detenora.tes
or mjures the cartridge, its rejection becomes not merely a
‘matter of expediency but an imperative duty. - :

Tallow, or: other similar ‘substance, either by 1tself
or’ when :combined with other material, will not remain
permanent, but will gradua.lly pass away into the paper of
the carbndge, and, in cases where the tallow preponde-
rates in a large degree over the beeswax, a portien of the
tallow will remain on the cartndge, in the form of a. dry
powder
©  The supermtendent of the Royal Laboratories a.nd the
ohemist of - the War Department remark, that, havmg
examined somé bullets which had been to India, in cartridgés
made up in the Royal Laboratory some time previous (the
hibrication containing tallow), they discovered an incrustation
upon the surface of the bullets, resulting from a corrosive
action set up by the acid matter, caused by the change
which tallow undergoes, and that the rapidity of this action
would be regulated by the nature of the climate to which
the ammunition is exposed. - »

~ Tallow in a state of mlxture with beeswax is easlly

alterable, and bemg fused' by a tropical ‘ climate, a very
sthall . proportlon ‘is- sufficient (absorbed through the paper)
1o ‘reach--the. bullet” and ¢orrode it}  and “when ‘ohce *the

->



54 SMALL-ARMS AMMUNITION.

-corrosive action has been set up, simple atmospheric exposure
-will continue it. ‘ :

‘These facts are very important, as they are sufficient
to condemn the use of any fatty matters as lubricators,
where the windage allowed is small,

The two substances with which experiments (as to the
proper description of lubricator) have been carried om,.are
beeswax and tallow, and the proportions of each have been
from time to time altered; at one time a preponderance of
tallow at others beeswax alone.

In 1857 Captain Boxer, R.A., Superintendent of the Royal
Laboratories, proposed beeswax as the agent, and urged its
valuable properties of not injuring the cartridge in store. A
committee, composéd of General Hay, commandant School of
Musketry, Hythe; Colonel Gordon; Mr. Abel, chemist to
the War Department; and Mr. Gunner, inspector of smal
arms, assembled in the beginning of July, 1857, and were
fully satisfied of the advantages possessed by beeswax over
tallow in the keeping properties of the cartridge; but they
‘qualified their consent to the introduction of beeswax alone,
—That, by adding a very small proportion of tallow, the
operation of loading would be facilitated.” The mixture
adopted into the service, resulting from the report of this
committee, was one part tallow to five beeswax.

‘At a subsequent period, however, difficulties arose in
loading in cold weather, when the temperature was below
40° Fahrenheit, which, however, usually vanished after the
third or fourth round. General Hay, in January, 1858,
- expressed "his opinion that beeswax would not do as a
lubricating agent, and he also condemned the admixture of
beeswax recommended in the first instance: his opinion,
based as it was upon the practical expenditure of ammunition,
demands very serious attention. He anticipated great dif-
ficulties in loading in any but the hottest weather, and also
objects to- this lubrication, from its being apt to chip off in
handling during very cold weather; and he came to the final
conclusion, that where rapidity and facility of loading, com-
bined with accuracy of shooting, is required, tallow musf
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be the preponderating ingredient from of at least four parts
tallow to one beeswax. Fresh inquiries were now pursued
into this subject, and Captain Boxer having given it his careful
attention, came to the conclusion that by a particular mode of
applying the mixture of five parts beeswax and one tallow, the
defect of peeling off would be removed, and that loading would
not be seriously inconvenienced, even in the coldest weather.

* He also became convinced that the mixture containing a
preponderance of tallow would not meet the requirements of
the service.

In February, 1858, Captain Rowland, musketry instructor,
H.M.’s 25th foot, was instructed to enter into a series of
experiments on the subject, and, together with Captain Boxer,
carried on a series of elaborate and practical experiments.

The composition and proportions experimented on were

as follows :— .
Ist. 5 wax to 1 tallow

"2nd. 2 do. to 1 do.
A 3rd. 1 do. to 4 do.

The two first were raised to a temperature of 230° Fah-
renheit before the cartridges were dipped, and the bullet or
cartridge itself warmed. The last mixture, owing to the
large quantity of grease contained in it, was only raised to a
temperature of 210° Fahrenheit.

The cartridges when dipped were forced into a gauge 582
of an inch in diameter, raised to a temperature of 130°:
this removed the superfluous lubrication, and the cartridges
were thus enabled to be entered into the barrel without any
considerable force being required.

The object gained in warming the cartridges and raising
the temperature of the composition previous to dipping, is to
cause it to adhere the more firmly and evenly.

The experiments being carried on during a cold easterly
wind, were useful in testing the several merits of the compo-
gitions in cold weather. '

The result of the trials was, that a composition of five
parts wax and one tallow was found to answer both as regards
fouling and loading in very cold weather, and at the same time
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i was decided, 1st, That to obtain a good result with this
mixture, it was necessary to raise it to a temperature of 230°
Fahrenheit before applying. . 2nd, That the cartridges should
be previously warmed-on a hot plate; and 3rd, That, after
dipping, the cartridges shauld be passed through a warmed
gauge ‘582 of an inch in diameter; these operations being
very inexpensive, increasing the cost of the vartridge only
383 per cent., and therefore so trifling as net to be taken
into consideration. .

However, with all these precautions in the prepa.rahon tf
ammunition, unless  the soldier asmsts by careful loadmg the
result will be unsatisfactory.

. He should be careful to press ﬁrmly, and by direct pressure,
the whole of the cylindrical part of the bullet (up to the top
of the shoulder) into the muzzle before tearing off, and at the
same time take the greatest care not to twist the cartridge
when inserted, so as to ruckarp the paper. . :

" But the reduction in the diameter.of. the bullet proposed
by Captain Boxer  entirely removes every objection as rega.rds
the loading with beeswax upon the cartridge. .

At first thought, this would appear to those who have
studied musketry theoretically, as a mode of procedure
ealculated to injure the efficacy of the weapon ; as, increasing
the windage from 001 to "018 of an inch in a weapon like the
Enfield rifle becomes, a very serious question.’

The advantages gained, however, were easy loa.dmg and
apparent diminution of fouling. The disadvantages fully
anticipated were loss of range, less accuracy of fire, and the
contingency of the bullets being liable to be displaced, or not
remaining ‘ home,” after loading, when the rifle was reversed
or shaken.

All these points were most carefu]ly gone into in July,
1858, by a committee, of which Colonel Norcott, C.B., was pre-
sident, and.to the surprise of most theonsts, it was found prac-
 tically that the target results were not in the.slightest inferior

to those of the bullet.'568 inch diameter : the range appeared
precisely the same, and the elevation required being in both
cases similar. If anything, it appeared that the bullet with the
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diminished diameter had the lowest trajectory ; one slight tap
with the ramrod, after. the bullet had slipped down, was found
sufficient to retain it in its plwe although subjected to
wevere trials (the rifle being jolted and struck with the barrel
reversed) In fact, it seemed apparent to all, that safficient
expansion was obtained to enable the: propctlle to fill the
grooves mstantaneously upon ignitioh, and therefore to acquire
the ‘necessary - rotation’; and perhaps the friction beifig
diminished from the particles of discomposed lead being less
dense- when forced into the grooves, would account for the
trajectory being lower. . No experiments were gone into a8 to
the penetration; but having carried on a few with a rifle of
larger diameter in bore than the-Enfield, I found that it was
precisely the same with bullets of both diameters. And with
the Enfield rifle I found no difference.

