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American Introduction.

Belgium, owing to its peculiar political position as a
neutral power, appears to have always a corps of officers
who devote themselves to the exhaustive study of the
various phases of their profession. Their investigations
have ever received high consideration from us ; in proof
the names need only be cited of Bormann, Nicaise, Le
Boulengé and others.

This fact alone, would secure for Captain Monthaye’s
work, interested American readers. Furthermore, at
the present time when Armament is a question of para-
mount importance, everything that contributes to our
knowledge of the subject must be opportune.

The text seeks to compare the two great European
ordnance systems, the Krupp and the De Bange, systems
that differ intrinsically in material, construction and
breech-closure. The work gives valuable ballistic in-
formation and is of especial practical interest to us, as
our new experimental high-power guns are of modified
De Bange model.

Whatever individual opinions may be held, all must
agree in praise and admiration of the wonderful man,
Alfred Krupp, the father of modern steel-founding.

The appearance of the two-ton crucible steel cast
ingot at the London Exhibition of 1851 was a revelation
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to the metallurgical world. Krupp’s continued success
in increasing the size of his homogeneous crucible cast
blocks, culminating just previous to his death, in the
70-ton ingots used for the tubes of the 120-ton Italian
guns, undoubtedly stimulated inventive genius in this
direction, and his work and its results contributed their
share to the development of the Bessemer and Open-
hearth processes.

No apology is required for presenting to an Ameri-
can public anything that concerns,directly or indirectly,
a man to whom the whole world owes a debt of grati-
tude.

Kennebec Arsenal, July 1888.
O. E. MicHAELIS,



Preface to the First Edition.

Two systems of Gun construction virtually absorb
the attention of steel makers and Ordnance officers;
one, that of Krupp, has been known and practically
tested for a number of years; the other, that of
De Bange, adopted in France, is of comparatively
recent origin.

If we may believe partisans of the De Bange gun,
it has completely surpassed its German rival. Although
this opinion, held mainly by interested persons, has not
obtained general credence, it has a sufficiently strong
foothold to render it an act of patriotism for a Belgian
officer, on the eve of the day on which Belgium is to
receive her new Krupp guns, to re-establish the truth
and to restore to the Essen Constructor of Ordnance
that pre-eminence which is his just due.

In treating of the attributes of the two systems, we
base our statements entirely on facts and authoritative
writings.

If, in the course of our studies, we have arrived at
the comviction that the De Bange system is inferior to
the Krupp, we have yet placed our readers in a position
to appreciate the arguments on both sides and to decide
for themselves as to the justice of our views ; in this
respect we believe our work is conscientious.
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We have endeavored throughout to treat our op-
ponents with courtesy and to abstain from personalities,
useless as arguments. In accordance with this purpose,
in the examination of the numerous works which have
lately attempted to lower the reputation of Krupp in
order to raise that of Colonel De Bange, we have inex-
orably cast aside those which are partisan pamphlets,
rather than scientific arguments.

Let us speak one word of explanation in regard to
the description of the Krupp establishment, published
just after a visit to the Works at Essen, and reproduced
at the end of this book.

Written on the spur of the moment, and bearing the
same relation to a complete paper that an instantaneous
photograph does to an engraving, it has exposed us to
the reproach of ¢ Krupp-worship’ from those whom
we, in our turn, might, did we feel so disposed, dub
irritable ‘‘ Krupp-haters.”

There are, undoubtedly, people who esteem the De
Bange gun a perfect construction. This is a privilege
of which we could not deprive them, even had we the
desire to do so ; but we claim an analogous right, that
of holding our own opinions of the Krupp gun.

In our description, we made no attempt to conceal
that the finished methods, the wonderfully trained and
expert mechanics, the enormous capacity of the Krupp
Works astounded us, and that we firmly believed that
this Age of Scientific Progress is deservedly proud of
the great Engineer* who is the head of the plant, and
of the able assistants who aid him in his Titan task.

*See Note on Page 166.
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Though the charge of ¢ youthful enthusiasm’’ may
be brought against us, our readers must remember that
style is but the clothing of the thought, changing with
the fashion of the hour. We regret our faults of style;
but we can state positively the essential point after all,
that we have written only of facts, as they are, and of
things seen by us. However desirous we might have
been of avoiding everything that might tend to induce
heated discussion, we could not do otherwise, even
though it prove distasteful to those who believe that
‘“words should conceal thoughts.”

E. MONTHAYE.
Brussels, January 15, 1887.
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Preface to the Second Edition.

The principles which have served as guides in the
getting up of this work, principles which were an-
nounced in the preface to the first edition, have been
recognized as sound in most of the many notices of the
book. Some, however, have found fault, either with
the method of treatment or with the arguments ad-
vanced. To these criticisms a reply has been made in a
recently issued pamphlet, entitled ‘“ En cause de Krupp
et De Bange.”” by Pertinax.*

The charge has been made that the texts and opin-
ions of the distinguished metallurgists quoted in favor
of crucible steel have been emasculated and perverted.
This is not the case ; we have condensed Frémy’s views,
carefully preserving the essence of his ideas; we have
quoted Percy and Griiner as we understood them, and
finally, in a sentence quoted from Valérius an ‘ only”
escaped our notice, with scarcely perceptible resulting
change of sense.

A new edition of the book being required, the op-
portunity has been given us of correcting these so-called
shortcomings, and we have gratefully availed ourselves
of this opportunity to afford satisfaction to our oppo- ‘
nents. We quote Frémy verbatim ; we have left out the
citations from Percy and Griiner, whose investigations,

* Norte —A translation of the pamphlet will be found in the Appendix.
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by the way, were made while the open-hearth process
was still in its infancy, and we have done justice to
Valérius.

Lieutenant Colonel De la Rocque was quoted as
against open-hearth steel, and not as in favor of crucible,
hence no apology is due him.

Although we are firmly convinced that the superior-
ity of crucible over open-hearth steel is conclusively
proved by the very methods of prodnction, a point
which is briefly discussed by Pertinax, we have never-
theless deemed it best to adhere faithfully to our an-
nounced plan, to base our work upon the testimony of
eminent and practical experts.

Having this in view, we have added some further
authoritative statements, all enunciated within the past
ten years, in confirmation of the views already put
forth.

‘We find further support for our propesition in the
bursting of the De Bange 34 centimetre gun, the one
which was exhibited at Antwerp in 1885, and which was,
so to speak, the occasion for the discussion into which
we were subsequently drawn. This casualty occurred
August 4th, 1887, at Calais, after very few rounds.*

Colonel De Bange ascribes the failure to a ¢ weak
spot ’’ in the metal which he had observed during the
finishing. We have no commentary to make, and we
have not even changed our text in speaking of this gun,
as it was, so that it might readily be seen upon what
our opinions were founded.

*Nore.—An account of this accident, from the Army and Nacy Jonrnal,
is given in the Appendix.
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It only remains to express the hope that this edition
of ‘“Krupp and De Bange ’> may be received with the
same good will that was accorded to the first, and that
it may help in carrying out our proposed task, to enable
our readers to form a correct judgement of the respective
merits of the two systems of Ordnance construction at
present before them in competition.

Brussels, February 16th, 1888.
E. M.
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KRUPP AND DE BANGE.
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““The quality of the metal, the details
of manufacture, the disciplined exactness
of treatment, the practice and the trans-
mitted methods of the workshop, all these
play & most important part in determining
the strength of guns.”

Historical Study of the Strength of Rifled

Cannon, by Lieut.-Col. DE LA RocQue.

Baudoin & Co., Paris, 1885.

Although Ballistics is an exact science, built upon
fixed foundations, the practical application of its prin-
ciples varies unceasingly. As we understand it, freed
from the fettering traditions of the ancient art of gun-
nery, it is, under the influence of new researches and
experiments, a continunally expanding science, and only
a foolhardy man would assert that the logical conclusions
of to-day will possess equal force to-morrow. It follows
that any State, anxious to preserve its military standing
in comparison with its neighbors, is, by this continued
development, compelled to renew its armament, possibly
oftener than desirable, by adopting later and better
material. This requirement is of paramount importance
to the smaller States, who cannot hope to maintain their
independence, or to defend their honor, unless their
arms and equipments are not inferior to those of theu'
possible adversaries.
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Among the many considerations that bear upon the
adoption of a system of heavy armament, two questions
first of all present themselves to the intelligent ordnance
expert :

First. What is the best metal for guns {

Second. What system of construction will yield the
best result ¢

The discussion of these two questions constitutes
Part First of this book. Part Second is devoted to a
critical examination of the Krupp and De Bange sys-
tems, and to the investigation of the technical methods
pursued $n France and at Essen. Part Third includes a
description of the Krupp Works, a natural conclusion

to this monograph.




PART FIRST.

CHAPTER L

Gun-Metal.

I.—ITs PROPERTIES.

All gun-metal, according to the books, must possess
strength and elasticity, must be able to resist erosion, to
withstand heat, and to permit but little set under shock
beyond the elastic limit. It is needless to attempt rigor-
ous proof of the mnecessity of these conditions. It is
sufficient to indicate that the expansive force of fired
powder, the enormous pressures developed within the
bore, and the consequent tendency to enlargement, the
resulting gutterings if the material be not adequately
hard, and finally the balloting of projectiles not mechan-
ically fitted, all combine to demand that the structural
material should possess the qualities mentioned.

Some authorities are of opinion that the cost of the
gun metal should also be considered. This certainly has
played a prominent part in official estimates, and is, of
course, a matter of vital importance to the tax-payers.
Economy should characterize the military, as well as
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every other Government service; but with gun-metal,
more than anything else, endurance is a function of
‘quality, and hence it follows that a true economy re-
quires the construction of guns of even expensive metal,
provided longevity is assured. This question of cost
is, at best, but secondary, considering the great in-
terests involved.

Both theory and practice have shown that the molec-
ular tensions in a gun, under the confined action of fired
powder, decrease rapidly from interior to exterior, so
that the outside laminee are but little strained. But the
pressure, as a force, must be in equilibrium with the
tension of the circular fibres as resistance; it follows,
then, that the interior fibres are enormously strained.

Now, if the first of these is stretched beyond a known
limit, its power of resistance is impaired, rupture may
ensue and extend outward, progressively, from fibre to
fibre. As the transmission of rupture is gradual, it is
useless to add metal on the outside ; even were we to make
the walls infinitely thick, the evil would not be cured.
There is only one way of overcoming it: the exterior
fibres must be made to do their share of the work ; the
law governing the transmission of strain must be modi-
fied by the radial compression of the fibres. This is
what is intended to be accomplished by kooping, a gen-
erally recognized principle. We may add, then, to the
conditions already enumerated, gun-metal must be capa-
ble of enduring initial tension.

There are metallurgists and ordnance officers who
invest gun-metal with other more abstruse and specific
attributes, but the limits assigned to this work forbid
their consideration here, and allow the discussion of
only those which are generally demanded.

With this reservation we will examine the various
gun metals used, with a view of determining the one that
possesses, in the highest degree, the qualities indicated.
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TI.—CastT AND WRoUGHT IRON, ORDINARY AND
UcHATIiUtS BRONZE, STEEL.

