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PREFACE.

This treatise on coast artillery is supposed to deal primarily with
American artillery and to include such data, description, etc., as can
“be given in one volume of reasonable size and still cover the hlStOI‘V of
development, the design and manufacture of a modern great seacoast
gun and carriage, and detailed descriptions of existing seacoast |
weapons to the satisfaction of the casual student of the subject. |
Since America is relatively a new country, it is of course necessary
to deal with artillery of any and every country in attempting to
trace the history of the development of ammunition, guns, and
carriages.

Careful survey of Part I will reveal that the history of the devel-
opment of artillery in the years 1400 to 1850 is not a history of the
development of the science or art of artillery, but simply a history
of the development of the craftman’s ability to cast or forge objects
of greater and greater weight or more complicated design as to
shape. The gun of 1850 is merely the gun.of 1400 multiplied one
hundred times or more in weight.. The real development in artillery
has taken place since 1850 and is coincident with the great and rapid |
development in every line of mechanical invention.

A discussion of American coast artillery hence does give a fair
idea of the steps in the development of such artillery of all nations, i
because coast artillery has acquired its pronounced individual char-
acteristics during this short period of rapid development. Before
1850 the same gun, carriage, and ammunition might be and were
used indiscriminately on ships of war, in coast fortifications, or in
the field for siege purposes. ;

The object of this treatise is to present to the student of coast;
artillery both a mental picture of the development of artillery in |
general from the thirteenth century, when it seems to have made |
its first appearance, through the various centuries as simply artillery,
and through the past century when it has become sufficiently distinct -
to be termed seacoast artillery. In addition, it is desired to present as
complete as practicable a description or outline of the procedure in .
determining the requlrements of a modern high-power seacoast
weapon, the various steps in design, and the important problems in-
volved in the manufacture. A third part is devoted to a detailed’
description of each distinct type of mechanism fpund on a]l of the .

av;




v

seacoast weapons now in use in our various fortifications. It is the
policy in discussing guns, carriages, and mechanisms to discuss each
type in detail but once; that is, if a certain type of elevating mecha-
nism is used on a number of carriages it will be discussed in detail
but once. Thereafter merely a reference will be given to the detailed
discussion. ‘ » ' :

There is no type of manufacture in America that involves the same
- severity of requirements as that required in the development, design,
and manufacture of our modern seacoast weapons. It is to be hoped
that the day will come when the Ordnance Departments of the Army
and Navy will be recognized and will take their place as the pace
makers in the art of machine design and will set the standards for
the mechanical engineering world. In no other industry is it re-
quired to machine parts weighing as much as 100 tons to a degree
of accuracy represented by a tolerance of only a few thousandths of
an inch; nor is there an industry which deals with problems involv-
ing pressures so great as 40,000 pounds per square inch; or with the
equally difficult problem of providing for the transmission during a
very small fraction of a second of millions of foot-pounds of energy
through parts which must continue to operate day after day with
absolute accuracy into foundations embedded in the earth. When it
is remembered that the modern high-power seacoast weapon will
weigh a total of 1,000,000, pounds, must operate with such a speed
as to permit the firing of one projectile weighing 2,400 pounds or
more to a distance of 35 miles with such a degree of accuracy as to
strike with telling effect a modern battleship, some little apprecia-
tion of the problems of design and manufacture can be secured.

It is hoped that this presentation on the basis of the general devel-
opment and history of artillery, the determination of requirements,
the design and manufacture of a modern seacoast weapon, and the
detailed description of all distinct types of mechanisms will serve
the purpose of giving to the early as well as the advanced student
such a comprehension of the problems of development, design, and
manufacture of seacoast artillery as will enable him to render more
efficient service in any branch of the Army having to do with any
type of artillery. :

The information contained herein has been secured from the
sources listed in the bibliography, from inspection of the material
discussed, and from consultation with engineers responsible for vari-
ous requirements and designs or familiar with them. Paragraphs
37 to 60 were prepared by Doctor (Colonel) Storm, of the Ammuni-
tion Division, and have been previously published in No. 10, Volume
I1, of Army Ordnance.

- H. VV. MILLER,
Lieutenant Colonel, 0. R. C.
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Parr 1.
HISTORY OF THE DEVELOPMENT OF ARTILLERY.

‘ GENERAL INTRODUCTION.

1. It is intended in this history of the development of artil-
lery and ammunition to point out, at least briefly, the various
steps that have led from the invention of discovery of gunpowder
to the present state of perfection in ammunition, guns, and carriages.
It may be well to mention in advance a conclusion to which one seems
certain to come in the extended study of this development. All indi-
cations are that practically each step in the development was forced
by circumstances and actually became a recognized advance in the art
many. years, sometimes centuries, after the time when it might have
been adopted to the advantage of all concerned. For example, hand
rifles had been perfected to the point of rather efficient use for -
sporting purposes as early as 1800. No soldier nor those responsible
for issuing them to soldiers would have thought of using an Army
musket for hunting game if he could secure a rifle. In spite of the
known fact that only one in each 450 bullets fired from an Army
musket would find its mark in war, it was used in our wars of 1812,
1845, and even in the great Civil War of 1860-1864. The rifle had
been introduced into the French Army in 1800, but Napoleon with-
drew it, probably because of the great amount of time required for
loading, and it was not again used by them until 1870. The Dritish -
did not adopt it until about 1860. And during all of this time it was
the weapon par excellence for sporting purposes. Since this is an
example of the general tendency in the development of the art or
science of artillery one should not he surprised at even the present
backwardness of it in any particular respect. These comments are
entered as illustrations of. tendencies and not as a criticism of any
organization or individuals. It is probable that we will always have
our spurts of development just after a great confiict which points
out tragically our backwardness in any branch of the science. This
is certainly true at the end of the World War.

2. It has been particularly difficult to trace the earliest develop-
ment in ammunition and likewise the corresponding development in
artillery. There are numerous reference in many more or less

(1)
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modern books to apparent records of the invention or discovery of
gunpowder in the fourth to the sixth centuries A. D., and to the
use of this substance in some sort of guns, pots, or mortars in the
sieges of such cities'as Mecca, Constantinople, etc., during these
same centuries. The first siege of Mecca occurred in 683 A. D.,and at
that time the sacred Black Stone was broken by fire. References can
be found to the fact that in this siege the mixture familiarly known
as “Wildfire” was used by the besiegers and that these balls of
pitch, naphtha, and sulphur were hurled over the walls by some sort
of mechanical projecting engine. There is no reference, howevery]
that one seems warranted in accepting as indicating the existence
and use of gunpowder at that time or in that siege. In fact, it seems
certain that all of those references that have been interpreted as
proving that gunpowder existed before the thirteenth century
actually refer to the various incendiary combinations in more or less
common use, none of which actually contained saltpeter, a necessary !
ingredient of what we know as gunpowder. Since the most pains-
taking research seems to clinch this conclusion, there seems no
choice but to start with the development of artillery after the proved;
discovery of gunpowder in the thirteenth century. In short, the;
“beginning ” for artillery of any description is approximately in
the year 1250 A. D. ' ,
3. As an indication of the development that had taken place prior‘
to 1885 we cite the following paragraphs from Edgar S. Maclay’s
“ History of the Navy,” Volume II: :

In 1885 the armament of our warships consisted principally of;
9-inch smoothbore guns, 8-inch muzzle-loading rifled guns, and con-
verted 80- and 60-pounder breech-loading rifled guns. The 8-inch|
guns were 11-inch cast-iron smoothbore Dahlgrens, having a rifled
wrought-iron tube inserted into the bore. The 100- and GO-poundel‘.
Parrott guns were converted into breech-loading 80- and 60-pounders.
* In 1885 there was no plant in the United States capable of making
forgings for guns of more than 6-inch caliber, while steel shafting;!
torpedoes, armor, and machine guns also had to be purchased abroaﬁ-”:
With a view of remedying this serious defect the Gun-Foundry,
Board in 1883 visited the principal gun and steel establishments in
the United States and abroad, and in the following year recom"
mended that the Government maintain gun factories capable of
turning out the largest calibers after the most approved patterns,
and that private firms be encouraged in making steel forgings and
material for guns. In January, 1886, the Board of Fortifications
composed of civilians and Navy and Army officers, approved the,
report of the Gun-Foundry Board, and in August of that year,
four millions were appropriated for a steel-armor plant and $2,128,000,
for guns. In May, 1887, contracts were signed with the Bethlehems,
Iron Co. for gun forgings and armor plates. This plant has been,
* developed until it is one of the best establishments of its kind in the,
world and can produce forgings for 16-inch guns. The Naval Gus
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Factory was begun at the Washington Navy Yard in 1887 and has
been constantly enlarged until it is now a most complete estab-
lishment,. _ ‘ S

4. During the intervening six centuries the development went for-
ward steadily, if somewhat laboriously and at times at only a snail’s
pace. It will be pointed out later that the development during the
first century and a half was almost as spectacular as that of the last
70 years. The significant point to be remembered in connection with
what has just been quoted from Maclay is that although the develop-
ment in the various elements which together make up the science or -
art of artillery took place spasmodically, seldom in concert, some- -
times at a rapid rate and sometimes a slow rate, somehow in about
1850 nearly all of the elements were about evenly developed and
the essential principles which had been obscured for so many cen-
turies were clearly recognized. It seems best to take up the develop-
ment of each of the so-called elements separately, hence the method
of treatment that follows: : »

AMMUNITION.

- INCENDIARY MATERIALS.,

5. Greek fire—668 A. D.—There seem to be a great number of
combinations which come under the name of Greek fire. TFurther, it
seems certain that records of the use of many of these terrifying -
or incendiary combinations have been misconstrued as indicating
the existence and use of what we term black powder many centuries
before saltpeter, the essential ingredient of black powder, had been
collected and purified in sufficient quantities to be known as a dis-
tinct substance with peculiar properties. Strictly speaking, Greek
fire was apparently a liquid which was projected from some sort of

" tube and has an analogy in the liquid fire employed by both sides in
the recent World War in connection with the device or machine
known as a flame projector. In speaking of this substance with the
name correctly applied as counter to the use of the name for all
sorts of incendizry substances, Marshall says, on page 12, Volume I, -
of his treatise on Explosives:

!

' The one notable exception to this is the “ Greek fire” or “sea
fire,” the secret of which prevented the conquest of Constantinople
and Europe by the Moslems for several centuries. About the year
A. D. 668, some 46 years after the flight of Mohammed from Mecca

 to Medina, the Arabs, still at the height of their conquering en-

- thusiasm, commenced to beleaguer Constantinople by land and sea,

| when an architect named Kallinikos fled from elio‘polis in Syria to

| the Imperial City and imparted the secret of the “sea fire.” This
~ repeatedly spread such terror and destruction among the Moslem

' fleet that it was the principal cause of the siege being eventually
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raised after 7 years. In A. D. 716 to 718 the Arabs again appeared
before Constantinople with 1,800 ships, but again were defeated by :
the fire so effectually that after a stormy passage only 5 galleys re-
entered the port of Alexandria to relate the tale of their various
and almost incredible disasters. : : ' .

Russian naval forces were similarly defeated in 941 and 1043, and
the Pisans at the end of the eleventh century. What, then, was the
nature of this “sea fire?” TIrom the contemporary accounts we
know that it was discharged from tubes or siphons in the bows
of the ships, but its mode of preparation was kept a close secret, and
it was never used successfully by any but the Greek rulers of By-
zantium. There appears to be no doubt that naphtha was the prin-
- cipal ingredient, and it may also have contained sulphur and pitch.’
Col. H1. W. L. Hime came to the conclusion that it must have been |
mixed with quicklime, the slaking of which by the sea water raised
the temperature to the ignition point of the sulphur. I have made
a number of attempts to produce ignition in this way, but although
a fairly high temperature was reached, the sulphur never caught
fire. The heat set, free by the slaking of the lime would be ample
to raise the temperature to the ignition point if there were no losses
of heat, but the reaction is a slow one compared with an explosion,
for instance, and consequently much of the heat is dissipated. It
seems more probable that the naphtha was simply discharged from
a squirt or fire engine (sipho), and that it was ignited by means of
a flame in front of the orifice, and that the secret consisted in the
method of constructing the squirt or pump and of using it so as not |
to injure the users. '. y

6.. Wildfire—It has been mentioned above that numerous com-
binations of incendiary materials in more or less solid form were
included under the name of Greek fire. Marshall thinks these com-
binations may more properly come under the name of wildfire.
They included combinations of sulphur, pitch, naphtha, resins, and
other substances that burn quite readily. Later when saltpeter be-
came known and was available in quantity it was probably added and
had the effect of making the mass burn more fiercely.

7. Such mixtures were much used by the Moslems and probably
were known to all so-called civilized nations who were interested in
conquest or in the defense of cities. The Moors apparently used
combinations containing saltpeter in their various battles and sieges|
in Spain around 1250. The use of wildfire is mentioned frequently
also in connection with the Crusades, the Moslems being the prin-
cipal users. One combination mentioned under the heading of
“Flying fire” in a translation of the Liber Ignium of Marcus
Graecus, translated about 1300, contained resin, one part; sulphur|
one part; and saltpeter, two parts. These were dissolved in linseed
oil and put into a hollow reed or piece of wood. There is no mention
of exactly how it was used, but it was apparently an incendiary
instead of a terrifying agent. . ' !
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8. On page 6, Volume III, of Etudes sur le Passe et I’Avenir de
L’Artillerie, UF 155-F8-N1, there is a statement to the effect that
“In 969 A. D., the second year of the reign of Tai Tsow, founder of
the dynasty of Song, the prince was presented with a composition
which burned with a flash and carried a long distance.” One can
not tell from this statement whether perchance it was actually gun-
powder and was able to project an object from a vessel or whether,
on the other hand, it was simply a more or less solid mass that burned
vigorously as it traveled through the air after being projected by
some mechanical engine. Marshall thinks that saltpeter was dis-
covered by one of the oriental nations, and it is possible that the com-
bination referred to was one containing saltpeter. It could hardly
have been gunpowder, however. o

9. Crakers and Roman candles.—In the translation of the Liber
Ignium of Marcus Graecus, mentioned above, there is another formula,
as follows: Sulphur, one part; vine or willow charcoal, two parts;
and saltpeter, six parts. These were to be rubbed down on a marble
slab and the resulting mixture, which may properly be termed gun-
powder, put into a case or vessel in different manners, according to
the effect to be produced. “A case, short and wide, filled half full
and bound with strong wire,” was specified for the making of a loud
noise. This was the original of our “firecraker.” Another case,
“long and thin, and filled with the mixture well rammed in,” served
either as a rocket or as a Roman candle. It could probably be used
as either. There is nothing to indicate which purpose it served. It is
interesting to note, however, that in the use of these incendiary,
terrifying, and noise-making combinations containing saltpeter, in
the latter part of the thirteenth century they were gradually coming
to a discovery or recognition of the power of the mixture of sulphur,
charcoal, and saltpeter to project an object from a vessel. It may
be of interest to requote from Marshall’s book several paragraphs
discussing the use of fire pots:

At that time use was made of the “ho-pao,” or fire pao, called
“Tchin-tien-loui,” or “thunder that shakes the sky.” For this pur-
pose an iron pot was used, which was filled with “yo.” As soon as .
a light was applied, the pao rose and fire spread in every direction.
Tts noise resembled that of thunder and could be heard more than 100
lis (33 English miles) ; it could spread fire over more than a third of
an acre. This fire even penetrated the breastplates on which it fell.

The Mongols constructed with oxhides a passage which enabled
them to reach right to the foot of the rampart. They commenced

_to sap the walls, and made holes in them in which they could remain
sheltered from the men above. One of the besieged proposed that
they should hang fire paos from iron chains and let them down the
face of the .wall. When they reached the places that were mined
the paos burst and shattered the enemies and the oxhides, so as not
to leave a vestige of them.
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In addition, the beseiged had at their disposition some “ arrows :
of flying fire ” (fei-ho-tang) ; to an arrow was attached a substance -
susceptible of taking fire; the arrow flew suddenly in a straight line

and spread flames over a width of 10 paces. No one dared approach.
The fire paos and arrows of flying fire were much feared by the
Mongols. '

10. This arrow may have been a squib or a rocket, or merely an
. arrow to which a saltpeter mixture was attached. The effects de-
scribed could hardly have been produced without the use of salt-
peter nor the great noise without an explosive, but we need not take |
literally the statement that it could be heard 33 miles away. 1
11. By A. D. 1250 the Chinese had made 2 further advance. The
same annals state: ' ' .
In the first year of the period Khai-King was made an appliance
called ©tho-ho-tsiang ”’; that is to say, “lance with violent fire.”
A “nest of grains” was introduced into a long bamboo tube, which :
was set “light to.” A vinlent flame came out and then the “nest of
grains ” was shot forth with a noise like that of a pao, which could ;
be heard at a distance of about 500 paces. :
This was evidently the device now known as a Roman candle. .
12. Black powder.—The original propellant has, so to speak,
served its period of maximum usefulness and is now used rather
sparingly for very special purposes. There is reason to believe that
the engineers of Chingis, the Mongol conqueror, made use of some
combination of saltpeter, sulphur, and charcoal in destroying the
fortifications, walls, etc., of some of the Persian cities. Several
writers on the subject of explosives think that the formulas used ;
by the Chinese in making black powder in the thirteenth century
are identical with the formulas used in compounding the powders
used in the fireworks that have until a very few years ago been im-
. ported from China. Apparently the ancient formulas were either
passed down to these writers in certain ancient scripts, or as men-
tioned in one instance some of the powder made in the thirteenth’
century-was found in some excavations in the last century. ,
13. It would be safe to assume that black powder has been made

torians were not so much interested in the history of development
then as we are now and many descriptions that now assist us in trac-
ing a development were included only incidentally in the writings
in which we find them. When saltpeter and black powder were first
made, there were probably no new names invented for them, and it
is difficult to recognize the substances in the names applied to them.
Saltpeter means salt of the rock, nitrum means soda or any other
white efflorescence, gun was originally applied to a mechanical pro-,
pelling instruments, and powder has no significance in the matter of
a propellant. It is easy to see, then, how confusing references’ can’

1
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be and how careful one must be in accepting references, no matter
how apparently definite, as indicating the existence and use of what
we now know as black powder and a gun before certain dates.

14. Although one seems warranted in believing that the Chinese
were using black powder in 1218, the indications are that it was
being used as a blasting agent instead of as'a propellant. In 1249
Roger Bacon wrote the following account in his “ De Secretis ” and
“ Opus Tertium ”:

- From the flashing and flaming of certain igneous mixtures and the
terror inspired by their noise wonderful consequences ensue. As a
simple example may be mentioned the noise and flame generated by
the powder, known in divers places, composed of saltpeter, charcoal,
and sulphur. When a quantity of this powder no bigger than a
man’s finger is wrapped up in a piece of parchment and ignited it
explodes with a blinding flash and a stunning noise. If a larger

uantity were used, or if the case were made of some solid material,
the explosion would, of course, be much more violent, and the flash
and din altogether unbearable. - : ‘

If Greek fire, or any fire of the same species, be employed, noth-
in%can resist the intensity of its combustion.

hese compositions may be used at any distance we please, so that
the operators escape all Kurt from them while those against whom
they are employed are suddenly filled with confusion.

This indicates that black power was known to him, but again as
a noise-making agent and perhaps as a blasting agent, but not as a
propellant. :

15. To summarize, then, it would seem reasonable to accept the
date of 1200, as discussed later, and recognized as the certain date of
the recognition of the characteristics of saltpeter, as the approxi-
mate date of the earliest use of black powder for any purpose. The
date of 1250 seems reasonable for the approximate date of its first
use as a propellant, both because of the mention by Roger Bacon of
its ability to produce a great noise when confined in a vessel and
fired, and because there are good records, UF 155 F-8 N-1, volume
3, page 28, to indicate its use by the Arabs in 1295 in some sort of
tube for the propelling of lances, and other records even more reliable
to indicate the rather general use of even so advanced a weapon as
a cannon before 1321. If guns of any description were in use in ,
1295, they were not developed all at once, and the fact that this is
the first date mentioned makes it certain that-they were used before
then. The date 1250 may not be correct, but it seems to have some
foundation, and for the sake of reference in this treatise, at least, it
will be used as the probable date of the first use of black powder
as a propellant. The references to the use of powder in guns, mor-
tars, and longer cannon are so numerous for the fourteenth century
that one must believe that there had been an appreciable period be-

734—23—2 '
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fore 1300 for the slower development and spread of the knowledge
throughout Europe and Asia of the properties of powder and meth-
ods of constructing guns and cannon.

16. Saltpeter—On the discovery of saltpeter, the recognition of
its properties, and the refining of a sufficient quantity to use hinged
the beginning of the development of what we now term artillery.
There could be no such thing as gunpowder without some s_ubstaf)ce
that would supply the oxygen for the partial or complete combustion
of any other constituents of the mixture when confined in a vessel.
. Saltpeter was the first known ox gen-supplying agent, hence we need
simply search for information of the date of discovery or isolation
of saltpeter to determine the absolute date before which there could
~ have been no such substance as gunpowder and no such instrument

as a gun. It is doubtful whether available records will indicate the
exact date of the discovery of saltpeter. As known then the salt-’
peter was formed in the decomposition of animal and vegetable mat-
ters. Under certain conditions it formed an efflorescence on the
ground, sides of buildings, etc., and was called “ Chinese snow ” by
the Egyptians. - The first clear reference to saltpeter is in the writ-
ings of a Spanish Arab, Abd Allah ibn al-Baythar, who died at
Damascus in 1248. It seems probable that it was first known in those
countries which had pronounced wet and dry seasons during which
times the vegetable and animal matters could decompose and later
the resulting saltpeter would appear as the efflorescence. Such coun- |
tries would be Egypt, India, China, Arabia, ete. Since it is still used
in India as an edible salt it is probable that this was its first use. Its
second probable use was as a medicine. It is significant that Chingis, !
the Mongol conquerer, brought Chinese engineers with him in 1218 '
to reduce the fortifications of the cities of Persia, and they made use
of combinations employing saltpeter. : ' ‘

17. Marco Polo, the well-known traveler of our early histories, {
was in the Far East from about 1274 to 1291. He says concerning
the city of Chan-Glu in Part IT, Chapter 1, of his book:

“Tn this city and the district surrounding it they make great quanti-
ties of salt,.by the following process: In the country is found 8°
salsuginous earth; upon this when laid in heaps they pour water,‘Al
which in its passage through the mass imbibes the particles of salt:’
and is then collected in channels from whénce it is conveyed to very
wide pans not more than 4 inches deep. In these it is well boiled and
then left to crystallize. The salt thus made is white and good, and’
is exported to various parts.” , I

18. There is no indication that the salt thus obtained was used
as other than an edible salt, but the soil in this region is rich ip’
saltpeter, hence whatever its use the salt obtained did contain salt’ ;‘
peter and its properties could have become known. It seems prob
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able that the Arabs and Egyptians knew saltpeter in a fairly pure
state about 1225. If the records giving this information and like-
wise the information with reference to the use of saltpeter by the
engineers of Chingis in 1218 be accepted as reliable, it would seem
reasonable to set up the year of 1200 as the date of the beginning
of the use of saltpeter. It may have been known in 969, as stated
in paragraph 8, but it is not referred to specifically there. On page
20, Volume III of the reference just mentioned, UF 155 F-8 N-1,
the statement is made that saltpeter was known to the Arabs in
1240, but then only as a medicine. It may be of interest to mention
further the development of the processes of securing saltpeter from
the earth and from the atmosphere during the centuries since its
first discovery. Until the middle of the nineteenth century all salt-
peter was obtained from earth and deposits in cellars, caves, and
similar places where it had formed naturally. About 200 feet from
Natural Bridge, in Virginia, there is a small cave known as Saltpeter
Cave, from which it is understood a considerable quantity of salt-
peter was secured for making black powder in Revolutionary and
other days. One is told by the French people of Tours, France, that
the portion of the cathedral which has been destroyed on the river
side was so destroyed in the days of the French Revolution for the
purpose of extracting saltpeter from the soft limestone rock. This
saltpeter was used by the revolutionists in the making of gun-
powder. It is understood, lilxewise, that the principal reason for
the rapid erosion of the stone used in the construction of so many
French structures, cathedrals, etc., is that the stone contains a high
percentage of saltpeter, which leaches out and causes crumbling of
the surface under the action of atmospheric moisture, rain, etc.

19. It has been mentioned before that saltpeter was originally
secured in those countries where they have pronounced wet and dry
seasons and where vegetable matters might decompose and the re-
sultant nitrate dry out on the surface of the ground or stone in the
dry season. In Europe there is no such sharp division of seasons.
The decomposition of animal or vegetable matter continues through-
out the year, and the resultant nitrate seldom if ever appears as in
dry countries. Since it ‘was of the greatest importance in every
country to have a sufficient supply of saltpeter to supply its needs,
especially in time of war, the measures necessary for its production
required were given the support of numerous royal decrees and
orders. It is understood that in France special officers termed salt-
peter commissioners were appointed in 1540 to search for and extract
saltpeter for all sorts of purposes. This decree was renewed in
1572, and at any time thereafter when France was faced by a serious
war. It is interesting to know that the men working under this
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decree operated on the earth, stables, sheep pens, cattle sheds, cel-
lars, etc., and on the plaster, stonework, rubbish, etc., of houses
which were demolished. They were given the right to gather ma-
terial everywhere with scrapers and brushes in houses and with any
necessary implement in places not inhabited. If buildings and walls
were to be pulled down, it was necessary to give these saltpeter
workers notice, who then had the opportunity to state which parts
they wished reserved. R ; -

20. One can gather some idea of the importance of this industry
during the fourteenth, fifteenth, and sixteenth centuries when he
knows that the saltpeter workers were given the privilege of setting
up the vats and apparatus practically wherever they thought fit—
in public halls, private yards, etc. The local authorities were re-
quired to supply fuel for the distillation and were likewise re-
quired to transport the vats and the saltpeter to the refinery. Each
locality was visited _periodically—that is, once in every three or
fours years. Saltpeter was also obtained from artificial nitrate
beds composed of earth, animal and vegetable matter, ashes, miscel-
laneous refuse, lime and soft stone. This was all collected in heaps
~ and mixed with twigs to permit the access of air. It was necessary
to turn the mass over from time to time to hasten nitration. The
nitrate which was formed in the mass was extracted with water.

91. The state of affairs in France with reference to saltpeter in
the early part of the seventeenth .century is given very well by
Marshall in the following paragraph from page 54 of “ Explosives”:

In the reign of Louis XIIT (1610 to 1643) the annual crop of salt-
peter amounted to 3,500,000 pounds, but it gradually diminished in
the eighteenth century largely on account of the strong objection the
people naturally had to the presence of saltpeter workers in their
houses and domains. In 1775 the quantity had fallen to 1,800,000
pounds, and half the annual requirement was imported from India.
1f it had not been for the many privileges the nitrate workers en-
joyed, the home product could not have competed at all with' that

imported from India. In 1789, the year of the fall of the Bastille,

a great effort was made, however, to revive the industry, and 3,000,000
pounds were obtained. In 1791, however, the National Assembly
proposed to abolish the privilege of the saltpeter workers, but war
broke out, the harbors of France were blockaded, and it became
necessary to produce in the country all the saltpeter for the powder
required. The recent increase of ¢ emical knowledge and the hearty
cooperation of the greater part of the population made it possible to
produce 16,000,000 pounds in a single year and 5,000,000 in the next.
The whole organization was placed under the control of the depart-
ment of “Pondres et saltpetres,” which still continues to regulate
matters concerning explosives. _

When peace was finally reestablished the renewed competition of
Indian saltpeter dealt a severe blow to the industry in France, and
in 1840 the bounties were abolished, but it struggled on until the

D
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exploitation of the sodium nitrate deposits in Chile and the potash
deposits in Germany in the second half of the nineteenth century led
to the production of artificial saltpeter. The consequent reduction
of price almost entirely killed the %rench saltpeter industry, and in
1870, when a scientific committee was engaged in providing Paris

with all stores necessary for its defense, Berthelot could find only one
or two small producers in Champagne. ’ '
22. In England practically all of the saltpeter seems to have been
imported until the sixteenth century, much of it coming from Spain.
Regulations similar to those made in France were put into effect in
1515 ; however, Hans Wolf, obviously a foreigner, was appointed to
be one of the royal gunpowder makers in the Tower of London and
elsewhere. As with the French saltpeter commissioners, he was per- '
mitted to go from place to place, determine ‘where saltpeter might
be secured, and proceed to operate with royal authority, but with
" the understanding that he was to compensate the owners of the
property. In 1531 Thomas Lee, a royal gunner, was appointed
principal searcher for saltpeter and maker of gunpowder. It is
* interesting to note that considerable competition developed between
the saltpeter workers and soap boilers for wood ashes, which were:
practically the only source of potash and were required for the
conversion of sodium nitrate into potassium compound. In 1534
the saltpeter searchers were given preemption of the ashes over the
company of soap boilers by royal decree, on the ground that salt-
peter was a greater necessity to the public than soap. The monopoly
of saltpeter was abolished in 1641, at the same time that the monopoly
on the manufacture of gunpowder was abolished.

23. Saltpeter was imported from India as early as 1625 and
powder mills set up in Windsor Forest about the same time for the
manufacture of gunpowder from the imported saltpeter. In 1693
the importation had gone to the extent of 500 tons and ever since
then the amount annually imported has increased tremendously. VIt
is still secured from the earth, refuse, etc., in India by methods as
crude if not more so than the methods employed in France and Eng-
land in the seventeenth century. Since there is such an excess of
labor of the very low order required for this extraction, these crude
methods will probably persist in India and China for many years
" to come. Bihar is the principal source of saltpeter in India, but

- considerable quantities come ‘also from the United Provinces and
the Punjab. Most of this is exported. At Calcutta in 1850 the
amount annually exported averaged about 30,000 tons. ~ At present
it is only about 20,000 tons. The crude, bitter, and impure salt is
still used as common eatable salt. \ .
94. The Plain of Tamarugal in Chile is one of nature’s gigantic
concentrating vats for the collection of nitrate. It lies between the
- Andes and low coast hills, at a height of about 3,000 feet above the
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sea, within the Tropics. There is comparatively little rain there, but
once in every five to seven years the entire plain, which is 45 miles
wide, is flooded. The plain slopes gently toward the coast hills, and
since the water can not escape through any natural outlet it must
evaporate. All of the nitrate which the flood water has dissolved
from the entire plain is left deposited in a comparatively small area.
The famous Chile nitrate beds are therefore the concentrating pocket
of a vast area. The nitrate is principally sodium and very little
potassium, in the proportion of approximately 94 per cent sodium
nitrate to 1.5 per cent potassium nitrate, with numerous chlorates.
The nitrate from these beds has been exported since approximately
1830, and the supplying of nitrate from these sources has developed
into a tremendous industry. - ‘

95. The greater part of the saltpeter used in the manufacture of
black powder to-day is secured by the conversion of Chile nitrate,
which is sodium nitrate, into potassium nitrate.. One of the methods
employed in this conservation is to mix potassium chloride with
sodium nitrate in distilled water; the liquid is boiled for approxi-
mately one-half hour. To complete the reaction which results in
the forms of potassium nitrate and sodium chloride this liquid is then
run into cooling tanks, and since potassium chloride is less soluble
at lower temperatures than sodium chloride, it begins to crystallize
out in a satisfactorily pure state when the liquid has cooled to a cer-
tain point. The crystals obtained are redissolved in distilled water
and permitted to recrystallize, in which procedure the amount of
sodium and magnesium chloride is reduced to at least 0.05 per cent.
The resulting saltpeter is then fit for use in the manufacture of black
powder. , ‘ '

26. Camphor—The first makers of black powder experienced con-
siderable difficulty in rendering the mixture uniform and in keeping
it so. It seems that on occasions the ingredients were even sent sepa-

rately to the field of operations in war and mixed by the master gun- -

ner on the spot.” One would not wonder at the lack of uniformity of
the results even under the most favorable conditions as to the accu-
racy of the bore of the gun and the fit of the projectile. But if one
combines an irregular gun bore, a stone projectile, and powder mixed
on the spot and loaded under varying conditions, the result can
easily be imagined. And the result was just as one would expect;
that is, that the most effective element of artillery fire of the earlier
centuries was the noise. But some effort was made to render the
mixture uniform and to keep it so. In the Codex Germanicus of the
fourteenth century there appears this formula: ¢ If you want to
make a good, strong powder, take 4 pounds of saltpeter, 1 pound of
sulphur, and 1 pound of charcoal, 1 ounce of sal pratica and 1 ounce
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of sal ammoniac and one-twelfth part of camphor. Pound it all well

" up together and add spirit of wine and mix it in, and dry in the sun.
Then you have a very strong powder, of which 1 pound will do more
than 3 pounds otherwise, and it will ‘keep well and becomes better
with time.” In another part of this same reference we find the state-
ment that “ When there is no camphor, it crumbles and easily spoils. .
But the camphor holds all powder together and is also strong and
quick in all powder, if one puts it in.”

27. The early makers of black powder did not recognize the re-
action that took place on the burning of the three principal ingredi-
ents and hence did not know that the elimination of air spaces and
the keeping of particles of saltpeter, charcoal, and sulphur in juxta-
_position were prime requirements. They probably could see, how-
ever, that mixed powders settled out noticeably on being handled and
that this settling out did not occur when some such a gum as cam phor
Wwas mixed in. They had the erroneous idea that the camphor in
itself added power, when in fact it merely cemented the ingredients
more closely together and thereby permitted a greater speed of com-
bustion and consequent greater pressure in the gun. The sal practica
mentjoned was an efloresence resulting on the surface of an earthen
vessel from placing in the vessel a mixture of saltpeter, camphor, and
sal ammoniac, dissolved in alcohol.

28. ‘Serpentine—The original ununiform powdery mixture of the
three principal ingredients was termed “ serpentine,” this name being
borrowed from the small cannon in which it was used. Such gun-
powder was first made by simply pounding up the constituents and
mixing them in a mortar. It was of very uncertain powder and had
the bad characteristic of seriously fouling the gun. In 1587 Bourne,

in his Art of Shooting in Great Ordnance, said, “The powder

rammed too hard, and the wad also; it will be long before the piece

goes off. * * * The powder too loose * % * il make the
shotte to come short of the mark. * * * Putup the powder with
the rammer head somewhat close, but beat it not too hard.” Such

powder had likewise the disadvantage of absorbing moisture rather

rapidly, and if left in large guns for long periods, as was frequently
loaded with stone pro-

the case with the great bombards which were

jectiles weighing as much as 700 pounds (Brit. 20, 190, a), it could

“easily deteriorate to the point of being practically powerless. These
r, until the practice of

disadvantages had to be tolerated, howeve

cementing the mixture together with such gums as camphor and the

molding of the constituents into cakes when mixed with water had

be.en adopted. Even then the fine powder continued in use under cer-

tain circumstances, as will be mentioned later. Cot
29. Corned, caked, and grained powders—It is uncertain whether

the forming of the constituents of black powder into grains or cakes
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was accomplished first through the use of camphor or water. At a
very early date, probably before the middle of the fifteenth century, -
cemented and molded powders were in use and their superiority to
the powdered variety known. The earliest known reference to
« corned ” or lumped powder is in the “ Firebook” of Conrad von
Schongau, under the date of 1425. It was known then that powder
in such form, made from breaking into pieces the cakes formed by
mixing with water after grinding in the mortar, fouled guns less
than the fine powder and had greater power. It may or may not
have been known why it had greater power. No reference makes this
certain. It is interesting to note here, however, that already the de-
velopment of artillery was waiting on the metallurgist. In 1560
Whitehouse, in his Certain Waies for the Ordering of Soldiers in
Battleray, says: “If serpentine powder be occupied in handguns, it
would seant be able to drive their pellets a quoits cast from their
mouths. And if handgun powder (corned powder) should be used
in pieces of ordnance, without great discretion, it would quickly break
or mar them.” Here we see that the pressures developed by the more
rapid burning molded powder had exceeded the strength of the
metals used in cannon—at least as they were then designed.

30. Since this early beginning of the molding of powder into cakes,
grains, etc., we have passed through the processes of passing the
grains through sieves and sorting them according to sizes, 1525; the -
compressing of the original cake under a hand press to secure greater j
density, 1784; under a screw press in 1789; and under a hydraulic .
press in the nineteenth century. - This compression evidently pro- :
duced a very hard cake, which was broken down by wood mallets
and the resultant grains of various size took on a polish on being
tumbled in a revolving cylinder or on being shaken in a pan or
sieve. The powder rubbed or scoured off in the polishing would be
remodeled into new cakes. This latter process of manufacturing
black powder is described at considerable length by Louis de Toussard
in his Ancient Ordnance, written at the request of Gen. George Wash- j
ington, then President, under whom he had served in the Revolu-
tionary War. . 3,

31. Cannon had continued to increase in power from century to |
century, though they decreased somewhat in size, at least of the bore.
We probably will never see again a cannon of 36-inch bore, such
as the great stone-throwing Russian Mortar of Moscow. The 21-inch |
mortar designed and manufactured, but not used, by the French
Government during the World War is considered somewhat of a mon-
strosity and may never be used in warfare. In 1850 the American
Army possessed 13-inch mortars and smoothbore howitzers and guns
of as much as 12-inch bore. The requirements in ammunition had
become considerably more severe, and although the shell did not fit

e
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the bores of such guns accurately and very little accuracy of fire
could be expected, some real thinking was being done in bringing the
~black powder up to requirements. General Rodman, of the Ord-
nance Department, conducted a series of experiments in the molding ‘
of black powder into large grains and in the producing of perforated
grains of such powder between 1857 and 1869. Grains of specific
sizes were adopted for guns of the various diameters, and the pow-
ders of the various sizes were termed “ pebble,” “ mammoth,” “ per-
forated prismatic,” and “perforated cylindrical.”

32. A further step was taken in the attempt to regulate the rate
of burning of black powder by varying its composition. The great
diﬂiculty that had been experienced with cannon in the last century
or two before 1850 was the bursting under the pressures developed
from the use of grained black powders. Some advance had . been
made in the design of cannon and perhaps in the composition of
_ the materials. Iron cannon were not in great favor; at least they
Were not so popular as bronze cannon. And even between 1850
and 1870 many interesting and promising experiments in the rifling
of cannon left unfavorable impressions because the cannon persisted
in bursting after so few rounds under the higher pressures de-
Yeloped under the more perfect obturation of the experimental pro-
Jectiles. The further development in black powder was in the
modification of the charcoal constituent. It was always recognized
that the charcoal used in the manufacture of black powder should
be made from soft woods, e. g., alder, willow, aspen, hazel, poplar,
Oleander, yew, as well as straw, hemp stems, vines, etc. The final de-
Vel0pmen‘c, however, was in the partial burning of the charcoal,
thereby pro&ucing a brown charcoal and a powder known as «“ cocoa ”

. Powder which burned more slowly and with greater uniformity.
he result was less pressure in the gun without loss of projecting
Power. This was probably the final step in the development of such
Powder, for close on its heels came the successful development of
the now almost universally used ¢ smokeless powder,” in 1886, which
Put black powder out of business as a propellant. :
.33. Manufacture—The methods of manufacture and thg compo-
Sition of black powder have passed through many interesting stages.
An early formula as given by Marcus Graecus in 1300 calls t:or 11
per cent sulphur, 1 part (by weight probably) ; 22 per cent vine or
willow C., 2 parts; 66 per cent saltpeter, 6 parts. The formula com-
monly used in America as well as in many other countries at pres-
ent calls for sulphur, 10 per cent; charcoal (brown), 15 per cent;
saltpeter, 75 per cent. : | .

The original powder comprised 2 loose mixture of the thr.ee in-
gredients, The closest approximation to this at the present time 1s
the powder used in the cheapest of fireworks. Even this, however,
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is generally a dust resulting from the pulverizing of a partially |
caked mixture. For other purposes—blasting, small rifle charges,.
schrapnel, cannon ignition, etc.—the powder is elaborately mixed, -
formed into cakes under great pressure, broken into fragments, and
rolled on belts till the fragments are polished. These fragments or
grains are then sorted according to size and used for the purpose for
which their size best fits them. The processes of manufacture in
1800 are well described by de Toussard. The common procedure of
to-day is likewise well described by Marshall in his ¢ Explosives. ”

34. According to Marshall the present procedure involves the
grinding or pulverizing of each of the three ingredients separately
in ball mills, bronze balls being used. The materials are then sifted,
mixed in proper proportions, and put into a wood combining cylin-
der with wood balls. Another form of combining or mixing cylin-
der is made of copper and has through its center a shaft carrying
a number of arms. The cylinder rotates in one direction and the
chaft and arms in the other. TFive minutes’ rotation serves to mix
the ingredients thoroughly. The mixture is then sifted and trans-
ferred to an incorporating mill in lots of from 60 to 80 pounds. }
From 3 to 6 per cent of moisture is maintained by adding distilled
water from time to time. A popular type of incorporating mill
comprises a flat bed with a vertical post around which two very
heavy rollers rotate, being supported in such a way that they can
not quite touch the bed of the machine and therefore can not roll the
mixture to a less than a certain thickness of film, and at the same time
they can rise if either encounters a large mass or lump of the mix-
ture. The powder is rolled in such a mill for from one-half hour for
mining powder (density 1.57) to five hours for small rifle powder
(density 1.8). Wherever the powder is not pressed after milling
the time of milling is greater than in processes where pressing fol-
lows. Some processes involve pressing in a hydraulic press under
a pressure of about 400 pounds per square inch. The powder is
built up in layers in the press, each about three-fourths inch in
thickness while unpressed, and separated by sheets of copper, bronze.
or ebonite. A column of such layers is compressed for a period of }
from one to two hours until a density of about 1.7 is secured.

35. The cakes so secured are then broken up and passed through
rough gun-metal rolls and a series of sieves. The small fragments or
grains are then glazed by tumbling in wood drums for about 30
minutes, with perhaps the addition of a small amount of graphite.
The powder is then dried by means of a stream of warm dry air

and given a final polish by being tumbled in a canvas-lined drum or

cylinder.
36. Testing—The earliest tests of gunpowder were simply to feel
it to ascertain whether it was moist and to burn a little to see if much |




PLATE 1.

BALLISTIC PENDULUM.
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residue remained. The first instruments known for the measuring

~ of the strength of powder comprised a small cylinder having a heavy

hinged lid. The lid was prevented from falling back by a ratchet,

and the angle to which it would rise on the firing of a given weight
of powder was the measure of its strength. The modern ballistic

pendulum is not materially different though much refined. This

comprises a horizontal cylinder suspended from a knife edge, closed

at’one end and having a finely fitted piston at the other, the end of

which rests against a fixed rest and a small rider on a graduated

are, Plate 1. 'When the charge is fired the piston is forced out and
thé cylinder in the opposite direction. As the cylinder moves back it

pushes along the small rider which remains at the end of the arc of
motion and indicates from the graduated scale the power of the pro-
pellant. ’ o i e

- SMOKELESS POWDER, |

37. The importance of smokeless powder is often overlooked, even
by those who are interested in the development of new types of
artillery and small arms. When an improved type of gun is de-
signed and constructed, it is naturally expected that a suitable pro-
‘pellant will be ready to meet its particular ballistic.requirements.
For example, it is decided to construct a new caliber .50 machine
gun, with a bullet six times as heavy as the service caliber .30 bullet, !
and with a velocity such as to enable it to penetrate tank armor. |
The volume of the cartridge case which must hold the propellingq
charge is decided upon, and the powder manufacturer is expected to-
‘produce a powder which will meet these requirements and not pro-
duce pressure in the gun greater than that prescribed by the de-
signers. Furthermore, the allowable variation in pressure and
velocity. are very small, in order that the greatest possible accuracy
may be obtained; there must be a minimum of smoke visible by day
and of flash visible by night in order that the position of the piece
may not be revealed; the powder must be chemically stable to insure
its keeping qualities,- nonhydroscopic to insure ballistic stability,
and must have a sufficiently low temperature of combustion so that
it may not cause excessive erosion of the gun. A brief review of
the history of the development of smokeless powder may be of inter-
est as serving to show how it has been possible to meet such require-
ments. , ' " o '

38. From the date of the earliest records of the use of firearms up
to the middle of the nineteenth century, a period of about 600 years,
black powder stood alone as the universal propellant with practically
no change in its composition. Schoenbein discovered in 1845 that
when ordinary cotton was treated with a mixture of nitric and sul-
phuric acids a striking change occurred in the properties.of .the
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cotton without any appreciable change in its physical appearance.
It had been converted into a highly inflammable material which
offered promise as a substitute for black powder in firearms.

39. This discovery started experimental worlk in various countries,
and within a short time attempts to manufacture the so-called gun-
cotton on a large scale were made in England and France. An ex-
_plosion of the still unfinished factory at FFaversham in 1847 stopped
the English investigation and two explosions in France the following -
year had a like effect in that country. The German commission re-
ported unfavorably, pronouncing guncotton unstable, of uncertain
force, and too expensive. '

40. All investigations were discontinued except that of Von Lenk
in Austria. He concluded that previous failures had been due to
lack of stability resulting from incomplete purification, and his
improved process included purification of the raw cotton by boiling
in dilute caustic potash and washing and drying. His nitration
product was washed in running water from three to 'six weeks in
order to free it from excess acid. Attempts were made to use this
improved guncotton in firearms in the form of loose fibers or spun
into strings or cords, but the results were disastrous owing to the
bursting of the barrels from the rapid rise of pressure. In 1862 and
1865 two magazine explosions in Austria, ascribed to spontaneous
ignition of guncotton, stopped further manufacture in that country.

41. In 1864, however, Abel, in England, revolutionized the process
of purifying guncotton by pulping the nitrated product, or cutting
it up into such short lengths and fragments that the acid lodged in
the cellular interior of the hollow tubular cotton fibers could be easily
removed by washing. Abel’s object in pulping his product was,
however, widely different from the result obtained. He had hoped
by compressing the pulped material into compact masses of uniform
size and shape to control its speed of combustion and render it suit-
able for use in guns. Compression failed, however, to produce the

. desired result of regulating the rate of burning. Abel then went a
step further by granulating his pulped guncotton by means of solv-
ents, but although he patented this process he failed to carry it to
Practical success. ' '

42. There was ample reason for the determined efforts that were
being made to produce a satisfactory propellant from nitrocellulose.
It burned with practically no smoke or residue and possessed about

. three times the energy of black powder. The improvements made in
firearms at this time demanded a better propellant than black powder.
Rapid-fire weapons could not give the best results without greater
freedom from smoke and from residue in the bore. The reduction in
caliber and increase in rifling necessary for greater range required
Powder of greater energy. Magazine small arms and machine and
rapid-fire guns demanded a less bulky propellant than black powder.
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43. Attempts to meet some of these requirements with black powder
consisted in compressing it into larger grains of greater density and

definite shape. The experiments conducted by General Rodman, of

the Army Ordnance Department, in 1857 to 1869, resulted in the adopt- |

tion of definite sized grains for each size of gun, some of which were
perforated to give increased burning surface. These black powder

grains were much larger than had been used, Plate 2, and the various
types were styled “pebble,” “mammoth,” “ perforated prismatic,”

and “ perforated cylindrical.” Further efforts were made to regulate
the combustion of black powder by changes in its composition. For
~ example, partially burned, brown charcoal was substituted for black
charcoal, producing the brown prismatic or “cocoa” powder. This
gave better results for large guns because larger charges could be used
giving higher velocities without excessive pressures. i
PLATE 2.

PERFORATED GRAINS OF BLACK OR BROWN POWDER.

44. Tt had been assumed that black powder burned under pressure
in the gun in parallel concentric layers, just as it did in open air, ex-
cept at a higher rate. Sarrau later showed this hypothesis to be in
error. Vieille in 1884-85 also showed that even the brown prismatic
powders were quickly disintegrated under the rapid rise in pressure,
so that there was no longer any relation between the rate of burning
and the original form of grain. He was the first to point out that
gelatinized nitrocellulose burned with great regularity in parallel
layers, even under the influence of sudden increase in pressure, thus
indicating a means of definitely controlling the rate of combustion of
propellants. .

45. Somewhat prior to Vieille’s work, however, Edward Schultze, a
Prussian captain of infantry, invented a partly colloided smokeless
powder made from a mixture of nitrated wood, nitrohydrocarbons,
metallic nitrates, and sulphur granulated and superficially gelatinized
by spraying with acetic ether. About the same time Reid and Johnson




<21

in England patented E. C. powder, made in a similar manner from
nitrocellulose pulp. These powders were particularly adapted for
shotguns and small arms of low velocity. Their rate of burning was
rapid and only partly controlled, rendering them unsatisfactory for
use in rifles. : ‘

-46. About 1886 Vieille placed the art of smokeless powder manu-
facture on a real foundation by producing the first thoroughly col-
loided nitrocellulose powder in the form of square flakes of uniform
size and thickness. In 1889 Noble invented his ballistite,” com-
posed of equal parts of nitroglycerin, capable of being rolled and cut
in flake form. In the following year Abel and Dewar patented
“cordite,” a mixture of guncotton and nitroglycerin, colloided’ with
acetone and containing a small amount of vaseline. This plastic
mass was pressed through dies in the form of cords of suitable
diameter. ‘

47. In 1890 Mendeleef, in Russia, followed up the work of Vieille
by pointing out a definite procedure by means of which a nitrocellu-
lose of approximately uniform nitrogen content could invariably be
obtained which produced a maximum gas volume on combustion and
which, when thoroughly colloided with ether and alcohol in accord-
ance with Vieille’s procedure, could be graduated to form a satisfac-
tory smokeless powder. He gave his nitrocellulose the name pyro-
cellulose, or “ pyro ” as it is called to-day. As early as 1893 Mende-
leef’s pyro powder was being manufactured on a large scale in

tussia.

48. In the meantime a laboratory was established in the United
States Navy. In 1893 Munroe patented for the United States a
powder called “indurite,” consisting of guncotton freed from lower
nitrates by washing with methyl alcohol and colloided with nitro-
benzene. The colloid was rolled into strips and dried or “ indurated ”
by the action of steam or hot water, converting it into a hard, tough
material. Following Munroe’s resignation, in 1894, Lieut. John B.
Bernadou, United States Navy, took up the work and in 1897 he
patented a powder composed of uniformly nitrated nitrocellulose
_(‘dbout 12.45 per cent nitrogen) colloided with ether alcohol. This
is substantially the service powder of the United States at the present
time and is-also idertical with that produced by Mendeleef in
Russia. .

49. About 1893 Hudson Maxim and Robert Schupphaus developed
a perforated black powder grain and the suhsequent perforated pris-
Matic cocon powder. This type of grain was patented by Maxim in
England in 1894. His powder was composed of 90 per cent of nitro-
glycerin and 1 per cent of urea, acetone being used as a solvent for
the guncotton. This powder was much less erosive than previous

‘Mitroglycerin powders containing 50 per. cent or more nitro-
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glycerin, and the development of pressure was more sustained, since
as the grains burned the size of the perforations increased, maintain-
ing a more nearly constant burning surface. This type of powder
was termed “progressive.” It was made in grains and tubes of -
various lengths containing from 1 to 19 axial perforations sym-
metrically arranged. Further development of perforated powder
grains was carried on by F. G. du Pont and others in the United
States, and the American rights to the Maxim-Schupphaus powder
were acquired by the Du Pont company.

50. Subsequent to the highly satisfactory tests of the Maxim- .
Schupphaus powder in various guns at Sandy Hook in 1895, this
type of double-base powder was adopted by the Army, while the
Navy adhered to the nitrocellulose single-base powder. This en-
abled a close comparison of the relative merits of the two types, and .
in about 1900 the single-base powder was adopted by the Army.

51. The use of double-base powder for small arms was continued,
however, for a number of years, as difficulty was encountered in se-
curing with nitrocellulose powder the desired regularity of burning
at low pressure. In about 1009 the Army adopted a single-base .30-
caliber powder developed by the Du Pont company, which contained a
small amount of graphite added for the purpose of reducing tempera-
ture of combustion and lubricating the bore. In a service rifle this
powder gave an accuracy life to 4,800 rounds, as compared with 1,500
rounds for double-base powder. This powder has a single perforated
cylindrical grain, and is still in use. :

59. The nitrocellulose cannon powder used by both the Army and
the Navy of the United States was manufactured by the process
originally patented by Bernadou, the American rights for which
were sold by him to the Du Pont company. Briefly, the process of
manufacture is as follows: Cotton, freed from oily materials and
other impurities by boiling with dilute alkaline solution, followed
by bleaching, washing, and drying, is nitrated by immersion in a
mixture of nitric and sulphuric acids, converting it into nitrocellu-
lose of the grade known as pyrocellulose or “pyro.” This product is 4,
freed from the spent acid, first by centrifuging, then by washing .
and boiling with water, then pulped to reduce it to very short fibers. '
The pulp is further purified by final boilings and washings to re-
move the last traces of acid and unstable products, and is then sepa-
rated from most of the water by centrifuging. It is then put in a
dehydrating press, blocked, and alcohol forced through the block.
The alcohol displaces the water and the block is left with a suffi-
cient content of alcohol for the next process. The blocks are now
broken up, ether added, and the mixture incorporated in a dough
mixer. Upon subsequent compression in a press this mixture be-'
comes a colloid or translucent, gelatine-like mass, which is finally
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pressed through dies in the form of long, perforated strands, and
cut by mechanical cutters into grains whose length is about two and
one-half times their diameter. These are now subjected to a drying
Process, in the first stages of which a large part of the volatile
solvent is recovered. During the drying the colloid hardens to a
horn-like mass and undergoes considerable shrinkage. The dried
grains still retain a small content of solvent varying from 1 per cent
to 5 per cent, depending on the granulation. This residual solvent
content must be kept constant by means of airtight containers in
order to insure uniform ballistic results.

53. For a number of years smokeless powder for the United States
Government was made almost entirely in private plants, the small
Navy plant at the torpedo station being regarded only as an experi-
mental project. In 1900, however, the Navy began the manufacture
of smokeless powder on a large scale in its plant at Indianhead,
Md., which was gradually enlarged in a few years to a capacity of
about 10,000 pounds per day. In 1907 the Army completed a plant
at Picatinny Arsenal, Dover, N. J., with a capacity of several thou-
sand pounds per day. The manufacturer of even as little as 25 per
cent of the peace-time requirement of powder in these two plants
placed the Government in a position to thoroughly investigate the
details of the process and stimulated similar action by private manu-
facturers. Improvements in the methods of purification and sta-
bilization were made which improved the quality of the powder and
greatly reduced its cost.

54. No matter how thoroughly purified, nitrocellulose has an inher-
ent tendency to undergo a gradual decomposition, so that after a
Period of some years its ballistic qualities may have deteriorated to
such an extent that the powder is no longer fit for service. To avoid
the necessity for destroying such powders, a process of reworking
was developed, whereby the powder was finely ground, reestablished,
and made into new grains. This process has saved much . deteri-
orated powder from destruction. :

55. To counteract the tendency toward decomposition, various
?llbstances have been incorporated in the powder to serve as
‘stabilizers” by combining chemically with the gaseous “acid”
Products of decomposition as they are generated, thereby arresting
decomiposition in its incipiency. “After exhaustive experiments, di-
Phenylamine was adopted as the stabilizer in United States powder
and is still used in an amount of about 0.4 per cent of the powder.
Its use is claimed to have practically doubled the life of the powder.
The.5 per cent of vaseline used in cordite exerts a similar influence.
© ~56.-An improvement in the drying process was developed in
France which greatly reduced the time required for elimination of
the solvent. By the air-drying method at 35° to 40° C. several
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months were required for drying the larger sizes of grains. The
new process accomplished this result in a relatively few days by
immersing the powder in tanks of water, in which the solvent is
soluble. When the water has absorbed the solvent it is drained oft
and the powder given a final drying in a circulation of warm air,
which readily eliminates the remaining water. This process was
largely used during the World War. v

57. The Nash process of drying, devised by Mr. Nash, of the
Hercules Powder Co., consists in immersion in alcohol for removal
of the ether from the grains, then immersion in water for absorp-
tion of the alcohol. In less than 48 hours’ treatment the powder is
ready for the final air-drying for removal of the adhering water.
This process was tried on a large scale with gratifying results, but
has not been generally adopted. B

58. Prior to the war much experimental work had been conducted
in Germany to develop processes for the preparation of cellulose
from wood pulp as a substitute for the cotton used in powder manu-
facture. The success of this work is indicated by the fact that prac-
tically all of Germany’s war supply of smokeless powder was neces-
sarily made from wood pulp, there being no available supply of
cotton. Methods have also been developed in this country for the
purification of wood cellulose and sufficient smokeless powder manu-
factured from such material to insure the practicability of its use in
case of necessity.

59. Tt has always been found necessary to use an igniting charge
of black powder with a propelling charge of smokeless powder, be-
cause of the difficulty of securing uniform ignition of the latter by
the flash from the primer alone. Theoretically, every grain of
powder in a charge should be ignited simultaneously and be com-
-pletely burned at the same instant. In fixed ammunition an ignition
charge of 21, 49, or 110 grains of black powder is combined with a
percussion cap in the form of a “ primer,” but in separate loading
ammunition, where the charge is made up in a number of bags, a
larger ignition charge is necessary. This varies from 3 ounces to 6
pounds, depending on the size of the gun, and is at present used
largely in the form of a single pad at the base of the rear section.
Much experimental work has been done to determine the most suitable
arrangement of the ignition charge. The “core” system, in which a
small cylindrical core of black powder extends through the center of
each bag, has many advocates, as has also the use of a separate pad
at the base of each section. The latter system is the one used by the
United States Navy, various forms of readily ignited fine-grained
smokeless powder as an ignition charge have been proposed and tried
out as a possible solution of the ignition problem. Much development
work has been done and is still in' progress to eliminate the muzzle
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flash, which is visible at a great distance, especially at night, and
serves to disclose the location of a battery. This flash is characteris-
tic of both single and double base types of powder. This flash is due
to the ignition of inflammable gases (carbon monexide and hydrogen)
as they issue from the muzzle at a high temperature and mix with
the oxygen of the air. The addition to the charge of substances which
lower the temperature of the gases or dilute them may result in pre-
venting their ignition. Thus, the Germans added potassium chloride
or common salt to the powder charge and the French incorporated a
Small percentage of vaseline or other carbonaceous material, with the
result that some reduction of flash was obtained. Experiments made
In this country have resulted in the development of powder for various
field guns and howitzers which in night firings show only a small
dark-red muzzle glow. Simultaneously with this development efforts
have been made to reduce the tendency of the nitrocellulose powders
to absorb moisture, a property which they possess to a greater degree
than double-base powders. This work has been so successful that
the Ordnance Department is hopeful of being able to produce a
flashless, nonhydrogroscopic smokeless powder for practically all
except larger caliber of guns, and even for the latter the problem is
hot regarded as impossible. '

POWDER-CHARGE CONTAINERS.

61. From the time of the earliest use of black powder in cannon in
about 1250 to perhaps 1600, or ever later, it was the common prac-
tice to shovel the serpentine and corned powders into the cannon
with a shovel or special scoop. As early as 1500 apparently there
Were attempts at the use of a container and the powder charge was
Occasionally put in a paper cartridge. It is not known why, but this
Practice apparently did not meet with universal favor. By the
Period of 1812 we find it the common practice to make up the powder
charge in wool cloth or paper containers, as shown in Plate 3. Note
the sabot included in the cartridge. Paper was the more commonly
used for the heavy guns. This practice of handling the powder in
Paper containers continued until late in the century, when cloth was
Substituted. Even in our Civil War it was not uncommon to have
the powder shoveled into the cannon, especially in the case of the
large mortars, \ .

. 62. Metal cartridges—In 1866 a committee of the British Gov-
‘rnment selected a rifle presented by a Mr. Jacob Snyder, an Ameri-
‘an, as the best model for use in the British Army. At the sugges-
lion of a Colonel Boxer, however, a metal cartridge was substituted
for the thin paper cartridge. This is perhaps the forerunner of the
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metal container that apparently has always been used in connection
with our cannon of 3-inch caliber and less. Since the cartridge,
powder charge, and the projectile of the 3-inch gun are of a total
weight that can be handled at a satisfactory speed by one man, they
have been assembled into a single unit by practically all countries.
When made up in such units the ammunition is termed * fixed.”

63. The earliest types of breech mechanisms used involved the use
of a wedge. For reasons that all agree now are very good, the Ger-
mans have for a great number of years used the sliding-wedge type
of breech mechanism that is commonly called the Krupp breech
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EARLY FORM OF CLOTH. POWDER CONTAINERS

With this type, and in fact with any Wedfre type, it is necessary to
obtain proper obturation against the escape of. the gases to the rear
through 'the use of a metal powder container or at least a metal ob-
turatlnnr cup. One finds therefore that metal containers or obtu-
rating’ cups are provided for all calibers of German guns and for
guns in any country that have a similar breech mechamsm The
bra'ss cartridge cases used with the famous German 42-centimeter
(17-inch) mortars look like metal tubs, and one can easily imagine
the inconvenience of transportmnr and handling them. They have an
adv antaﬂe however, in that since the primer is.pressed into the cen-
ter of the base and the front edge of the case wedges tightly into a
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cone machined in the powder chamber, little or no difficulty is ex-
perienced with the firing mechanisms and correspondingly little diffi-
culty is experienced with securing proper obturation. In fact, there
seem to be such advantages in this system that General St. Clair
de Ville, inspector general of the French Armies during the World |
War, recommended that it be adopted for use with French guns. It
is doubtful whether we will ever make any such general change,
although we found in our field service in 1918 that we were having
great difficulties with the obturator pads used with the screw breech
‘and correspondingly great difficulties with the separate primer and
firing mechanism.

64. Cloth containers—As soon as breech-loading cannon were
adopted-and put into general use in about 1860 the containers used
for the powder charges received more attention than before. The
method of making up charges began to receive much more attention
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likewise. After considerable experimentation, silk has been decided
upon as the best material that can be used as a powder container,’
principally because it seems to be more perfectly consumed on firing
than any other material that will stand the handling that is nec-
essary. _ :

65. The silk cloth used for this purpose is, of course, very coarsely
woven, resembling a fine weave of burlap, and raw silk is used, hav-
ing the appearance of unbleached muslin. In our own artillery
the igniting pads and cores of black powder are incorporated in or
fastened to the sections of the charge, as shown in Plate 4. Since’
multiple charges are frequently desired, especially with howitzers
and mortars, it is necessary to provide a means of quickly subtract-
ing a fourth, fifth, or sixth, etc., of a charge. This also is shown in
Plate 4. This reduction of charges is on the theory that no greater
charge should be used than is required to reach the target in order
that the wear on the gun may be reduced to a minimum.
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66. Celluloid.—During the World War it seemed necessary to find
a substitute for silk for powder bags, especially for use in the field.
Not only was the demand for silk excessive, but there seemed a need
for some material that would serve as a waterproof covering for
powder in France, where the excessive moisture and continual driz-
zling rain made it very difficult to keep the powder charges per-
fectly dry. A celluloid envelope was developed, but was not put into
service before the signing of the armistice. Such a material, if it
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could be rendered sufficiently tough to stand reasonably rough han-
dling, would be very desirable. It is possible, however, that such
materials will be used only in those times when silk becomes diffi-
cult to procure or the field conditions are unusually severe.

67. Multiple-charge containers—The use of multiple charges for
howitzers and mortars has been mentioned under cloth containers,
This does not apply so much to seacoast artillery as to the use of
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heavy howitzers and mortars in the field. Since in the recent war
the heaviest artillery in the field was manned by coast artillerymen,
it may be of interest to mention here a scheme of making up mul-
tiple charges observed in the British Army. The British service
uses the double-base powder cordite in the form of tubes about three.
sixteenths of an inch in diameter. This form of powder made it
possible to adopt a very convenient way of making up multiple
charges, as shown in Plate 5.. Each subdivision of the charges ob-
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served was wrapped loosely in a bag made apparently of cotton
flannel. These part charges were carried in a spool the core of
which was a heavy fiber tube and the ends heavy fiber disks of a
diameter to fit in the powder chamber. Each part charge was fas-
tened to the end disks by a light cloth tape in such a way that a
simple pull of the tape released it and it could be withdrawn from
the spool and thrown away. A pad of black powder was fastened

to one end of the spool. -

63. In the French service, where the powder is in strip form, the
part charges were simply tied in bundles like so many strips of
cardboard and the smaller parts tied about the largest as a core,
Plate 6, each separately, so that any single part could be removed
without disturbing the remaining parts. In this case also a core of .
black powder is attached to the one end of the rear charge if it be
very large or to one end of the bundle if it be in a single bundle.
In some cases these bundles of strips are left uncovered and in other
cases observed in the field the bundles were covered with cloth. In
the case of their railway artillery the powder charges were trans-
ferred from the ammunition car to the gun in leather pouches to
prevent too great a change in temperature as well as to protect it
against moisture in damp weather.

FUSES AND PRIMERS.

69. The first guns used from the approximate period of 1250 were
of the crudest construction, used the crudest of projectiles, were
served with the crudest of powder, and were ignited in a crude man-
ner. Tt is difficult to determine whether the first guns were the
shallow pots or mortars of the type shown in Plate 7, or whether
they were made of rods of metal bound together into a tube. If
the former, it is probable that the first method of igniting a charge
was merely through a train of powder leading around the projectile
to some point where it might be touched by a match of smouldering
tinder or cloth bound to the end of a stick. In the case of the tube
it is probable that the need of a vent was immediately seen and pro-
vided in some manner. Although iron was not then known in very
great masses and was not melted in large masses, fine steel was
known and drills of a sort were in use. Thus at a very early date
the metal pots, mortars, and tubes were supplied with vents for the
firing of the charge. Until 1850 at least, most cannon were fired
simply by touching a light to the powder in the pan over the vent.
Numerous difficulties were experienced and one wonders that some
of these were tolerated since improvements are so obvious. For ex-
ample, in the case of the great bombards, the cannon were frequently
kept. loaded for meonths. Great care was taken to keep the firing
charge dry. In spite of all precautions, however, the charge would -
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frequently become moist and refuse to ignite. TFurther, the vents
fouled badly with the earlier powders and had to be bored out.