It was thus proved beyond all doubt the fact that General
Hay’s wood plug acts as an 1mmedla.t.e expander even to the
extent of more than ‘018 of an inch. Whether the ‘same
amount of expansion can be obtained by a.ltemng the shape of
the hollow or not, or by any other means, remains to be séen:
The wood plug has proved itself " mdubltably fu]]y able to
perform the duty required of it. =~

. The facility with which loading is camed on even 'mth nﬂes
senously fouled, with cartridges of this new diameter, and the
great diminution in * fouling”’ itself, became so evident, that
on the 26th July, 1858, it was adopted into the service for
India, and on the ‘21st February, 1859, throughout the
whole .army, as also the adoptxon of beeswa.x alone 88 the
lubricator. -

.- A cartndge also shghtly modlﬁed from tha.t descnbed ina
former part of this book, has been introduced ; the object
being to facilitate the ‘ tearing of,” by reducing the number

of folds of paper in the upper portion or powder-cylinder.
This - is attained by  shortening the *forming,” er outside -
paper; and to secure it at the junction to the second or inside °
paper, g, small strip of gummed paper is fastened round the
vartridge at this place, . The bullet is.0'55 inch in diameter
agdlpﬂgnchmlength,msteadof05683nd105. o
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Breaking up Ammunition.

Unserviceable ammunition is broken up, the powder
being sometimes good, and always valuable for the purpose
of extracting the saltpetre.

The bullet is first broken from the cartridge, and allowed
to roll into a receptacle to receive it; the powder is emptied
through a funnel and wire sieve into a separate compartment.
The only papers used again are the slip, and some of the
‘wrapping-paper ; in some cases, the oylinder or stiff.

—— e

THE CAP.
The Materials used, and Tests for them.

PrrcussioN caps used in the service are made of copper,
a metal, both as to its chemical as well as physical qualities,
admirably adapted to meet the requirements of this particular
manufacture. The copper used must necessarily be very fine,
as a very small proportion of foreign matter, such as an-
timony, lead, tin, &¢., will affect injuriously its malleability.

As the lead, so the copper is procured by a broker, and
costs on an average about 1s. per lb.

Test for the Copper.

The presence of antimony may be readily determined
by boiling a small quantity of copper in concentrated nitric
acid ; for, in so doing, the antimony will not be dissolved by
the acid, but merely oxidized. Tin will be affected in a like
manner; but lead and iron will dissolve with the copper in the
nitric acid, and must be tested for by a regular analysis.
Samples from a certain percentage of the metal sent are
tested in this way :—The copper arrives in sheets, 5 x 2 feet ;
16 oz. by weight to the square foot. To insure the sheets
being clean, before they are used in manufacture (a point of
the utmost importance, as the fact of any impurities re-
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maining upon them greatly affects the serviceableness of the
caps when made up), they are taken to a building in which
are erected leaden vats, containing dilute sulphuricacid. The
sheets are dipped into this solution and allowed to remain in
it a short time, according to the strength of the acid. By
.this process they are cleansed from all oxide, and if any dirt
remains after this, the plates are further scrubbed with sand
until quite clean; they are finally rubbed with a cloth, and
-carried to the manufactory to be made up into caps, or friction-
tubes, &c. Previous to being cut up into strips of the re-
-quisite size for the cap-machines, the sheets are rubbed over
with an oiled cloth, to render their passage through the
machine easy. The sheets are then passed between revolving
circular cutters, and cut into strips two inches wide, and of the
game length as the sheet. The width of these slips varies,
according to the machine for which they are intended: for
Abraham’s cap-machine, with four punches, the width of
each strip is 2 inches and . The strips are then ready for the
-machines. Of these there are several kinds still working ;
‘but the more recently-constructed. machine (Abraham’s) has
so many decided advantages over the others (which are of
American invention and manufacture), that the universal
adoption of machines of this pattern cannot be at any very
distant period. The cost of Abraham’s cap-machine is about
‘£400; and the rate of manufacture, on an average, somewhere
about 130,000 caps in a day of 10 hours ; whilst the American
machines can only make 60,000 in the same time : they are,
however most ingeniously contrived, and very beautiful in
-appearance. In Abraham’s machine the motion is continuous,
‘whilst the American is so constructed that it is necessary to
:stop the machine when each strip of copper has been worked
up, for the purpose of supplying the machine with a fresh
strip of copper. Broken pieces of copper do not necessitate
the stoppage of Abraham’s machine; but the least obstruc-
tion of this sort in the American machine renders it necessary
to stop the machine to pick it out. The speed at which the -
American machine can be worked is, owing to its peculiar
construction, limited; whilst Abraham’s can be worked at
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any speed. 'I. will .endeavour . ta deacribe: the pnncqﬂaes ‘and
workmg of Abra.ham 8 madune L

" Abmham 8. O'a_p-Machme

The sbnps of coppor sheet are brought o the cap-
:ma.chme, and one end is inserted between two horizontal
rollers, by the rotation of which the strip:is drawn forward
into the machine. These rollers have motion imparted to
them by means of an eccentric, connected by a rod and band
o the rollers, and thus giving an intermittent movement to
-spur«pinions attached to the rollers. - .. - vz
. The strip is thus brought under three or four (acoordmg
to. the construction of the machine) crossnsha.ped . punches,
and over three holes in & revolving circular disc ; -these holes
-being immediately under and coinciding with the position of
‘the ‘punches. :The punches are. attached to a spindle, ‘fo
which. a vertical reciprocating motion is given by -an;eccentrie
and band on -the main shaft : by these punches small cross-
abaped .pieces. of copper .are sta.mped out, of the followmg
Bha-pe and dinensions :— - . -
: .+ After being punched these Crosses oOr bln.nks
- fall into the holes in :the revolving: circular
..disc ::this disc rests upon .a'flat plate, which -
forms a bottom for these holes; it .then mukds
ke’ 5 & quarter-revolution, -and, taking-the ‘crosses
”'ﬂ 1' L along with - it, brings them exactly under three
punahes WIth .cylindrical -ends, of 'the same size :and :shapée
required . for the., cylindrical - portion'.of the cap.- .- Thepe
punches. are fixed 0, the same spindle with:the. cross-shaped
punches ; .and, vertically descending, the cross-shaped - pieces
are punched into beds or recesses in the lower plate, of the
same shape and dimensions as the cylindrical part of the
cap : after being punched into these beds, the 'caps are ejected
from below. - A movable socket on each punch, sliding down
as,the punch rises, throws the cap off; in event of its a.d,hermg
49.ithe end of the. punch, - The caps thus formed remain in
the holes:in, the, -dlsc ;zand; the disc again: making &: guarters
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turn, they are brought over an opening through which: they
fall into as barrel, or any receptwle plwed undernea.th the
machine to receive them. :

. -
. e PR N 3 e
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The Fiwished Cap.  ~-=% 7101775 ) NESSNE
Diameter of flange -43 of an inch.
Greatest diame’ter” 930 ,,
+ ¢ o Least diameter <+ © 12 i st v a7
" ‘Depth mslde o 248 ) -',‘,‘* R ‘_ e

: The ongmal ma.chme of t]ns descnptlon, in the Roya.!
Laboratory, has been greatly modified, and ‘much improved
by the -addition of some most- ingénious -contrivances by -
Mr. Campbell, of the Royal Laboratory. Department.. = - :
i - : One of these is the addition of a piece: of mechanism;
by’ which, -in .eyent of the disc not revolving .truly, 4.e. not
making a complete quarter-revolution, the punches are chiecked
from descending. If some such precaution were not taken,
not only would the punches themselves be broken, but the
disc. would be greatly injured, and the whole machine receive
& most injurious shock. Other additions, equally ingenious,
have been added by Mr. Campbell, to various parts of the
machine, rendering- it very perfect, a.nd beautlfully a.dapted to
its requirements.: -

-After the eap has’ arrived thus fa.r in the process of its
manufacture, it- has to -go through the several operations.of
eleaning, . filling, - pressing, varnishing, drying, examining;
further drying, and finally packing. - In. this order I will
describe them, bemg the same in wlnch the operatlons are
eonducted - :

Cleaning.