Cast-iron is. neither very strong nor elastic under
strains of extension, but, on account of its hardness,
powder gases and heat affect it but slightly, and it shows
appreciable contraction under hooping. It has, though,
one very grave fault: it bursts, often without the slight-
est notice, as soon as the elastic limit is passed. Wrought
iron is strong, more elastic than cast-iron under exten-
sion and less under compression, but hooping does not
‘produce initial tension. Although it stands fairly well
the action of powder gases and high temperature, still it
is a comparatively soft metal and lacks homogeneity.

Bronze possesses a remarkable property, it does not
burst even when its elastic limit is far exceeded ; in this
respect it is just the metal for guns, but, unfortunately,
in every other way, it is entirely unfit. It is soft, yields
‘most readily to the erosive action of gases at high tem-
peratures, and cannot be advantageously hooped. Asan
alloy it is rarely homogeneous, mainly due to the fact
that the copper and tin have not been sufficiently refined,
-and therefore are not combined under the most favorable
conditions.

Bronze, swaged as practiced by Uchatius, gains greatly
in power of resistance and elasticity, and is still used for
certain types of guns.

Steel, the last in our list, makes the strongest, the
‘most elastic, the toughest gun metal. It is readily sub-
jected to initial tension, resists erosion and stands heat ;
it is the typical gun-mefal, and has been accepted as
such in all services, not even excepting England and
France. These nations fought long against its use,
‘but, after costly experience, were compelled to acknowl-
.edge its incomparable qualities. Although cast-iron and
bronze are still used for guns, temporary make-shifts,
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because steel is high-priced, it is obvious that, as appro-
priations increase, steel replaces every other metal. Such
astonishing progress has been made lately in the produc-
tion and treatment of steel, that no prophet is required
to predict that in the near future cast-iron, whose sole
merit is cheapness and easy manipulation, will be' an
unknown metal in gun construction.

IIT.—VARIETIES OF STEEL, FREMY'S GUN-METAL.

There are many ways of making steel, and as its prop-
erties vary according to the method of production, it
becomes a matter of importance to choose the right one
for gun steel.

Bessemer, Open-hearth and Crucible steel are used
for cannon, though Bessemer, for this especial purpose,
appears to be going out of use.

Open-hearth steel is coming into general favor, espec-
ially in France, and Crucible steel is used in England,
and very largely in Germany.

Puddled or semi-steel is used only for hoops, and is
mentioned here, because it plays an important part in
the production of high quality steel, insuring homo-
geneity in proportion to the rigor of the refining process
through which it has passed.

‘We propose to examine with care the special charac-
teristics of these steels, and, in the course of the exam-
ination, we shall have frequent occasion to quote the
opinions of distinguished authorities, like Frémy,
Valérius and others, who have made a study of the
subject, and whose conclusions possess great weight.

To these opinions we propose to add the testimony
of practical steel makers, whose exhaustive experience
makes their utterances authoritative.

First, let us quote Frémy, whose works on steel pro-
duction and its attendant phenomena are too well known
to need our praise.
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After the Franco-German war, at a time when his
native land was making every possible effort to improve
its military organization and weapons, this distinguished
chemist, determined to add his mite to the good work,
submitted to the War Department certain theoretical
results regarding steel production, and recommended
that the method proposed be subjected to practical tests,
being certain that it would yield an excellent gun-metal.
This recommendation was approved, and Frémy set to
work. '

He undertook an extended series of experiments in
making steel, having the valuable assistance of omne of
the brightest Ordnance officers in Framce, Captain
Lahitolle.

His report, published under the title, ‘‘ Gun-Metal,”
(Paris, 1874), is still the most complete work on the sub-
ject, and this report we propose to analyze and discuss.

The author saysin his preface, ‘‘ practical experience
has proved the correctness of my conclusions.”

‘We have to do then, not with merely a theoretical
treatise but with a manual, written for Ordnance officers
and gun makers.

‘¢ All steel experts,”’” writes Frémy, ‘‘are well aware
how difficult it is to assure a constant product; the
characteristics of the metal change markedly with slight
variations in the processes of manufacture, and hence
the output must be classified for use, a delicate and
difficult task.”

After dwelling somewhat upon the well understood
uncertainties that hamper the manufacture, Frémy
gives the method by which he reached the best, the
most constant results. It is, in brief ‘‘ to combine by
simple melting, iron and steel.”

“I had in view,” he continues, ‘‘making gun-metal
like an ordinary alloy in which the components, pure of
course, are chemically united by fusion.”
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Our learned professor adds: ¢‘Ihave found that an
excellent gun-metal is obtained by alloying three parts
of iron with one part, good measure, of high steel ;”’ the
very method followed by Krupp in making his Crucible
steel, though the exact proportions are not known.

Having determined upon the alloy, where shall we
get the components? As regards iron, the product of
the Catalan forge is undoubtedly the purest, but the cost
is great, the output limited ; but Griiner, in his treatise
on Metallurgy, tells us that ‘‘by puddling, we can now
get as good a product as that from the Catalan furnace,
at considerably less cost.”

As aniron of that exceptional quality was out of the
question, Frémy fell back on the less pure commercial
irons, gained as indicated by Griiner, and recommends
as one component of the gun-metal alloy, the puddled
iron made from good charcoal pig.

[V. PUDDLED OR SEMI-STEEL.

The other component is sfeel. Frémy considers its con-
trolling characteristic, purity, and as the importance of
this quality as regards iron has already been shown, no
one will gainsay him, it is a matter of course. The whole
question hinges on our ability to get pure steel. Steel
can be made by decarburizing pig, or by recarburizing
wrought iron.

This latter, a cementation process, yields cement or
blister steel, the choicest brand, provided the very best
pig has been used in puddling, and the utmost skilled
attention given to the details of the process.

Blister steel is not made in great quantity, and it costs
too much for general consumption. The next best
method of making pure steel is by puddling, but stop-
ping short at the proper carbon point.

“ Puddled steel,’ says Frémy, ‘“though made di-



rectly from the pig, has and always will have its indus-
trial uses, and if made with all possible care of first-class
pig, is of excellent quality and very often superior to
that made by other processes.”’ In the manufacture of
this steel, as in any other, the selection of the pig is of
paramount importance. On this point Frémy speaks
very decidedly ; ‘¢ Most important of all, use suitable
pig metal ; reject all having an excess of sulphur and
phosphorus, give preference to that containing man-
ganese, for this metal besides helping to eliminate im-
purities by slagging, increases the strength of the steel.”

For puddling, Krupp uses pig, exceedingly rich in
manganese, smelted at the Siegen mines.

¢« The actual work of the puddler,’”’ in the words of
Frémy, ¢ has a marked effect upon the quality of the
resulting steel.”’,

Krupp has a school for puddlers, which accounts for
the high esteem in which his workmen are held, even
in England, the motherland of the process.

First-class puddlers, working good manganiferous
pig, will produce superior steel. ¢ Puddled steel,” con-
cludes Frémy, ‘worked with the greatest possible
pains, and ‘assurance made doubly sure’ by rigorous
chemical analysis, is a suitable component of the ferrous
gun-metal alloy, it will certainly add strength to resist
the great pressures of fired powder. I have no hesi-
tation in asserting that good puddled steel can replace
in certain proportions cement steel in a gun-metal mix-
ture.”

The views of this learned writer have been confirmed
in practice; at Essen, and at other plants where superior
crucible steel is made, puddled steel forms a good part

of the charge.
V. —BESSEMER STEEL.

As a gun-metal, Bessemer steel, as at present made,
need not be seriously considered. In this process, the
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pig, first decarburized by an air blast, is then, by the
addition of manganiferous iron to the charge, converted
into steel, high or low, as may be desired. This method
has in late years been greatly modified and improved ;
many plants charge the converters directly from blast
furnaces with Whitwell stoves, the pig metal being
thus at once converted into steel.

¢“Can this metal be used in gun construction ¢’ asks
Frémy, and with him we will look into the matter.

““This question is of great moment to Ordnance
officers, for Bessemer steel can be made quickly and
cheaply, important considerations now-a-days; indeed
it would cost no more for gun-metal mixtures than
wrought iron. But the structural applications of Bes-
semer steel have a limit, and I confess I dare not recom-
mend its use for gun-metal.

I have experimented a good deal with the converter,
I have watched its working for months, I know how a
low and strong metal can be obtained ; still I must say
that this process, so simple and direct, yielding almost
at once, large ingots of cast-steel, does not yet guarantee
that constancy of product, so absolutely essential in gun-
metal.”’ :

Many things combine to make Bessemer steel irregu-
lar, and the converter does not permit the same exam-
ination of the ingredients as does the crucible, an in-
estimable advantage. The pig alone can be analyzed,
and we all understand how little weight frequently at-
taches to the results.

As regards getting rid of impurities in the iron, it
must be borne in mind that the charge is treated less
than half an hour, that it consists of tons of metal, and
that consequently the time must be too brief to insure the
complete elimination of every thing injurious to strength.

‘““These detrimental circumstances,”” adds Frémy,
‘““are of slight consequence in commercial steel, du?
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must be duly estimaled in considering its use for gun-
metal.

Bessemer steel develops under certain contingencies,
a defect very serious when we consider it as a material
for construction ; it is frequently subject to a molecular
change which makes it as fragile as badly annealed
glass. I have seen Bessemer plates, of apparently good
quality, crack all over as soon as used, and bars, which
broke short off in falling a few feet.

Such a metal, if applied to gun construction, might
stand all the inspection tests, but, owing to subsequent
molecular change, might produce disastrous casualties.”

We thus see how Frémy disposes of Bessemer steel
as a gun-metal, but we must in fairness add that this
opinion is accompanied by a proviso, a prudent precau-
tion against what the future may have in store for us.
By continued careful study of the Bessemer process,
I have no doubt but that the serious defects described
will be overcome.”’

As we write, can the Bessemer steel makers in truth
declare that they have cured the faults found by Frémy
ten years agot

We think not, and, at any rate, we know that but
little has been used for guns. (1)

VI.—OPEN-HEARTH STEEL.

In late years the Martin-Siemens furnace has be-
come the rival of the Bessemer converter, and like i,
affords opportunity for economically obtaining cast-
steel in large masses.

It is a gas furnace, in which a very high temperature
burns the carbon and impurities from the pig, yielding

(1) Note.—A. 6 in. solid unhammered steel gun has just been successfully
cast of Bessemer metal by the Pittsburg Casting Company, and will be
tested as soon as finished. (0. E. M).
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a homogeneous bath which is brought to the proper car-
bon point by the addition of spiegeleisen, ferro-manga-
nese, or scrap metal. .

‘The Martin-Siemens process,”’ says Frémy farther,
‘¢ is as economical as the Bessemer without its present
drawbacks. The great trouble with the converter is.
that it works so very rapidly that it cannot produce a.
refined and homogeneous metal ; the open-hearth bath,
on the other hand, up to a given point, has all the
merits of the crucible and the puddling furnace. * * *
The construction of the furnace admits of watching
the progress of the action, and the successive stages are
known by the immediate test of specimens drawn at ap-
propriate times. The leisurely open-hearth procedure:
necessarily gives a degree of purity and homogeneity,
almost unattainable in the converter.”