70. Reed tube fuse—~Apparently the first type of fuse used for
the firing of the crude earthenware shell invented in about 1450
was made by filling a hollow reed with serpentine powder. Since
powder had been used for blasting purposes since at least 1200, fuses
must certainly have been devised for that purpose. Paper was not then
in use, but reed tubes were available, and since such tubes were used
in the first earthen shell it seems likely that they were already known
for blasting. To return to the priming and igniting of cannon
charges, one finds that even the muzzle-loading cannon made and
used in the nineteenth century still depended on the use of g train

PLATE 7.

CRUDE VA§E-SﬂAPED MORTAR IN PLANK FOUNDATION.

of powder in a vent and a further igniting charge in the pan cast in
the cannon at the end of the vent. The curious part is that during
at least the period 1450-1850 the same reed tubes and later paper
tubes or even soft metal if desired might have been used, could have
been introduced in the larger bombards whenever desired, would
have eliminated the difficulty resulting from the wind blowing away
the igniting charge, and would have prevented fouling of the vents,
At this time the principal aim with the shell was to produce a fuse
that would ignite the bursting charge, and the element of time was
not so important. Later—that is, after 1674—when watches had
been invented, it was possible to time fuses, and from that time it
was possible to regulate approximately the time of the burst by
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cutting the fuse to the proper length. In the middle of the eight-
eenth century fuses were made of wood tubes (Plate 8), beech wood
being the principal wood used. At the siege of Gibraltar in 1779 the

lengths of such fuses were so nicely regulated as to cause the shell

to burst over the heads of the Spanish working parties.

T1. Metal tube fuse—At the sieges of Wachtendonck and Bergen-
op-Zoom-in 1588 an Italian refugee in the employ of the Dutch
introduced the use of metal tube fuses in connection with metal
" shell. This tube was filled with a slow-burning powder, and the

burning periods of the fuses were from 14 to 20 seconds, corre-
sponding to ranges of from 1,000 to 2,000 yards with the mortars
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from which shell were at that time always fired. These metal tubes
- were driven into the fuse hole of the shell and were probably sup-
plied in graduated lengths and driven into the shell on the field on
approximate determination of the range. Iuses such as these were
in use till after our Civil War, The shell fired from the very popular

13-inch mortars throughout that war were equipped with both-

metal and string fuses. The string fuses could be introduced be-
fore sending to the field and cut to the desired length there. At
the present time the only survivor of the long-used reed, wood
tube, metal tube, and flexible tube fuses is the black powder train
in the highly refined time fuses of shrapnel and certain - high-
explosive shell. No very satisfactory substitute for this combination

-
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has yet been found. Clockwork fuses have been used and are used,
but they do not seem as satisfactory as the powder-train type.

72. Detonator primers—A Reverend Forsyth, who was acquainted
with the detonating powers of potassium chlorate and likewise with
the urgent need for a more satisfactory method of firing a gun or
rifle charge than by means of a match, flint, or wheel lock, in-
vented a detonator lock in 1805 which he applied to small arms,
particularly sporting rifles. This device comprised a cylinder at-
tached to the gun and in which was carried the detonating mixture
of potassium chlorate, sulphur, and charcoal. On rotating this
cylinder a small quantity of the mixture was fed into a chamber or
hole leading to the vent. Another movement, of rotation of the
cylinder placed this small detonating charge in such position as to
be under the hammer. The fall of the hammer then caused the mix-
ture to detonate and fire the powder in the vent. It was thought
for a time that this invention could be applied to artillery, and
Forsyth spent considerable time in attempting an adaptation. He
claimed to have succeeded, but his invention was not adopted, at
least for any type of cannon.

78. Fulminate cap and primer.—The fulminates of gold and silver
have probably been known since 1600. The credit for their dis-
covery is generally given to a Cornelius Drebbel, a Dutchman.
Neither was ever put to any practical use in artillery, however,
because of the fact that they are so extremely sensitive as to make .
them dangerous of manufacture as well as use. During the seven-
teenth century these fulminates were frequently made by traveling
entertainers and small quantities detonated for the amusement of
the spectators, and it is not improbable that the knowledge of these
led to the experiments which developed the fulminate which we now
use. The fulminate of mereury was described in a paper presented
before the Royal Society in England in 1800 by a Mr. Edward
Howard. In 1814 an inventor by the name of J. Shaw, of Phila-"
delphia, devised a steel cap or cup filled with fulminate of mercury
which he used as a primer. In the next year he produced a pewter
cap and in 1816 the copper cap that came to be used so generally and
which was obtainable at most any hardware or sporting goods store
even as late as 1906. It is possible that such caps can be procured
even now for the few muzzle-loading small arms that one occasionally
finds in use even at the present day. Such primers rapidly super-
seded the flintlock because of their obvious convenience and greater
efficiency.

74. The development of the breech- loadmg small gun introduced
a requirement which led to certain modifications in the primer as
developed in 1814. It was desired to incorporate into one unit the
shot, powder, and primer or cap. This merely called for a modi-
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fication of the cup cap or primer, but, of course, difficulties were
experienced before it was successfully developed. In 1836 a pin-
fire breech-loading shotgun was introduced in France, and in 1841
the needle gun was adopted as the infantry weapon by the Prussians.
In each case the primer was placed in the middle of the base of the
cartridge. The needle gun used a cartridge, however, in which the
base was solid, and the disk of fulminate was placed on the inside. It
was necessary then to drive the needle through the base of the car-

PLATE 9.

FRICTION AND ELECTRICAL PRIMER TYPES.

tridge into the fulminate. This was not a successful scheme, because
the gas escaped to the rear and fouled the needle as well as endan- -
gered the eyes of the user. The development necessary to perfect
these small weapons, however, made it readily possible to construct
the necessary cartridgelike primers for breech-loading cannon, which.
came into use rather generally in 1880. We say 1880 because in the
Franco-Prussian War there were still in use great numbers of muzzle-
loading cannon, and a large percentage of the cannon on our ships
and in our forts were likewise muzzle-loaders, even though we had
been constructing breech-loading cannon for at least 40 years pre-
vious to that date. :
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75. The primers that we know to-day are not essentially different
from those of 30 years ago. Three varieties are in use—friction, per-
cussion, and electric, == '
Plate 9, and these va- N = NN
riations have been
made possible by the
fact that fulminate of
mercury will detonate
from a blow, from
friction, and from
heat. Percussion
primers have the ad-
vantage of avoiding
the escape of gases to
the rear and do not re-
quire the electric firing
mechanism. It has not
been so easy, however,
to develop perfectly
satisfactory mechanical
firing mechanisms, and
many of those used by
us during the World
War were not by any
means satisfactory.
The fire from the
primer fouls the vent,
and unless the opera-
tors are careful the ob-
turating cone in the
spindle hecomes so
fouled as to make it
difficult to turn the
primer holder up to
the locking point, and
a premature firing may-
result. If the cone is
cleaned carelessly it
may be so enlarged as
to prevent obturation;
the result is then a back : \
fire. We see, therefore, \
that primers are not N AN
yet perfect. Less dif- R \$« NN
'ﬁc.ullzy ‘is experienced | N NN \@\\‘\\xx
with those which are pressed into the bases of the metal cartridge
cases, such as are used with fixed ammunition, or as. with all German
guns which have wedge breechblocks.
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76. Percussion and concussion fuses—In 1846 the original of our
present percussion time fuse was invented by an English quarter-

PLATE 12.

PERCUSSION FUSE WITH PIN ARMED FOR FIRING.

master, Freeburn. This fuse, as those used to-day, Plate 10, depended
upon the inertia of a free cylinder of metal, pointed at the rear end,
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sliding in an axial hole in the fuse proper. While at rest this hammer
is kept forward by a light spring. When the gun is fired the projec-
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tile moves forward, while the hammer tends to remain at rest until
" it strikes the pellet of fulminate at the other end of the axial hole.
The detonation of this pellet starts the burning of the train of pow-
der, the length of which can be regulated to correspond to the range.

76. The concussion fuse, Plates 11 and 12, acts or is supposed to
act only on the sudden stopping of the projectile. In this case the
hammer is to the rear and the pellet of fulminate forward. As the
projectile starts a locking pin sliding in a hole radial to the axis of

the proejctile is slung out by centrifugal force resulting from the
" rotation of the projectile. This locking pin is still out of the way
when the projectile suddenly stops, thereby permitting the hammer
to continue moving forward till it strikes and detonates the pellet
of cap.” The essential principles involved in the construction of both
percussion and concussion fuses are the same now as when they were .
first devised. We are using different explosives and incorporate with
the primary “detonating mechanism such adjuncts as boosters com-
posed of small charges of an explosive which is a little more sensitive
than the main charge, but this may be considered an adjunct in the
matter of power. Supersensitive and delay shell fuses, I’late 12A, are
likewise merely the fundamental fuse with minor modifications.

HIGH EXPLOSIVES.

7. Classification.—It has already been mentioned that explosives
burn or detonate at rates varying from 200 to 7,000 meters per second
when formed into a column approximately 1.25 inches in diameter
anid at a density of approximately 1.45. It may be necessary to con-
fine this column in a tube in the case of some explosives.  Explosives
detonating at rates of 2,000 meters or more per second are generally
classed as high explosives. In this class are the following, with their
rates of detonation. There are many other explosives, of course, but
since they are not in common use in connection with artillery they
are omitted. ' ;

: Table of high explosives.

d Rate of
Explosive. ) . - (xgz{gl'_’stw&.
: secondg).
Fulminate of MerCUTY . e e vueeeeneseesctaccsceensrensaioseecesssannssacsssnsasascsssssossese . 3,900
Ammonium picrate ]gEx 10SIVe ““D ") eeneccnnnnccnnacciccaecncane. cean 5,500
Trinitrotoluene (T. N, T,; tl'ot{llx)1 .................................. vaee 6,000
Trinitrophenol (picric acid; melinite; lyddite) - 7,000
Trinitrophenylmethylnitraming (Letryl) e eeceeeeeiiiianeiianaaiaeiiteceneetnacacans 7,000

In connection with artillery, high explosives are divided into
. the three main classes: (1) Initiators—mercury fulminate; (2)

_boosters—tetryl; and (3) bursting charges—T. N. T., picric acid,
and Explosive “D.” The relation of these to each other is seen in
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Plate 13. The properties of explosives that are of prime impor-
tance are: Power, sensitiveness, velocity of explosion, stability, and
temperature of explosion. The last property is one that is of greater
moment in low explosives than in high.

8. Fulminate of mercury.—This explosive has already been dis-
cussed quite fully (pars. 73-74). It has not been practicable to use
it for any purpose in artillery other than as an initiator. It is an
explosive for which one must have unceasing regard and respect.
It is only safe when used in such small quantities as to barely make
a noise on detonation. Since one seldom has oceasion to use it in
such minute quantities, the inference is that we must always be
careful of it, whether in the caps of small-arms cartridges, in primers,
or in projectile fuses. It is quite simple of manufacture, being
made by first dissolving mercury in nitric acid, then pouring this
combination into grain aleohol. Gray crystals of mercury fulminate
settle out which are removed and washed. A microphotograph of

these crystals is shown in Plate 14.
PLATE 13.

SECTIONED SHELL SHOWING FUSE AND BURSTING CHARGE.

79. Picric acid—This explosive has been known since about 1771,
at which time it was observed by the chemist Woulfe as the result
of the action of nitric acid on silk. From that date until about
I8T1 it was known principally as a dye, although it was added to
certain explosives as a combustion constituent. 1In 1871 the chemist
Sprengel demonstrated that picrie acid could be detonated by means
of mercury fulminate. It was not until about 1885 that its advan-
tages as a shell explosive were pointed out by Mr. K. Turpin, a
French chemist, the advantages being its stability, insensitiveness,
and violence. It was adopted by the French Government for use in
shells under the name of melinite, and was in use by them as well as
by the British, under the name of lyddite, at the beginning and dur-
ing the early part of the World War. It is nearly as insensitive as
black powder and for armor-piercing projectiles is quite a satisfac-
tory explosive from this standpoint. It has the disadvantage, how-
ever, of forming more sensitive picrates if it comes into contact
with metal and its melting point is rather high. At about 112°
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(. it melts to a brownish oil. It was the practice in the American
manufacture of picric acid high-explosive shell to pour the melted
acid into the shell after the walls of the cavity had been coated
with shellac or lacquer to prevent direct contact with the metal. The
latest German practice was to pour it into vulcanized fiber containers
of a shape to fit very snugly into the shell cavity. These charges
could then be removed if desired and another charge substituted.
This seems a better practice. Early in the World War the British
Government found it necessary to discontinue the use of picric acid
as their standard high explosive because of their inability to produce

it in sufficiently large quantities.
PLATE 14.

MICROPHOTOGRAPHS OF EXPLOSIVE CRYSTALS.

80. Ammonium picrate—This explosive, which goes also under
the name of Explosive “D.” is made by treating pieric acid with
ammonia. In the ratio of 54 parts to 46 parts of saltpeter, am-
monium picrate was used by the chemist, Brugere, as a powder for
the Chassepot rifle, which came into use in about 1865. It is as
insensitive as picric acid itself, and having less tendency to form
more sensitive compounds on contact with metals, it is considered
superior for armor-piercing shell. The use of this explosive in
American artillery began in about 1901. It melts at about 90° C.
BEven under the terrific shock that results from the impact of an
armor-piercing projectile with 12-inch hardened armor plate this

784—23—4
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explosive performs satisfactorily, and does not detonate until com-
pelled to do so by the detonation of the booster charge of tetryl,
which does not come about until after the projectile has passed
through the armor.

81. T'rinitrotoluene, I'. N. T., trotyl, tritolo—This explosive was
first made in about 1880 by the chemist Hepp, and in about 1891 its
manufacture was taken up in Germany for use as a commercial
explosive. It was taken under consideration by the German mili-
tary authorities in about 1890, and in 1902 was adopted for filling

. shell and for other military uses. Italy adopted it in 1907, Russia
shortly thereafter, and America in 1904. England apparently did
not make any very great use of it until after the beginning of the
World War. T. N. T. results from the nitrating action of mixed
nitric and sulphuric acids on toluene. Toluene is obtained from
the by-product of coke ovens, from the manufacture of artificial gas,
and also by a special breaking-up process applied to oils, preferably
of an asphaltic base. It resembles a light-brown sugar, has a specific
gravity of 1.65, melts at about 80° C., is one of the most stable of
high explosives, and does not ignite below a temperature of about
200°. A microphotograph of its crystals is shown in Plate 14. Tt
is in general use for filling all high-explosive shells except armor

- piercing, has replaced guncotton and picric acid for filling sub-
‘marine mines and torpedo war heads, and is also used in the manu- :
facture of detonating fuse and composite detonators.

82. Tetryl—This explosive, which has the unusually formidable
name of trinitrophelymethylnitramine, was first made in about 1880.
Its manufacture involves a very tedious process. Benzene is first
treated with nitric acid to form nitrobenzene or oil of mirbane. This
is reduced by iron filings and hydrochloric acid to give aniline. The
aniline is mixed with sulphuric acid, wood alcohol, and a little
iodine to serve as a catalyst or lubricator. This mixture is cooked
in enamel-lined closed vessels under high pressure. The resultant

. product is dimethylaniline, which on final nitration with a mixture
of strong nitric and sulphuric acid yields a -substance which on
drying resembles corn meal or yellow flour. A microphotograph of
the crystals of tetryl is shown in Plate 14. It is a more powerful
explosive than T. N. T., picric acid, or Explosive “ D,” as one would
infer from its rate of detonation; but it is also somewhat more
sensitive, without, however, being dangerously so with ordinary
precautions. This combination of great power and slightly greater
sensitiveness makes it suitable for an intermediate detonating agent.
It is used in conjunction with fulminate as a filling for detonators
and as a primer for high-explosive shell. Both the fulminate and
the tetryl are protected against shock by the mechanical design of
the fuse and the booster systems. In Plate 13 it is the booster
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charge B. The melting point is about 127° C It is somewhat
poisonous and is liable to set up a skin irritation if handled: too-
much. It has been in use in America as a booster exploswe since
about 1902. , " B CRTRR I
PROJECTILES, st

83. It is interesting to note that whenever we face a development
in mechanical invention along a line that has been known in some
form for a time, if suddenly diverted into a new channel by an
_unusual discovery, the development in the new channel follows or
retains the characteristics of the old for a considerable time. Be-
fore the advent of gunpowder the missiles used by man in offensive
and defensive warfare were arrows and stones. The evidence is
that the first projectiles fired from tubes by means “of gunpowder
were arrows or javelins, the tips of which were frequently cov-
ered with some incendiary material. The next projectiles were
stones, sometimes covered with incendiary materials, and stones con-

PLATE 15.

/ﬂ/ff/l 9B Woog SHRFT

EARLY ARROW PROJECTILE.

tinued to be the standard projectile for several centuries.” The in-
teresting parallels to this development are in the first railway coaches
which were in effect merely the conventional road coach on railway
wheels, electric locomotives which first resembled steam locomotives,
and automoblles which first were merely motorized conventional road
vehicles.

84. Arrows—In Plate 15 we see a type of arrow used from 1250
_to at least 1300 as the conventional projectiles for such tube guns as
were then in use. These arrows had metal feathers and points and
were of a weight much greater than ‘the arrows used in hand bows,
but perhaps not heavier than those shot by the heavier engines. The
counterpart of such missiles to- day is the rocket, which is projected
from a tube of the order of a trench mortar, and the feathered cylin-
drical bomb used rather commonly in the World War. It is probable
that we will always have some specialized branch of warfare in which
this original projectile and gun will be reflected. :

85. Stones—The use of stones as projectiles continued at least
until 1520 ; not because it was difficult at that time to cast metal into
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the desired shape, but rather because there was not a sufficient
supply of the various refined metals to permit their use in such
quantities as were necessary in those days when a hit was the ex-
ception rather than the rule. Further, the first cannon of the va-
rious sizes, especially the mortars and cannon of the larger calibers,
were used more in the destruction of such objects as could be crushed
or crumbled by objects of great weight. The great bombards were
trussed up to a certain elevation in front of a wall and left at that ele-
vation until the desired breech had been made in the wall. In the
case of the siege of Constantinople in 1807 the bombards were used
by the Turks against the besieging ships, and the great stones did
more damage in crashing timbers, jarring loose beams, crushing men,
etc., than any small projectiles of metal could ever have done under
the limits of accuracy and probability of hits possible at that time.
There is a record to the effect that in 1469 stones were being used in
connection with incendiary projectiles. Stones somewhat smaller
than the bores of the guns were smeared with incendiary materials,
pitch, sulphur, etc., and then wrapped with cloth soaked in similar
materials. Such projectiles were used in the siege of Weissenburg in
the year mentioned above—that is, 1469. The large stone projectiles
used in the great 36-inch Russian gun, the 25-inch Mons Meg, and a
similar 25-inch Turkish gun weighed as much as 2,200, 670, and 400
pounds, respectively. There is no record, apparently, to tell us to
what degree of accuracy such stones were fashioned to approximate
a sphere. Probably calipers were used to make certain that the great-
est diameter did not exceed the bore of the gun, but it is not very
probable that the ¢ windage ” or clearance ever was less than one-half
inch.

86. Cast solid projectiles—Solid shot came into use almost as soon
as metal cannon of any description were made. They could not have
been of cast iron, however, for assuming that cannon were made in
1250 it was nearly 100 years before the method of securing casting
iron from the ore was discovered. DBefore then all iron as treated in
the crude forges came out as wrought iron or as steel. For this
reason the first metal guns were of wrought bars bound or welded

together and the first mortars of bronze. The tin and copper neces-.
sary for the making of the bronze were not so plentlful any place as
to permit very general use for projectiles. Early in the fourteenth
century the methods of converting iron ore into free iron had been
developed to the point of permitting the production of casting iron
in at least small quantities and a few iron projectiles were made.
There was not a sufficient supply of such iron available at that time -
to permit any very extensive use of it in heavy projectiles. It was not
until the sixteenth century that cannon weighing as much as 3 tons
were cast, partially because, as mentioned above, iron was not
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available in sufficiently large quantities to permit its use in such
heavy articles; and, further, furnaces had not yet been developed to
the point of permitting the melting and handling of so great a weight
of metal. Tt can be understood, then, that as long as guns were o
crude and iron continued to he relatively scarce and rather diffi-
cult to work, stone projectiles continued in use. In the sixteenth
century the equipment required for the production of casting iron
had been developed to the point and production had reached such a
scale that measures had to be taken in some countries to prevent the
excessive use of wood from the forests for the necessary charcoal.
Furnaces had increased in size, more improved blast machinery had
been devised, and iron was becoming available in quantity at reason-
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10-INCH COLUMBIAD SHOT WITH WOOD SABOT.

able costs. Round shot and shell continued to be used until the rifle
supplanted the smoothbore cannon.
" 87. Hot shot.—It is probable that from the time that cast-iron shot
were made it was realized that they would make an excellent in-
cendiary projectile if heated red hot before being put into the gun.
The mention of the use of hot shot is so frequent in the accounts of
sieges and naval engagements prior to 1880 that one almost takes it
for granted that its use began with the making of iron shot. The
earliest record of the use of hot shot, however, gives the credit to
Stephen Bathory, King of Poland, who in 1579 proposed the use of
a thick, wet pad to prevent the hot shot from firing the charge pre-
maturely. ot shot have been especially effective against wood
ships and against forts where there was a possibility of reaching the
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powder magazine with them. The accounts of the bombardment of
Fort Sumter in the first engagement of the Civil War mention the
use by the Confederates of hot shot. In the siege of Gibraltar in 1782
the English used hot shot against the French ships to great effect.
They filled sheli with melted cast iron and quickly fired them. On
striking, the shell burst and the red-hot iron scattered and fired the
wood of the ships. ‘ '

88. In the use of spherical shot, which, by the way, were used
almost exclusively as late as the Crimean War of 1853, the Civil War
of 1861-1865, and the Franco-Prussian War of 1870, there are nu-
merous interesting adjuncts. In Plate 16 are shown spherical shot

PLATE 17.

POWDER CHARGE
LACED ON

RETAINING
BANDS

FIXED AMMUNITION FOR SMOOTH BORE GUNS.

¢ with wood sabot either strapped with two thin metal straps or riv-
. eted fast. In Plate 17 the shot is shown with powder charge made
" up into, a unit. -

89. A cylindrical shot had been tried in smoothbore cannon, but
it had been found that they tumbled as soon as they left the cannon
- and would not travel either as far or as accurately as the spherical

shot. The scheme of producing rotation of the projectile by means
,of spiral grooves in the bore of the gun and the effect of such
" rotation on the travel of the projectile was apparently discovered

accidentally in abouf 1520. From that date on we find numerous
schemes tried and numerous variations in the design of the cylindri-

e
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cal projectile were made in the search for the proper scheme, or per-
haps more properly the design, to produce the desired rotation satis-
factorily, and to check the escape of gasses past the projectile. Plate
18 illustrates some of the designs in the development from the first
projectiles, fitted with lugs or covered with stch a soft metal as lead,
to the most modern projectiles, Plate 19, with a single copper band
near the base for ordinary muzzle velocities (not exceeding 3,600
. feet per second) and grooves and lands on the body of the projectile,
Plate 20, for the higher velocities (3,600 to 5,500 feet per second).

PLATE 18. -

~,

Spemereceed

R

TYPES OF ROTATING DEVICES FOR THE RIFLED MUZZLE LOADERS.

" 90. The first- rifled arms using cylindrical projectiles were the
small hand rifle used for sporting purposes. These rifles were muzzle-
loaders, and the necessity for ramming the bullet slowly down the
barrel made loading rather laborious. If the bullet were rammed
“down too rapidly the lands produced on it might be sheared and the
‘bullet would then get no rotation. The natural parallel in cannon
was to coat cast-iron shot with lead and ram this in from the muzzle
with a heavy ram. It can be realized easily what difficulties would
be encountered in this procedure, and it is not surprising that it did
not meet with favor. The next step with the small arms was to make
a bullet, Plate 21, of such diameter as to drop down the bore without
any resistance, but having a coned-out base with edges sufficiently
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thin as to be forced out into the grooves by the force of the powder
gases on firing. This was not at all bad for small arms, and a similar

PLATE 20.
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GERMAN LONG RANGE GUN PROJECTILE.

scheme, Plate 22, was tried with some success on cannon shot. The
shot was cast with a rabbetted groove in the base, into which was
cast a lead gas-check pad. The edges of this pad expanded into the

PLATE 21.

SN\ ‘\\\
N

BULLET WITH BASE CONED OUT FOR EXPANDING. "

grooves of the cannon on firing and produced the desired rotation.
“In Plate 23 another scheme of expanding soft metal into the grooves
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on firing is illustrated. This involved a construction too elaborate -
to find favor beyond the experimental stage, and it would not be a
satisfactory design in any but relatively crude rifles. As pressure
was suddenly exerted on the base of the projectile the rear section
was forced forward, wedging out the lead ring into the grooves.
This scheme has the merit of continuing to force the metal into the

PLATE 22.

Y\
COPPER FO7THIING LEGCS

LEAD OBTURATING CUP ON BASE OF PROJECTILE.

grooves as long as the force of the powder gases continues to ac-
celerate the projectile and produces a better seal against the escape
of gases. It is known as the Hotchkiss design and was invented
in 1865. :

91. The next scheme tried with small arms is illustrated in Plate
24. Here the bullet is in two parts, the base section being composed
of a disk of the diameter of the bullet with a truncated cone in

I~
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PROJECTILE WITH EXPANDING ROTATION BAND.

PLATE 23.

the center of it. This base cone was of such size as to fit only par-
tially into the recess in the bullet proper. It was dropped into the
rifle. The bullet was of such diameter as to slide down the bore of
the rifle without ramming. ~After it had reached the powder wad
it was rammed hard, thereby forcing the cone of the base up into
the recess and the sides of the bullet out into the grooves. Bullets
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of this description can still be found on the fields of various battles
of the Civil War; this is especially true at Antietam and Gettys-
burg. In the period of the four years of the Civil War there were
used round lead bullets with smoothbore muzzle-loading muskets.
“Minié” base cone re- : PLATE 24.
cessed lead bullets with
muzzle-loading rifles,
double expanding lead
bullets with muzzle-
loading rifles, and solid ,
lead bullets with breech-
loading rifles. There FIP’?A/”//VG szé [‘é—//
does not scem to be an exact parallel in cannon shot to the double
expanding bullet shown in Plate 24.
92. For a time projectiles, particularly shell, were provided with
- two, three, four, six, or eight copper lugs set into recesses in the

PLATE 25.

THREE TYPES OF SHELLS WITH INSERTED ROTATING LUGS.

sides of the shell and arranged in one or two rings of two, three,
or four each, Plate 25, depending on whether the gun, usually a
muzzle-loader, had two, three, or four grooves. This scheme had
the disadvantage of weakening the shell and required a reduction
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of the cavity to withstand the stresses set up by the forces operating
as the projectile traveled through the bore of the gun. In this
scheme it was necessary to use either a soft metal base or copper disk
on the base to secure proper obturation. .

93. In addition to types of shot already described for the early
rifled cannon there are two interesting designs that did not involve
either copper or lead rings or lugs. These are illustrated in Plates
26 and 27. The design illustrated in Plate 26 comes first, apparently,
having been designed in 1854, and a number of guns were altered to
give it a trial in the Crimean campaign. A section of the bore of
the cannon at any point showed an ellipse or oval, and the shot was
a cylinder of corresponding oval section twisted to fit the bore of the
gun. The guns modified to try out this design were of cast iron

and of a quality typical of that
time, hence most of them burst.
Cast-iron cannon of that time could
not be depended upon to stand very
great pressures. They worked
fairly well with spherical shot
where the pressures remained rela-
tively low, but with cylindrical shot
_ provided with gas checks and rifled
they invariably burst on compara-
tively few rounds. It is a sad com-
mentary on those concerned that
for many years rifled cannon were
: condemned for general use, because
CROSS SECTION OF CANNON WITH they so frequently burst in the

ELIPTICAL BORE. . . . .
trials. The judges were so stupid

as to assume that the cannon were all right, and that rifling was all
wrong, simply because it developed such pressures and stresses as to
burst the guns. The oval section guns just mentioned really worked.
They were difficult to machine, of course, and as we understand the
art at this time we would not think of using such a design. One can
nevertheless appreciate the merit of the idea. The other design, in- -
volving a bore of hexagonal section, was used by Mr. Whitworth in
the various experiments conducted by him on both hand rifles and
-rifled cannon between 1855 and 1860. They were a success, and his
results were excellent. He, too, had to contend with the cast-iron’
cannon, and frequently the success of his public demonstrations was
completely overshadowed by the fact that the guns burst.  In con-
nection with this design of bore he and Sir William Armstrong were
the first men apparently to do any really intelligent work in deter-
mining the proper twist for the rifling. Whitworth had constructed
an inclosed range and tried small rifles of various degrees of twist

PLATE 26.
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for the pressures and velocities that he could attain. The twisted
hexagonal prismatic projectile can only be considered an incident in
the general development, however, for it was never used to any con-
siderable extent.

94. The work of Armstrong in the years'1850 to 1865 really de-
veloped the rifled cannon to the point where they put the smoothbore
variety out of business forever. He saw that the first difficulty that
had to be solved was in the material of the cannon itself. There was

PLATE 27.

' HEXAGONAL BORE GUN AND ITS PROJECTILE.

no use in trying to develop a principle with the aid of a machine
that broke down every time one used it. He saw that if rifled guns
developed pressures and stresses that cast iron could not stand there
was no use in wasting time on the principle of rifling till the cannon
could be made of better material. He therefore proceeded to de-
velop the already understood scheme of building up a cannon by
shrinking a series of hoops over a wrought-iron or steel tube. This
procedure will be elaborated upon later. The result of his work, -
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however, was that he developed a saw-tooth grooved steel tube, built
up a gun that was capable of standing the pressures developed, and
then brought into use the forerunner of the projectile that we know
to-day—that is, the cylinder of cast iron or steel with a band of soft
metal about it which is forced into the grooves of the gun as it
travels up the bore of the gun. These bands were sometimes double,
one forward and one at the rear, Plate 28, sometimes single and near

PLATE 28.
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DOUBLE-BANDED PROJECTILE.

the middle of the shot, Plate 29, and later at the base, as we know it
now. Since the period of about 1880 one can not say that there has
been anything unusual in projectile developments until the begin-
ning of the use of false caps, hard steel armor-piercing points, non-
ricocheting points, etc., Plate 19. During the World War it was
realized that considerable work might be done in the refinement of
projectile design as to shape of the point, location of the center of
gravity, and design of shape for various velocities and purposes.

. PLATE 29.

e N

SINGLE BAND NEAR MIDDLE OF PROJECTILE.

>

A series of designs that have been under trial during the past two
years is shown in Plate 30. " Capt. R. H. Kent, of the Ordnance
Department, is responsible for some excellent work in this refinement
of design, and it is believed that through his efforts the design of
projectiles has been advanced beyond the design of gun rifling. .
95. Bifled projectiles—The most spectacular example of a-rifled
projectile is the projectile used with the famous German long-range
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gun in the bombardment of Paris from March 23 to August 9, 1918.
The approximate design of this projectile is shown in Plate 20. It
should be noted in this case that the copper bands serve only as gas
checks, the steel lands serving to rotate the projectile. The erosion
from friction between the lands of the projectile and the lands of
the gun was so great that the guns were worn out in about 50 rounds
thereby. This means, of course, that one would not use such a design

PLATE 31.

except where the velocities are above about 3,600 feet per second in
projectiles of small size, or where one wishes to develop the ordinary
velocities of about 2,400 feet per second for a very heavy projectile
in a short travel in the gun and under an unusual powder pressure.
In either case the stresses tending to shear the band are so great as
to make the copper band impracticable. Either of these cases are so
unusual, however, that one is willing to pay the price of short life

PLATE 32,

TYPES OF FORGED WROUGHT IRON SHELLS.

in order to attain some very much desired or necessary end. The
Germans wanted a range of 72 miles. This required a muzzle velocity
of about 5,200 feet per second, and the price was a very short life
for a very expensive gun. o _

96. Farthen shell—The first shell used during the fourteenth and
fifteenth centuries were of a variety that must have limited their use
very much. They were hard-burned hollow earthen or clay spheres,
Plate 31, filled with an incendiary material and occasionally with
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black powder. They must have been used principally for incehdiary

_purposes, containing chiefly pitch, sulphur, and naphtha, with just

enough of a charge of black powder to scatter the incendiary mate-
rials. When filled entirely with black powder the effect would
largely be to terrify instead of to destroy. ,

. 97, Forged wrought shell—Since the first iron available in quan-
tity was wrought iron or a soft steel the only way in which shell
could be made of iron was to forge two cups or hemispheres and

PLATE 33.

SHELL OF CAST IRON FOR WOOD OR WICK FUSE.

weld - them together, Plate 32. These shells made during the fif--
teenth century were filled with a slow-burning powder well rammed -
in and provided with a fuse that was ignited by the fire of the cannon
charge. : ’ '
98.! Cast spherical shell—As soon as casting iron became available
in the fifteenth century shell could be made of this material, and we
find spherical cast-iron shell, Plate 33, used from then until after our
Civil War. A great quantity of cast-iron shell cast during and after
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the Civil War and stored in various places since were shipped to
Watertown Arsenal even as late as the closing year of the World
“War, 1918 and 1919, to be melted and cast into something more mod-
ern. The 13-inch mortars used rather generally in the Civil War
used a cast-iron shell weighing about 220 pounds and filled with
black powder, Plate 34. As long as smoothbore cannon were used
the projectiles were, of course, spherical, because the cylindrical
projectile would tumble, since it had no motion of rotation. The

PLATE 34.

’
13-INCH SHELL FOR MUZZLE-LOADING MORTAR.

first Rodman guns, therefore, and even the large 15-inch gun cast

.under his direction in 1860 used spherical shell because they were

“smoothbore. The smoothbore cannon mentioned by Macklay as
being still in use by the Navy in 1880 were used to fire chain and hot
shot principally, and their existence at that time does not imply the
use of spherical shell at so late a date in our service.

- 99. Cylindrical shell—As soon as some of the Dahlgren and Rod-

man guns had been modified to the extent of the insertion of a rifled
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wrought-iron tube in 1870 cylindrical shell made their appearance
in our service. Cast-iron shell would be of no service now, but they
were at that time, since most of the ships were still of wood. The
first of these shell were provided with studs, as shown in Plate 25,
and the guns were rifled with two and four grooves, respectively.
These cast iron shell were still filled with black powder, which -
charge, however, was fired by a concussion fuse instead of the crude

type used with the spherical shell.

100. As soon as forging facilities were available to permit of
the forging of masses of steel of a size to use for gun tubes and
hoops, the multlfrrooved type of rifling could be used and the shell
. were made of steel and provided w 1th a copper band instead of the
lugs. Such shell came into use in our service in about 1880. By
1890 the metallurgy of steels had been developed to the point of
permitting us to make armor- plercmrr shell of a design shown in
Plate 19 which were filled with picric amd ‘Since that time one can

PLATE 35.

WRULE SKHOT

888!
' ERISFRERICRL SHOT

TYPES OF CHAIN SHOT.

not notice from examination of drawings of typical shells that we
have made any great advance. There has been an advance, but it
has been a refinement of the design and does not show so boldly in
the drawings with which we must represent them. There has been
a continual struggle between the designers and makers of armor-
piercing projectiles and armor plate. For a time the manufacturer
of armor plate merely continued to thicken his plate and improve
T its quahty and composition, to the end of making it more difficult
to pierce. When the weight of armor became so great as to be about
at its limit, the designers of ships started to slope the sides of their
ships in from the top down, thereby presenting an inclined surface
to the projectile. The sides of the ships have been inclined at
angles as great as 15°. During the past year tests have been con-
ducted at Aberdeen Proving Ground in which 14-inch steel armor-
" piercing projectiles successfully pierced 14-inch armor plate on
striking it at an angle of 25° from the perpendicular. - This was an
extremely severe test and numerous pro]ectlles broke when par-
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tially through the armor as a result of the terrific bending stress
developed. Perhaps we are at the limit of this sort of development,
at least temporarily, as the result of the Work of the recent Limita-

tion of Armament Conference.
PLATE 36.

CASE OR CANISTER SHOT.
MULTIPLE SHOT.

101. Chain shot.—Chaih shot, which consisted of two solid spherical
shot connected by a chain or two solid hemispheres connected by a

PLATE 37.
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chain, Plate 35 are said to have been mvented by a Dutchman by

- the name of DeW1tt in 1666. Such shot were used against the rigging
of ships and continued in use as long as sailing vessels were used as’
men-of-war. This means at least as late as 1880.
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102. Case or canister shot and grape—~Case or canister shot was
used against troops at short range. It was first used in the early part
of the fifteenth century and consisted then as since of a metal case or
cylinder called a canister filled with small missiles of a weight at least
equal to the average small rifle bullet, Plate 36, but greater in weight
if desired: “Grape” shot implied larger balls arranged and held as.
in Plate 37 and were in general use in the Navy as well as in the Army.
The metal case in which the small bullets or missiles were contained
broke usually in the bore of the gun and the great number of missiles

PLATE 8.

SPHERICAL SHRAPNEL.

scattered like the shot from a shotgun. Such shot were usually re-
served until the enemy had approached quite close to a battery, when
fearful execution could be accomplished. One can easily imagine that
some little courage was required to approach “to the mouth of the
cannon,” as one so frequently reads in the descriptions of numerous
battles of the fifteenth to the nineteenth centuries, when the soldier
knew quite well that there was probably a charge of canister shot
awaiting his near approach. It equals the feat of taking a modern
machine-gun nest. It was not uncommon to use large charges of small
missiles loose, as in a shotgun, even as late as our Civil War. After a
heavy wad had been rammed against the powder a shovelful of iron
punchings or lead or iron bullets were thrown in and likewise wadded.
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‘There was practically no dlﬁ'erence between this and the canister in-
closed shot.

103. Shrapnel—Shrapnel shell were invented in about 1784 by a
Lieutenant Schrapnel and it was intended to accomplish at long range
what case shot would accomplish at short range. The first shell were
spherical cast iron, Plate 38, and with a cavity that would permit
only a small charge of black powder. This charge was intended
merely to burst the shell and was purposely small because it was
desired that the fragments continue to travel in the direction of
the shell and with very little loss in velocity. They were officially
adopted by the British Army in 1803. After the introduction and
general adoption of rifle cannon, shrapnel shell gradually de--
veloped into the type that we know to-day, P’late 19. This con-
sists of a shell having a charge of black powder in its base, a core
of black powder reaching to the point time fuse, and the remainder
of the space is filled with lead bullets about which rosin or some
-~ other relatively brittle substance is poured When shrapnel shell
were originally devised they were used in cannon larger than 3
inches. The standard shrapnel shell of all countries now is ap-
proximately of 3-inch caliber and comes under the head of “ fixed”
~ ammunition. All shrapnel shell are provided with time fuse, upon
~ the accuracy of operation of which their efficiency depends. They
are tremendously effective against troops in the open, but have little
or no power against troops well intrenched or protected by adequate
overhead shelter. :

CANNON.

CANNON TUBES.

104. In the period from about 1250 to the present date cannon (L.
canna, a tube) have been developed from a' crude tube made by
binding or welding together a number of -wrought-iron rods, or
from a crude pot cast of bronze or forged or wrought iron, Plate 7,
to the mammoth cannon of to-day of Which the limit of development
is our recently finished 16-inch 50-caliber seacoast gun (O. N.
Gunnilde, gunnethilde, war), Plate 159. To the best of our knowl-
edge no other nation is using a gun that develops equal muzzle
energy, so that from a nation that began its existence on an in-
dependent basis only 146 years ago we have developed to the point
in the science of artillery Where ‘we are building and using the

greatest weapons in existence, in spite of the fact that most of
the development of which our weapons are the present limit began
in countries of Europe before this country became an independent
nation. The probable muzzle energy developed in the original gun
or cannon of 1250 did not exceed 500 foot-pounds. The muzzle
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energy of the 16-inch gun mentioned above is 8,500,000. This rep-
resents a 17,000 fold increase in powder.

105. In dealing with the development of cannon tubes one finds
it convenient to divide the total span of years from 1250 to the pres-
ent date into three periods. The first extends from 1250 to about
1520, during which time the projectiles were first arrows and later
stones, the weight of which finally reached the formidable figure of
2,200 pounds and the diameter of the bore of the largest gun 36
inches. The second period extended from 1520 to about 1850, during
which time smoothbore cannon continued in use, but the projectiles
were spherical metal shot and shell instead of stones. During this
period some progress was made in the casting of cannon of iron, but
they were not very reliable, and when made heavy enough to stand
the pressures they attained tremendous proportions, considering the

PLATE 39.

THE DULLE GRIETE OF GAUD.

weight of the projectile used in them and the range attained. Bronze
cannon were much preferred because the metal was more homogene-
ous and more reliable. The third period began in 1850 and is still
with us. This period began with the rather general acceptance of
the necessity for rifling in cannon as well as in small arms, the use
of elongated or cylindrical projectiles, the use of steel instead of cast
or wrought iron, and the adoption of the built-up type of construc-
tion instead of a single-piece gun. The progress made during this
short period is nothing less than remarkable and is a most striking
contrast to that of the previous 450 years—that is, from 1400 to
1850. The period from 1300 to 1400 is in some respects nearly as
remarkable, for from the crude pot or equally crude tubes used ab
the beginning of the fourteenth century the gunmaking craftsmen
had progressed in 100 years to the point of making a wrought-iron
gun, the Dulle Griete, of Gaud, Plate 39. weighing 13 tons. of a
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built-up design, with a bore of 25 inches, and capable of firing a
stone projectile weighing 700 pounds.

106. Z'hirteenth century cannon.—In Plate 40 the cannon of various
descriptions made and used from 1250 to 1300 are shown. Some of
these guns are of Arabic origin and some perhaps of Chinese, Indian,
and Egyptian. It is interesting to observe the fantastic designs that
prevailed for so many centuries. Some of these original guns were
quite highly ornamented cast-metal pots; and, in the case of guns, it
seems to have been a common desire or tendency of the cannon de-
signers and founders to represent some animal or a dragon in the act
of spitting flame, smoke, noise, and venom in the form of a missile.
Guns cast even as late as 1750 show such fantastic designs. It is in-

PLATE 4o0.

THIRTEENTH CENTURY CANNON.

teresting to speculate how the knowledge of artillery spread so rap-
idly over almost the whole of Europe. In 1313 it seems that practically
all countries were casting and using cannon. Some have given 1313
as the date of the earliest use of artillery. It would be obviously im-
possible, however, for the art to be discovered, developed, as it ap-
pears to have been in 1313, and spread over the whole of Europe and
a large part of Asia in even a decade, at a time when the methods
of travel and communication were so laborious. It would be simply
impossible. The earliest English record of the use of cannon has
the date of 1326 and describes a knight in armor firing a-weapon
shaped as a vase and loaded with an incendiary arrow. This
weapon has a vent at the breech end where the match was ap-
plied. Some of the weapons' shown in Plate 40 would seem to
come under the heading of small arms rather than cannon. It is
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doubtful, however, whether there was any such weapon as a hand
_gun until about 1350. There is a record in the Proceedings of the
Royal Artillery Institute, England, Volume IV, page 291, to the
effect that in 1338 there were both iron and brass cannon of small
size and that some of these were breechloaders, for which 2 pounds
of serpentine powder was allowed for 48 arrows. This would make
a very small charge per arrow—about seven-eighths of an ounce.
. The guns would apparently be classed as small cannon, however.
Such as these and the fantastic pots and crude tubes would con-
stitute the accomplishment to 1300.

107. Fourteenth century cannon—The beginning. of the four-
teenth century finds cannon as pots of brass and wrought iron, or
tubes of relatively small weight and of the same materials. Dur-
" ing this century remarkable progress was made. It is thought that
the great Dulle Griet, which was used by the people of Ghent in
1411, was made in about 1382. This gun, Plate 89, weighs about
13 tons, has a total length of 197 inches, a diameter of bore of 25
inches, and a powder chamber tapering from 10 inches diameter
to 6 inches, which is thought to be screwed to the muzzle portion.
It fired a granite ball weighing about 700 pounds. The lining or
inner tube of the gun is formed of a ‘series of longitudinal wrought-

" iron bars welded together. This is surrounded and reinforced by

a series of rings, likewise of wrought iron, and either driven or
shrunk on. The existence of this type of construction at this early
date should not be interpreted as indicating a recognition of the
superiority of the multipiece or built-up gun over the one-piece or
cast gun. They simply developed what might almost be termed a
craze for large-caliber guns. They were able to make them of
wrought iron by this method and proceeded to do so. Probably if
they had been able to cast them of iron to such a size they would
at least have tried it. It is certain that cast-iron guns of such size
would have burst had they made them. ) ’
108. Two wrought-iron guns of about the same period of con-
struction, the larger of which has a bore of 19 inches, were left by
the British when they were compelled to raise their siege of St.
Michel, in France, in 1423. “Mons Meg,” the great wrought-iron
‘gun which is at Edinburgh Castle is approximately of this period,
at least in type of construction, though made a little later. This
gun, Plate 41, has a caliber of 20 inches and fired a granite ball weigh-
ing 330 pounds. - These huge guns were termed bombardes, from
the special service for which they were used. They had a relatively
.~ short range, not more than several hundred yards, and it was the
custom to truss them. up to a certain elevation on a simple wood
platform or cradle and let them stay at that elevation until the
wall against which they were being served - had been breeched.
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Similar guns used in coast fortifications were trussed up to a fixed
" elevation and were served against ships coming under the forts
by timing the firing to the position of the ship. They were so heavy
as to be unadaptable to ready training in either elevation or azimuth
by the mechanisms that were available at that time, and indeed
“for many centuries thereafter.

109. The cannon of the fourteenth century represent a tremendous
advance in the art for so short a time and at a time when the
methods of working metals were so crude and so little was known
of the metallurgy of iron and the alloys of copper. At the be-
ginning of the century the science of artillery was hardly known.
Guns or cannons were simply pots or crude tubes. At the end of
the century nearly every nation in Europe was using iron cannon
of a caliber so great as to be considered quite out of the ‘question
for either manufacture or use to-day. It is interesting to contrast
this development with that of the sixteenth century when small
high-power guns shooting metal projectiles came into use and within
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a century practically supplanted the great stone- tlnowing guns.
The early fourteenth century guns were very feeble and it is probably
true that their noise produced greater results than the projectiles.
The great guns of the end of the century were in a way equally
feeble, for the powder was still the ununiform, slow-burning serpen-
tine powder. But they apparently felt a need for guns that would
assist in breeching heavy walls or in defending ports against be-
sieging fleets,*and finding themselves .able to weld wrough-iron
bars into a tube of 25 inches diameter they developed,such guns
as the Dulle Griet, Mons Meg, etc. There is no evidence of the
casting of guns of very great weight either from iron or bronze
during this century. In fact on this very point lies the great dif-
ference between the.development of the fourteenth and fifteenth
centuries as will be explained later. Plates 39 and 41 serve to
represent the scope of the fourteenth century development.

110. This discussion on the cannon of the fourteenth century
would not be complete without mention of the breech-loading can-
‘non developed relatively late in the century. Plate 42 represents
a cannon used particularly in the defense of fortifications. This
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cannon might be termed the earliest distinct type of seacoast or
fort gun. It was termed a “wall” gun and seems to have been
supported in a metal fork fastened into the wall. It apparently had
a wrought-iron trunnion band shrunk or driven on. This, by the

~way, is also the first known appearance of the scheme of supporting

a gun by means of trunnions. The particular merit of this gun
was in the provision of a number of breech blocks or cups which
might be loaded while others were being inserted or the gun fired.

PLATE 42.

BREECH-LOADING WALL CANNON.

Since this part of our discussion is primarily on gun tubes, it is
sufficient to mention merely the existence of a tube open at both
ends, in this century of muzzle-loading guns. Another type of
breech-loading gun used perhaps before this is shown in Plate 43.
This open tube was fastened to a heavy timber or cradle, at the rear
end of which a stop of some variety was provided. The breech
blocks or cups were then simply wedged between this stop and the

- gun tube. It is probable that the accidents that resulted from this

type of construction resulted in the development of the type de-
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scribed above. Neither design proved satisfactory because the crude
workmanship made it impossible to secure any satisfactory degree
of obturation and the gasses must have annoyed the gunners ex-
ceedingly. Open-tube guns appeared periodically from that t1me
on, but were not adopted permanently until about 1850.

111. Following are comments on references to the construction a.nd
use of cannon in the fourteenth century. These comments serve to
give one a proper appreciation of the status of the art of making
cannon as well as of the science of artillery.

A. The Chronicles of Metz mention in 1324 that powder, pro-
jectiles, and cannon are being used in the service of the city and does
not seem to consider them in any way extraordinary.

B. An act of the Government of the Republic of Florence of the.
of the date of 1326 authorizes the casting of balls and cannon for
use in the defense of camps and land of the Republic. '

C. In 1338 there existed in the Arsenal of the Royal Marine at
Rouen, France, a cannon “qui lancait de grosses fleches appelees

PLATE 43.

PORTABLE BREECH LOADER FOR WOOD PARAPETS.

carreauz avec le poudre a.canon.” The powder was made of 1
pound of saltpeter and one-half pound of “soufre de mélangés.”

- D. In 1375 a cannon was made at Caen, France, of 2,110 pounds
of iron and 200 pounds of steel. The steel was probably a tube made
by welding together a number of rods and was cast 1nto the gun as
~ the powder chamber.

E. A manuscript that was in the Asiatic museum in Petrograd
at the beginning of the World War and probably compiled by
Shems ed Din Mohammed in about 1320 shows tubes for firing both
arrows and balls by means of powder

F. A manuscript preserved in Christ Church Library, Oxford,v
. shows a crude gun shaped like a bottle and used to discharge a dart.

G. Two frescoes in the church of the former monastery of St.
Leonardo, in Lecetto, near Siena, which were painted by Paolo sel
"Maestro Neri in 1340, show a large cylindrical cannon dlschargmg
a spherical projectile, and some hand guns.

- H. In 1331 cannon were used by the Moors in the siege of Ali-
cante. In 1342 cannon were used again by the Moors in the de-
fense of Algeciras against Alphoneo XI of Castile.
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1. Guns were used by the English in the battle of Crecy in 1346.

J. Two bombardes on wheeled carriages were used by the Vene-
tians in the siege of Inero in 1376. ‘

112. Fifteenth century cannon.—The fifteenth century opens with
the British, Belgians, and French in the possession of small open-
tube or breech-loading « wall ” cannon, of wrought iron and bronze,
small muzzle-loading bronze mortars cast integral with the base, and
 at the elevations of 45°, bronze and wrought-iron field guns of rela-
tively small caliber, and the great wrought-iron bombardes” such
as the Dulle Griet, of 25-inch caliber, some of which at least were
mounted on wheeled carriages. Practically all nations had gotten
as far as they could in the development of wrought-iron guns and

* PLATE 44.

LARGE CALIBER CANNON OF EARLY BREECH-LOADING TYPE.

little further was done. There are no records at hand that indicate
further development in the use of this metal until about 1850, when
the practice of coiling long rods of wrought iron about a mandril
and then welding the coil into a cylinder was adopted. Considerable
progress was made, however, in the art of casting in bronze, and in.
1468 a great “ bombard ” was cast, apparently by the Turks, of bronze
in Constantinople. This “bombard” is in two picces, Plate 44. It
has a bore of 25 inches diameter and a powder chamber with inside
diameter of 10 inches. The two pieces are screwed together. One of
the projectiles used was a granite shot weighing 672 pounds. The
gun complete weighs 18% tons. These guns were made to serve as
« coast defense” guns and were so placed as to prevent the passage of
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PLATE 45.

' CAST CANNON OF THE FIFTEENTH CENTURY.
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‘the Dardanelles. They were in use even as late as 1807, when a Brit-
ish squadron under Sir John Duckworth forced the straits. . In this
engagement 6 men-of-war. (wood) were more or less damaged and
126 men killed or wounded by these massive stone projectiles. Other
cannon typical of this period are shown in Plate 45. S

113. Sizteenth century cannon—At the beginning of the century -
we find the great cast-bronze and forged wrought-iron bombardes

still popular. The art of casting in bronze had been developed during

_ the previous century to the point of casting the great tubes weighing

as much as 18 tons. [Early in this century the greatest gun that prob-
“ably was ever made was cast in Moscow. This was the great so-called -

Mortar of Moscow, having a bore of 36 inches and a powder chamber .
" tapering from 19 to 18 inches. Tts total length was 18 feet. The .

wrought-iron gun Dulle Griet was 197 inches, as compared with the -

- 916 inches of this cast gun. This gun or mortar was, of course, used
‘to throw stone projectiles. A sphere of granite 36 inches in diameter
would weigh about 2,200 pounds. No records are available to indi-
cate the weight of this gun nor the methods of handling it. It is
assumed that it was simply trussed up as the other bombardes and
" kept at one elevation at least during any one engagement. _
114. Early in this century one finds the use of metal projectiles
becoming more common as a consequence of the more general produc-
“tion and use of casting iron. The introduction and more general use
of metal projectiles had the effect of putting into disuse the great
bombardes by the middle of the century and the substitution of long
= cast-bronze and forged wrought-iron cannon of much smaller caliber.
In 1544 a bronze cannon of 4.75-inch caliber and of the even at
presenit unusual length of 58 calibers was cast at Utrecht and pre-
sented by Charles V to Henry VIIL This cannon is now in Dover
Castle and has acquired the facetious name of “Queen Elizabeth’s
Pocket Pistol.” . (The small hand gun termed a “pistol ” is said to
have gotten its name from the fact that such arms were first made in
Pistoia, Italy.) The longer high-powered cast and forged cannon
using the metal projectiles were really as powerful as the rather
feeble large-caliber bombardes. The mobility of the smaller cannon
* caused them to supplant the great unwieldy type. R
. 115. In this development of the art of casting both in bronze and
- jron we see also the appearance of trunnions more” generally, and
_in fact guns of this century came generally to be supported on
their crude carriages by means of trunnions. The mortars were
cast with trunnions practically flush ‘with the breach end, Plate 46,
and were mounted on heavy timber platforms with grooves in
which the trunnions rested and wedges in front for changing the
elevation. Iron founders were introduced into .England for the
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purpose of casting cannon in about 1540. The art of casting in
iron was more highly developed on the Continent than in England.
As the art of casting and forging became more highly developed
during this century and guns were made in relatively larger num-
bers, there was some attempt at the establishment of standard cali-
bers. This did not get very far, but the sixteenth century must
be given the credit for starting it. Some little work was done also
in developing schemes for preventing the escape of gases past the
projectiles. Round and cylindrical projectiles were: coated with
lead and rammed laboriously down the bores of the guns.

116. Probably the most notable discovery for which the century
should be remembered is that of rifling. Rifles, presumably hand,
are said to have been invented by August Kotter, of Nuremberg, in
1520. Since the evidence is good, one may accept this statement
as a fact, or as at least indicating the earliest knowledge of the
principle of rifling early in this century. The unexplained question
is how it was discovered. One theory is that the first rifled hand-
- guns had straight grooves which were introduced in an attempt
to secure better obturation with a lead bullet than had been secured
with a smoothbore gun. A modification of the straight grooves to
curved, still with the desire of securing better obturation, brought
about results in the stabilizing of a cylindrical bullet that had not
been expected. This really seems a tenable theory. The only other
on which one could work would be a recognition of the principle
of the gyroscope and its application to gun projectiles. Since the.
principle of the gyroscope does not seem to have been recognized
until nearly 1750, it does not seem reasonable to connect a recog-
nition of this principle with the spiral grooving of the first guns.
Further, cannon were being developed by men of the trade guilds
and not by the mathematicians or so-called scientists, and though
highly skilled these tradesmen rarely had any education of. letters
or appreciation of the application of the various principles of me-
chanics. Tt appears, therefore, that the discovery of the merits
of rifling must have been through accident, and one should not
consider this so surprising, for many more wonderful principles have
been discovered through stranger accidents. _

117. The principle of rifling was not generally adopted during
the sixteenth century nor in fact for several centuries afterwards.
Rifles were introduced into several continental armies during the
seventeenth century, but in each case were withdrawn, principally
because of the excessive time required to load them. In those few
cannon that were rifled during this century two, three, or four
grooves were provided and the projectiles, solid, were fitted with
soft metal lugs to fit into the grooves. The guns were relatively
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weak and did not stand the pressures developed, and I‘lﬂlnf’ did not
. meet with tremendous favor. :

. 118. The sixteenth century developments may be summ‘arized as.
covering the casting of the largest caliber bombard ever made and
the gradual abandonment of the bombard as a type too unwieldy
to retain, the development of extremely long cast-bronze and forged
wrought-iron small-caliber cannon, the introduction of metal pro-
jectiles, and the discovery of the principle of rifling. The use of
trunnions to support guns on their carriages became more com-

“mon, and some little progress was made in the standardizing of the -

calibers of cannon. Metal projectiles were also coated w1th lead
to secure better obturation.

" 119. Seventeenth century cannon—During this century relatively. -
little was done in the development of cannon. Some progress was
made in the art of casting, some little improvement was made in
the accuracy with which cannon were cast, cannon. became some-
what more ornate, and quite a little was done in the standardizing
of sizes of cannon both as to bore and length. During this century
cannon were classified in England as cannon royal or double,cannon
weighing about 8,000 pounds and shooting solid shot of 60, 62, and
63 pounds; whole cannon, weight 7,000 pounds, shooting solid shot
of 38, 39, and 40 pounds; and demi cannon, weight 6,000 pounds, ..

.and firing shot of 28 or 30 pounds. These cannon were also styled

cannon of 6, 7, and 8. Incidentally the earliest use of the word

- “cannon” (L‘ canna, tube) to indicate a piece of artillery seems

to have been in 1474. Cannon of a weight less than 6,000 pounds
were called culverln, saker, falcon, 24 pounds, 4-pounders, etc., re-
spectively. There is a record that Cromwell took with h1m to
Ireland two cannon of 8, two cannon of 7, two. demi cannon, and

. two 24-pounders.

120. The indications are that by the beglnnm" of the seventeenth_
century cannon tubes had gotten considerably ahead of carriages,
ammunition, projectiles, and the science of artillery in general.
This may account for the lack of development in design of cannon

-tubes during both this and most of the next century. It will be

remembered that the first shell were used late in the sixteenth cen-
tury and were developed to a higher degree during the seventeenth.
Fuses received more attention, and multiple shot, *chain” and
“case,” were first employed. Coast or fort guns were mounted on
wood carriages such as is illustrated in Plate 47. These guns were

" generally supplied with trunnions and were capable of being elevated

a few degrees by means of the wedge under the breech end. Iron
breech-loading guns were also in use, but chiefly on ships in restricted -
places where it would be nearly impossible to load them from the
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muzzle. Such guns were without trunnions and .were mounted on
- the original type of wood cradle, which was in this case grooved on
.the underside to permit it to slide on the traversing or directing bar
pivoted at its front end. Both the bronze and iron cannon were cast .
heavier during this century, Plate 48, because of the greater strength
of the grained or corned powder that came into use. The larger
cannon were of course made of cast iron, while the smaller field guns
were made of bronze. T - ‘

121. Eighteenth century cannon—~This century, as the last, is
marked largely by refinement in design, increase in weight of guns,
improvement in the quality of materials used, and improvement in
the methods employed in casting and machining cannon tubes. The
breech-loading gun was still more of a curiosity than otherwise;
cast iron and steel were both looked upon with disfavor, more be-
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cause of ignorance of the proper principles of the design of guns
than from any fault of the metal. Bronze was considered the best
material available. Little further improvement had been made in
powder. It is true, however, that rifled- muzzle-loading cannon
were coming gradually more into favor, and considerable improve-
ment was made in the design of carriages.. This will be discussed
later under that heading. :

122. Some quotations from the book written by Louis de Toussard
at the end of this century on the methods employed in the casting
of cannon will be of interest. It has been mentioned that de Tous-
sard was an officer in the army of General Washington and wrote
this book at the request of the general. He describes in great de-
tail the methods and formulas for the making of powder and the
furnaces and machinery used in manufacturing cannon. Following
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are some extracts from this book with

copies of some of his
illustrations: \

,

SECTION III.——ToszSABn’s ARTILLERIST.

. ON THE CASTING OF CANNON AND MORTAERS.
Cannon were formerly cast- with a core, for which purpose a
_shaft of iron, covered with clay and supported at the breech b;
an iron frame with three legs, was placed in the center of the mould.
But, notwithstanding all the precautions taken to place this core
' with precision, the bore was never perfectly straight, nor was the

thickness uniform, because the core could not sustain the fall and .

heat of so great a quantity of metal without bending and warping
considerably. Chambers or cavities were also occasioned by the
air contained in the clay round the shaft, which the heat expands,
and which lodges in the piece, finding no issue when the metal has

passed it. - To obviate these defects, guns are now cast solid, by -

which method the bores are always straight, and the chambers very
rare! - . . ) . _ '

“Yet even this method of casting is said to be attended with de-
fects. The tin, which cools last (because the heat of the copper

keeps it a long time in fusion), escapes in great quantity as the

copper assumes a certain consistency, and the parts nearest the
mould always cool first. The tin then runs towards the center in
a greater proportion than is necessary to make brass of the best
quality; so that, after having taken out with the cutters a cylinder
of metal sufficient to form the bore of the piece, the remainder of
the mass of metal has no longer a well-proportioned mixture. .
The custom of turning the pieces, that the bore may be concengric
with the exterior surface, has also its inconveniences; it takes away
a great part or the whole of the exterior crust, which is extremely
hard, because the parts of the metal nearest the mould, cooling first,
have retained the tin, which is there divided in the due proportion.
These reasons have induced those who do not wish to aftribute the
destruction of the guns to the concussions of the balls in the bore to
think that they are ruined because only the softest part remains.

But, even were this satisfactorily proved, still the straightness of

the bore, and their greater accurac in firing, fully counterbalances
the diminution in the duration of the cannon.?

1In the method of casting with a core, a8 well as in that of castin, solid, the air in-
closed in the mould and expanded by the heat occasions chambers. It is thought that
this would be avoided if the melted metal, instead of falling from the top of the mould,
rl']ere to 1e(;:ter below ; the air would then easily escape as fast as the metal would rise in

e mould. : v

31t is a fact well known, that in almost all substances which are cast in moulds,
passing from a state of fluidity to that of solidity, their mass varies in hardness,

becoming more porous as it approaches the axis of the mass; and this increases in pro- -

‘portion to the bulk. Cannon cast solid ought then, according to this rule, to have more
density and force at their exterior surface than on the sides of the bores which are
nearer the axis of the mass; and this diminution of density and force should be greater
in proportion in the larger than in the smaller calibers, on account of the increase of
bulk. It follows, therefore, that with an equal pressure of the elastic fluid, the sinking
of the metal under the projectile, or by its concussions, must be greater in the larger
than in the smaller calibers. To conciude, it should be added to this, 1st, what with
an equal density of the mixture, the lodgment of the ball, the pernicious effect of this
inevitable force of pressure, must be more speedy in proportion to the size of the piece ;
2d, that with an equal velocity, the concussions are proportioned to the weights of the
projectiles ; they must, therefore, be more violent and destructive in the 24 than in the
16 pounders, and more in these last than in the 12 pounders, etc.; 3d, the concussions
are not only more violent in the large guns, as has just been shown, but they also bhegin
sooner and are more frequent. (Martilliere.)
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. Cores do not cause the same inconveniences in mortars; therefore
1t appears that it would be advantageous to cast them all in this
manner, and to take off as little as possible of the sides of the bore
in smoothing them. It is certain that mortars, by this method, would
have a_greater power of resistance, and consequently a longer dura-
tion. However, 10-inch mortars for short ranges, those of 8 inches,
and howitzers, are cast solid and afterwards bored. There are, there-
fore, only the 12-inch mortars, those of 10 inches for great ranges,
and stone mortars, that are cast with a core. For this operation the
mould is suspended above the core, which is introduced into it in
such a manner that no part of it remains after the casting, as was
sometimes practised in the casting of cannon when the base of the
core remained sunk in the metal. This method, the reverse of that
formerly employed in the fabrication of cannon with the core, re-
~quires much care and art to execute it with accuracy. The excess of
metal is taken off with the last cutter after its axis has been deter-
mined, and the piece is turned in the same manner as other firearms.

In the field 12, 8, and 4 pounders the axis of the trunnions passes
through the center of the bore. Some affirm that if the upper line
of those trunnions passed through the center of the bore, as in the
24 and 16 pounders, they would be more solid; because in casting,
the metal, having reached the height of the trunnions, is obliged to
divide or separate to supply the dolphins and trunnions, and the
mixture being altered in coo{ing, this part of the reinforcement not .
having sufficient thickness, and not being capable of being supplied
like the rest from the metal above, is therefore less dense than the
breech and chace. Besides, if the trunnions were placed as they
propose, the cannon would be more elevated above the cheeks of the
carriage, which could not but be advantageous for their service in
the field. ‘ ,

It has long been an object of attention to discdver some method
of ameliorating the castings, and of giving to the brass such a power
of resistance as to make 1t capable of longer service. There have
been firearms cast according to the processes of able founders, who
had exercised their art 20 years in Austria, which had very great
power of resistance; among others some field 4 pounders which
were fired 5,000 times without being injured. .