The caps are taken away, after being formed in the machme,
and thrown into a wooden cylinder, or drum, containing saw-
dust, This cylinder is driven by steam power ;. and, slowly
revolving, the caps in this way become thoroughly scoured.
When taken out- of this drum, they are placed in a sieve, to



63 SMALL-ARMS AMMUNITION.

which a rapid reciprocating motion is given, and any sawdust
that may adhere to. them is thrown off and fa]lsthrough .
after they have gone through this process, they are thrown in
a heap upon a large open tray er table, with raised sides, and
from this theéy are placed in trays ready for filling in the
following manner :—

Filling.

To enable the caps to be easily and quickly placed, mouth
upwards, in the trays, in a position for filling, they are thrown,
by a boy, upon this tray, which is a plate of brass containing
1,000 holes or perforations, coinciding in diameter to that
of the cylindrical part of the caps. He rests it upon a loose
roller fixed across a table, with raised sides, on which are
thrown the caps, and, by a peculiar motion, viz., by shaking
or jerking. the tray on this rolling bar ba.ckwards and
forwards, and heaping fresh caps upon it, continues this
operation until the caps fall into- it, filling each hole and
adjusting themselves with their mouths upwards.

These trays are then carried to the ﬁ]lmg-machme,
which iz constructed in the following manner :—1It is made in
the form of an oblong table, with two metal tops and a raised
edge ; the tray of caps sliding in, in. the manner of a drawer.
The double top. to this table is formed of two metal plates;
both perforated with 1,000 holes, exactly corresponding to
those in the tray of caps underneath. The lower plate is
movable, sliding backwards and forwards; motion is given
to it by turning a handle, connected to it by a rod, working
within a fine female screw; thus preventing any rapid or
sudden motion being given to the lower plate. =~

To prepare the machine for filling, the cap tray is shpped
underneath the two plates, the lower one being so adjusted
that the holes in it do not coincide with those in the upper
plate; thus forming, as it were, a bottom for them.

The composition, in the form of a fine white powder, &
description: of which is given further on, is carefully spread
over the upper plate with a pasteboard slice (12 oz. of this
composition only is permitted to remain at any one time in the
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factory, and_this fills between 17,000 and 18,000 caps); when
each hole on the upper plate has been filled, the superfluous
composition is carefully removed. The handle is now turned,
the lower plate thereby being slowly moved, until the holes
coincide, when a few smart taps on the frame or edge of the
table suffice to cause the composition to fall into the caps
below, each cap obtaining a charge of about one-third of a

By the contrivance for moving the lower plate, it is ren-
dered impossible for a hasty or careless workman to move
the plate rapidly, which might cause friction sufficient to
ignite this highly-explosive composition. The caps thus
filled, the trays are conveyed to the pressing-machine. :

Pressing.

{ 'l‘he tray, whilst in this machine, is placed upon a slab
or table, and, at each stroke of the machine, by means of a
rack-movement, it is drawn forward, when, at the same time,
punches corresponding to the cylindrical portion of the cap
gently descend, pressing the composition in each cap with a
pressure of about 65 Ib., there being a row of punches corre-
sponding to a row of caps in the tray. Thus, at each stroke,
the tray is advanced, and a row of caps brought underneath
the line of punches; the tray is thus advanced until all the
caps bemg pressed, it is brought against a lever, when, by an
ingenious contrivance, the machine is stopped and the punches
checked from descending, thus enabling the tray to be easily
withdrawn. This machine, until very lately, was worked by
hand; but Mr. Campbell, of the Royal Laboratory Department,
has so adapted it, that it may be worked by power, besides
adding the ingenious arrangement above mentioned. The com-
position, although pressed into the bottom of the cap, is
still liable to imbibe moisture and fall out; and to secure
it from either of these contingencies it is varnished. ‘

Varnishing.
For this operation the caps still remain in the same tray,
which is now brought to & machine and laid upon a slab or.
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table; and, by a similar rack-movement - to’ that on the
pressing-machine, is drawn forward, at each stroke of the
machme, the exact distance of the space between each row of
caps. - Upon a rod- ‘connecting two  movable ° ‘of "hinging’
arms, one on each side of the machine, are fixed a fiumber ‘of
smsll pms, oorrespondmg in number and :position- to one row
ofcaps in-the tray. This arm is soa:mmgeduthnt the boy
in charge of the machine is enabled to dip the pins Hito’a
reservoir of shellac and methyllated spirits of Wwine; ‘andthen
passing ' them -over, the.amotnt - of varnish adhering $o-eaich
pin is deposited in each cap, sufficient’ quantity : being -taken
up; in the act of dipping, to secure the composition ‘within the
cap. By the motion of brmgmg the arm back for a fresh dip
into the reservoir, the tray is again drawn forward, and a
fresh row comes under the'place where the pins fall to receive
their supply ; and this is continued umtil the whole tray 1s
.ﬁnished and ea.oh ca.p receives 1ts quantum B

. R _Dry»yng. R I A S
T}ns opera.tlon completed ‘the tra.y is pIaced upon a
steam-heated table, so "that the varnish, may be thoroughly
dried ; the temperature of this table’ necessa.nly being
ca,reﬁﬂly regulated They remain some tlme ‘upon thls table ;
and when qmte dry they. are exammed S
: _ Ema,mmmg o
. The tray is raised from the drying-slab, and. each oap
camfully glanced at, to see if any.defect either in filling or, ix
the - manufacture is visible. The tray is then gently reversed
upon a smooth table, and each’ cap remains standing mouth
downwards. The tops are then examined to detect if any.
flaw exists, or any crack is visible. . The slightest defect
entails the rejection of the cap, when it is melted down.

Second Drying.

~ Previous to packing, the caps are subjected to a second
and more complete process of drying, so that all moisture
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may be thoroughly expelled. If they do not undergo this
process soon after filling, and the other processes, they seldom
remain so long in a serviceable state.

For this final drying, they are ranged round a room on
shelves, the temperature of this room being carefully main-
tained at a heat between 100° and 110° Fahrenheit. They
issue, from hence, ready for packing and use. A certain per-
centage are gauged with two gauges, a high and a low one,
to ascertain their correctness. These gauges are simply two
gun-nipples : upon one the cap should slip on easily, upon
the other with difficulty.

Packing.

A number of small flat square blocks, each perforated
with 25 holes, coinciding with the cylindrical part of the
caps, are placed together so as to form one tray, similar to
those already described. The caps are scattered over this,
and, by a process precisely the same as previously mentioned
in the operation of filling the trays, are shaken until they
adjust themselves in the holes. This operation complete, a
boy, employed on this duty, takes up one block after another ;
and, after examining each separate cap, empties the 25 into
a small tin box placed at his side; to facilitate his doing this
speedily, he is provided with a funnel. This tin box is now
given to the packer, who rolls the caps up into little brown-
paper parcels, containing 25; and, further, three of these
packets into one parcel, which, therefore, contains 75 caps,
the proportion at present issued for 60 rounds ball cartridge ;
for 60 rounds blank but 66 caps are allowed. These larger
packets, being secured with twine, are packed in zinc cylin-
ders, of various sizes. Some are also packed in flat zinc boxes.

Composition used in Filling Percussion Caps.

This composition is formed of three ingredients, mixed
in the following proportions, in a mannner that will be
described hereafter :—

: Chlorate of potash, 6 parts.
Fulminate of mercury, 4 ,,
Powdered glass, 2 .
¥
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Before entering inta the manner of incorporating. them, I
will give a description of each ingredient.

The Chlorate of Potash.

Potash or potassa, so called from the ongma.l mode of
preparing it being conducted by evaporating in iron pots the
lixivium or salts of the ashes of wood fuel, consists in its
crude state, therefore, of those constituents of burned leaves,
twigs, vegetables, &c., which are ¢ fixed * when subjected to
the action of fire but soluble in water. The potash salts of
vegetables or plants, which had contained vegetable acids,
will be converted into carbonates, forming carbonate of
potash.