Although Frémy is convinced that the Martin-Sie-
mens furnace can, under fit supervision, produce an
excellent steel, suitable for guns, it is, however, only
upon the condition that a neutral atmosphere, a melting,
not a refining, atmosphere is attainable. He thus
expresses himself in this regard :

‘“ But, as yet, I entertain doubts as to its advantages
for this purpose. So far, in my tests, the fusion of the
metal bath has required an excess of pig-iron, subse-
quently decéarbonized in the oxydizing atmosphere.

Further, the quality of the metal is uncertain, it
varies with the more or less complete decarburization of
the metal added to produce the bath. Considering this,
the Martin-Siemens furnace is not merely a huge melt-
ing pot, it is a refining apparatus, akin to the puddling
furnace and Bessemer converter, and in consequence, not
free from their irregularity. ‘

"While awaiting the improvement of the open-hearth
process, it i8 safer to commence making gun-metal in
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crucibles ; in this way, I made the alloys used in my
principal experiments.”’

The author advocates the crucible process only as a
temporary measure, in anticipation of the improvement
of the regenerative furnace, but has the Martin-Siemens
process fulfilled this hope ¢

‘We dare not answer in the affirmative, for it is anin-
disputable fact that at the close of the melt, ferro-man-
ganese and ferro-silicon alloys must be added to the
bath, a fact which proves that the furnace is still, as it
was in Frémy’s time, a refining apparatus, and that the
essential condition, fixed by the French author, for its
employ in gun-metal production, has not been realized.

Frémy’s epitomized conclusions are very much to the
point :

‘1. The metal best adapted for gun construction is
a special production ranging between wrought iron and
high steel.

2. This metal may be obtained by the incomplete car-
burization of wrought iron, but the best way of producing
it is to combine by fusion, one part of high steel with
three parts of the iron.

This synthetic process, which recalls the ordinary
method of making alloys, insures entire regularity ; by
varying the proportions, every degree of hardness re-
quired in ordnance constructions is attaipable.

8. In its fabrication, the choice of proper brands of
iron and steel, is a matter of paramount importance. The
best brands of iron are the products of Catalan forges, or
of charcoal refining furnaces using cold blast charcoal

pig.
4. Coke brands should not be used in the produc-

tion of gun-metal, unless it be impossible to procure
good charcoal iron—in such case they should come from
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first-class manganiferous pig, reﬁned with all the csre
recommended.

5. The steel used for the gun-metal alloy should be,
like the iron, as pure as possible, cement steel is best,
then puddled, Bessemer and open-hearth.

6. The combination of the iron and steel should take
place in a regenerative furnace ; but to start this new in-
dustry, I advise that the ingots be made of crucible cast
metal.

7. The quality of the gun-metal is solely dependent
upon the purity of its two constituents, iron and steel ;
both these, before use, should be subjected to the most
rigorous chemical analysis.”

In his eighth and final conclusion, .Frémy favors
the manufacture of gun-metal by private industry.

For want of space, we cannot cite it here ; we quote
only what the author says of Krupp, whom he holds up
as a model to French manufacturers:

‘‘ Krupp guns are much talked about ; let us not for-
get that this constructor has succeeded in making for
years, ordnance of world-wide reputation, because he
follows a recognized scientific method. In his Works
nothing is left to chance ; chemists are always busy ana-
lyzing ingredients and resulting products ; the scientific,
the mechanical, and the military interests all work
harmoniously together.

Ordnance officers are attached to the establishment
and keenly follow every detail ; large sums are appro-
priated for tests of varying mlxtures, possibly suitable
for gun-metal, and an accurate record of each is kept,
showing its chemlcal composition and its physical qual-
ities.”
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VII.—CRUCIBLE STEEL.

On Frémy’s authority, it is proved that both theor-
etically and practically Crucible steel is best for gun-met-
al.

Professor B. Valérius, in his ¢‘ Theoretical and Prac-
tical Treatise on the Manufacture of Iron and Steel ”’
(Ghent and Leipzig, 1875), writes thus on crucible re-
melting :

‘1. Remelting permits the testing, the choosing, the
proportioning of the components.

2. Even should particles of slag or other impurities
remain mixed with the steel, the slow fusion and the
rest at a high temperature, will eliminate them.

3. This high temperature, added to the almost absol-
ute purity of the liquid mass, divides up and dissemin-
ates the carbon uniformly, thus doing away with slight
differences of hardness.

4. No injurious chemical change can take place.

6. The charge of each crucible being small (25 kilo-
grams), proper supervision is possible, and uniform
manipulation assured.

6. The maganese oxide added to the charge exerts a
favorable catalytic influence.

On the other hand, crucible remelting is costly and
difficult ; the products of different crucibles vary, it re-
quires a long apprenticeship to become expert; at Ser-
aing there is not an employee capable of doing the work ;
and further, it has some of the inconveniences of the
Bessemer process. Hence there is an increasing ten-
dency to discard it.”

This last paragraph shows the reason why the produc-
tion of Crucible steel is undertaken by but a very lim-
ited number of makers.
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The work is surrounded by so many difficulties, it
must be carried on with such continued care and skill,
that it is easy to understand failures and opposition.

In another part of his book, Valérius speaks still
more decidedly: ‘‘As puddling eliminates portions of the
sulphur and phosphorus contained in the pig, and as in
the Martin-Siemens process a large amount of puddled
iron is used, it follows that the same ores, used in the
open-hearth furnace, must yield better steel than in the
Bessemer converter, but neither the one nor the other as
yet holds out more than the hope of some day equalling,
as regards quality of product, fusion in crucibles.”
Could anything be clearer or more decisive ?

“At Krupp’s Works,” continues our learned pro-
fessor, ‘‘ there should be obtained,’’ the author does not
use the indicative, as he writes only of what he has
heard and read, ‘“by the remelting in hermetically
sealed crucibles, a cast-steel free from blow holes ; itis
easy to see that this danger is less to be feared in cruci-
ble steel than in Bessemer, for the latter is permeated by
the blast.”” And we add, ‘‘ than in open-hearth, which
is also produced by a conversion process.’’

Lan, Master ofMining Engineering, and Professor of
Metallurgy at the School of Mines in Paris, follows

. Frémy and Valérius, and in his report, ¢ Metallurgy at
the Exposition of 1878,”’ (Paris, 1879), thus expresses
himself :

““The many attempts made since the introduction of
the Bessemer and Open-hearth processes to utilize their
products for tool steel have not as a rule led to satisfac-
tory results. In Sweden and Austro-Hungary alone,
partial success has rewarded these attempts, due un-
doubtedly to the excellent qualities of the components
nsed in these countries.

Everywhere else, with varied proportions of compon-
ents, only common tool steel has been produced, not for
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a moment comparable with the beautiful bars of cruci-
ble steel exhibited by Sheffield and one or two French
makers ; pure carbon steels, running in carbon from 60
to 75, even to 150, but rarely more, perfectly classed,
according to carbon point, into five or six, sometimes
seven or nine, tempers, and labelled for the special use
to which each temper should be applied. Tension tests
are no longer used, now-a-days, to classify steel ; it has
long been known in well managed steel Works, that the
results of tension tests are not satisfactory indices of the
quality of tool cast-steel. We can cite more than one
pulling test of Open-hearth or Bessemer mixtures, mix-
tures with carbon point from 90 to 100 or 120, with no
more silicon than many crucible steels, but always with
more maganese, mixtures, resulting from the fusion of
puddled steel or of Bessemer, made of very pure, but
coke and hot blast pig, mixtures, which wunder pulling
tests gave exactly the same resistance and elongation
as certain crucible steels, and yet what a difference
there was between the tools made from them ! The cru-
cible steel tool, in the form of gravers, scissors, etc.,
keeps sound, while that made of hearth mixture dulls
under blows, soon becomes notched, or breaks.”

This statement is important from several points of
view. First, it is clear that what is applicable to cruci-
ble tool steel is quite as applicable to gun steel, of the
Jame make but much softer. Second, it shows that
steel may possess qualities, determinable neither by ten-
sion tests nor by chemical analyses. The learned pro-
fessor errs, however, in putting puddled steel as a raw
product on the same footing with Bessemer, for it un-
questionably offers greater guarantees of purity than
the latter. An attentive study of Professor Lan’s state-
ments must lead to the conclusion that the crucible pro-
cess alone assures, under similar conditions of chemical
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purity, the possession of exceptional qualities by the
product.

‘We can add to the testimony of these learned theo-
retical experts, the practical experience of numerous
steel makers. We cite first Firth, the well-known Shef-

"field maker, who in a pamphlet, ‘‘Homogeneous Cast-
Steel,”” published in 1872, wrote as follows:

‘¢ Cheap steels have found ready markets, and their
general application for trade purposes, due mainly to
their low price, marks an era in metallurgical progress,
but we must not ask of them that which from their very
nature they cannot grant. It is almost needless to say
that they cannot compete with crucible steel for cannon
and like exacting purposes. They are cheap, certainly
an advantage, a very important one in many applica-
tions, but, so far as regards guns, a quality that may
produce disastrous results.

““The best gun-metal is crucible steel, made of fine
brands of iron. Composed of choice components, pro-
duced on account of its cost by selected workmen, it
has the still further advantage over lower grades, of ac-
quiring, under manipulation, new properties which con-
stitute it the true steel for gnns. It alone yields per-
fectly sound and homogeneous blocks.

Its cost is relatively high, easily explained, for no
expense is spared to make it answer the purpose to which
itis to be applied. The English Government wants no
other grade, and the Firth Works furnish no other to-
gun makers and ship builders.”

It must be admitted that since this was written, the
Firth Works have been compelled to undertake the
manufacture of Open-hearth steel, because from the very
moment that the authorities declared themselves satis-
{fied with hearth-made steel, Crucible steel, on account
of its high cost, could no longer compete.

We have already given the reasons for believing that
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the authorities do wrong in relying, in the inspection of
their gun steel, upon ordinary physical tests, and we
think that Firth’s real views as regards Crucible steel are
to-day the same as in 1872.

This sudden change of opinion on the part of the
English Ordnance authorities is comparatively of recent
date. In 1881 on the occasion of the visit of the ¢‘ Iron
and Steel Institute’’ totheWoolwich Gun Works, Colonel
Maitland, at that time Director, fthus expressed himself :

‘‘The steel used for guns is procured by contract.
The principal portion is supplied by Messrs. Firth of
the Norfolk Works, Sheffield, but some tubes for the
smaller natures of ordnance have been obtained from
Messrs. Vickers, and Messrs. Cammell, also of Sheffield,
and from Sir J. Whitworth & Co., of Manchester. The
material supplied by Messrs. Firth is entirely composed
of crucible steel. It is of high excellence; the rejec-
tions are but few ; and, up to the present time, our ex-
perience leads us to consider it as undoubtedly the most
trustworthy steel in the market, particularly when large
ingots are required.

The steel supplied by Messrs. Vickers comes out par-
ticularly well under our tests, but we have not yet had
sufficient experience of it to enable us to speak very
positively of its uniformity. It is produced by the
Siemens-Martin process.