These proofs were renewed in 1786, and the 4 and 8 pounders of
the same founders were superior to those of the ancient casting,
having, with the others, been fired 3,000 times, with less injury.
The 12 pounders had not the same advantage over those.of the
ancient casting; 916 discharges entirely ruined the former, while
the latter were yet serviceable after having been fired 2,400 times. .

All these fieldpieces were proved with the same kind of fixed
shot used in war. This method preserves the guns very much.
The ball with the shoe forms,a cylinder which slides along the bore, -
and, which not being liable to any rotatory motion, does not. produce-
those violent concussions which very soon destroy the gun. The
shoe does not separate from the ball till it has left the piece; an:
evidence of this is that in these proofs the greatest part of the shoes
were found, either whole or broken, at 50, 60, and 100 yards from
the butt, whereas by themselves they could not have gone 30 yards
from the piece, owing to the resistance of the air. In this case reason
agrees with experience, since a 4 pounder (one of those which were
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fired 3,000 times with fixed shot) was destroyed in 576 discharges
(without the shoe).
~ The proof of this is more evident in the 24 and 16 pounders, some
of which were destroyed in 37 shots, others in 50, one in 150, another
in 720, one in 825, another of the same casting as the last, and as
that which was destroyed in 37 discharges, was fired 3,400 times.
It would be wrong, therefore, to attribute their rapid destruction.
merely to the quality of the metal. There are many cannon’ of
large ‘calibers, and of ancient casting, which have been used a long
time, and which may be serviceable much longer.

Lot us examine the proceedings previous to the fusion of the metal
in the furnace.

OF .THE PROCEEDINGS IN THE FABRICATION.

The principal operations in the casting of artillery consist, Ist,
in the modelling; 2d, in‘the fusing and casting of the metal; 3d, in
the boring; 4th, in the piercing of the vent and repair of imper-
fections in the casting; and 5thly, in the proof and visits which

/insure the quality of the same guns.

We will treat these parts separately, but as succinctly as the limits
of this publication will allow. Without speaking of the moulds
in earth, which are sufficiently known in this country, we will begin
with the moulds in sand. '

MOULDS IN SAND.

When the moulds are made in sand, the model of the piece, with
the spruce, is of copper or iron.® The first of these metals is prefer-
able, because its surface is smoother, and it is more easily drawn
from the sand. The model is divided into pieces, which are moulded
separately, and the division is such that each piece may easily be
drawn out. Each piece has a flask of cast iron, nearly of the same
height as itself, and composed of two parts which are joined length-
wise and fastened together with pins and keys. The model is placed
in the center of the flask, and the interval fi led with sand, tempered
with clay, which is well rammed to give it a sufficient hardness. '

The brass model is hollow, as well to diminish its weight as for the
convenience of working. If the piece is to have some projecting
parts, as the trunnions or astragal, etc., the models of these objects
are applied to that of the cannon, and fastened there with screws .
which are turned in the interior of the model. When the piece is
moulded the screws are unfixed and the models withdrawn._ The

different parts of the mould are then dried in a stove, after which a

coat of coal dust, diluted with water, is spread over the interior. In

this state the parts of the mould are let down successively into the
pit, where they are placed upon each other and, fastened together
with pins and keys; the mould is then ready to receive the metal.
This slicht description is far from being sufficient for those who
wish to put into execution the moulding in sand. We will, therefore,

enter into the details respecting each part that we may deem neces-
sary. '

8 In the French national foundries the models are of pewfer.
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CONSTRUCTION OF THE FLASKS.

The cast-iron flask of a cannon mould is composed of as many
parts, or particular flasks, as there are pieces in the model. Each of
these flasks is divided into two parts lengthwise of the cannon, that
the cannon may be easily cleared of the sand which envelops it when
it is cast; and round each of the parts there are projecting edges, by
means of which the whole may be put together and fastened with pins
and keys. The longitudinal and straight edges serve to unite the two
halves of one flask, and the circular edges connect two adjacent flasks.
It is evident that these edges must be pierced with holes in which the

PLATE 49.

CAST CANNON AND MOLD.

corresponding pins must enter, and that the edges, which are to be
in contact, must exactly correspond, Plate 49.

To cast the parts of the flasks, a demicylinder, of the same diameter
and exterior form of the part to be cast, and some inches longer than
this part, is made in plaster or wood. The ends should be rounded
that 1t may easily be drawn from the sand. At each of these ends is
made a groove from six to nine lines in breadth, and as much in
depth, according to the caliber of the piece for which the flask is
designed ; for instance, for a 36 pounder nine lines are given to these
grooves, and somewhat less for smaller calibers. In these grooves are
placed circular pieces of wood, 3 or 4 inches broad, which form the
connecting edges of two adjacent flasks. The whole being placed
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upon a wooden platform, a straight plece of board (of the same
dimensions as the circular pieces) is put on each side, and forms the
connecting edge of the parts of the same flask. A frame of wood, or
of cast iron, is then put on and the sand rammed into the intervals
in the ordinary manner. The casting funnel is placed on the flask,
and the air holes made on the most elevated parts of the edges.

When this part of the mould is made, it is raised up and turned.
The demicylinder of plaster or wood remains upon the platform,
and the straight as well as the circular pieces of wood remain in
the sand. The circular pieces form a projection equal to the part
that was in the groove of the demicylinder. The space between
these projections is filled with small straight pieces of wood of the
same thickness as the projection. The second part of the frame is
put on, the sand is rammed as usual and ‘the mould turned over. It
is then opened, all the little pieces of board (which readily quit the
sand) are drawn out, and the mould is finished.

These parts of the flask are cast without drying the moulds..
Care should be taken not to ram the sand too much.

To avoid the trouble of piercing holes for the handles and for
the pins, which serve to unite the parts of the flask after the iron
is cold, small parcels of earth are used, which will produce holes in
the casting; but then great attention should be paid that these par-
cels of earth may be so placed that the holes shall exactly correspond.

The flask, which corresponds to that part of the model in which
the trunnions are to be formed, must have two arms, one on each
half of the flask, in which the trunnions should be moulded. To
mould these arms, it is necessary to adjust to the demicylinder an
octagonal box, and to make it pretty large in order that the two
parts of the mould (that of the interior and that of the exterior)
may be easily drawn out. :

The flask of the breech cannot be cast in this manner; it should
have nearly the same profile as this part of the cannon; it is turned
with patterns made with two boards in which the profile is cut, one
for the interior and the other for the exterior.

The handles of each part of the flask, and the connecting pins and
keys, are riveted while hot.* : .

OF THE MODELS.

The surfaces of the several pieces of the model should be very
smooth and straight. If there are any cavities in the middle, the
model cannot be drawn from the mould. .

Each piece should be a little longer than the corresponding part
of the cannon, on account of the contraction of the metal in cooling.
This contraction, which is not exactly the same in all cast iron, is
estimated at three-quarters of a line to a foot of the length. Its
effect on the diameter is too inconsiderable to deserve much attention.

The points of division of the model or pieces are, 1st, at the
breech; 2d, at the first reinforce; 3d, at the second reinforce;
4th, at the chace; 5th, at the tulip or swelling of the muzzle; and
all these pieces, placed in their proper order upon each other,

¢ The explanations which are annexed to the eight additional plates render it unneces-
~ sary to multiply references in this chapter. -
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should represent the complete model with its sprucehead. To pre-
vent the different pieces from experiencing any derangement in the
operation of moulding, they are joined to each other by a gorge and
- groove nearly in the manner of the two parts of a snuffbox. This
gorge and groove should be some lines in depth, and that part of
the piece which is to be introduced into the contiguous piece, should
be in addition to the length of the first, so that the two pieces, when
united, may both be of the determined length. '

We have already mentioned how the models of the projecting parts:
are adjusted; a few additional observations, however, must be made
on the astragal. If the model of the astragal was a circle in one
piece, with the necessary moulding, after having drawn from the
mould the model of the part of the cannon to which the astragal
belongs, this circle would remain in the sand, and it would be im-
possible to take it out. This circle then must be divided into several
parts, which are taken out separately. It is generally divided into
three parts; but this division should not be made in cuts directed
from the circumference- to the center because ‘the different parts
would then be joined like the stakes of an arch, and it would be-
impossible to take them out. They should be cut in an eccentric
- and slanting direction, that the pieces may then be taken out with
ease. It is evident that each part must be screwed separately on
the body of the model.

OF THE SAND.

Nature seldom produces a sand perfectly proper for moulding;
but when the qualities which sand ought to have are known it is
never difficult to compose one which may have every requisite. .

1. The sand must not be of such a nature as to be melted by the
great heat which it experiences from the melted metal; for it then
vitrifies at the surface, forms protuberances, of which it is difficult to
clear the metal. _ : _

9. There should not be too much clay in it, because it would con-
tract too much in drying. z '

3. It should be rough and angular; for if its particles were
round they.could not unite, and they would not hold together in the
moulding.

4. The sand should not be pure, because there would be no ad-
herence in it, and it would not preserve the form given to it. '

Therefore, to compose a sand which may possess all the necessary
qualities, we must choose that which is quartzy, angular, rather
coarse, and very refractory; that is, which will not vitrify even
with the greatest heat; then moisten it with water in which some
clay has been diluted, and mix it well. There is clay enough in the
composition, when, if we take a handful while it is yet moist, squeeze
it, and then open the hand, the mass retains the form given to it
by the compression. ' S .

When the baking which it is necessary to give the moulds, and.
the heat of the metal, have hardened the clay and deprived it of
"its adhesive quality, it is moistened with water in which a little clay
" is diluted. Iq§y this means the same sand will last a long time. DBut
if sand is not to be procured, sifted cement may be used in following
the preceding process, provided the burnt earth (of which the
cement is made) is sufficiently refractory not to vitrify by the heat
of the metal in fusion. '
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OF THE MOULDING.

The moulding of a cannon. is begun by taking the model of
the breech, which is placed on a wooden platform; the model, with
the part of the flask that is to envelop it, is then covered, and the
sand rammed between them. When that is done, the whole is
turned over, and the surface of the sand compressed between the
model and the flask is sprinkled with pulverized charcoal, in order
that the sand of the succeeding piece may not adhere to it when
it is necessary to separate them to draw-the parts of the model
from the interior of the mould. ’ -

Then, by means of a crane, Plate 50, which is placed in a con-
venient situation for this purpose, the model of the first reinforce
is put gently on that of the breech, so that the gorge of the one
may enter exactly into the groove of the other. The flask of the

- PLATE 50.

TYPES OF CRANES USED IN GUN FACTORY.

first reinforce is afterwards raised with the crane, so as to pass over
its model and let down gently until it rests upon the flask of the
breech, taking care to turn it so that the holes in its lower edge-
may correspond with those in the edge of the flask of the breech.

That being done, the sand is rammed in between the model and
the flask with wooden rammers. The sand must be put in gradually;
if too much is thrown in at once, only the upper part will be
rammed; the lower part will not be sufficiently hardened, and will
not be able to resist the pressure of the metal in fusion, which
will cause considerable inequalities in the surface of the gun. The
rammers should be so small as not to strike upon too great a surface,
in order that the moulding may be more complete. When one
piece is entirely moulded, the model and flask of the contiguous
piece is put upon it, for which the same means are used, and thus
in succession until the sprucehead is moulded. = - :

The trunnions are moulded at the side, and this part of the flask
is then closed by a plate at each end which is fastened with pins
to the other parts of the mould. : ' '
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The iron guns cast for the Navy have no other projecting
parts but the trunnions and astragals; those of brass for the land
service have dolphins. The most convenient. manner of moulding
them is to screw the models of the dolphins, full and without any
void, on the models of the piece; for this purpose the flask must have
a swelling in this part which affords the necessary space. Small
pieces are then moulded separately, which have exactly the form
of the void of the dolphins; and when the models of the piece and of
the full dolphins are drawn from the mould, these small pieces are
introduced into the place which they are to occupy:. They should
enter, like a drawer, into spaces made for that purpose by the models
of the full dolphins. By this simple process we may dispense with
a series of operations which require much attention and address.

When a flask is put upon another which has just been filled with
sand, care must be taken to place between the two flasks three small
wooden wedges half a line in thickness, to prevent the two parts of
the flask from touching; because the sand withdraws a little in dry-
ing, and when the mould is afterwards placed for casting, there
might be, without this precaution, an interval between the sand of
the two parts of the flask, through which the metal might run out.
Besides the piece would run the risk of not being perfectly straight.
These wedges also serve to dress the flasks in such a manner that the
model may always be in the center.

The moulding being finished, the mould is taken to pieces in
order to draw out the different parts of the model. For this purpose
all flasks are successively raised with the crane, which carry with
them the sand and models which they contain; they. are let down
upon the ground and turned so that the large end may be uppermost.
The screws which fasten the projecting parts to the model are then
taken from the interior, if there are any; the model is then struck
with a wooden mallet in order to detach it from the sand. It is
raised gently with the crane, and care taken that it does not oscillate
against the sand, the form of which it would spoil. If this accident
happens, it must be repaired by putting in sand with a small trowel;
this additional part must be made to adhere to the first by means of
long pins of iron wire. ' v '

The flasks, after the models have been taken out, are carried to
the stove to be dried. : :

OF THE STOVE.

The stove is 2 room 10 or 12 feet square,-lined on the inside with
brick work, if possible, and arched. There is a hole in the arch to
let the smoke out. In the middle of this chamber is an iron grate, in
the form of a millhopper, 5 feet square at the top, diminished towards
the bottom, and composed of iron bars an inch square in which wood
or stonecoal is burned. . :

The meulds are ranged round this grate. There may be several
rows on the top of each other; but they must be supported by iron
bars, the ends of which are fastened in the walls. ‘

It requires about 15 hours to dry the moulds with a pretty
strong heat. They must not, however, be made red hot, because that
would strain the flasks and soon destroy them.
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When the moulds are taken out of the stove, and before they are
put together, it is necessary to give them the coat of pulverized
charcoal, diluted with clayed water, for which purpose a long-
haired brush is used. As this mixture dries as fast as it is put on,
care should be taken not to pass the brush several times over the
same spot, because it would occasion unequal thicknesses. -

OF .THE CRANE.

(Plate 50.)

. The pieces of the model of a cannon, and the parts of the flask
corresponding to them, are very heavy. They must be placed upon
each other with care, and without violence. In a cannon furnace
it is therefore indispensable to establish a crane to facilitate the
work as well as to save the number of hands which would other-
wise be wanted at some moments, and which at other times would
have nothing to do. ' ’ '

This crane should have an arm at least 10 feet long and should
be about 15 or 16 feet high. There should be at the end of the
arm a pulley, the rope of which should wind round an horizontal
windlass, fixed to the vertical shaft of the crane. It is also neces-
sary to adjust a cogwheel to the axis of this windlass and a small
pinion to the handle by Which it is turned. :

The crane should serve not only to move the pieces of the models
and the flasks for the operation of moulding, but also to place the
parts of the mould in the pit, and to draw out the cannon when
cast. The vertical shaft ought to be placed in such a manner that,
in turning, the end of the arm ma be placed over the pit, and over
every part of the space in which tl};ey work. .

SecrioN V.

OF FURNACES, AND FUSING OF IRON METAL.

The mould being placed in the pit, if the piece is small, or if the -
crucible of the furnace contains metal enough for the casting, a
canal is formed to conduct the metal from the hole into the crucible
of the furnace to the mouth of the mould, and which is so lengthened
that the metal may fall vertically into the mould.  The earth of
this gutter should not be too dry because the metal would carry it
into the mould; neither ought it to be too wet, as this would occa-
sion explosions which might cause the casting to fail; it has the
proper moisture when it can be beaten and smoothed at the surface.
The gutter is traversed by a thin piece of board, which, sinking a
little into the stream of the metal, stops the scoria which float on
the surface, and suffer only the pure metal to pass. When the
mould is full to the top of the spruce, the stream is stopped by
driving the dam into the ground. s )

The crucibles of blast furnaces do not contain metal enough for -
large pieces, each of which requires a casting of ten or eleven
thousand pounds. This is remedied by building . near the blast
furnace one or more air furnaces fourneaux a reverbere, which are
only intended to reflux the metal coming from other founderies, . -
and to supply the quantity required for the casting. The gutters
of these furnaces are united to that of the blast furnace. The
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crucibles of the air furnaces are first pierced, because the metal,
acquiring more tenacity at the second smelting, is better calculated
for the breech of the piece, which should be capable of the greatest
resistance. The crucible of the blast furnace is then pierced in
order to finish the chace and the spruce; in such manner, however,
that there may be no interval between the flowing of the two streams.

Air furnaces are heated with a combustible matter which pro-
duces flame. The fire is not animated by bellows; its activity is
excited by the draught of air, which is the greater in proportion
to the height of the chimney. To reach the chimney, the flame is
obliged to strike the metal, which is placed on an inclined hearth,
and as it melts, runs and collects in the crucible of the furnace.
. The art of smelting iron in an air furnace consists principally

in the quickness with which it is put in fusion. This metal easily
loses the coal which it has absorbed in the blast furnace, and, if it
is kept long in the fire before the degree of heat is sufficient to
© melt it, it loses its fusibility; it is, therefore, requisite that the fur-
nace.should have a form which may receive, in the shortest time,
the greatest degree of heat.

"The name of reverberatory, given to these furnaces, arose from
the opinion that the vault of this furnace reflected the flame upon
the metal, and increased the temperature, and hence great im-
portance was attached to the form of the vault. This form should be
such as to be firm and last a long time; but it has no effect on the
temperature. What chiefly contributes to give a very high degree
of heat is the smallness of capacity of the furnace. It is much more
difficult to raise a large space than to raise a small one to a given
temperature. The principal attention, therefore, in the construction
of air furnaces is to suppress all useless capacity and to avoid
all cavities which are not absolutely necessary. It must also be ob-
served that the volume of the flame, diminishing in proportion to the
distance from the body in combustion, the dimensions of the in-
terior arch of the furnace should also diminish from the grate to the
chimney. . , '

The furnace, exclusive of the chimney, is composed of three -
principal parts—the fireplace, the hearth, and the crucible.

The grate of the fireplace is very broad, and should have a
- greater surface than the interior arch of the furnace, even at the
broadest part; it should be placed 8 inches below the level of the
hearth. If the coals be small, the grate must be raised 5 inches; for
this purpose, the two lintels, which support the bars of the grate,
should be set in a groove made in the brick work, that they may
be raised or lowered at pleasure, in order that as little a weight
at the other end, by means of which it is easily raised or lowered.
The third door is placed at the back part of the furnace about the
crucible; through this door the metal is stirred when in fusion to
mix it and render its quality uniform throughout. Through this
door they also take out the metal in ladles for some small castings.
This door is closed by a square of burnt earth, in the middle of
which a hole is formed, by means of which the interior of the
furnace may be viewed and the state of the fusion ascertained.
This hole is also closed with earth. The crevices at the sides of
the two last doors are closed with mould sand.
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When the smelting is to take place, the furnace is heated till
the interior is white hot and till the sand of the hearth begins to
vitrify, which is known by striking upon it with an iron bar. This
pre((:iaution is necessary to prevent the metal from sinking into the
sand. : :

When the furnace is heated to this degree, it is charged with as
much as 5,000 weight of metal in pieces. The charge is put in with
the utmost expedition, that the interior of the furnace may not
be too much cooled during the operation.

To facilitate the operation of charging, it is advantageous to

"have the pigs cast in the blast furnace of about 100 weight; how-
ever, much Jarger pieces may be put in, as fragments of old cannon
and the spruces of those which have been previously cast. The
furnace being charged, the crevices of the doors are stopped up, and
in two or three hours the metal should be entirely fused and collected
in the bath of the crucible.

When the broken pieces which compose the charge are rusty, which
is generally the case, the oxygen of this oxyd attached itself to the
coat contained in the metal and burns it; the metal purifies at the
surface, and having lost part of the coal which rendered it fusible,
it assumes only the clammy form, and the outside of the pieces remain
in a lump upon the hearth. In this case, a moment before the cast-
ing, the door is a little opened and this mass is raised with a bar to
facilitate the running of the parts which are in fusion into the bath
of the crucible. '

The name of carcas is given to the masses which thus resist the
fusion. This iron, which has undergone the purification to a cer-
tain degree, should be carried to the forge to be wrought into bars.

Several castings may be made successively by taking the precau- -
tion to clean the floor of the furnaces, and to remove all the scoria
which may remain there. In this case some sand must be spread
over the hearth, the door of which is then shut in order to heat it
before it is charged. ,

In what has been said, we have supposed that the air furnaces

" ought to be heated with stone coal. As the activity of this combus-
tible is very great (because it contains a great quantity of inflam-
mable matter in a small bulk) the fusion is more rapid, and the metal

‘in fusion experiences less alteration; therefore, whenever it can be
procured, stone coal should be preferred. But in countries where it
can not be had, air furnaces may be heated with wood. For this
purpose the grate of the fireplace must be placed lower, so that
between it and the wall of the hearth there may be the length of one
stick. The sticks are placed upright on the grate that their inflam-
mation may be more rapid and the action of the fire more powerful.
The wood 1s put in from above by means of an air opening made in
the furnace over the fireplace, which opening is shut with a lid ‘as
soon as the wood is thrown in. Small wood only should be used,
so that the combustion may be more rapid.’ ,

The casting being finished, the mould remains in the pit about 10
or 12 hours to give it time to cool and that it may be moved without
injury. ‘It is then raised from the pit, the flasks are taken off, and
the piece is cleared of the sand which adheres to it. The piece is
then ready to be carried to the boring mill.
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SECcTION VI,

PROCEEDINGS IN THE CASTING OF BRASS CANNON.

The charge of the furnace consists commonly of old pieces of
cannon unfit for service, of metals remaining from preceding cast-
ings, and of new copper. The size of this charge is proportioned to
the moulds which are to be filled. The founder ought to know how-
much is necessary for the casting, including the waste.’

The metals should be so placed in an air furnace that the most
easy to melt may be least exposed to the fire and so that none may
fall in a lump before the furnace is sufficiently heated to receive
them without their hardening; otherwise the whole will form a cake
in such a manner that it will be impossible to discover the bricks
of the furnace to place them better; it then forms a thick crust
which no fire can penetrate; the casting then fails. This accident
should be more particularly avoided, as, besides the loss of the
moulds, that of the furnace 1s also a consequence, of which there are
many examples. But the founder ought to be acquainted with
every part of his profession, and should also be able to construct his
furnace with proper refractory earth for this purpose.

Everything being thus prepared the furnace 1s lighted, the fire
of which should be carufelly attended ; for too much activity in this
element would produce the bad effects just mentioned. '

The large pieces being in fusion, the new copper is put in. The
founder attends to the proper time of putting in the fresh charges,
and when the whole is melted the fire 1s increased to such a degree
that all the heterogeneous particles are evaporated, which can only
take place after an entire fusion. , »

A short time before the tin is put in the fused metal is scummed
to clear it of the vitrified earths which float on the top. The pro-
portion is 11 pounds of tin to 100 of copper; this completes the
purification of the metal. .

The floating vitrified particles are nothing but a metallic calx,
which occasions loss by the particles of copper which it carries with
it and which are afterwards detached from it. )

In order to give a clearer idea of a casting, we will give an ac-
count of - the operation.

Forty-four or forty-five thousand pounds of metal were put into
an air furnace; of this about 40,000 pounds were old castings, and
the rest new rosettes.® .

The metal remained 20 or 21 hours in the furnace to acquire the
quality proper for the casting.® ) . )

Half an hour before casting the pure tin of Cornwall was put in,
and stirred with a long stick the better to mix it with the copper.
Borings of brass guns were also used, and put in about three-quarters
of an hour before casting.

8 The rosettes are masses obtained by cooling the surface of the melted copper by the
application of a wet broom. The copper suddenly cooled hardens at the surface, and
forms a broad thin cake, which is taken off. 'The broken surface of the rosettes is
rough and the metal has not all the purity of which it is susceptible. .

8 A casting was made the 23rd of June, 1786, under the direction of Messrs. Poitevin
and Douay. The charge of the furnace consisted of 33,130 pounds of old metal, 1,200
pounds of new copper, and 1,300 pounds of pure tin. The furnace was lit 25 hours
before the casting, a time which appeared necessary, according to the principles of tbe
founders, to obtain the best possible fusion of those metals.
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The quantity of metal put into the furnace ought to be double the
weight of the guns when completed. For example, these forty-four
or forty-five thousand pounds were to make five 16 and two 8 pound-
ers, which when completed were to weigh from twenty to twenty- .
three thousand; but 1t is necessary to consider the waste and the
heavy spruces which are afterwards melted again in other castings.

When the metals were sufficiently melted, the casting was begun.
For this purpose was suspended by its center a large wooden pole,
with a long piece of iron at the end which was made red hot; this
end entered a canal made at the bottom of the furnace. With this
pole they drove in an iron stopper which closed the. furnace at this
place; the metal then ran through brick canals to the moulds. These
canals were kept as hot as possible with coals till the moment of
casting. ' o

When several pieces are to be cast, all these canals communicate
with eacl other; but the metal runs into but two moulds-at a time.
When the moulds are full, an iron plate, moved with a hook, is
lowered. The metal then runs into new canals to fill other moulds,
into which it falls as soon as two iron rods are raised, at the end of
which an iron stopper closes the orifice by which the metal enters.
The moulds are generally filled in four or five minutes.

The earth is removed from about the casting the day following.
The mould is raised, the cannon and spruce cut off, and the cannon
prepared for boring. ‘

Secrion VIL
OF BORING CANNON.

Cannon were formerly cast hollow by means of a core covered with
clay, which was placed 1n the middle of the mould, and kept in the
center of the gun, at the bottom, by means of three iron rods which
remained in the metal of the breech, so that when the core was taken
off, there was nothing further necessary than to cleanse the bore of
the gun with allezer. For this operation the gun was fixed vertically
in a grooved frame, with its mouth downwards; the allezer’s rod
served as an axis to the machinery, which was made to turn by means
of two horses, or other power, and the weight of the gun forced it
down as fast as the allezer worked itself into the bore. The pressure
occasioned by the weight of heavy pieces was modified by a counter-
poise, as it would have been too powerful.

But the core, which formed the bore of the piece, was liable to
become excentric, and would frequently occasion fissures, soufilures,
by restraining the arrangement of the metal, so as to render the gun
defective; cannon is, therefore, now generally cast solid, afterwards
bored, and moulds are made without a core.

“Maritz, an eminent founder at Strasbourg, is the first who thought
of boring guns horizontally, and to give them a circular motion,
instead of causing the cutters, forets, to turn. By this method
cannon are easily bored to their axis, and you can ascertain that
the bore is central when the rod of the cutter does not participate
in the motion of the piece; whereas if the cutter was made to turn,
and its direction not to coincide exactly with the axis of the piece,
the gun might be bored off its center.

734—23——T
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Formerly, and even now, in the ancient foundries, the operation
- was performed by using several cutters in succession until the gun
was bored to its caliber; each cutter increasing the diameter of six
or eight lines, after which the bore was cleansed and completed with
the allezer. In the new foundries only one cutter is used. The’
bore is cut at first to its caliber, and then cleansed with the allezer.

The Plate 51 and their explanations are sufficient to indicate all
the proceedings which are made use of in the new horizontal horing
machine which is established at Chaillot, near Paris. It is put in
motion by means of a steam engine; but there is nothing in the com-
position of the machine but what will also answer with any other
mover, provided it is sufficiently powerful.”

While inspector of the artillery the author had an opportunity
of witnessing the exerticns made at Cecil furnace by Col. Samuel
Hughes; at Washington by Henry Foxall; in Philadelphia; at
Hope Furnace, in Providence, R. I.; Hanover Furnace, in Jersey,
etc., by the persons who superintend these works, to improve even
upon the European machines. It is but justice to declare that these
horizontal boring machines have been carried by these gentlemen to
great degree of perfection in the United States, and that out of
upwards of 2,000 cannon of different calibers, which, in the dis-
charge of his duty as inspector, he never was compelled to reject
a gun on account of a defect in the bore, which was bored in their
horizontal boring machines. ' (The Author.)

123. In summarizing the accomplishments of this century we
find quite heavy guns being used for coast defense, most of them
being muzzle-loading and smoothbore, however. A few were breech-
loaders and a few were rifled. Plate 52 illustrates the advance made
in the carriages. And this, after all, is the one and perhaps only
significant respect in which one can expect to find coast artillery
distinctive. The fact that one should notice even at this compara-
tively late date is that ships and fort carriages were still practically
if not entirely the same. The real development that brought about
such sharp distinctions comes in the following century, when events
move so rapidly that one can hardly follow and determine the
sources of the inspirations resulting in new designs, applications
of new principles, etc. - _

124. Nineteenth century cannon, 1800-1850.—The quotation from
Toussard’s book on Artillery above gives a fair conception of the
state of both the science of artillery and the art of making guns
in 1800. During the following 50 years there is little indication
of material advancement discernible in concrete results. The evi-
dence is, however, that as with an individual who is preparing a
treatise on any elaborate and complicated technical subject, every-
one who had any concern with guns, gun carriages, and- all forms
or parts of equipment having to do with artillery was doing a tre-

7This new machine was first invented at Strasbourg and greatly improved by Mr.
Verbruggen, a Dutchman, who was chief founder at the royal foundry at Woolwich,
where probably the best horizontal boring machine, in Europe, has been lately estab-
lished ; it bores both the inside, turns and polishes the outside at once. (Ch. James.)
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PLATE 51.

PLAN VIEW AND ELEVATION OF CANNON-BORING MACHINE.
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mendous amount of thinking, putting together all of the discoveries
and inventions of the past centuries, with the hopeful and deter-
mined desire to finally cease dabbling with the science and art and
bring about a state wherein artillery might without stretching the
imagination be considered a science, and the making of guns, car-
riages, etc., an art. During this period we produced in America
two types of guns known as Dahlgrens and Columbiads that indi-
cated some thinking in the proper direction. They represent merely
a tendency and have but little merit in themselves. During our

PLATE 52.

o MPDRGUR IN BATTRRY. n
* . Ona wden platform,

' Biwvatos.

SEACOAST C;&RRIAGE OF THE LATE EIGHTEENTH CENTURY.

Civil War we were using four types of guns on our boats and in our
fortifications. Perhaps it is not proper to call them all types. They
at least had distinctive names. These were the Dahlgrens, Colum-
biads, Parrots, and Armstrongs. A letter from Gencral Lee to the
chief of ordnance in Richmond in 1862 is very interesting in this
respect :

Col. J. Goraas, .

Chief of Ordnance Dept.

CoroxeL: Is there a possibility of constructing an iron-plated
battery, mounting a heavy gun on trucks, the whole covered with
iron, to move along the York River Railroad? Ilease sce what can
be done. See the Navy Department and oflicers. If a proper one
can be got up at once, it will be of immense advantage to us. Ilave
you got any mortars that we could put at some point on the railroad ?

Very respectfully, R. E. Lzr, General.
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195. The Columbiad, Plate 53, was a heavy cast-iron smoothbore
cannon of a form introduced by Col. George Bombord, and used in
the war of 1812. Columbiads were made of 8 and 10-inch caliber
and were used for projecting both solid shot and shell. They were
equally suited to the Jefense of narrow channels and distant road-
steads. In 1860 General Rodman, of the United States Ordnance
Department, devised a 15-inch Columbiad which was cast hollow
and cooled from the interior, thus increasing the hardness and
density of the metal next the bore. In this process of cooling Gen-
eral Rodman kept the exterior of the gun hot by special methods

PLATE 53.

10-INCH COLUMBIAD.

of heating and insulation to prevent radiation of Leat. DBoth this
and the Dallgren were usually muzzle-loading although some few
were modified to be breechloaders. The Parrot and Armstrong guns
belong to the next period and will be described there.

126. The Dahlgren was a smoothbore cast-iron gun invented by
Lieut. (afterwards Read Admiral) J. A. Dahlgren (born 1809, died
1870), of the United States Navy. Its principal peculiarities are
{he unbroken smoothness of its surface and the relation of its thick-
uess at all points to the pressure in firing (determined by experi-
mentation).

127. Tollowing is some evidence indicating that at last designers
and builders had come to the conclusion that smoothbore cannon
and spherical shot must go forever: Tn 1845 Major Cavalli, a Sardin-
ian oflicer, invented a new breech mechanism for a rifled gun of the
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type shown in Plate 54. This mechanism was sufficiently successful
to establish the rifled gun for good. To this was added the Wah-
rendorff gun, Plate 55, in 1846, and the results obtained from the
two types were so promising, even though the weak cast iron of the
gun gave way at the breech in several cases after the firing of only a
few rounds, that experimenters and engineers of merit decided that
the rifled cannon was the only weapon to consider.

128. In connection with the above it is interesting to quote from
pages 74-78 of Sir James Emerson Tennent’s book, The Story of
the Guns:

It became evident that the imparting of new qualities to small .'
arms must be fatal to the previous ascendency of cannon, and that

° PLATE 54.
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THE CAVALLI BREECH MECHANISM.

‘unless the power of the latter’ could be augmented’in a like pro-
portion, artillery would cease to exert its accustomed influence in -
deciding the fate of the battles. Out of this rational conviction
arose the rifled guns of Lancaster and others in England, and in
France the cannons rayees, whose powers of destruction, developed
too late to be displayed against the Russians in the Crimea or the
Baltic, were manifested with fearful effect at Magenta and Solferino.

The idea of rifling artillery was far from being new; it had been
tried in Germany more than a century before our time, and Robins,
the accomplished inventor of the “ ballistic pendulum ” for determin-
ing the relative velocity of projectiles, ex%erimented on rifled field
pieces in England so far back as 1745. M. Ponchara at Paris in
1819, and Montigny at Brussels in 1836, and again at St. Peters-
burg in 1836, had in succession renewed the attempt. Colonel
Cavalli in Sardinia, and Baron Wahrendorf in Sweden, each carrieda
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on experiments in rifling, and combined with it inventions for
breech-loading; but the measure of their success was not attested
by the practical adoption of any of their plans.

Colonel Treuille de Beaulieu made more than one effort between
1840 and 1832 to revive the subject in France, and at length, ih
1854, Napoleon I1I, himself an authority on artillery, convinced by
the protraction of the operations before Sebastopol of the insufli-
ciency of smoothbore siege guns to meet the requirements of modern
warfare, directed the resumption of experiments on rifled cannon.
Uniting in one plece various suggestions of previous_inventors,
amongst others of Baron \Wahrendorf and Lieutenant Engstroem,
some brass guns were grooved under the direction of Colonel Treuille
de Beaulieu, and sent for immediate service to Algeria. With fur-
ther improvements, suggested by their trial there, and afterwards in
Cochin China, France was the first to possess herself of rifled field

PLATE 55.

BREECH MECHANISM OF THE WAHRENDORFF TYPE.

guns, and the earliest opportunity for the display of their destructive

forces was aflorded by the Italian campaign in 1836. The guns
there employed were rifled with six rounded grooves, and being cap-
able of firing ordinary ammunition as well as elongated projectiles
from long distances, they scattered the reserves of the Austrians,

‘rolled back the charges of cavalry, and ploughed through squadrons
at close quarters with case shot and canister.

This result was the signal for a reconstruction of all the artillery
of Europe. Impressed with its importance, England was the first
of the great powers to follow the lead of France, and so rapid was
Ler advance upon it that specimens of her newly developed skill
in the manufactory of rifled cannon, displayed at the Great Exhibi-
tion in London in 1862, called forth the unrestrained admiration of
M. Treuille de Beaulieu, who acted as the commissioner of France.
Fascinated by the beauty of the English guns, and passing the most
cordial eulogium on the surpassing quality and splendor of their
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workmanship, “un luxe et une puissance ('outillage merveilleux,”
he accompanied his phrase by the consoling reflection that although
- no examples of Irench artillery were exhibited in competition with
those of Armstrong and Whitworth, still its paramount influence
was apparent in these magnificent productions of its rivals.

129. In addition to'the recognition of the merit of the principle

of rifling, a most important and vital principle of the construction

of cannon had been recognized rather early in the century. Cast
cannon insisted on bursting no matter what precautions were taken.
The full power of even the black powder that was then in use could
not be utilized for fear of the failure of the guns. In America we
adopted the principle of constructing our large guns in rather mas-
sive proportions, Columbiads, and of cast iron rather than of any
malleable material. In 1854 Professor Treadwell, of ITarvard Uni-
versity, presented a paper which was printed by the American
Academy showing that a gun made of solid material soon reaches a
limit of thickness beyond which additional thickness is practically
useless in giving strength to resist tangential or circumferential
stress. Here it is interesting to quote again from Tennent’s book,
pages 89-92: '

Professor Treadwell, of the Harvard University in Massachu-
setts, working out the physical principles of the same problem as
applied to artillery, has shown that it is impossible to increase the
strength of cast-iron cannon, in any useful degree, by any increase
to their thickness beyond that usually given to them, which, as a
general rule, may be assumed to be equal to the calibre. To over-
come this difficulty, Treadwell recommended that cast-iron guns
should be encased with hoops of wrought iron, in layers placed one
above the other, each with an increasing strain, so that the entire
mass might oppose a combined resistance to the expansion occasioned
by the explosive force of the gunpowder.® Like almost every other
process recently applied to the improvement of ordnance, the idea
of reinforcing guns by outward layers of wrought iron was not
new. Colonel Treuille de Beaulieu states that it was proposed to
the French Government by M. Goupil in 1833, and tried by Colonel
Frederick shortly after in Belgium. The principle has also been
applied in this country by Captain Blakely, of the I{ofyal Artillery,
who, in 1833, took out a patent for a “method of forming guns

8 Treadwell’s process is thus described by himself in a paper printed by the American
Academy * On the practicability of constructing cannon of great calibre, capable of
enduring long-continued use under full charges,” page 19: ‘“ Now, to obviate the great
cauge of weakness arising from the conditions before recited, and to obtain as far as
may be the strength of wrought iron instead of that of cast iron for cannon, I propose
the following mode of construction. 1 propose to form a body for the gun, containing
the calibre and breech as now formed of east iron, but with walls of only about half the
thickness of the diameter of the bore. Upon this body I place rings or hoops of wrought
iron in one, two, or more layers. ILvery hoop is formed with a screw or thread upon its
inside to fit to a corresponding screw or thread formed upon the body of the gun first,
and afterwards upon each layer that is embraced by another layer. These hoops are
made a little, say 1/1000th part of their diameters, less upon their insides than the
parts that they enclose. They are then expanded by heat, and being turned on to their
places, suffered to cool when they shrink and compress, tirst the body of the gun, and
afterwards each successive layer all that it encloses. This compression must be made
such, that when the gun is subjected to the greatest force, the body of the gun and the
several layers of rings will be distended to the fracturing points at the same time, and
thus take a porticn of the strain up to its bearing capacity.’
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with an internal tube of cast iron or steel inclosed in a case of
wrought iron or steel, heated and shrunk upon the cylinder.” His
specification explained that the substance of the patent consisted
in rendering the internal diameters of the outer collars so much
smaller than the external diameters of the inner ones that, after |
being cooled, the former maintain a uniform tension or permanent
strain upon the latter. Captain Blakely’s plan presents a remark-
able analogy to the process of Treadwell, described in a previous
page; but the patentee has stated before the ordnance committee
of the House of Commons that between the two there is neither
relation nor resemblance.

The first gun, however, which Captain Blakely produced in 1854

" underwent a competitive trial with a cast-iron gun and a brass one,

both in use in the service, in the course of which the cast-iron one
gave way after 351 rounds, and the brass one after 479, whilst the
Blakely stood 3,389 shots. Upwards of 400 guns on his plan have
since been made in England, and “thousands,” as the patentee
states, in other countries, chiefly in France and the United States,
where they were used in repelling the Federal attack upon Charles-
town in'the spring of 1863. _

130. We see recognized finally in these 50 years the two prin-
ciples which have permitted such amazing progress during the past
70 years; that is, from 1850 to 1920. Guns can not be made in one
piece, and they must be rifled.

131. Nineteenth century cannon, 1850-1900.—With the two prin-
ciples noted above recognized as fundamental, the stage was all
cet in 1850 for the most spectacular progress that the science of
artillery and art of building guns have seen in their six and a half
centuries of existence. At about this time Sir William Armstrong,
who had deserted the profession of law for that of engineering,
took up at his establishment experimental ‘work on the development
of rifled, built-up, steel and wrought iron, muzzle and breech load-
ing cannon. In 1854 the British Government applied to a Mr.
Joseph Whitworth, a precision instrument manufacturer of Man-
chester, for assistance in improving the Enfield rifle. In the course
of his experiments to this end he worked likewise on cannon and
developed a very unique if not entirely satisfactory system of
rifling—that is, twisted oval and hexagonal bores. h

Woolwich gun.—A built-up muzzle-loading cannon used in the
British service. The tube was made of solid cast steel drawn out
by heating and hammering (forged). -After boring, turning, and
chambering, the tube is heated to a uniform temperature and plunged
into a covered tank of rape oil to harden and temper it. Wrought-
iron coils are shrunk on over the tube to complete the structure.
The breech coil is formed of a triple coil, a trunnion ring, and a
double coil welded together. The muzzle coil is composed of two
single coils united by an end weld. The breech piece is screwed
into the breech coil so as to abut against the tube. The gun is
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assembled by heating the coils, and these when expanded are slipped
over the tube and allowed to contract. The tube is kept cool during
this operation by forcing a stream of cold water through the bore.
These guns have from 7 to 10 grooves semicircular in cross section
‘with curved edges and with a uniformly increasing twist.. It was a
practice to heat the tubes to a red heat and immerse them in rape
_oil without any subsequent tempering. The natural result in many
instances was the bursting of the gun. This caused a distrust of steel
until the proper methods of working such metal were developed in
about 1880. The steel barrels of the muzzle-loading rifles were forged
solid, while the tubes of the breech-loading guns were forged either
solid or over a mandril. In building on the hoops the scheme was
developed of locking them together, Plate 56. This scheme is still
followed by some countries, by oursclves to a certain extent, but is
avoided entirely by others who prefer to let the hoops part if the
tube lengthens. ~
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METHOD OF LOCKING TOGETHER‘ THE HOOPS OF A BUILT-UP GUN.

133. In 1863 England conducted an investigation of the various
cuns that had been developed, and adopted as the approved piece
of ordnance the built-up steel and wrought-iron muzzle-loading rifle
. rifled with a number of wide, deep grooves. This was for them ‘an
unfortunate step backward, and they did not reverse this decision
until about 1880. Meanwhile Armstrong continued to manufacture
breech as well as muzzle-loading rifles, and sold many of both
kinds to both the Union and Confederate Governments in America
during the Civil War. The muzzle-loading rifles required a projec-
" tile provided with studs, or in some cases with gas-check pads of
copper cut to fit the rifling. Such projectiles were found to fly
more accurately and to a greater range.

134. During the years 1850-1870 General Rodman, of the Ord-
nance Department, was experimenting on the production of a cast-
iron gun by the method of chilling the surface of the bore by means
of water in a hollow core, while the outside was kept hot both by
heating and by insulating. This procedure produced a gun whose
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inner layers were under considerable contraction and they were
much superior to the unchilled cast guns. A large number of cast
guns were made over this procedure, one with a caliber as great as
920 inches. The quality of the iron was quite superior and this may
have had a little to do with the quality of the gun. Most of the
guns were muzzle-loading and smoothbore, but a number were tubed
with wrought-iron tubes which were afterwards rifled. Some were
rifled with two or four broad, deep grooves, and some were converted
into breech-loading rifles. Rodman guns were of the Columbiad
design, but were cast over Rodman’s scheme of chilling. This was
merely a temporary development, however, and could not endure
because, although it produced a gun in which the inner layers were
under compression, the material used had not sufficient strength to
withstand the pressures developed in a high-power rifle.

135. We do not have any such guns in service in America to-day.
During the World War, however, the French used many guns of
large caliber which were made of cast iron and either tubed with
steel throughout their length or for a short distance from the powder
chamber. Among these are the 190, 240, 270, 293, 305, and 320
millimeter howitzers and mortars mounted on railway carriages.
Many of these guns were used by American artillerymen, and al-
though several of the guns burst, in general they rendered most
excellent service. One 320-millimeter howitzer examined had fired
1,500 rounds and the rifling was still in such good condition as to
indicate a probable remaining life of 500 rounds. This information
is not given as a recommendation for the manufacture and use of
cast guns, but to make a matter. of record the fact that such guns
took their part along with the more modern steel built-up and wire-
wound guns in the greatest struggle the world has known. When -
a war overtakes any nation it is too late to build large guns. They
must get along on the large caliber guns they possess, or can buy;
hence the use by the French of every large gun they could find.

136. In about 1880 commercial steel manufacturers in America
began to acquire forging facilities that permitted them to manufac-
ture the parts for guns of large caliber. At the present time our
facilities of this description are second to those of no other nation.
In fact, we are the great iron producers and fabricators of the world
now and whatever we wish can be made with relative ease. DBy the
year 1900 all of the principles over which the guns of to-day are con-
structed were rather well known. As soon as the art of constructing
guns of a number of pieces had been well developed, the metallurgist
was called upon for still better materials. Thus, in 1900 we had
built-up and wire-wound guns of alloy steel that were capable of
withstanding pressure as great as 40,000 pounds per square inch.
All of these guns were breech-loading, using a screw breechblock
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having an interrupted thread that permitted it to be locked or re-
Jeased by rotating through from 30 degrees to 45 degrees, and were
rifled with a large number of comparatively shallow grooves—that
is, not more than one-eighth of an inch deep, and not more than one-
quarter of an inch wide. Both uniform and increasing twist rifling
was used, and even to-day we find both systems used.

137. During the past few years the Ordnance Department has de-
veloped a 50-caliber 16-inch gun for American coast defences that is
probably the most powerful weapon of its kind now in existence. It
therefore represents the limit of the development begun in about 1250.
This gun is made partially over the built-up principle, is wire wound,
is made of the finest of alloy steels, and the parts were forged in the
ordnance department of our Bethlehem and Midvale Steel Co.’s mills.
The machine work has been done at our Watervliet Arsenal. Some of
the guns have been proved and found quite satisfactory and are now
being installed. This gun and its carriage will be described in detail
in the next section. This gun is capable of firing a 2,400-pound pro-
jectile to a range of 29 miles. It is the temporary conclusion that this
gun is probably of the economic maximum size. IExperimental guns
of 18-inch caliber are being considered, but it is not yet certain that
there is a definite need for them. As far as the construction of the
cuns is concerned, the principles evolved from 1850 to 1860 are still -
being followed. Methods of manufacture have been tremendously
refined. There is yet considerable work to be done in developing the
proper rifling, and in studying the form and _proportions of the
powder chamber and main bore much research work is also necessary.

138. The achievements of the nineteenth century, in summary,
comprise a recognition of the two fundamental principles of rifling

- and multiple piece construction, and the development of the art of
constructing rifles of wrought iron, carbon steel, and finally of alloy
steel. Rifling was modified from several wide and deep grooves to
many narrow, shallow grooves. Breech mechanisms were perfected to
the point of actually preventing the escape of gases to the rear.
Dahlgren, Columbiad, Parrot, Whitworth, and Rodman guns were
developed, served for a time, and passed from favor and service.
The weight of guns increased from a maximum of 15 tons to 100
tons. Muzzle velocities increased from 1,500 to 3,000 feet per sec-
ond. Black powder passed and smokeless powder came into use.
High-explosive and armor-piercing projectiles were developed, and
finally the methods of rotating projectiles were so improved through
the final adoption of wide copper bands at the rear of the projectile
as to secure real accuracy of fire. , ‘

139. Twentieth century cannon.~—The only cannon that will be
mentioned under this heading is the long-range gun, Plate 57, de-
veloped by the Germans and used by them in shelling Paris in
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1918. This cannon had the characteristics of abnormal length and
used a projectile grooved to fit the rifling of the gun. They were
probably made by retubing worn 381-millimeter 45-caliber naval guns
to a diameter of 210 millimeters and length of about 140 calibers. It
is not yet known what powder was used nor in what form the powder
charge was made up. A muzzle velocity of about 5,200 feet per
second was developed which carried a 264-pound projectile, Plate 20,
to a range of 76 miles. The elevation of the gun for this firing was
about 54 degrees and the projectile mounted to a maximum height of
-about 24 miles in traversing the trajectory of 90 miles between the
gun located in the Forest of St. Gobain, near Laon, France, and
Paris, the target. About three minutes were required for the pro-
jectile to travel this distance.

140. Tt is believed that the gun tube was made of unusually good
alloy steel. It was necessary to use a grooved or rifled projectile
because the shearing strength of copper is not such as to permit its
use for rotating bands. The use of a grooved projectile resulted in
such tremendous friction and rapid wear that the life of the gun
was about 50 rounds. The firing of a projectile at such a tremen-
dous velocity required the accurate balancing of the projectiles on
a dynamic balancing machine, because unbalanced projectiles would
have deviated widely from the mark in so great a distance.

141. This development comprises the construction of a 140-caliber
gun, the use of a rifled projectile, the attainment of a muzzle velocity
of 5200 feet per second, and the discovery that maximum ranges
are attained at eIevatlons as high as 55 degrees. Other discoveries
were made with reference to the regulation of the rate of burmnnr of
powder that have not yet been revealed '

142. Unsolved problems—Among the known unsolved problems
with which we are confronted to-day are the four very important’
ones concerning the causes, character, rate, and effect of the wear
" of guns. If we knew all of the causes we might avoid injurious
practices and improve construction. If we knew more about the
character, the various types, we might the more easily run down
the causes. If we knew more of the rate, we would be the better
able to determine what practice to follow in determining replace-
ments and the materials that might more properly be used If we
knew the effects of the various characters of wear, we would then
be able to judge from examination in the field as well as in our
fortifications just when a gun becomes practically useless.

GUN CARRIAGES.

143. When guns were first made, between 1250 and 1300, it was
not uncommon to find them used in the field by simply placmnr them
on a mound of earth with a stake at the rear to check the recoil.
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Later in the thirteenth century the practice of strapping the smaller
guns to beams of wood was started, and in such cases a stop was
provided at the rear of the beam to prevent the gun from slipping
from the straps. This beam on which the guns were first mounted
received the name of a cradle, and ever since that time we have
been using the term cradle to indicate that part of a gun carriage
which supports the gun tube. During the fourteenth century—
that is, from 1300 to 1400—we find the crudely shaped mortars -
which in some cases were provided with a screw at the rear, or per-
haps merely a projecting spike which was screwed or driven into
a hole chiseled in a heavy beam of wood. Such a mortar mount-

PLATE 58.

EPROUVETTE MORTAR.

ing is shown in Plate 7. The term mortar used strictly implies a
very short cannon cast integral with its base, Plate 58, and set at an
clevation of 45 degrees with the base. The range was varied by vary-
ing the powder charge. In other cases the mortar was simply
shaped like a sphere and was set in a spherical hole in a wood beam.
This shape was later modified in the case of mortars to include
trunnions, one element of the surface of which was tangent to the
rear of the spherical breech of the mortar. The mortar shown in
Plate 59, although cast in 1724, is of this fourteenth and fifteenth
century design, and the trunnions represent approximately a cylinder,
a given portion of which is to the rear of the spherical breech of
the mortar. The carriage of such mortars was still simply a built-up
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platform of timber reinforced perhaps with rods or bolts of wrought
iron and provided with the necessary rings, clips. and hooks for
manipulation of the ropes.

144. The heavy guns developed between 1300 and 1400, among
which are the 23-inch caliber wrought-iron guns that have been
discussed in paragraph 107, were of such weight that in general they
were simply mounted on platforms of planks or on mounds of earth.
Later wheeled carriages. such as is shown in Figure 6, Plate 40,
were developed for some of these guns. The cuns were not orig-
inally provided with trunnions, however, and they did not lend them-
selves to mounting on carriages of this type. In this same cen-
tury wheeled carriages such as are shown in Figures 1 and 2, Plate

PLATE 59.

BRONZE MORTAR OF THE SIXTEENTH CENTURY.

40, were developed ; it is interesting to note how closely these early
designers of carriages approximated the design that we find in
general use to-day. For field nse the typical earriage was that shown
in Plate 60. The earriages first developed for ship and fortification
use were either two or four wheeled trucks similar to that shown in
Plate 47.

145. Carriages for use on ships and in fortifications were com-
mon in desien until the nineteenth century, when the increasing
accuracy of small arms and the slightly increased accuracy of the
cannon themselves compelled the construction of good placements
with protecting walls in front with embrasures through which the
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guns might be fired. The carriages for use in the field as well as
for use in fortifications had undergone some changes to the ex-
tent of being made partially of iron and being provided with a
serew under the breech end of the gun to elevate and depress it
instead of the original wedge: but in the matter of design as to

PLATE 60,

.M

J ‘ﬁ.
il
il
CRUDE CARRIAGE OF THE FOURTEENTH CENTURY.

fit
|

shape and refinement little had been done. In the nineteenth cen-
tury we find further developments in carriage design such as are
shown in Plate 61. These embodied the mounting of the gun car-
riage in such a way as to be pivoted around a center under the
apex of the embrasure in the wall. In other cases the gun was

PLATE 61.

PIVOTED COAST MOUNTS WITH RECOILING TOP-CARRIAGES.

mounted on a double carriage, the lower carriage being carried on

four wheels rolling on two cireular tracks, so placed as to bring

the breech of the gun within the walls and the gun parallel to the

walls when turned entirely to one side. The top carried in such

cases was simply the earriage shown in Plate 47 refined as to elevat-
734—23——S8
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ing mechanism, perhaps, and made partially of iron. " The tendency .
toward double carriages became more pronounced as the necessity
for protecting the gunners was appreciated, and we soon see the
evidence of a search for a satisfactory type of disappearing car-
riage. In general we find in the case of a double carriage that the
top carriage rolls up an incline and returns to its normal position
by force of gravity. . '

146. Tt seems that the conception of the idea of a disappearing
carriage came about during the time when the range and accuracy of
small arms was such as to be of prime concern to the gunners of even
large cannon. As long as small arms could be used to pick off the
crew of a battery, some steps had to be taken to protect these men.
The scheme of firing through an embrasure in a wall was not alto-
gether satisfactory, although we find forts designed and built even
as late as our Civil War arranged in a series of floors with the cannon
as close together as possible on each floor. Thus Fort Sumter, which
was the first to be taken in the Civil War, was a masonry structure
severa] stories high and bristled with cannon projecting from em-
brasures quite close together and on all floors. Old fortifications of
this type which are out of date during only the last 60 years can be
found in almost any port of any size in America or in Europe. :

147. A large number of metal carriages of various types used
principally in fortifications ‘and on board ships are illustrated
in Plates 62, 63, 64, and 65. These are of relatively early
construction as compared with the types that we are now
using, but most of them were developed after the middle of
the nineteenth century. DPlate 62 illustrates quite well an un-
usually heavy type of the double carriage in which the lower
carriage rotates on two tracks in such a way as to bring the gun
parallel to the walls when rotated to one or the other extreme. On
firing, the gun merely rolled up the incline and then returned to its
normal position by force of gravity. Plate 62, Tigures 2 and 4, illus-
trate the types which are provided with only two wheels. These illus-
trations are perhaps the more crude in that there was no provision
for rotating about an axis with reference to the embrasure. Some
of the other carriages illustrated in Plate 62 rotate about a center
which is approximately at the apex of the embrasure. The idea of
providing a mechanism for permitting the gun to disappear behind
the parapet is not embodied in these types.

148. The accuracy of fire of the hand rifle brought about a search
for some satisfactory mechanism that would permit the gun to dis-
appear behind the parapet and be loaded by the men in a protected
position. Plate 63 represents the earlier models or designs for the
accomplishment of this aim, Some of these were for use in the field
and others for use in fortifications. It would appear that they were
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PLATE OF EARLY SEACOAST AND DISAPPEARING CARRIAGES.
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satisfactory for use at the time when they were constructed, although
they scem quite crude now. :

149. Disappearing carriages—The construction shown in Plates 63
and 64 is the forerunner of the scheme developed so elaborately for
use in American fortifications between 1880 and 1914. It will be seen
in Figure 5, Plate 63, that the gun is here mounted on a double car-
riage, the lower of which can be rotated to place the gun in azimuth.
As the gun is fired from a carriage of this type the force of recoil
raises the weight in the well at the front. When the gun or top
carriage is at its lowest position, it is automatically locked by a latch
so that the gun may be loaded in a protected position. When the gun

PLATE 66.

DIAGRAM SHOWING PRINCIPLE OF THE EARLY HYDRAULIC BRAKE.

has been loaded and is ready to fire, the latch is released and the
weight pulls the carriage up to the firing position. The use of such
a weight as this to elevate the gun into its firing position is char-
acteristic of the American Buffington-Crozier disappearing carriage;
other types shown in these plates check the recoil of the gun or top
carriage by the use of levers, friction or springs.

150. The next feature to be added to the disappearing carriage
was the relatively crude hydraulic brake of a design shown in Plate
66. This brake is a forerunner of a recuperator now used on many
British, French, and American field carriages. With the British
carriages the liquid comes directly into contact with the air, while in
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most American and French types a piston is interposed between the
liquid and the air.

151. The Crozier disappearing carriage, which has been developed
in America to such a high degree, is 1llust1"1ted in Plate 168. This is
perhaps the limit of development in disappearing carriages, -and
it is now passing into disuse because of the impossibility of providing
the gun with sufficient elevation with this type of mechanism. The
weight shown in the well is attached to the lower end of the gun
lever which support the gun. These gun levers are pivoted on a top
carriage which rolls on horizontal surfaces or guides. The lower end
of the gun levers are compelled to move in vertical guides so that as

the gun recoils the central pivots move in a horizontal line, while
the connection between the lower end of the levers and the weight
move in a vertical line. The top carriage to which the central pivots
of the levers are attached is provided with hydraulic brake cylinders,
the purpose of which is to check the recoil of the gun. When the
horizontal top carriage has reached its rear position the gun has
dropped to the position shown by the dotted line and is in a con-
venient loading position as well as being entirely behind the parapet.
The two levers seen at the rear of the gun are known as the elevating
arms, and are attached at their lower end to a nut on a screw
by which the elevating arms and the rear of the gun can be moved
up or down.

152. Since we would not think of constructing a carriage to-day with
an elevation of less than 45 degrees, such carriages have necessarily
been discarded. An elevation of as much as 30 degrees has been
secured recently in one such carriage especially redesigned for one
of our latest 16-inch 50-caliber guns. To a certain extent the mount-

ing of such a gun on this limited elevation carriage may be consid-
ered a waste of the possibilities of the gun, because its range can be
considerably increased between 30 degrees and 50 degrees. A com-
parison of this carriage with the other characteristic type of car-
riage—that is, the barbette—shown in Plate 162, gives one a realiza-
tion of the vast difference in the sizes and the probable difliculties in
maintenance. When this carriage was first made, the maximum ele-
vation provided for the gun was 15 degrees, because at this elevation
it was thought that the maximum practicable range was being se-
cured. This sounds rather absurd now, because elevations of 45 de-
grees are quite the rule. Since at the time of the construction of such.
carriages guns were in general in quite plain view of the ships
against which they were firing, it was considered most desirable to
protect the gun carriage and crew against shell fire from sea. The
carriages were therefore mounted behind parapets, and when the
gun was at its lowest position in recoil it was supposed to be below
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a 7-degree depression angle over the edge of the parapet. Any
object under this line was supposed to be safe from fire from sea.

153. Barbette carriages—At the same time that so much atten-
tion was being put to the devising of carriages that would permit
of the disappearance of the gun behind a parapet, the development
was continuing on other types that permitted the gun to remain
always in sight over the parapet. Those designs of carriages shown
in Plate 64 which maintain the gun always in view over the parapet
were and are still termed barbette carriages. Under-this heading
come the pedestal carriages, Plate 64, very commonly used on board
ship as well as in fortifications, especially for small and medium
caliber guns. For larger caliber guns a modification of this type
is used, which has beén developed between the period of 1860 and
the present time.to the carriage that has just been completed for
the 16-inch 50-caliber gun. This carriage presupposes the mounting
of the gun in a cylinder which in turn is carried by means of its
trunnions on the side frames of the chassis of the main carriage.
The gun is thus free to slide in the direction of its axis in the
cylinder or cradle, the cradle is free to rotate about a horizontal
axis, and the chassis is free to rotate on a base about a vertical axis.
When the gun‘is fired the recoil of the gun in the cylinder or cradle
is brought to a stop through the use of a hydraulic recoil mechanism
and is returned to its original position either by means of springs or
a pneumatic recuperator. In the case of such carriages it is necessary
to lower the gun from its firing position to some predetermined load-
ing angle and then elevate it again to the firing position with each
charge. This is distinctive of this type of carriage as against the
scheme of the disappearing carriage, where the gun recoils to its
loading position and as soon as it is loaded and released returns -
automatically to the firing position. :

154. Mortar carriages—A third type of carriage, if we may call it
a distinctive type, is that for mortars, Plate 210. Since mortars have
generally been mounted in pits, it probably is improper to style the
carriages on which they are mounted barbette carriages, although
they do not differ materially from barbette carriages in construction.
The carriage shown in Plate 210 is one of the earliest provided for our
own 12-inch mortars, and as the gun is fired it recoils about the axis
of the elevating arms pivoted to the racer under the muzzle of the
gun. The recoil cylinder is mounted between the elevating arms in a
manner similar to those first used, Plate 66, and serves to check the
recoil of the gun while springs under the forward arms return the
geun to its normal position. | . :

155. Railway carriages—In our Civil War in 1862 General Lee
found it desirable to mount some guns on railway flat cars. This
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design is shown in Plate 67. In all wars it has been found that
the heavier guns have been so difficult to move that until the recent
war the heavier guns employed on our ships and in our fortifica-
tions were very little used in any field warfare. Between 1862 and
1914 the British, French, German, and American Governments had
done a little in the development of railway carriages for the heavier
guns, but in comparison with the progress that has been made since
1914, one would say that little had been accomplished. In 1914 the
French Government concluded that the guns in their fortifications
as well as those on some of their ships would render better service
if mounted in some way so as to be useful in the field. During the
period 1914-1918, therefore, the four principal countries involved
in the conflict spent a great deal of their energy in the development
of carriages that would enable them to use even their 15-inch and
16-inch guns in the field. When such carriages were first made
the possibility of their use for coast defenses was seen, but the press-
ing need was for use in the field, and their use in coast defense was
purely incidental. Under the pressure of shortage of manufacturing
facilities some types of railway carriages have been developed which
are not of the maximum universal usefulness and their value in
coast defenses is perhaps questionable. The types developed are
chown in Plate 68. These include the sliding” type carriage,
where the gun is mounted simply by means of its own trunnions
on the side girders of an extremely heavy steel railway carriage.
The “emplacement ” type involves the mounting of the gun in a
cradle, which in turn is suspended by its trunnions on the*side
girders of a railway carriage. The sliding type just mentioned is
fired directly from the track on which the gun is transported. When
the gun is fired heavy beams mounted in the bottom of the carriage
slide on steel eyebeams attached to the railway ties. For the em-
placement type of carriage a pit is dug and a heavy timber or steel -
foundation or firing platform is placed under the track. The mount
is then placed on this position and the trucks removed. When the
gun is fired the force of recoil is transmitted directly through the
emplacement into the ground. A third type, known as the out-
rigger type, does not involve any subtrack foundation, but trans-
mits the force of recoil through the struts of the outriggers into the
heavy timber pads and thence into the earth. The last type, which
is quite similar to the sliding type, involves the mounting of the
gun in a cradle, which in turn is supported by means of its own
trunnions on the side girder of the carriage. When the gun is
fired the entire carriage rolls back on its wheels and is stopped by the
friction of the brakes. This is termed a “rolling » carriage. The
railway carriages of the subtrack and simple track platform types
have been considered of value for coast defense purposes and are in-

.
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cluded among our coast defense weapons. It is not certain whether
the sliding and rolling types can be used to advantage.

156. The latest carriage of these types that has been designed
takes a 14-inch 50-caliber gun and apparently embodies all of the
requirements which usually govern the design of a barbette car-
riage. It is thought, therefore, that it will prove as satisfactory as
the barbette carriage, and it has the advantage of making the gun
mounted on it available at any place along the coast where the simple
type of platform required has been installed. This type of carriage
seems to offer considerable promise of development, if we may con-
sider the 14-inch 50-caliber an adequate weapon for our coast de-
fense. Unfortunately railway clearances are so limited by tunnels,
bridges, platforms, etc., already constructed that it does not seem
possible’ to mount satisfactorily a 16-inch gun on such a carriage.
For further discussion of railway carriages the reader is referred to
Railway Artillery, particulaly Volume I
* 157. In summary of carriages we have seen the development pro-
ceed from the crude plank cradle through the wheeled mounts of
the fourteenth century, the truck mounts of the period from 1500
to 1800, the double carriage and pivoted mounts of the early nine-
teenth century, the crude wheeled and fixed disappearing carriages,
some depending upon the use of weights and others upon springs,
to the present state of perfection in “disappearing,” “bar-
bette” and “railway?” carriages. Disappearing carriages appar-
ently have reached the limit of their usefulness, and it seems probable
now that no more will be constructed for our service. The idea of
protecting such a gun’from the view: of the enemy by means of a
parapet seems to have lost its value, partially through the great
increase in the range of guns and partially through the introduc-
tion of airplanes. Such guns can, if desired, be mounted several
miles back of the coast, because generally they must depend upon
either airplane observation or observation from shore-line observa-
tion stations for their operation. The barbette carriage shown for
the 16-inch 50-caliber gun is probably typical of the type of car-
riage that will be of maximum service for any type of gun in coast .
fortifications. This carriage provides for an elevation of 65 degrees,
which is quite ample for mortars as well as guns. Tt is therefore

_the present limit in development.