If quick lime be added to a solution of these ashes,
proportion of caustic potassa will be the result.

This caustic potassa, or hydrate of potassa, is generally
~ prepared from the carbonate by dissolving one part of the
carbonate with ten parts water, in a clean iron pan, boiling,
and then adding small quantities of quick lime slaked with
boiling water.

There are several methods of preparing the chlomte
of potash, the following seems, however, to rank among’ the
best :—

A solution of caustic potash mixed with hydrate of lime
(slacked) is heated, and a current of chlorine gas transmitted
through a tube into the solution, which when saturated with
the gas, is filtered and evaporated to crystallization; the
result of which being the chlorate of potash.

Chlorate of potash or potassa is used in the manufacture
of lucifer-matches. It has been tried, mixed with other
substances, as a substitute for saltpetre, in the manufacture
of gunpowder; but the decomposition was found to be too
instantaneous, resembling the action of fulminates more than
that of gunpowder ; the strain, consequent on the sudden for-
mation of the gas, being too great for a gun to stand for
any length of time.

For mixing with detonatmg- compounds the chlorate of
potash has no equal; it therefore forms, as will be seen by
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the table, a larger proportion of the ingredients for making
the composition for percussion caps, and is also used in the
composition for friction tubes for firing cannon.

- Itis procured in small colourless and thin and tabula.r
crystals, and is unaltered by exposure to the air; and is
soluble in seventeen parts cold water to one of the chlorate;
it is, however, dissolved in 1'5 parts of boiling water. -

The principal substance with which commercial ehlorate
of potash is contaminated, is chloride of potassium; this
substance may be readily discovered. by the nitrate of silver.

The Fulminate of Mercury.

It consists of small brownish grey crystals, which sparkle
in the sun, and are transparent when applied to a slip of glass,
with a drop of water, and viewed by the transmitted light.
An imperial pint of boiling water will dissolve 67 grains of
the pure fulminate: whatever remains, after dJssolutlon,
indicates 1mpunt1es

Preparation.

100 parts by weight of mercury should be dissolved in
1000 parts nitric acid, also by weight (specific gravity 1-4),
in a glass retort, the beak of which ought to. be inserted into
a large bottle, to eollect the offensive fumes of nitrous gas,
which are condensed into a liquid acid.

When all the mercury has been dissolved, and the
solution has acquired a heat of 130° Fabrenheit, it should
be poured slowly through a glass funnel into a largish
bottle containing 830 parts by weight of alcohol, spec1ﬁc
gravity 0-830. -

The mixture now froths a.nd bubbles, and a very mﬂam
mable white and voluminous gas escapes.

As soon as this effervescence is over, the contents of the
bottle should be turned out upon a paper filter in a. glass
funnel, and washed through until the drainings:no longer_
redden litmus paper.

The paper filter is then opened upon an iron or earthen-
ware slab (carefully heated), and the contents, being - the

F 2
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fulminate, are thus dried. The slab ought to be maintained
at a temperature of 212° Fahrenheit, by means of steam or
hot water.

This powder is packed up in parcels, 100 grs. in each,
and after that in bottles or jars. The heat required to
explode this fulminate is 367° Fahrenheit, and no inferior heat
will do so. It detonates with a blow, or by any temperature
above that mentioned, when azote, carbonic acid gas, and
other vapours, are disengaged, to the sudden formation of
which is due the report. It detonates even in a moist con-
dition; and in a dry state it explodes readily when struck
between two pieces of iron; less so between a piece of iron
and gun-metal, with greater difficulty still between marble
and glass, and even with more difficulty between iron and
lead.

The larger the crystals the more readily they explode.
When damped with 5 per cent. of water, it becomes less
folminating ; the part struck will detonate, but ignition will
not be communicated to the adjoining portions. Though
moistened with 30 per cent. of water, it will occasionally
detonate by trituration between a Wood muller and a marble
slab, but without any danger.

If a train of fulminate is laid as thick as a quill in a long
line, and this covered over with gunpowder, with the exception
of a short distance at one end, and then ignited at this end,
not a grain of the gunpowder will be exploded, but may be
collected afterwards from the places to which it has been
blown, and ignited ; the explosion of the fulminate being too
rapid to raise the component parts of the powder to 600°
Fahrenheit, the temperature needful for their explosion. |

The Operation of Mixing.

: In dealing with such explosive and dangerous substances
as the fulminate of mercury and chlorate of -potash, the
greatest care and precautlons have to be observed. ‘

. 7The buildings in which the processes of mixing are
carried on, are isolated and lightly built.:
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The following is a list of most of the requisite appur-
tenances:— ,

A drying slab, or table of copper constructed so as to

be heated by steam and regulated to a fixed degree of heat;
three sieves, of the different sizes of mesh required for the
different ingredients ; a pair of scales; India-rubber bags to
carry the composition; and brushes of the same form and
size as painters’ large-sized brushes. The floor of the shed
in which the operations of mixing and drying are carried on
is covered with a felt matting and the usual precautions of
encasing the feet in nail-less over-shoes are insisted on.
‘ The fulminate, which is kept in a moist state, in jars, in a
magazine, is brought into this shed to be dried, which 1is
done by exposing it, spread out, upon the drying table or slab;
this is heated by steam, which is generated by means of gas
in a building at some distance.

When the fulminate is dry, it is passed through a sieve
(42 meshes to an inch) by means of a brush.

The chlorate of potash and powdered glass are then
passed in the same manner through a sieve, 120 meshes to
the inch. After this the three ingredients are brushed through-
a sieve of 80 meshes; all of these operations being carried on
by means of a brush, the operative employed having to cover
his mouth during the process of brushing them through the
sieves, to prevent his inhaling any of the particles, especially
of the powdered glass.

The composition thus complete is conveyed in India-
_rubber bags to the factory, for filling, as before mentioned, in
quantities not exceeding 12 oz. at any one time.
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AMMUNITION BARRELS. ‘
Manufacture or Cooperage of Ammunition Barrels.

. The barrels in which ammunition is packed, require to
be of sufficient strength to resist the hard treatment to which
at times they must necessarily be exposed, and also to a great
extent waterproof. The wood of which they are made must
be dry and well seasoned, the hoops as strong as possible; and
with all these requirements, the cost of manufacture is a serious
consideration to a nation whose ammunition is always travel-
ling o and fro, through every possible temperature and climate,
over a greater portion of the globe.
* Various kinds of materials have been used in this mani-
facture, such as copper and thongs of various woods ; but
ashen thongs have been found to be the most economical, as
well as durable ; though more clumsy in appearance, nor
presenting such a smart exterior as those barrels hooped in &
more costly manner with copper-
~ The barrels used in the service, for all service a.mmumtlon,
are called quarter-barrels, and are made of well-seasoned
oak. The wood mostly used is American. The operations in
malnng these barrels may be divided into six different parts,
each of which I will endea.vour to render clear, and in the
followmg order.

1st. Making the staves, for which there are four distinet
operations.

2nd. Makmg the hea.ds, for which there a.re ﬁve opera-
tions.

3rd. Bending the thongs, one operation.

4th. Forming the barrel, two operations.

5th. Heating and preparing the barrel for the head, two
operations.

6th. Hooping and fixing the heads, and finishing.