The fluid compressed steel which forms the Whit-
worth speciality is of high excellence, and as a rule the
castings are very sound. The qualities of the material
as shown by our tests are, however, scarcely so suitable
to the peculiar necessities of gun manufacture as could
bewished. No doubtits percentage of elongation would
be improved if it were more worked and drawn out.” (1)

(1) Note.—Colonel Maitland ; On the Metallurgy and Manufacture of
Modern British Ordnance, Journal of the Iron and Steel Institute for
1881, No. II.
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This paper of Colonel Maitland’s, Mr. Greiner, then
Superintendent at the Cockerill Works, now General
Manager of our leading metallurgical plant, communi-
cated at a meeting held at Liege, Dec. 4th, 1881, and it
is published in the ‘‘Reoue universelle des mines, &ec.,”’
of 1881, (Vol. X) under title of ‘‘ The Gun Question be-
fore the Iron and Steel Institute.”

We would be justified in assuming that the open-
hearth steel of Vickers and of Whitworth had under-
gone radical improvement, as they have succeeded, after
but few years, is completely supplanting crucible steel
in gun manufacture, but we would be mistaken.

Paul Duteil, a French Civil Engineer, in a pamphlet,
¢ The Metallurgy of Iron at the Universal Exposition of
1878,” is of opinion that the Bessemer and open-
hearth processes never yield homogeneous and uniform-
ly dense steels.

‘“To obtain this,”” he adds, ‘‘steel must be cast in
crucibles out of contact with air, so that the whole
mass may be equally saturated.”

Pourcel, one of the most distingnished of French
steel experts, who, while in charge of the Terre-Noire
Works, did so much for the open-hearth product, hap-
pily characterizes in a paper read before the Iron and
Steel Institute in 1882, the esteem in which crucible
steel is held by steel makers.

¢ Crucible steel, which still remains the ideal type of
steel, contains less than 0.3 per cent (of silicon). (1)

‘We cannot close this chapter in better fashion than
by quoting the most important portion of a paper on
crucible steel manufacture, read in 1884, before the Ches-
ter Meeting of the Iron and Steel Institute, by Mr.
Henry Seebohm, a well known maker.

“The principal reason why Bessemer and Siemens

(1) Note.—A.. Pourcel. Notes on the Manufacture of Solid Steel Cast-
fngs. Journal of the Iron and Steel Institute, 1882, No. IL
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steel have failed so completely to supersede crucible
cast-steel for purposes where the better qualities are re-
quired, is that they cannot be made sound without the
addition of silicon or manganese. In melting common
steel (containing, for examnvle, from 0.15 to 0.05 per
cent. of phosphorus), the steel must be poured into the
mould as soon after it has become perfectly fluid as pos-
sible, and as hot as the tensile strength of the pot will
allow.

In making the higher qualities of crucible cast-steel
(where the percentage of phosphorus ranges from 0.01 to
0.001) a similar mode of treatment would produce very
strange results, the molten steel would boil over in the
mould, the fracture of the ingot when cold would show
a series of bubbles like a sponge, and its specific gravity
would scarcely exceed that of wood. Some of these
bubbles or honeycombs would weld up when the ingot
came to be forged, but by far the greater number would
be coated with an oxide which would make a weld im-
possible, and the bar, if it was not burnt up in the fire,
would be so full of the imperfections technically called
‘“seams’’ or ‘‘roaks,”’ as to be perfectly useless.

To obviate this disastrous result, it is necessary to
boil the steel for nearly half an hour after it has become
fluid, and then to allow it to cool down to a certain
temperature before it is poured into the mould. This
process is called, in the language of the votaries of the
rule of thumb, ‘‘killing’’ the steel, and it is an axiom
among them that the higher the quality of the steel, the
more ‘‘ killing >’ it takes.

It is in this part of the process of crucible cast-steel
melting that its special virtue consists, and the cost and
quality of the cast-steel produced depend in a large de-
gree upon the skill brought to bear upon it. There is
an old proverb in Sheffield, usually expressed in the
terse vernacular of the country, but which may be re-
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fined into the expression that, if you put his Satanic Ma-
jesty into the crucible, his Satanic Majesty will come out
of the crucible. The converse of this is by no means the
case. Though you may convert iron into steel in the
crucible, you cannot convert bad steel into good steel in
the crucible ; but though you may put the most angelic-
ally pure steel into the pot, you may by bad management,
by not ‘‘killing’’ it properly, pervert it into Satanically
bad ingots.

Now, this ‘“killing’’ of the steel is precisely what
cannot be done in the Bessemer or Siemens processes
without the addition of such a large amount of mangan-
ese or silicon that the steel becomes brittle when hard-
ened.”’

The opinions of the eminent metallurgists and ex-

perts just cited prove, without fear of contradiction, that .

crucible fusion furnishes the most reliable first-quality
steel, and hence, crucible steel should be insisted upon
in gun construction.

(1) Note.—Henry Seechbohm : On the Manufacture of Crucible Cast
Steel. Journal of the Iron and Stcel Institute for 1884, No. II.
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CHAPTER IL

Gun Construction.

Having settled upon a suitable metal, our next task
is the selection of the strongest and best working system
of construction.

At present, Ordnance officers are mainly occupied
with but two types, the Krupp and the De Bange.

Krupp has designed many guns, and the limits of
this little work would be far exceeded were we to at-
tempt an exhaustive, detailed examination of each
model. We must content ourselves with the general
characteristics of construction, shape, fermature and
gas-check. France adopted Colonel De Bange’s system
as early as 1878 for field-guns, and is now applying it
to siege, sea-coast and naval armament. The gas-check
is its novel and distinctive feature, the breech mechanism
being a modified Reffye fermature, and the gun itself a
close copy of its immediate predecessor, the Lahitolle.
The question being thus narrowed down, let us proceed
at once to examine briefly these two systems as applied
to field ard heavy guns.

1.—Tae KruprP FI1ELD-GUN.
Plate 1.

A.—The Mantle.

Krupp guns are made entirely of crucible steel, an
almost positive assurance, we speak advisedly, of great
strength and long life. As regards construction and
contour, they are built upon the model adopted in 1873 ;
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the tube, without reinforce, is encircled by a single
band or jacket, (Manfel, in German) shrunk on and
carrying trunnions and fermature. The object of this,
as of all hooping, is to substitute for the thick walls of
obsolete models, thinner metal, susceptible of compres-
sion by the jacket, thus increasing its strength, and
thereby obtaining greater resistance with less weight.

In other words, exterior and interior are both made to
bear their share of the burden. As the mantle carries
the closure, the tube is relieved from direct longitudinal
strain, a safegnard against unbreeching.

’ B.—The Fermature.

1. The Breech-Slot.

The slot is a cylindro-prismatic frustum, the front
wall perpendicular to the axis of the bore, the rear,
slightly inclined from left to right. The upper, as well
as the lower wall, carries a feather, the front edge serv-
ing as a channel, the rear, parallel to the rear face of the
wedge, as a guide for its motion in and out of the slot.

A shallow half-thread, to receive the locking-screw,
is tapped in the left side of the upper wall. The seat
of the gas-check ring connects the slot and chamber
surfaces.

2. The Breech Mechanism. (Figs. 1 and 2, 8 and 4.)

Tue WEDGE A.

The wedge or breech-block fits the slot; the front
face is'countersunk for the gas-plate seat, and further to
the right, parallel to the axis, the loading chamber 7' is
cut. The right face is rounded ; the left holds the lock-
ing-screw seat. Upon the upper face is a groove Z in
which the vent-screw plays, just of sufficient length to
bring the loading chamber, at the command LoaD, in
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exact prolongation of the bore. A hole R is drilled in
the wedge at an angle of 41° in a vertical plane through
the axis, and counterbored at the top and bottom ; the
middle portion and the lower counterbore are bushed
with a copper vent-plug ; the upper counterbore serves
as a recess for a gas-check, a copper cup of triangular
cross-section, which by pressing against the foot of
the vent-screw, prevents the fouling of the wedge and
slot.

THE BREECH CAP B AND ITS SOREW C.

The breech cap guards the wedge and slot against
dirt and dust, and in opening the breech, serves as a
point of application for the locking-screw. It is fast-
ened to the left face of the wedge by three screws C and
carries the journal for the crank handle of the locking-
screw. It is strengthened at this point by a circular
flange, to which a stop is attached, limiting the play of
the handle in opening the breech.

TaE LOCKING-SCREW D.

The locking-screw is right-hand, and has a coarse
pitch. It is supported by its shank in the wedge, and
by a collar-bearing in the cap.

When the breech is closed, the screw part projects
above the wedge and engages in the half thread, tapped
in the slot.

To permit opening and closing the breech by a half
turn of the crank, the thread, with the exception of
the outside turn, is interrupted for a full semicircle.

The locking-screw answers two purposes, it impartsa
transverse movement to the wedge, and forms a lock to
keep the latter from sliding along the inclined wall of
the slot, when the piece is fired.
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THE CRANK K wiTH 118 KEY # AND PIN G.

The crank works the breech mechanism, it consists
of a collar and two cylindrical arms, the one marked by
a circular groove must be, when the gun is locked, on
the right of the cannoneer who serves the closure.

On the collar, as on the cap, is a stop, the two meet
when the breech is closed. The collar is fixed to the
screw shaft by a key # and a pin G.

TrE CATOR H AND THE BINDING SPRING K.

The catch is a flat plate with an upward curved han-
dle, roughened on the lower side to facilitate gripping.
The catch can turn on the screw 7 which fastens it to the
cap, but friction-tight on account of the pressure of the
binding spring K, also attached to the cap by the screw
L. The catch and spring prevent the accidental open-
ing of the breech on the march, for when locked, the
catch engages with the crank stop, and thus prevents its
turning. In opening the breech, the catch must first be
disengaged.

THE DIRT-FENDER IV AND ITS GUIDE-STUDS O.

In opening the breech, the rear face of the wedge re-
mains in contact with the wall of the slot, and hence
play is allowed between the front face and the gas-check,
which would permit, while loading, the entrance of dirt.

To meet this difficulty, a thin sheet brass cylinder is
lightly inserted in the loading chamber. It has two
studs which pass through the wedge, and enter guiding
channels cut in the feathers of the breech-slot, thereby
keeping the fender in contact with the gas-check when
the wedge is out.

This apparent telescoping occurs both in opening and
closing the breech.
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THE GAS-PLATE P.

The gas-plate is let into the front face of the wedge,
and is held by a stud which prevents its turning. It is
bushed with copper at the vent entrance, and has a shal-
low recess cut in its front surface for receiving the pow-
der residuum.

THE Gas-CHECK Q.

The gas-check ring, whose curved surface is a spher-
ical zone, is firmly seated at the end of the gun chamber,
and presses tightly against the gas-plate when the
wedge is locked. Upon its plane face are cut shallow
grooves to hold dirt and to restrain a possible escape of
gas.

THE VENT-SCREW W.

This is screwed into the breech of the gun, and serves
a double purpose, it closes the upper part of the vent,
and controls, as already explained, the outward move-
ment of the wedge. It has a hollow head, which serves
as a hood to protect the cannoneers against powder
grains and primer fragments. The middle part of the
body is threaded and screwed into the breech, the lower
part projects into the guide channel of the wedge, and
acts as a stop. '

TaE HousinGg &.

The housing 8 of brass is shaped to the opening ot
the breech-slot. It is designed to receive a leather hood
which keeps the breech slot free from mud and dust.