ELEVATING MECHANISMS.

158. Wedge.—The mounting for the heavy wrought-iron guns of
the fourteenth century is shown in Plate 69. Tt has already been
explained that in using such guns they were brought to an ad-
- vantageous point before a fortification and were trussed up to the
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desired elevation by means of timbers, stone, dirt, etc., and left
in that position until the wall had been breeched. Some of the
early field guns of heavy caliber, two of which are mentioned as
having been used in 1376 in the siege of Quero by the Venetians,
were mounted in a wood cradle which was capable of slight rotation
in a vertical plane on the carriage. This general scheme of elevation
and the elevating mechanism is shown in Plate 60. As soon as
guns were provided with trunnions in the next century it was the
custom to use wedges, Plate 47, under the muzzle or breech, to give
{he gun the proper elevation. Elevations of 10 degrees were about
the maximum for guns carried on trunnions, and the wedges easily
sufficed. In the eighteenth century we find the use of a screw under
the breech end of the gun becoming rather common for field cannon
especially, and this mechanism has continued in use with consider-
able refinement even to the present day. Wedges were used in con-

PLATE 69.

\

—
NEE —

WROUGHT-IRON GUN ON CRUDE PLANK CARRIAGE.

nection with the elevation of guns probably. as late as our own
Civil War, and by other countries even later. There has been little
possibility of developing the wedge in practical form for extreme
ranges in elevation, and this device has therefore passed from use.

159. Screw.—The screw has lent itself with considerable ease to
the extremes of elevation, and one finds it used rather generally
on the carriages of both large and small guns on board ship, in
fortifications, and in railway carriages. Numerous cases of the use
of the screw are seen in Plates 62-66.

160. Gears—It is not known definitely just when gears were first
introduced for the purpose of elevating guns, but the carriage shown
in Figure 1, Plate 63, shows the use of a rather unique double elevat-
ing rack. This scheme of elevation involved the attaching to the gun
of either a circular or straight rack which meshes with a pinion which
is the end of a train of gears leading to the elevating handle. One
finds numerous modifications of this type of mechanism, some of
which involve the attaching of a single circular rack to the bottom
of the gun, some a double circular rack to the bottom of the gun,
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" others a single circular rack on one side of the gun, or on each side of
the gun. The straight rack designs involve the pivoting of a straight
rack to the bottom of the breech of the gun, Plate 70, or the connect-
ing of the bottom of the breech of the gun by means of two connecting
rods to a rack moving in a fixed plane in the bottom of the carriage,
Plate 71. In the 16-inch barbette carriage which has just been
finished, the circular rack has been used to considerable advantage in
a combination that results practically in automatic elevation and de-
pression. When a release lever in the elevating mechanism is pressed,
the gun, if loaded, rises slowly to its firing position because of its
breech preponderance. If the lever is pressed when the gun is ele-
vated and empty, it slowly descends to its loading position because
of a muzzle preponderance. : ,

" 161. Worm gears—In many elevating mechanisms involving the
use of gears it was the practice during past years to incorporate a
worm and worm wheel, Plates 63-66. These were introduced largely
for the purpose of providing an automatic lock in the mechanism.
It has been found that the introducing of the worm in the mechanism
involves so much friction and consequent loss of power that during .
the last few years all mechanisms comprise spur gears only and a °
band-brake mechanism similar to that used on automobiles is intro-
duced to serve as a partial lock as well as slip friction safety devices.

:162. Elevating mechanisms may then be summarized as having
been developed from the original crude scheme of mounting the gun

- with its wood platform on a mound of earth at the proper elevation,
through the single and multiple wedge to the simple and compound
screws and the combinations of gears and racks as we find them
to-day. : o i
RECOIL AND RECUPERATOR MECHANISMS. .

163. The original scheme for preventing a gun from sliding to the
rear on firing is shown in Plate 69. The gun merely rested on the
wood platform or cradle that was provided and the recoil mechanism
then comprised merely heavy timber stops that were driven into the
ground. The next developmenet in recoil mechanisms comprised the

. mounting of the guns on two-wheeled field carriages and two or four
wheeled truck carriages, Plates 47 and 60. - In the case of the former,
when the gun was fired the carriage rolled and slid to the rear and
was stopped by the friction of the trail against the ground and the
effort required to roll the wheels up a constant slight incline caused
by the heavy wheels and carriage making & depression in the ground.
In the case of the truck carriage, it was quite common to pass ropes .

' from hooks on the side of the carriage over pegs in the ground or

through eyes attached to walls in the front and then either around

the rear of the carriage or to some post about which it might be tied.
734—23——9 '
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In such cases the rope, being slightly elastic, would transmit rather
easily the shock of recoil into the wall or peg about which the rope
was passed. On shipboard it was quite common to put coils of rope,
grass mats, loose bundles of canvas, bundles of hemp, etc., on the
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deck behind the carriage. As the carriage rolled over these obstruc-
tions it was gradually brought to a rest. It was the practice later
on shipboard to use the training ropes for the purpose of checking
recoil.
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164. Inclined plane—Tt seems probable that the scheme of com-
pelling the carriage to roll up an inclined plane must have been
used at a very early time, because the recognition of the possibilities
of this scheme would not involve any technical skill or knowledge.
It would seem, therefore, that this scheme of checking recoil must
have been used almost simultaneously with the mounting of guns
on wheeled carriages in the fourteenth century. The scheme of
checking recoil by requiring a carriage to roll up an inclined plane
has been tremendously elaborated upon and is in common use even
now. Plate 72 shows an example of present-day uses of this scheme.
Most of the designs of this type that we find now in use remain over
from a period of 30 to 50 years ago when it was considered a good
design. As the power of guns has increased it has been necessary
to add so many other mechanisms to the inclined plane that we have
come to the conclusion that the work done by the top carriage in
climbing the inclined plane is so small a percentage of the total -
work required to be done that it is not profitable to use it.

165. Counterweight.—The next step in the development of recoil
mechanisms involves the harnessing of a weight moving vertically
to the carriage in such a way that when the gun recoils it is com-
pelled to raise the weight. The combination of this together with a
more recent development in mechanisms is still in use in our dis-
appearing carriages; the weight in this case weighs as much as
600,000 pounds. In all of the mechanisms mentioned so far no
cases have arisen where any effort has been required to return the
gun to its firing position. In each case the force of gravity returned
the gun to its normal position either through the pull of the weight
or through the running of the carriage down the inclined plane.

166. Hydraulic brake—ZEarly in the nineteenth century the hy-
draulic mechanism, which has been developed to such a high degree
at the present time, was introduced in the form shown in Plate 70.
This was exceedingly crude, but modifications of this form persist
even to the present day, as has been mentioned before. The merit
of this particular form of the mechanism is that it serves both to
check the recoil and to return the gun to its original position, which
was particularly to be desired on the disappearing carriage on which
it was first used. This mechanism might be considered a hydro-
pneumatic mechanism and may be considered a forerunner of one
of the present rather sharply divided mechanisms which come under
the head of hydropneumatic recoil mechanisms. But little further
was done in the development of mechanisms involving only weights
or the use only of inclined planes. The plates that have already
been mentioned serve to illustrate these in their final form.
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167. Graduated orifices—Since the power of guns continued to
increase very rapidly from the middle of the nineteenth century it
was necessary to modify the hydropneumatic recoil mechanism just
~ mentioned. The first modification that we find is in the use of a
cylinder filled with oil which was compelled to pass through an
orifice in the piston when the gun was fired. This mechanism is

almost identical with the common stop that we find on the doors of
buildings to-day. In connection with this type of mechanism,
springs or weights were used to return the gun to its normal posi-
tion. Such combinations are in use to-day. The hydraulic cylinder
has been tremendously refined and we find in Plate 73 that the orifice
‘through which the oil is required to pass, instead of being simply
a round hole in the piston, is now so graduated as to correspond at
all times to the force being exerted by the gun. Ior this purpose
we find in some cases that grooves of a uniform width but varying
.depth are cut in the walls of the cylinder, in other cases slots of

PLATE 73.
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RECOIL CYLINDER WiTH VARIABLE ORIFICE.

uniform widths and depths are cut in the piston, and bars of uniform
-widths but varying depths are attached to the walls of the cylinder.
The third variation involves holes of uniform diameter in the pis-
ton and round rods of varying cross section passing through these
holes and attached to the ends of the cylinder. The piston rod is
always attached to a lug or band on the gun, and as the gun recoils
the piston is compelled to move with it and the oil is compelled to
pass through the orifices. Since we are in the habit of combining
with this some mechanism which pulls the gun back into its firing
position, it has been necessary to provide some form of what is -
known as a counter-recoil buffer which will prevent the gun from
coming back into battery with too great a shock. There are various
forms of such buffers, two of which are illustrated in Plates 123 and
935. In the one case the recoil piston rod is merely continued into a
~ head which fills with oil as the gun recoils. When the gun is
brought back into battery the oil is forced out of this pocket rather
slowly and prevents the gun from returning too violently. The
most refined form of buffer is that shown in Plate 123, which has
- been developed for the 16-inch gun on its barbette carriage. This
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involves a floating valve which opens quite freely when the gun
recoils but closes when the gun is being returned to battery and
_ prevents the oil from passing from one end of the cylinder to the
other except quite slowly. The first type mentioned was not found
satisfactory for heavy guns which must operate between the ranges
of zero and 65° or even 45°. This new mechanism has been found
entirely satisfactory for the operation of even so heavy a gun as
the 50-caliber at the extremes of elevation of zero and 65°.

168. Spring recuperators—The earliest type of recuperators that
followed the use of weights comprised helical springs, Plate 2117,
upper view. Such recuperator mechanisms were in use in our
service from at least 1870 and are still in use on some of our guns.
The German service very distinctly prefers spring recuperators, and
practically all of their field carriages as well as their heavier
coast and naval carriages use this type. The Dritish service seems
to prefer this type likewise for their heavier guns. We have had

_sufficient experience with the pneumatic recuperator during the past
war to induce us to practically abandon springs for future field and
coast carriages. ;

169. Pneumatic recuperator.—Between 1880 and 1890 Colonel
Duport, of the French Army, developed the famous French 75-
millimeter gun involving a hydropneumatic recoil mechanism in
which'a pneumatic recuperator involving a metal piston between
the air and the liquid replaced the usual springs. It is possible
that this type of mechanism may have been proposed by some one
else, but this seems to be one of the earliest cases of its being suc-
cessfully used on a field carriage. This combination had the ad-
vantage of permitting a very long easy recoil ahd the result was
an unusually steady carriage. This distinctly pneumatic recuper-
ator has been developed for a field carriage carrying a 6-inch gun
and for heavier coast and railway carriages carrying guns as large
as 21 inches. In Plate 125, the design used on several of our railway
carriages as well as on the 16-inch 50-caliber barbette carriage is
shown in detail. It will be observed here that the mechanism in-
volved a floating piston and that a liquid seal is provided against the
escape of the air in the air chamber. Thus, if there is any leaking
from the recuperator it is oil that is lost, and as this oil leaks out
the rod of the floating piston projects slowly from the end of the
main piston, indicating clearly the extent of the loss of oil. This
type of recuperator has been found from quite sufficient trial to be
so satisfactory and efficient that it has been rather generally adopted
for use in our seacoast carriages. The form of pneumatic recuper-
ator which is being used by the British service on its field carriages
is simply a development of the original type of the hydropneumatic
recoil mechanism shown in Plate 74. This refined mechanism in-
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volves a double cylinder, the one of which is principally an air
reservoir. As the gun recoils the oil in the recuperator cylinder
is forced into the air cylinder; thereby compressing the air still
further. When the end of the recoil has been reached, the air forces
the liquid out into the recuperator cylinder and returns the gun to
battery. '

170. Recoil and recuperator mechanisms may then be summarized
as having developed from the original back stop of timbers, Plate
69, through the wheeled carriage stopped by friction, the truck
carriage stopped by obstacles and by means of ropes, the inclined
plane, the weight, the early combined hydropneumatic mechanism,
Plate 66, to the combination of weights and hydraulic mechanism
on the disappearing carriage, Plate 176, the hydraulic cylinder and
springs, Plate 217, and the hydraulic cylinder and pneumatic re-
cuperator of the two types shown in Plates 74 and 125. It is pos-
sible that one should add to this the sliding friction scheme of the
sliding railway mount and the rolling friction scheme of the roll-
ing railway mount, I’late 68. :

. BREECH MECHANISMS.

171. Wedge—From the time that guns were first made in 1250,
it is probable that the advantages of being able to load a gun from
the rear were seen. Crude open-tube or breech-loading guns were
made early in the fourteenth century; that is, about 1325. Prac-
tically all of these early breech mechanisms involved the use of a
wedge. Among the first mechanisms we find the breech-loading
scheme of the so-called “wall” gun, in which the breech served as
the powder chamber and was held in place by means of a metal
wedge, Plate 43. These mechanisms were so crude, however, that
they did not find great favor. In the heavier guns, which were of
cast metal, -the use of such a mechanism generally weakened the
breech to such an extent as to result frequently in the failure of
the gun. From 1325 until the early part of the nineteenth century
breech-loading guns were constantly in existence and in occasional
use. Practically all of the breech mechanisms of those centuries,
however, involved the use of a wedge in some form.

172. In 1845 Major Cavalli, a Sardinian officer, devised the
wedge scheme shown in Plate 54, and in the next year the Wahren- -
dorff breech was devised, involving again the use of a wedge to-
gether with a simple locking screw. It was so difficult to obtain
absolute obturation with these wedge mechanisms, however, that
they did not meet with a great deal of favor.

173. Screw.—In 1834 Sir William Armstrong in his experiments
on breech-loading guns developed a screw breech mechanism, Plate
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75, which though somewhat elaborate gave more satisfactory re-
sults than any of the wedge mechanisms so far used. Fromthis
time on the breech-loading gun was firmly intrenched, and the
various breech mechanisms operated with a relative degree of satis-
faction. In England, France, and America the screw breech has
been developed from the types shown in Plate 43 to the modern type
of mechanism, Plate 121, which is being used on our 16-inch gun,
where we find the breechblock hinged at the bottom of the gun
closed automatically by means of air pressure in the closing cylin-
ders under the gun, and locked by a one-sixteenth revolution of the
block. In coming to this type of screw, which is known as the
Welin stepped-thread screw, we have passed through the simple in-

PLATE 75.
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terrupted screw with three or four alternate sections of thread on
the block, Plate 209, to the present scheme of machining the block
to 4 diameters and dividing the circumference into 16 parts, 12 of
which are threaded and 4 are recessed. DBy this last scheme we
secure contact between a much greater percentage of the block and
the gun than formerly and the block is released and locked by a
very slight rotation. '

174. Obturator pads.—The screw breech mechanisms involved the
use of some form of gasket or gas-check pad which bears heavily
against a cone machined in the breech of the gun. This scheme of
preventing the escape of gases is only relatively satisfactory. Under
hard service in the field these pads insist on swelling when new and
on permitting the escape of gases and the scoring of the cone when

ARMSTRONG (BRITISH) BREECH.
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old. The pads are made of asbestos soaked in tallow, covered with
wire cloth, and compressed under terrific pressure. The steel mush-
room head in front of the pad protects it against the heat of the
powder gases to a certain degree. '

175. Krupp breech—The wedge mechanism that we saw in the
Cavalli and Wahrendorff guns has been developed by the German
Army in the Krupp Ordnance Works to the perfection shown in
Plate 76. Apparently they have used it on all of their ordnance,
even the famous 42-centimeter guns which were used in the destruc-
tion of the forts of Liege in 1914. The use of this type of mechanism
compels the use likewise of metal powder cases, because there is no
other practical means of preventing the escape of gases to the rear.
The introduction of the expandable metal powder cases in France in
1846 opened the way for the development of the wedge breech
mechanism as we find it now in Germany. In the 3-inch caliber

PLATE 76.

.

guns the ammunition is “fixed ” ; that is, the projectile is fastened
into the metal powder case. Above this caliber the ammunition is
generally separate. In some instances the entire powder charge is
contained in a metal case, while in others only the base charge is
contained in a metal case because it would require a case of too great
weight and size to contain the whole charge. The principal purpose
of the case is to prevent the escape of the gases to the rear. After
the projectile is rammed, the powder charge is entered either sep-
arate or in the case and the case slid into the breech until its rim
strikes the breech end of the gun. The powder case varies in thick-
ness from the base to the forward end, and the forward end is forced
against a cone machined in the powder chamber of the gun. The
closing of the screw breech forces the front edge of the case very
hard against the cone and the rim of the case against the breech of
the gun. In this system the primer is always provided in the base

i
H
M.

KRUPP SLIDING-WEDGE BREECH MECHANIS
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of the powder case. When the explosion takes place, the pressure
of the powder forces the thin edge of the powder case tight against
the cone and prevents the escape of the gases to the rear. This
type of mechanism has a few advantages. First, no difficulty is ex-
perienced with swelling of obturator pads. Second, there are no
serious difficulties with firing mechanisms such as one experiences in
the case of the screw breech. Third, it seems a simpler type of
mechanism to manufacture and maintain. We have made use of this

PLATE 77.

THOMPSON BREECH MECHANISM.

mechanism on our antiaircraft and newly designed 3-inch field guns.
In some cases the wedge is made to slide crosswise and in others up
and down. :
176. In summarizing breech mechanisms, we find that although

the development has continued from 1325 to the present day, we
have been working on only two types, the one involving the wedge
and the other the screw, which, after all, is a wedge also. The
earliest mechanism employed a separate powder chamber and the
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intermediate mechanisms are illustrated by the Cavalli and Wahren-
dorff types. One other distinct type, Plate 77, has been proposed
which is neither a wedge nor a screw. This type, unfortunately, does
not possess any very satisfactory means of closing it tightly and
would not serve for guns of modern design. -

FIRING MECHANISMS.
177. Match, wheel, and flint—The earliest scheme employed for
discharging a gun was to apply a cotton or hemp match to the bit of
PLATE 78.

EARLY MUSKET WITH MATCH LOCK.

powder about the vent or in the pan over the vent of the muzzle-
loading gun. This scheme was in common use until after our own
Civil War. In the sixteenth century hand rifles were developed hav-
ing a more or less automatic scheme of firing, where the match of
cotton or hemp was carried by a hammer which dropped to the firing

PLATE 79.

COIL SFRING
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SMALL FIRING MECHANISM WITH WHEEL LOCK.

pan on its release by the trigger, Plate 78. In this same century the
wheel lock, Plate 79, was devised. where we find a small hard-steel
wheel with roughened filelike circumference being rotated rapidly .-
against a small piece of iron pyrites. This lock included a coil spring
which was wound, and on the release of the trigger the spring would
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spin the wheel, which would cause a shower of sparks to fall into
the powder pan and fire the gun. This mechanism was superseded
Dy the flintlock, where the hammer of the gun carried a chip of flint
which on the fall of the hammer struck a small plate of steel, causing
several sparks to drop into the powder pan and fire the gun. It is
understood that both the wheel lock and the flintlock were employed
on some large guns. One British man-of-war had several of its guns
- provided with flintlocks.

178. Detonator lock.—~In 1805 a Reverend Forsyth devised a deto-
nator lock which comprised a magazine shaped like a bottle and
attached to the lock of the gun. This bottle contained a detonating
mixture of potassium chloride, charcoal, and sulphur. A rotation of
the magazine caused a small quantity of this mixture to fall into a

'PLATE 80.

/Z O0P FOR LANIAZT /1O
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BUSSIAN PRIMER THAT
|/ /S SCREWELD INTO HOLOER.

small hole in a plug communicating with the touchhole of the gun.
A second rotation of the magazine brought this detonator charge
into such a position that it could be set off by the fall of a hammer.
Forsyth developed this mechanism to the point where it was more
or less satisfactory for sporting rifles, and serious attempts were
made to develop it for cannon. His experiments were followed so
closely, however, by the invention of the fulminate cap by Mr.
J. Shaw, of Philadelphia, in 1814 that it was not developed to any
great extent. : o

179. Fulminate cap and primers.—In 1814 the fulminate cap, first
of iron, then of pewter, and finally of copper, was developed and
came into general use for small arms. Relatively small use was made
of the fulminate which was employed in these caps until about 1850,
when a friction primer was developed in England that could be
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introduced into the vent of either a breech or muzzle loading gun.
This primer was in itself a firing mechanism in that it was complete.
The operation of this mechanism probably needs no explanation,
since it is so similar to the primers we are using to-day. This type
of primer is in use even to-day. FPlate 80 shows another form of
this primer in the shape of a threaded cylinder which is screwed into
the breech of the gun. It is a friction primer and was in rather
general use by the Russian Army on their 105-millimeter guns. A
large number of these primers were found with the 105-millimeter
nonrecoil guns which were captured by the Germans and then re-
captured by the Americans from the Germans at Margut, Belgium,
in 1918. ° ‘

180. Firing mechanisms of to-day comprise simply various designs
of holders for cartridgelike primers fired by friction or electricity
and other holders for other cartridge-shaped primers fired by the
blow of a hammer. The designs are legion, while the principle of
serving as a holder with or without a hammer is common. Difficul-
ties experienced with some mechanisms have been discussed under
fuses and primers. -

181. Firing mechanisms have then been developed from the match,
through the wheel, flint, and detonator locks, and the fulminate cap
with hammer lock to the primer holder of to-day, in which the primer
is fired by friction, electricity, or the blow of a spring-driven hammer.

 SIGHTS.

182. Quadrant.—TFor several centuries there was little or no need
for sights of any description in connection with-the laying of guns.
During the period from 1250 to 1550, when the projectiles were
stones, the target was generally a wall or a ship, and the gun had
a range of only a few hundred yards. When firing at a wall the
cun could easily be pointed in the direction of the point to be
breached without the aid of sights. It was early learned, however,
that with a certain weight of powder and size of projectile the gun
should be elevated to an approximate number of degrees to hurl
the rock projectile to the desired distance. To facilitate this laying
or placing in elevation a crude form of our present gunner’s quad-
rant was devised by Tartaglia in 1540-1550. The original and pres-
ent quadrants arc shown in Plates 81 and 82. This original quadrant
comprised two legs at 90°, the one leg being longer than the other in
order that it might be inserted into the bore of the gun. The arc
connecting the two legs was divided into 12 parts, and projected past
the one leg some degrees to provide for laying the smaller guns_in
depression. A plumb line was suspended from the vertex of the
angle. - This instrument served for the high as well as low angles
of elevation and depression.
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183. Dispart and tangent sights—Early in the seventeenth cen-
tury the practice was introduced of providing guns with what were

PLATE 81.

Q\

ALUNE

TARTAGLIA'S GUNNERS QUADRANT.

known as “dispart” sights, A notch was made on the top of the
breech or base ring, and on the muzzle ring a notched fore sight
(termed the dispart sight) was placed in the same vertical plane as

PLATE 82.

GUNNERS' QUADRANT OF TO-DAY.

the breech notch and the axis of the gun, and at such a height that
a line from the breech-ring notch to the dispart-sight notch was
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parallel to the axis of the gun. Such sights served well for short-
range firing, but assisted only in laying the gun in direction. For
more distant firing the quadrant was still necessary. The next de-
velopment took the form of a gunner’s rule or tangent sight ar-

PLATE 83.

ORIGINAL TANGENT SIGHT.

ranged as shown in Plate 83. In this case a brass rule was used
having a slit in the center and graduated into divisions proportional |
to the tangents of angles, with a base equal to the distance from
the rule to the dispart notch. A metal rider was provided across

PLATE 84.
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EARLY AMERICAN TANGENT SIGHT.

which a thread with a bead in the center could be stretched. When
the thread of this rider was set at any desired elevation according
to the graduations on the rule, the gunner could lay his gun both
in elevation and azimuth by sighting from the bead over the dispart
sight. Similar designs of tangent sights were introduced by General
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Gribouval in about 1775, and were in general use in America by
1812. They were not generally adopted in the British Navy, how-
ever, until about 1850. The American tangent scale comprised a
brass scale, Plate 84, that fitted into a socket in the breech ring

PLATE 85.

| Index Plate

. .\ ;
s »

TANGENT SIGHT WITH GRADUATED PLATE FOR INDEXING ELEVATION. ’

of the gun, and it could easily be removed when desired. This
brass scale provided for elevations up to 5 degrees. Ior elevations
up to 10 degrees a wood scale was substituted. ,

184. Since sights of this design were so easily liable to injury
both in firing and handling the gun, another form of the tangent

PLATE 86.
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TANGENT SIGHT WITH ADJUSTABLE DRIFT SCALE.

sight was devised. This, Plate 85, comprised a series of mnotches
on the side of the breech ring and a single notch on the side of the
muzzle ring. These notches were high enough that a line from the
lowest rear notch to the muzzle notch passed over the trunnion and
was parallel to the axis of the gun. Such sights provided for an
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clevation of about 3 degrees. Not infrequently the dispart sight was
placed just over the trunnion.

185. Drift scale—Telescopic sight—The further development of
the scheme or design employed with American tangent sichts was
to provide separate dispart sights as well as scales, both of which
fitted into holes or sockets in the body of the gun. The dispart or
forward sight was generally placed about at the trunnions. Not

PLATE 87.
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RIGHT ELEVATION

TELESCOPIC SIGHT.

infrequently sights were provided on both sides of the gun, and in
the case of rifled guns the tangent bar or scale was inclined to the
right or left of the vertical to compensate for the drift of the pro-
jectile. Since the drift angle varies with the muzzle velocity, the
tangent scale of howitzers was set vertical and provided with an
adjustable slide at its top, Plate 86, so that variations might be
made in the offset for the various velocities. Mechanical sights were
still further refined in construction, but in general followed the
784—28—10
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principle of those just described as long as the scheme was con-
tinued of laying a gun both in direction and elevation with the
same mechanism. Since 1880 the range of guns has been such as to
require telescopic sights, Plate 87, to permit accurate following of
the target. ‘

186. Panoramic sight—In 1835 Sir William Armstrong devised
what may be termed a crude type of the now commonly known and
used panoramic sight. He was conducting some night tests of
some experimental guns and pointed them in elevation by means
of a refined quadrant similar to that shown in Plate 88. His tar-
get was not visible, however, and so he proceeded to lay the gun in
direction by what is known as indirect sighting. The geometry of
this procedure is illustrated in Plate 89. T is the target, G the

. PLATE 88.

JIRECTION OF GUNV \
° T0 RIMING POINT

RTTRCHED 70
CRARIAGE

EARLY TYPE OF PANORAMIC SIGHT.

gun, and A an arbitrarily chosen or located aiming point. . In the
day this aiming point may be a point on a distant object, or a
stake driven vertically at some convenient place. It is necessary to
determine by means of some type of surveying instrument the angle
TGA. The sight used on the gun for the purpose of laying in
direction is provided with an element, containing the object lens,
which is capable of rotation about a vertical axis to any desired
extent and the angles are measured on a horizontal circle. 'When'
angle TGA is given, the rotating element of the sight is turned till
the indicator is at the given angle. The gun to which the sight is
attached either directly or indirectly is then rotated till the vertical
line of the sight is on the object or point selected as the aiming
point. A vertical plane through the axis of the gun then passes
through the target. Sir William Armstrong employed a crude form
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of this panoramic sight and used a lantern with a vertical slit in it
for the aiming point in his experimental work in 1855. As the
effective range of guns increased, the need for a sight that would

PLATE 89.
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THE GEOMETRY OF INDIRECT FIRING.

permit accurate laying on distant targets vesulted in the stub-
stitution first of a telescope for the open sight and later of a pano-
ramic felescope for unseen indirect laying. The first panoramic
sights were of the open design. Mir-
rors were then substituted and later
the panoramic telescope approximately
as we have it to-day. Plate 90. As long
as sights were attached to guns or ear-

PLATE 90.

TN~ S

riages in sueh a manner that the ele-
vating or depressing of the gun acted
to clevate or depress the line of sight.
these sights were termed dependent,
The sights of small armus to-day are of
the dependent variety, and it is to be
kept in mind that the target is visible.
As the range and accuracy of guns
improved to the point of making it
possible to operate on invisible tar-
vets, the sighting of a gun became a
double operation—that is, of laying
both in elevation and direction. This
necessitated the modification of the
sighting attachment to the extent of making it independent of the
motion of the gun in elevation. The sighting telescopes of modern
enrvinges are therefore practically all so mounted as to have an inde-

PRESENT PANORAMIC SIGHT.
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pendent line of sight, it being the function of this sight to enable the
operator merely to lay the gun in direction, in which case, of course,
the line of sight has nothing to do with the elevation of the gun. The
operation of laying the gun for clevation is another and “distinctly
separate operation. e have therefore at the present time practi-
cally a dual sighting mechanism, part of which comprises a telescope
.capable of being adjusted so that its axis is vertical and provided
with a graduated horizontal circle for laying off the desired hori-
zontal angles. The gun is provided with some modification of the
quadrant with a graduated vertical circle for the laying off of verti-
cal angles of elevation. This quadrant may be either separate and
used in connection with a machined pad on some part of the gun, or
rigidly attached to some convenient part, like the trunnions.

. PLATE 93.

AXIS OF THRONNIONS
—

ROSYSTING AN ES

GURIERNT NV LOWER HALF
BLING. BING FO7K7LS THL
FLUME LINE JUST TOUCHES.

EARLY TRUNNION SLOPE COMPENSATOR. C

187. The latest forms of the elevation and indicator sights for sea-
coast guns are those in use on the 16-inch barbette carriage, Plates
91 and 92. It will be observed that for laying in elevation a series
of gears connect the gun with the dial registering the elevation®
angles. The base ring of the carriage is provided with an azimuth
circle, graduated to degrees. An indicator attached to the racer,
Plate 149, rotates with the gun and indicates an indirect deflection
from a fixed aiming or reference point. The operator located in
the azimuth observer’s cab rotates the carriage until the indicator is
at a point on the azimuth corresponding to the deflection angle
determined and telephoned from the observing stations. IFor direct
fire at a stationary target or for following a moving one azimuth
is obtained with a telescopic sight having deflection adjustments for
target speed, wind, etc.

'
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188, It was early recognized that if the axis of the trunnions is
not horizontal the angle laid off on the tangent sight does not rep-
resent the angle of elevation of the axis of the gun. It was for this
reason that tangent sights were so long in coming into general use
in the Navy. This condition does not apply in the cases of fixed
seacoast carriages, because the ecarriage is set so as to place the axis
of the trunnions horizontal. It does apply, however, with guns on
railway and wheeled field carriages. One early form of mechanism

PLATE 95.

RAILWAY MOUNT TRUNNION SLOPE COMPENSATOR WITH PANORAMIC SIGHT.

nrovided to compensate for the slope of the trunnions is shown in
Plate 93. In this case loose rings were provided on the breech and
muzzle of the gun to take the tangent and dispart sights. Each was
provided with a hinged plate and plumb line on the bottom and
conld be rotated until the plumb line coincided with a line scratched
on the hinged plate. The sights were then in the vertical plane
through the axis of the gun. This mechanism has been refined to
that shown in Plate 94 for field guns and to that shown in Plate 95
for railway mounts. In this latter case the sight is mounted on a
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holder that is carried by a cross, which in turn is carried in a fork on
the end of a shaft that is always parallel to the gun trunnions. The
gun trunnion is connected by a link with this fork. One leg of the
cross corresponds to the axis of the gun and is always parallel to it.
The gun is elevated to the approximate degree, and the sight holder
then leveled so that the cross leg of the cross is horizontal. The sight
is then in a vertical plane that is parallel to a vertical plane through
_the axis of the gun, and a deflection laid off by means of the sight will
point the axis of the gun in the proper dircction. The reader is
referred to section 6 of Volume I of Railway Artillery for further
information on sights and the use of the device known as an aiming
rule.
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same time carry sufficient explosive to do serious damage after it
has pierced the plate. Since we had had the opportunity to test
the effect of a 2,400-pound projectile for piercing and destruction,
and had found it satisfactory, this same weight was somewhat ar-
bitrarily chosen for use with the new gun. .

'193. Qun length—In determining the range to be secured the
maximum attainable was of course desired. This depends upon the
initial velocity and elevation, hence the immediate consideration of
the maximum possible and practicable length for the gun and the
maximum safe powder pressure. The maximum safe powder pressure
with the type of powder that we have been using—that is, a single-
base nitrocellulose—is approximately 40,000 pounds per square inch.
Greater pressures have been secured without detonation of the
powder, but it has not seemed wise either from the consideration of
the strength of the gun or the risk of detonation of the powder to go
higher than the 40,000. Turning to the matter of the length of the
gun, it was found that the largest forgings that could be handled
easily with available facilities and then machined at Watervliet
Arsenal with present machine tools would be those of approximately-
a 50-caliber gun. It might have been made 51 or 49, but caliber
lengths have generally been set in increments of 5, hence our guns
of 40, 45, and 50 caliber lengths. The factors of powder pressure
and gun lengths were decided then more by limitations than by de-
sires. The range that seemed possible from this maximum pressure
and length was 52,000 yards. Test has since proved this attainable.

194. Type of gun—The next point for decision in the gun was
whether it should be built up entirely of tubes and hoops of steel or
be wound with wire as a substitute for some of the hoops. Here
again limitations played a deciding part. The weight of a 50-caliber
built-up gun would be so great as to require an unusually heavy
carriage and would force upon the carriage designers problems that
might in the end prove very difficult of solution. The recoil and
recuperator mechanism, elevating mechanism, and traversing mecha-
nism would all be seriously loaded by so heavy a gun. If, on the
other hand, it were possible to construct the gun on the principle of
winding it with wire, it would be lighter and the loads imposed on
the above mechanism would be materially less. Investigation seemed
to indicate that the guns could be made with the use of wire, and
_ this type was therefore selected.

195. Breech mechanism.—Study of the several breech mechanism
in use lead quickly to the conclusion that the mechanism in use on the
Navy 14-inch guns, comprising a stepped-thread block swinging
down practically in a vertically plane, would be the best that could
be used. The block of the 14-inch gun swings to the side of the ver-
tical because of limitations in ship’s turrets. There was no reason.
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why it could not swing vertically down in this case, s0 this design
was selected. The stepped-thread screw is opened or locked through
so small degrce of rotation and at the same time has a greater
percentage of contact than the interrupted thread screw. It has
served with entire satisfaction in the Navy, hence there was no
doubt of its service on these proposed guns.

196. This practically completes the initial requirements. They
comprise a 2,400-pound projectile, a gun length of 50 calibers, the
wire-wound type of construction, and the Welin stepped-thread
drop-breech mechanism. The initial velocity that is attainable
with a maximum powder pressure of 38,000 pounds is 2,700 feet per
sccond. This gives a maximum range of about 52,000 yards at an
elevation of 53 degrees.
' CARRIAGE.

197. Type—In deciding upon the type and characteristics of the
carriage one assumes that the question for decision was between the
disappearing and barbette type and the extent of elevation that
should be provided for the gun. Tt has been mentioned that a
program had been initiated in 1916 for the construction of a num-
ber of disappearing carriages for guns of the design under discus-
sion. These carriages, Plate 176, are of the typical Buflington-
Crozier design, but a modification was made in the elevating mecha-
nism to provide for a maximum clevation of 30 degrees. Experi-
ence of the war, well under way at that time, showed very clearly
that such a gun as this is to a certain cxtent wasted on a carriage
which docs not provide greater clevation than 30 degrees. One of
the 14-inch guns used on a DBritish railway mount in 1918 gained
an extra 100 yards in range between 46 degrees and 47 degrees
elevation, the maximum range attainable at the service muzzle velo-
city being at the clevation of 47 degrees. Tt is plain to see, then, that
the limitations of the disappearing carriage, in which extreme difli-
culty was experienced in providing even 30 degrees, so legislated
against it as to practically rule it out of existence. The program of
construction of the disappearing carriages was therefore discon-
tinued and the barbette carriage was the natural conclusion as the
enly alternate. The decision to use this type of carriage instead of
the disappearing carriage was reached in 1918, but one of the require- -
ments of prime importance—that is, the cxtent of clevation to be
provided for in this carriage—was not decided until the spring
of 1920. '

198. Elevation—A discussion of the arguments considered which
resulted in the provision of so extreme an clevation as 63 degrees fora
gun of 50-caliber length may be of interest. It has been commonly
understood that cannon of mortar and howitzer length—that 1is,
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under approximately 25 calibers—were ‘wenerally to be used for
high-angle fire—that is, at targets against which a maximum plung-
ing fire is desired; and, on the other hand, that cannon of greater
length than from 25 to 30 calibers were to be used as the low-angle
or direct-fire cannon where the chief desire was to reach the target.
The only consideration in this latter case was to use for each par-
ticular target the minimum powder charge that would permit reach-
ing that target with the maximum elevation computed for that
powder charge. Operation on this plan would reduce the wear of
the gun to the minimum. This scheme of operation, perhaps, ap-
plies to service in land warfare rather than to service in seacoast
fortifications. In the case of seacoast fortifications, one of two
things is desired. Either the projectile is to be dropped vertically
on the deck of the Loat with as great a velocity as possible, or it is
to be projected against the side of the boat with sufficient velocity
to piece the armor. The question that came up for decision in con-
nection with this very long gun then was: Is it profitable and
feasible to use a long gun for high-angle fire? It was certainly de-
sirable to provide sufficient elevation in the carriage to attain the
maximum range of the gun at the muzzle velocity according to
which the gun had been designed. Since so many unusual things
have taken place during the war and so many practices that had
been thought either unwise or impossible have been proved both
desirable and efficient, it was decided that if no particular disad-
vantages would result and it were found possible, this gun and car-
riage should be provided with mortar elevation—that is, 65 degrees.
Tt was not certain when this was decided upon that it could be at-
tained, but at least it was passed on to the designers as a goal to be
attained if possible.

199. Further than the above, it was difficult to make any specifica-
tions except of a general character. Ixperience with hydropneu-
matic recoil mechanisms had shown that this was probably the only
type of mechanism that would function with satisfaction. A de-
cision to make use of this mechanism therefore does not involve any
arguments pro and con. The decision with reference to the type of
traversing mechanism again did not involve much argument. DBe-
fore the designers had set to work on this part of the mechanism
it had been learned that the carriage of the long-range gun which
the Germans used in shelling Paris had been mounted on a ball
bearing using 112 8-inch steel balls, the bearing being -about 28 feet
in diameter. All of our larger seacoast guns as well as the turrets
on battleships had been mounted on conical roller bearings, and
since these bearings had been found entirely satisfactory so far as
functioning was concerned, it was thought best not to risk an ex-

.

g e

v a . o AT TR



149

periment with so valuable a gun as this in trying the ball bearing,
which is in common nuse in German coast carriages and ships’ turrets.
200. We may now add to the requirements set up for the gun as
mentioned in paragraphs 193-194 the requirements just outlined for
the carringe—that is, by the process of elimination, the carriage wasto
be of the barbette type, for the sake of experiment the elevation wasto
be 65 degrees, and to follow precedent the traversing mechanism was
to be of the roller type and the recoil mechanism of the hydropneu-
matic type. In the case of the elevating and traversing mechanisms,
it was decided that worm gears should not be used and that provision
should .be made for operation both by hand and power, the question
as to how the power was to be applied being left to investigation on
the part of the designing department. ’

DESIGN AND MANUFACTURE.

201. Projectile—The processes involved in the designing and
manufacturing of the projectile, which, by the way, had already
been in use and therefore was not a problem necessarily considered in
the design and construction of this distinct piece of ordnance, are
perhaps relatively simple compared with those of the gun and the
carriage. It was understood that this projectile was to have the
capacity for piercing the thickest armor in use on battleships and
was to contain sufficient explosive to do effective damage after it
had passed through the armor. Experiments with projectiles made
of all the various alloys of steel had shown that those composed of
chirome-nickel have the greatest power to penctrate the hardened
cteel armor as well as to carry the maximum of explosive, approxi-
mately 2.5 per cent of the total weight. This means that steel of this
alloy possesses such a tensile strength when properly heat treated and
hardness of the point on special treatment as to enable the projectile
to be made with the maximum cavity or the minimum thickness of
wall and safely withstand the stresses resulting from the pressure on
the base of the projectile tending to accelerate its linear velocity, the
taneential force operating on its circumnference through the copper
band tending to aceelerate its velocity of rotation, and last and most
important, the terrific stresses developed on impact with the armor.

902. Should the strength of the projectile not be sufficient to
withstand the stresses set up by these forces, it would break in the
gun or swell, and cause a premature explosion or other sericus
damage to the gun, or shatter on impact with the armor. The
projectile of this material and designed to withstand the stresses
mentioned is shown in Plate 6. It was provided with a single cop-
per rotating band at the rear, because experiments conducted throngh
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a period of the last 40
years have shown this
to be the best design,
and the profile of the
copper band was de-
signed likewise to con-
form to that found most
eflicient by experiments.
It will be observed that
the rear of the copper
band is so designed as
to serve both for the
purpose of rotating as
well as checking the
powder gases. In such
a projectile it is neces-
sary, of course, to place
the fuse in a plug
screwed into the base
of the projectile itself.
The cavity has Deen
made of the maximum
size compatible with the
stresses that will be set
up, and has likewise
been so shaped and
placed as to give to all
parts of the projectile
suflicient strength to
stand all of the stresses
that will be set up in it,
either in the gun or in
piercing the armor.
203. Manufacturing.—
Steel of the desired al-
loy is cast in ingot form
and forged under a hy-
draulic press until it
has attained the desired
Lomogeneity. It is then
heated and pierced by
simply pushing into it
734—23—11

PLATE 97.
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a mandril of hard steel, Plate 97. The resulting forging with
the pierced cavity is then machined on a lathe with the exterior
“and cavity conforming to the mathematical design shown in the
finished projectile, Plate 96. The forging, by the way, is given
sufficient heat treating before machining to insure that there are no
serious internal stresses that will deform the projectile during the
machining processes. When the machine work has been finished, the
point is then hardened in oil and the copper rotating band placed
around it and pressed into the groove machined for it by means of a
hydraulic press. After the copper-band has been machined the pro-
jectile is shipped to the ammunition arsenal, where it is filled with
the desired high explosive and the base plug and the fuse inserted.
It might be well to mention here a common practice with projectiles
of this size in use in German coast defenses. With us it is the habit
to pour the melted explosive into the cavity after the metal has been
coated with lacquer to prevent contact between the explosive and the
steel. This makes it difficult to remove the explosive and there is
always the possibility of a chemical reaction between the explosive
and the steel if the separating film should break down. It is the
common practice in Germany to pour the explosive into a vulcanized
fiber container of the exact shape of the shell cavity. The walls of
this container are about one-sixteenth of an inch thick. The pro-
jectile and the explosive are then sent to the fortification separately,
and if desired the explosive can be removed and other explosive in-
serted at any time. :

904. Gun—DBefore beginning with a description of the detailed
procedure in the design of this gun, it may be well to mention a
few of the principles involved in the construction of any multipiece
gun and of the wire-wound type of multipiece gun. It has already
been mentioned that in 183G it was demonstrated that a. homogeneous
gun—that is, a gun made of solid material—soon reaches a limit

of thickness beyond which additional thickness fails to give addi-

tional strength to resist tangential stress. Until that time it was
.the practice to increase the diameter of the cast guns to such pro-
portions that the guns became very unwieldly. The metallurgist
was likewise called upon for materials of high tensile strength, but
when the metallurgist had reached the limit of his resources and
cannon had become unwieldly in weight, it was necessary to have
recourse to some other priniciple. Shortly afterwards it was dem-
onstrated that dependence could not be placed in solid guns. A prac-
tice started in the fourteenth century with the great wrought-iron
guns, which were made by first welding together a series of wrought-
iron bars into a tube and then driving or shrinking onto this tube a
series of rings, likewise of wrought iron, was revived in the form
of shrinking over the brecch end of the gun or of casting inside
of the breech end, a wrought-iron or steel cylinder formed by coiling
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a long wrought-iron bar of square section about a mandril and weld-
ing it into the cylinder. This served to increase the strength of the
guns beyond that of the cast guns.

205. Between 1850 and 1860 Sir William Armstrong further de-
veloped the principle of constructing guns of steel or wrought-iron
tubes and hoops shrunk on, and at Woolwich Arsenal the practice
of constructing a gun by winding wire about the tube was started
and developed to quite a degree. It will be remembered that Pro-
fessor Treadwell, an American, claimed credit for “having discov-
-ered the principle of winding the tube with an envelope of wire,
although there were several other claimants to the original concep-
tion. It was in about 1850 that the theory of this construction was
worked out to a fairly accurate degree. The greatest handicap
under which the designers and manufacturers labored, prior to
the discovery of the weakness of the monopiece gun, was that they
could depend only upon the strength of the metal between the
limits of no stress and the elastic limit in tension. The construction
. of a gun either under the principle of shrinking a series of hoops
over the tube or of winding many layers of wire about it, has for
its merit the practical doubling of the capacity of the gun for
standing an internal pressure tending to rupture the inner layers
of the tube. If we take, for example, the case of the gun wound with
wire, the tube initially is under no stress, either tension or com-
pression, if it has received proper heat treatment. The wire is
wound on either at a constant tension or at an increasing tension,
with the purpose of compressing the metal of the tube practically
to its elastic limit. Ioops are then shrunk on, and the resulting
gun has a strength to resist the tendency of an internal pressure to .
burst the tube equal now to the range between the elastic limit in
compression and the elastic limit in tension. Having evolved this
principle, it seems that in terms of construction at least we have
reached a limit in capacity to withstand pressure, and we can
make progress in the construction of guns to withstand greater pres-
sure only through the assistance of the metallurgist in furnishing
us with materials having greater tensile strength. The alloy steels
which are drawn into the wire for winding these guns has a higher
tensile strength than the large forgings used in making tubes,
jackets, and hoops. As other alloys of greater strength are discovered
we can either reduce the diameter of our guns—that is, reduce the
thickness of the walls—or we can leave the walls as they are and
increase the powder pressure and the velocity of the projectile.
There may be some promise for advancement of this character in
the rather new zirconium alloy of steel. Zirconium stecl has not
yet been produced in sufliciently large quantities to permit of
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that exhaustive testing that is desirable before being used in guns

“of such caliber. It seems to promise well, both in increased tensile
strength and increased hardness. Some specimens of this - alloy
that have just been tested are reported to have shown a tensile
strength of 400,000 pounds per square inch. Another report on
a hardness test of a plate 12 inches square heat treated with ap-
parent uniformity, gives variations in hardness of as much as 60
and 100, Brinnel test. .

206. Since the mathematical discussion of the principles of design
of the various parts of a gun of this character are so thoroughly and
elaborately worked out in “Ordnance and Gunnery » by Lissack,
and “ Stresses in Wire Wrapped Guns” by Ruggles, no such dis-
cussion will be given here. Instead the space will be devoted to a
. more general discussion of procedure in designing and a discussion
of the procedure in manufacturing and assembling. The student
is referred to the above texts for the mathematical discussions.
-907. Design—Gun.—Starting with the requirements already enu-
merated for the gun a designer develops the following additional -
elements which are to be used in developing the various curves of
pressure, velocity, etc., which will determine the thickness of the
various elements of his gun at their various points: ' '

Elements of the gun.

- Length of gun in calibers? : . 50
Welight of projectile® = pounds-- 2,400
Weight of powder charge do-——- 850
Travel of the projectile y inches.. ©684.6
YVolume of the powder chamber - cubic inches.. 40, 000
Density of loading ; 0. 5882
Maximum pressure* —_pounds per square inch.. 38, 000
Muzzle velocity* feet per second-. 2,700
Muzzle energy foot-tons_.~ 121, 430

208. It has been the common practice in the construction of this
type of gun to use two tubes, the inner termed an A tube and the
. pext a B tube. In assembling, the jacket is shrunk on over the B .
tube at the rear. Over the length of this unit of tube and jacket,
from the locking ring at the breech to the I ring at the muzzle, is
wound an envelope of wire. This envelope is composed of a larger
number of layers at the brecch than at the muzzle, Plate 99. The
wire, approximately one-tenth of an inch square or one one-hundredth
of a square inch in area, is wound with a pull of 5,000 pounds, as
indicated by the gauge on the winding machine; thus maintaining
a uniform tension stress in the wire of 50,000 pounds per square inch.
Over this envelope of wire the outside hoops C, D, and E, with the
various filler and locking Tings are shrunk on. The gun, together

1 Previously determined.
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extremely long guns of this type is a serious fault. The first of
these guns showed a droop of approximately 0.6 inch. On firing,
the muzzle vibrates approximately 3 inches, and it can readily be
imagined that the terrific stresses set up in all members, except pos-
sibly the wire. by this vibration will play a considerable part in the

PLATE 100,

BILLETS FOR TUBES, HOOPS, ANDr RINGS.

rate of the wear of the gun. Guns wear most rapidly at the origin
of rifling and at the muzzle. The vibration of course has nothing
to do with the rate of wear at the muzzle, and perhaps since the
wear at the origin is usually the factor which condemns the gun,
the lack of rigidity and excessive vibration may not be a fatal fault.

PLATE 101.

-

RELATIVE SIZES OF TWO 16-INCH GUN INGOTS,

Plate 99 gives a section of the gun assembled and shows the dimen-
sions of the various parts.

211, Construction—~PBillets.—The total number of parts compos-
ing the design that has just been discussed is 38. The parts involv-
ing the greatest difficulty in manufacture are the A and B tubes.
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the jacket, and hoops C, D, and . The principal difficulties are
experienced of course with the A and B tubes. These tubes origi-
nate in cast-steel billets, Plates 100 and 101, of such a length that it is
possible to cut from each end a considerable portion to avoid the pos-
sibility of blowholes or other faults in the steel. The original billet
from which the A tube is made weighed approximately 194,000 pounds.
The billet from which the B tube was made weighed 276,000 pounds.
Below is a table showing the weights of the billets from which the

PLATE 103,

FORGING OVER A MANDRIL WITH HYDRAULIC PRESS.

various larger components were made. It is necessary of course to
provide a separate billet for the A and B tubes, the jacket, hoops
C, D, and E, and the trunnion hoop. In the case of the locking
rings, ete.. illustrated on Plate 102, which gives the final dimensions
of each of the 38 parts except the breech, it is not necessary to
supply a separate billet and forging for each of these rings. Quite
a number of rings can be cut from the same forging originating in
a single billet. The total number of ingots required is 10, assum-
ing that a number of rings can be made from one ingot.
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Weights of forgings and ingots,

Part., Ingot. Forging.

Pounds. Pounds,
A tube. . 18, 528
B tube 5, 008
C hoop. . 2, 854
D hoop. .. 75,853
B OUD . w s vessvnssasbarsnnianasbassanevasssoninssmnonnesndossss 40, 627
Jooket..... PR e 30, 832
BEUOBNBIOCK. . c5ens < avbra s s s aans 10, 768 2,602

PLATE 104.

HOT HOOP BILLET ON MANDRIL FOR FORGING.

912, l"m-‘f;.:'ny.—l{v!urning to the A tube, for example, the lmrl.ion
of the billet remaining after the ends are removed weighed approxi-
mately 126,000 pounds. This remaining billet is then forged under
a hydraulic press, Plates 103, 104, 105, 106, and 107, to a total length
greater than that required for the gun and the ends removed to insure
the production of tubes without faults. Before being machined the
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tube is given a thorough heat treatment to relieve the strains set up
in the forging, Plates 108, 109, 110, and 111.

213. Machining.—The tube is then placed in a gun lathe similar
to that shown in Plate 112 and turned at various points in its length
for the placing of machine rests and the entire exterior turned to
approximately its final dimensions. After the exterior is turned so
that it becomes a true eylinder it can be supported at numerous places
on its length by the proper machine rests, Plate 113, the inside is

PLATE 105.

JACKET BILLET IN PROCESS OF FORGING,

bored out. Plate 114, through the use of a boring bar carrying
“ packed " bits. In the boring operation the tool or boring bar may
have a tendency to deviate from the true axis of the tube, although
this is not so likely as a consequence of the scheme of packing the
bits, The packed bits are cylinders of hardwood on frames carrying
two or more tools. The wood is a few thousandths of an inch larger
in diameter than the hole to be cut, so that by its forcing the tools
are held rigidly and accurately. Frequent inspection is necessary
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PLATE 106,

ROLLING A STEEL BILLET FOR A GUN PART.
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PLATE 107,

FINISHED FORGING OF JACKET.

PLATE 108,

TUBE AND JACKET IN ROUGH TURNED STATE.

PLATE 109.

CONVEYING HALF-FINISHED PIECE INTO THE OVEN AT RIGHT FOR ANNEALING.
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during the boring to see that the hole is true. An indicator similar
to that shown in Plate 115 is used for this purpose and an eccentricity
PLATE 110.

SHOWS ENDS OF TUBE AND JACKET WITH SPECIMENS REMOVED FOR TESTING
THE PHYSICAL CHARACTERISTICS OF THE STEEL.

of one-thousandth of an inch is easily detected. Liners of thin metal
are put between the stem of the cutting bit and the socket in the end

PLATE 111.

ROUGH-TURNED TUBE.

of the bar until the bits are so placed as to eliminate eccentricities in
boring. The tube is likewise frequently star gauged, Plate 116, to

PLATE 112,

INGOT ON LATHE.

determine whether the hole is perfectly cylindrical and of the proper
and uniform diameter. It is customary to make from three to four
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cuts through the bore so that eccentricities appearing in the first cut
may be eliminated at least by the final cut. It is usual to make two

PLATE 113.

FINISH TURNING THE TUBE ON ENGINE LATHE.

rough cuts and two smoothing cuts. When the diameter of the bore
varies, as is the case with nearly all of the tubes and hoops, the
boring is of course done from the large end. First the initial uniform

PLATE 114,

BORING THE POWDER CHAMBER WITH PACK-BIT,

cut throughout the tube is made and then the rough cut through the
enlarged section. The larger diameter is then accurately bored out.
A packed bit is next prepared with the forward end and tool set at
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the diameter of the smaller hole to be cut, while the rear end is left
at the larger diameter. This serves to center the smaller hole with
the larger. In all of this boring the bits are kept well lubricated by
oil forced into the bore.

914. Assembling.—The first step in the assembling of these fin-
ished parts involves the expanding of the jacket in an electri¢
furnace or heater. Plate 117, and the slipping of it over the B tube
to its proper position. During this operation the B tube is kept
cool by forcing water through it. When the jacket is in place over
the B tube it is cooled from the breech end forward by spraying
with water. This is to insure its proper seating on B. On cooling

PLATE 115.

BORE CENTER INDICATOR.

it grips the B tube tightly, compressing it nearly to its elastic limit.
These two assembled parts are then placed in the winding lathe
and one section after another is wound with the square wire coming
from a tension drum or mechanism which keeps it stressed con-
stantly to the desired approximate 50.000 pounds per square inch.
A greater number of layers of wire are required at the breech than
at the muzzle because greater pressures are developed at the breech,
therefore greater thickness of tube and hence more wire to com-
press this greater thickness to its elastic limit. When the desired
number of layers of wire have been wound on in each section of
the length, the wire is locked in a special locking groove in the
locking ring and the wire throughout the entire length of the gun

T34 -2 12



168

surfaced by grinding just sufficiently to provide shrinkage surfaces.
It may be found necessary to vary the inside diameter of the vari-
ous hoops after the wire has been wound and surfaced, since it is
practically impossible to predict what the exact diameter of any
number of layers of wire will be. Hoops C, D, and E are then
shrunk on, and the whole gun heated, slipped over, and shrunk
onto the A tube, Plates 118 and 119. Any necessary surfacing or

PLATE 116.

’3 s :-ze _TJ:.--
f

STAR GAUGING FOR ACCURACY OF BORING,

turning of the exterior of the assembled gun is now done, and on the
completion of this machining the gun is ready to be rifled.

215, Rifling—In the original mathematical design of the cannon
it has been determined from the muzzle velocity and the weight of
the projectile what velocity of rotation the projectile should have
on leaving the gun to insure stability throughout its flight. This
rate of rotation on leaving the muzzle of the gun is secured through



PLATE 117.
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HEATING FURNACE FOR EXPANDING GUN PARTS FOR ASSEMBLING.
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PLATE 118,

16-INCH GUN OVER SHRINK PIT OF FURNACE.
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PLATE 119.
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a certain definite pitch of the rifling at that point. For example, if a
projectile is to leave the muzzle of the gun at a linear velocity per
second of 2,700 feet, a rate of rotation of approximately 90 turns per
second is required to give it the desired stability. This requires
that the pitch of the rifling be such as to turn the projectile once
in a linear travel of 31.25 feet. If it is desired to ease up the
stresses in the gun resulting from the accelerating of the rotation
of the projectile, the pitch of rifling may be made one-half as much
at the origin as at the muzzle. This is a rather common practice.
Assuming that the pitch of rifling is to be uniform, a template or
rifling plate is prepared from a drawing made of the curve of
rifling in the bore as developed on a plane surface. An iron tem-
plate is constructed with one edge straight and the other cut to
the developed curve of the rifling. Ifor a uniform twist this is a
straight line, P’late 120, at a constant angle to the straight side.

| )34 ) ) Tegling Head
-R.iflu\g Bar ‘

PLATE 120.

- oo Rifling Tuate . -
PLATE AND BAR MECHANISM FOR RIFLE GROOVE CUTTING.

For rifling of an increasing pitch it is a curve. This template is
secured to one side of the lathe used in cutting rifling bars and has
pressed against its'curved side a roller carried in an arm extending
across the bedplate “The top of this arm.is a rack which through
a series of pinions, Plate 120, drives the head: crxrrym(r the rlﬂlnrr
bar. The cutting tool is stationary, and as-the rifling bar is fed
along it is turned the necessary amount to permit. the tool to
cut on its surface a curve identical with that desired in the rifling.
This slot cut in the surface of the rifle bar is about 0.5 inch wide
and 0.5 inch deep. After the rifling bar has been completed, a
rifling head, containing four sets of cutting tools and somewhat
similar in general construction to the packed bit already mentioned,
is attached to the end of it. These tools can be set out separately
‘or together by means of wedges controlled by screws on the front
of the head. This cylinder, though attached to the front of the
rifling bar, is capable of rotating about the axis of the bar and is
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held in any one position by means of pins engaging in holes in the
bar. Thus a series of four grooves can be cut through the gun, and
on turning the head so that the pins engage in another set of holes
the remaining grooves are cut. The gun is rifled from the muzzle
end. Both gun and bar are placed in a special lathe or machine
tool for this purpose, the gun being accurately centered with the
axis of the boring bar. A lug is provided on the front rest of the
boring bar which engages with the curve already cut is the bar
through the use of the template. As the bar is forced forward by
pressure from the rear it is compelled to rotate in proportion to the
twist of this curve. Each set of three cutting tools comprises a
plain rectangular grooving tool, a top profiling tool and a bottom
profiling tool. The depth of cut on each passage of the head through
the gun is about two one-thousandths of an inch. Thus it requires
about 70 cuts to produce the desired final depth of rifling. The
rifling head is provided with a bronze sleeve which centers the bar in
the tube. .

916. Finishing—When all of the grooves have been cut, some-
times the powder chamber and.the forcing cone at the forward
end of the chamber are finish machined. The breech end of the
gun is then finished for the reception of the breech mechanism and
the gun placed in a lathe for the determination of the maximum.
and minimum droop. It is desired to so mount the gun on a car-
riage that it is in the position of minimum droop and likewise in a
certain definite position with reference to its center of gravity. As
soon as the point of minimum droop has been located and the
necessary lines inscribed on the muzzle for bore sighting, the gun
is balanced for the location of the trunnion band if such is to be
used. In this case, since the gun is to be carried in a cradle, no
trunnion band is provided. The counterweight, or recoil band as it
is called in Ordnance parlance, that is finally slipped over and at-
tached to the breech end of the gun is, to a certain extent, a part of
the recoil mechanism, and for this reason will be considered a part
of the cradle and carriage, although it is, of course, relatively integral
with the gun. ' )

017. DBreech mechanism—The breech mechanism, Plate 121, is
composed of a single screw threaded to three different diameters with
a fourth smaller unthreaded diameter. This is the Wellin type of
breech block and has the double merit of permitting locking
and releasing with a minimum turn and a maximum degree of
contact and capacity for withstanding the stresses tending to shear
the threads. This block is likewise made from an ingot weigh-
" ing originally approximately 10,000 pounds. It is first forged to
render the metal homogeneous, and is then machined on a lathe to
the shape shown. It is attached to a hinge which is supported on
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pins in the recoil band, Plate 160. In opening, this hinge drops
vertically against spring cushions and the block is returned to its
normal position through air pressure.in a closing cylinder incorpo-
rated in the recoil band. The completed breechblock, Plate 121,
is composed of the screw, a spindle with mushroom head, an ob-
turating pad, and the hinge by which it is attached to the counter-
weight. In DPlate 160 it will be observed that an automatic gas
ejector of the type commonly used in the Navy has been provided
to sweep out the gases from the gun.

218. The gun and breech may now be considered completed and
ready for assembling with the carriage. It will be noted that no
procedure of lapping or polishing of the bore of the gun after
rifling has been mentioned. This was once a rather general practice,
and is still to a certain extent. The use of a packed rifling head and
a succession of cutting bits taking relatively light cuts each has
been found to produce so good and clean a surface that further
finishing has been found unnecessary.

CARRIAGE.

919. Characteristics—In considering the carriage as a whole only
general requirements could be established before the matter of de-
tailed design was taken up. It has been mentioned already that
since the hydraulic recoil and pneumatic counter-recoil mechanisms
had already proved satisfactory for somewhat similar guns and our
designers had become familiar with the principles of design of these

_types of mechanism, and, further, since the gun to be handled was
of such extreme weight as to make the use of springs by themselves
very doubtful, the natural conclusion was to use the usual hydraulic
cylinder for the recoil brake and the pneumatic mechanism for the
recuperator.

920. In the case of the elevating mechanism, the one principle that
was decided upon as a preliminary was to use a mechanism that did
not include worms or worm wheels. Turther, it was considered de-
sirable to have a ratio of movement of the gun of 1° per turn of the
handwheel, if this ratio would permit the desired fine final setting

of the gun. _ .

991. The elevating mechanisms of seacoast carriages constructed
prior to the war and even early in the war practically all included
a worm and worm wheel. The principal function of this combina-
tion was to serve as a lock against the shifting of the position of the
gun in the vertical plane from any position where it was desired that
it remain. Slip friction devices of the design shown in Plate 122
had commonly been provided in the worm of the elevating mechanism
to avoid the breaking of the worm wheel or worm through the strain
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brought upon it when the gun is fired. It was always known that a
" large percentage of the power delivered through the hand-wheel was
lost through the friction-of the worm and worm wheel, which
necessarily operated at very slow speeds and usually under very
heavy loads. Experimental designs involving the use of spur gears
and brake drum slip friction devices were tried on railway mounts
and found so satisfactory as to commend themselves to further use.
299, No unusual requirements were decided upon with reference
to the traversing mechanism. The ratio of one-tenth to one-twelfth
“of a degree per turn of the handwheel for final fine setting or for fol-
lowing a target, which had been found a desirable ratio on carriages
previously constructed and used, was considered desirable for this
carriage and may be considered at least a tentative original require-
‘ment. In the case of both the elevating and traversing mechanisms,
assuming that under certain circumstances the gun would have to
be elevated or the carriage traversed by hand, it was considered
necessary to keep the handwheel load under 30 pounds for the proper
operation of the mechanism as a whole. It has finally been decided
in the case of loads for handwheels and cranks that it is better to
reduce the load to such a point that the wheel may be spun very
rapidly to the approximate setting rather than have such a high
ratio as results in an excessive handwheel load and slow, laborious
turning. ‘ ‘

993. With reference to the carriage as a whole, perhaps no gen-
eral requirements were set up except that it should be of the bar-
bette instead of the disappearing type; and in the case of the load-
ing mechanism no hard and fast requirements were decided upon,
because it was not known just what it might be possible to de-
velop. During the period between the design of one coast carriage
and another, both the users and the designers detect possibilities for
improvement, and it is usually necessary for the chief of the design

- section to gather together all of these suggestions to see if they can
be made into a workable design. The projectile involved in this case
was quite a little heavier than that used in any general service, hence
the problem of handling had to be left to a rather thorough study
on the part of the designers. It will be pointed out later that the
decisions reachied with reference to the design that has been used
were arrived at by quite lengthy investigation. . S

DESIGN AND MANUFACTURE.

994, Recoil mechanism—Brake—The elements with which the
designer of the recoil mechanism could start were the weight of the
gun, the weight of the projectile, the energy of recoil of the gun in
terms of the travel of the projectile in the bore, and the permissible
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length of recoil. If no recoil mechanism is provided and the gun is
mounted simply by its trunnions on the side girders of the carriage
and the carriage is not free to move, the time during which the forces
of recoil act is the same as the time which is required for the pro-
jectile to travel from its initial position to the muzzle of the gun.
This time is less than one-fiftieth of a second, and the stresses set up
in the various parts of a carriage when they are required to transmit
so great an amount of energy of recoil into the foundation in so
small a fraction of time are so great as to call for excessively heavy
construction.