1.—Malking the Staves.
The oak is brought to the manufactory in blocks or logs,
about 5 feet long, and 3 x 6 inches, and firstly cut up into
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pieces 15x 8 x 6 inches. This is done in a machine tech-
nically called a circular cross-cutting saw. The wood is
stationary on the frame of the machine, and the circular saw
is mounted upon a movable and nicely-balanced frame, so that
it is easily moved by the hand and brought down upon the
piece of wood, which is placed upon the main frame at right
angles to the saw. The log, thus cut to the above-mentioned
length, is again brought to a circular saw, fixed in a machine
of different construction, and is then squared or cut into
pieces 15 x 3 x 3 inches; these pieces are then brought to a
cylindrical saw constructed or being of such a diameter as to
* give to the stave the curve required. The cylinder, which is
fixed horizontally, revolves rapidly, and the square piece of
oak is guided by the hand, being held horizontally towards
the saw : by this means from each of these pieces before-
mentioned five staves are cut, of uniform thickness and of
that curve or convexity which is required for the shape of
the barrel.

These curved staves are next brought to another machine
having circular saws, fitted with copying slide motions, set so
as to give to the staves that peculiar parabolic form required
to make them up into barrels ; viz., tapering to the ends and
swelling towards the centre. There are two saws fitted into
slides adjusted so as to give the curve for the right and left
sides of the staves; and at the same time they give to the
sides of the staves that necessary bevel to enable them to fit
accurately together. The staves are now complete.

2.—Making the ‘“Heads.”

The “heads” are formed of oak in two pieces pegged
together. The wood is cut out in the circular saw, before
described in operation No. 2, in making the slaves,
into small oblong pieces about half an inch thick; these
have two small holes, called ¢ dowel-holes,” drilled into
one side by means of a horizontal  double spindle '
drilling-machine. These sides are then planed, in a small
planing-machine with a reciprocating action ;. this makes the
surfaces of the sides coincide accurately. Then, by means
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of small wooden pegs placed into these * dowel-holes,”
the pieces are pegged together, thus forming one square
piece; this piece is fixed between two face-plates, and nipped
lightly, by means of screws, and then set in rapid motion.
A tool working on a slide is brought up to it by means
of a lever-handle; and, as it revolves, cuts it into a circular
piece of the required diameter. Two other tools, set so as
to bevel the edge that has been just cut (giving the head the
double bevel and sharp edge, to enable it to fit accurately
into the groove in the barrel), are now brought forwards on
a slide up to the circular piece whilst rapidly revolving.

This done, the operation of ¢ facing” the ends, as it is
technically called, is performed. The head is fixed into the
chuck of a lathe, and nipped by screws at the sides or edges;
the head revolves, and a small tool fitted on to a curved slide
planes the surface, and at the same time gives the head a
convex surface thicker in the centre than at the edges, the
object being to give strength to it.

The head is now taken from the chuck, and is ready to
be fitted into a barrel.

3.—Bending the Thongs.

The thongs used, as before mentioned, are made of ash.
They are brought in bundles split into the size required for
barrel-thongs. The only process through which they pass is
that of passing them thréugh three revolving rollers, bending
them, and at the same time testing their capabilities of
torsion ; for, if they are of unsound wood, they are at once
crushed or broken. This done, they are twisted up into a
loop, and are ready for use.

4.—Forming the Barrel.

The staves, formed as described in the first operation, are
brought to the machines constructed for this purpose, and
by means of which, by a pretty and ingenious arrangement,
the staves are forced up together into the shape of a barrel.

This operation requires, however, a detailed description,
to be clearly understood.

Upon the top of the ram of a vertical hydraulic press is
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fitted a circular plate, with a raised edge. The diameter of
the plate being sufficiently large to allow of the staves being
ranged upright all round it close to each other. Directly
above this plate is a circular frame, formed by two semi-
circular pieces, which open and close by means of a screw.
In the inside of these semicircular frames is a groove of a
gize to receive a temporary iron hoop or truss. To place
this in, the frame is opened; and when done, it is screwed up.
Thirteen staves are then arranged upright round the edge of
the lower plate, their top resting within the upper frame.
The press is then set in motion, and the lower plate conse-
quently raised, forcing the staves up into the upper frame,
which, being of a conical form, diminishing towards the
upper part, causes the staves to be forcibly pressed together.
The frame is then opened, the staves being held jointed
together by means of the temporary truss which adheres.
The barrel is then reversed, another temporary truss is fitted -
into the upper frame; and the same operation being
repeated, the two middle hoops are thus fitted on to the
barrel, which now is taken to a similar machine, contiguous
to the above, and by means of which two other trusses are
fitted on to the ends of the barrels; thus forming headless
barrels with the temporary iron hoops. We now come to the
next process.

5.—Heating the Wood, and Preparing the Barrel for the Heads.

For the purpose of drying and shrinking the wood
pressed into this new form, the barrels are placed over a
vertical pipe, with a number of gas-jets; and, to protect the
barrel from becoming burnt, these jets are covered by an iron
cylinder, with small holes in it. The barrel remains some time
here, until thoroughly dried by the heat generated, when it is
taken away, and the top and bottom temporary hoops are
knocked off, and the barrel is fitted horizontally into a lathe,
in which it is held at one end by means of a face plate, which
slides backwards and forwards so as to allow of the barrel
being slipped into a circular stay, to support it at the other
end.
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In this lathe, the barrel being made to revolve rapidly,
‘one set of cutters fitted to slides are arranged so as to bevel
off the staves at the ends, and another cutter cuts the groove
1in the interior of the barrel to receive the heads; the barrel
is then reversed, and the same operation performed at the
.other end. '

6.—Hooping and Fizing the Heads in the Barrel.

The two remaining iron hoops are now knocked off; the
thongs, twisted to the proper size, are driven on by means
of a mallet and a piece of wood, chalk being used to facilitate
the operation of slipping them on; the head is put in, the
‘remaining - thongs fastened on, and the barrel is then com-

lete. -
? To open the barrel it is only necessary to knock off a
thong or two, and the head will fall in. The completed
“barrels are now taken to the sheds, in which the packing
is carried on as occasion requires.

RIFLE PRACTICE TARGETS

The targets used for rifle-practice are made in the
Royal Gun Foundry. They are made of one plate of the
best cast iron, 6 x 2 feet and } inch thick, riveted to angle-
iron sides; its surface or face is divided into 6-inch squares
by lines cut on it. A circular bull’s-eye also is cut in the
centre, 8 inches in diameter, and two circles, the outer one
2 feet in (hameter, the inner one about an inch less; these
are to facilitate the painting of the targets. To the back of
the plates two cast-iron blocks are riveted, with loops in
them to receive the iron supports of the targets.
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EXPERIMENTAL TARGETS.

These are usually made of the best cast-iron plates, 6 x 2
feet, and § inch thick. A number of these are built up and
riveted together by means of angle iron, so as to form one
large target, of course the larger the better, so that all shots
at long ranges may be collected upon it. They require to be
built up with care, and to have numerous and strong
supports, and to be protected by a lofty butt, if possible, in
places where much exposed. The surface is marked off into
6-inch squares, by means of lines cut upon it.

_ This is to facilitate the marking of the diagrams,
which are copies of the target on a much smaller scale,
one of which is shown in diagram.

The largest experimental ta.rget at Woolwich is 36 feet
square.

— e

MAN TELETS

These are places of safety for markers and others
engaged in . watching practice or_ experiments with small
arms. They are placed in front of the butt and target, about
18 yards to the front of the latter, and to one side, and
therefore enabling those in them to see the face of the
targets.

- Those used at present in the service are made i in the
Royal Carriage Department of the Arsenal, of best wrought
iron, % inch thick ; the plates are bent over, punched, and
tiveted in the same manner as boiler-plates, and then
riveted to angle iron. . The back is formed of two three.
foot plates bent over, a.nd therefore 6 feet in breadth, and
the sides of plates 1 foot 6 inches wide. They have strong
iron supports, fixed to the ground by iron bolts.

-
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RIFLE RESTS.

The “Shoulder Rest.”

In experimentalizing upon either the rifle, the ammuni-
tion, the powder, or the lubrication, it is necessary to obtain
a more certain degree of accuracy than can be obtained by
merely firing from the shoulder in the usual way.