C.— Manual of the Breech.
1. To Open.

The cannoneer first relieves the catch A, then seizes
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with both hands the crank E, and turns it to the left
until the stops strike ; the crank is then horizontal,with
the grooved arm to the left. The wedge is then pulled
out steadily until checked by the vent-screw. The load-
ing chamber is now opposite the bore, and the piece is
ready for charging.

2. To Lock.

The cannoneer pushes the wedge with both hands
gently into the slot until the uninterrupted thread of the
locking-screw strikes the breech ; turns the crank to the
right until the cap is brought up to the piece. The
catch is not let down until the command, CEASE FIRING.

D.—QGas checking.

There is no difficulty in replacing a gas-check ring.

Unscrew the vent-screw about twenty-five millime-
tres and take out the wedge ; thoroughly lubricate the
exterior curved surface of the ring, and place it in its
seat, after having carefully cleaned the latter. The cor-
rect position is fixed by hand marks on the ring and
slot. The wedge, well cleaned and oiled, especially on
the gas-plate, is then forced in, until the vent-screw can
be screwed down, and the breech locked. As this oper-
ation requires considerable force, the handle is length-
ened by slipping over one of the arms a piece of iron
pipe, a part of the equipment of every gun. If the
closure work too freely, insert thin brass packing under
the gas-plate, until the ring is so firmly seated that it
cannot be taken out by hand. After a few shots, one
man can easily work the breech. It may happen, after
continuous firing, that the ring is forced rather far into
the bore, permitting a too free working of the fermature.
This contingency is recognized by the escape of gas be-
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tween plate and ring, and may be at once cured by in-
serting a brass packing ring under the gas-plate.

Experience has shown that, provided the pieces are
in good order to begin with, this treatment will not be
necessary while the combat lasts. Practice has proved
that the spherical surface of the ring is never scored by
gas ; erosions may appear, very rarely, upon its rear
face and upon the bearing part of the gas-plate.

Should this occur during battle, no attention need be
paid to it, for many rounds can be fired before the ero-
sion extends over the whole width of the ring. How-
ever, to meet every possible demand, each piece is sup-
plied with two spare rings and plates.

E.—8pecial directions in regard to the Service of the
Breech.
Note the following :
Before practice,
1. That the breech cap screws are tight.

2. That the breech mechanism is clean and slightly
oiled ; there must be no rubbing.

3. That the vent-screw is screwed home, so that its
lower face touches the copper gas-check.

4, That the vent is clear.

5. That the contact surfaces of ring and plate are not
injuriously marred.

During practice :

1. That the gas checking surfaces are kept as clean
as possible.

2. That the vent-screw is always home.

3. That, in every round, the locking-screw is turned
until the breech cap bears against the piece.

4. If gas escape, proceed as already indicated.
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11.—TaE KRUPP GUN OF LARGE CALIBRE. \\
Plate II. \
The task we undertook had chiefly to do with ﬁel«

Krupp system, we will briefly describe the method o
breech closure adopted for heavy guns. We shall fol
low exactly the same lines when we come to
De Bange system.

A.—The Fermature.

1. The Breech-Slot. (Fig. 2.) T~

The slot is a cylindro-prismatic frustum ; in pla=—" =3 /”Sf{;ﬁ'
trapezoid, the front side perpendicular to the axisof — — e
bore, the rear, somewhat oblique. - T

Circular grooves are cut in the rear wall. e
2. The Breech Mechanism. (Figs. 1,2 and 8.) /

The breech-block or wedge X is cylindro-prismatic, [,
and fits the slot, so that when pressed home it completely: ;
closes the bottom of the bore. The upper and lower!
faces have rectangular guiding grooves, cut parallel to
the axis of the rear cylindrical surface, so that in pull-}
ing or pushing the wedge, its rear face is always in:
contact with the slot, while its front moves parallel to Il
itself.

The wedge carries a number of seats for various ele- , |
ments of the mechanism.
The locking device consists of a screw C and its nut +

B. '

The neck of the screw passes snugly through the °
breech-cap, to which it is held by a collar and shoulder,
and its foot is let into the wedge. As the thread is be-
tween these two fixed bearings, there can be no transla-
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tion. The nut is wholly within the wedge, it is free to
move slightly to and fro ; a plug  driven into the nut
next to the cap limits its rotation to one-third of a turn.
The nut B has further several outside circular threads,
the first of which is whole, the others interrupted.

To lock the breech, these threads must engage in the
slot grooves ; to open it, the interrupted portion must
face the grooves, thus permitting the withdrawal of the
wedge.

The wedge is moved by the traversing screw D, turn-
ing in the journal bearings ¥ and A ; and is engaged in
the half nut Z, fastened to the gun by the screw 7.

The screws C and D are turned by the crank wrench
R.

The gas-check is a steel ring XK, lipped into the
chamber, and seated against the gas-plate J. A chain,
fastened to an eye-bolt in the breech and to a hook on
the cap, limits the outward motion of the wedge. In
loading, after the wedge. is out, a charging funnel Wis
inserted in the bore ; it is held in place by the handle Z
resting on the brackets P, which also serve as shot-carrier
supports.

B.—Manual of the Breech.
1. To Open.

Slip the crank wrench R over the square head of the
locking-screw, and turn to the left as far as you can.
The nut B takes up the backlash, and then turns with
the screw until the plug 2 strikes the to pof the breech
cap, this brings the interrupted portion of the nut oppo-
site the slot grooves ; and shows the word ‘“ OPEN,” cut
on its face. Its rotation being forcibly stopped, the nut
must move inwards until its whole thread M bears
against the breech.

This holds the nut tight, and as the locking-screw
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keeps turning, the wedge itself moves forward unti
checked by the nut. .

Now slip the wrench on the traversing screw _Z2J,~
turn it to the left, and the wedge comes out.

Insert the charging funnel W and load as usual.

The traversing screw is not a necessity, and were it
omitted the fermatures of heavy and light guns would
be almost identical, but the moving by hand of heavy
breech-blocks would be too irksome, hence its adoption.

2. To Lock.

Withdraw the charging funnel ; turn the traversing
screw to the right; the wedge enters until the shoulder
of the screw strikes its bearing @. Now turn the lock-
ing-screw C to the right, the nut B strikes the cap, and
taking up the backlash, rotates with the screw until the
plug z strikes the bottom of the cap, when the word
““LockKED”’ appears cut in its face ; atthe same time the
flat portions of the circular threads engage the corre-
sponding faces of the slot grooves, and firmly secure the
wedge to its seat.

e e

LA N A

C.—The Krupp Obturating Primer.
(Fig. 4, Plate II.)

Ignition takes place at the centre of the bottom of
the cartridge through the wedge, the vent being bored .
in prolongation of the axis of the bore. ‘

The vent-bushing is steel ; its mouth is tapped to re-
ceive the Krupp obturatmg primer, which insures |
prompt ignition, and is a certain vent gas-check. '

Its parts are: I

a) A brass screw plug, inclosing the details of the
primer, keeping them in place, and protecting them |,
from moisture and other injury.
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b) A brass friction wire, ringed at one end for the
lanyard hook, and serrated at the other, with a tapering
stop just above.

c) The fulminate, pressed into a paper tube as in
the ordinary friction primer, and surrounding the wire
between the stop and the teeth.

d) Thecapsule or filling, is the same as is used in
fuze plugs.

The primer is screwed tightly into the counterbored
vent, and is used justlike the common friction primer.
Under the pull of the lanyard the tapering stop enters a
corresponding countersink in the plug, and prevents the
escape of gas. The screw plug itself, well greased, fits
tight in its counterbore.

D.—S8pecial Directions in regard to the Service of the
Breech.

The same directions apply to the service of heavy
guns that have already been given for field artillery.

In comparing the mechanism of heavy and light
guns, it cannot be denied that one principle dominates
all, and that the Krupp system is virtually the same
for every calibre.

III.—TuE REFFYE-DE BANGE FIELD-GUN.
(Plate III.)

A.—The Fermature.
1. The Breech-Screw Seat.

The breech-screw seat is in the breech hoop, and in
prolongation of the bore; it has an interrupted thread,
one-sixth being alternately planed off, corresponding
of course, to similar divisions on the breech-screw. It
has inserted in its face the latch-hook, an inclined rest
for the upper, a catch for the lower, nose of the latch.
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2. The Breech Mochanism,
THE BREECH- ScREw. A. (F16.1.)

The screw has an interrupted thread ; the gas check-
ing device is attached to it. Its parts, beginning at the
rear, are:

R N

. The fixed handle a ;

. The lever handle b with its pin & ;
. The lugs c;

. The boss ¢;

The inclined guide / for the heel of the latch ;
The chased and planed sections of the body ;
The recess for the heel of the latch (see Fig. 5.)
The plastic gas-check D.

THE CARrRIER-RING B. (Fie. 2).

The breech-screw is supported, when disengaged, by
a hinged ring bracket, whose main parts are :

1.

NSk ®N

The hinge a with the hinge-pin & ;

The swelling ¢ ;

The rest @ for the cam of the lever handle ;
The safety notch e;

The key with its beak f;

The guides ¢ ;

The latch o and its details.

THE LatcH C. (Figs. 4 and §.)

The latch is composed of :

1.

The latch-bolt C and its pin @ ;
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2. The upper nose a;
8. The lower nose 0 ;
4. The heel ¢;

6. The latch-spring e.

THE Gas-CHECK D. (Fig. 3.)

The plastic gas-check D consists of ;

1. The movable spindle @ with mushroom hea,d b and
shoulder ¢;

2. The plastic packing 4 ;
3. The vent f;
4. The bushing g;

The packing ¢, made of asbestos and tallow, is sewed
in cotton, and is supported in place by two convex tin
guards. Three split brass rings close the open angles of
the gas-check, and prevent the intrusion of the tin in
firing, and consequent difficulty in working the ap-

paratus.
B. Manual of the Breech.
1. To Open.

The cannoneer lifts the lever as high as he can to re-
lease it from the safety-notch, then turns it towards him-
self, to the left, until the lug of the breech-screw strikes
the swell of the carrier-ring, at which time the threaded
sections of the screw are opposite the planed sections of
the seat, and the breech plug may be pulled out.

The turning has done more ; the heel of the latch has
travelled up the inclined cross-guide f, and compelled
the latch-bolt to turn on its pin, the npper nose is lifted,
and the lower entered in its catch. (See Fig. 4.)
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Thus the carrier-ring is freed from the screw, and
secured to the face of the breech. The cannoneer now
presses the lever down, the cam strikes its rest on the
carrier-ring and forces the breech-screw back, loosening
the gas-check from its bearing, an operation requiring
some force. The plug can then be freely drawn back on
its guides, until it strikes the beak of thekey. During
this backward motion, the heel of the latch slides along
the planed section of the breech-screw until it strikes
its recess, into which under the action of the latch-
spring, it falls, unlatching the lower nose, and thus de-
taches the carrier-ring from the breech, and fastens it to
the breech-screw. The plug with the ring can then be
swung on the hinge, entirely exposing the seat.