225. The excessive weight of the construction is probably the
factor that prevents design on this principle. An additional ob-
jection is of course the probable disarrangement of the mecha-
nism under such violent shocks. Tield guns in use during our Civil
War generally were not provided with any type of recoil mechanism.
As a consequence, it was necessary to point the gun for each shot.
The famous French 75-millimeter gun perfected between 1890 and
1900 is provided with a hydraulic mechanism allowing such great
length of recoil as to make the stresses and the forces applied any
place in the carriage at any one instant so small as to render the
carriage very stable. After a few rounds have been fired to set the
gun and its trail firmly in the earth, a great number of shots can be
fired without further attention to the pointing of the gun either in
elevation or direction. Carrying this principle to a certain limit, it
means that the longer the time that is consumed in bringing the gun
to a position of rest after the projectile is fired the less will be the
stress in any part of the carriage, the less likelihood there is of dis-
arrangement of the mechanism, and the lighter may be the various
parts of the carriage which are especially designed to carry.the firing
loads. _ '

226. After careful consideration of the effects of extreme length
of recoil, it was decided that 42 inches, or 2} calibers, would involve a .
base ring and racer, a recoil cylinder, and rods of such size as to be
about economically balanced. A greater length of recoil than this
would of course reduce the size of the recoil cylinder and rod, but
would increase the diameter of the base ring. It scemed that a
total recoiling weight of approximately 400,000 pounds with a pre-
determined energy of recoil might be stopped in a length of 42
inches without involving the use of supporting parts of excessive
weight or unusual design. A normal length of recoil of 40 inches
with a possibility of 2 inches excess was the final compromise.

227. The next problem in the design was a rather diflicult one.
There seemed to be no difficulty in designing the hydraulic cylinder,
grooves, etc., so that it would bring the gun to rest at the proper
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point and without the development of undue stresses at any time
during the recoil; but the unusual requirements of extreme limits
of elevation of minus 7 degrees and plus 65 degrees had been given,
and no recoil mechanism of the usual design as to buffer had ever
been so perfected as to scem satisfactory for these extremes. In fact,
tests of existing recoil mechanisms at extremes of zero and 45 degrees
had shown rather clearly that the usual type of buffer, Plate 235, is
ot satisfactory. The fault is that when the buffer is so designed asto
function satisfactorily at zero, the gun will not return to battery °
at higher elevations, and when designed to return the gun to
Lattery properly at 45 degrees it does not function properly at lower
elevations, in some cases permitting the gin to charge back in battery
so violently as to endanger the mechanism. This problem had been
recognized for some time, and it is probable that the solution arrived
at, which is certainly a most admirable dne, is the result of several
years’ study and research. It will be observed in Plate 123 that
two of the recoil cylinders are made of double length, and the rod
contains two pistons, as shown in the upper view. The cylinder from
the forward end to the solid piston is of the usual design. The
extension of the rod and the second piston are the features of un-
usual design. This new type of buffer is shown in clearer detail in
the lower view. It is seen here that the buffer comprises a piston
in conjunction with what might be termed a floating valve. As
the gun recoils the oil flows freely through the openings in this
piston with the valve as far away from the piston as it can move.
As soon as the recuperator begins to return the gun to battery
this floating valve is forced back against the buffer piston and
the oil permitted to flow through certain openings at such a rate
as to bring the gun to rest without any severe shock. This mecha-
nism has been found to function as satisfactorily at the lowest eleva-
tion, minus 7 degrees, as at the highest, plus 65 degrees. Tt was
decided to use two hydraulic brake cylinders of the design, Plate 124,
and two others of double length, including buffers, as shown on
Plate 123. :

228. Iecuperator—~The pneumatic recuperitor used in this car-
riage, Plate 125, is a modification of an identical design used on a
number of railway carriages. It is simply modified in size, dimen-
sions, etc., to adapt it to this carriage and to the returning to bat-
tery of a weight of 400,000 pounds at an clevation of 65 degrees.
The total number of recuperators of this type decided upon was
two, it being impracticable to provide the carriage with a single
recuperator of such size as to return the very great recoiling weight
to battery at the maximum elevation. In arranging these recoil and
recuperator mechanisms about the gun it was thought best to ar-
range them symmetrically—that is, to arrange the two simple hy-
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draulic brakes opposite each other with one at the upper left and the -
other the lower right, Plate 126, the double-length recoil cylinders
at the upper right and lower left, and the recuperators directly
above and below the gun. The advantages of this symmetrical dis-
tribution of cylinders about the center of the gun on a carriage of
the type under discussion are twofold. The question of locating the
center of gravity of the recoiling parts as well as the tipping parts
on, or close to, the center of bore is of primary importance and is
greatly simplified by the above arrangement of cylinders. When the
gun recoils, the pull exerted on the various rods in the cylinders is
transmitted, by means of the cradle and trunnions, to the side frames.
When these rods are symmetrically located about the bore, which is
in the plane of the trunnions, of course this pull is balanced and

PLATE 124.
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LATEST TYPE OF RECOIL BRAKE WITHOUT THE VALVE BUFFER.

there is no tendency for the gun to “whip.” The fact that the ver-
tical, as well as the horizontal, center of gravity of the tipping parts
is in the plane of the trunnions will maintain the balanced condition
of these parts at all angles of elevation. During the late war the
GGermans made use of a great number of naval carriages on their coast
defense and railway mounts and in many cases found it necessary to
resort to counterweights on top of the cradle to compensate for the
unbalanced condition of the tipping parts due to the assembling of
the cylinders underncath. These carriages were designed for use In
turrets where the lowness of the roof necessitated the placing of the
cylinders Lelow the gun and as the angle of elevation rarely exceeded
15 degrees the unbalanced condition which becomes serious at the
higher angles was not encountered to any great extent. It is logical
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to assume that a carriage which equalizes its firing: forces, as
described above, is an improvement in design, from the point of
shock reduction in all its parts, over carriages of the other types.

229. In brief, the recuperator mechanism used here involves the -
use of a floating piston, the rod of which passes through the for-
ward end of the main piston, and the space between the floating
piston and the main piston is filled with oil. The initial pressure
of the air in this recuperator is approximately 2,000 pounds per
square inch, and the tendency of this pressure is of course, first,
to force the floating piston forward. This in turn has a tendency
to eject the oil, but failing to do this, transmits through the hollow
piston, yoke, and connecting rods to the rear of the gun the necessary
pull to retain the gun in battery. As the oil slowly leaks out the
floating piston is forced forward, and the distance to which the in-
dicator on' the forward end of the floating piston projects is an
indication of the extent of loss of oil and the exact position of the
piston in the cylinder. A special oil pump is provided to force in
more oil from time to time, and after the air pressure has once
been placed at a certain point there is no particular reason why the
air should escape, since it can not escape except through leaks in the
Wall of the air cylinder.

230. Manufacture—~Past expeuence has shown that it is not
satisfactory to machine the recoil cylinders directly in the cast-steel
cradle. In spite of all precautlons and attempts to produce the
finest of castings, the material of the cradle is found to be suffi-
ciently porous to permit the escape of the oil through the pores on
the building up of the tremendous pressure under recoil. In some
cases various compounds were used in the attempt to fill these
pores, and sometimes they have been successful. It has seemed
better, however, in recent designs to simply provide a sleeve on the
cradle into which a forged cylinder may be fastened, which of
course shows no signs of porosity. .The designs shown.in Plates
123 and 124 then involved first the casting of ingots of the proper
size to forge into rough cylinders that could be turned and bored
to the final cylinder shown assembled in place in the cradle. The
short cylinder is closed at one end by means of a plug and has a
stuffing box at the other through which the piston rod passes to the
recoil band of the gun. A bronze bushing is provided on the end
of this rod to serve as the piston, thereby meeting the requirement
that the piston and cylinder be of different metals. The buffer pis-
tons used in the long cylinder shown above are likewise of bronze,
while the floating valve is of forged steel. In the upper cylinder
it is seen likewise that stuffing boxes are provided at both ends and
that the end of the piston rod has an extension passing out through
a tube-shaped shield or guard toward the muzzle of the gun. There
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is nothing sufficiently unusual about the manufacture of these parts-
to warrant detailed discussion.

931. The recuperator, Plate 125, is in six parts; three of these are
not shown in this plate. The air cylinder or bottle is a machined
forging, the main piston is of bronze, the floating piston of bronze
and provided with special U leathers, the floating piston rod of .
steel, the yoke of cast steel, and the connecting rods of steel. As
one views the cradle in Plate 125, the muzzle of the gun is to the
right and the recoil band to the left. It is necessary then of course
to connect the forward end of the main piston to the recoil band of
the gun by means of two connecting rods. The top of the re-
cuperator, the main piston, the yoke, and the two connecting rods
are shown best, perhaps, in Plate 127. Their connecting with the
recoil band by means of the two nuts on either side of the recuperator
is shown in Plate 140. - o RN
o232 Cradle—Design.—Since the various elements of the recoil

mechanism have been designed, it is now possible to pass to the
cradle which is to carry a gun of a certain diameter and weight, is
to receive in lugs or sleeves about its circumference six recoil and
recuperator cylinders, is to carry two elevating racks providing for
elevation between minus 7 degrees and plus 65 degrees, and must sup-
port the whole and transmit the energy of recoil by means of two
trunnions resting in the usual bronze bearings, and be provided with
such antifriction mechanisms as will enable the gun to.be elevated
and depressed each within 30 seconds by man power on a handwheel
with a maximum handwheel load of 30 pounds if handwheel opera-
tion is necessary. The cradle, as finally designed to meet all of
these requirements, is shown in Plate 125, part of which is in sec-
tion and part full outline. It will be observed that the surface.
is of the gridiron design, and here again it may be well to mention
differences in design that have been discussed for a number of
years. Questions have been raised as to whether it is desirable to so
construct cradles of the gridiron design as to render them par-
ticularly rigid, or whether they need be designed for strength only,
disregarding the matter of rigidity. Practically all of the cradles of
the great seacoast guns found in the German fortifications in Bel-
gium were of the smooth-cylinder type. "Apparently they have not
felt the need of the rigidity that we have thought desirable. This
is a point which is difficult to settle, and since the carriage involved
here is of such unusual importance, it was thought best not to take
any chances, and the gridiron design was used. It had already
been decided that the six recoil and recuperator cylinders should be
distributed in such a way as to balance each other, hence the placing
of three above the center and three below so placed as to be ar-
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PLATE 127,

TOP OF CRADLE SHOWING LONG AND SHORT RECOIL CYLINDERS AND RECU-
PERATOR UNIT.
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ranged in pairs with those above. The diameter of the trunnions
was made such as to be sufficiently strong to withstand the shearing
stress at the moment of transmission of maximum energy into the
cide frames of the carriage. This implies, of course, the provision
of a proper factor of safety. The trunnions are so placed likewise
" as to permit the total combination of tipping parts to be so bal-
anced with the gun in battery as to provide a muzzle preponderance:
of a certain amount when the gun is empty and a breech prepon-
derance of an approximately equal effective amount when the gun
is loaded. : oo
233. Each sleeve provided for the reception of a recoil or recupera-
tor mechanism was designed of sufficient strength to take the maxi-
mum pull that would come upon it, and the cradle was made of
sufficient rigidity to transmit the total pull into the trunnions with-
out so warping as to pinch the gun at any time in its recoil. Cast
steel No. 2, with a tensile strength of 75,000, was specified as desirable
*for this part of the mechanism. The pattern made for the casting
of this cradle is shown on Plate 128. The operations of finishing of
the cylinder involved the boring of the inside as well as each of the
sleevés for the recoil and recuperator cylinders, the turning of the
trunnions, and the machining of the various scats, pads, etc., for the
attaching of the elevating racks, rods, etc. The total weight of this
steel casting is approximately 102,000 pounds. The finishing, Plate
129, involves likewise the machining of two keyways, one at the top
and one at the bottom of the inside, to provide for the two bronze
splines attached to the top and bottom of the gun, to prevent rota-
tion of the gun. Plate 130 shows a dummy cradle provided for the
setting of the keys on the gun in proper alinement with the holes In
the recoil band. : L :

934. Recoil band.—In determining the length of recoil permissible
in this gun, one of the factors that was considered was the use of a
counterweight on the breech of the gun that would permit the mount-
ing of the gun in the cradle with the breech as close as possible to the
trunnions. The decision as to the size and weight of this counter-
weight involves a consideration of the total weight of the tipping -
parts in the bearings as against the desired length of recoil in terms
of stresses involved and diameter of the base ring. The decision that
was finally reached with reference to the weight of the recoil band ,
which serves at the same time, as a counterweight is of course an
arbitrary one. In this case the weight of the band is 99,000 pounds,
and its addition to the weight of the cradle and gun does not raise
" the total weight to such a point as to require excessive reduction in
" elevating gear ratio to bring the handwheel load within proper
limits. This counterweight is shown in process of being bored to fit
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MACHINING THE ARMS OF THE RECUPERATOR RECESS OF 16-INCH GUN CRADLE.
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over the breech of the gun in Plate 131. It is shown marked off like-
wise for the recoil and recuperator rods. The large hole to the left
is provided for the rear end of the bottom recuperator cylinder.
This counterweight assembled to the gun is shown in Plate 132 and
on the gun as finally assembled and being tested in Plates 133 and
134. Tt is made of cast steel No. 2 and a portion of it is hollow and is
filled with lead to permit the increasing of its weight without the
increase of its size.

935. Elevating mechanism.—The requirements under which the
designers of the elevating mechanism worked comprised a weight
of tipping parts of 500,000 pounds, a range of elevation from minus

PLATE 131

BORING THE GUN HOLE IN THE RECOIL BAND.

7 degrees to plus 65 degrees, the specification that the mechanism
<hould not inelude worms and worm wheels, and the further specifi-
cation that the ratio of the gearing should be approximately one turn
of the handwheel to 1 degree of elevation with a maximum hand-
wheel load of 30 pounds. Operating under these specifications the
mechanism was designed as shown on Plates 135-140. This comprises
two spur gear circular racks attached one to each side of the cradle
and with a pitch diameter of 240 inches, the center of the gear being
ihe center of the trunnion. A series of spur gears lead from this
rack to the handwheel on the side of the carriage and through the
Waterbury speed gear to an electric motor. A brake drum is pro-



PLATE 132.

192

MOUNTING THE GUN AND RECOIL BAND IN THE ASSEMBLED CARRIAGE.
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vided on one of the gears as shown in Plate 136, in such a way
that on release of the brake band by means of the lever shown the
muzzle or breech preponderance of the gun is free to drive the
motor and slowly elevate or depress it as the case may be. On
firing of the gun this slip friction device likewise permits the slight
slip of the mechanism without undue strain in the gearing. An
antifriction device, Plate 137, involves a series of rollers carried
in a cage and a heavy collar. This collar is supported on the beam.
the end of which is in turn supported on three sets of Belleville

PLATE 133.

SPECIAL COUNTER-RECOIL TESTING DEVICE; GUN SHOWN IN BATTERY POSITION.

springs. Adjustment of the rod from the springs raises or lowers
the end of the beam, thereby raising the trunnions until the main
section of the trunnion is approximately 0.02 of an inch off the
main bearing. When the supporting beams are so adjusted the gun
is being carried in a roller bearing. When the gun is fired, how-
ever, the Belleville springs are compressed just sufficiently to per-
mit the trunnion to come in contact with the main bearings and
the energy of recoil is transmitted through the heavy side frames
without injury to the roller bearings.
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236. Manufacture—The processes involved in the manufacture
of the various parts of this mechanism are not sufficiently unusual
to warrant much discussion. In Plate 141 the procedure in machin-
ing the gears on the elevating racks is shown. It was not possible
to predict before a trial just how efficiently this mechanism would
function. On completion it was found that the load on the hand-
wheel, instead of reaching the maximum of 30 pounds considered
permissible, did not exceed 17 pounds. The time required to elevate
the gun from zero to 65 degrees did not exceed 27 seconds.  The rollers

PLATE 134.

COUNTER-RECOIL TESTING DEVICE. GUN ABOUT TO BE RELEASED FROM THE
FULL RECOIL POSITION,

of the trunnion roller bearing were hardened to a scleroscope hard-
ness of 100, The inner and outer sleeves have a hardness of 96 and
100. In testing the roller bearings a load of 800,000 pounds was
applied, and even with this extreme load, which is twice the weight
of the tipping parts, it was found possible to rotate a journal inside
of the roller bearing with relative ease. A Waterbury speed gear
is incorporated in the mechanism and through it the gun is elevated
and depressed by means of an electric motor, the speed gear mak-
ing it possible to elevate it at a maximum speed practically to the
desired point and then reduce to the point of final setting. An
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indicating mechanism, Plate 135, is likewise added for the purpose
of showing without the use of a gunner’s quadrant the elevations,
and the mechanism has been so arranged as to permit the gun to
be elevated through its breech preponderance when loaded to within
1° of the desired elevation. This final degree is secured either
through the operation of the handwheel or through power from
the electric motor. ' ]

237. Chassis.—The chassis includes the two cast-steel girders on
which the cradle is directly supported by means of its trunnions
and the four-piece racer. These side frames are designed for both

. PLATE 138.
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ELEVATING MECHANISM BUFFER, INSIDE VIEW, RIGHT SIDE.

strength and rigidity, but principally for rigidity. If designed for
strength only they would not be sufficiently rigid. In starting their
design the diameter of the racer may be considered given, because
this was determined in the decision as to the length of recoil that
had to be determined before the design of the recoil mechanism could
be undertaken. The distance of the center of the trunnions above
the racer was likewise a predetermined dimension, hence the designer
was simply confronted with the problem of designing the beams or
girders of a certain length and supporting a certain maximum load
at a certain point in their length and at a certain distance above -
their base. Numerous lugs and pads were provided of course in
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various places for the reception of the various mechanisms that
would be attached to these beams, but these are minor problems in
the design. As finally designed, the beams with their web of a cer-
tain thickness and ribs of certain thickness and at various points
in their length represent more or less an arbitrary design. The
beam is first designed for strength and then the necessary ribs
added for rigidity and to an extent found satisfactory by obserya-
tion of previous designs. It is difficult to prove to what extent ribs
are necessary except by observing failures of similar beams. It is
the usual practice to play safe in the providing of metal for the
purpose of rigidity up to a point where additional weight would seem

excessive.
PLATE 141,

4

-

——/

Py e iy

MACHINING SECTIONS OF TRAVERSING RACK.

938. The racer is of such a diameter as to make its manufacture
by casting in one part very diflicult, hence the decision to subdivide
it into four quarters. The problems involved in the design here
are the providing of a ring sufficiently rigid that when two beams
such as those already designed are supported on it at their ends
only, it will bear evenly on all of the traversing rollers and not
be distorted under the stress of firing. Here again there is rela-
tively little precedent and it becomes necessary finally to decide upon
the size of sections and thickness of webs and ribs somewhat arbi-
trarily. No failures have been observed in other rings of this size
and under similar conditions, hence we do not know definitely
just how much one may reduce in the size of sections, thickness of
ribs, ete., and still remain within a satisfactorily safe limit. The
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final design of a quarter section of the racer is shown in Plate 142,
It is relatively a box section in that it is cast hollow: the under sur-
face is intended to serve as the upper bearing for the cirele of cones.

239. Manufacture—The side girders or beams are made of cast
steel No. 2 and are machined, as shown in Plate 143, for the recep-
tion of the various mechanisms that are to be assembled on the
sides and on the bottom at the front and in the rear for attaching
to the racer. With the exception that these operations involve the
handling of a very heavy piece of machinery, there is nothing un-
usual or difficult involved. Each of these two castings weighs 34,000
pounds. The racer is cast, as already explained, in four parts,

PLATE 144.

FINISHING BOTTOM SURFACE OF RACER SECTION ON PLANER.

each part machined separately for joining to two other parts on the
top for the placing of the side frames or girders and on the bottom
for the cone roller bearing. These operations are shown in Plates
144 and 145. The assembled racer without the side girders attached is
shown in Plate 145. Its total weight is 200,000 pounds. The opera-
tion of machining the roller bearing, of course, requires the racer
to be assembled into one piece. This machining is done on a
large boring mill, as shown in Plate 145.

240. T'raversing mechanism.—The design of the traversing mecha-
nism was started with the requirements that the ratio of motion
of the handwheel to traversing of the carriage be from 324 to 360
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turns per 360 degrees for the fast-motion mechanism and approxi-
mately 3,600 turns per 360 degrees for the slow-motion mechanism.
The limitation of 30 pounds for the handwheel load was set up, and
the total load to be carried. together with the coefficient of friction
of this type of bearing. were known. It was decided again to avoid
the use of worms and worm wheels and use only spur gearing. The
design of this mechanism as finally worked out is shown on Plates
146-154. A photograph of the mechanism assembled is shown on
Plate 132. The only portion of the mechanism which does not show
in this figure is the pinion on the lower end of the vertical shaft
which meshes with the rack on the base ring. The design involved

PLATE 145.

PREPARING TO MACHINE THE ROLLER PATH OF ASSEMBLED RACER, CASTING
SHOWN INVERTED.

the incorporation of a Waterbury spring gear. so that the mechanism
might be driven at varying speeds by means of an elect ric motor .3
well as by hand if necessary.

941. On Plate 149 the conical steel rollers used in this traversing
mechanism are shown in assembly. They are 42 in number, are of
forged steel A, and are not hardened. They are provided with
short spindles by which they are held properly in place by a distance
ring.

949. Manufacture—There is nothing unusnal in the manufacture
of any of the parts of this mechanism, since it involves simply the
use of spur and beveled gears. The rack which is attached to the
cireumferences of the base ring is made in 12 parts and attached to
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the ring by means of screws. When completed it was found that a
maximum handwheel load of 27 pounds was required to operate the
high-speed mechanism. A much less load is required for the slow-
speed mechanism. - . A

243. Loading mechanism.—In designing the loading mechanism,
Plates 155-158, the factors that were given were the weight of the
projectile, the weight of the powder charge and approximate design
of the ammunition storage house in its relation to the gun, and the
desired speed of loading and rate of fire. The weight of the pro-

PLATE 149.

\
7 ™ 7
YT :

SECTION THROUGH BASE RING AND RACER SHOWING AZIMUTH INDICATOR,
CIRCLE, AND OBSERVER’S CAB.

jectile, 2,400 pounds, is such as to make power loading and ramming
quite desirable. The rate of firing specified as desired was 1 shot
per minute.

244. Investigation of existing methods of handling ammunition
of this size revealed the mechanisms employed in the Navy for the

_elevating of the projectile from subdeck storage rooms to the turret

and by mechanical means into the gun. It was deemed desirable to
have the truck operated by power rather than by hand, and for this
purpose storage batteries and electric motors, reciprocating engines,
and compressed air were considered, It seemed finally that it would
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be better to avoid the use of a storage battery and electric motors
with the resultant danger from the presence of the powder charge.
and a truck of the design shown on Plate 156 was decided upon. It
will be observed here that the truck receives 3 projectiles from the
magazine platform and is then pushed by a gas locomotive to the
mount. The gun is loaded at the position of plus 4 degrees, the pro-
jectile being rammed by hand or power, Plates 155-158. The powder

truck carries 12 sections or 3 charges. Two sections are transferred

to the loading table and rammed at a time. The igniter is then put

in behind the last quarter charge by hand. :
" PLATE 150.

&
-

)

L__LT.:..__.___

3

i

i L i

PORTION OF AZIMUTH CIRCLE AND INDICATOR WITH VERNIER ADJUSTMENT.

245. The gun, carriage, and loading mechanism as designed part
by part and described briefly in the preceding paragraphs is shown
partially and completely assembled in I’lates 132, 159, 160, and 161.
It is shown assembled at the proving ground for proving of the gun
and carriage in Plate 162. Attention is called to the comparison of
the size of this carriage and the disappearing carriage for the same
gun. The cost of the disappearing carriage is considerably greater
than that of the barbette carriage, and permits an elevation of only
80 degrees as against the 65 degrees of the barbette carriage, and
during its lifetime probably will cost several times as much in main-
tenance as its smaller competitor.

246. Tt was pointed out at the beginning of this discussion of the
design and manufacture of such a seacoast weapon that it would be
impossible to discuss in very great detail the mathematical design of

S A
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the various parts because an excessive amount of space would be
required; and, after all. no particularly good purpose would be
served, because the student of this volume is not so much interested

PLATE 152,

LAYING OFF SURFACES FOR MACHINING OF QUARTER SECTION OF BASE RING.

in the elaborate mathematical design of the various components as
he is in the brief discussion of the factors involved in the design and
a general analysis of the requirements and a discussion of the forces

PLATE 153.

ASSEMBLING THE ROLLER UNIT ON PATH OF BASE RING.

involved. Any who are interested in the minute detailed discussions
of the design of the various parts of such a carriage can find the
complete designs, caleulations, ete., as worked out by the designers
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in the Offices of the Railway and Seacoast Carriage Section, Artillery

Division. Office of the Chief of Ordnance, Washington.

BOLTING ON THE TRAVERSING

Notes with

PLATE 154.

RACK ON BASE RING.

reference to the minute details of the processes of manufacture of the

various parts of the gun will be

found at Watervliet Arsenal, and

PLATE 155.

l

POVDEIR TRAY

similar notes with reference to the details of the

WIELCH OPLRATHO
_ FLAYT ORK
‘eRELON OPERATIZO
PLAYTORA AYEPY

WIVOLYMO 8HZLL
YAMLE

DIAGRAM OF LOADING METHOD.

facture of the carriage will be found at Watertown Arsenal.

processes of manu-
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247. It was pointed out in the beginning that a great deal of
devising of such a machine is necessarily
Consideration of the discussion just given
In the original requirements it was not

the design involved in the
handled as one proceeds.

shows how true this is.

possible to specify the length of recoil because it was realized that
a vital relation to the stresses that would be set up in the
would consequently affect the
It has a definite
and a rather

this had
various parts of the carriage and
design of the parts as to weight and strength.
relation likewise to the size of the racer and base ring,
detailed study was required to determine what the limits of dinmeter

PLATE 1564,

16-INCH CARRIAGE, FINISHED AND ASSEMBLED IN THE ARSENAL,

of these rings should be. This applies to many parts of the car-
ringe, and as a consequence only the most vital requirements and
characteristics of the gun and carriage can be decided upon in the
beginning.

248, Tt is interesting to speculate what the next development will
he in guns and carriages beyond this design, which is unquestionably
the most powerful weapon in the world at the present time.
Already we are considering guns of 18-inch caliber. This means
the consideration of the weight of projectile, muzzle velocity, weight

of powder charge, ete. By the time we have reached a decision to



PLATE 160,

REAR VIEW OF ASSEMBLED MOUNT.
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and carriage probably the metallurgists will
trength, and the design of
the same as that just pro-
The action of this carriage
e improvements will
ill arise that
here almost
If it is

construct such a gun
have produced a steel of greater tensile s
the gun made of such a steel will not be
Juced from the steel in use at this time.

will be studied carefully, and from time to tim
be suggested, faults will be found, and new conditions w
must be met. Tt is not impossible that we are seeing
the limit of the development of coast defenses of this type.

PLATE 161.

FRONT VIEW WITH CRADLE AND GUN ELEVATED.

true that the end of the great warships is in sight through the
growing efliciency of the airplane and through the decisions of the
Conference on Limitation of Armament, it may be that .we are now
writing the story of the entire development of this character. Guns
and carriages of this description are of no value against submarines;
and if the warship is to pass and submarines and airplanes are to
take its place, it is diflicult to foresee the need of more powerful
The attention of the student of 10 or
for the interest that it

920 years hence is invited to this paragraph
t that has taken place

will afford him in studying the developmen
during that time.
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PLATE 162.




Parr II1.

'THE MECHANISMS OF EXISTING SEACOAST WEAPONS.

949, Tn Part T a relatively complete history has been given of
the development of each distinct part or mechanism of a gun and
its cerriage from the time of the first use of the crndest form of
such mecl:anisins as esist to-day down to the latest development of
which we have any knowledge. Part II deals with the problems
involved in determining the requirements of a modern great sea-
coast weapon, the general procednre in designing, and the problems
and procedure involved ‘in the manufacture. Having dealt with
the history of the deveiopment of the various mechanisms and the
problems involved in design, manufacture, etc., it is now -pertinent
to procce\d with a discussion or description of the various mechanisms
on-weapons in use at the present time. It has not been possible, and
it does not seem desirable, to attempt to give in this volume detailed
descriptions of the various mechanisms in use on weapons that
have passed out of service. The student of Part I has probnbly
found that each step in the development of any particular mecha-
nism has involved largely the refinement in design, manufacture, or
propertics of materials. Taken over a period of years, the develop-
meni represents improvement in all three respects. We are hence
concerned at the present time most with the characteristics of the
mechanisms that are in use to-day. Our appreciation of the perfec-
tion of these mechanisms at this time is simply enhanced by a knowl-
edge and appreciation of the various steps that have occurred in the
development of the past centuries. Fifty years hence the mecha-
nisms that we are describing here may appear. as crude as those of
50 years ago appear to us Dow, especially if one may judge by the
progress that has been made in the last 8 years. _

950. In describing the mechanisms of the various weapons that
lave been selected as typical and that are listed in the table below
it will be the procedure to describe each typical mechanism but once;
for example, in describing the recoil mechanism of the 16-inch 50-
caliber gun, which will be dealt with first, each mechanism will be
described in rather elaborate detail. In taking up the descriptions
of the 12-inch gun on its barbette carriage only those mechanisms
will be described in detail which are fundamentally or noticeably

(221) ‘ )
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unlike the similar mechanisms contained in the 16-inch unit.  If
the recoil cylinder proper of the 12-inch carriage is the same in prin-
c1ple as well as construction as any of the cyhnders of the 16-inch
carriage, merely a reference will be made to the fact that this mecha-
nism or cylinder is identical with that described in paragraph X.
It is believed that this procedure will not only properly. conserve
space, but will likewise serve to point out more clearly to the student
to what extent the various mechanisms on carriages large and small
are identical in principle and construction.

Table of weapons described in this part.

Cannon. - ) N Carriage.
gggcggj Caliber. " Length. | Model. Type. Model.
16-inch....| 50-caliber, gun......... Barbette........ .1 1919.
18-inch....| 50-caliber, gun........ Disappearing. 1917,
16-inch....} 25-caliber, hownzer.... Barbette.... 1920.
16-inch....| 35-caliber, gun......... Di.:a‘;)pearmg 1912. '
14-inch.... 34—caliber, guUN......... 1902;1 1907 MI and |.....do....... 1907 and 1907 M1.
4-inch.... 40cahber, gun........ X Turret............ 1909.
.| H4-inch....] 40-caliber, gun... Railway..........| E

.1 12-inch....| 35-caliber, gun.. ......| 1885 MI........... Barbette..........| 1917,

12-inch....} 34-caliber, gun... 1888 MI, MII......\..... do.... .
*| 12-inch_. | s0-caliber, gun. .. 1895 and 19J0 ...... | Disappearing.. .
.| 12-inch....| 35-caliber, gun... 1895 0 c.ceiiiindenaas [ 1897.
.| 12-inch....| 34-caliber, gun......... 1888and 1895.....01 " do. ... 1896,
.| 12-inch....| 35-caliber, gun... ...... 5 | Railway.. 1918,
12-inch....| 10-caliber, mortar.....| 1800............... ..., do.evvunnan... 1918,

..... do....oe.ae. ] 1018
Disappearing......| 1901
Dnﬁapg)earmg, A, | 1896.

.| 12-inch....| 20-caliber, howitzer....
10-inch. ... 35-40-caliber, gun......
10-inch....| 34-35-caliber, gun......

10-Inch....| 34-35-caliber, gun...... . Dl;nppearmg, L. | 1896.

34-caliber, xun......... Disappearing......| 1804. MI,

34-caliber, gun. Barbette.......... 1803. .
32-caliber, gun. P P do.eeeeannnnn. 1892,
32-caliber, gun. Dusappearmg ...... 1896.

32-caliber, gun.
50-caliber, gun
50-caliber, gu
50-caliber, gu
50-caliber, gun.
44.5-caliber, gu
50-caliber, gun.
50-caliber, gun

gaxlwav.. ...... . 191,2.'MII

isappearing.. 190 .
(I) v 1905 MI1.

1905,

1903.

1898,

1910.

1900,

Armstrong.

1915, -

1903. :

PRI 1+ JONN

1902,
1898 MI.,

251, The order in which the various mechanisms will be described
is as given below. It will be observed that each mechanism is listed
with a certain number. The first cannon that is described, which is
listed as No. 1, will be classified as A. All other cannon of similar or
identical construction will merely be compared with cannon A. As
soon as a cannon of a fundamentally or radically different’ construc-
tion is‘encountered in the list it will be described under the head of B,
and other cannon of a similar construction will have merely a refer- -
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1+inch....| 50-caliber, gun.........} 1920...c0euue... toue.. do.... 1920.
12-inch.... l()—callber, mortar..... Mortar.. 1908. . . .
12-inch....| 15-caliber, mortar.....| 1890and 1912......".....do......... ...| 1896 MI, MII, MIII.
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.As finally assembled the A tube is under a compression of
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ence to-this detailed description. This procedure will be followed
with refcrence to each distinct type of mechanism. Where any par-
ticular mechanism differs only slightly but sufficiently to warrant

_calling attention to the difference it will be described under a new

classification, but the previous description of those parts which are
identical will not be repeated. '
. Order of description of mechanisms.

- 6. Elevafiﬁg mechanism.

7. Traversing mechanism.

3. Firing mechanism. 8. Loading mechan’sm.
4. Ttecoil mechanism. 9. Chassis and (or) top carriage.

5 Recuperator mechanism. . 10. Base.

1. THE 16-INCH 50-CALIBER GUN, MODEL OF 1919 MII, ON
’ BARBETTE CARRIAGE, MODEL OF 1919. )

1. Cannon.
2. Breech mechanism..

952. Cannon A.—The 16-inch 50-caliber gun is shown in section
on Plate 99, Part IT. Tt will be observed here that the gun is of
the wire-wound type and comprises a B tube and jacket over which
the wire is wound and locked by the various locking rings. A se-
ries of hoops are then shrunk on over this wire, and when this outer
portion is completed the entire gun is heated and shrunk over the
A tube. A shoulder is machined on hoop E, against which the
heavy counterweight, which is assembled mechanically, Plate 140,
bears as the gun recoils. The powder chamber is cylindrical in
form, has a maximum diameter of 22 inches, a length of 121.263
inches, and a capacity of 40,000 cubic inches. The bore of the gun
is rifled with 144-inch grooves having a width of 02091 inch and a
depth of 0.12 inch. The lands have a width of 0.14 inch. The twist
of the rifling varies from one turn in 50 calibers at the origin®to one
in 25 calibers at the muzzle, and the velocity of rotation of the pro-
jectile as it leaves the muzzle is 1,620 revolutions per minute. The
breech ring is mach'ned to 4 diameters and divided into 4 groups of”
4 segments each to accommodate the step-threaded Welin breech-
block. The 4 unthreaded sectors are of course of the largest diame-
ter. The total weight of the gun without the counterweight is 310,
600 pounds and its total length is 826.8 inches. Most of the ma-

-terial used in the construction of the gun is alloy nickel-steel

having an elastic limit of approximately 65,000 pounds. The A
and B tubes have an elastic limit of 55,000 pounds cach. The wire
used is one-tenth of an inch square, is cold-rolled alloy stecl, and is
wound on at the uniform stress of 50,000 pounds per square inch.
about 60,-
000 pounds per square inch. The approximate droop of the gun is
0.6 inch at zero elevation and as supported in the cradle of the bar-

bette carriage.
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253. Breech mechanism A.~The breech mechanism, Plate 121,
comprises a block; a mushroom head with spindle, a carrier or
hinge to which the block is attached and on” which it swings back
-and down, and the combined buffer and closing cylinder mounted
directly under the breech of the gun. It will be'observed that this
breech mechanism is of the Welin step-thread type, the entire cir-
cumference being divided into 16 segments, 4 of which are un-
threaded. The block is machined to 4 different diameters, the least
diameter being reserved for the unthreaded segments, and the other
8 diameters are threaded with a V-thread to fit the: cmrespondm" :
threaded segments of the gun. "This type of breech offers the ‘ad-
vantage of making it pOSSIble to close or open . the ‘block by, a
one-sixteenth rotation of its axis. This relatively small degree of
rotation ‘required” for opening and closing makes it possible to
substitute a considerably more ‘simple and more rapid operating
mechanism for the opening and. closing. In the typical breech
mechanisms of the models of 1888 and 1895 the.threading of
the . breech to 1 diameter has nccessitated the use of a rather
laborious opening and closing mechanism: comprising worms and
combination or- compound -w orm and spur gears, which serve
chiefly to.rotate the block and then withdraw it along the axis
of the gun to such a point that it may be swung to the side on
its hinge.. The slight rotation of this block accomplished through
the pluo' handle serves, first, to releasc the breech from the aun
and, second, by the slight pull to the rear to start it on its swing
to the rear and down. In closing the breech, the block carrier is
actuated by the air cylinder and, in the last part of the movement,
two small rollers on the block StI‘ll\G a cam surface on the brecch face,
thus imparting a rotary motion sufficient to engage it in the breech
threads, and press the obturator pad firmly into the gas-check secat
of the powder chamber. This rotary motion causes t11e lever used in
opening the block to automatically swing up and latch in lece .

254, The buffer and closing meclnnlsm Plate 163, comprises sim-
ply an air cylinder, piston, and a bufler spring. \Vllen the block is -
released after firing and drops, its motion is checked through the
action of the spring. When it is desired to close the block, air is
introduced into the cylinder, which, through the push of the piston,

swings the block up into place '111(1 holds it there uutll it has been
rotated and locked.

255, An accessory in the shape of an air ejector for the powden
gasses is added, probably more as a carry over of the practice of the
Navy rather than as a result of any feeling on the part of the Army
that it is necessary. When such guns as these are in use on a battle-
ship it is, of course, most desirable that on opening the breechblock
the gasses be not permitted to flow back into the turret. As a conse-
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quence, a semi-automatic type of gas ejector is generaily introduced
which, on the opening of the block, permits air at rather high pres-
sure to flow through several orifices in the wall of the breech bushing,
driving the powder gasses forward and out of the gun. Since the
air was supplied for use in the closing cylinder in this case the gas-
ejecting feature has been included. ~

256. The mushroom head, split rings, and obturation or gas-check
pad used with block, Plate 121, are not unlike the similar components
of the more common or single-threaded diameter blocks, Plate 164.
The gas-check pad is made of oiled asbestos and covered simply with
canvas or with woven copper cloth or perforated sheet copper, and the
whole compressed under tremendous pressure to the desired form.
"‘Such pads render satisfactory service in the laboratory service, speak-
_ing relatively, of coast defenses or battleships. They are not entirely
satisfactory in field service, as learned to our displeasure in the past
war. The mushroom head is provided primarily to serve as a pres-
sure plate for expanding the obturator pad against its seat in the
gun and as it receives extreme punishment from the heat and pres-
sure of the main powder charge and erosion in the vent from the
primer gasses it is designed to be easily replaced if necessity arises.

257, Firing mechanism A.—The firing mechanism of this breech,
Plate 165, comprises essentially a machined seat and holder for the
percussion or electric primer, as the case may be. It is not probable
that it would be desired to use any friction primers with a gun of
this type, though there is no fundamental reason why this could not
be done. When electric primers are used the current is supplied
from a high-voltage battery of the type normally termed a firing
battery and used both with artillery and for commercial blasting.
In this case the battery used will be power driven instead of hand,
but the principle of operation is the same. The primer is fired in
this case simply through the heating of a small wire in the primer
connecting the ends of the leads from the battery. When percus-
sion primers are used the lanyard is connected to the sear, which,
on being pulled to the rear’ and down, withdraws the hammer
plunger and permits the firing pin to be driven forward by a spring,
striking and firing the primer. There are numerous modifications
of this percussion firing mechanism, some of which involve the use
of a separate primer holder, which, in effect, is nothing but a small
plug several inches in diameter with a slot in its front end to receive
the head of the primer. This plug has a rather steep thread and
is screwed into the rear end of the spindle by a turn or two and is
locked by a special locking device. Ifrequently the plug contains
the striking pin also, which is driven forward by means of a spring
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‘box for the passage to the rear of the piston rod, w
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after it is released by the latch through a pull of the lanyard. A
slight modification of this mechanism which is in rather general use
in the French service involves the use of a spring loop attached to
the firing pin through a short ¢-inch section of light cable. A hook
on the end of the lanyard is passed through this loop, and when the
firing pin is drawn back and the pull on the lanyard increased, the
ends of the loop separate, permitting the hook to pass between them.
The striker is then driven forward by the spring and fires the primer.
Electric firing mechanisms generally comprise simply a satisfactory
holder or recess for a primer which is exploded or fired through the
medium of a heated iron wire and electric current. :

958. Recoil mechanism A~The recoil mechanism of this car-
riage comprises two cylinders, Plate 124, of a type common on our sci-
coast carriages for many years and two other cylinders and mecha-
nisms, Plate 123, of a type new and peculiar to this carriage. The two
short cylinders comprise each a forged-steel cylinder set into the
proper brackets of the cradle and closed at the front end by a plug
and provided at the rear end with the necessary gland and stuffing
hich is connected
to the combined counterweight and recoil band of the gun. The
piston rod is made of steel and has screwed and locked to its for-
ward end a bronze piston. The walls of the cylinder are machined
with 3 grooves of the usual type, through which the oil passes at
varying velocities as the gun recoils. Assuming that this book is
being used by those who are not entirely familiar with all of the
details of such a mechanism, as well as by those who are, we may
perhaps mention that the gun is brought to rest through the resist-
ance opposing the passage of the oil past the piston from one
end of the cylinder to the other. The grooves machined in the
wall of the cylinder are of uniform width but varying depth, vary-
ing according to the force being exerted by the gun or pull on
the piston rods as the gun attempts to move to the rear. The
energy of recoil of the gun is finally dissipated through mechanical
friction and through the friction of the liquid passing through the
orifices in the grooves when the piston reaches the position shown by
dotted lines. The oil by this time has been transferred from one
side of the piston to the other, and the gun is momentarily at rest.
As the gun moves forward due to the pull exerted by the recu-
perators, the oil slowly passes back through the grooves until
the piston is again in position at the forward end of the cylinder,
as shown by the full lines. It will be observed that there is no
special mechanism provided under the name of a counter-recoil buf-
fer to retard the motion of the gun forward or to prevent its banging
or charging into battery.
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259, The other two recoil cylinders illustrated in Plate 123 are
unique and new with this gun and are worthy of special attention.
If we consider in the upper view only that portion of the cylinder
from the piston which is located about in the center of the cylinder
to the rear or the left, we find a mechanism practically identical
with the one just described. Identical grooves are machined in the
walls of the cylinder, through which the oil passes as this piston
moves to the left. The portion of the cylinder to the right of the
center, however, is unique. When the gun is finally brought to rest
in its motion to the rear and is then returned to its firing position
or to battery by the pull of the recuperator, unless some special device
is provided to serve as a buffer, the gun is very apt to strike the
carriage with such force as to endanger the entire mechanism. This
condition would not necessarily prevail if the gun were always fired
at one clevation, and this fact could be taken into account in its
design. Under such conditions the recoil grooves could probably be
so designed as to serve as buffers and produce a cushioning effect on

" return to battery. Guns are not fired at fixed elevations. however,

and buffers which are provided must be made to operate if possible
as satisfactory at zero elevation or angles of depression, where the
force of gravity is added to the pull of the recuperators, as at the
maximum elevation where the force of gravity subtracts from the
pull of the recuperators. The older type of buffer, which wisually
comprised a conical plug attached to the forward end of the recoil
piston rod, Plate 227, has not served with cqual satisfaction at zero
and 45 degrees clevations. When it was decided that in this case the
gun should have a range of elevation of —7 degrces and +65 de-
grees, the conditions were so extreme as to prohibit at once the use
of the old type of buffer. Trials made with the old type of buffer
on guns operating at these elevat'ons showed clearly that some new
type would have to be devised for this gun:  The recuperating cffort
required at an elevation of 65 degrees would be so much more than is

. necessary at —7 degrees that the excess energy could not be dissipated
t=] =&

by any of the older counter-recoil devices when firing at the latter or
even the medium degrees of elevation. One solution of this problem
comprises a cheek of a sort on the recuperator. When the gun
recoils the air pressure in the recuperator builds up consid-
crably, and the above solution of the problem comprises the in-

" clusion of a poppet valve in a diaphragm of the air reservoir of the

recuperator. As the air pressure builds up, the a'r opens this poppet
valve and passes to the rear portion of the reservoir. = As soon as
the recoil stops, the poppet valve closes and the air passes from the
rear chamber of the reservoir into the forward chamber only through
a special orifice that is so small as to keep the air pressure and the
pull on the gun within reasonable limits as the gun returns to bat-
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solution. It is at least

tery. This may be an entirely satisfactory
which will

the solution on those 16-inch guns and cradles, or slides,
be used on some of these carriages as a result of the stopping of our
shipbuilding program. '

260. The buffer provided in the cylinder,
comprises an extra bronze piston with a number of orifices through it
and a sliding valve which can close the orifices through this piston. ~As
the gun recoils the oil between the recoil and buffer pistons passes
casily through the orifices in the buffer piston and probably there is
little tendency to retard the motion of the gun to the rear. As soon
as the pull of the recuperator starts the gun forward, the floating
valve at once slides to the rear closing the orifices through the piston
and compelling the oil to pass through very much smaller orifices in
the valve. This mechanism has worked most satisfactorily. There
secms to be no more tendency whatsoever for the gun to charge into
battery, even at the extreme angle of depression. It has worked with
equal satisfaction at the maximum angle of elevation, that is, 405
degrees.

261. Recuperator mechanism A.—Two recupera
provided in the complete recuperator mechanism, I’late 125. This
recuperator is of a type that has been purchased from the French
St. Chamond Ordnance Co. and compris2s an air reservoir, cylinder,
hollow piston, and a floating piston. . The one-piece air reservoir
and cylinder is attached to the cradle in brackets or lugs provided
for it. The remainder of the mechanism is attached to the recoil
band of the gun through a yoke on the front end of the hollow
piston and to rods passing to the rear. The hollow piston
passes through a most carefully made stuffing box which
must prevent the escape of the oil contained between the floating
and hollow pistons. Within the hollow piston is a piston rod, at
the rear end of which is attached an elaborately made floating
piston comprising a bronze piston, several U leathers, an expanding
disk, and a spring which continually exerts force on the expanding
disk to press the leathers against the walls of the cylinder. The
space between the floating piston and the hollow piston is filled
with oil, and a special connection will be observed on the top of the
~ air cylinder near the stuffing box through which oil may be forced
“into the oil space by means of a pump when a certain amount has

leaked out. Another stuffing box is provided at the forward end
of the hollow piston and this is likewise most carefully made to
prevent the escape of the oil past the small piston rod. The yoke
just mentioned is attached to the forward end of the hollow piston
and the connecting rods are attached to it on cither side. Special
guides are provided for the forward ends of these connecting rods,
thereby serving to keep in place or to center perfectly the hollow

734—23—16

as shown on Plate 123,

tor cylinders are



232

piston, which has no other support. The two connecting rods pass
to the rear and are attached by nuts to the recoil band.

9262. When the gun recoils, the pull on the connecting rods forces
the yoke and hollow piston to the vear. The motion of the hollow pis-
{on to the rear is communicated through the prezsure on the oil to the
floating piston, which moves to the rear at the same rate. The initial
pressure of air carried to the rear of the floating piston is approxi-
- mately 1,770 pounds per square inch. This builds up to approxi-
mately 3,140 pounds at maximum recoil. Tt is fairly safe to assume -
that there is no difficulty from the escape of air; although some air
might pass the floating piston, it must likewise pass the recoil pis-
ton. The net result is that the air pressure simply serves to push
the floating piston forward with a certain pressure.” This results in
a tendency of the oil to gradually escape through the two stuffing
boxes; and it does escape through both, though very slowly. As the
oil leaks out, the floating piston is forced forward, and when the
graduated forward end of the front piston rod projects a certain
extent those in charge of the maintenance of the carriage simply
pump in more oil by means of the refilling pump that is provided. -
Two recuperator cylinders have been provided in this case, not be-
cause it was felt necessary to divide or balance the recuperating pull
but because it would have been necessary to use either an excessive
air pressure in a single small recuperator or provide an excessively
large recuperator for use with normal air pressure. This is the type
of recuperator that has been used with the 12-inch mortar on its
railway carriage, the 12-inch howitzer also on a railway carriage,
the 16-inch howitzer on its barbette carriage, and it is being incor-
porated in the 14-inch railway carriage, model 1920.- This same
type of mechanism is used in the French 340-millimeter gun, 400
and 520 millimeter howitzers, all on railway mounts, with entire
satisfaction. and has been given such a try out as to prove it entirely
satisfactory for heavy guns. Tts first use in the ‘American Army
was with the 12-inch mortars mounted on railway carriages for
service in the World War. Tt proved so satisfactory and pleasing a
design as to commend it for universal use. B o

263. Elevating mechanism A.—The clevating mechanism, Tlate
135, comprises the antifriction mechanism incorporated in the trun-
nion bearings, Plate 137, two racks mounted on either side of the
cradle with trains of gears leading to the handwheel, speed gear and
motor on the right side of the carriage. A buffer incorporated in
each side frame is provided for stopping the gun without serious
jarring at either extreme-of elevating, Ilate 138, and a friction
brake operating through a hand lever monnted on the right side of
‘the carriage, Plate 136.
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964. The antifriction me-hanism used on this carriage is to a
certain extent unique in that it includes a roller bearing not used
on carriages previously built by us at least, although similar rollers
were in use during the World War on French 320 railway mounts.
This mechanism, Plate 137, comprises the main trunnion of the gun,
the end of which is recessed and is fitted with a smaller bearing pin.
Tt comprises also the nest of rollers between two collars or bearings,
the inner of which fits over the bearing pin already mentioned and
rotates with the gun, while the outer rests on the bearing post and
is stationary. The bearing post passes through a vertical hole in the
trunnion bearing of the side frame and is supported on the beam, the
lower front end of which rests on and may rotate about a steel pinand
the rear end of which is supported through a steel rod on threc pairs
of Belleville springs. When the gun is assembled in the carringe the
main trunnions, of course, bear upon the main trunnion bearings, and
the friction is very great. If no provision were made for reducing
this friction, it would be impossible to elevate the gun except at anex-
ceedingly slow rate through a very great reduction in the gearing.
When the gun and antifriction mechanism Lave been assembled the
rear end of the supporting beam is drawn up by means of the two
nuts C and D until it is possible to insert a 0.02 feeler gage between
the main trunnion and the main trunnion bearing. The gun is then
being supported on the rollers. The main trunnion is practically
floating with reference to its b'earing. The coeflicient of 'frictipn
when the bearing is properly adjusted is 0.0015 and relatively little
effort is required on the elevating handwheel to raise or depress the
cun. Interesting data with reference to a test of this roller bearing
is given in the table in paragraph 277. .

265. The circular spur gear racks are attached on either side of the
cradle toward the rear and mesh with identical pinions which, on the
right side, lead throngh.spur gears and various clutches to a fast
motion crank, slow-motion handwheel, speed gear, and power motor;
on the left through a similar train of spur gears to a hand crank only.
The elevating mechanism units on both side of the carriage are
cquipped with friction band brakes the control levers of which are
both located adjacent to the handwheel on the right side only. Itis
pertinent to note here the use of spur gears only in this elevating
mechanism. Before the World War it was common practice to in-
clude a worm wheel and worm in most clevating mechanisms. These
introduced a considerable amount of friction, thereby increasing
the effort required to elevate and depress the gun, and their use
Las been discontinued since they have been found not at all
ncessary. The friction drum and band of the brakes mentioned
above are included on the shaft of one of the gears Qf the train
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to serve as a sort of slip-friction device and prevent excessive loads
coming upon the gears in firing. Normally the gun will not be
elevated or depressed by hand but by the electric motor through the
Waterbury speed gear, which controls most satisfactorily the rate of
elevation between very wide limits. Through the use of this gear
it is possible to elevate or depress the gun in approximately 10
seconds. - It is possible also to reduce the rate of elevation through
this gear to such a point as to permit of final fine laying of the gun
on the target. The ratio of motion of the handwheel to motion of
the gun is one revolution of the handwheel per degree of elevation.

266. In designing this elevating mechanism, as explained in Part
- 1I, it was found that the gun could be so balanced as to give a cer-

tain muzzle preponderance when empty and a certain breech pre-
ponderance when loaded. Thus, as soon as the gun has been fired,
after the brake band is released through pulling up of the brake
lever and a spin given the handwheel, the gun will drop smoothly
to its loading position in approximately 10 scconds. As soon as the
gun is loaded, after the brake band is released and the handwheel
given a spin, the gun will rise to any desired approximate elevation..
It is probable that little can be gained by this method of elevating
and depressing over operation by means of the motor; but in the
event of difficulties with the motor and its possible failure, the gun
can be operated almost as rapidly by hand, so far as clevating and
depressing is concerned, as by power. ' _

967. Since there is a possibility in the scheme of automatic ele-
vating and depressing just described, as well as in clevating and
depressing by power, of the gun reaching its limit before the power
is turned off or the brake applied, it was thought desirable to provide
“some sort of a buffer that would prevent injury to the mechanism.
This mechanism, Plate 138, comprises a lever rotating about a pin in :
the side of the carriage, the one end of the lever coming in contact
with a stop on the elevating rack and the-other end engaging in a
slide on the end of two spring rods. The springs used in this case
are Belleville washers, because this is the only type of spring that
is sufficiently strong to serve satisfactorily under the forces applied.
When the stop on the elevating rack strikes the one end of the lever
the other end forces the slide down against the springs, and although
the motion is ever so slight it-is suflicient to reduce the stresses in
the various parts of the elevating mechanism and in the carriage like-
wise to within reasonable and safe limits. -

968. T'raversing mechanism A.—The traversing mechanism, Plate
146, comprising a ring of 44 conical rollers, bearings on the base ring
and racer, a traversing rack made in 12 sections and bolted to the
base rine. a train of bevel and spur gears leading directly to the

(=} B
slow and high speed handwheels and cranks and through the speed
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In this mechanism, as well as in the
elevating mechanism just described, worms and worm wheels have
been eliminated because of the excessive friction that they involve.
The load on the handwheel required to traverse this mechanism does
not exceed 30 pounds, and the ratio of the gearing for the rapid
mechanism is 1 turn of the crank for 1°, while the ratio of the slo§v :
mechanism is 10 turns of the handwheel for 1°. In normal service 1t
is expected that the gun will be traversed by a special azimuth
observer located in a cab below the floor, Plate 149. A circle on
the base ring is graduated to degrees and a vernier, Plate 150, is pro-
vided on the indicator which rotates with the racer and reads to
hundredths of a degree. The azimuth observer is provided with head
phones and receives his instryctions directly from the plotting room.
This provision is unlike that of any other carriages previously built
and seems superior to the scheme requiring one observer to lie
flat on the floor obscrving a graduated ring through a trapdoor
while another operator a short distance away rotates the carriage
through a handwheel. On Plate 148 the clutch which engages the
hand-operating mechanism is shown. It is seen here that unless the
foot pedal is pressed, thereby forcing the clutch, which is keyed to
the shaft, to engage with the bevel gear on the crank shaft, neither
the slow-motion mechanism nor the crank have any positive con-
nection that will rotate the carriage. “When the foot is off the pedal
it is possible to rotate the carriage only by means of the electric
motor through the speed gear. '
269. Loading mechanism A.—On"all other carriages, with the

~ exceptions noted below, hand or gravity loading has been used ;
" because, in some cases, the weight of the projectile did not justify

the use of the more elaborate power mechanism, and in others, such
as the disappearing carriages firing shells of the same weight as
used in the gun under discussion, the momentum of the shell as
delivered with considerable velocity in the shot truck to the bLreech
of the gun greatly lessened the effort required to ram by hand. In
this mount, however, the following conditions were large factors in
deciding that power ramming and the scheme as adopted for ammu-
nition supply was practically essential if we were to attain the
speed desired, viz, a method of loading with the gun set to a slightly
clevated position, finally decided at +4 degrees, thereby saving 8
degrees of movement over guns that load at horizontalj an arrange- .
ment that will supply ammunition to the gun continuously and at
any point in the traversing cycle, thus eliminating the necessity of
bringing the carriage to any fixed position in azimuth or even of
stopping the traversing movement as when following a moving
target. In the event of the failure of power supply, the mechanical
efficiency of the chain rammer when operated by hand cranks wonld

"PROPERTY OF U.S. ARMY



236

give it preference over the other types of loading mechanisms in A
view of obtaining the above-stated results. ‘ '
270. The combination of mechanisms, cars, trackage, and so forth,
that comprises this loading arrangement was originally peculiar to
this mount, but later adapted to the 16-inch howitzer and, in part,
to the 14-inch railway mount emplacements. Starting at the maga-
zine, the sequence of operations for loading is as follows: The shell
and powder cars, Plates 156 and 157, respectively, are loaded on
their track in the magazine, each with 3 rounds, the powder charge
consisting of 4 sections per round or-12 sections per car. A gaso-
line engine truck on railway wheels is employed to push the two
cars out of the magazine and up to the circular track surrounding
the mount. Ilere the truck is uncoupled and returned to the maga-
zine while the cars are shunted by hand power to their respective
positions at the rear of the mount, where they are made fast to
and travel with the traversing parts until their ammunition supply
has been discharged, after which they are unlocked and run back
to the magazine for reloading. , : '
" 271. Observance of Plate 156 will show a runway platform on
each side of the shell car, which is folded up vertically in transit,
thus forming a chock or barrier for the shells. When latched to the
mount the runway on the near side is swung down horizontally until
the end rests on and is flush with the shell turntable of the mount
at the right side of the rammer. Onto this table from the car, by
means of the runway, the three shells are rolled and on conming to a
rest on the table are in a position of about 45 degrees with respect
to the rammer. The turntable is then revolved until the shells
point forward and parallel to the gun, after which they are rolled
to the left onto and over the parking platform until the fore-
most shell drops into the trough of the tray ahead of the rammer.
These operations can easily be followed by inspecting Plate 155.
It is possible with this scheme of loading to have six shells on the
mount proper at one time besides the three on the attached car
ready for unloading when space on the turntable and parking plat-
form permits. It should also be understood that any or all of these
operations, as well as the powder operations described below, can
be exccuted while the mount is under traversing motion.
- 972. Unlike the projectiles, the powder sections arc not exposed
on a parking platform any longer than is necessary to slide them
from the car to their position in front of the rammer. On Plate
157 it will be scen that in designing the powder car care has been
taken to protect its cargo from undue exposure to temperature
change or dampness. The car is housed over, sides and top, and the
trays fold up to form the ends in transit. The tray adjacent to the
mount, like the shell ear, is swung down and rests on the powder
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platform to the left of the ranimer, and, as the powder is required
for loading, the hand-operated chain conveyer in the car is used to
deposit two sections of powder in the trough of the tray in a position
parallel to the rammer. A hand staff rammer is used to slide this
half charge forward onto the powder platform until it is in a
position to be rolled to the right into the trough ahead of the rammer.
The remaining two sections of the charge follow immediately and
are ready to be rolled into the rammer trough by the time the rammer
is withdrawn from loading the first sections.

273. The power chain rammer is a new de
scheme of barbette carriages, but rammers of this type have been
in use in naval and Army turrets for a number of years. " The ram-
mer in this mount, Plate 158, comprises a cast-steel frame or hous-
ing and a flexible forged steel chain, the latter being driven through
sprockets and gearing by a speed gear and motor. Facilities for us-
ing hand cranks, in event of power trouble, are also provided.

.274. The spanning tray is unusual inasmuch as’ it is supported
in a spring-balanced position over the rammer frame during re-
coil of the gun and can easily be launched to the front and down-
ward to its loading position between the rammer head and the
breech opening. A rather unique feature of the breech platform
is due to the fact that it does not swing back to clear the recoil
of the gun but is attached by means of cantilever beams to the
under side of the cradle. These beams, with the platform across
their rear end, are sufficiently low to permit the gun and band to .
recoil over them and, being a unit with the cradle, elevate and
depress with the tipping parts. , :

275. Top carriage A.—~While the term “top carriage » applies to
no well-defined group of parts of a barbette type of mount, it may
be assumed, however, to include those parts of the carriage above
the traversing rollers that have not been described as a special mecha-
nism in the previous paragraphs. With this assumption in view,
it may be said that the top carriage of this mount comprises the two
cast-steel side frames, Plate 132, placed parallel and with both ends
keyed and bolted to the top surface of the racer. The racer is of
cast steel and consists of. four sections, butted and bolted, forming
a complete ring resting on the traversing rollers and located by its
pintle extending into the base ring. Equally spaced along the under
side of each side frame are three cast-steel floor beams that extend
outward to the racer and are bolted to the inner vertical surface
of it. These form a lateral bracing for the side frame, stiffen the
racer as a ring, and are the main support of the flooring. Against
the ‘outside vertical surface of the racer a number of cast-steel
brackets are bolted and support the circular platform that surrounds
the entire mount. When assembled in place this platform bridges

parture in the loading
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the gap between the floor of the mount and the concrete surface of
the emplacement. The vertical force of firing is taken' directly by
the rollers, while horizontally the top carriage is held by the pintle
mentioned above. Any tendency of the mount to overturn when
firing at low angles is checked by a number of cast- steel clips at-
tached to the racer, front and rear, and hooking under a ‘projecting
ledge around the base ring.

276. Base—A.—The base, Plate 152, is made up of four sections
sufficiently rigid when finally bolted too'ethel to provide a perfe(t
bearing for the 44 conical rollers on whlch the top carriage is
supported. This bearing carries around its top and outer edfre the
traversing rack made up in 12 sections, and it is machined to a cone
within for the roller bearing. Just under the traversing rack an
azimuth ring is provided which is graduated to degrees after the
mount has been emplaced. As mounted in the coast fortifications
this base rests on a concrete foundation, and the azimuth ring is
graduated so that wherever the azimuth observer’s cab may finally
be located his indicator is at zero azimuth when the gun is pointing
due south. This practice of causing the direction of due south to be
known as zero makes it neéessary to leave the graduating of the
azimuth ring until the carriage has been emplaced. ’

277. Following is a tabulation of miscellaneous data with refer-
ence to this gun and carriage:

Weights and capacitics.

 Gun, wire-wound, approximately 70 feet over all: '
‘Weight of gun and breech mechanism with recoil band filled with

lead oo — _pounds... 383, 847
Weight of gun.__. i do..-- 326,624
Weight -of recolling partS. oo do_... 399,917
Weight of tipping parts e ———— do.__. - 499,200
Weight of projectile I, - do_-_— 2,340
Weight of powder charge. § i (s 850
Total weight of tipping parts, not including gun and band-._do_._- 113,353
Total dead weight that comes on foundation__ o oo ____ d0-.-- 1,000,000 .
Total piston-rod pull fired at 65° elevation do_-.. 1,642,686

Total weight of the cradle itself, machine finished, and all surfaces
requiring same, including caps holding recuperator cylinders to :
the cradle_- pounds__ 75,420

Weights of principal castings as delivered from the foundry (no
machining) :
Bast ring, 4 sections, each section L ~-tons__ 21
Racer, 4 sections, each section oo Ao - 25
Distance rings, 6 sections, each section_ . _.___ do---- S 1.05
(0] 22V ) (Y do_._. . 51
" Side frames (2), each- S do__. 17
Capacity of recoil cylinder, long_ . _____ _..gallons._" 8RB
Capacity of recoil cylinder, short - ————e BRI ¢ 15 SOV .17.5
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" TESTS.

Test to ascertain whether the tipping parts are floating perfectly:

Disconnect the pinion from the elevating rack, load the gun with
shot and full charge, and hang a weight of 146.5 pounds at the muz-
zle. This will give perfect equilibrium. Then apply at the muzzle
cither up or down an effort equal to 60 pounds. '

Test for adjustment ‘of trunnion when floating completely by
thickness gauge: Left trunnion, .037; right trunnion, .036.

Load required at slow-motion handwheel in elevating should not

“exceed 17 pounds.

Time to elevate the gun from 0 degree to 65 degrees, using slow-
motion handwheel, should not exceed 27 seconds.

Test of cradle trunnion roller bearings: 800,000 pounds.

Scleroscope hardness of rollers: 100. :

Scleroscope hardness of inner and outer sleeves: 96 to 100.

Test pressure of the long recoil cylinder, per square inch:
pounds. A

Test. pressure of the short recoil cylinder, per square inch: 7,050
pounds.

Test piston rod pull (short) : 596,740 pounds.

Test piston rod pull (long): 596,740 pounds.

Test for strength of recoil cylinders under hydraulic pressure,
per square inch for 15 minutes: 4,250 pounds.

Test for air leakage under air pressure per square inch: 3,550
pounds. ' ' '

Fittings of expansion chamber for recoil cylinder were tested
with working oil pressure of 500 pounds per square inch and oil test
pressure of 1,000 pounds per square inch. The capacity is 3.73
gallons. o

Force required to pull the gun into recoiled position against the
compressed air in the recuperator system: 800,000 pounds.