To obtain the requisite steadiness, various stands or
tables have been devised, and with these the best plan seem-
ing to consist in securing a firm support for the left elbow,
and for that part of the rifle nearest the muzzle.

These requirements are provided for in the table rest,
which consists of a table supported by four legs, strength-
ened by cross-pieces, so as to render it firm and steady.

For the convenience of transport, brackets are made at
the side for poles to slip into, and also racks for the various
arms under trial. A place is shaped out in the table so that
the body of the firer may come well up to it, and enabling him
at the same time to rest his left elbow securely upon the table
without any constraint or painful posture of the body. A
Y, rest or a sandbag, is placed at the further end of the table,
to allow the muzzle of the rifle to rest upon it. It is con-
venient to have a small hole at the left side of the table, with
a drawer underneath, for the purpose of dropping the old
caps into, and thus saving them. This rest or stand
should be made adjustable to the height of the experimen-
talizer, or he should be raised or stand in such a way as to be
perfectly without constraint whilst carrying on the experi-
ments. In recording trials from this rest, it is necessary to
insert in the margin of the diagram the words ‘shoulder rest,’
indicating that the rounds were fired from the shoulder and
from the rest. )

The Fixed Rest.

The foregoing method, although insuring a greater
degree of steadiness, has been found, however, to vary too
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much to allow of certain deductions being made from the
results of the experiments.

And for this reason a rest was constructed in which the
rifle itself could be firmly secured; and, at the same time, to
prevent the destructive effect of the recoil from injuring the
rifle, a recoil slide was introduced.

The Americans, in their experiments on small arms in
1855, used a fixed rest of the following description :—

The rifle was held by a strap and bolt at the middle
band, and also fixed by screws, so-as to be firmly held at the
butt, into a cast-iron carriage. This carriage, formed so as
to slide freely in horizontal grooves, prevented the recoil
from injuriously shaking the rifle. '

When this rest had been levelled, it was screwed
down to a heavy foundation of timber embedded in the
earth below the disturbing inﬂuenceS' of change of
temperature.

Among the best rests used in Engla.nd at the present
time, is one formed much on the same principle; the butt,
however, is left free to be pressed against the shoulder of the
operator, the rifle being fixed by means of two brackets on
the barrel.

By reference to the diagram No. 11, some idea may be
formed of the construction of. this apparatus. The diagram
represents one of these rests constructed for India; and, for
convenience of transmission, the frame was constructed rather
lighter than there is any necesswy for.

F, F, F, F, is the main frame of cast-iron, and made
as strong as possible, or compatible with the portability
reqmred

B is a movable piece or slide-rest. There is a groove
running through the centre, into which the rifle-holder fits
and freely slides. This slide-rest is so comstructed that it
may be elevated, being hinged on to the frame at n, and its
direction la.tera.lly is also adjustable. The amount of eleva-
tion given is indicated on a vertical scale at the side of the
frame, and the lateral direction by a horizontal scale in the
fore part of the frame. .
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-V a thumb-nut, to check the elevating screw ; this must
be unscrewed before attempting to elevate.

P is the elevating screw.

A, A, thumb-nuts, for the purpose of fixing the slide-
rest; these must be unscrewed before attempting to alter
either elevation or direction.

C, a thumb-nut to check the lateral movement of the
slide-rest ; this must be unscrewed before the direction can
be altered.

D is a wheel for the purpose of turning a tangent screw
working upon & female screw in the slide-rest, and by this
means altering the direction.

S, a screw, of which there are two, for regulating the
tangent screw, and so adjusting it, if required, as to prevent
its working into the female screw in the slide-rest.

' T, T, pins for resting the rifle-holder upon before fitting
it into the groove. -

H, groove in the slide-rest, into which the rifle-holder
slides freely. '

The rifle-holder is composed of two brackets constructed
80 a8 to coincide exactly in the groove H, and to nip the rifle-
barrel firmly, without coming in contact with it, but pressing
against the top edges of the stock. These two brackets are
joined together by a metal bar. The greatest care should be
taken in fixing a rifle into the holder, that the barrel is not
twisted. The front screw of the lock-plate should be taken
out and passed through the bracket, and then through the
lock-plate and stock. ‘

. R, R, are rods, at the end of which weights, W, W, are
suspended, for the purpose of steadying the rifle-rest. These
should be about 100 pounds each. In diagram 11, the same
lettering applies to both figures ; the lower being upon a
larger scale of three inches to a foot, and representing an end
elevation of the upper part of the slide-mest. The position
of the pins, T T, at the other end of the slide-rest, are also
shown.

In using this rest, the butt of the rifle should be pressed
into the shoulder of the firer, who ought to be seated on a



DIACRAM II. .

Fig. 1.

Scale of Feer

FIXED RIFLE - REST.

driar B. Howes, (ot 22t : Cox & Wyman, Prinders, Grea Queen. St Landor..






THE MICROMETER. 79

low stool; he should then pull the trigger steadily by means
of a small lanyard.

The operation of loading is performed by sliding the
rifle-holder out of the groove, and bringing the butt of the
rifle (still attached to the holder) to the ground, and loadmg
in the usual manner. v

THE MICROMETER.

Micrometer, or Spherometer, used for Measuring the Diameter
of Bullets, Cartridges, &c.

This delicately-made instrument is used for the purpose
of ascertaining correctly to the thousandth part of an inch
the diameters of bullets or cartridges, and of course other
measurements may be made by means of it. To measure a
bullet, it is necessary to hold it in such a manner that it shall-
be lightly touched by the two steel straight-edges that are
fixed to the instrument; the space between these is the
required diameter or measurement of whichever part of the
bullet is desired to be taken.

This measurement is indicated to three places of deci-
mals by means of a vernier and scale; the vernier being
engraved upon a movable plate, to which one of the straight
edges is fixed, and the scale upon the frame of the instru-
ment, which is therefore fixed. The vernier is adjustable by
a delicate screw, by means of which the steel straight-edge
fixed to the plate is moved forwards upon the bullet. To
save time, and to prevent the wearing out of the screw, this
plate is so constructed that it can be moved back with what
is called a quick movement, a spring within a small tube
keeping a constant forwards pressure upon it.

By referring to dlagram No. 12, which shows a plan of
the instrument, full size, this instrument may be easily
understood.

F,F, F, F, the frame supported upon pﬂ}ars
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_A is a plate sliding in the frame upon which the vernier
18 engraved.

YV, the vernier.

D, D, D, D, screws for fixing the pillars to the frame.

E, E, steel straight edges, one fixed to the frame, the
other to the sliding plate.

S is the scale of inches, each inch being divided into
50 parts, and the vernier having 21 divisions equal to 20 of
those on the scale. The measurement is thus read off to the
20th of the 50th of an inch, or 1g%3-

B, a handle to the screw b, by means of which the plate
A is caused to advance or recede, and so constructed that by
one complete revolution of it the plate advances 1ggp of
an inch.

C is a tube in which is a spring acting upon the plate A,
and which maintains a pressure upon it calculated to keep
it closed upon the fixed straight-edge. The sliding plate
can be pushed back without the necessity of turning the
. screw, a tedious operation, and one calculated to wear out
the fine threads. .

PENETRATION OF RIFLE-BULLETS.

Testing the Penetration of Projectiles.

To ascertain many points having reference to the
description of rifling in a piece, shape and composition of the
projectile, explosive force and quantity of powder in the
charge, and description of lubrication, it is negessary to test
the penetrative powers of projectiles fired at several dis-
tances, and under different circumstances.

For this purpose a stand is fitted up with grooves, the
space of an inch between each; into these square boards of
elm, 1 inch thick, and about 18 inches square, after being
soaked in water, are fitted so as to slide in and out easily.
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Twenty of these.are fitted into a frame, a sketch of which is
given in diagram 13.