2. To Lock.

The cannoneer gently swings the breech-screw
against the piece forcing the upper nose of the latch to
ascend its inclined rest ; this compels the latch-bolt to
turn, releases the heel, and allows the breech-plug to be
pushed in. During this movement, the heel is forced
up the inclined face of its recess, the bolt turns anew on
its pin, and in pushing the breech-screw home, the lower
nose enters its catch, and again the carrier-ring, free of
the plug, is fastened to the breech.

The cannoneer now turns the screw to the right, the
heel descends the inclined cross-guide, the bolt obeys
the action of the spring, and the lower nose is unlatched;
the ring is fastened to the plug, and held to the breech
by the lugs and boss. If the breech is well locked, the
handle falls of its own weight.

C.— Directions in case of trouble.

With the breech. 1. Should No. 2 find it hard to
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open the breech by hand, No. 1 taps the lever pin with
the trail handspike, handed to him at once by No. 3.
The breech being open, No. 2 scrapes with a knife
and washes with a sponge the gas-check head, makes
certain that it turns freely, and tries to lock.
Should there be further difficulty, he reports to the
Chief of piece.

2. Should the latch-spring break while the breech
is unlocked, No. 3 draws back the plug, and lifts the
heel of the latch by pressing upon the upper nose with
the fore-finger of the right hand.

He gets rid of the fragments of spring, and replaces
it.

The breech can be worked without a spring, by un-
latching by hand.

3. Should a primer split and stick, No. 2 clears the
vent with a gunner’s gimlet.

4. In case of any other accident to the closure or gas-
check, No. 2 at once reports to the Chief of piece, who
either proceeds as indicated in Part I1, or asks the Chief
of section for further instructions.

We have thus explained the course to be pursued in
case of certain accidents that may happen during fir-
ing, but there are other drawbacks possible which must
be met, and their recurrence prevented.

Battery repairs should be made with the utmost care,
and always under the supervision of an officer.

With the gas-check.—To insure the perfect working
of the gas-check, the spindle must drop easily into its
place as far as the fillet and turn freely. Every time a
new gas-check is used, this must be ascertained.
Should there be difficulty in inserting, it may be due to
rough edges on the spindle seat, or to its having been
closed by the upsetting of the vent plug; in one case,
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use a file, in the other, replace the plug, orream it out.
When a new gas-check is inserted, to prevent the
destruction of the rear tin guard on the first round,
the head must be tapped with the rammer to settle it in
place.

It may happen that during the firing the cloth cover
is torn, and the packing exposed. This is of very little
moment, and no attention need be paid to it.

Should the front guard begin to fuse, which indicates
imperfect gas checking, it is very probably caused by
by the spindle’s fitting too tightly ; the remedy has
already been pointed out.

The brass rings may open, and thus impede the
movement of the breech-screw ; this difficulty is over-
come by simply closing them again.

When the breech is open, should the head of the
spindle receive a blow, the packing, especially if heated
and softened by firing, may be crushed and distended ;
this distortion may also occur, if it be very soft, on
roughly opening the breech. Usually this may be
remedied by kneading the pad into a cylindrical shape,
so as to be able to close the breech. The packing may
be cooled and hardened by plunging it in water, or wet-
ting it with a sponge, and it may be moulded in its seat
by tamping with a ramrod.

With the breech-screw.—Slight abrasions, interfering
with the free movement of the plug may be filed down ;
roughnesses on the screw should be ground off by work-
ing it in its seat with very fine emery flour and oil.

With the gas-check spindle.—Thespindle shank may
be upset ; if it do not exceed two or three millimetres
and remain stationary, it may be neglected, otherwise
substitute a new spindle.

With the vent.—Should enlargement cause missfires,

]
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replace the spindles in guns of eighty and ninety milli-
metres calibre, and renew the bushing in those of ninety-
five millimetres.

Note.—The spindle or packing should always be
renewed under the supervision of an Officer.

IV. Tee REFFYE-DE BANGE GUN OF LARGE CALIBRE.
(Plate IV.)

We cannot do better, in explaining Colonel De
Bange’s system for heavy guns, than to describe the
main features of the thirty-four centimetre gun exhi-
bited last year at Antwerp.

A—The Double-taper Hooping. (Fig.3.)

The thirty-four centimetre gun is built up of a ham-
mered stezl tubs and seventy-four steel hoops.

The first row of hoops extends over the whole
length of the piece ; the second, from the breech to the
middle of the chase ; the third, from the rear face to in
front of the trunnions, the fourth is made up of the
three breech coils and the trunnion ring.

The double-taper adopted for the gun is designed to
make all the hoops share in bearing longitudinal
sirains. Usually the hoops resist, so to speak, only tan-
gential strains, as the tube and rings are bound together
by shrinkage-friction alone.

But, owing to the difficulties of construction, the
shrinkage strains may vary at points, or even entirely
disappear, and even were they at all points as great as
desired, yet the resulting cohesion is not sufficient to
prevent unbreeching.

It must be understood that this is the theory of the
inventor, we shall discuss it later.
According to Colonel De Bange, the double-taper over-
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comes this defect, and profitably supersedes complicated
methods of banding followed by others. It consists
simply in making the outside of the tube and rings, a
series of truncated cones alternately with their smaller
or larger bases in contact, so that by superposition the
whole is firmly anchored together. The taper is so slight
that the hoops, when heated, can be slipped on the tube
and over each other, and yet sufficient to insure upon
cooling a powerful bond. The hoops are coiled of steel
bars, rolled and welded. Captain A. Mariotti in his
phamplet, ¢ French and German Guns,” in speaking of
this method, says :

‘““ Even should a flaw exist and remain undetected
before rolling, hardly conceivable, it could not extend
beyond its own coil, and would not affect the other
strands that make up the hoop.”

According to this author, Colonel De Bange believes
that, thanks to his system, guns can be made lighter and
stronger than by other methods.

‘We shall examine the system critically in the next
chapter. - :

B.—Breech Mechanism and Gas-Check.
(Figs. 1 and 2).

The breech-screw is interrupted, supported by a carrier-
ring, and while very much larger than in the field-guns,
is practically similar in construction. There is a gas
checking device made up as follows :

The breech-screw A is drilled and partially tapped
for the vent-piece B, the collar P, of which rests upon a
counterbore, cut into the bottom of the screw as a seat
for the plug C.

This plug is held to the collar P, and to the face of
the counterbore, by the hooks S passing through the
notches R and fastened in the slots 7. Between the
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tenon of the plug C and the counterbore, a space is left
in which plays the hollow stem of the free gas-check
head E. The double packing D is held between the
plug and the head. A washer # is pinned to the vent-
piece B, and firmly unites it, the breech-screw A and
the plug C. The gas-check head and the packing can
tarn on the vent bushing stem ; they have also some play
lengthwise on the plug tenon, which permits a backward
movement, under the pressure of the gas on firing the
gun. The hollow stem L separates the packings, com-
posed of the same elements as already described, asbestos
and tallow covered with cotton cloth and protected by
tin guards ; asbefore, the connecting angles are shielded
by split brass rings.

The stem has holes A drilled in it, which are filled
with the composition, so as to keep the two packing
rings duly balanced.

In firing, the outer packing presses against the
chamber, the inner against the vent piece, thus effectu-
ally cutting off all escape of gas, so the inventor claims,
as the pressure of the rings per unit of section exceeds
the gas pressure, their surface being less than that of
the gas-check head.

C.—The De Bange Obturating Primer.
(Fig. 4.)

The De Bange primer consists of :

1. The case, a;

2. The free spindle, b, set in the case ;

3. The wire, ¢, passing through the spindle 4 ;

4. The spindle stem, d ;

6. The plastic packing, e, surrounding the stem @ ;
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6. The %ead, f, in which the stem ¢ can move, but
backward only ;

The head fis chased with a couple of coarse inter-
rupted threads, allowing it to work in the vent, just as
the breech-screw does in its seat. Upon the head is
screwed a hollow wrench with a large opening, opposite
which is the ring K, fastened to the friction wire. Upon
firing, the free spindle & compresses the packing, thus
shutting off the escape of gas by the vent; the wire ¢
closes its own passage, thanks to a conical stop which it
carries.

The wire is pulled by means of a bell-crank rg¢, (Fig.
2) one of whose arms carries a hook for the ring of the
wire, the other is attached at the proper time, to the lan-
yard.

V.—COMPARISON OF THE TwOo SYSTEMS.

The De Bange field-gun is as a rule made of Open-
hearth steel. ’

French ordnance officers care very little by what pro-
cess the steel delivered at the Arsenals is produced ; their
idea is that all steel is suitable for gun-metal, provided
it fulfills the required specifications.

Still, it cannot be questioned that most, if not all
the steel furnished is made by the Martin-Siemens pro-
cess.

We have already given the reasons for preferring
Crucible steel, and need not iterate them.

In carefully comparing the two breech mechanisms,
just briefly described, though it might strike one that
the French fermature is a more logical development, as
it works in the direction of the axis, yet actually it is
much more complicated than the German.

The Krupp closure is virtnally a block, working per-
pendicularly to the axis, and cannot therefore be blown
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cut, in case of imperfect locking. The wedge bears, not
against the body of the gun, as was the case in older
models, but against a mantle shrunk on the gun, thus
permitting the tube to offer its maximum resistance.
The number of parts forming the breech mechanism may
be summed up in the wedge and its locking screw. The
system is extremely simple, its operation rapid and
easy, and for these very reasons, no fears are aroused as
to its strength or working under fire.

On the other hand, the French fermature depends
upon screw threads, which receive the full force of the
discharge.

These engage in female threads cut in the tube, and
extended experience has proved that these latter soon
give evidence.of stripping and cutting.

It has occurred frequeutly in the bursting of guns
that the surface of rupture passed through one or other
of these threads, although neither fermature nor gas-
check was injured, showing conclusively, to use the
graphic words of Lieut. Colonel De la Rocque of the
French Marine Artillery, that these threads are acfual
bait to atiract rupture.

The work of this officer of rank, ¢ Historical Study
of the Strength of Rifled Guns,’’ gives in regard to this
matter some rather interesting facts.

He states that an Ordnance Board convenzd at the
Ruelle Gun Foundry to investigate the unbreeching of a
84 centimetre gun, made of Open-hearth steel supplied
by the Saint-Chamond Works, a casunalty that occurred
January 22, 1880, at the third round with a charge of
112 kilogrammes, reported that the surface of rupture
passed through the first thread of the three sections.

Another 34 centimetre gun, also of Saint-Chamond
steel, was spiked with a charge of 126 kilogrammes on
account of the stripping of the threads.
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“The screw,”” says our author, ‘‘had cut, so to
speak, into the metal of its seat.”

Other guns made of Creusot steel with the same fer-
mature, stood the test better. ¢ But, adds Colonel De
la Rocque, ‘‘the female threads of all these guns were
injured more or less during the firing ; the screw’s cut-
ting into the comparatively soft metal of the piece
caused harrassing delays and difficulties.”” The Board
appointed to report upon these accidents and mishaps
used the following language : ‘‘ The cause of the acci-
dent lies in the bad quality of the steel, which, as shown
by results from test bars, was especially poor near the
rupture line and in the interior of the tube, while at the
ends and on the surface, wkere alone it could be ex-
amined and tested before the failure, it was of good
quality.” Indeed, we emphasize that specimens cut
here and there from a hammered block and physically
tested, do not offer a sufficient guarantee as to the good
quality of the metal, when homogeneity is not a direct
result of the process of manufacture.