The retracting device, which is rather unique in that all correc-
tions can be made in the shops instead of firing and dismantling the
carriage as was previously done, consists of a hydraulic cylinder
which was screwed into the breech bushing thread of the gun, the
cylinder extending into the powder chamber. A stationary beam
was mounted on two steel tubular columns which was securely
screwed to the rear ends of the recuperator cylinders. The piston
rod of the pull back cylinders was passed through a hole in this
stationary beam and secured to it by means of a steel strap and key.
Water was pumped into the pull-back cylinder through a hole in
the piston rod to retract the gun. The stationary beam being con-
nected to the cradle remained fixed, while the pressure of the water
on the cylinder head forced the gun back against the pull of the

7,050

~
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recuperator cylinders. When the gun had been moved to the rear,
the position corresponding to the normal recoil, the straps were
cut by means of a torch allowing the gun to return to battery, Plates
133 and 134.

The force exerted on the beam to retract the gun at ¢ degrec eleva-
tion, with a pressure of 5,000 pounds per square inch in the air
cylinders, was 828,000 pounds. The device was wsed for snapping
the gun at 0 degree, 31 degrees, and 65 degrees, and functioned
satisfactorily. ‘

FORCES—STATICS—RATIOS.

The center of gravity of the recoiling parts is 224.705 inches from
the breech face of the gun.

The center of gravity of the gun, including the breech mechanism
with lead filled band, is 228 883 inches from the breech face of the
gun. ..

A movement of 1.74 inches forward and 1.625 inches rearward has
been provided for balancing.

The carriage is designed to permit firing at minus 7 degrees and
plus 65 degrees. ‘

The following forces are required to retract the gun when the
initial air pressure is 1,770 pounds: —7 degrees, 720,000 pounds;
0 degree, 672,000 pounds; +63 degrees, 283,000 pounds.

The normal recoil is 40 inches; maximum, 42 inches.

Normal pressure of air in the recuperator: Initial, 1,770 pounds
per square inch; final, 3,140 pounds per square inch. :

Normal pressure of liquid in recuperators: Initial, 1,950 pound
per square inch; final, 3,450 pounds per square inch.

Dead load on each crutch of antifriction mechanism: 247,000
pounds. : ) :

Tnitial load on each spring column: 22,300 pounds.

Ratio of arms of levers: 12 to 1.

Belleville springs in traversing gear friction box: Load at assem-
bled height, 10,000 pounds.

Ilevating gear ratio, left side: One turn of crank counterclock-
wise clevates gun 3 degrees 20.5 minutes.

Elevating gear ratio, right side: One turn of handwheel counter-
clockwise elevates gun 1 degree 4 minutes. ‘

Pressure capacity of liquid pump: 2,500 pounds per square inch.

Blow off pressure of liquid pump: 2,200 to 2,500 pounds per square
inch.

MISCELLANEOUS,

Electric traversing motor: General Electric Co. type CBCAT
motor, totally inclosed. Waterproof, shunt wound with commu-
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tating fields, 74 horsepower, 500 revolutions per minute, constant
speed, nonreverse. Designed for use with 110-volt direct-current
circuits. : _ .

Ilydraulic traversing speed gear: Waterbury Tool Co. Size 53
type C. The approximate weight is 180 pounds. The control' shaft
mnakes 781 turns from 0 to full speed either direction, clockwise for
traversing muzzle right. The capacity is 27 horsepower at 675 revo-
lutions per minute with oil piessure 800 pounds per square inc.ll. The
capacity required to traverse 118 degrees 47 minutes in one minute or
500 revolutions per minute at the “ B ” end with the oil pressure at 86
pounds per square inch is 2.25 horsepower at the «B” end and 2.75
lLiorsepower required of motor. :

Elevating motor specifications: General Electr'e Co. type CBCH6
motor. Frame No. 10. Motor totally inclosed. Waterproof, shunt
wound with commutating field, 50 horsepower, 400 revolutions per
minute, constant speed, nonreversing. Designed for use with 110-
volt direct-current circuits. - o

Hydraulic elevating speed gear: Size, 35 type. Special right angle
V. P. with follow-up control. Waterbury Tool Co. drawings 13186
and 13187, : .

Air compressor; specifications: General Electric Co. type 33;
2.stage, single-acting, duplex air compressor. Direct connected to
General Electric Co.’s type CBC-45 motor. Frame No. 7. Motor
totally inclosed, waterproof, series wound with commutator field,
30 horsepower, 800 revolutions per minute, rated speed, non-revers-
ing. Designed for use with 110-volt, direct-current - circuits.  Air
compressor to have a displacement of approximately 102.7 cubic fect
free air per minute and actual delivery of approximately 80 cubic
feet free air per minute. Operating at working pressure  of 150
pounds per square inch the set is capable of operating for one le)ur
continuously out of two hours—that is, for one-half time operation.
Total net weight of approximately 4,200 pounds. .

Power cables: Leaded and armored type, armature —1, armature
—2, 250,000 c. m. area single-conductor cables. :

Drum controller for clevating motor: 73 horsepower controller.
“The controller is used to energize solenoid of contactors. .

Control panel and inclosed rheostat, elevating: General Electric
Co. type CR-5582 or equal. T’anel designed to suit requiroments.of
50-horsepower motor used for elevating. Average current for which
resistor is designed does not exceed 150 amperes. Data for power
cable: Main L, L,; armature A,, A,: 400,000 c. m. area S}ngle-com
ductor cable. Rheostat IR,, R,y Ry, R,: 150,000 c. m. ared single-con-
ductor cables. Shunt field I': 4,000 c. m. area single-conductor
cable. Contro! C,, C,, Cy, Cy: 4,000 c. m. area twin-conductor cables.
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Controller rheostat panel, traversing : 61-ampere, 110-volt, 74-horse-
power motor for rammer : General Electric Co. type CBC-45 motor.
Frame No. 7. Motor totally inclosed. Waterproof, shunt wound
with commutating fields; 30 horsepower, 500 revolutions per minute

constant speed, nonreversing, 110-volt direct-current cireuits. Speci- . -

fications demanded efficiency of motor at its rated load to be not less
than 85 per cent. Power cables, leaded and armored type: Arma-
ture A-1, A-2: 25,000 c. m. area single-conductor cables. Shunt field
1'=1: 4000 c. m. area single-conductor cables. Drum controller for
rammer; motor equipment: General Electric type R-191-B daty.
Used to start and stop the rammer motor (rated 30 horsepower at
500 revolutions per minute.) starting duty being to bring the arma-
ture shaft and the “A” end of size No. 10, type K, hydraulic speed
gear up to full speed under light load conditions, with the control
shaft of speed gear in its neutral condition. Load current of motor
not carried through drum controller.

Power cable: Leaded and armored type. Rheostat Ry, R,, IRy, Ry
150,000 c. m. area single-conductor cables. ' ‘

Cables C,, C,, C,, C,: 4,000 c. m. area twin-conductor cables.

Control panel, inclosed rheostat, rammer: General Electric Co.
type CR-5582. Designed to meet requirements of rammer motor.

Power cables: Leaded and armored type. Main L,, L,,; armature
Ay, A,: 250,000 c. m. area single-conductor cables. Shunt field F,:
4,000 c. m. area single-conductor cables. Control C,, C,, Gy Cy:
4,000 c. m. area. - , . : , .

The average starting current for which resistor is designed is 150
amperes.

2. 16-INCH 50-CALIBER RIFLE ON DISAPPEARING CARRIAGE,
MODEL OF 1917. .

978. Cannon B.—The cannon used on this carriage is identical
in its essential features to the cannon described under A, paragraph
952. Since this carriage is of the disappearing type it has not been
practicable to employ the drop type of breech; hence the gun differs
from A in the provision of the hinge on the breech face, which,
through a hinge pin, carries the tray on which the block may be
drawn to the rear and swung to the side. An additional difference is
the omission of the gas ejector. L ' :

979. DBreech mechanism B.—This mechanism, Plate 164, differs
from A, paragraph 253, in that it comprises a hinge screwed to the
breech face of the gnn and a tray swung about the pin through the
hinge, thereby making it possible to swing the block to the sidé
instead of down, as with the barbette carriage. The principal parts
of this mechaniem comprise the hinge, hinge pin, operating crank,.
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operating worm, worm wheel, tray, tray latch, tray-latch catch, com-
pound gear, and breechblock.

980. The hinge is secured on the breech face of the gun by means
of seven large screws. It possesses two lugs bored for the reception
of the hinge pin. At its extreme lower end it has an additional lug
bored out for the reception of the operating worm. The hinge, in
addition, serves the purpose of preventing the rotation of the breech
bushing in its seat. The hinge pin fits in the lugs of the hinge, being
supported on the upper lug by a collar which is a part of the hinge
pin. To it are attached the compound gear and the worm wheel, and
between the two hinge-pin lugs is the tray. The tray is not fixed
to the ’hinge pin, but revolves about it. The hinge pin 18 grooved
for the purpose of permitting a flow of oil to the different parts.

281. The operating crank is secured to the worm on its squared
end and held there by means of a set screw. The operating worm
is set in the lower hub on the hingé. It has two ball-bearing washers,
one on each side of the worm, secured by a threaded housing. These
bearings reduce the friction due to the thrust when the worm en-
wages the worm wheel. "The worm wheel is secured to the hinge pin
by being fitted on its squared end. It is held in place on the hinge
pin by a nut, and this nut is pinned to the hinge pin to prevent its
backing off. ‘ : ’

982. The tray is suspended on the upper surface of the lower hinge
Jug and held in position by the hinge pin passing through the two
hinge lugs. The compound gear is assembled directly beneath the
upper lug and rests on the top of the tray. This gear is secured by
means of two keys to the hinge pin. There is a ball-bearing washer
between the upper part of the lower hinge lug and the lower edge
of the tray to permit easy rotation. The tray is profiled to fit cor-
responding profiles in the lower part ‘of the block. The tray is held
to the face of the gun when in that position by means of a tray latch,
which fits in the tray-latch catch, the latter being secured in the
milled recess on the face of the gun and held by means of two
SCTews.

983. The tray-latch catch has a plunger set in it actuated by a-
spring. This plunger is called the ‘tray-latch plunger. The tray
latch has a plunger passing through it which is called the tray-latch
operating stud. To the rear of the tray latch setting in the tray is lo-
cated the tray-latch lock bolt, actuated by a spring.. The tray latch is
suspended from the tray by means of a tray-latch pivot which passes
through it. The tray-latch lock bolt prevents the latch from rotat-
ing or tipping by entering a hole in the latch, which hole is the seat
for the tray-latch operating stud when the latter is forward. The

action of the tray latch is as follows: When the tray is closed against
‘ passing through the latch
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is forced to the rear by its forward end striking the face of the gun.
This forces out of the seat in the latch the tray-latch lock bolt. The
latch striking the tray-latch plunger located in the tray-latch catch
tips the latch so that its forward end is on a level with the tray,
the lower forward point of the latch engaging its seat in the catch.
The block is then free to go forward. 'IIIGSL movements are, of
course, automatic and occur when the block on its tray is swung
around for entering the breech recess. On the bottom of the block
is a rectangular milled-out recess in which a rectangular web is left.
The rectangular web thus left in the bottom of the block fits into
a corresponding recess on the top of the tray latch. Wlhen the block
is withdrawn this web comes into contact with the latch; tipping
it and unlocking the tray from the face of the gun. At the same
time the rectangular recess in the upper part of the latch engages
in the rectangular web on the block, thus locking the tray to the
block. In this position of the latch the tray-latch operating stud
goes forward and allows the tray-latch lock bolt to engage in the
latch, preventing any tipping. When the tray is closed the operation
is the reverse. The tray-latch operating stud is forced back, thus
forcing out of its recess the lock bolt. The latch is tipped by the tray-
latch plunger, the tipping causing the latch and the catch to engage.
The web on the breechblock bOlIl"‘ free, the block is pemutte(l to go
forward.

984. The compound gear is attached to the hinge pin by means of
two keys. About one-half of this gear is cut spiral and the other half
cut spur. The spiral part engages in the spiral rack cut on the breech-
block and causes the block to revolve. The spur part engages the
translating rack cut on the breechblock and is used for translating
the block in and out. The spiral part of the gear is of less diameter
than the spur, so that more clearance is given to the loading of the
projectile as that part comes in line with the bore when the block is
opened ready for loading.

285. The breechblock has a ratchet forni of tooth rounded at top
and Lottom. Tt is of the Wellin type or step type, divided up into
12 sectors, 9 of which are threaded and 3 unthreaded. It thus only
requires 30° of rotation to disengage the threads on the block from
those located in the thread box or breech bushing. On’the breech-
block is machined the spiral rack for rotation and the spur rack for
translation. The spindle, filling-in disk, and split rings are similar
in construction to other large-caliber guns. Doth of the large split
rings are centered by means of shoulders to the obturator spindle and
the filling-in disk. This is for the purpose of preventing sagging of
these parts. ' - ’

286. This mechanism functions by a continuous movement of the
operating crank. To open the gun the crank is turned to the right
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a total of 9.90 turns, of which amount 979 are necessary to rotate,
4992 are for translating, and 2.89 to swing the block clear. In closing,
the reverse is the case. Individual description of the functioning
of cach of the parts composing the breach mechanism: during the
operating is unnecessary, as the description given of these individual

parts plainly shows how they function i

during their active operations.
The rotation of the block in closing is limited by a filler or strip at-

tached to the side of one of the threaded sectors, which comes into
contact with the side of its adjoining sector.
987, Firing mechanism I.—The principal parts of this firing
mechanism, comprise a hinged collar, housing, slide, and firing leaf.
The hinged collar embraces the rear end of the spindle, two ribs
on its inner surface engaging in corresponding grooves in the
spindle. The housing screws over the hinged collar, which is
threaded to receive it, and a spring catch locks the collar to the
housing when it is fully screwed home. The collar is thus prevented
from opening and secures the housing to the spindle. A guide bar
projects from the right side of the housing into a longitudinal
groove cut in the block recess and causes the housing to rotate with -

the block. The slide travels vertically in grooves cut in rear face of

the housing and when in its lowest position holds the primer to
place in the primer csat. Its motion is limited by the slide stop on
the left side of the housing. The slide catch serves to lock it to
place when lowered, and to support it at the proper height to allow
the primer to be inserted when raised. .

- 288. The ejector is an L-shaped piece with trunnions at its angle,
about which it swings, and which enter two slots cut for them in
the housing. The lower arm of this extractor is fork shaped and
hangs over the mouth of the primer seat under the head of the
primer. The horizontal arm projets to the rear into a recess in the
slide, and when the later is lifted this arm is carried upward and
the ejector rotated about its trunnions so as to throw the horizontal
arm to the rear, ejecting the primer.

989. The firing leafis pivoted to the slide at itsupperend. Ithasa
vertical slot-cut in its lower edge through which the wire of the
primer projects when the slide is in its lower or locked position.
At the right-hand corner of the leaf is an eye into which the lanyard
is hooked for friction firing. When the leaf is drawn to the rear it
engages the button on the end of the primer wire, draws the wire

290. Electric connection with the primer is made through the
arms of the contact clip, which embrace the head of the primer. The
contact clip is secured to the rear face of the leaf. The electric
cable terminal is made of a piece of copper thimble flattened at one
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end, the flattened portion being provided with a hole for the recep-
tion of the contact clip plug. The terminal is attached to the firing
cable by passing the wires of the cable through the thimble and
spreading the wires into notches cut into the terminal and then
soldering. The terminal is attached to the contact: clip by means
of the contact-clip plug. The other end of the cable is fitted with
the circuit-breaker contact pin. This is attached to the firing cable
by stripping the insulation from the cable, passing the wires up into
the pin and dropping solder into lholes provided therein for solder-
ing the contact pin to the cable. In order to prevent possible short
circuiting between the primer body and the firing leaf, the contact-
clip nut should be tightly set up. A safety bar prevents accidental
firing of the piece by lanyard before the breech is locked, and a
circuit breaker serves to prevent firing the piece by elc“tr1c1ty befoxe
the breech is locked.

291. The first motion of rotation of the block to unlock the breech
forces the safety bar inward so as to engage the leaf and to prevent
its being drawn to the rear, while at the same time the electric circuit .
LIS broken by the same mmement of rotation. A safety bar on the
right side of the housing engages a groove in the firing leaf and pre-
vents the latter from bemfr drawn to the rear before thc breechblock
is rotated to its locked position. The last part of the motion of low-
ering the slide makes electric connection with the primer.” It will be
seen from this that a-cidental firing of the piece is impossible until
the breech is locked and the slide of the firing mechanism is in its
lower or locked position. 'The circuit breaker is of bronze and con-
sists of two principal pieces, which are brought together when the
block is rotated to its locked position. A plunger working under the
pressure of a spring serves to make electric conta~t between the two
pieces. DBoth parts of the circuit breaker -are insulated from the
piece by vulcanized fiber. The electric cable ]S attached to the
circuit breaker by a spring fork. ‘

992. Recoil mechanism B.—The recoil mechanism, Plate 166 com-
prises the two levers supporting the gun and rotating about an axle
on the top carriage containing the recoil cylinders, a carriage con-
taining two recoil cylinders, two sets of recoil rollers supporting this
top carriage, a pair of guides on either side of the front of the car-
riage to guide the lower end of the levers in a vertical plane, a coun-
terweight, and hydraulic hurter cylinders. The top carriage rests on
a plane of 1 degree slope and as the gun recoils the carriage moves to
the rear a distance of about 90 inches. The one relatively fixed part
of this mechanism, so to speak, is the lower end of the levers. These
are constrained to move in a vertical plane by the guides already
mentioned. As the gun recoils, therefore, the energy of recoil is
dissipated in doing the work of forcing the oil through the orifices
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in the recoil cylinders and in raising the counterweight, which must
be drawn upward as the top carriage moves to the rear. '

993. The action of the carriage is as follows: Upon firing the piece,
the axle of the gun levers, ’late 167, moves to the rear, carrying the
top carriage with it; the lower ends of the levers move vertically
upward, being constrained by the crosshead guides; the gun moves
downward and to the rear, the trunnions describing the arc of an
ellipse. The energy of recoil is absorbed partly - by raising the
counterweight, but principally by the resistance of the hydraulic
recoil cylinders. Near the end of recoil the effect of the horizontal
c¢ylinder is not appreciable, and at this time the hydraulic hurter
cylinders come into action and effect a final stop. When the gun
comes to rest it should be at about 1 degree elevation for loading, the
- counterweight having risen approximately 109.5 inches, Plate 168.

294. After loading, the pawls are tripped and the greater moment
of the counterweight raises the gun “in battery,” the energy at the
end of movement being absorbed by the counter-recoil buffers in the
rear cylinder heads. Uniform and exact amount of recoil is ob-
tained by adjusting the recoil valve, and complete counter recoil
without shock is obtained by adjusting the buffer valve.

295. This type of carriage, involving the use of a top carriage
moving in approximately a horizontal plane and a counterweight
moving in a vertical plane, is unique with American disappearing
carriages and is generally known as the Buffington-Crozier develop-
ment. The typical British disappearing carriage, on the contrary,
involves the supporting of the gun on two main levers of a some-
what similar character but pivoted at their lower end. A recoil
cylinder is then mounted in the body of the carriage and its piston
is attached to a cross pin approximately in the center of the levers,
and no counterweight of the type shown in this figure is employed.

296. The top carriage consists of two sides of forged steel, united
by a cast-steel transom, and having roller paths machined on their
under sides. On their upper sides the gun-lever axle is supported
in beds lined with bronze, and having axle caps of cast steel. The
sides are bored for the recoil cylinders. The recoil rollers, of cast
steel, bushed with bronze, are fitted free on pins and held in cages
of steel. They rest upon the chassis rail, supporting the top car-
riage and moving to the rear with it for half the distance in recoil. .
The second, fourth, and sixth rolls from the front ends of the cages
have pinions fitted to them which mesh into racks fitted to the
chassis and to the top carriage. The top carriage will thus take the
rolls along in recoil, notwithstanding their inertia. When time
permits, the top carriage should always be brought fully into bat-
tery (against the stops) ; but, if desired, the gun may be fired when
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"The rear holes open into the rear end of the buffer seat, while the
forward holes open into the cylinder just forward of the buffer
seat, thus permitting a free flow of oil to the rear of the buffer as
it is suddenly withdrawn at the beginning of recoil, otherwise a very
high pressure would oceur in the cylinders. To prevent the oil
from flowing out of the buffer through the by-pass valves, when the
buffer is acting on counterrecoil, each value is provided with two
ball checks.

300. Proof firing has shown that it is still desirable to leave room
for free withdrawal of the buffer plungers, and as this void can be
left without bad effects the filling holes have been located accord-
ingly. Plugs are provided to close the cylinders, thus continuing
the piece in action should the pipes be injured and necessitate re-
moval. Tor emptvinrr the cylinders, valve plugs are provided in
the drain coupling, in the combined recoil and buffer valve, and in
the cylinders near the front ends.

301. The action of the recoil cylinders is as follows: In recoil
the top carriage is drawn over the pistons. Ilach piston is slotted
on its opposite sides, the throttling bars partially closing these ori-
fices. The sectional areas of the bars are varied from point to point
so that the areas of orifice for the flow of the oil vary with the posi-
tion of the cylinders during recoil in such a manner as to obtain a
constant resistance, although the velocity of retarded recoil of the
top carriage is variable.

302. As in any hydraulic brake the resistance is greater as the
velocity of the recoil is greater and as the area of the orifices for the
passage of the oil is less. The desired constant resistance is obtainel
by increasing the areas of orifice from the beginning of motion to
the point of maximum retarded velocity of the top carriage and then
decreasing them to practically zero at the end of recoil. The areas of
orifice must be calculated for a p‘uticul.u set of conditions, including
mean temperature. Variations in these conditions may change the
length of recoil of the top carriage, and consequently the height and
inclination of the breech of the gun in the loading position. Tt has
therefore been found desirable to provide a throttling valve for vary-
ing the resistance of the brake in order that variations in the pre-
scribed length of recoil may be reduced to a minimum.

303. The two levers are made of cast steel connected near their
upper ends by a cast-steel yoke firmly bolted in place and at a point
a little below their middle by the cast-steel gun-lever axle, which is
fastened to the levers Ly bLolts passing through its heavy flanges.
The gun levers are supported by this axle, the projecting ends of
which serve as trunnions supported by and rotating in the axle beds
in the top carriage. The lower end of the levers are attached to a
crosshead, which, together with the counterweight, may be consid.
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‘counterweight is suspended by four keyed rods.
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rt of the recoil mechanism to the extent that considerable

ered a pa
as the gun recoils. They thus serve

work is required to raise them
to assist the recoil cylinders in bringing the gun to a stop.

304. The upper arms of the levers support the gun, and from their
lower ends the counterweight is suspended by crosshead pins. The

trunnions beds are provided with cap squares clipped on and secured

from lifting off by two studs each, having nuts and check nuts. The

caps and beds are lined with bronze half bushings. The crosshead,

of cast steel, is connected by pins to the gun levers and from it the
The channels on

ed with bronze and fit over the
de of the chassis. These guides
vertical direction. Retracting
£ the crosshead. Pawl boxes,

the sides of the crosshead are lin
crosshead guides, bolted to the insi
constrain the crosshead to move in a
ratchets are screwed onto the front o
each containing two pawls, are bolted securely to the front clips and
to the chassis. The pawl teeth engaging in the ratchet teeth support
the counterweight and prevent the gun from returning into battery

after firing.

305. The hydraulic recoil hurters are cylinders arranged on the

outside of each chassis, apposite the guides, so as to be driven upward
over fixed pistons, thus arresting the last 6.4-inch movement of the
cou'nterweight and preventing undue shock at the end of recoil. The
cylinders and pistons are of forged steel and are connected across
?he Cﬂl‘r.iage by an equalizing and filling pipe of seamless-steel tub-
ing, which has a coupling and filling plug near the middle of the
fr‘ont transom. The hurter cylinder is withdrawn from the fixed
piston, at the end of movement of the counterweight ¢in battery,”
by dogs on the crosshead, acting through cams, rock shafts, and
Jevers connected to the cylinder extensions at a point below the lower
flange of chassis. To relieve the stress in these parts the piston in
each cylinder is provided with three small valves, which allow
passage of oil only during withdrawal of the cylinders. These valves
are automatic and have no adjustment. :

306. Caps are provided to close the upper ends of the piston rods,
Fhus Permitting the piece to be continued in action should the equaliz-
ing pipe which passes into the hollow rods be damaged and require

removal. .

307. Recuperator mechanism
of carriage comprises the coun
riage, recoil rollers, and buffers.
the gun in loading position at the end of r
of the counterweight pulling down on the
which at that time are horizontal, causes
to rise, and inasmuch as the forward end of t
in a vertical plane because of the guides, the carri

—B—The recuperator of this type
terweight, crosshead, levers, top car-
As soon as the latch which holds
ecoil is tripped, the weight
forward end of the levers,
the rear end of the levers.
he levers can move only
age is drawn for-
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ward on the rollers. This is facilitated somewhat by the fact that
the carriage is mounted on a 1 degree slope. The gun acquires some
little velocity in this return to battery, and hence, nearing the end of
its motion, the buffers in the recoil cylinder serve to absorh quickly
the energy of counterrecoil, bringing the carriage easily to a stop in
battery. Since the axle by which the levers are supported on the top
arrlage is not in the vertical plane of the crosshead guides by ap-
“proximately 21 inches, the pull of the counterweight produces always
a component tending to hold the gun in its firing position. One
point that may well be mentioned here is that when the gun is fired
and recoils to the position shown in Plate 166, it is antomatically
held in this position by a latch until released after the gun is loaded.
When the gun is at its rearmost position its breech is in the proper
position for loading from the platform of the concrete emplacerent.

308. After the gnn is loaded it is permitted to rise to the firing
position by raising the tripping levers until they are latched and
immediately leaving them in that position. The tripping mecha-
nism consists of two pawls In a pawl box on each side, supported
by the front transom and chassis. The pawls engage rachet teeth
on the crosshead, and thus support the unbalanced part of the coun-
terweight when the gun is “ont of battery.” These are withdrawn
by hooks over their top ends, actuated by bell-crank pinions linked
tip to the cranks on the tripping shaft, which is provided with two
levers. The shaft extending across the carriage acts as an equalizer
and secures simultaneous action of both sides. The pawls on each
side are arranged one above the other and engage alternately; so
that, although the pitch of the ratchet teeth is 2 inches, the maximum
drop of the counterweight is only 1 inch.

309. When the levers are raised against the stops the bell-crank
latches drop behind second arms on the tripping cranks and thus au-
tomatically retain the pawl teeth clear of the ratchet teeth until
after the crosshead has dropped below the paswls, when the latches
are automatically lifted by the cams on the crosshead, thus per-
mitting the levers to drop and the pawls to come out for reengage-
ment. The pawls may be tripped by the use of one or both levers.
Two to four men are required to raise the levers. The Jevers should
not be raised while the gun is in battery, but should the pawls be-
come latched out of engagement at this time; the rising of the
crosshead will again release them ready for engagement. The pinch-
ing-in device consists of two ratchets fitted on top of the front ends
of the top carriage, acted upon by multiple pawls hung in a rock
shaft arranged on the outer sides of the vertical guides and actuated
by two levers permanently attached. TIn the normal position the
levers drop back against stop pins, forcing the pawls against a
lifter which carries their points above the rack teeth and clear for
recoil.
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- ¢pecial housing on the rear of the chassis.
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310. Elevating mechanism B.—The elevating mechanism of this
type of carriage comprises an elevating arm connecting the band
on the breech of the gun with a crosshead mounted on a sirew in a
This screw is driven
¢ither by hand or an electric motor through a train of spur and bevel
gears, Wlhen the crosshead is at its Jowest position the gun is at its
maximum elevation, and when at its highest position the gun is
depressed to the maximum. Study of the mechanism on Plate 169
will show that such a gun as this is supported, so to speak, in a
quadrilateral, the legs of which are a line connecting the main
trunnion on the gun with the trunnion of the elevating arm, the
elevating arm, a line from the connection of the elevating arm to
the crosshead to the center of the crosshead axle, and the lever. This
quadrilateral is not a parallelogram at any tjmé; lhence the gun does
not maintain a series of positions parallel to each other in recoiling
frem any given elevation. When the gun js elevated to the maximum
extent, which for this mount is 30 degrees, the stress on the ele-
vating arms in firing becomes rather excessive, and it was necessary’
in this case to incorporate in the elevating arms what is known as
a kick-down cylinder. This kick-down cylinder permits the rear
of the gun to be depressed slightly when fired, thereby lengthening
the period of time during which the stresses in the elevating arm are
|)I'0‘ll,‘:]|t to 2 maximum and correspondingly redueing these stresses.
This elevation of 30 degrees is an improvement over the 20 degrees
that was secured through the use likewise of a kick-down cylinder on
the top carriage of model 1912 and certainly over the first-designed
"“1'1"“‘{-'95 which were provided with an elevation of only 10 degrees.
Experiences of the war showed quite clearly that: the elevation of 15
degrees and 20 degrees previously attainable was not by any means
cuflicient for coast service. The maximum elevation that it has been
])f)ssib]e to secure on the disappearing carriage is on the design under
discussion. Although we are not by any means certain just what can
be accomplished throngh the provision of an elevation so great as 63
degrees, as on the barbette carriage of model 1920, the provision of
ved in any way to limit the design of any
of the disappearing
irg one to a realiza-
less economical and

such an elevation has not ser
ather part of the carriage; and a comparison
and barbette carriages serves very quickly to br
tion that the disappearing carriage is a much
gatisfactory carriage to construct and maintain.

311. The ratio of this elevating mechanism 1s not so important a
matter as with barbette carriages where the gun is loaded by de-
pressing the carriage by means of the elevating mechanism. In this
ase. it is possible to set the elevating mechanism at the desired
degree of elevation even while the gun is being loaded. .\ssoonas the
gun is loaded and the latch is tripped the gun through;the pull of

~
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the counterweight rises at once to its firing position, which is in
accordance with the elevation just set.

312. The elevating arm, of cast steel, carries two fixed double-
ended pins at its lower end, rotating in bearings in the elevating
slide, and has two bronze bushed bearings at its upper end for the
elevating band trunnions. The band is of cast steel, with inserted
trunnions serewed to their conical seats. The band is keyed to the
gun and clamped in place by two heavy bolts. ‘

313. The elevating slide is moved by the elevating gearing system
in a circular slideway machined on the rear face of the rear tran-
som, which slideway allows it the movement necessary to change the
elevation of the gun from 3.5 degrees depression to 20 degrees eleva- -
tion. There are provided removable stops in the side of the transom
limiting the depression to either 0 degree, —2.5 degrees, or —3.5
degrees, as may be required by the parapet over which the gun is to
be fired. Theory requires (in order that the gun when recoiled to the
normal position shall always be at the same angle for loading, with
the breech at the same height, whatever may be the firing angle) that
the elevating slide and its guideway shall be circular and struck with
1adii, using the center of the trunnion on the elevating band when the
gun is in the loading position as a center.

314. The elevation disk consists of a circular wheel carrying the
graduated service and subcaliber range scales at its outer and inner
circumferences, respectively. It is connected by gearing to a pinion
which meshes with gear teeth cut in a collar at the upper end of the
elevating worm shaft. The rotation of the worm shaft rotates the
pinion and shaft and the circular wheel carrying the scales. A sus-
pended weight takes up backlash in the gear teeth. Degree marks
are stamped in the center of the scale for use in checking the disk
by a clinometer. The scale is not equicrescent. The degree marks are
placed on the disk with the gun mounted upon the carriage, and by
the use of a clinometer supported by a rest placed in the muzzle.
This is usually done at the time of the shop test.

315. As the ranges corresponding to different angles of elevation
above the horizontal depend upon the height at which the gun is
mounted above the sea level, the range scales must be graduated after
mounting. The range graduations must be calculated fcr each gun
with due regard to the height above sea level and the normal muzzle
velocity. These graduations are marked upon the scale in the proper
place by the Ordnance Department after emplacement of the car-

ale and are
arranged for adjustment in are, which may be necessary to correct
variations in the mechanism or for a particular field of fire if the
emplacement settles unevenly. The pointer piece is bolted to a.

~
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bracket bolted to the chassis. Adjustment required the use ot the
clinometer as described above. A

316. The clevating handwheel shaft is in two parts joined near the
middle by a coupling. Tt is operated by a handwheel at each end. and
drives through a pair of bevel gears which operate the elevating worm.
A cluteh near the right end of the shaft engages with the right-hand
wheel directly so that this wheel can be used for fast elevating only.
This clutch is held disengaged by two spiral springs so that the hand-
wheel will not rotate when power is being used.  When using the
handwheel the operator keeps his foot on a convenient pedal which
through levers and a connecting rod keeps the clutch engaged. A
cluteh is provided near the left end of the handwheel shaft which en-
gages with the left-hand wheel either directly or through a back gear.
In the latter case slow motion is obtained.

317. Just inside the slow-motion gearing on the handwheel shaft is
a bevel gear meshing with a pinion oa a vertical shaft outside of the
left chassis. This shaft is divided near the bottom by a clutch and has
at the bottom end a bevel gear driven by a pinion on the “specd gear.”
This * power ” clutch and the left-hand wheel clutch are operated by
the same maneuvering lever, which has three positions, viz, hand
fast, power, and hand slow. 'The arrangement of levers and links 18
such thiat only one clutch is in at a time so that the left-hand wheel is
not turned by power and the speed gear is not turned by the hand-
wheel. The “ cut-out screw ” is that portion of the vertical shaft above
the power clutch which is threaded. Tt is provided with a nut which is
prevented from turning by guides and therefore travels along on the
screw as it rotates. When it reaches the bottom or top of the screw,
the nut throws out the power clutch at the limits of elevation and de-
pression. Stops in the form of colfars are provided, to clamp around
the screw, for carriages whose depression limit is 0 degree. 2.5 de-
grees, or —3.5 degrees. The elevating screw actuates the elevating
slide to which the lower end of the elevating arni is pivoted. Upon
this carriage a hydraulic buffer is provided to absorh the energy of
kick down. .\t the limit of depression of the gun the slide strikes a
positive stop.  On account of the absence of positive elevation stops,
the piece should never be fired at an elevation greater than 30 degrees.

318. The counterbalance device tends to equalize the force required
for elevating and for depressing the gun in the loading as well as in
the firing position. It consists of a cast-iron weight hung by a double-
wire rope which passes over sheaves and is attached to the clevating
slide, so as to oppose and partially counterbalance the weight of the
slide and one-half the weight of the elevating arm.

319, Traversing mechanism B.—The traversing mechanism of
this carriage can not be considered essentially different from that of
the barbette carriage described under A, paragraph 268. This mecha-
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a base and racer machined to a conical bear
series of conical rollers held in proper position by a distance ving,
traversing rack attached to the base ring, and a train of spur and
bevel gears leading from this rack throngh a Waterbury speed gear
to the traversing motor or hand cranks. The principle of the design
is essentially the same as that already described in considerable detail.
No provision is made in this case, however. for an azimuth observer’s
eab under the floor. -\ trapdoor is provided in the floor of the car-
riage on the left side forward through which the azimuth circle may
e observed by a man lying on his stomach giving necessary diree-
ator of the traversing and speed-control handwheel.
This scheme of Taying the gun in azimuth is not nearly so satisfactory
as that provided on the barbette sarriage where the observer operates
the traversing mechanism.

320. A pinion, at the bottom of a vertical shaft mounted in bear-
ings in the rear ¢lip which is bolted to the racer, meshes in a horizon-
tal traversing rack bolted to the interior eylindrical surface of the
base ring. The rotation of the pinion causes the racer and all parts
carried thereon to rotate on the rollers and around the pintle. The
pinion shaft is driven through a bevel gear at its upper end by a
pinion on a horizontal, diagonal shaft extending forward and to the
Jeft. A bevel gear at the front end of this diagonal shaft is driven by

a pinion on the equalizing shaft, which extends across the carriage

and has a bearing in each chassis. Near each end of the shaft just
inside the chassis ave gears driven by pinions on short shafts extend-
ing throngh the chassis and having Land traversing cranks on their
outer ends. These c¢ranks are removable and should be taken off
when traversing by power. Power is supplied from a motor through
a variable speed gear and three spur gears to the left-hand gear on
the equalizing shaft. .\ cluteh serves to disconnect the motor and
speed gear when traversing is done Ly hand.

321. The slow-motion Land traversing mechanism operates through
the left-hand traversing crank shaft. A Devel gear on this shaft
outside the chassis is fixed to turn with the shaft or set free on it by
a pedal-operated cluteh. This gear is in mesh with-a bevel pinion
on an inclined shaft which extends up through the sighting plat-
nd in a bearing in the upper
gear case, which is bolted to the sight standard. = 2\ bevel gear is
fitted on the top of the shaft and is driven by a pinion on a short
shaft having a handwheel at each end for use by the gun pointer.
The cluteh mentioned above is operated by a pedal on the sighting
platform and is connected to the pedal by a reach rod and lever.
The slow-motion handwheels are removable and are kept hung on

racks on the sight standard when traversing by power.

nism comprises
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322. To prevent excessive shock to the traversing gearing or other
parts, due to striking obstructions or too sudden application of
power, etc., the bevel gear at the top of the traversing pinion shaft
is connected to the shaft by a multiple disk clutch. The hub of the
gear is extended in the form of a hollow cylinder, within which the
eight friction disks are contained. The four outer disks are keyed
to the gear and the four inner disks are keyed to the shaft which
passes up through them. The disk retainer rests on top of the disks,
and above it a washer nut screwed onto the top of the shaft com-
presses them. An oil hole through the nut provides a means of
keeping the friction box filled with oil. Another oil hole in the top
of the shaft serves to lubricate the thrust bearing, which is a collar
screwed onto the shaft below the friction clutch. The collar rests
on top of the traversing bracket through which the shaft passes.

323. The adjusting nut should be set up just enough to traverse
the carriage by hand without slipping. It is intended that in
traversing by power suddenly applied the disks shall slip at first
and thus pick up the load gradually

324. The azimuth circle in the form of a sheet-metal cyhnder
rests on top of and is bolted to the inner base ring flange and carries
on its top a bronze scale which is graduated in degrees, the numbers
of which are to be added after the carriage is erected in its emplace-
ment. The azimuth pointer, of aluminum alloy, is placed in a
recess below the top surface of the racer, which exposes the top
of the circle; the pointer is graduated and numbered, as a microme-
ter, to read one-hundredth of a degree, and is designed to permit
final adjustment on the degree marks of the circle at the time the
circle is numbered. The recess in the racer is provided with a
coaming and cover of steel to protect the pointer and circle from
water and accumulations of dirt which would thus find their way
to the pintle surfaces.

- 325. The racer rests and is traversed upon a circle of 30 live,
conical, traversing rollers, whose axes are maintained in the radial
position by bearings bolted to distance rings. The rollers are of
cast steel with flanges on’ their inner, small ends. They are bored
axially for steel pins which are driven in place and project at both
ends to form journals. The distance ring is of cast steel made
up in six sections, which are bolted together, and have bolted on
their upper surfaces the bronze bearings for the traversing rollers.
The bearings are formed with a loop on top, by means of which any
roller with its bearings can be lifted out of the ring through the
holes at the racer joints. The system is kept concentric with the
pintle by the flanges on the rollers running in contact with the inner
edge of the roller path on the base ring. The inner edge of the
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path on the racer is of a larger diameter so as not to come in con-

tact with the flanges.

326. Loading mechanism—DB.—The loading mechanism of this
mount is relatively simple compared with that of the barbette car-
riage. It comprises simply an ammunition or shot truck of the
design shown on Plate 170 on which a single projectile is wheeled
to the breech of the gun when it is fully retracted. The projectile
must then be shoved off and rammed by 12 men. This is not by
any means easy. The powder charge, if provided in four sections,
must be brought up on shot trucks or two-man trays and placed
on the shot truck. These are rammed likewise by the rammer used

for the projectile.
PLATE 170.

J oyt o & Pumnst
s

s —————

SHOT TRUCK FOR 16-INCH DISAPPEARING CARRIAGE.

327. Two crank shafts extending across the carriage have retracting
cranks on each end so that 16 men can be employed in retracting by
hand. A pinion on each of these shafts meshes in a large gear wheel,
which turns on the drum shaft and drives it through an epicyclic
gear assembly. The epicyclic gearing provides large gear ratio in
compact form without imposing bending loads on the drum shaft
(being incased in the bracket of cast steel supported between the
retracting beam of cast steel and the rear transom); the arrange-
ment secures rigidity with small shafts. Tt consists of a cage carry-
ing “ opposite ” pins upon each of which a gear and pinion revolves,
the gears driven by a pinion keyed into the hub of the driving gear

~
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running idle on the drum shaft and the pinions meshing in the fixed
rack, causing the cage and clutch to revolve the drum shaft. Two
drums are keyed to the shaft and have fastened to them by corru-
wated-steel clamps two 1.253-inch wire ropes, which wind in the
grooves on the drum. The drums are made conical to give an ap-
proximately equal torque throughout retraction. IFrom the drums
the ropes pass around guide pulleys at the rear of the carriage and
are hooked to the upper ends of the gun levers. When not in use
the ropes are wound upon the drums so that the loops just hang
free of the idler sheaves. A cluteh is provided so that the drum
shaft can be disconnected frem the gearing and the retracting ropes
pulled out rapidly. The handle of the clutf:h shipper is located on
the left side of the carriage. The clutch is engaged when the handle
is pushed in. .\ band brake operated by a lever on the left side of
the carriage serves to prevent overrunuing of the drums and con-
sequent injury to the ropes by bending backward over a small radius.
A ratchet on one of the erank shafts and a pawl prevent the load
from overhauling the gearing, and serve to hold the gun in any
position of retraction before the rack pawls begin to engage in the
rack. The retracting pawl may be thrown out to permit slacking
away on the ropes by turning the cranks backward. After taking
up the slack in the ropes and putting some strain on them they
should bLe vibrated slightly, and if found to he unequally loaded
adjustment should be made at the rope clamps on the drums.  After
the loop of the rope is placed over the hook on the gun levers, and
while winding up the slack, especial care should be taken that the
rope is guided to the pulleys without any kinks or any slack, and
that the coils lie smoothly upon the drums without crossing the
ridges between the grooves. The wire ropes should always be de-
tached from the gun-lever hooks before tripping.  When retracting
by power. the hand cranks should be removed. , Power is supplied
by & motor whose pinion meshes in a gear near the Tight end of the
forward erank shaft. This gear is connected to the erank shaft by
a clutel operated Dy a handle outside the left chassis. The cluteh
is encaged when the handle is shoved in.

328. (hassis—I3.—The chassis, of cast steel, comprises two main
side members bolted, doweled, and keyed to the races and united at
the front and rear ends of transoms. The upper surfaces of the
chassis form the recoil-roller paths and slope 1 degree to the front to
facilitate the return of the piece to the firing position, thus redncing
the necessary preponderance of the counterweight. The chassis also
provide the necessary bearings or supports for all the mechanism
and, with the racer, support dll the minor attachments. The front
transom, of cast steel, rigidly unites the front ends of the chassis and
with them supports tlle “dmp of the counterweight on the pawls
of the tripping gear. The real transom, of cast steel, rigidly unites
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the rear ends of the chassis, and also extends below the racer £o as
to provide, central on its rear side, the guideway for the elevating
slide. Bearings for the elevating worm shaft and pad surfaces for
brackets are also provided.

329, Base ring—DB.—The base ring, 24 feet in diamet
of cast steel, in halves, bolted and keyed together, and is held in
_position on the foundation by fourteen 3-inch bolts around its outer
edge and sixteen 3-inch Dbolts around its inner edge. Fourteen
screws for leveling the base ring are set against steel thrust plates.
There is also a circle of 14 Loles threaded to take 2.5-inch standpipes
for use in pouring grout. The base ring, in addition to having the
lower roller path on its upper surface, has an annular flange near its
inner edge, forming the pintle for the carriage. This flange has near
its top a lip inward, under which the clips engage, and on its top
edge the azimuth circle. To its inner face is bolted the traversing
rack. The outer annular flange on the ring projects upward outside
of the traversing rollers. Tts top surface is machined to form a
contact surface for the felt dust guard. The cavities on each side
of the roller path are drained into the pit through passages in the
inner edge of the ring. Tapped holes can be found inside of the
pintle flange for attaching the traversing stops in any required
position.

330. Following is a tabulation of miscellaneous data on this car-

er, is made

riage:
FORCES AND STRESSES.

The force of the powder gases is 8,700,000 pounds.

This force is reduced at the trunnion to I>=866,000 pounds;
I, =560,000 at 0 degree clevation. ,

At maximum elevation I, however, becomes 5.000,000 and the
carringe parts must be designed to withstand this force. Tt is inter-
esting to note that I; exceeds 2,000.000 pounds.

The value of the counterweight in absorbing the energy of firing
is therefore apparent.

The energy of recoil is dissipated—

(@) In raising the counterweight.

() In throttling oil in the varying orifices in the recoil cylinders
which are built into the top carriage.

(¢) In moving the gun, gun lever, and top carriage from in bat-
tery to the recoil position.

The piston-rod pull is 616,000 pounds and is assumed to be con-
stant throughout the length of recoil.

It will be seen that the force acting on the upper enc
arm I, and P, is very large, this force having been comput
the assumption that this arm is rigid.

18
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In‘order to reduce the force on the elevating arm, it has been made
elastic—that is, a second recoil mechanism has been introduced.
This recoil mechanism allows the arm to shorten when a large stress
is brought upon it. As soon as the stress is relieved the arm re-
turns to its original length.

The maximum stress occufs in different members at different an-
gles of elevation. Tt is therefore necessary to make calculations at
various angles of elevation to determine the maximum stress which
occurs in each member.

The introduction of the elastic arm slightly increases the stress
in the gun levers and other members which must be computed on
this basis, the arm still fulﬁlllng its function of keeping the gun at
proper elevation.
~ The force which the elevating arm must carry is reduced from
about 4,000,000 pounds to less than 1,000,000 pounds by making it
elastic.

Pull on each piston rod, 220,000 pounds.

Weights.
Total weight of carriage ___pounds.. 1,328,025
Total weight suspended from gun lever necessary to bring gun into
battery. . pounds__ 610, 219
Weight of gun, loaded : — pounds.. 343,851
Total weight of gun and carriage pounds__ 1,671, 876
Total rotating weight . : —-_pounds__ 1,563,024
TESTS.

Each piston rod: 450,000 pounds pull between end nut and piston.

Recoil cylinders: 3,880 pounds per square inch hy /draulic pressure
with piping and \alws assembled.

Hurter cy]mder 5,000 pounds per square inch in hydrauhc pres-
sure with piping and coupling removed.

XKick-down cylinders: 10,000 pounds per square inch hydraulic
pressure with piston and packmfr assembled.

Kick-down piston rod: 867,000 pounds pull betwoen end nut and
piston.

OPERATION, MOTIONS, ETC.

Maximum elevation, 30 degrees.
"Loading angle, 1 degree, normal recoil.
Movement of top carriage, 89.0078 inches.
Rotation of axle, 80 degrees.
Movement of counterweight, 111. 4521 inches at normal recoil;
3.3969 inches farther to final stop. ~
Normal recoil, recoil cylinder, 89.0078 inches.
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Void in each recoil cylinder to provide for expansion and unop-
posed withdrawal of buffers when firing, 980 cubic inches.

Normal movement of recoil hurter, 3.10975 inches.

Maximum movement, 5.50665 inches.

Void of kick-down cylinders when filled .at normal reco.il to 20
degrees elevation, 87 cubic inches; 15 degrees elevation provides less

void and 25 per cent elevation more void. .
Outer kick-down springs are loaded; assembled height not less

than 11,670 pounds. .

Intermediate kick-down springs are loaded; assembled height not
less than 4,725 pounds. , .

Inner kick-down springs are loaded ; assembled height not less than
2,365 pounds.

Elevating gear ratio: Makes 221.85 revolutions from —5 degrees to

-+30 degrees elevation.
Rate of firing, one shot per minute, at a range of 40,000 yards.

EQUIPMENT, DESIGN, ETC.

(@) Retracting cranks 4; 16 men required.

() Pinching-in levers 2; 2 men required.

(¢) Traversing cranks 2; 3 men required. )

(d) Handwheels at sight, slow motion, 2; 1 man required.

(e) Tripping levers, 2; 3 or 4 men required.

(f) Elevating handwheels 2; 2 men required. '

(9) Left elevating wheel, slow motion, 1; 1 man required.
‘Number of traversing rollers 30; type conical. )
The retracting equipment is arranged to permit of power retracting.

from the firing position to approximately 3 inches less than “normal
recoil ” as indicated by the recoil scale in 4 minutes. Motor 15 horse-
power. Controller to stop the motor at any point in 5.secon_dS, per-
mitting the gun to be stopped at any prearranged point with cer-
tainty and precision. ]

Traversing equipment: The electrical equipment provided .for

traversing the gun carriage is arranged to permit the traversing .
gear being operated by constant-speed shunt-wound motor? 7% horse-
power, driving through a hydraulie variable-speed gear, the.
hydraulic gear being so designed that while the armature of t.he
motor turns continuously in one direction at 500 revolutions per min-
ute operating the driven or “A” end, the speed of the driving end of
the apparatus or “ B” end may be varied at will from 500 revolu-
tions per minute to zero. The rate of revolution of th? “B ”‘end qf
shaft is controlled by a suitable controlling mechanism with one
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operating handwheel located on the left chassis near the azimuth
pointer and another located at the sight, operating the control shaft
on the pump or .\ ” end of machine, -The gear turns the carriage
at a maximum rate of 110 degrees per minute and at the minimum
rate of about 0.25 degrees per minute. The carriage can be accele-
rated from rest and brought to its full speed to 110 degrees per
minute in 4.6 seconds of time. :

Elevating equipment: The electrical equipment, provided for
elevating the gun is arranged to permit the elevat'ng gear being
operated by a constant-speed shunt-wound motor of 4 horsepower
driving through a hydraulic gear being so designed that while the
armature of the motor turns continuously in one direction at 500
revolutions per minute operating the driven or “A” end, the speed
of the driving end of the apparatus or “B” end may be varied at
will from 500 revolutions per minute to zero. The rate of revolution
of the “B” end of shaft is controlled by a suitable controlling
mechanism with operating handwheel located on the left chassis
near the range disk, operating the control shaft on the pump or “\”
end of the machine. The gear will elevate the gun in battery, loaded,
from —5 degrees to —30 degrees in 1.7 minutes as a maximum and
at a minimum of about one twenty-fifth of 1 degree per minute. The
gun can be brought to its full speed of elevation in 1 second of time.

3. 16-INCH 23-CALIBER HOWITZER ON BARBETTE CARRIAGE,
MODEL 1920. :

331. Cannon—C.—This cannon, Plate 171, may be termed a
product of the World War in that observation of the effect of large-
caliber howitzers in the field in France led to the idea of the con-
struction of a 23-caliber howitzer for use in our seacoast fortifications.
The cannon is of the built-up type and uses the same projectile as the '
16-inch 50-caliber gun described under .\, paragraph 252. Further
data with reference to the details of construction are given in the
table of informat'on. .\ cast-steel counterweight is assembled me-
chaniéally to the breech end of the cannon and serves as the meauns
of connecting the recoil and recuperator pistons with the ‘cannon.
The howitzer is fitted with a steel spline or key sliding in a splineway
in the cradle, thereby serving to prevent rotation of the gun ou fir-
ing. It may be well to ment'on here a point that was not given
much attention under -\ with reference to the means of anchoring
the cannon in a carriage to prevent rotation. As the gun is fired
and the projectile is forced up the bore, a part of the energy of the
powder gasses is used in rotating the projectile. This rotation is
brought about through the gripp'ng of the lands of the hore on the
copper rotating band of the projectile, and as the travel of the
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grees to release or lock it. The block, except when in place in the
breech of the gun, is supported on a tray which is hinged about a
vertical pin passing through the two lugs of the hinges. The rear
of the block is machined out, as in block on Plate 264, and a spin-
dle with mushroom head quite similar in construction to that already
described is provided to protect the forward face of the block and
to clamp the split rings and obturator pad against the breechblock.
This needs no further description. The breechblock is rotated by
means of a hand crank through a worm, worm wheel, the vertical
hinge pin, and a combination or compound gear on the upper end
of the pin. A projection on the rear of the breechblock is ma-
chined to a worm with which this compound gear engages as the
crank is rotated (assuming the block to be closed), thereby rotating

_the vertical pin. The breechblock is rotated by the compound gear,

which’ at first serves as a worm. When the block has thus been
rm jams in the worm wheel, which
is discontinued, and the compound gear now becomes a Spur engaging
with a series of grooves or cogs machined in one of the unthreaded
segments of the breechblock, serving to slide it to the rear on the
tray. When the block has reached the limit of its backward move-
ment the gear again jams, a latch is released, and further turning of
the crank simply serves to rotate the tray around the hinge pin until
the block is sufficiently out of the way for loading.

344. The breech is closed simply by reversing the motion of the .

losing position and
engaging the latch, then moving the breechblock forward until it is
in position to be rotated, when the combination gear ceases to serve
as a spur and begins to serve as a worm, rotating the block until it -
is completely locked. _ :

345. Firing mechanism.—See A, paragraph 257.

~ 346. Recoil mechanism—See B, paragraph 292. The
spect in which this recoil mechanism can be said to differ from that

described under B is that since this is a 35-caliber gun of a weight
considerably less than the 50-caliber gun on the model 1917 carriage,
the counterweight is lighter and the recoil cylinders are built to ab-
sorb less energy of recoil. . . ‘

347. Recuperator mechanism.—See B, paragraph 307.

348. Klevating mechanism.—See B, paragraph 310. Itis possible
to elevate this gun only to 20 degrees, as against the 30 degrees pro-
vided on the 50-caliber gun; and an 8-inch kick-down cylinder is
provided here, as compared with a 16-inch cylinder for the other gun.’
The piece can be elevated from —5 degrees to 20 degrees, stops
being arranged to limit the depression to either horizontal or —2.5
degrees when the height of the parapet requires it. The elevating

only re-

~



meclmnism is so constructed that the loading angle is approximately
1 degree, no matter what the setting in elevation. ‘ '
349. Traversing mechanism—Sece 1B, paragr: aph 319. The tra-
versing mechanism of the 50-caliber gun described under B provides
for all-around fire; that is, 360 degrees traverse. It is possible to
traverse this carriage through 360 degrees in maneuvers, but it was
not intended that it should be operated through more than 170 de-
grees. The stops can b2 so arranged as to limit traversing to 60
degrees, 70 degrees, 90 degrees, or 110 degrees on cither side of the
front of the battery. When in the exccution of maneuvers it be-
comes necessary to traverse the breech to the front, which can be done
with the gun in battery, the fixed stops and the cams of the traversing
controllcr stops must be removed and care exercised that the electrie
cable in the pit is not injured by tm\oxsm«r the (()lmtcu\ eight
against it. '
350. Loading mechanism. —See B. paragraph 326,
351. Chassis—See B, paragraph 328.
352, Base—See B3, paragraph 329.
5 AND 5A. 14-INCH 34-CALIBER GUN, MODELS OF 1997, 1907MI, AND

1910, ON DISAPPEARING CARRIAGE, MODELS OF 1907 AND
1907 MI.

353. This gun and carriage are illustrated on Plates 175 and 176.
354. Cannon F—The 34-caliber gun, model of 1907, used on
come of these carriages is of the wire-wound type, Plate 175, and as
contrasted with the 16-inch 50-caliber gun, A, paragraph 252, com-
prises only one tube, about which the wire is wound and over which is
shrunk a jacket. four heops. and a trunnion hoop.  The gun is rifled
with 126 grooves twisting to the right at a varying pitch Of from one
turn in 50 calibers at the origin to one in 23 calibers at the muzzle.
The grooves are 0.2091 inch wide bv 0.07 decp. The lands are 0.14
inch \\1(10. The powder chamber is cylindrical, has a maximum
diameter of 16.8 inches, a length of 68.195 inches, and a capacity of
15,000 cubic inches. The muzzle velocity at which the gun is op-
crated is 2,150 fect t per sccond, with a weight of charge of 349 pounds
and a maximum pressure of 38,000 pounds per square inch and a pro-
jectile weighing 1,560 pounds. _
355. The 14-inch gun, model of 1907 MI, Plate 175, is of the
built-up type, and comprises one tube, nine hoops and a trunnion
hoop. Tts weight is 53 tons, as against the 49.95 tons for the w ire-
.wound gun, model of 1907, even thmmh it is 5 inches shorter—that is,
490 inches, as against 495 for the other gun. The powder chamber
and rifling are identical in every respect. The powder charge, pres-
sure, weight of projectile, and muzzle velocity are likewise the same.
356. 'lhe 14-inch gun of model 1910 is 40 calibers long, as con-
trasted with the 34 calibers of the 1907 guns, is wire wound, but com-
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prises two tubes instead of one for the 1907 gun. This gun com-

prises two tubes, a wire envelope, jacket, trunnion hoop, and three
muzzle hoops, together with numerous locking hoops. Its weight
is 61.9 tons, length 40 calibers, or 579 inches. The powder chamber
is cylindrical, has 2 maximum diameter of 16.8 inches, length of
88.415 inches, and a capacity of 19,323 inches. The rifling is iden-
tical with that of the previous two guns. The powder charge is 430
pounds, the maximum powder press
inch, projectile weight 1,560 pounds,
per second.

'357. Breech mechanism.—See B3, paragraph 279.

358. Firing mechanism.—See B, haracraph 287,

359. Recoil mechanism D.—This recoil mechanism, Plate 176, dif-

fers from the last described in that it comprises a single recoil
d with the mech-

p carriage. - It will be

and muzzle velocity 2,350 feet

anisms containing two recoil cylinders in a to
observed that the cylinder is contained in the counterweight and
the piston has its main connection with a beam across the bottom of
the well of the emplacement and is pinned at its upper end to the
chassis. The length of recoil of the gun arm axle is 73.4281 inches,
and the stroke of the piston in the recoil cylinder is 96.33 inches. Tn
the lower cylinder head there is a recess 12 inches in diameter. On
the piston below the head is a corresponding enlargement, which
enters this recess with slight clearance. If at the end of recoil the
' acting as a
dashpot, provide a safeguard against possible injury to the carriage
and take the place of the buffers on the rear of the chassis of carriages
having horizontal cylinders. S 4 :
360. The filling and drain plugs are in the upper and lower cylinder
heads, respectively. The two filling plugs are in the form of tap
bolts; onc additional is supplied. Copper tubes extend down inside
the cylinder from the filling holes to prevent filling above a certain
point, This leaves an air space in the upper end of the cylinder.
The drain plug is so arranged that the oil can be withdrawn from
the cylinder without unscrewing the plug more than a few turns.
A brass gutter is bolted to the piston-rod beam under the plug for
the purpose of conducting the oil within reach of a receptacle.
361. The piston and rod are of forged steel in two pieces, the
lower part of the rod being formed in one piece with the piston The
lower end passes through a hole in the piston-rod beam. Two nuts
engage on threaded portions of the rod above and below the beam,
c¢ylindrical portions on them seating in counterbores in the beam,’
thus aligning the rod. The nupper end of the rod is bored axially to

~

ure 38,000 pounds per square . ‘
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receive the stem and body of the recoil valve. At the piston two
grooves surround the bore. Six holes radiate from each of these
‘grooves, one set opening on each side of the piston. Oil can there-
" fore pass from one side of the piston to the other in two ways—
first by the outside of the piston head, through the diametral clear-'
ance of 0.02 inch and the throttling grooves; and, second, through the
two sets of radial holes. Passage through the radial holes is re-
. stricted by the recoil-valve body. This is a bronze bar fitting closely
“in the piston-rod bore, opposite the piston. It has a diametral slot
0.625 inch wide, 2 inches long, and 2.843 inches from the lower
end. With the recoil valve open this slot reaches from one groove
to the other. As the valve body is withdrawn upward the portion of
the slot open to the lower groove decreases to zero, thus closing the
passage between the two sets of radial holes.

362. At the upper end of the piston rod a bronze valve-stem nut
is fitted into the bore and secured by a bronze feather, driven and
pinned in the nut and free on piston ro. The valve stem is a steel
rod connecting the valve body with the valve-stem nut for the pur-
pose of actuating the former. The upper end of the valve stem has
a flatted portion over which the locking disk is seated. Tn order to re-
move the valve the valve-stemnut must be taken out. The locking disk
is of bronze, 7.5 inches in diameter, and has 11 notches on its circum-
ference to indicate opened, closed, and 9 intermediate positions of
the recoil valve. One notch is marked “ Closed ”; the others are num-
bered from 1 to 10, inclusive. When the shoulder on the valve stem -
stops against the lower end of the valve-stem nut, the notch marked
“Closed ” is toward the front of the carriage and opposite the hasp,
and the bottom of the slot in the valve-stem body is 0.25 inch above
the lower groove in the piston-rod bore. When the disk is turned
clockwise 90 degrees. the valve stem descends 0.25 inch and brings the
bottom of the slot to coincide with the upper edge of the lower groove.
A further movement of 18 degrees uncovers the lower groove 0.03
inch, or an area of 0.02 square inch, and brings the first notch of the
locking disk opposite the hasp. Similarly, each additional notch
opens the passage through the piston 0.05 inch. When the tenth
notch is opposite the hasp the lower groove is uncovered 0, 03 inch,
and the valve is fully open.

363. The upper end of the piston rod is flatted to retain it in a fixed
position with respect to rotation. A piston-rod bracket of cast steel
maintains the upper end of the piston rod in alignment. The hasp
Draclket is bolted to the piston-rod bracket in front of the piston-rod
seating against the flatted portion of the latter. The hasp, by engag-
ing in notches on the locking disk, retains the recoil valve at any de-
sired setting. .\ ﬂan @e on the top of it prevents the locking disk fl()m
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‘moving vertically when the hasp is engaged. A slot in the hasp passes
over a lug on the hasp bracket, after which a padlock is secured to the
lug, preventing any unauthorized change in the setting of the recoil
valve. The normal movement of the counterweight during recoil is
102.331 inches, with provision for an additional 3.226 inches. Dur-
ing part of this additional recoil the recoil buffer previously described
would act to bring the carriage to rest without excessive shock. An
indicator scale to measure the recoil is secured to the cam on either
side of the counterweight frames so as to be visible through the oval
openings in the chassis to the rear of the standards. Numbered
graduations are cast on them at intervals of 1 inch, reading from 77
to 105 inches. Pointers are attached to inside of chassis.

364. The recoil valve is the only means provided for varying the
length of recoil, and no attempt should Le made to use other means
for this purpose. Although the setting of the recoil valve slightly
affects counter recoil, it should not be used to regulate the latter
movement. For firing with all charges the recoil cylinder should be
kept filled to the level of the filling-hole tubes with the oil issued for
this purpose. : :

365, Recuperator mechanism C.—A counter-recoil buffer is fitted
to the forward end of each chassis roller path. The buffer cylinder
~ is securely bolted to the chassis and has on its rear face a stop with
machined surface, against which a corresponding machined surface
on the forward end of the top carriage abuts when the gun is fully
in battery. Each end of either recoil-buffer cylinder is closed by a
stuffiing box fitted with hydraulic packing. Each cylinder is provided
with a filling plug located on the top end in front of the piston head
when in its rear position. A bronze plate with instructions as to filling
the cylinder is secured by screws near the filling plug. Two holes ex-
tend through the wall of the cylinder, from the lowest element of the
bore, vertically downward. To these openings are coupled the pipes
connecting with the buffer valve. The openings are located longi-
tudinally, one just in front of the rear cylinder head, so that it is
_ always in rear of the piston; the other, 3 inches in rear of the front
cylinder head. .o ' : o
366. The piston rod extends through both stufling boxes. The pis-
ton, located approximately in the middle of the rod, is made of bronze,
13.98 inches in diameter, allowing 0.02-inch clearance between it and
the smallest diameter (14 inches) of the cylinder. On carriages Nos.
1 and 2 the cylinder is bored parallel 14.16 inches in diameter from the
inner end of the rear cylinder heéad for 12.275 inches, then tapering
for 3 inches to 14.116 inches in diameter, then parallel for 2.125 inches
the balance of the length of the bore to the front cylinder head. On
carriages Nos. 3, 4, and 5 there is one continuous taper. The car:
riages, model of 1907 MI, have similar buffers, but diameters of cyl-

734—23——19
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inders are smaller. A cast-steel yoke, with a hole in each end for the
spring rods, is attached to the front end of the piston rod. On each
side of the buffer cylinder is a spring cylinder, with a cast-steel head
screwed in the front end and containing three flat helical springs,
with separators between and a rod arranged to compress the springs
when pulled to the front by the yoke. A piston movement of 14
inches is provided for. :

367. The action of each counter-recml buffer is as follows: When
the gun is retracted from battery, the buffer springs, acting against
their fixed supports in front, force the spring compressors, spring
rods, yoke, and piston rod to the rear until stopped by the nuts on
the front end of the spring-compressor rods coming to rest against
the recessed shoulder in the front of the front spring cylinder head.
In this position the rear end of the piston rod projects 12 inches in
rear of the top carriage stop on the end of the cylinder. The in-
terior diameter of the cylinder is largest at the rear end, and when
the piston is in position to commence the forward stroke the an-
nular space is 0.09 inch wide between the piston and the wall of the
cylinder. When the gun rises into battery the top carriage strikes
the projecting ends of each piston rod and forces them to the front,
compressing the springs, and forcing the oil from front to rear past
the piston, and when the buffer valve is open, also through the -
buffer valve and pipes. As the gun returns from battery the flow
of oil, under action of the buffer springs, is, of course, in the op-
posite direction along the same paths. The cylinder bore is tapered
in order to provide, as nearly as possible, a uniform resistance in
bringing the top carriage to rest against the stop. By means of the
buffer valve this resistance may be varied within suflicient limits
“to always insure proper action of the buffer and to prevent shock.