The firer places himself and rest in front of this stand at
the desired distance, and, after firing, the boards are slipped
out to ascertain the extent of the penetration, which is at
once recorded. Three shots are usually fired from each
description of rifle, &c., and the mean taken as the result or
penetrative power.

The accompanying form is a convenient mode of record-
ing the results of any experiments on penetration for the sake
of comparison with other trials :—

R e

1234586 8 910111218141516

Enfield Rifle. Through the 11th.
Charge 34 drams. .
Service Ammunition. . ' . Indented the 13th, |
Lubrieation. ;
Ws. T ‘ - f . Broke the 12th.
| ‘ Distance 200 yards.
FIrst ROUDd o vvveeveevcecrvarosnsaccarasconsranssencns 11°0
Third Rownar oo g
Total divided by 3, OF MEAD.........veenren.. T

Thus the first round the projectile penetrates 11 boards,
which is recorded as 11; the second round indents the 12th,
and is recorded as 11-5; the third goes a little further still,
it breaks the 12th without penetrating, and is recorded as
11-7 ; these added together, and divided by 3, give us the
mean of the three rounds, or value of the rifle or projectile,
as far as penetration is concerned.
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EXPERIMENTAL PRACTICE.

Manner of Carrying on Experimental Practice with
' Small Arms.

In carrying on experiments with the view of testing
either the projectile, the powder, lubrication, or cartridge, or
" the merits of a weapon or cartridge, as to its fouling proper-
ties, the greatest care must be taken to secure a similarity
and concordance in all the other components and influencing
points, besides that for which the result is sought.

For instance, if it be a peculiar form of projectile that is
under trial, the most scrupulous precautions must be taken
to ascertain, as far as possible, that the description of
powder, quantity of charge, lubrication, cartridge; and that
the rifle should be an ascertained first-rate weapon, in good
order, and clean; and lastly, but not least, that the experi-
ments be carried on under similar circumstances as regards
the temperature, state of the atmosphere, &c.

In experimenting upon ammunition or a rifle with a
view of ascertaining its fouling properties, care must be
taken that the operation of loading is performed in all cases
in a similar manner, as the mode of doing this materially
affects the accumulation of fouling. :

All these experiments ought to be carried on from a
fixed rest, otherwise the results are very little to be depended
upon. And if such a rest is not procurable, diagrams
showing the firer’s average skill from the shoulder ought
necessarily to be kept with the experimental diagrams, so
that some comparison may be made; but even this does not
invariably insure a correct result, as the slightest bias or
inclination to any particular result on the part of the firer
will frequently affect his aim, and, although to him uncon-
sciously, will alter the result in a very marked degree.

In carrying out such experiments, the following is a list
of the principal requirements :—
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A fized rest or shoulder-rest.

Ezperimental targets, the larger the better. If none can
be procured, three or more (according to the distance) regu-
lation practice-targets side by side.

Diagrams of the target, on a reduced scale, one form of
which is shown in diagram 15. A convenient form of keep-
ing these is adopted at Woolwich, of having them made up
after the manner of artists’ blocks, and with a frame for
fixing them, When filled up, the sheet is easily removed by
means of a penknife.

A micrometer, as described previously.

A telescope, mounted so as to be steady on a tripod
stand, is a useful addition to the apparatus, as the exact
mark of each shot on the target can be easily seen at long
ranges, and marked at once on the diagram, which can be
thus kept at the firing end of the range, and is at the same
time a check upon the marker in the butt.

A barometer.

A maximum and minimum registering thermometer.

A thermometer to test the solar heat.

A hygrometer.

The marker in the butt should be provided with a brush
at the end of a pole, and paint so as to effectually erase the
mark left by each shot when it has been recorded. A stick
with a flat end painted black is useful also, to enable him
visibly to show the point struck to those at the other extre-
mity of the range.

Signals of communication, by flags, bugle, or otherwise,
between each end of the range should be prearranged, and
strictly adhered to, so as to prevent the chance of a casualty.
The range also should be kept clean, and as level as pos-
sible, ricochets from an uneven surface being dangerous
in the extreme. All particulars as to temperature and
amount of moisture, &c. should be frequently noted during
the trials, as they very much affect the inferences to be drawn
from the results. _

The wind, as to direction and strength, ought to be
frequently and carefully watched; as a strong wind, blowing

G 2
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at right angles to the range, is said to deflect the bullet
12 feet in 1,000 yards, and-about 6 inches in 200.

For the convenience of registering on the diagram, it is
not advisable to fire more than 25 rounds, or at the most 40,
at a time; the distances to be of course varied for each
series.

The merits of the several series are determined by com-
paring the mean absolute deviations of the rounds. To
enable this to be obtained with perfect accuracy, it is neces-
sary to measure them from a new centre than that of the
target or that aimed at; as in most cases, either from wind
or other causes, there is a drift or deviation to one side or
other of the centre aimed at. This new centre is called
the centre of mean impact, and is found by measuring the
distance of each shot from one side of the target, being the
horizontal measurement ; and also that of each shot from the
top or bottom of the target, being the vertical measurement.
It must, of course, be previously decided as to the manner
- of taking these measurements, it being necessary to adopt
some rule, such as that all vertical measurements be taken
from the bottom of the target, and all harizontal from the
left-hand side, or vice versd. By adding up the vertical
measurements, and dividing the sum by the number of shots
divided, the mean vertical measurement is found : the mean
horizontal is found in the same manner. These two measure-
ments projected upon the diagram, the point of intersection
of the lines is their centre of mean impact or origin of
co-ordinates. The direct distance of each shot from this
centre added together, and the sum divided by the number
of shots fired, gives the mean absolute deviation or figure
of merit.

If with this mean absolute deviation as a radius, and
. the point of mean impact as a centre, a circle is described ;
this circle will exhibit, in a tabular form, the merit of the
result, and by comparing the .circles of different series, a
very good idea may be formed at a glance of the merits
of each.

The mean absolute deviation may be found either by






—emydsounyy

o~

wq

A

@

€

SPLOL QOF O HUDL D JV QYT PRYUT T YIM S10YS

*33110vidd 3JHL1 40 dW3ILSIO3NM

SSTW

48T 88 59"

Ak A SR ") s

S§6 396 S¢ SXLl ST 91 T

PET B9 LOT 8§9°€ 08§ ¢

gI'7 2I'T 8§ 0re SL'§ B

657 88 §9°1 0¥ s 08z ¢

sz p o o . " 5

7 88 © o ozg 7
,Q

o8
N W & N W
PR b
oV wosyr 4o u0a 297

WO Paunsoy woy

"SIy TBAOUL)

Y1 WVYOVI



EXPERIMENTAL PRACTICE. 85

direct measurement on the target or diagram, and referring
to a scale, or by the following arithmetical process :—

Take the horizontal and vertical measurement of each
shot from the centre of mean impact, that is, the différence-
between the vertical and horizontal measurement of emh shot,
and mean vertical and mean horizontal.-

Square these measurements of each shot, add them
together, and extract the square root of the sum. And as
the sum of the squares of two sides of a right-angled
triangle is equal to that of the hypothenuse, this will be
the required absolute deviation or direct distance of each
shot from the mean point of impact.

These, added together and divided by the number of
shots fired (and, if there should have been a miss, adding
some fixed distance for its absolute deviation), give the
mean absolute deviation.

When small targets are used, misses will be likely to
occur, and in that case some distance must be taken for
granted to be the deviation of a miss; in some cases it is
supposed to have occurred in a circle described with half
the diagonal of the target as a radius, and the centre of the
target as a centre; this of course varies with targets of
different sizes, and the amount allowed is varied according to
different circumstances. A diagram of a target, or, more
properly, three practice-targets placed contiguous, is given
to explain this (vide diagram 14); but to all intents and
purposes direct measurements from the target or from the
diagrams, if very carefully kept and correctly ruled, are as
valid as the above-mentioned method.