An absolute homogeneity is attained, not from the
Martin-Siemens furnace, but from the crucible alone.
The Board, in view of the fact that @ local defect in the
vicinity of the thread nearest the bottom of the bore
can bring about such accidents when the breech-screw is
seated in the tube itself, submitted a plan for seating it
in a base ring, as had already been done in other
calibres. It further proposed an increasing pitch, quick
enough ‘‘to make the furthest threads bear first,”” or
in other words, to ease up on the nearest, and thus hus-
band their strength.

These conclusions evidently imply that the closure,
with screw-plug seated in the body of the gun, is not
satisfactory ; the changes recommended by the Ruelle
Board, which have been adopted, mitigate but do not
cure the inherent defeets of the system, the liability of
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the threads to injury, and the possibility of unbreech-
ing by the wrenching of the tube under the effort of the
gas to escape by the threads. Of course, these possibil-
ities are enhanced if the metal is not homogeneous.

Mr. A. Grenier, at present Manager of the Cockerill
Steel Works, in a paper on the French and German
Breech Systems read some years ago before the Society
of Engineers of Liége, wrote as follows: ¢ France and,
following its example, Sweden have adopted closnre by
means of a steel screw. The threads are interrupted,
so that a fraction of a turn locks the breech. This ap-
pears simple, but experience has shown that it is not ef-
fective.

It is almost impossible to obtain perfect contact be-
tween the screw and nut; notwithstanding prolonged
emery grinding, the threads will vary, and the shock
will effect some more than others.

Most breech-screws soon show injuries to the threads
nearest the charge, which render them unserviceable.”

These remarks have value and interest now, they ac-
cord perfectly with our views.

As regards the service of the piece, it is plain that
the wedge is superior to the screw; to instance, the
French gun can not be aimed until the breech is closed,
the German, as soon as the charge is inserted.

In working the fermature in high angle firing, the
screw tends to slip out, a rather uncomfortable attribute.

We come now to the methods of gas checking. We
think it a difficult task to find a simpler, a surer, a
lighter gas-check than the Broadwell ring. That the
De Bange gas-check perhaps works well in the begin-
ning, we will freely acknowledge, but the asbestos pack-
ing will not long keep its moulding quality, so remark-
able at first, and, once unserviceable, it is harder to
replace than the Broadwell ring, it takes a long time,
and being rather a pice operation, the presence of an
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officer is necessary. No ‘especial precautions are re-
quired for the insertion of a Broadwell ring ; it is avery
simple thing to do. The French regulations governing
the service of the De Bange field-guns, show better than
we can, the incessant care required in the working of
the plastic gas-check. 4

The extracts we have already given, will excuse our
making further quotation.

This device, under intelligent supervision, will work
well oL the practice ground, but on the field of batlle,
amid a thousand distractions, under the impulsive
action of excited men, it will soon become unserviceable.



CHAPTER IIIL
Ballistio Performance.

The ballistic examination of the two systems, in other
words, the comparison of the respective energies, initial
velocities, ranges, and accuracy, will determine which of
the two, Krupp or De Bange, has gotten most out of
metal and powder. We shall confine ourselves to the
consideration of these four factors, though there are also
to be thought of, selection of powder, construction of
projectiles, and many others.

It is impossible to place in juxtaposition every detail
of the two systems; here too, we must be content with a
comparison of characteristics.

Moreover, this comparison, as our readers will observe,
can not be exhaustive, as the calibres are not exactly
correspondent but, even with all these restrictions, it
will deal with sufficient data to make it conclusive.

In making a comparison of this nature we must con-
fine ourselves to existing models, to resultsgpon which
range tables are based, to targets as given in actual prac-
tice. So far as regards proposed models, there is often
so wide a difference between the promises of the projec-
tors and actual performance, that they can not be con
sidered as governing elements in an investigation of this
nature. Deviation from this rule, under exceptional
circumstances, is brought especially to the reader’s at-
tention. One further remark. The De Bange guns
made at the Cail Works, are of standard model, hence
we have taken our data from the French range tables,
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as alone reliable; those given by the Works being
founded uponno trustworthy tests. The Krupp data are
founded for the most part upon tables, drawn up from
the results of trials made at Meppen in the presence of
officers of all nationalities.

Let us now proceed to consider the main subdivisions
that make up artillery armament.

I.—MoUNTAIN GUNS.

The De Bange mountain gun, calibre 8 centimetres,
has an initial velocity of 257 metres, and, with 24° eleva-
tion, the maximum permitted by the carriage, a range
of 8752 metres. Colonel De Bange, it is true, claims for
this piece a range of 5,000 metres, but this cannot be at-
tained even if the trail be sunk into the ground until the
elevations reaches 45 degrees.

Krupp fabricates several models of mountain guns,
varying with the topography of the countries for which
they are designed.

His 7.5 centimetre gun approximates most closely to
the 8 centimetre French, we will compare these two.

The charge is the same for both guns, 0.4 kilogram.
The French projectile is the same as used for field-guns,
its weight, 5.6 kilogram, is considerably greater than
that of the special German projectile, 4.3 kilogram.
Hence the initial velocity of the Krupp gun is much
greater, 204 metres.

The ezcessive weight of the French projectile reduces
the number carried by each pack animal, a very import-
ant consideration, and, as a result of the low initial vel-
ocity, the shock of the recoil is harder on the carriage,
which is therefore more strongly constructed than the
German, and is, of course, much heavier.

It is well known that the useful effect of a gun, so
far as regards actual performance, is measured by the
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ratio of total energy to the total weight of gun and car-
riage.

The De Bange ratio is 68.5 kilogram-metres, the Krupp,
74.

We can then assert, with justice, that Krupp has
gotten more out of hismetal and powder than De Bange
has. '

As regards accuracy, the French mountain gun at
8100 metres has a longitndinal deviation of 14 metres, a
horizontal deviation of 7 metres; at the same range,
the figures for the German gun are 19.8 and 2.3 metres

respectively.

II. FIELD-GUNS.

The French 8.9 and 9.5 centimetre guns were adopted
subsequent to the present 7.8 and 8.8 centimetre guns
of the Prussian artillery, which were introduced in 1873.
This evidently accounts for the attempt made by the
French ordnance officers to render their guns more
efficient.

Have they succeeded ¢ That is the question.

We must state, right here, that during the past few
years Krupp has fabricated four new models of 7.5, 8.4,
8.7 and 9.6 centimetres respectively, and that at present
still further improved guns are undergoing trial at Mep-
pen.

At first sight, it is rather astonishing that Krupp
should have provided so many calibres, but, supplying
as he does, numerous governments, whose circumstances
of terrain, a most important factor in the equipment of
Field artillery, differ, he was compelled to design suita-
ble models. Indeed, this continued embodiment of bal-
listic conditions. these trials carried on on so great a
scale, give indubitable proof of the exhaustive grasp and
technical skill of the steel-maker of Essen.
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The weight of the 8 centimetre De Bange gun and
carriage is nearly the same as that of the 8.8 centimetre
Krupp, model of 1873; the muzzle energies are about
equal ; it follows then that these French guns can at
most be placed on a level with the older German guns.

But Krupp has recently produced models of far
greater power, which must of course be superior to the
present De Bange guns.

With such extensive material at command, we have
selected as units of comparison, guns of about the same
calibre and weight, and have collected the principal data
in accompanying table. A careful examination will lead
to a fair judgement regarding the respective values of
the two systems.
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The superiority of one gun over another lies, we
repeat it here, not so much in the initial velocity as in
the muzzle energy.

With a light projectile it is an easy matter to obtain
high velocity, but in the same calibre, the relatively
heavy projectile with medium velocity conserves its
energy at long range much better than the light projec-
tile with the higher velocity. Hence, in most cases the
former is more advantageous. Krupp has chosen
wisely in adopting the heavier projectile.

Two points must be borne in mind :

1. The same gun with the same charge develops sen-
sibly the same muzzle energy, whether the projectile be
heavy or light.

2. The useful effect of a projectile is measured by
the terminal energy.

From this, it is readily seen that the useful effect of
the Krupp guns is greater than that of the De Bange.
This superiority is more clearly evident if we call to
mind that the 8.8, 8.4, and 8.7 centimetre Krupp guns
are provided with two carriage seats, the subtraction of
whose weight, 35 kilograms, would show a marked in-
crease in the ratio of effect.

Notwithstanding their greater -weight, more rounds
are carried with the Krupp guns, another circuamstance
in their favor.

As regards accuracy, another factor of comparison,
the following table of probable deviations of similar
pieces at a range of 2,000 metres shows that in this re-
spect also, the Krupp excel the De Bange guns.
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PROBABLE DEVIATIONS AT A RANGE 2,000 METRES.
FrEXCH lLongltu-' Horl 1 I Krupp l..ongitu-lve " l‘}lo rizontal,
GrNs. ‘ dinal. '\’ertlcul. °! ' Guwns. | dinal. : |
1l
' |
Cent. l I Metres. | Metres. || Cent. Metres. | Jetres.
8 “ 0.7 0.7 | 8.4 “ 1085 | 054
9 ‘ 0.8 0.7 ' 8.7 ‘ 0.6 0.6
9.5 “ 0.9 11 l 9.6 “ 0.6 0.45

III. Sieck GUuNs AND GUNS oF PosITION,

There are two classes:

A. Long guns;
B. Short guns.

A. In the first class are the De Bange 12 and 15.5
cent.; the 22 cent. is still under trial.

The French 12 cent. gun is similar in most particu-
lars, especially in weight, to the Krupp 10.5 cent. and
the light 12 cent. gun, tested at Meppen in 1880, wkose
power however has since been greatly increased by mod-
ifications of charge and powder.

The 15.5 cent.- De Bange gun is somewhat lighter
than the 156 cent. Krupp. But this advantage, possessed
by all the French pieces, is but apparent, for if we take
into consideration the Zotal weight of gun and carriage,
we find that the French is heavier than the German.

The 15.5 cent. gun furnishes a striking example, for
while it weighs 470 kilograms less than its German rival,
its carriage weighs almost double, so that the total
weight of gun and carriage in one case is 5,800 kilo-
grams, in the other, 4,760.

Of course we must not lose sight of the fact that
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while lightness is a precious quality, indispensable in
field artillery, it is not wise to go to extremes, for tke
lighter the gun, the greater the effect of recoil upon the
carriage. A light gun requires a proportionally much
heavier carriage, and virtually nothing is gained.

The minimum weight of a gun may be determined,
as a rule, by assigning such weight to the carriage as
may be necessary for its acknowledged work, to the
gun, such weight as may be admissible, keeping in
mind the total and the requirements of mobility.
Hence, in equipping a siege park, preference will be
given to comparatively heavy pieces. These remarks
are almost axiomatic, and it seems puerile to iterate
them here, yet, notwithstanding their apparent sim-
plicity, there is considerable variance of opinion in their
application. For example, Germany has decided in
favor of the heavy gun and light carriage, France, just
the opposite, and yet both countries possess an equal
number of distinguished Ordnance officers! The initial
velocities of corresponding guns of the two systems vary
within rather narrow limits, easily explained, as the
weights of charge and projectile are about the same.
At first sight then it would appear that the lighter De
Bange gun is more effective, but when we compare as
ratios of effect, the total energies divided by the total
weights of gun and carriage, we find that the Krupp
guns exceed the De Bange by from 16 to 30 per centum.