368. ITf, for any reason, the pawls fail to retain the gun out of
battery after recoil, it is necessary, to prevent serious injury to the
carriage, that the buffer pistons be at their rearward position be-
fore the top carriage strikes them. Otherwise, the buffers will not
do their full work of retardation, and the top carriage will strike
the stops with more or less shock. The buffer springs have been
designed to return the buffer pistons in time, assuming that the
stufling boxes do not offer an unreasonable frictional resistance. Tt
is therefore impoxtant to screw up the glands only sufliciently to pre-
vent leakage. It is necessary to tmhten the front stufling box more
-than the rear one.

369. Both recoil buffers are joined to the buffer valve, the dif-
ferent settings of which, under varying conditions dﬂ“cctlno- the
velocity of counter recoil, enable the energy of counter recml to
be absorbed without ghock to the carriage. Aside from mechanical
variations and those due to differences in the elements of loading,
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the loading position affect the counter:

atmospheric temperature and
the

recoil. The equalizing and throttling pipes serve to connect
bufler valve to the buffer cylinders, to equalize the pressure in the
buffer cylinders, and to facilitate filling. them. Iour plugs are
furnished to close the buffer cylinders in case these pipes are dam-
aged in action. The buffer valve is located above the center of the
oval opening in the front transom, to which it is attached by two
Dolts. Tt is accessible from the front of the carriage, and consists
essentially of a valve body, gland, disk, a handle of bronze, and a
stem of steel and bronze. Part of the oil displaced in the counter-

recoil buffers during counter recoil passes through this valve. If

the valve stem be turned clockwise, its conical point will bear on the
if the stem be turned counterclock-

valve seat and close the valve;
wise, the opening about its point will increase.

370. The disk is fixed to the valve body concentric with the’sten.
On the front face is an annular flange with 80 internal teeth. in
which 3 corresponding teeth on the handle engage in order to re-
tain the valve at any desired setting. The tecth on the disk are
numbered counterclockwise from 0 to 80 at intervals of 5 teeth. A pin
set in the face of the disk prevents the handle being turned more
{han 360 degrees. A stuffing box is formed in the body around the
stem, in which four rings of packing are-placed. An emptying
plug is located at the bottom of the valve body and affords a means
of draining the buffer cylinders. Settings of the buffer valve are
Lest determined by trial. The cetting of the recoil valve should be
considered in setting the buffer valve. With a higher setting of the
recoil valve, counter recoil will be more free, and consequently the
buffer-valve sctting should be lower. The counter recoil should be
regulated by settings of the counter-recoil buffer valve and not by
adding or removing counterweight.

371. Elevating mechanism—C.—T
guns is 15 degrees and no kick-down cylinder Las bee
in the clevating arm. To prevent breakage or erratic “jump” from
the severe downward shock reccived through the elevating arm when
the gun is fired, arrangement is made to transmit the resulting stress
between the elevating slide.and slide nut by double sets of lelical:
springs, one set on each cide of the elevating screw. In order that
the elevating slide shall return to its proper position after firing, -
the springs are given an initial compression suflicient to positively
return the slide to a bearing against the heads of the spring-com-
pressing bolts. This initial compression is very carefully adjusted
during the shop test of the carringe. The elevating arm is hinged
to the bottom of the band, as against the side trunnions for previ-

ously described ca rriages.

he limit of elevation of these
n incorporated
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372. A small counterweight attached by a wire rope to the eleva-
tion disk tends to overcome all backlash which may exist in the
gearing and hold the disk to its true position at any desired eleva-
tion. The elevating slide is a steel casting with bronze liners on
its side and lower edges. It slides in ways provided in the rear
transom and is held in place by cast-steel gibs. A counterbalance
device is provided to equalize, as nearly as possible, the force re-
quired for elevating and depressing the gun while in either the load-
ing or the firing position. :

373, Traversing mechanism, loading mechanism, chassis and hase.—
See B, paragraphs 319, 326, 328, and 329, respectively.

6. 14-INCH, 40 CALIBER GUNS, MODELS OF 1909, ON TURRET
MOUNTINGS, MODEL OF 1909. o

374. This unique installation is worthy of serious consideration
and is mentioned by some authorities as a preferable type for many
of our coast-defense sites. As one studies this design he is reminded
of a great number of the mounts installed by the Germans along the
coast of Belgium. The Germans knew full well when they installed
~ these guns and carriages about Ostend and from Ostend to the Dutch
border that they would be compelled to cope not only with the
- British Navy, but with the British and French air forces as well.
Shortly after the famous raid of the spring of 1917 on Ostend and
Zeebrugge, they installed on the promenade at Zeebrugge four tur-
rets that either had been intended for a battleship or had been re-
moved from some ship that probably had been condemned for
further use. Several of the 15-inch guns of the battery Deutchland,
just north of Ostend, were so heavily armored that they might, in
a manner, be considered turrets also. Other guns of smaller caliber
at the Harbor of Ostend, and below the city in front of the Royal
Palace Fotel, were similarly armored. A study of the illustra-
tions given in Appendix III, of railway artillery, Volume I, will
show how valuable some protection was against attacks from the
air, Bomb craters are to be.found in all directions about practi-
cally every mount of any size in the stretch of 28 miles of fortified
toast. This record, together with demonstrations that we have had
during the past few years of the effectiveness of the airplanes at
sea against ships, may well cause us to consider seriously this de-
sign for future installations. The cost of gun mounts and emplace-

ments of this type, however, is so great in compariéon with the sim-
pler types that, at this time, considerations of economy necessitates
the use of the latter, even though they lack the protection of armor
against attacks from the air. : ‘ , L

375. Emplacement—The emplacement is of concrete and has steel
barbette armor embedded in it around the upper edge of the well
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for each turret, Plate 177. The high turret has a field of fire of
360 degrees and may be revolved continuously in either direction.
The low turret has a field of fire of 230 degrees, divided into two sec-

~ tions of 115 degrees each by the axis of the fortification. Each turret

is divided vertically into five principal compartments:

(¢) The gun compartment,; extending from the top of the turret
to the bottom of the pan, Plate 178. i

(0) The upper handling room, a compartment extending 13 feet
downward from the pan bottom. ‘

(¢) The electrical compartment, 72 inches high in the low turret
and 156 inches high in the high turret, extending downward from the
floor of the upper handling room, Plate 177.

(d) The lower handling room, the floor of which is on the maga-
zine level, Plate 177. : - :

(e) The pit, 108 inches in diameter, under the base plate in the
lower handling room, Plate 177. : :

376. The gun compartment is divided longitudinally into two
chambers, one for each gun. Iach gun chamber is a complete unit
and the openings bétween them should be kept closed while the guns
are being served. The gun chambers contain the guns and recoil
mechanism, elevating mechanism, the rammers, the hand traversing
mechanism, the control mechanism for the traversing gear, and the
sights. The periscope is placed in the booth at the rear of the gun
chambers for the use of the officer in command of the turret, Plate
178. One complete charge for each gun is brought into the gun
chamber on each trip of. the upper ammunition car, which runs on
rails extending downward into the upper handling room. The gun
chambers are kept under a pressure of about 11 pounds per square
foot, the air being supplied from blowers in the electrical compart-
ment. The upper handling room is divided into two chambers, each
complete in itself, corresponding to the divisions of the gun compart-
ment. The principal function of the upper handling room is to pro-,
vide an air lock between the gun compartment and the lower han-
dling room. Tt is shut off at all times from the gun compartment b'y
the upper ammunition car trunk which is provided with automatic
doors operating in conjunction with the doors of the cars. Communi-
cation is closed to the lower handling room and magazine by the
lower ammunition car which completely seals its trunk. The am-
munition on arriving in the upper handling room is removed from‘
the lower car and transferred to the upper car. In the service 9f the
guns not more than one powder charge for each gun should be in the
upper handling room at any one instant. .In addition to the appara-
tus for transferring the ammunition from the lower car to the.) upper
car, the upper handling room contains the motors and gearing f(?r
the upper and lower ammunition hoists, the motors apd hydraulic
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pump for the traversing gear, and the auxiliary traversing control
mechanism. The two compartments of the upper handling room
should be kept closed from each other, from the gun compartments,
and from the electrical compartment when the guns are being served.
377. The electrical compartment contains the switchboard on
which are arranged the electrical controlling and starting apparatus
for the ammunition hoists, the traversing mechanism, the elevating
gear, the rammer, the firing circuits, the ventilating fan motors, the
circuits for the data transmitters, and the lighting circuits. Tt also
contains the two ventilating fans for maintaining pressure in the

gun compartment, the compressed air relay tanks for the gas ejector
system, and the motor gencrator sets for the firing circuits and the

data transmitter circuits. The rammer motor and controller, and
the master controllers for the upper ammunition hoists, are neces-
sarily placed in the gun compartments, and the master controllers
for the lower ammunition hoists are placed in the upper handling
room. These circuits, except for the rammer, carry a very small
amount of current, not exceeding 2 amperes each, and the making
and breaking of all circuits carrying a large amount of current
takes place only in the electrical compartment, which compartment
should be completely isolated -from all others during the serviee
of the guns. Special precautions have been taken to provide adequate
protection for the rammer wiring in the gun compartment. The
lower handling room contains the loading table and other apparatus
for expeditiously loading the projectiles into the lower ammunition
car. The projectiles are brought into this room from the magazines
on trolley hoists, and the powder is brought in and placed in the
ammuntion cars by hand. The pit under the lower handling room
contains the rotating drum for collecting the current for the power,
lighting, telephone, and data transmitter circuits. Its also contains
the switches for connecting the drum with’ the outside mains and
a swivel joint for the compressed air pipe and voice tube.

« 378. Cannon.—The guns are of 14-inch caliber, 40 calibers long,
model of 1909, and fire a 1,660-pound capped projectile at a muzzle
velocity of 2,350 feet per second, with a powder charge of about
440 pounds. They are rifled with 126 grooves which progress in
their twist to the right from one turn in 50 calibers at the origin
of rifling to one turn in 25 calibers at the muzzle. These grooves
are 0.2091 inch wide by 0.07 inch deep and the lands are 0.14 inch
wide. The velocity of rotation of the projectile at the muzzle is 4,856
turns per minute. The gun is carried in a cast-steel cradle whicl is
swung by its trunnions in the trunnion bearings of a cast-steel yolc,
which both connects and rests upon the structural steel side girders
or frames of the carriage. The cradle comprises a cast-stecl sleeve
in which the gun slides in recoil and counterrecoil on annular Tobin
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bronze liners, which are attached to the inside ‘circumference of the
cradle. The gun is prevented from rotating by a key which is fitted
to its top element and which slides in a slot cut in the cradle.

879, Breech mechanism.—The breech mechanism, Plate 179, com-
prises a Welin stepped-thread breechblock divided into 12 sections in
three diameters with the usual mushroom head with split ring and
asbestos obturating pad. This breech is carried on the usual tray
which is swung about the hinge pin passing through the hinge lugs
fastened to the breech of the gun. A rack is milled along the breech-
block to within a short distance of the front end, and a short sector
(approximately 80 degrees) of worm wheel is attached to the breech
face of the block, the one end of the sector coinciding approximately
with the end of the rack. A compound gear, part spur and part
worm, is keyed to the hinge pin, to which a complete worm wheel
is likewise attached at the top, meshing with the worm on the end
of the shaft of the operating crank. The operation is, then, in

_opening the breech, that the operator proceeds to turn the crank
in one dircction, thereby rotating the hinge pin through the worm
and worm wheel and rotating the breechblock through the action
of the worm section of the compound gear on the worm wheel sector
attached to the rear end of the breechblock. When the breechblock
has been rotated through approximately 30 degrees, the spur gear
section of the compound gear meshes with the rack on the side of
the breechblock and draws it to the rear on a tray, the tray being
held to the breech face of the gun by a latch until the brecchblock
reaches its rear position. When the breechblock reaches its rear
position, the spur pinion chocks in the rack and the tray latch is
released at the same time. Continued turning of the crank then
results in a rotation of the tray and the breechiblock along with the
hinge pin until the breechblock is completely swung out of the way.
A reversal of this procedure closes the block.

-380. A gas ejector is likewise provided for sweeping the gases out
of the gun immediately on opening of the breech and before the
powder for the next round is brought up. Compressed air at 175
pounds pressure is brought into the turret from an air compressor
and is led through pipes to a valve on the breech of the gun, Plate
179. When opening the breech, the rotation of the block causes the
tripping block to strike the valve and open it. This allows the air
to pass into the bore of the gun through six openings around the cir-
cumference. Valves are provided to cut off the supply of air from
the gun when desired. These gas ejectors are quite necessary in this
type of installation, as the rush of air from the muzzle back, due to
a strong wind, would make the turret quite unendurable, and at the
same time might sweep back some burning fragments of powder
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bag, with the possibility of an explosion. The moderate air pres-
sure maintained in the gun compartment by the blowers tends to
minimize this possibility after the block has been opened.

381, Firing mechanism.—Guns in these turrets are fired by means
of clectricity. Electrie primers have been deseribed already, and
consist of the usual type of primer provided with wires connected at
their forward end by a heating clement which jignites the charge on
the passage through it of a suitable current. A safety mechanism
is provided against the accidental firing of these guns before the
breech is closed. This comprises simply a break in the electric cir-
cuit, Plate 179, which is only closed when the breechblock is entirely
closed, or so nearly closed that there is practically no difference.
Power for the firing circuits is supplied at 23 volts from a motor
generator set in the electrical platform, and the firing circuits are
connected to the mains from the motor generator at the double-pole
switch in the left-hand wing girder space just under the traversing-
gear control stand. Four firing pistols are provided, ‘Plate 180,
one for cach gun, at both right and left hand traversing control
stations. Lach pistol is connected to the mains by a knife switeh,
which must be closed to make the pistol operative. Suppose, for
instance, that the right-hand traversing control station is Leing used
and the guns are being fired separately, then both knife switches for
the pistols in the right gun compartment would be closed and both
switches in the left gun compartment would be open, and the switch
boxes in the left compartment would be closed and locked to prevent
any tampering with the switches.  As the guns are to be fired sepa-
rately, the knife switch connecting junction boxes Nos. 2 and 3,
Plate 180, would be open and the box locked. If it is desired to fire
the guns in salvo, the knife switch between junction boxes Nos. 2
and 8 must be closed and the knife switch closed for whichever
firing pistol it is desired to use. The firing pistols for each gun
are arranged in the same relative position as the guns; that is, when
looking forward the switch for the right gun is on the right and
that for the left gun is on the left. Two sockets are, however, pro-
vided for each firing pistol; one pair is arranged so that the pistol
grips are in a convenient position for the man who is controlling the
traversing handwheel to fire the guns.  The second pair of sockets
is placed forward of the first pair and reverses the direction of the,
pistol grips so that, if desired, a man can be located forward of
the gun pointer and who can fire the guns on command from the gun
pointer. -

382, ecoil mechanism.—The recoil mechanism comprises a single
1ccoil eylinder carried in the bottom of the cradle at the center,
Plate 181, This cylinder is shown in detail on Plate 182. .The
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maximum length of recoil 15 48 ipe
correspendingly great, hoth because of the relatively short recoil
and the single exlinder,  The counter-recoil hutler is of the type so
commonly found on practically all of our larger carriages—that is,
a plug fastened to the eylinder head and entering a recess in the
Piston rod. In this ease the buffer I3 approximately two-thirds of
the total length of the evlinder.  The veid chamber is fastened to
the eradle and conneeted by a brass pipe to the front end of the
recoil eylinder.  The exlinder is provided with three grooves through
which tha oil passes around the piston as the piston is drawn to the
rear in recoil. The usual design prevails in the piston rod and
piston. "The piston rod is of forged steel, shaped on the forward end
to a partial head onto which a brongze bushing is serewed and keyed,
making the head complete and therehy furnishing the vequired dif-
ferent metal to slide in contact with the steel evlinder,

NS Lceupdrator mcelionin —'The l’(‘(‘ll]}(‘l::lf()l‘, Plates 181-182,
comprises four spring exlinders, each of whicli is made up of atriple
column of helieal springs of round seetion divided into seven sections
or groups along the spring rod. These four eylinders are attached
by means of the necessary elips and rings to the cast-steel cradle,
and the spring rods to the recoil luig on the breeeh end of {he aun,
These spring evlinders are shown cn Plate 183, The four spring
evlinders exert a suflicient pall to return the cun to hattery at its
maximum elevation of 15 degrees. In the event, that these same

uns be provided with any greater elevation it is probable that either
additional spring eylinde

s will have to be provided or ajr eylinders
may be substituted, since these evlinders would not be capable of
returning the gun (o battery at much greater elevations,

SSL Elevating mechunism —"{)e elevating inechanism complete
may be said to comprise the east-steel yoke, mentioned hefore as con-
recting the side frames of the arriage and providing the hearing
for the trunnions of the cradle, together with the clevating mecha-
nisin proper, comprizing the single serew, nuty and train of gears
and shafting leading to the handwheels and through the Waterbury
speed mechanisim to the eleetric motors,
which extends Ietween the cun girde
trunnions of the eradle, ¢ is made in two picces for convenience in
manufacture, but it is not necessary to separate these hefore assembly
to the turret. The yoke strut extends over the eradle and acls as @
Lrace for the voke. This Picce must he removed when the eradle is
nssembled to the yoke, It is desirable for (he axes of the trunnion
Learings of the two yokes in the turret to be in the same horizontal
straight line, and in order to accomplish this.the surfaces of the aun
girders which bear against the yokes must e aceurately fintshed and

hes and the pull on the piston rod

The yoke is a steel easting
rs for each gun and supports the
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checked by straightedges laid across the turret. The bearings for the
trunnions are sphericaly and on the outboard side there are two ec-
centrie hronzo bushings which can bo rotated with respect to each
other, Plate 184, thus pcrmitting the axis of the outboard trunnions
10 ho moved not concentric with the position in the bearing yoke.
The inboard bearing consists of a single concentric bronze bushing
with a spherical ‘seat in the yoke, Plate 185. The outer and inner
cceentric bushings are secured so that they can not move from any
fixed position by means of teeth on their outer ends which engage in
the inner (29E) and outer (2914) locks. The inner eccentric bushing
is retained in place by the inner eccentric ring (29M). In onder to
Jainimize friction when elevating or depressing the gun, the trunnion
Learings are so arranged that the trunnions can be raised just clear
of the main bearing by means of the wedges (32N) and (32M),
operated by the di Terential screws (32.\). A stud (32D) is inserted
in the end of each trunnion of the cradle and rests on the trunnion
float (32F). Lach {loat rests on 16 steel rollers (320), supported
Ly the upper wedge (32N). The trunnions of the cradle have a
slearance of 0.02 inch in the trunnion bushings, and when the lower
v the Jifferential screw, the upper
The positions of the wedges are’

wedge (32M) is drawn to the rearl
wedge (32N) is forced upward.
rdjusted so that the {runnions of the cradlo are lifted just clear of
the trunnion bushings. The trunnions will then be supported en-
tirely by the trunnion floats (32F), and when the cradle i3 elevated
or depressed these trunnion floats will move forward or backward
on the roller bearing; thus rolling friction is substituted for the slid-
ing friction, which would occur if the trunnions rested entirely on
the bushings. Care is taken to sce that the trunnions are not raised
sufliciently to bear on the top element of the bushings. A torque of
about 16,000-inch pounds is yequired on the Jifferential screw to lift
ench trunnion, and one revolution of the differential screw will lift
tlie trunnion slightly more than 0.002 inch. ’
385. The clevating mechanism, P'lates 186-187, consists of & single
serew (32K), Plate 186, attached to the rear end of the cradle and
working in a bronze nut (33.\) suplmrtod by a bracket (33.\), which
in turn rests on structural beams extending between the outer am
inner gun girders. The nut (35) is connected by means of a
suitablo shaft and gearing so that it can be operated either by hand-
wheel (41A), Plate 187, on the turret floor or by a variable-speed
device driven by a motor. The speed of this Jdevice is controlled by
a small handwheel (53X) Jocated near the range dial and connected
in the spindle of the variable speed gearing by a wire rope. The
clutch operated by the handle (48:\), Jocated near the handwheel,
is provided for ch from power to hand, and vice’

731 —23—=20

anging the drive
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versa, The range disk is Supported by a bracket on the ouler gun
girder and is actuated by o rack attached to the cradle. The limits
of elevation bermitted by (] carriage are from 5 minutes 21 seconds
of depression to 15 degrees elevation, The principal imrts of the ele-
vating mechanism ape the olo\’:lting serew; the clevating nut; the
oscillating crosshead: e transom: (e lmnd-np(-r:nting gear; the
bower-operating gears with the hapg control therefor; the pedestal,
which supports the operatine lx;uul\\']u-vl; the range-dial wheel; the
range-dial frame; the rack bracket; ang 4 counterweight, which
ack bracket and the range-dial

takes up the backlash hetyweey the r
serew has a single right-handed thread 1.25

frame, The clevating
ineh pitch and S-inch piteh diameter, ¢ g attached to lugs cast
on the rear end of (] cradle by means of (1,0 elevating serew bear-
ing pin (311), Plate 186, The elevating nyt (35A) is operated by
the Level gear (370), and is supported on (he oseillating crosshead
(3TE) by the upper and lower annulap ball bearings,  In order to
prevent the elevating serew from being ruy up out of the nut when
the gun is d«'prosso(l, or to prevent the serew from being jammed
down into the nut when the gun is being clevated, positive antomatic
stops are attached to (he clevating nt which limit the clevation
and depression of ] gun. The elevatjon stop limits the clevation
of the gun to 13 degrees and operates as follows:

I56, A\ cam (3LN), Plate 186G, is bolted to the upper

end of the
clevating serew, and when the gun has reached jts maximum eleva-

tion it strikes tle Ubper stop (366), which is bolted to the clevating
hut. In the meanwhile the roller (361) bears on the upper cany
(3LN) and forces (e plunger (36Y) upward. This rotates the shaft
(B61Y) against the action of the Spring (36X), which in turn forces ‘
the plunger (36M) upward and causes it to engage the stop on the
buffer yoke (41M).  This buffer is provided for the purpose of
easing the shock (o the mechanism which would otherwise be caused
by the abrupt action of the stops.. The buter has a stroke of about
L5 inchies in either direction, and consists of the buffer cylinder
(+1B), the Piston shaft (4111), the buffer Yoke(1M), and the neces-
Sary springs, stuling Loxes, and filling plugs. It is filled with
hydrolene ojl. The depression stop limits the depression of the gun
to 5 minutes 24 seconds,  The oscillting crosshead (3TE)Y supports
the elevating screw by means of (w annular ball bearings, and is
in turn supported by its trunnions, which rest in bearings in the tran-
som (3SA). The elevating motor, Plate 187, is shunt wound and
rated at 15 horsepower gt 100 revolutions per minute. Tt actuates
the elevating mechanism through a Waterhury hydranlic variable
speed rear, size 10, type « 0,7 through a sell-aligning coupling.
The speed gear i, iy, trn connected by o second setf-aligning cou-
pling and a frictio, cluteh to the motor shaft gear (t7M). The
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1’:""01‘ is then in turn transmitted through the clutch shaft gear (46L),
1_1:\.te 187, clevating pinion chaft (53L), Plate 186, clevating bevel
pinion (37B), and bevel gear (37A), which is keyed to the elevating
nut (35A). The friction clutch comprises alternate disks of bronze
and steel, the bronze disks being keyed to the friction coupling disk

1 disks to the friction coupling

cup (49A), Plate 187, and the stee
yock on the motor

shaft (49C). This clutch is provided to ease the sl
ating screw is brought up against the

and mechanism when the clev

~maximum or minimum stops which limit the elevation of the gun to

15 degrces and depression to 5 minutes 24 seconds. The stops are
strong enough to stop the clevating screw without injury to any
other parts when {he gun is being clevated and doprcssed at full

speed. They are, of course, providcd for cmcrgcncy‘only.
387, The switch shaft handle (484), Plate 187, operates the
be connected for hand or

clutch so that the clevating screw 1nay
power operation, or may be Jdisconnected entirely. The bevel gear
nected to the elevat

(44G) runs Joose on the shaft (53J) and is con
ing handwheel (440). The bevel gear (47L) also runs loose on

the shaft (53J) and is connected to the elevating motor. The ele-
vating gear clutch (p3H) is keyed to the shaft (53J) and is made
.t‘.’. slide on the shaft longitmlina]ly by the mechanism connecting it
with the handle (48A). With the handle in the position marked
“ Motor,” the claws of the clutch are engaged with the claw
Level gear, and the shaft is compcllcd to turn with the gear. When
{he handle is in the position marked ¢ Hand,” the claws of the clutch
(53IT) are engaged with those on the gear (41G), and the shaft (53J)

" is compelled to turn with that gear. With the handle in the position
(53II) is not engaged with either of the

marked “Off,” the clutch
rew can not be operated by

gears (44G-47L), and the elevating sc
cither the hand or motor driven apparatus. When the mount i3
" not being used for drill or otherwise, the handle (484A) should be

in {he « Off  position and the handwheel (43N) ghould be in the
neutral position. The average force on the ‘handwheel to elevate
or depress the gun by power will vary from 15 to 90 pounds with
all parts of the control apparatus in good condition. The force on
the handwheel required to clevate or depress the guns by hand varied
from 50 to 125 pounds, depending on whether the guns are load

1 whether or not the trunnions of the cradle are
ting trunnions. Care is taken in assembling the

yubber gasket of the gun port seal, Plate 178, for if this gasket is
too tight the friction between it and the sides of the opening very

materially increases the force required to clevate or depress the gun.
238, The elevation disk (60N), I'late 188, consists of a German-
silver ring fastened to the dial wheel (58U). The dial wheel runs
free on a shaft supported by the bracket (59M) which is attached to

or unloaded, ant
resting on the floa
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The pinion (58B) is bolted to the dial wheel
and engages in the rack (58E). The rack is attached to the bracket
(58K) which is bolted to the cradle, and as the gun is elevated or
flf‘l’l't‘SS('(l the rack actuates the pinion, thus turning the dial wheel.
The Dlacklash between the rack and the pinion is taken up by a
1 wheel by means of a

counterweight, which is connected to the dia
wire vrope.. The German-silver ring (60N) has three sets of gradua-

tions; those on the outer circumference being for the gervice range
sealo; those on the inner circumference Leing the subealiber scale, and
between these, degree marks are stamped for use in c_hockin,r: up the
other seale by means of a clinomenter. The degree marks are placed
on the disk with the gun mounted on the carriage, the clinometer
being supported by a rest placed in the muzzle of the gun. The
degree marks may be put on the disk at the time of the shop test, but
the location of the service and subcaliber scales are dependent upon
the Licight at which the gun is mounted above the sea level and must

. be located after the gun is mounted in the fortifications. The pointer
for the service scale and that for the subcaliber scale are mounted
on the window (62M) and bear respectively on the outer and inner
circumferences of the range ceale. The position of the window,
and consequently of the pointers, may be adjusted by means of the
worm shaft handle (62J) for purposes of calibration. In order to
Indicate the movement of the window for this purpose, the outer
index plate (62E) is attached to the window and bears on the'plate
(62D), which is bolted to the bracket (59M).
389. T'raversing mechanism—The principal parts of the turning
gear are the upper and lower roller tracks, the base ring, the rollers,
live ring, and the operating machinery. The operating gear consists
essentially of 2 pinions carried by the rotating part of the turret

and gearing into 2 rack bolted to the base ring, Plate 181. The
pinions are supported by ¢

astings bolted to the structural members
of the turret, and each is driven by a worm wheel and worm,
Plate 189. The worms are interconnected and are driven by cither
of 2 Waterbury hydraulic speed gears, each of which is operated
by a 25-horsepower clectric motor. The variable speed gears are
controlled by handwheels Jocated at the sights and by a handwheel
at the auxiliary traversing station in the upper handling . room.
The weight of the entire turret, except the loading table in the
lower handling room, is borne by the base ring. The base ring is
cast in four segments which are bolted and keyed together. In
order to make a better joint with the concrete foundation, the under-
surface of the base ring is checkered with projections 1 inch square.
In addition to the small projections, radial ri

bs are cast on the
undersurface of the base ring through which the holes for the anchor °
bolts are drilled. The anchor bolts are 3 nc

the outer gun girder.

Les in diameter and are
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f:\sfened by lock nuts. Eighty-cight Jeveling screws are provided,
1‘:]”‘311 bear on the +1 leveling plates. . Access lholes are cast in the
ase ring through which the leveling screws and anchor bolt nuts

can be reached by the ratchet wrench provided for that purpose.
The Jower roller track rests on the upper surface of the base ring
and is cast in four main sections and 4 portable cections. The
portable sections are provided for {he purpose of cnabling the
traversing rollers to be removed. The traversing rack, which is in
8 sections, is bolted to the inner face of the base ring. The rack has
145 teeth. There are 32 traversing rollers, in cach end of which a
graphite bushing 1s pressed and fastened with Jock screws. The
‘traversing roller shafts are kept from turning by screw dowels
engaging in a recess cut on the inside of the live ring. 'The live
ring is built up of 8 inside sections of forged steel and 8 outside
scetions of forged stecls connected by 32 Jistance picces of cast

steel.

300. The upper roller tr scctions of three diftesent
lengths and is bolted through the cast-steel liner to the pan bottom.
The track liner is cast in six sections, two right, two left, and two
side sections, right side and left side. The traversing motor con-
trolled from the gun chamber operates the .\ or pump end of the
variable speed gear, which is connected by two pipes to the B or
engine end. The chaft of the engine end turns the {raversing worm

nion and gear. The

and worm wheel, Plate 189 by means of the pi
turret is turned by either the right traversing motor or the left
not by Doth together. ITand chains run over

traversing motor;

six hand chain wheels, keyed to a Jongitudinal shaft in each gun
chamber. This shaft is supported by roller bearings and is fur-
nished with universal joints to provide for a necessary angle in the
shaft and faulty alignment. At the front end of cach shaft is

keyed a chain sheave connected by the large chain to the chain
wheel; a chain tightener is provided for the chain. The chain
wheel turns the small sprocket wheel through the shaft. The large
sprocket wheel is connected to a small sprocket wheel by the roller

chain. The large sprocket wheel runs free on the training gear "
cross shaft when the cluteh operated by the hand-turning clutch
lever is thrown «out.” The variable speed gears on the right and Jeft
sides of the turrets are entirely independent of each other. Iow-
ever, by a suitable arrangement of clutches they may cither one

be controlled from any ont of three handwheels Jocated as follows:
(1) Right side of turret chamber, (2) left side of turret chamber,
(8) auxiliary control station in upper ‘handling room. The speed
f)f traverse of the turret varies from zero to 100 degrees per minute
in either direction, and this variation is obtained by turning any

ack is cast in six
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one of the handwleels from the zero position to 300 degrees clockwise
or counterclockwise. The high turret may be turned continually
in one direction, Lyt the low turret can be turned 4 maximun
of 115 degrees only from its zorq position.  A{ter having been
turned 110 degrees in either direction a cut-out lever in the front of
the low turret operates to turn tle control mechanism on the end
of the variable speed gear to its neutral position.  This cut-out, for
its complete operation, requires the turret to turn from 110 to 115
degrees. The duplicate installation of power traversing gear is
provided so that in case of aceident to ono mechanism the other
will «till be in serviee, Tl auxiliary control station in {he upper
handling room is brovided in case jt should be desived 1o point the
turret by means of the azimuth seale located on the upper side of
the t aversing rack, Ip case both sets of power apparatus are not
in working order, it will Lo necessary to resort to the hand-tra versing
gear, s stated above, the low turret i Intended to be traversed 115
degrees on eacly side of the longitudinal center line of the fortifica-
tions.  In order to Automatically Timit the movement gt these points,
& control rope for the low turret is led around a cut-ofl deum which
is geared to g cut-ofl lever, At tle limit of {r
the cut-off lever ig engaged by the ¢
the neutral position so that the driving mechanism is stopped. The
action of tlhe mechanism is shown on Plate 190, "This cut-off meeha-
nism is omitfed on the high turret, as it may be traversed continu-
ously in either direetion, ’ |

S\ speed indieator dial is located wnder cach traversing hand-
wheel in the turpet chamber,

and over the auxiliary control hand-
wheel in the upper ]mml]ing roont.  The dial is geared to the hand-
wheel shaft ang indicates to, the turret trainer the approximate speed
at whicely the turret s turning, 1t iy araduated for one-fourth, one-
half, thrw-fmnr(hs, and full speed jn cach direetion. The zero plate
must be located o read “ zero ” when the control shaft and the A end
of each variable speed gear is in the neutral position. Tt is iHumi-
nated by ap S-candlepower lamp in series with the lamp for the
azimuth indicator, The aziputy indicator gear, Plato 191, is pro-
vided for the Purpose of enabling the pointer o lay the turret to a
preseribed angular distance in azimuth either side of the emplace-
ment zero and is e mainly for indjrect fire. A Dbeveled gear is
rigidly attached to the Upper end of the traversing shaft and is con-
nected by horizonga] and vertical shafts to the azimuth indicator
asey located on the azimuth bedestal.  The gearing in the case is ar-
ranged to turn twg Dointers ovep the indicator dial. The inner
seale is graduated to 10 degrees and makes one revolution of the
turret. The outer g ated in tenths of degrees and makes

averse in each direction
ut-ofl cams and is thrown to

ale is grady
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¢ of the turret. It is il-
with a similar Jamp
ttached to the top of
degrees, the numbers of which

10 degrees travers
amp in series
th circle a

;)llc revolution for each
f:tifl:1;1,c(1 by an g-candlepower I:
the t{-"(-(‘;d'l{uhcator. . A brass azimu
Ao b t{\‘msmg rack 1s graduat?d in rees
is ont e added :}ftcr the turret is erccted in 1ts emplacement. Alole
u“‘()m]()ll ,;l-m right side of the wall of t]u': upper l'mndlmg room
Cﬂrriot(’l \] which access may be had to the a;unutl:yonnl?r, \\'l.uch is
vided v)’yla bl'ac'kct Dolted to the track p]ah}]g. Tle pointer 18 pro-
Toles to”t'l a lmc1:01-netcr and subscale. .'lhe subscale has slo.ttc'd
ﬁxmi i give it suflicient movement for adjustnent, after which 1t 1s
d ‘L 1n position by two dowels. Tt 1s graduatcd and stamped 1n
ef:ll‘llqm]s of degrees, the least rc:\d:mg being 0.1 degree. The micmm-

r scale actuating the pointer 18 grnduated to a least reading of

001 degree. The Iiole in the trunk plati! o with a slid-
ng door, and a platform is so arranged as to support the person

reading the azimuth scale.
mffr?s Lfoa(ling mﬂef'lzam'sm.——Tlxcfc guns. are _normn]ly .]ondcd by
chain 1‘0 a mechanical rammer, Plate 178, which co_mprlsos a steel
of the 11;111}ng over a sp;-ockot (the rammer head bom'g‘ on t.]m, end
the cly ?N‘ln), a chain case, and an c]octlec motor. 1}1e links of
‘lil‘ccfizln are so co'nst.ructed. that lhe. chain can bend 1m m.ﬂy one
When n. 'Ijhe 'clmm 1S ]xablt.l}al]y ?0110.(1 in a cast-steel cl\.nn! case,

a projectile or a powdcr section 18 rammed the chain is run

out of {he case and, resting on the tray and the
F}lshos the projectile to its seat. As the chain is
ray and the bottom of the Lore on the only side

1 . . R
©end, it becomes a built-up column and is rigid.
stroke may be controlled, and as & safety precaution the last link

is so constructed that it can not pass the sprocket. The three
lengths of stroke in ramming the projectile, tho first powder stroke,
and the second powder stroke are, rospccti\'oly, 14 feet 8.6 inches,

s.” To prevent undue strain

11 fect 2.98 inches, and 7 feet 6.78 inches.
on the motor in case of a sudden check in the movement of the

chain, a friction clutch on the motor shaft is providcd; likewise, to
lessen jar and wear and tear of service, buffers ar¢ providod for
checking the movement of the chain upon being withdrawn after
ramming. This rammerT is driven by an electric motor through 2
sprocket, pinion, and chain. The chain is & Morso silent drive, ap-

proximately 20 feet long and is protoctml by a gu:ml. A clutch ig
provided on the motor shaft to lue strain in the event

prevent unt
of too sudden check, such as would occur when the rammer has run
Lo and stops sud

1 1S provid

supported by the

The length of

out to the limit of its stro denly when the tail link
is 1 in the usual type of friction

chocks the chain sprocket.
clutch comprising seven bronze and six §

bottom of the bore,

to which it could:

teel disks, the pressure be--



310

ained by g g

T e e«

tween tlie springs being majnt piral spring and adjusted
by means of 4 Screw and nut, )0 mechanism provided for trans--
ferring the projectile frop, the storage rooms below to the tray at

the breech of the gun g described under the heading “Ammunition
supply system.”

3-inch tc]cséopic sight for

ety model of 1909, is a vertical telescope fitted |
an optical system that the gunner with his eye at the

eyepiece may bring into the field of view an object and correctly lay
the guns in azimutl,, There aro two sightg installed in each turret
; and g Spare sight for replacement, The Principal parts are the
! telescope, cradle, carriage, sight brackets, deflection scalo (front),

deflection seale (rear), elevation worm, deflection worm, lamp cable,
and electrie Tamps, The tube bom'ing (b()“‘()m) is attached to t'he
ower end of the telescope an( has three short finished surfaces on its

Perimeter, 7T)e tube bearing (top) is attached to the upper end of
the telescope and g three short finished supf

e i AL i 4

e o

i

aces on its porinml(‘.l', ;

and a hooklike Projection, By the use of this hook the telescope is |

hung on the UPPer end of the craqle and locked in place by the .

telescope clamps,  Tpe trunnions of {10 cradle are seated in the

bearings of the carriage and secure by the caps. The eradle arm :

riveted {o the side of the cradle meshes witly the elevation worm.

By rotating the clevation handwliee] the telescope can he brought }
to the desireg elevation, Ty, defle

ction scales are provided for
The deflection  sealo (front) ;
and the deflection seale (rear) |
riage.  Ilacl, deflection seale is rotain('(! by
Pass througl, clongated holes, permitting adjust-
ment of the seale, The deflection scales are graduated i degrees,
The numbers n cach graduation ape reference numbers and read
from 1 1 % 3 representing rocentral position of the \
deflection scales.  The deflection bracket (front) is attached to the
carriage and lgg 5 line graduateq near its lower edge which regisiers
with the £raduations op the deflection scale (front,) The deflection
bracket (rear) is attached to t)e sight bracket and has q (}Gl'llljll}-
silver piece soldered to it, upon which a line s araduated. This
graduated line registors with the graduations on the deflection Sca]e
(rear). Eacl deflection bracket hag 5 Teceptacle for a small electric
Iamp, Through the Openingy in these receptacles rays of light from
the Tamps iluminate the deflection seales, Al of the parts for the
sights are i"t“""h“"ﬁ(‘“mc’ except the sight brackets, which are

right and left. The brincipal Darts of the telescope are the telescopo
tube, objective prign, holder, optical elements, cross wires, lamp
bracket, draw tube, focusing hut, focusing nut cap, and the eye-

reading from cither
is attacheq to the sj
is attached to the ¢a
twWo screws which

front op rear,
zht bracket,

the origin
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])ieceq m . . .~ . ' . .
The . The cross wires are of platinum wire 0.001 inch m diameter.
y are sccured to the cross-wire frame by four cross-wire €lips,

and ar . C ¢
on ldle at right angles to each other. The cross-wire frame 18 set
dow Lo ' v _
wwel pins in the cross-wire frame Lolder and 1s secured by the

Cross-wir
wire frame clamp screw and may be romoved by the €ross
ing the eyepicee and turning the

wire fran
Cl‘()(/ f‘t}lne extractor, after remov
1oss-wire £ ) . .
s-wire frame clamp screws 180 degrees. The cross wires are illumi-
which is

ed in the lamp bracket,
tube. Two Jamp-bracket

ng . :
ated by a small electric lamp plac
ays of light through the

S(‘Cu N
red to the rear end of the telescope

re -l
o f({(‘.c'tols, in the lamp bracket, deflect the T
_openings and through the telescope tube and draw tube 00 degrees

apar e . .
part. These openings are S0 arranged that the light from each

:'(;{l::i?tlm ﬂ'll‘()\\’l.l‘up'on-lhc full longth.of the wire op!msito. The
ine (1. \l 0f illumination of.lhe cross wires may be varicd by turn-
“‘:int e M!lp-hruckot a(].]l.lstmg nut, ?horob:v varying the area of the
i;])mﬂvl‘)(imngs' In n(](.lltmn to the sights just doi:cr.ll»od. each lur'r('t
instru: It odwvxth. a periscope madel of.l!’)Oi). '!‘lns is an ohservation
furret '::‘llt and is Jocated at the captain’s ftntlon_xtt the rear ?f the
is pro ;l]lns and on the periscope guard, Plate 1¢5. (.)no periscope
0 in(‘l\:\]'( ;‘(1 for each turret. The periscope fur,tho lngh .turrots is
of ”m: onger than that for the low turrets. I'he prmmpnl parts
elo 'nti‘(( periscopes are & telescopes .crudlo, l}oofl. lumd'cnp, shutter,

n worm, azimuth worm: prism rectifying horizontal shaft.

"7";;:;"“‘ vertical shaft, lamp cable, and electric lamp-
394, Armor—The armor for the protection of t

sis T .
» ts. of the barbette armor, which 18 anchored 1
ntifieaty . .

tifications, and the turret armor, which 15 attached to the turret

Z‘;"I;"t.““‘ m?d 1'(>tnte.s wi.(h lt The barbette arme. is in lho.form
o1l cone \\:ﬂh the S)(]os' mclmm} at an angle of 7 degrees 8 minutes
. e )’?rtlcul and projects 14 inches above tlfo surface of the con-
rete, The total width of the barbette armor 138 131.36 inches. The
ipper strake, about 8+ inches wide, consists of seven picces 18 inches
E]‘”"l\'» which are connected at the joints by st cel keys 4} inches square.
I'he lower strake consists of five plates 8 inches thick, rabbeted into

the upper strake, and connected at the joints by steel keys 2} inches
r strake is anchored in the concrete

square. Iach piece of the uppe

by four anchor holts extending in direction perpendicular to the

“‘}‘(‘l‘ face of the plate. The front, side, and back plates ave backed

with about 3 inches of teak wood, and are fastened to the structure
the hends

by steel tap bolts extending through the wood backing,
Linst the inside of the armor backing plates.

()f these bolts resting agt
The shelf armor plates are fastened directly to the structure by tap
bolts without wood backing between- The roof plates are fitted to

the front, side, and rear armor plates and are f
sunk stecl bolts. The top armor is also connected to the roof girders

734—23—21

he turrets con-=
n the concrete of the .

astened by counter-.
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of the structure by tap rivets, The irregularities in the thickness .Of
the front, side, and rear armor plates are compensated for by varia-
tions in the thickness of the wood backing. Similar variations in
the shelf and roof Plates are compensated for my inserting steel
liners between the structure and the armor wherever necessary to
give a good bearing surface. The reap armor plate is dovetailed
into the rear side armor by a joint of such shape that the weight
of the rear armor Is supported by the rear side armor plates. In
order to give g better support to the individual armor plates, tl.le
front and side armor plates aye dovetajled into the shelf plates in
the manner shown on Plate 181, Two hatehes are cut in the roof
armor for the Purpose of allo\\'ing Targe parts, such as rammers,
ammunition cars, etc., to Le removed from the interior of the turret
without disturbing any large armop plates. These hatches are

covered by the roof hatch armor Plates, which are attached to the
roof armor by countersunk bronze bolts, '
593, Two armor heods are att

ached over openings in the roof
armor for eacly turret

- The sights extend through these openings
and their upper endsg dte protected by the hoods, Plate 178. A
similar hood js provided in the rear of each turret for the protection
of the beriscope., Shutters ape provided inside the hoods of tha

low turret to exclude the Llast from the guns of the high turret.
One access hately Is cut in eacly rear shelf plate to give uccess to the
turret from the outside of the fortification, These hatehes are clf)S(‘(l
by 2-inch hinged hateh covers. A clearance of 4 inches is provided

n the inside circle of the barbette armor and the

all around betwee
outside circle of the shel armor, and a vertical clearance of 4 inches
ig allowed between the under surface of the rear shelf armor and the
top surface of tl,e barbette armor., In order 1o exclude water, .trh(‘rSU
clearance spaces are closed by the watershed.  The watershed is de-
signed to brevent the entrance of water through the clearance space
allowed between e barbetto armor ang the shelf armer. The fixed
part consists of o ring of structural plates attached to the (‘(1{:0. of the
barbette armor, r edge of which is hung a Piece. of
trip around its bottom. The rotating

a circulap ring attached to the shelf armor plates,
supporting at its outer edge a channel and bronze strip which extends

on the outside ang under the canvag strip attached to the barbet{e.
The joints of the rotating ring aye calked where necessary to shed
water, and water ig Prevented from entering at the side and under-

neath by the canvag strip.  The construction at the rear of the turret
is similar in principle,

306, Ammunition SUpply ayste
the magazine by trolley hoists
the lower handling room, The

m.~The projectiles nre picked up in
running on I beams which lead into
I beams from the magazine aro con-

L aama paman oo .

B e

e

T



svwﬂv.wqhﬂuﬁrﬁvaﬂ.—_-w.u.umgﬁ‘.hﬁ.ﬂu mﬁﬁ*nﬁds

—— g ey

261 ALVId



:
]

Py Sl e A T e
-
e smares | s somue | » ssvo
PR I e -
CLRT S
SUOULITS HIRIESH g %
w3 LU0 = M © > o
. 56 » Toow —= $E° ! ;
. 33 3 %
Lywwns a9 mow-vt erure  asmvises 4 Of ol
P —— S
LY i o |/ 3
Ry 8 fand
o/ 6L/ -TISMIM V704 MO M
13
B3|~ soursc |.Wu
! -
b &
" 3
. 3
o &
= Y ;
! !
4 !
1E —+
E
!
L |
v i :
~H 1 ¢ m
X
)1ﬂu_ [ I}
. { .‘w_
H
Y
3

2.
20 vav & 50 2

b
i
B

“s6l JLVTd




CFTITTIYTTRFTITITIN T
- - .

FTITYTTRSYIESALATTRL
PP A A A

“

PRV IR otk Sl SRR .
Rl T T A BT - K

't P ey T . M

. D‘- »e 0 U o 1 o ot

| heene b oes b assiees S o8 SRS

ol i Sa SO0} SHIIT Rl s
4

Vo — - frm)icaen - -
. SR VOGNS

| REE

-

Y o
P (A

S

N

‘F61 JLVId




316

nected by fixed frogs to a circular track loeated over the loading
table, Plate 192, The projectiles are dropped by the trolley hoists
onto the loading table, from which they are transferred to the lower
ammunition car. The powder
placed in the lower ammunition cap by hand. The lower amununition
car, Plate 193, is hoisteq by means of q rope and drum to the level
of the upper han(lling room, where tlie projectile and powder are
automatically dropped out on receiving trays, from which they are
transferred to the upper ammunitjon car, Plate 194, in which the
powder and projectile are hoisted to o Position convenient for load-
ing opposite the breech of the gun. The upper and lower ammuni-
tion cars are operated by ropes and drum driven by motors. In case
of derangement of the electrical Apparatus, the auxiliary shell loist
is provided. Tlis auxiliary Drojectile hoist consists of vertical
trunks extending from the lower hzlndling room to the gun chamber
of the turret, Ope hoist is provided for each gun and consists of
two buckets hanging on opposite ends of a chain passing over pul-
leys and operated manually by a double nonoverhauling gear. When
the projectile is delivered by the auxiliary hoist on the turret floor
it is picked up by a smal] trolley hoist and is carried to a position
opposite the Lore of the gun. In case of derangement of the am-
munition hoist, the powder must be hoisted by block and tackle from
the lower handling room to the guns, The details of this ammuni-
tion supply system are so elaborate and so many that it does not
seem wise to devote space here to a complete deseript ion, for it will
be understood that this ammunitjon Supply system is complicated
by the fact that the ammunition jy stored in conerete underground
shelters and is supplied to the gun chambier through hoists of a type
similar, to g degree, to these DProvided on the average lmtt]eship‘-
Various types of “mergency equipment are of coupse provided in the
event that the equipment in general use should he deranged. The
reader who ig interested in 4 more elaborate deseription of the vari-
ous details ig referred to the cemplete deseription given on pages Gl
o 75 of Pamphlet No, 2001, * Instructions for Mounting, Using, and
Caring for H-inch Gup 'l'urr(-ts, Model of 1909.7 '

7. 14-INCH 10-CALIBER GUN,
' MODEL E,

S97. The design of Ly mount, Plates 195-208, was practically
finished at the time of our entry into the World War. Tt was
designed brimarily fop service in the coast defenses, although a
number of special Provisions whicl, adapt it especially for coast
defense adapt it likewise for certain types of field service. 1t can
be operated ecither pg 5 sliding or as a fixed emplacement mount,
Only one mount of this design has been finished, but it has made so

is carried from the magazine and

MODEL OF 1919, ON RAILWAY MOUNT,

e e
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fav

avor: R 3 . . .
o “‘.b](‘/ an impression from 1ts performance inr
4 1mo T . . TR
ving target at a distance of 6,000 yards, when the Jifliculties of

followi

0 . . . .

wing a rapidly moving target are oxtreme, that 1013 pru\n:l\»lo
wt of its Jesirable features. as well

?;ﬁ(:t]l:ellle;v mount cmb()('lying e . :

Shortly. catures Tound jmperative for field service will e made up

398, Cannon—Sce B paragr

Zi'd]egﬂy“:j-]t]-‘ ;l tr}mnipn lmn(! in this? Case,
206 ]};;ﬁcl]ShdoS in a splineway 11 the cra‘dlo.

. sl mechanisi and firtng mechanisin—

279 and 287.

‘?00. ecoil mechanisn
prises a single recoil cylind
at the bottom, the piston 1o
light recoil band of the gun.
of a counter-recoil buflers this cylind
(1-0,1- (!Oscrilmd under A, P2 ragraph 258.
::;1“111 this case gerves as i counter-r ‘ ‘

y occupied by the butfer fills with oil when the gunt recoils.
_ \‘V]'Cn the gun returns to hattery the oil in this space can pass 1o the

::’::'noﬁly slowly ﬂn:on}gh the clearance about {he butfer.  The maxi-

mgth of recoil 18 ¢0 inches.

401. Recuperator mechanism D.—The recuperators Plate 195, com-
linders attached to the cradle—four above aln
vlinder comprises hree columns of springs
The spring rods are attached to the

omimon on

wuperator ¢
{ion of the plu‘llln:\(ic

alted by the Ger-
comewhat of this
ages likewise em-

ccent tests against

aph 334 The cannoll is not pro-

put it fitted with a spline

See By p:u'n;,:rnplm

__This recoil mechani=ny, Plate 195, cont
or attached to the cradle in the center
1 of which is attached to tle relatively
With the exception of the 1»1'0\‘ision
or is similar (0 the short eylin-

The extension of the piston
ecoil buffer The space nor

prises six spring €y
two below. Lach spring ¢
(hvi(_]o,d into seven sections.
recoil band of the gun. This is the type of 1¢
harbette and field carriages hefore the intirodud
recuperator. All except one of the carriages inst
mans on the Belgian coast em ecuperators
type. Most British and many
I‘_]U.‘y'('(l this type {hroughout the Wwat.
f‘l‘l'(‘.\.llur in seetion, gometimes oval,
Their most serious defect 18 their lack of
practically impossible to make springs of proper
t]l(‘l'll in connection with a 16-inch n0-caliber gun W
their weight 1)1'0]|i1)iti\'0]y eXCOSSIVE.

402. EKlevating 713(‘(/:(11:1'.-m.——l’rm’isiun is made for elevating the
gun from its loading angle, 0 degreey to 8 maximum clevation of 30
degrees. The details of the elevating mmechanism are <own on Plate
196. 'This elevating mechanism is essentially the same in Jdesign as
:lmt provided on the 14-inch Navy mounts. Marks [ and 1. Tt will
e ohserved on the uln)\‘o-nu(ml plate that the mechanism is made up
of one large screw hinged to the hottom of the cradle by means of n
yoke and trunnions and passing through a large nut in the osvillzll;

ployed r
French heavy carri
Sometimes th
and cometimes rectangular.
strength. 1t would be
sapacity to =
ithout having

¢ spring wire 1%
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ing housing, whicl, is in turn Supported by its trunnions in bearings

attached to the cqp body. This nut is provided with a ball-thrust
bearing, as shown on Plate 190, and is driven by miter gears, which
communicate witl )0 handwhee] through the horizontal cross shaft
and two more, sets of mjtor gears. The elevating handwheel is
mounted on the right side of the carriage just behind the trunnion.
Each trunnijon Is equipped with an antifriction device of the design’
shown on Plate 197, Thisis of the rolling-wedge or knife-cdge type,

and again is almosgt identical i design with the antifriction device

provided on the Navy 14-in-], mounts, Tt ig composed of a fulerum

er end rests in a bearing block, which in
i ge. The upper end of the fulerum
arnt is rounded tq 4 radius equal ¢o the distance from the center of
the lower end to the center f the top, and heaps directly against the
underside of ap extension of t],e main trunnion. Both the fulerum
arm and the trunnijo are fitted witj, gear-toothed segments, which
mesh with each othep and prevent slipping of the arm. The device
is adjusted by means of the wedge under the hearing block at the
hottom of the gun. Whep Properly adjusted this device carries the
weight of the gyn while jt ig being elevated and depressed, therehy
reducing (‘onsidorab]y the effort required. When the gun is fired the
force of recoi] is transmitted, oven at the maximum firing angle of
30 degrees, almost entirely into the main trunnion bearing.  This
mechanism ig inferior to {he type used in the service of the other
mounts already deseribed in that it contains no flexible parts that can
bend or be corapressed under t],q force of recoil and permit that force
to be communicateq more easily and directly to the main trunnjon
bearings, Ope turn of the s]ow-oporating handwheel elevates the
gun through 033 degrees, an one turn of he fast-operating crank
clevates the &un through 1.1 degrees,

403, Tmr('rxin_q meehaniom —This mount can be traversed through
360 degrees by menns of amechanism {0 design and dotails of which
are shown op Plates 103 and 199, T} entire mount rests by means of
four conica] rollers oy 4 cast-steel base plate. To the center of
the hase plate is bolted pintle which takes the horizontal com-
ponent of the foree of the recoil; oears are eyt on the inside of the
roller path to Serve as g traverse rack. The traverse pinion is cut
in the hottom end of 5 vertical shaft which can le raised for travy-
eling or lowered to mesh with the traversing rack for traversing
the mount, Tpjg shaft passes through anq is driven by the large
horizontal beye] gear, as shown o, Plate 199, whicl, is in turn driven
through the gears by twq hand ecranks on the sides of the carriage,
The gear case through whiel, the horizontal driving shaft passes on

the left sido of the Ciarriage, Plate 199, contains g Iarge bevel cear,

~
loose on the sha ft, but which may be thrown jnto gear with the shaft
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by a foot-pedal operated clutch, Whep the clutch engages the gear,
the traversing mechanism jg operated by the handwheel somewhat

to the rear of the crank, This handwheel is for slower motion and
is used for the final fine adjustment.

404 It has been noted before that the gun can be fired without the

vse of a firing platform toan elevation of 99 degrees. To secure any
£reat amount of travergg under this elevation, it is of course neces-
STy to operate the mount on a curved t ‘ack.  For fine adjustment,
® car-body try versing mechanisy, of the design shown on Plates 200
and 201,is used, Ty Will be observe here that cast-steel body bulsters,
riveted into cacl, end of the car, carry u traversing beam which is
fixed with respect to the trycl when the lifting bolster is down. Be-
tween this traversing beam an( t},0 body bolster are two rollers, 5.33
inches in diameter an( o3 inches in length, on each end of which
are cut spur gears which mes}, With racks attached to the hody
Lolster and the traversing Leam, The traversing beam is connected
with the handwheel o the left side of the earriage, Plate 200, by
means of a serew ang Spur gears. The mount s capable of heing
traversed 095 degrees on cach side of (1o center, at each end of the
car, by means of l,is mechanism, thereby securing a total traverse of
I degree, Oue turn of the handwheel moves one end of the car
through 0.093 degrees.  Ag the handwleel s turned, the traversing
SCTCW moves either in o out of the traversing beam. s noted
Lefore, the traversing heam jg fixed witl respeet to the trucks, and
the ear body must therefore move on the traversing rollers.

105, Loading mechaniym C.—The (e
shown on Plages 292, 203, ang 204 It will be seen on the first plate
that the brojectiles can 1y picked up from {he ground or from a plat-
form at (he rear of the arriage by means of chain hoist carried on an
I-beam trotley, "The Projectile is carrjod forward and placed on
the shot truck, the wheels of which ride on angle-iron rails. The
shot truck is pup forward witl, s great a velocity as possible until
its buffer «trikes the hrcech of (he zun, when the projectile slides on
into the powder chamber, 'y, projectile is then rammed by hand.
The powder charge iy Picked up from the rear and placed on the
shot truck by means of the saime hoist, the truck rung forward and
the powder rammed the sapme g4 the projectile,

106, When it is desired to fipe at angles ahoye 99 degrees, beyond
which the breeel, of the gun o full recoil would strike the railway
ties, it is necessary to place ()¢ mount on the east-steel hase ring, the
design of one-half of which ig shown on Dlate 205. This base ring
may be laid either on a concerete subbase or on rock ballast.  When
placed on rock ballast it i necessary to brace it against lateral move-
ment by means of 61 stee] piles feet long driven around its cir-

sign of the loading gear is
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cumference. The base ring is in halves and in traveling is carried
folded on a standard flat car. The full capacity of a 160-ton locomo-
tive crane is required to handle the base in process of installation.
It is first removed from the car and placed on the ground beside the
emplacement, the lifting being done through a special lifting eye
attached to the hinge pin between the two half-hase seetions. After
the base has been placed on the ground it is picked up first by means
of this lifting eye. Chains are then attached to pins in about the

center of each half and to the two sides of the double crane hook. -

After the double crane hook is drawn up and the single hook which
is attached to the eye is lowered, the platform is spread and laid
in place on the level ballast surface of the prepared position. The
two segments are then bolted together with eight bolts on each side
of the center and the steel piles driven around the circumference,
Plate 206. Four special rail sections are placed over the concrete
roller path and are bolted to the rails of the approach track. After
these rail sections are- installed the mount is run into position over
the emplacement and lowered until the traversing rollers rest on
the roller path and the pintle engages with the pintle bearing.

407. The mount is lowered by means of two identical lifting
devices installed on the front and rear trucks and of a des gn shown
on Plates 200 and 201. Above the center of the truck a capstan is
mounted on the shaft of the pinion for the purpose of driving this
lifting gear. This pinion meshes with two large spur gears which
are attached to the ends of two identical screws which screw into
the lifting bolster. As the capstan is turned and drives these screws,
the bolster is raised or lowered with respect to the car, thereby
lowering the car onto or raising it from the emplacement. This
device is supplemented by a hydraulic lift incorporated in the center
plate of the truck. When this lift is used, however, the movable
bolster must be raised or lowered by hand to maintain the side bear-
ing clearance and prevent,the mount from overturning. The lifting
bolster is shown in traveling position on Plate 200; on Plate 201 it
is shown as Jocated when the mount is resting on the emplacement and
the trucks are removed or ready to be removed. The eight conical
traversing rollers are removed in traveling.

408. When the lifting bolsters are raised the mount can be trav-

crsed until the rear end is over the supports. The cast-steel sup-
port beams are made up in segments and aré placed on short scctions
of I-beams which rest directly on stone ballast. A\ cast-steel transom
carrying two hydraulic jacks and one screw jack is riveted to the rear
of the car body. These hydraunlic jacks have swinging shoes which
rest on the support beams and serve to prevent the mount from turn-
ing over in firing. Tests have been made which prove that the mount

e S
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can be operated without supports of this kind when the base ring is
Dbolted to a concrete sub-base. The design of the hydraulic support
cylinder is shown on Plates 207 and 208. No special mechanism is
provided for raising or lowering the hydraulic cylinders. They can
easily be raised or lowered by any sort of lever, such as a crowbar,
and more easily when moved very slowly. In preparing for action
the supporting beans are leveled very carefully and the liydraulic
jack shoes are lowered until they Lear on the greased top surface of
the supports. A small cable is attached to the top of the movable
c¢ylinder and passes over the top of the pulley to the counterweight
which balances its weight. The cylinder will remain in any position.
As the cylinder moves up or down, the oil between’ it and the ram
must pass through the valve shown in the center of the bottom of the
ram, Plate 208. Any attempt to move the cylinder rapidly, as in the
ase when the gun is fired, simply servés to close this valve and pre-
vent the cylinder from moving. Thus the cylinder can be brought
down until its bearing plate rests on the support segments, and inas-
mueh as it exerts no pressure, no difficulty is caused in traversing; but
the cylinder furnishes a positive support in firing, since, as noted
above, any attempt to move it rapidly closes the valve in the ram.
The top surface of the support beams is kept well greased.

8. 14-INCIH 50-CALIBER GUN, MODEL OF 1920, ON RAILWAY CAR-
RIAGE, MODEL OF 1920.

409. This railway mount, Plates 209-213, like certain other mounts
that have been or will be described, is likewise a product of the
World War. The 12-inch and 14-inch guns which the British Army
mounted on railway carriages with provision for elevation as great
as 45 degrees, the 340-millimeter guns mounted by the French on
railway carriages, and the 14-inch guns mounted by our own Navy
on railway carriages constructed by the Baldwin Locomotive Co. and
used effectively from late August to November 11, 1918, in cutting
the lines of communication between Sedan and Metz, showed very
conclusively that such guns can be mounted on railway carriages and
served very effectively against relatively small targets at long ranges.
Tlis mount combines the best features of all of the railway carriages
that were constructed either by our Allies or our enemices. The
scheme employed in placing the mount has been taken from the
German 170, 240, and 280 millimeter railway mounts.

410. Cannon—Sce A, paragraph 252. This 14-inch cannon is of
the wire-wound type, and the principles of construction are the same
as those described under A.  Further information with reference to
it may be found in the table of information.

411, Breech, firing and recoil mechanism—See A, paragraphs 253,
257, and 258, respectively. -
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412. Recuperator mechanism—Sce A, paragraph 261, The loca-
tion of these cylinders on the cradle is shown on Plate 209. ‘

413. Elevating mechanism.—See A, paragraph 263. In principle
the two are practically alike. It is possible to elevate this gun both

by power and by hand. The details of the mechanism are shown
on Plate 210. : '

414, Traversing mechanism—The traversing mechanism, which'

was mentioned briefly in the introductory paragraph, comprises a

pedestal mounted in a yoke swung between the side girders of the .

car body forward of the center and two traversing rollers attache
to the car body somewhat to the rear. These rollers are driven
through a traversing mechanism comprising spur gears leading
to the traversing motor or to the hand cranks. The details of this
mechanism are shown on Plate 211. It will be observed that 4-inch
steel balls are used in the Learing of the pedestal. This is the first
use in American heavy seacoast or railway carriages of balls in this
type of bearing. It is possible to traverse the carriage through 360
degrees through the use of this mechanism.

415. Loading mechanism D.—This mount is provided with the
gravity type of loading mechanism, the gun being depressed to an
angle of 7 degrees. The mechanism comprises two power cran-s,
by means of which the projectile and powder units are lifted from
ammunition cars, operating on a circular standard-gauge track sur-
rounding the mount, and deposited on an inclined loading tray to th
rear of the gun breech. A spanning tray somewhat long r than the
recoil of the gun is extended forward from the loading tray into
the screw-box of the br.ech. A slight impetus will start the pro-
jectile down the tray and, with its momentum increased due to
gravity, embeds the rotation band so firmly in the origin of the
rifling grooves that the gun may be safely elevated to the maximum
without danger of the shell slipping backward. A short hand ram-
mer is used to facilitate the more sluggish movement of powder bags
down the trays. In traveling, the jib cranes and loading tray struc-
ture are folded down out of the way. - t : :

416. Carriages~—The mount comprises a top carriage unit and
a specially designed railway car. The first consists of the cradlo
parts, and cast sid2 frames with front and rear transoms and the
whole unit capable of being traversed 8.5 degrees either side of cen-
tral. 'This traversing mechanism for the top carriage is not utilized,
however, when the mount is on its emplacement, but is intended for
correction of azimuth when firing from a curved track with outrig-
gers in place. As a permanent mount the top carriage is locked in
ths central position and the mechanism described in paragraph 414
is used for traversing. The lower carriag: or railway car is composed
of special alloy steel flanged girders with suitable transoms and con-
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.

tains the lower pintle or pedestal upon which the mount rests and
ths mount traversing unit,

417. Base—DBolted to the large concrete block of the emplacement
are the two main units of the base, Plates 212 and 213. Tha pedestal
base upon which the main weight of the mount rests is in the exact
center and bolted rigidly to the concr:te foundation, and it is upon
this cast steel base that the horizontal forc> of firing is expended.
The base ring or roller path consists of six cast steel sections, bolted

together and anchored to the foundation, forming a complete circle

and containing a brass strip calibrated in degrees for azimuth set-
tings. These emplacements, having no pit nor special drainage
facilities, are relatively in.xpensive and can be installed in num:rous
places of stragetic importancs along the coast. Thus a relatively
small number of these mounts can be utilized to cover a wide range
of fortified area.

9. 12-INCH 10-CALIBER MORTAR OF 1908, ON MORTAR CARRIAGE,
MODEL OF 1908.