Scrupulous correctness in recording, and a multiplicity
of trials, are the chief points to be observed before a result
can be obtained, from which a reliable inference can be fairly
drawn.
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THE VERNIER.

THE vernier that is shown on the micrometer, diagram
12, being incorrectly engraved and on too small a scale, is apt
to mislead. I am of opinion, therefore, that a short and
plain description of this ingenious contrivance (whereby we
are enabled to measure and read off accurately to a far greater
nicety than a scale could be graduated) will prove interesting,
if not useful, to many; for although such an arrangement is
attached to most barometers and other scientific instruments,
yet there are many who are unaccustomed to their use, having
seldom, if ever, recourse to such instruments for very minute
measurements, and consequently, when called upon suddenly
to read such, are scarcely au fait. For these, then, I will
venture a simple, concise, and practical explanation of the
vernier, having reference particularly to that attached to the
instrument for measuring bullets, a description of which is
given at page 79. .

The vernier derives its name from one Peter Vernier, a
Frenchman, who announced the discovery in Brussels more
than 300 years ago. The necessity for some such contrivance
to enable minute measurements to be taken had long been felt,
owing as much to the difficulty and great expense of dividing
and graduating a scale very finely, as to the fact that, if even
done, the assistance of a powerful microscope was required to
read it off.

Now it will be seen how, by means of the vernier, or
nonius, as it is sometimes called, these difficulties are entirely
overcome, and how that, by the aid of two scales with no
.division smaller than the 50th of an inch, measurements can
be accurately made to the 1000th part of an inch.

The vernier itself is a smaller scale attached to another,
and constructed so as to slide contiguous to this other scale.

For the purpose of rendering clear to those desiring to
comprehend it, the best and simplest plan will be to commence
constructing one under the following directions.

Take a slip of smooth card-board or drawing-paper
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2 inches broad by about 5} or 6 inches long; measure and
prick off upon it 5 inches. Subdivide each inch into 10 equal
parts, in the same manner as the scale in diagram. For the
sake of perspicuity, let this length of 5 inches represent one
inch ; enlarged five times then, each of these smaller divisions
will represent the 50th part of an inch ; lengthen the division
line of each five of these divisions to denote the 10th of an
inch, and commence numbering each 10th from left to right,
1, 2, 3, to 10.

Take another piece of card-board about the same width,
and measure off upon it the length of 20 of these smaller
divisions on the other scale, representing 50ths of an inch;
divide this length with lines into 21 equal parts, place a
lozenge or arrow at the first division on the left hand, as in
the diagram, and number off the division from the left,
5, 10, 15, 20. You now have the vernier, and the next
process is how to apply it to record measurements; and this
is done as follows :—Place the edge of the vernier against the
lower edge of the larger scale, as represented in the diagram
of the micrometer ; slide it along, so that the 1st line in the
vernier (the line with the arrow) coincides with line No. 1 of
the scale, and it will be seen at once that no other line in
the vernier coincides but the last ; move the vernier gradually
towards the right, and it will be observed that as it is
advanced, the 1st, 2nd, 3rd, &c. lines of the vernier coincide
with another line on the scale, and according as the 1st,
2nd, 5th, or 6th, &c. line of the vernier coincides with
another line upon the scale, so is the distance between
the 1st line on the scale and arrow-head on the vernier
1060 To60> T000» OF Tooo of an inch.

For as the length of the vernier is equal to 33 of an
inch, and it is subdivided into 21 equal parts, it stands to
Teason that each division on the vernier is 45 of a 50th less
than each division on the scale; that is, each vernier division
ig equal to g% of an inch, minus 45 of a 50th, or y¢4g, and
this 1555 of an inch is the difference between the divisions.
For if you make one line on the vernier coincide with another
on the scale, you will see that the lines of the vernier on
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each side fall short of the next divisions on the scale; the
first lines on each side are, therefore, 853 short, the second
Pairs 1o, and 80 on, until the last is as many short of a
division as it is distant from the coinciding lnes. If the
10th line on the vernier is made to coincide with another
line, it will be seen that the indicating arrow is halfway
through one division on the scale; that is, in advance with
that division 1335, or } a fiftieth, or 133 of an inch. The
main point to be constantly remembered is, that the differ-
ence between a division on the vernier and one on the scale
is exactly oo of an inch, and as many thousandths as the
arrow on the vernier is past a line on the scale, 8o many is
denoted by the number of the coinciding line on the vernier.

For an example in recording, move the vernier until the
arrow has past the fifth 10th on the scale and beyond the
third 50th farther still, until the 8th lne in the vernier
coincides with another on the scale. Read off thus: firstly,
the arrow is past the fifth 10th of an inch, or half an inch, and
not up to the sixth 10th ;—so record -5. Secondly, it is 1, 2, 3
50ths beyond the fifth 10th ;—record that as -06. Now go
to the vernier for the third place, and it is seen the 8th line
coincides with another ;—record that."008 ; add these together
t.hus ]

06
008

568

5 tenths, 6 hundredths, and 8 thousandths of an mch the
diameter of the large Enfield rifle bullet. If, however, the
coinciding line was the 18th instead of the 8th, it would
be recorded ‘578, as 18 thousandths is 1 hundredth and
8 thousandths; and whenever, therefore, the coincidence is
past 10 on the vernier, add one to the hundredths.
Of course the vernier can be varied to suit different
Mmeasurements. Either the vernier divisions are less than
he scale, or greater; in most barometers,
on the vernier are equal to 11 on the scale,
»urse to the y}5 of an inch.
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The difference between the divisions, whatever it be, is
that which is indicated by the 2nd division on the vernier,
when the first line coincides with a line on the scale. Two
formule given by Heather, in his treatise on mathematical
instruments, show both these descriptions of verniers.
Let n—1 be the length of the vernier, or of a certain number

of divisions on the scale,
. . . the numbers of divisions on the scale,

L . . the length of a scale division,

V .. the length of a vernier division;

’ Then (n—1)L=nV;
n—1 1

And therefore L — V—L—— L-—- L;

or, the defect of a division upon the vernier from a division
on the scale is equal to the nth part of a division on the scale,
n being the number of divisions on the vernier.
The other description of vernier, in which its divisions

exceed in length those on the scale, is shown thus:—

n+1 length of the vernier, or certain number of

divisions on the scale.
(The rest as before.)
Then would (n41)L=n7V,

V-L.."+1 I— L_—L

This- arrangement entails readmg the vernier backwards.

It can now be easily understood how, by means of deli-
cate mechanism and beautifully-divided scales, the most minute
measurements can be made. And indeed it is to the vernier
that we owe those marvellously-correct measurements whereby
the positions of ships in mid-ocean are ascertained and regis-
tered to within less than a mile, and also the positions and
distances of the heavenly bodies themselves defined and
recorded. How subtle is the mind of man to devise a scheme
to unravel such measurements; but how much the more
must we marvel at the infinite mind of Him to whom all is
known,—measurements are not required,—and who himself
has created this mind, and given all intellect to be used for
himself.
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Reusks on Alterations which have taken place, or Lmprove-
ments adopted into the Service, having veference to
Small-Arms Ammunition or thetr Mamufacture.

THE BULLRT.

Date. Nature of Alteration and Remarks.

18
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Nature of Alteration and Remarks.

18
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REMARKS on Alterations which have taken place, or Improve-
ments adopted into the Service, having reference to
Small-Arms Ammunition or their Manufacture.

THE PLUG.

) Date. Nature of Alteration and Remarks.

18
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Nature of_Altei:uﬁm and Remarks.

18
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Reuarxs on Alierations which have taken place, or Tmprove-
ments adopted into the Service, having reference to
Small-Arms Ammunition or thewr Manufacture.

THE CARTRIDGE.

Date. Natuore of Alteration and Remarks.

18




Nature of Alteration and Remarks.

18
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