The following table proves this :
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As regards accuracy, the French 12 cent. gun at
© 7,400 metres has a rectangle of probable deviation 18§
metres long, 4.7 wide ; the Krupp light 12 cent. gun,
the result of actual trial, a rectangle 17 by 2.9.

At 9,600 metres the De Bange 15.56 cent. gun has a
rectangle 45 to 26, and the Krupp 15 cent. a rectangle
21.2 by 8.2.

B.—As regards skort guns, the De Bange construc-
tion is represented by the short 15.5 cent. gun, the 22
cent. and the 27 cent. mortar of the same calibres as
the standard French models, although varying in ballistic
data.

It is claimed that the De Bange guns are superior to
the service.

We honestly wish that the French designer may meet
with success in his constructions, but thus far, we must
state, the improvements are still but glowing promises.
The Works engaged upon De Bange guns have not as
yet turned out a single piece that, under frial, has come
up to the announced results, and not a gun of these
types has been delivered to any Power. For comparison
then, we must as stated, confine ourselves to service De
Bange guns, until the claims of the makers are con-
firmed by authentic journals of firing. The data cited
apply to the standard French models, as given in the
regulation tables.

The following table compares these guns with the
corresponding Krupp. It will be observed that the
pieces bear different names in the two systems, but
“short gun,”’ ‘‘howitzer,”” ‘““mortar,”’ concerning which
there is no general agreement, may here be deemed syn-
onymous, in so far as the names are applied to guns of
about equal weight, length aud energy. We see that
the French short 15.5 cent. gun about corresponds to
the Krupp 15 cent. howitzer, the French 22 cent. mortar
comes between the Krupp 21 cent. mortar and howitzer,
and the French 27 cent. mortar is very nearly the same
as the Krupp 26 cent. howitzer.
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It is clear that the Krupp pieces are more effective '
than the French.

It may not be entirely devoid of interest to compare
a Krupp gun with a new De Bange, on the supposition
that the latter exists otherwise than on paper, that it
has been actually constructed and possesses the ballistic
qualities assigned to itin the self-laudatory prospectus.
We will take for this purpose the De Bange 27 cent.
mortar and the Krupp 26 cent. howitzer. The follow-
ing table exhibits their main particulars:

27 Centimetre 26 Centimetre
De Bange Krupp

Mortar. Howitzer.
Weightof gun . . . . Kilograms. 5,700 (1) 5,800
Weight of shell . . . . “ 180 174
Weight of charge . . . . “ 16 14.5
Initial velocity . . . . . Metres. 800 800
‘Weight of gunand carriage, Kilograms. 11,500 11,000
Enm m@.ﬁ ilgg. -metres. k] 73
Maximum Range . . . . Metres. 8,000 7,500

(1) These particulars are given by the Cail Works of which Colonel
De Bange is the General Manager.

It is very evident that pains were taken in designing
the mortar, a later creation, to follow closely the Krupp
howitzer.

Notwithstanding this, the French piece, whick has
neither been constructed nor, necessarily, {ried, is not
quite as effective as its German prototype.

The makers claim for it a range of 8000 metres, while
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the howitzer has but 7600. Now, as the density of sec-
tion (weight per square centimetre) of the De Bange 27
cent. projectile is somewhat less than that of the 26 cent.
Krupp, it follows, both having the same initial velocity,
that the range of the former cannot be greater than that
of the latter. The range given, 8000 metres, is as sup-
posititious as the gun itself.

Even should the 27 cent. De Bange mortar become a
reality, it will at best only equal the Krupp 26 cent.
howitzer, constructed and tested long before.

The short French pieces are designed to function
both as howitzers and mortars ; they are mounted on
slide carriages, whose working is not altogether what it
ought to be. Krupp, recognizing that if too many
duties be imposed upon a gun it may fail to perform any
one of them satisfactorily, makes therefore two distinct
classes, howitzers and mortars.

The Krupp 15 and 21 cent. howitzers are mounted on
siege carriages, the larger ones on casemate carriages
with hydraunlic buffers. The mortars are mounted on
specially constructed recoil-less carriages. All these
carriages have been tried and the results published in
the well known Krupp Reports of the practice at Mep-

en.

Many of the various guns have been furnished to
foreign governments, an undeniable proof of apprecia-
tion.

To complete the comparison of these short guns, one
last factor is missing, accuracy, but we had no data at
command. Still we need not fear to assume from the
results at Meppen and on other proving grounds, that
the short guns are as effective for their kind as the other
* Krupp designs.

IV.—SEA-coasT AND NAVAL GUNS.

‘We have now reached the last division of our com-
parison, and are somewhat embarrassed, as one of the
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competitors appears to be altogether wanting. Indeed
the only heavy De Bange guns concerning which there
exist absolute data are the French service cast-iron rifles,
steel lined and banded, of 19 and 24 cent. calibre.

The 24 cent. gun weighs 16,200 kilograms, and with
28 kilograms of powder gives to its 120 kilogram projec-
tile an initial velocity of 470 metres. Certainly there is
little use in comparing such a weapon with modern high-
power Krupp guns. Besides the cast-iron piece, the
official list also names among service models a 24 cent.
steel De Bange gun, which weighing about 14,000 kilo-
grams, is to fire a 163 kilogram projectile with a 38 kilo-
gram charge.

Unfortunately, we are ignorant of the velocity im-
parted, and hence cannot judge the gun’s merits.

The prospectus of the Cail Works indeed, describes
two types of steel 24 cent. De Bange guns, to wit :

1. One weighing 14,000 kilograms, firing a 156 kilo-
gram shell with a charge of 50 kilograms, and giving an
estimated initial velocity of 550 metres :

2. Another longer, of 17,000 kilograms weight, a 1565
kilogram projectile, 80 kilogram charge, and 620 metres
velocity.

Are these guns constructed, or merely planned ?
We cannot answer.

‘We must further add the 34 cent. gun exhibited at
Antwerp, weighing 37,5600 kilograms, and firing, still
according to the statements of its designer, a 400 kilo-
gram projectile with a 180 kilogram charge and 600
meters initial velocity.(®

Up to the present time, not one of these guns, we can
so assert without fear of contradiction, has fired a single
shot under the specified conditions. Were it otherwise,
we may rest assured the details of the tests would have

(1) For particulars concerning the trial of this gun see appendix.
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been gladly published by those interested. @'We do not
cite the newspaper reports of the trial at Calais of the:
84 cent. gun, before forming an opinion, we prefer await-
ing the detailed report of the ‘Revue d’ artillerie,” a
technical journal of recognized worth and impartiality.
Further, we may be sure that not one of these models
has been adopted by a foreign power, for were it so, the
conditions to be fulfilled for service would of necessity
be fixed and known.

‘We must also point out that in studying Krupp high-
power ordnance, the present German naval guns must
not be taken as a proper criterion, for that would be
following in the wake of those military writers who
compare the Krupp and De Bange field pieces, by tak-
ing as a standard the Prussian guns of 1873, entirely
ignoring the fact that since that time they have been
made much more efficient.

The German naval armament dates back to the first
epoch of steel guns ; it has been remodelled, so far as
practicable, to meet the demands of the present. We
deem that this capability of being, so to speak, rejuv-
enated without great expense, is an additional striking
advantage possessed by the Krupp system. Still no
competent judge would dream of demanding extraord-
inary ballistic qualities from such converted material.

A rumor has spread that the German navy distrusts
the new Krupp cannon. Numerous trials conducted at
the Meppen proving ground, amongst them those with
four 40 cent. 120 ton guns, 35 calibres long, made for
Italy, have demonstrated the perfect and, so to speak,
unique attributes of the Krupp construction, even of the
largest calibres. Most of the powers have given up the
fabrication of heavy ordnance, and place their orders at
Essen, and the leading purchaser is Germany !

Although we eannot, as already explained, compare
Krnpp and De Bange guns of large calibre, yet the data
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given by Lieutenant Colonel De la Rocque will enable
us to understand the efforts made in France to compete
with Krupp.

The following compilation is instructive :

Guns of the 'i KRUPP GUNB.—MODEL 1880,
French '_
Marine Artillery. 30 Calibres long. “ 33 Calibres long.
) ]
Calibre . . . Cent.| 21 81 42 24ssamaiaul4o msolssaosxss ®

Il reollons ol

‘Weight of shell . Kilo. 210, 420 780 215?(5845 455 725,1050 215!'6345| 95' "251&0

Initial velocity. Metres 540’ 5]0\ uaol 505““ 505' Wl 50 5‘!"380 wl m wo 5%

We may fairly ask, has the French Marine Artillery yet
reached the goal towards which itisstriving ¢ According
to De la Rocque himself, mishaps occurred during the
proof of the first steel 27 and 34 cent. guns, and but
lately the first two 42 cent. guns broke in the chase during
proof at La Ruelle. Contrast this exhibition of incapacity

with the fact that the Essen Works, for at least five years

past, have furnished as regular stock all the calibres

mentioned above.

This argument ad hominem admits of no reply, and
requires no commentary. We need not dwell upon the
wonderful accuracy of the Krupp high-power ordnance,
it is too well known. We do not, however, go so far as
does the circular of the Cail Works, with regard to the
24 cent. De Bange, and claim that the Krupp gun
will hit, at every round,a vessel of war, 1,200 metres
distant ! ! !

Respect for our technical readers, and faith in the
good sense of those not up in ballistics, forbid our in-
dulging in such a jest. We are content, in answer to
this claim, to present on plate V, the target of nine
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rounds, fired at Meppen, March 18, 1886, from the 40
cent. gun, at 2,600 metres range. The shell weighed
920 kilograms, the charge 330, giving a mean velocity
125 metres from the muzzle, measured by the Le Bou-
lengé Chronograph, of 563 metres,



CHAPTER 1V.

The Krupp System in European States.

We believe that it may prove of interest to pass
rapidly in review the armament of the principal European
States.

I.—ENGLAND.

Engla.nd was the last country to adopt breech-loading.
She obstmately adhered in this, as in other branches of
military art, to obsolete ideas, and still apparently suffers
from the consequences of this policy, as shown by Mr.
Anderson’s remarks at a recent meeting of the United
Service Institution, where he uttered these emphatic
words :

‘“ At the present moment, unfortunately, our Ord-
nance Department is not in a condition to issue designs
upon which manufacturers would be inclined to stake
their money and their reputation.”

England has finally abandoned, in theory atleast, her
system of gun construction, based on steel tubes banded
with wrought iron coils, and has adopted guns made en-
tirely of steel. Woolwich and Elswick have been, or
are being, converted into heavy steel gun factories ; the
material is to be supplied by home industry, and in part
at least, is Crucible steel. 'We must assert, and all who
have attentively followed the subject will agree with
us, that everything is as yet tentative and tran-
sitory, and that thus far the results have not been
crowned with success. The guns, composites of
French and German designs, have been severely
criticised by competent jndges, and, according to Lieu-
tenant-Col. De la Rocque, Colonel Maitland, the Direc-
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tor at Woolwich, has not met these strictures by the
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