418. Cannon—F .—This mortar, Plates 214-217, which is 10 calibers -

in length, weighs 8.125 tons, has a total length of 136.2 inches, a cylin-
drical powder chamber with a maximum diameter of 12.5 inches, and
a length of 21.13 inches. It is rifled with 108 grooves twisting to the
right at a uniform pitch of one turn in 20 calibers. The grooves
are 0.2091 inch wide by 0.06 inch deep; the lands are 0.14 inch wide.
The maximum powder charge is 58.25 pounds, the maximum powder
pressure 37,000 pounds per square inch, and the muzzle velocity
1,500 feet per second with a projectile weighing 700 pounds. Both
this mortar and the model of 1912 are wire wound, Plate 214, and
comprise a tube, a wire envelope, jacket, trunnion hoop, and breech
bushing. It is interesting to note this principle of construction in
a mortar.
" 419. Breech mechanism.—See C, paragraph 343. The block is
rotated 30 degrees to open or close it.

420. Firing mechanism.~—See B3, paragraph 287.

421. Recoil mechanism.—The recoil mechanism of this carriage

comprises two hydraulic recoil cylinders contained on either side ,

at the Lottom of the cradle, Plate 215. They are shown in detail
on Plate 216. Tt will be observed that this gun, beeause of its lack
of length, is mounted in a sleigh, the runners of which slide in
large grooves in the cradle. A hoop or band about the rear of the
gun is attached to the two runners of the sleigh and the sleigh run-
ners {it over the trunnions of the gun. The recoil piston rods are

then attached to-the recoil band. This band is not shrunk on, but *

simply fitted on and the sleigh runners bolted to it. When the gun
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fices. In principle this is not unlike
that of the other carriages. already
described. - o ‘
499, Recuperator mechanism—The
recuperator mechanism of this car-
riage comprises two spring cylinders
of the design shown on Plate 217 and it
mounted above and on either side of
the carriage. Each recuperator is |§
t
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made up of three columns of springs

|
divided into four sections. These ‘
springs have sufficient strength to re- i
tain the gun at its maximum cleva- ' |
tion of 65 degrees and permit a recoil i N | {——1]
of 24 inches. These cylinders are at-
tached to the top of the cradle and
the spring rods are attached at the - ' o

:
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rear to the recoil band.

493. Elevating mechanism D.—The
elevating mechanism comprises a sin-
gle rack attached to the bottom of the :
cradle in the center, from which a
train of spur and level gears leads to
a slip-friction device and the elevating
handwheel on the left side of the gun.
There is considerable jump to this
mortar, and it is necessary to have
some slipping device incorporated in
the elevating mechanism to prevent '
breaking of the gears. This jumping
of the mortar on firing can not be con-
sidered a fault and has nothing to do
with the accuracy of firing. The slip-
friction device comprises a series of
steel and bronze disks, some of which
are attached to the worm wheel, which
is driven by a handwheel through a
worm. The alternate disks are keyed
to the elevating pinion shaft. It is
possible to vary the friction between
these disks by drawing up on a clamp-
ing nut.  When the gun jumps from
firing, this slip-friction device permits-
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a slight motion in the elevating mechanism before the elastic limit in -
the metal of the various gears is reached. This is the first descrip-
tion of this type of mechanism that has been given and will be
referred to on numerous occasions later. It should be observed here
also that this carriage makes use of a worm and worm wheel in the
elevating mechanism, a design that is considered undesirable at-the
present time and is not being used in recent mounts.

424. Traversing mechanism.—This traversing mechanism is not
different in principle from A, paragraph 268, described for the
16-inch barbette carriage, nor the 16-inch disappearing carriage.
It comprises a series of conical rollers carried in a distance ring, a
conical roller path on the base and conical roller bearings on the
racer, a rack made in sections and attached to the base ring and
pinions, vertical shaft, worm wheel, and worm leading to the hand-
wheel on the pedestal on the right side of the carriage.

425. Loading mechanism.—The loading mechanism of this mount
comprises a shot truck operated by hand and carrying a single pro-
jectile, as under B, paragraph 326. The gun is loaded at zero degrees
elevation and the shot truck brought so that its lip extends over
thread in the breech bushing. The projectile is rammed by hand.
The powder charge of 58 pounds is carried up by hand in a two-
man tray and placed in the gun either from the shot truck or by
hand. '

426, Top carriage D.—The top carriage comprises two cast-steel
side frames, Plate 215, with trunnion bearings machined to take the
trunnions of the cradle. These side frames are bolted rigidly to the
racer and are further braced by a transom forward of the trunnion
support. The inner surface of the racer is machined to serve as part

* of the pintle mechanism, the bronze wearing ring being attached to

the base ring. The working platform is attached to the outer edge
of the racer and comprises a series of cast-steel brackets on which a
sheet-metal floor is laid.

427. Base.~—This base is made in two parts and comprises simply
a cast-steel ring machined to serve as a conical bearing and to take

- the bronze pintle ring and the traversing rack. It rests on concrete

in the emplacement, being bolted to the concrete by a series of anchor
bolts.

10 AND 10A. 12-INCH MORTAR, MODELS OF 1890 AND 1912, ON MOR-
TAR CARRIAGES, MODELS OF 1896 MI, MII, MIII.

428. Cannon.—The mortars of the model of 1890 are 10 calibers in
tength, of the built-up destgn, Plate 218, weigh 13 tons, have a‘total
length of 141.12 inches, have a cylindrical powder chamber with a
maximum diameter of 12.5 inches and length of 21.13 inches. They
are rifled with 72 grooves twisting to the right at a varying pitch of
from one turn in 40 calibers at the origin to one turn in 20 calibers at
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gun recoils on firing, its trunnions are constrained to move in a circle
about the axis of the yoke. This motion of the trunnion of the gun
in a circle, of course, causes an oscillation of the recoil cylinders

first for a short distance in one direction and then in the reverse

direction. Tt will be observed on Plates 221 and 222 that the buffer is
of still another form. In this case the top part of the piston is ma-
chined out to fit over an extension of the stuffing box. As the piston
rod is forced down the oil passes above the piston and fills the recess.
When the gun returns to battery the oil is pocketed in this recess and
emerges only slowly, thereby preventing the gun from charging into
battery. ,

434. Recuperator mechanism I.—The recuperator of these car-
ringes comprises four sets of spring columns made up of two columns
each divided into five sections. The collar over the upper end of
the spring column bears against a machined surface of the spring
yoke and the lower end of the top column bears against a collar on
top of the adjusting nut. The bottom of the section of the spring
column rests within a machined pocket in an oscillating spring sup-
port. The spring rod is free to move through the bottom of the
oscillating spring support and through the top of the collar at the -
upper end of the column. The spring column is adjusted through
the adjustment and locking nut shown at the lower end. These five
spring columns have suflicient strength to maintain the gun in bat-
tery loaded. The angle of elevation has no effect to either decrease
or increase the load on this recuperator.

435. Elevating mechanism.—The elevating mechanism, Plate 223, -
comprises two handwheels mounted on a single shaft leading through
a train of spur gears and a slip-friction device to an elevating shaft
carrying a single pinion meshing with a circular elevating rack
bolted to the bottom of the gun. The range of elevation is from

“yero to 70 degrees, and the ratio of the gearing is one turn of the

handwheel per 2.36 degrees of elevation.

436. Traversing mechanism.—Sce paragraph 424.

437. Loading mechanism.~—Sce B, paragraph 326.

438, Chassis or top carriage E.~The chassis or top carriage,
Plate 220, comprises a racer which has incorporated in it the slightly
raised trunnion supports carrying the oscillating recoil cylinders.
It has bolted to its bottom side forward two brackets carrying the
oscillating spring support. The spring support may be considered
a part of the top carriage likewise. The yoke pinned to the brackets
at its front is solid and of cast steel and has machined trunnion sup-
ports which encircle the gun trunnions. The racer proper is of the
common box section and is machined to a conical bearing for the
conical rollers. The inner surface of the extension of its outer web
is machined to serve as a bearing for the pintle machined on the
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vertical intermediate pinion. This pinion is actuated in three ways,
to be described later. The elevating nut and screw are supported
in the elevating-screw beam, which is held in bearings in the side
frames. DBall bearings are provided at both the upper and lower
ends of the nut. Elevating is provided for between 0 degrees and 35
degrees, and the clevating screw is provided with stops at these
limits. DBuffer cylinders are provided to ease the action of the stops.
The buffer cylinders are supported in yokes, which are bolted to the
clevating-screw beam. Longitudinal grooves of varying depths are
provided in the cylinders to regulate the flow of oil by the pistons.
Steel springs are provided to return the pistons, and stufling boxes
and gaskets close the cylinders.

446. The elevating is accomplished in three ways:

1. Slow motion by handwheel.
2. Quick motion by elevating cranks.
3. By motor power.
For using the quick motion by the elevating cranks the operating
lever is set at “In” on the clutch-stop plate. By means of the upper
~ and lower connccting rods and the quick-motion fork the upper por-
tion of the quick-motion clutch is pulled down against the strength of
a spring and meshed with the lower portion: This is in turn meshed
with the quick-motion upper bevel gear, which is bolted to the end of
the quick-motion shaft, on the lower end of which is keyed the quick-
motion lower bevel gear, which in turn is in mesh with the crank gear,

“which is keyed to the crank shaft. The crank itself is pinned on the
shaft. The clevation is accomplished by turning the clevation cranks,
the power being transmitted through the above-described chain of
shafts and gears to the upper portion of the quick-motion clutch,
which is keyed to the vertical shaft. This shaft is keyed inside of the
“control sleeve, which in turn is keyed to the hand clutch. The hand
cluteh is meshed with the vertical intermediate pinion, and from there
the chain is as previously described.

447. Tor slow motion the operating lever is set at “Out,” which
disengages the lower portion of the quick-motion clutch, and thus
omits all that chain of shafts and gears going to the cranks, but leaves
the remainder the same. The handwheel is connected to the vertical
shaft by the handwheel shaft and the bevel handwheel gears. TFor
operating by power, the control sleeve is raised by one of the power-
clutch forks, operated by a treadle on the platform, so as to mesh with
the control-gear clutch and release from mesh witl: the vertical inter-
mediate pinion. At the same time the power clutch is raised by the
other power-clutch fork and meshed with the under side of the vertical
intermediate pinion. The power clutch is keyed to the vertical power
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sliaft, which is connected to the “ B* end of the elevating motor shaft
by the power pinion and power gear.

448. The speed of eclevation by power is controlled by a \V‘ltmbuly
‘hydraulic speed gear, by means of which the rotation of the “B” end
of the shaft may be varied from 0 to 800 revolutions per minute, while
the speed of the “A” end is constant with the motor itself at 800 revo-
lutions per minute. The adjustment is made by the speed-gear con-
trol. After the power clutches are thrown in, if it is desired to elevate

the handwheel is turned in the proper direction to elevate and by a-

train of gears previously described motion is given to the control
sleeve. This sleeve is now in mesh with the control-gear clutch, which,
by means of the indicator gear and shaft, sets the speed indicator. At
the same time another gear on the control-gear clutch is meshed with
a bevel gear on the throw-out shaft. This same bevel gear is meshed
with the upper control pinion, bolted to the upper end of the upper
control shaft. The lower end of this shaft is connected by the beveled
control gears to the control mechanism of the hydraulic speed gear,

which is thus set to give the speed and direction indicated on the speed

indicator. To stop elevating by power, the gun pointer simply moves
the elevating handwheel back so that the indiactor reads 0. There is
also an automatic mechanism to shut off when the limiting stops are
reached. This is accomplished by means of the throw-out mechanism.
Keyed to the horizontal shaft is a throw-out pinion, which is meshed
through an idler to the throw-out gear. This gear turns freely on
the throw-out shaft until either 0 degree or 35 degrees elevation is
reached, when the throw-out crank fitted on the throw-out shaft
comes against the throw-out plunger, which is bolted to the gear.
The shaft is then turned by the gear, and, being in mesh with the
upper control pinion and the control-gear clutch, it thus brings the
control back to zero and shuts off the power from the power shaft,
and at the same time sets the speed indicator to zero through the
chains of gears and shifts previously described.

449. Traversing mechanism.—The traversing mechanism (Pl. 2206)
consists of the traversing rack in 10 segments attached to the base
ring by 80 steel traversing-rack screws, the traversing pinion of steel
on a vertical forged-steel shaft, provided with bearings in the trav-
ersing bracket, and rotating with the carria"e, geared to the steel
crank shafts which extend across the carriage, by means of a trav-
ersing-gear wheel and a crank pinion. The cranks are used for
normal traversing. Slow-motion traversing is provided for at the
telescopic sight by means of a vertical slow-motion shaft, which is
in two parts, bolted by a slow-motion shaft coupling. The slow-
motion shaft is geared to the handwheel shaft by means of the slow-
motion gear and the handwheel pinion. The lower end of the slow-
motion shaft is geared to the worm shaft by the slow-motion pinion

i o
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and the worm-shaft gear. The worm shaft is connected to the trav-
ersing shaft by means of a worm, which engages in a worm wheel
provided with a multiple-disk friction drive. There are 10 fric-
tion disks, 5 steel disks keyed to the sleeve of the shaft, and 5 bronze
disks keyed to the worm gear. A clutch, operated by a treadle on
the platform, throws the slow motion in or out. Cast-steel gear
cases are provided for all gears.

450. The azimuth circle consists of a bronze ring in eight sec-
tions. The scctions are of T cross section for rigidity. Iach sec-
tion is riveted to a steel support. These supports are grooved so
that the eight sections when bolted together form a hollow cylinder
“surrounding the traversing rollers and thus serving also as a dust
guard. The outside of each support is stiffened by means of two
stiffeners, which are steel angles, and are riveted to the supports.
The sections are accurately bolted together by means of steel straps.
The supports are bolted to the base ring by means of bases perma-
nently bolted to the outside of the base ring. These bases are all
stee]l angles. The circle is graduated in degrees, but not numbered
until the carriage is in its emplacement. .

451. A pointer case of cast steel is placed in the recess of the
racer, which exposes the top of the circle; the pointer body is placed
in the case and graduated and numbered as a subscale, to read to ten
one-hundredths of a degree, and by means of a graduated thumb
screw a reading of one onc-hundredth of a degree can be obtained.
The pointer is designed to permit final adjustment by means of set
serews on the degree marks of the circle at the time the circle is
numbered. The index is of German silver and is carried in a
bronze slide. A cast-steel lid is provided for the case.

452. Loading mechanism.—Sce B, paragraph 326.

453. Top carriage I'—The top carriage, Plate 226, is composed of
‘two main cast-steel side girders braced at the front by a heavy cast-
stecl transom, at the rear by a transom that serves as part of the
working platform and mounted on a heavy cast-steel racer of box
section. The side frames have attached to them a series of brackets
on which the working platform is mounted and contain at their
_top two supports or trunnions for the cradle. The entire power
mechanism for elevating and all of the gearing for traversing are
mounted on this carriage. The racer, which is of a section slightly
different from those already described, is machined on its under side
to serve as a bearing for the conical rollers and on its inner surface
to serve as a bearing against the pintle of the base. A series of
brackets on the outside hook on a flange of the base ring, preventing
overturning of the carriage on firing at low elevations. .

454. Base—The base ring, Plate 226, is made in two parts, and
las bolted to its inner surface the traversing rack, is machined to

“
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a conical bearing for the traversmor rollers, and has a flange on its
outer edge under whlch the racer chp brackets are hooked to prevent
overturning.

12. 12-INCH RIFLES, MODELS OF 1888 MI_ AND MII, ON BARBETTE
CARRIAGE, MODEL OF 1892.

455. Cannon.—The number of C hoops has been successively re-
duced from 10 in the type gun to 6 in model of 1888, Plate 225, to 5

in model of 1888 MI, to 3 in model of 1838 MI}, and to 2 1n model of ,

1888 MII. The D hoops have been reduced from 5 in the type gun
to 2 in model of 1838 and of 1888 MI and to 1 in all later models.
The B hoops have been reduced from 8 in the type gun to 4 in model
of 1888 and to 3 in all later models except 1900, which has but 2.
The A hoops have been reduced from 7 in the type gun to 5 in model
of 1888, to 4 in model of 1888 MI, and to 3 in all later models except
model of 1900, which has but 2.

456. Brccch mechanism.—Sece D, paragraph 430. The breech
mechanism is the same, except in dimensions, as that of the 10-inch
gun of the same model, Plate 229, except that in the 12-inch gun ball
bearings are 1ntroduced into the tray hinge to carry easily the greater
weight, and 12-inch guns, model of 1888 mounted on disappearing
carriages, model of 1896, have a modified form of tray lock latch
handle, and that in the model of 1905 the number of turns of the oper-
ating crank and the number of teeth on the compound gear and worm
wheel are increased over the corresponding number for 10-inch guns.

457, Firing mechanism.—See B, paragraph 287.

458. Recoil mechanism F.—This recoil mechanism comprises a top
carriage which in turn supports the gun by its trunnions, Plate
230, and rests on cither side on a series of rollers embodied in the
chassis. The number of rollers on each side is nine. These rollers
are mounted on pins through the webs of the chassis. The top car-
riage embodies two recoil cylmders the pistons of which are attached
to the chassis at the front. The length of recoil is 48 inches, and as
the gun is fired the top carriage rolls to the rear and up an incline
of 4 degrees until it strikes a stop at the rear. As soon as the energy
of recoil has been dissipated through the work done in forcing the

weight of the gun and carriage up the incline and in forcing the oil -

through the orifices, the gun and carriage return to battery through
the force of gravity. The recoil cylinders are shown on Plate 231,
where it is seen that throttling bars are employed instead of grooves.
A counter-recoil buffer of stlll a slwhtly different design :from those
a]ro'uly described is prov ided here. The principle of operation, how-
ever, is identical.

459. Recuperator mechanism F.—This is the first carriage in
which the force of gravity has been employed exactly in this manner
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to return the gun to battery. It will Le recalled that in the case of
the disappearing carriage the counterweight through which the axle
of the gun levers pass and which supports the entire weight of the
gun and the counterweight rolls up a slight incline as the gun recoils.
The fact that that carriage is mounted on an incline of course facili-
tates the return of the gun to battery, but it will be remembered that
the pull of the counterweight was depended upon to return the enor-
_ mous weight of the gun to its firing position above the parapet. Since
the elevation at which guns were operated at the time of the design-
ing and construction of this carriage was relatively limited, it was
feasible to employ this type of carriage. When the elevations were
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BARBETTE CARRIAGE, MODEL OF 1892, RECOIL MECHANISM.

increased to 20 degrees, 30 degrees, and finally 45 degrees, this type of
carriage became impracticable because of the extreme vertical com-
ponent of the force of recoil, which produced tremendous stresses in
the entire mount. As soon as the gun and top carriage have come to
a stop in their recoil the force of gravity serves to pull them forward
down the incline into battery. The energy of counter recoil, which
is considerable by the time the gun is practically in battery, is dissi-
pated through the counter-recoil buffer, already described in the
Trecoil mechanism. : A ' '
460. Elevating mechanism—There is a feature of the elevating
‘mechanism to which attention might be called, although it presents
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nothing -in design that one might be mterested in remembering.
Pointing in elevation is obtained by a forged-steel rack bolted to the
gun. A pinion mounted on a short cross shaft engages the rack.
On the outer end of this shaft there is keyed a cup-shaped friction
clamp fitting over a corresponding shaped hub located on the outside
of a worm gear mounted on the elevating pinion shaft and brought
to a bearing in its seat by a nut on the end of the shaft. By this
arrangement excessive stress on the elevating mechanism is relieved
during firing. This worm gear engages in a worm splined upon a

vertlcal shaft, on the lower end of which is splined a bevel gear which

engages Wlth a second bevel gear upon the main elevating shaft,
which runs parallel to the top surface of the right chassis mll ThlS
second bevel gear slides upon the squared section of this shaft, being
carried back and forth during the recoil of the top carriage. I‘he
front end of the main elevatln«r shaft is connected with the elevating
handwheels, one on each side of the carriage, by spiral gears and
a through shaft. To indicate the amount of elevation of the gun a
toothed gear rack is bolted to the left trunnion. This actuates a
toothed pinion carrymrr the elevation pointer. The pitch diameter

of the gear rack and pinion are to each other as 5 to 1; thus the.

pointer moves through an angle five times as great as that whlch the
gun moves through. This makes the graduations on the bronze arc
larger in proportion. The arc is bolted to the top carriage through
slotted holes so as to permit of adjustment. The least reading is
two minutes. The teeth of the rack are very accurately cut, and a
spring is provided to take up backlash.

461, Traversing mechanism.—Two crank handles are attached to
the traversing shaft and operated by men standing on a concrete
platform These handles actuate a train of gears engaging a travers-
ing rack which.is machined.on the outer circumference of the base
ring. The ratio of this mechanism is one turn of the handwheel to
2.43 degrees in traverse.

462. Loading mechanism.—At the rear of the left chassis a crane
for raising the projectile to the gun is supported in lugs cast on the
chassis. The fall of the hoisting tackle leads from the crane sheave
over guide sheaves to a drum mounted on a short shaft passing

N

through the left chassis. Motion is communicated to the drum by -

spur gears from a parallel short shaft carrying the hoisting crank.
A pawl engaging in a ratchet wheel on the crank shaft holds the
projectile at any height. Seven shot tengs, one'tray, and three am-
munition trucks are provided with each carriage. :

463. Chassis.—The chassis is made in three main sections com-
prising two side girders fitted to a racer, together with a structural
steel loading platform at the rear. The racer is machined to a cone
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bolt, which is seated in the breech face of the gun, its lower end being
engaged in a notch into the periphery of the block. The short arm
of the bell crank is arranged to fit into a notch cut into a cap fitted
to the upper end of the hinge pin. The bell crank is provided with
an operating handle for controlling the locking bolt. Before an at-
"tempt is made to open the breech mechanism, the block-locking bolt
must be tripped from its seat in the block. After it is tripped the
breechblock can be rotated. During the rotation and translation
of the block the short arm of the bell-crank lever is out of its notch
in the hinge-pin cap and is bearing against the periphery of the cap.
This holds or supports the locking bolt in its upward or unlocked
position, in order that there will be no interference between the lock-
ing bolt and the breechblock when closing the latter. The locking
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RECOIL SYSTEM FOR DISAPPEARING CARRIAGES.

bolt works automatically when closing the breech mechanism, but

-must be operated by hand before the breechblock can be rotated for
opening the same. The obturator is of the same construction as for
the model of 1888 guns, except the ball bearings are used instead of
spindle washers.

469. Firing mechanism.—Sce BB, paragraph 287.

470. Recoil mechanism.—Sce B, paragraph 292, and table of data.
This carriage is designed to mount guns of either the model of 1895
or the model of 1900, Plates 232 and 233. It embodies many addi-
{ions and improvements on the previous models, the principal ones of
which are general stiffening of the structure, the turntable being 3
inches decper; a sighting platform along each side of the carriage,
accessible by ladders in front and in rear; sight-laying apparatus,
with new 3-inch telescopic sight arranged to be used by a man on the
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sighting platform, who has under his own immediate control all
operations of laying and firing, if desired; electric motor as well as
hand appliances for the operations of traversing, elevating, depres-
sing, and retracting the gun; the control of the electric-motor equip-
ment from either the sighting or the working platform; connections
for electric firing either by the man at the sight or by the battery*
commander (in salvo) ; the addition of a safety appliance for electric
firing and of a lanyard attachment, which prevent firing before the
gun is in battery ; improved lubricating appliances; and new counter-
recoil buffers, which permit of sufficient counterweight being used
to bring the gun into battery in from five and one-half to seven
seconds. _ '

471. Recuperator, elevating, traversing, and loading mechanism,
chassis, and base.—See B, paragraphs 307, 310, 319, 326, 328, and 329,
respectively. ' :

|
14. 12-INCH GUN, MODEL OF 1895, ON DISAPPEARING CARRIAGE, /
MODEL OF 1897,

472. This gun and carriage are illustrated on Plate 231. !
473. Cannon.—Sec paragraph 465. '
474. Breech mechanism.—See paragraph 467.
475. Firing, recoil, recuperator, elevating, traversing, and loading
mechanism, chassis, and base—See B, paragraphs 258, 287, 307, 319,
326, and 329, respectively. '

15. 12-INCH GUNS, MODELS OF 1888 AND 1893, ON DISAPPEARING
CARRIAGE, MODEL OF 1896.

476. This gun and carriage are illustrated on Plates 225 ind 235.
477, Cannon.—See paragraph 455.
- 478. Breech mechanism.—See paragraphs 456 and 467.

479. Firing mechanism.—See B, paragraph 287.

480. Lecoil mechanism.—There are a few minor differcnces be--
tween the design of this carriage and the designs of models of 1897
and 1901." The carriage is illustrated on Plate 235. The essen-
tial differences between the recoil mechanism of this carriage and -
those already described is in the rollers on which the top carriage
rests. In Plate 234 it will be observed that the rollers are carried
between distance bars and some of them have gears on their ends
which engage with racks on the chassis and carriage and the rollers
recoil or move to the rear with the top carriage, although at only v
half the rate. In this carriage, Plate 235, the rolls are incorporated
in the chassis as in the case of the barbette carriage, Plate 230. The
incline up which the carriage recoils is 2 degrees in this case, as
against 1 degree for some of the other carriages. The mounting of
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the rolls on individual spindles as shown lere involves greater fric-
tion than in the design already described where the friction is of the
rolling type and isa minimum. For description of the other features
of the recoil-mechanism sce B, paragraph 292.

481. Recupcerator mechanism.—See B, paragraph 307.

482. Elevating mechanism.—In variance with the elevating arm
and screws of the carriages of models 1897 and 1901, Plates 232
and 234, this mechanism consists of an clevating arm, the lower part
of which is divided and ecach fork end attached by trunnions to a
sliding elevating rack which are in turn connected to two handwheels
Ly means of a gear train.  An clevating shaft 10 feet 9 inches Jong is
mounted through both chassis in roller bearings and has handwheels
on cach end. This shaft carries one of a set of miters, the other being
keyed to the end of an clevating worm shaft. .\ worm, which is
forged in one with its shaft, turns in bearings in the worm-wheel case,
which is bolted to the racer. It is provided with a ball-thrust bear-
ing between the worm and the sleeve nut,-the latter holding it in
place. This worm engages in the teeth of a bronze worm wheel,
which is held between two cast-iron friction disks, the whole being
inclosed in the worm-wheel case. These friction disks are keyed to
the clevating pinion shaft and turn with it, but have a motion along

Jjts length. Their contact with the worm wheel may be tightened

or loosened by means of the two clamping nuts on the pinion
shaft. The pinion shaft is supported by and turns in roller
Learings in each chassis. This shaft carries a pinion near each
end; which engages in the teeth of an elevating rack. When the
handwheel is turned, the motion is transmitted through the elevating
miters and elevating worm to the worm wheel and the pinion shaft,
which turns with it. The pinions turn with the pinion shaft, and
their téeth engaging in the teeth of the elevating racks raise or

lower the racks which are trunnioned to the fork ends of the clevating -

arm, thus clevating or depressing the gun. The elevation disk turn-
ing with the pinion shaft indicates the elevation.

483, Traversing mechanism.—Sece B, paragraph 319.

484, Loading mechanism.—See I3, paragraph 326.

485, Chassis—The chassis of this carriage differs in principle
from those already described, in that the recoil rollers are housed
in them instead of rolling en them. Tt will be observed also by cons-
paring this carriage with the model of 1897 that no working plat-
form is attached to the racer of this carriage.

486. Dase.—See B, paragraph 320,

20

=23



376

16. 12- INCH 35-CALIBER GUN, MODEL OF 1895, ON RAILWAY CAR-
RIAGE, MODEL OF 1918.

.487. This gun and carriage are illustrated on Plates 225, 2&6 237,
and 238.

488. This mount is built on a design almost identical with the de-
sign of the mounts on which the French have placed 305 and 304
millimeter guns and 370-millimeter howitzers. Modifications were
made in the French design to adapt the mount to American manu-
facture and the American guns. It was designed by the Societe des
Batignolles in France, during the latter part of 1914, and the first
mount was tested at the Railway Artillery Camp in January or
February of 1915. All mounts of this type rendered most excellent
service throughout the war, proving definitely the merit of the de-
sign. The original American plan was to mount a number of 10-
inch 34-caliber guns, models of 1888, 1888 Mark I, and 1888 Mark
II, on the same design of carriage. This has not and likely will not
be done It can be done at any time without great difficulty simply by
providing a new cradle with decreased inside diameter and a slight
modification of the throttling grooves and the recoil cylinders.

489. Cannon.—The guns that are being used with these mounts are
12-inch, models of 1895 and 1895 Mark I, all of 35-caliber length.
These guns are provided with the 1nterrupted thread type of breech-
block which is fitted with a mechanical firing mechanism. The guns
are provided with heavy splines on top and bottom, which not only -
prevent rotation of the gun on firing, but likewise carry the entire
weight of the gun in the cradle; that is, the gun does not touch the
cradle except in the sphneways This is not considered good de-
sign, but the French practlce was followed in preference to making
any radical modifications in their design at a time when it was im-
perative that the guns be mounted w1th the least possible delay.
Difficulties already experienced in proof firing indicate that unusu-
ally fine machine work is required on the sphnes and splineways to
prevent excessive friction and sticking of the gun before it has re-
turned entirely to battery.

490. Breech mechanism.—See C, paragraph 343.

491. Firing mechanism.—See B, paragraph 287. .

492. Recoil mechanism.—There are two recoil cylinders of this
type attached to the bottom of the cradle. The length of recoil is
about 900 millimeters, and no pit is required under the mount for
firing to the highest elevation.

493. Recuperator mechanism.—See A, paragraph 261. The air
required for the charging of the pneumatic recuperator, which in
this case is a single cylmder on the top of the cradle, is furnished
in steel bottles. For field service extra bottles are ordinarily carried
on the mount.
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494, Elevating mechanism—It is possible to elevate the 12-inch
gun from —5 degrees to 436 degrees. The elevating mechanism is
in duplicate, with a rack attached to each side of the cradle and
pinions connecting through slip-friction devices, worm and worm
wheels, spur gears, a shaft, miter gears, and chains to the handwheels.

-

PLATE

RAILWAY MOUNT, WITH 12-INCH GUN, IN TRAVELING POSITION.

BATIGNOLLE TYPE

[his mechanism is shown in detail on Plate 238, Antifriction devices
of the lever design are ineluded in the mechanism. This ean be seen
in the view at the right on Plate 238, The slip-friction devices are a
part of the worm wheels shown on Plate 239, and in design are prac
tically identical with that used on the 10-inch sliding mount. For
easy elevating of the gun, the antifriction device is kept so adjusted
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that a 0.002 thickness gauge can be inserted under the main trunnion.
It will be observed on Plate 238 that the two mechanisms are rigidly
connected by a cross shaft on which the chain sprockets of each are
mounted. One turn of the wheel moves the gun through 35 minutes
in elevation.

.495. Traversing mechanism.—Reference to Plate 237 will show
that this mount comprises a top carriage, in which the gun is swung
by means of the trunnions of the cradle, and a car body made up of
two plate girders, together with numerous connecting transoms. The
top carriage can be rotated about a front pintle to the extent of 5 de-
grees on ecach side of the center line by means of a traversing mecha-
nism comprising a rack attached to the car body and a pinion and
train of gears on the top carriage leading to the traversing hand-
wheels. This provision is made for the service of the mount in the
field. After some of the mounts had been completed it was proposed
to attach to the bottom of the car body a racer from the 10-inch dis-
appearing carriage, model of 1896. This adaptation has been made,
and the mount, which was originally intended for field service, is
now adapted to seacoast service through the incorporation of the
disappearing carriage racer and base ring, the latter set in concrete.
When the mount is being used for seacoast service, the top carriage
is locked in its mid-position and a traversing mechanism similar to
that described under B is employed, and through it the mount may
be traversed to the extent of 360 degrees.

496. Loading mechanism E.—The loading mechanism proper, Plate
237, comprises a jib crane, ammunition table, and one-man tray.
The projectile is picked up from a platform built around the em-
placement or from the ground by means of the crane, transferred to
the table, and is then rammed into the gun over the intervening tray
by four men.

497. Top carriage G.—If we include in this case all above the
base we find that the top carriage comprises the gun carriage, car
body, and racer. The gun carriage includes the recoil and elevat-
ing mechanisms and two structural steel side frames with their con-
necting transoms in which these parts are assembled. This carriage
is pivoted on the main girders by a heavy pintle which takes the
horizontal component of the shock of firing, though normally the
weight is supported on a smaller spring support pintle to reduce the
friction of traversing. The car body comprises two plain plate
girders of quite ordinary design connected by suitable transoms and
provided with an operating platform at the rear.

498. Base.—Since we are describing this mount here as a seacoast
weapon, no description will be given of the special firing platform,
which is provided for the service of the mount in the field. Those
interested in a description of this field platform may refer to Rail-
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way Artillery, Volume I, page 199. It has been mentioned before
that in adapting this mount to seacoast service the racer and base
ring of a disappearing carriage were used. ‘The reader is referred
to the description of such a racer and base ring as given under B,
paragraph 329.

17. 12-INCH 10-CALIBER MORTAR ON RAILWAY MOUNT, MODEL
OF 1918.

499. This gun and carriage are illustrated on Plates 218, 240,
and 241.

500. Cannon.—The picce used with this mount is the 12-inch coast-
defense mortar, model 1890, Mark I, of 10-caliber length. It is
provided with an interrupted-thread Dbreechblock which is fitted
with a mechanical firing mechanism. There are 72 grooves and the
twist of the rifling is to the right, the pitch progressing from one
turn in 40 calibers to one turn in 20 calibers.

- 501. Breech mechanism.—See D, paragraph 430.

502. Firing mechanism.—See B, paragraph 287.

503. Lecoil mechanism—See C, paragraph 334. There are two
hydraulic cylinders attached to the bottom of the cradle.

504, Lecuperator mechanism—Sce A, paragraph 261. This car-
riage is provided with a single recuperator cylinder mounted on the
top of the cradle.

505. EKlevating mechanism—LElevation from —35 degrees to 63 de- .

grees is secured through a segmental circular rack attached to the
bottom of the cradle, a pinion meshing with this, a slip-friction
device, worm wheel and worm, and a set of bevel gears leading to the
handwheel. Any excessive thrust due to fire causes slipping in the
friction device and can not impose excessive strain on the gears.
One turn of the handwheel moves the mortar t]non«rh 1.004 degrees
in elevation.

506, T'raversing mechanism.—The traversing mechanism of this
mount provides for a total movement of 360 degrees, as with the
8-inch carriage. Gun and carriage are carried in cast-steel side
frames on a racer casting, which is supported by conical travers-
ing rollers. - A complete circular rack is mounted on the base ring;
a pinion of the traversing mechanism which is mounted on the racer
meshes with this rack. This pinion connects through a vertical
.shaft, worm, and worm wheel with the operating handwheel. Any
strain from the pressure of the projectile against the lands of the
cun in firing is taken up as thrust on the worm. -An azimuth circle
with a pointer is provided for reading changes in azimuth. One
turn of the handwheel moves the mortar through 0.837 degrees in
azimuth,

507. Loading mechanism.—See D, paragraph 415.
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526. Recoil mechanism.—See B, paragraph 292. The carriage
is modified from previous models for the 10-inch guns, as follows:
Increased weight and stiffness throughout; addition of a sighting
platform along each side of the gun, accessible from the front or
rear by ladders; addition of direct-sighting gear with 3-inch te.le-
scopic sight of largely increased efficiency, the whole arranged to give

bl N
el ELE:
Frtm i e

ELEVATING AND RETRACTING MECHANISM OF THE 10-INCH DISAPPEARING CAR-
RIAGE, MODEL OF 1901

Seclion -4,

the gunner at the sight immediate control of the laying and firing,

if desired; addition of electric gear for laying and retracting the
gun, giving control from either the sighting or the working plat-
forms; addition of traversing brake; electric firing and lighting =
apparatus; and counter-recoil buffers, which permit the use of suf-
ficient counterweight to accomplish the counter recoil in from five

to seven seconds.
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527, Recuperator, eleratz’ny, traversing, and loading mechanism,
chassis, and base—~See B, paragraphs 307, 310, 319, 326, 328, and 329,
respectively.

20. 10-INCH RIFLES, MODELS OF 1888 AND 1895, ON A. R. F. DIS-
APPEARING CARRIAGE, MODEL OF 1896.

528. This gun and carriage are illustrated on Plates 250, 253,
and 254,

529. Cannon.—See paragraphs 435 and 465.

530. DBreech mechanism.—See paragraphs 456 and 467.

53L. Firing, recoil, and recuperator mechanism—Sce B, para-
graphs 287, 292, and 307, respectively.

532, Elevating mechanism.~—The clevating mechanism of this car-
riage differs from that of the model of 1901 10-inch gun just de-
scribed in that the elevating arm has attached to it at the bottom a
single elevating rack driven by a single pinion on the horizontal
elevating shaft as against two racks on the 1901 carriage,

533. Traversing mechanism.—There is no essential difference be-
tween the traversing mechanism of this carriage and the mechanism
described for the 16-inch carriage under B, paragraph 319. This car-
riage is afforded 360 degrees traverse, but simply through the pro-
vision of a base ring that permits of this extent of traverse rather
than through a change of the traversing mechanism. Since the base,
as will be described later, is doulle, there are two sets of traversing
rollers, but each of the type already described. The traversing rack
is attached to the extra base ring. The racers rest and rotate upon
two concentric circles of live, conical, traversing rollers which are
guided by trunnions with bearings in the distance rings. The outer
traversing rollers are 48 in number and the inner ones 24, all made of
forged steel. The distance rings for the exterior traversing rollers
consist of two concentric circles of wrought iron, 1.125 by 4.5 inches
in section, each made in four segments held together by fishplates and
tap bolts. Twenty-four cast-iron separators, cqually spaced, are
secured to the distance rings by through bolts, thus lkeeping the rings
together and permitting two rollers between each space thus formed.
The distance rings for the inner traversing rollers are similar in con-
struction to the outer rings, except that they are made in two segr-
ments, and being smaller are held in proper relative position by 12
cast-iron separators with through bolts,

534. Loading mechanism.—See B, paragraph 326.

535. Chassis.—Since there are two racers in this case, as against
one for the previously described carriages, the chassis, which are of
cast iron, are designed to be attached to both racers, the forward ends
of the chassis being secured to the cast-steel segment of the exterior
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top carriage traverses to the rear are incorporated in the chassis, as
with the 12-inch barbette carriage, model 1892. = The use of an
auxiliary base section with this carriage proved lelatuely undesir-
able, and the design was at once discontinued.

547, Cannon.—Sce paragraph 455.

548. DBreech mechanism.—Sce paragraph 456.

549. Firing, recoil, recuperator, and elevating mechanism.—See B,
paragraphs 287,292, 307, and 310, respectively.

550. Traversing mechanism.—Sce B, paragraph 319. The sys-
tem around the pintle consists of 20 forged-steel conical rollers,
held in proper relative position by inner and outer wrought-iron
distance rings, each forged in one piece. The rollers are forged
with a trunnion at each end. The rings are united by separator
braces, the bearings are slotted down through, and caps are screwed
up under the trunnions of four rollers to hold the rings down in place,
the whole being kept concentric with the pintle by flanges on the
inner end of the rollers in centrifugal conlact with the inner edge
of roller paths. The system over the traverse rail vonsists of a
transom supporting the rear end of chassis and carrying four pins
upon which cast-steel wheels with conical rims revolve upon roller
bearings. '

551. A brass azimuth circle is recessed into the horizontal surface
on the rear traverse rail. Tt is graduated in degrees in the shop.
The figures for numbering the degree marks are added after the car-
riage has been mounted in its emplacement. The azimuth pointer
body is fastened to the traverse-wheel transom by two screws through
slotted holes in the lmdy, thus allowing a slight adjustment in azi-
muth. The body carries the azimuth subscale, nradmted to 0.05 of a
degree and the micrometer head reading in hundmdths of a degree.
The micrometer head operates the index which moves across the sub-
scale,

552. Loading mechanism.—See BB, paragraph 326,

553. Chassis.—See paragraph 449,

554. Base—~The base ring is made of cast iron in a single piece.

" Tt is Leld in position on the foumlatlon by sixteen 2-inch bolts. Six-

teen screws are provided for leveling the base ring. These screw
through holes in the base ring near the foundation bolt holes and
bear against steel thrust platee The lower roller path is machined
on the upper face of the base ring. The male part of the pintle sur-
face is machined on the outer surface of an annular flange extend-
ing upward from near the middle part of the base ring. "A sheet-steel
dust guard made in four sections is attached to the racer and extends
downward to overlap the base ring, for protecting the traversing
voller system from dirt and moisture. The annular flange forming
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24. 8- INCH GUN, MODEL OF 1888, ON BARBETTE CARRIAGE, MODEL
OF 1892.

567. This gun and carriage are illustrated on DPlates 261, 262,
and 203.

568. Cannon.—Sce Plate 261.

569. Breech mechanism—Sce D, paragraph 430. This breech
mechanism is illustrated on Plate 262. TFor description see para-
ar ‘Ll)ll 456.

570. Firing mechanism.—See B, paragraph 287.

571, Lecoil mechanism.—See F, paragraph 438.

572, Recuperator mechanism—See Iy paragraph 459.

573. Elevating mechanism.—Sce D, paragraph 423.

574, T'raversing mechanism.—See paragraph 563.

575. Loading mechanism.—Sce paragraph 462.
576. Chassis.~—See paragraph 463.
577, Base—Sce paragraph 464.

St
“

8-INCH GUN, MODELS OF 1888 MI AND MII, ON DISAPPEARING
CARRIAGE, MODEL OF 1896. '

<t

78. This gun and earriage are illustrated on Plates 264 and 265.
79. Cannon—Sce Plate 261.

580. Breech mechanism~—See 1), paragraph 430.

581. Firing mechanism.—Sce B3, paragraph 287.

82. Iecoil, recuperator, clevating, traversing, and loading mecha-
nism, chassis, and base~Sce B, paragraphs 292, 307, 310, 319, 320,
328, and 329, respectively.

Tt

—

~

o

26. 8-INCII 32-CALIBER GUN ON RAILWAY MOUNT, MODEL OF 1918.

583. This gun aud carringe are illustrated on Ilates 206, 267.
and 268.
584, Cannon—Seven different types of Army and Navy guns may
be used on this mount:
‘Army guns: Models of 1888, 1888 MI, 1888 MIT.
Navy guns: Marks I, IT, 111, IV (16).
T'he Army guns are all 32 calibers in length, are equipped with uni-
form type of breech mechanism, and are mounted on model 1918 bar-
Lette earriages, having a standard type of cradle with hydraulic re-
. coil and spring return system. The Navy guns vary from 30 to 40
caliber in length, are equipped with four different types of breech
mechanism, and are mounted in barbette carriages, model 1918 MI, of
the same general type as model 1918.
585. Breceh mechanism—See D, paragraph 430.
586. Firing mechanism.~—See BBy paragraph 287,
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a part of a longitudinal rack and serves to withdraw the block
slightly. Under the gear segment, and between two lugs on the
carrier, is mounted the pinion 35, which also has two sets of teeth
adapted to mesh with those of the gear segment. The bottom por-
tion of the pinion is squared and fits into the operating lever 37.
The carrier contains the spindle stop 21, which serves also as a block
stop. Tt passes through the guide cylinder as shown. The slot
through which it passes embraces one-eighth of the circumference,
and this portion is machined on a pitch equal to the pitch of the
threads of the breechblock. The guide slot is L-shaped, the other
portion going straight into the block and allowing longitudinal mo-
tion. When the operating lever is swung around to the right the
bevel-gear part of the pinion meshes with the corresponding part
of the carrier. This longitudinal motion of the breechblock is for
the purpose of freeing the obturator so that the block may swing clear.

597. The breechblock of the model of 1903 gun, Plate 274,
is conical, with the interior hollowed out; forming a central
eylindrical stem, which is prolonged beyond the rear face of
the block. Through the center of the stem is an axial hole
for the reception of the obturator spindle and obturator spring.
The front face of the block, for a short distance back, is reduced in
diameter, leaving a space in the breech recess of the gun in which
fouling may collect without interrupting the working of the block.
On the outer surface of the block is cut a screw thread, with rounded
top and bottom, the rear face of the thread more inclined to the
surface of the block than the front face, This screw thread is divided
circumferentially into 12 equal parts and the thread cut from alter-
nate sectors. A\ stop groove is cut through the stem of the block to
allow the spindle key to pass into the spindle groove. The spindle
key thus serves the purpose of a breechblock stop. .\ notch is cut
in the surface of the stem near its rear end in which the head of the
safety plunger enters.  An oil hole is cut radially in the nose of the
block to provide for oiling the front face of the block. The parts of
the obturator and the spindle spring are similar to those described
for the 6-inch gun, model of 1903, paragraph 603,

598, Firing mechani-m—See B3, paragraph 287,

599, Recoil mechanism—Sce D, paragraph 359,

600. Recuperator and clevating mechanisms.
365 and 371, respectively.

601, T'raversing and loading mechanisme—See B, paragraphs 319
and 3206, respectively.,

602, Chassis,—See 15, paragraph 438.

603, Lase—~Sce B, paragraph 329.

Sce C, paragraph
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. 28. 6-INCH GUNS, MODELS OF 1903, 1905, AND 1908, ON DISAPIEAR-
ING CARRIAGE, MODEL OF 1905 ML

604. This gun and carriage are illustrated on Plates 273 and 276-
277. Paragraph 593 under the 1905 carriage MII applies here
as well.

605. Cannon.—The 6-inch model of 1903 is illustrated on Plate 273.
As with the 1905 gun already described, it is of the built-up design,

but differs as to powder chamber, breech, and the number of hoops.

606. Dreech mechanism.—The breechblock of the model 1903 gun,
Plate 275, is in the form of a truncated ogive, with the interior
hollowed out, forming a central cylindrical stem, which is pro-
longed beyond the rear face of the block. Through the center of
the stem is an axial hole for the reception of the obturator spindle
and obturator spring. The front part of the block, for a short dis-
tance baclk, is reduced in diameter, leaving a space in the breech
recess of the gun in which fouling may collect without interrupting
the working of the block. On the outer surface of the block is cut
a screw thread with rounded top and bottom, the rear face of the

thread more inclined to the surface of the block than the front face. -

This screw thread is divided circumferentially into 12 equal parts
and the thread cut from alternate sectors. .\n oil hole cut radially
" in the nose of the block and closed by a screw is provided for oiling
the front face of the block. A stop groove is cut through the stem
of the block to allow the spindle key to pass into the spindle groove
The spindle key thus serves the purpose of a breechblock stop.

607. A roller is attached to the block by an axle screwed into the
block. This roller works in the roller groove of the operating spool.
entering the groove at the beginning of rotation in closing the breech
and remaining in the groove until the end of rotation in opening the
breech. The functions of the roller are to act as a lock to prevent ro-
tation of the block under firing pressure, to give a slow and powerful
thrust to the block at the beginning of rotation in opening the breech,
and to complete rotation of block in closing the breech after rack
tooth disengages. .\ translating groove is cut in the surface of the
block. The translating stud on the operating spool works in this
groove to cause translation of the block. On the rear end of the
breechblock stem are two teeth which engage the tooth of the rack to
cause rotation of the breechblock.

608. I'iring mechanism.—Sce paragraph 627,

609. Recoil mechanism.—See D, paragraph 359. A comparison of
this recoil mechanism, especially as to counterweight, Plate 276,

with the counterweight of the 1903 MII carriage shown on Plate .

270, reveals the fact that the counterweight here is built up practi-
cally to the top of the recoil cylinder. This is becanse ot the increased

T T
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of an annular groove cut in the rear face of the block. This cylindrical
surface is called the guide cylinder and the annular groove the guide
groove of the block. That portion of the rear face of the biock
which lies outside of the guide groove is called the stop flange.
When the block is withdrawn the stop flange strikes the bottom of
the stop groove in the block carrier and limits the rearward motion
of the block. The guide cylinder supports the breechblock in the
carrier and guides it in its motions of rotation and translation. .
The guide flange of the block carrier fits into the guide groove of
the block and assists in supporting and guiding the latter. Iour
oil holes are drilled radially from the exterior of the block to the

* bottom of the guide groove to facilitate oiling the bearing surfaces.

These holes also act as air vents. An oil hole cut radially in the
nose of the block and closed by a screw is provided for oiling the
front face of the block. '

626. The locking recess is cut in the surface of the guide cylinder.
The depth of this locking recess gradually increases from rear to
front, beginning at zero at the rear and terminating at the front end
in a well called the locking recess. When the block is withdrawn
the inner end of the latch bolt drops into the locking recess and
locks the block positively to the block carrier. The gear segment is
attached to the rear end of the breechblock by a spline and two
screws. It consists, essentially, of a segment of a bevel gear and a
short rack, which mesh with a pinion pivoted on the block carrier
and actuated by the lever. Dart of the periphery of the pinion is
cut into a bevel gear and another part into a pinion, meshing with
the corresponding parts of the gear segment. The bevel-gear parts
rotate the block and the rack-and-pinion parts translate it. These
motions are successive; the termination of the motion of rotation in
opening the breech brings the rack and pinion into the proper posi-

" tion to withdraw the block, and the termination of the motion of

translation in closing the breech brings the bevel-gear segments into
mesh to rotate it.

627. Iéring mechanism.~—This mechanism is intended for use with
a combination electric and friction primer. It consists of the fol-
lowing principal parts: Slide, slide housing, ejector, firing leaf, con-
tact clip, firing cable, circuit breaker, and safety bar. The housing
is attached to the rear end of the spindle by means of an interrupted-
screw thread and is secured in place by a spline screw. The slide
has a vertical movement in guides which project from the rear por-
tion of the housing, and its movement is limited by the slide stop,
which has a horizontal movement in a slot cut in the housing, its
inner end projecting into a groove in the side of the slide. The slide
stop is pressed inward by a hLelical spring. The firing leaf is pivoted

~
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at its upper end to the slide, against which it lies flat when in its
normal position.

628. A notch is cut through both the slide and the leaf, so that
when in its lowered position the slide supports the head of the primer
against the pressure of the powder gases, while allowing the primer
wire to extend through the notch. When the leaf is swung to the
rear, its rear face catches the button at the end of the primer wire
and explodes the primer. The contact clip makes electrical con-
nection with the primer by bearing against the button on end of
primer wire when the slide is in its lowered position. The contact
clip is held in position in the firing leaf by the contact-clip nut and
is insulated from the leaf by the contact-clip insulation. One end
of the firing cable is attached to the contact slip, the other end to
the circuit-breaker contact piece by the firing cable terminals and
the contact-clip plugs.  The circuit-breaker contact piece 1s secured
to the outside of the gear segment by two serews and insulated there-
from. When the block is rotated in closing, the circuit-breaker con-
tact picce comes into contact with the cireuit-breaker contact pin,
making clectrical connection with one of the firing leads.

629. The cireuit-breaker contact pin and spring ave inclosed in
a housing which is attached to the block carrier by two screws and
insulated therefrom. The pin is held against the contact piece by the
pressure of its spring.  The circuit-breaker contact pin forms the
end of the firing lead and is held in the circuit-breaker housing by
the cirenit-breaker housing plug. The firing lead is held in place by
the cable clamp serewed to the block carrier. The ejector consists of
a horizontal and a vertical hranch with two trunnions near the angle.
1t is supported in the housing by these trunnions, and in its normal
position the lower branch, which is in the form of a fork, hangs
vertically over the mouth of the primer seat, encaging the rim of the
primer on two sides. The horizontal branch projects to the rear into
a recess cut in the front face of the slide. The lower end of this
recess is a cam surface. When the slide is raised, this cam surface
forces the horizontal branch upward, ejecting the primer. When
the slide is lowered, the ejector drops into position against the mouth
of the primer seat.

630. The safety bar is a lever pivoted in the slide housing and
actuated by a stud on the gear segment working in a slot cut through
the outer end of the safety bar. At the beginning of rotation of the
block in opening the breech the inner end of the safety bar rotates
inward, entering a slot in the right side of the firing leaf, thus pre-
venting any movement of the firing leaf except when the breech ix
fully closed.
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645. Elevating mechanism.—The elevating mechanism comprises a
double screw and is the first of this type that has so far been encoun-
_tered. An elevating bracket, bolted to the rear of the pivot yoke,
provides bronze bushed beds for the trunnions of the elevating nut.
Dovetailed cap squares are bolted to the trunnion beds. The gear
case and lower bearing are bolted to the right side of the bracket.
The upper bearing is bolted to its seat on the right cheek of the pivot
yoke. By means of the elevating handwheel, its shaft, the hand-
wheel shaft gears, the intermediate elevating shaft, the intermediate

elevating gears, the elevating-nnt shaft, the elevating pinion, the-

elevating gear, the elevating nut, and the outer and inner elevating
screws motion is communicated to the cradle. The upper end of the
inner elevating screw forms an eye which is hinged between two
" flanges on the cradle beneath the recoil cylinder by the elevating pin.

646. To reduce the power required to elevate or depress the gun to
a minimum, the cradle trunnions are so located that the center of
gravity of the gun (with the projectile and charge in place), cradle,
and all parts attached to them lies on the axis of the trunnions; for
the same reason the center of gravity of all parts moving in azimuth
lies approximately on the vertical axis of rotation of the pivot yoke.

647. Traversing mechanism.—The pivot yokes rests and is trav-
ersed upon a circle of 36 forged-steel conical rollers held in proper
relative positions by a bronze roller cage. The upper roller path,
of forged steel, fits into the shoulder of the pivot yoke and is held
in position on the rollers by a flange on its outer cirecumference.
The lower roller path is machined on the shoulder on the pedestal.

The traversing mechanism consists of a traversing gear bracket, with -

cover plate and oil pan, a handwheel bracket, a handwheel and shaft,
the upper traversing gears, the intermediate shaft, the lower trav-
ersing gears, the worm shaft, the worm, and two ball-thrust bear-
ings. The bracket is bolted to its seat on the pivot yoke. A bronze
bearing for the worm shaft is screwed into its forward end, with a
notched head permitting of its being latched in adjustment by the
worm-bearing latch, which is secured in the proper notch by a split
pin. The other end of the worm shaft is supported in a bronze
bushed bearing. The worm is keyed to the worm shaft, and ball-
thrust bearings on the worm shaft at each end of the worm take up
the thrust in traversing. The traversing worm wheel is seated on
the outside of the annular vertical flange on the base of the ped-
~ estal, with a diametral clearance of 0.005 inch, and is retained in
position by a shoulder on the pedestal and the brass azimuth circle
secured by 16 countersunk screws to the top of the flange. Bencath
the tecth on the worm wheel is a seat for the friction band, made in
lLalves united and attached to a boss on the rear of the pedestal by a
stud bolt, thereby preventing rotation of the band with the pivot
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yoke. The other ends of the halves of the band are joined by a bolt

having a helical spring interposed between them and the nut. These

nuts should be tightened to produce only sufficient friction between

the band and the worm wheel to enable the gun to be traversed with-

out slipping and yet permit slipping in case undue strain is brought

on the teeth of the worm wheel. The spring serves to regulate and
keep unifrom during rotation the pressure of the band on the worm

wheel. '

648, The handwheel bracket is bolted to the top of the standard
forming the rear part of the traversing gear bracket. The inter-
mediate shaft is incased in this standard. DBronze bushed bearings
are provided in the standard and in the handwheel bracket for the
intermediate and handwheel shafts. The handwheel bracket pro-
vides a slotted seat for the firing pistol (or firing magneto) and
a drilled boss to which the shoulder rest is bolted.

649. Loading mechanism.—The projectiles are wheeled to the
breech of the gun on shot trucks. Four are furnished with each
carriage. The frame of the truck is built up mainly of steel angles
riveted. The shot supports are two steel angles running the length
of the truck, and curved up at their ends to provide stops for the
ptojectiles and attachment of the handle. The truck is supported
by four wheels, two in the center of large diameter and on the out-
side of the truck, and one small one at each end, all of which are
~ 1ubber; tired. It is handled by one man at the handle. The projec-
tiles are placed across the truck on the shot supports, which are of
suflicient length to accommodate six projectiles.

650. Top carriage—The top carriage, Plate 283, comprises a
cradle carrying the single recoil and double recuperator cylinders
and in turn is mounted by its trunnions in the supports of the pivot
voke, The pivot yoke of cast steel has a cored cylindrical stem
from which rise two vertical cheeks. In the latter are trunnion
beds for the cradle, which are fitted with dovetailed cap squares
bolted to the cheeks. The beds are bronze lined. Finished seats
are formed on the outer faces of the cheeks, to which the shield
supports are bolted. On the left front of the yoke, near the bottom, .
is a boss having a finished seat to which the traversing gear bracket
is bolted. A seat for the sight bracket is provided on the left cheek
just forward of the trunnion bed. A seat for the upper bearing and
disk bracket is finished on the right cheek of the yoke in rear of the
trunnion bed. A boss formed on the rear of the cylindrical portion
of the yoke Lelow the cheeks provides a scat for the elevating-gear
bracket. The two platforms are attached by bolts to seats on the
right and left of the yoke. Tho upper and lower sleeves, roller path, |
and roller bearings are oiled through oil tubes, which are closed by
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yet enable slipping to occur before any injurious strain is brought on’
the clevating worm wheel and worm. Nine hundred pounds applied
it the muzzle should slip the friction.

- 658. T'raversing mechanism.—The traversing mechanism consists
of the traversing worm wheel, traversing worm shaft and worm,
two pairs of bevel gears, two traversing shafts, and traversing hand-
wheels. The traversing worm wheel is seated with a diametrical
clearance of 0.01 inch on the exterior of the cylindrical top of the
pedestal, and is retainéd in position by a shoulder on the pedestal
and a steel ring secured by 12 screws to the top of the pedestal. Two
oil holes are provided in this ring and through the top of the pedestal

for oiling the bearing of the traversing worm wheel. The traversing

worm wheel is protected from dirt and damage by the traversing-
gear case, made in two parts to permit assembling, and bolted to
the four bosses on the pivot yoke. In the rear part of the case are
the bearings and seat for the traversing worm shaft and worm. De-
neath the teeth on the worm wheel is a seat for the friction band,
made in halves and united by and attached to the boss on the front
of the pedestal by a stud bolt, thereby preventing rotation of the
band with the pivot yoke.

659. The other ends of the halves of the band are joined by a
bolt having a helical spring interposed between them and the nuts.
These nuts should be tightened to produce only sufficient friction
between the band and worm wheel to enable the gun to be traversed
without slipping and yet permit slipping in case undue strain is
brought on the teeth of the worm wheel. The spring serves to regu-
late and keep uniform during rotation the pressure of the band on
the worm wheel. The traversing worm shaft is assembled with its
worm in the traversing-gear case in rear of the pedestal; its ends are
supported in bearings attached to the platform brackets, and carry
bevel wears into which the gears on the front ends of the traversing
shafts mesh. Two ball thrust bearings incased in collars bear on
cither side of the traversing worm and transmit the thrust to the
worm casing. Concave and convex washers are provided between
worm casing and ball bearing to equalize thrust on the ball bear-
ings. Between the ball-bearing thrust collar and the traversing shaft
are a split-collar and thrust-collar nut, the latter also split. Any
excessive end play in worm may be taken up by the thrust-collar
nuts. The traversing shaft on the left side is supported by two bear-
ings attached to the platform and elevating brackets, and the one
on the right side of two bearings attached to the platform bracket
and shoulder rest. On the rear end of each shaft is a handwheel.

660. Loading mechanism.—See paragraph 649.

661. Top carriage—~The top carriage comprises the cradle and
pivet yoke. The cradle, of cast steel, is bored out and bushed with
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bronze to receive the gun. Oil grooves formed in the bushings and
connected with the seven oil holes in the cradle insure proper lubri-
cation of the bearing surfaces. Near the front end are trunnions for
supporting the cradle and gun in the pivot yoke and on which the
cradle and gun rotate when the latter is elevated or depressed. = The
holes in the trunnions are closed with screw plugs. In front of the
recoil cylinder is a stop which limits the elevation to 16° by striking

" the pivot yoke.

662. The pivot yolke, of cast steel, has a cord conical stem from
which rise two vertical cheeks. In the latter are trunnion beds for
the cradle which are fitted with dovetailed cap squares bolted to the

cheeks. The beds are bronze lined. Finished recestes are formed

in the outer faces of the cheeks into which the shield supports are
fitted. These supports are also bolted to the cheeks of the pivot yoke.
Annular projections are formed on the pivot yoke to prevent the en-
try of water in the bearings of the pivot yoke in the pedestal, and
the ends of the cored hole in the stem are closed with plugs. On the
underside of the checks are four bosses to which the traversing-gear
case is bolted; the platform brackefs are attached by bolts to their
rear faces. Two oil holes are provided in the pivot yoke for oiling
its upper bearing in the pedestal, and an oil pipe leading from a
third hole to the thrust bearing near the lower end of the pivot yoke
enables that bearing to be slushed with oil.

663. Pedestal—The pedestal is made of cast stecl. The general
form is that of the frustum of a cone united at its top to a cylindri-
cal section and at its bottom to a base, in the flange of which are
drilled holes for the 16 foundation bolts and 4 leveling screws. I'our
manholes covered with plates are provided for cleaning the interior;
the joints of the covers are made watertight by means of Garlock’s
gasket packing. The exterior of the cylindrical part is finished and
forms a scat for the traversing worm wheel; beneath this seat on the
front of the pedestal is a boss to which the friction band is secured.

664. An annular boss is cast in the bottom of the pedestal. This
boss is bushed with bronze and forms a bearing for the lower end
of the pivot yoke. The upper cylindrical part of the pedestal is
also bushed with bronze. These two bearings serve to keep the pivot
yoke in a vertical position. The weight of the revolving parts is sup-
ported by a plain roller thrust bearing inserted between a shoulder
near the lower end of the pivot yoke and the annular boss on the
pedestal base. )

34. 6-INCH R. F. ARMSTRONG GUN ON 6-INCH ARMSTRONG BAR-
' BETTE CARRIAGE.

663. The gun, carriage, and breech mechanism are illustrated on
Plates 289 and 290. It will be observed that this gun and carriage
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which is to the right and at a pitch increasing from one turn in 40
calibers to one turn in 20 calibers. As mentioned before, this same
model of gun is used on the pedestal mounting, model 1915. '

679. Breech mechanism.—This breech mechanism, Plate 292, is of
the Stockett type and is described under paragraph 624,

680. Firing mechanism C.—This is the first firing mechanism of
this type that we have encountered. It will be observed on I’late
92 that the firing mechanism is incorporated in the breechblock and
that the striker fires a primer which has been pressed into the base
of the metal cartridge case. This cannon is served with fixed am-’
munition. The firing mechanism belongs to the type known as the
continuous pull, percussion type—that is, no cocking of the firing pin
is required other than a pull on the lanyard or trigger shaft. This
arrangement permits repeating the blow from the firing pin in case
of a misfire as often as desired, without the opening of the mecha-
nism or recocking of the firing pin. It consists principally of the
following parts: Firing case, firing pin, firing spring, firing-spring
follower, sear, sear spring, and cocking lever.

681. The firing case is designed to contain the complete firing
gear, and, if necessary, the entire firing mechanism can be replaced
in an instant. It contains all parts of the firing mechanism. It is
provided with three lugs by which it is locked in place in the hub
of the block carrier.” Another lug which is forward of the other
three engages the spiral groove in the breechblock, the four lugs
locking the block and carrier together. The firing case is held from
displacement by the trigger shaft. It can be removed from its seat,
in the event of becoming tight, by inserting the end of the trigger
shaft in the hole drilled in the knurled portion of the case and re-
volving it to the left. Through the bottom of the firing case near -
the center a hole is bored and slotted through which the sear and
sear spring is passed to its seat on the opposite side of the firing
case. To the rear of this seat is a rectangular slot cut through to-
the center and which forms a clearance pocket and seat for the cock-
ing lever to engage. . :

682. Recoil mechanism—See recoil mechanism of 3-inch gun,
model of 1903, on barbette carriage, model of 1903, paragraph 695.

633. Recuperator mechanism—The recuperator, Plate 291, com-
prises simply a single spring mounted about the recoil cylinder and
in the spring cylinder. It bears against the rear of the spring cyl-
inder and against the head of the recoil cylinder. As the gun re-.
coils the spring is compressed by the head of the recoil cylinder and
as soon as the gun is brought to rest it forces the head of the recoil
cylinder forward, thereby pulling the gun back into battery.

684, Elevating mechanism~Tt is possible to elevate the gun from
minus 10 degrees, the loading angle, to plus 40 degrees by means of
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itself, it can not be said to embody any unique features. The rear of
the recoil cylinder is attached to the recoil band and the cylinder re-
coils with it, while the piston and piston rod are attached to the head
on the front end of the spring-cylinder and remain stationary. The
counter-recoil buffer may be considered one with the recoil cylinder,
in that it is screwed to the head—that is, attached to the recoil band.
The front head of the recoil cylinder serves as a piston for the spring

- column and compresses the spring as the recoil cylinder moves to the

rear.

696. Recuperator mechanism—See paragraph 695.

697. Elevating mechanism—The elevating mechanism consists of
a handwheel actuating through suitable connectiag shafts and bevel
gears, and a double screw with right-hand onter threads and left-hand
inner threads. The outer elevating screw is of forged steel and turns
in a bronze elevating nut and cap. - It receives its rotary motioa from
the elevating bevel gear by means of two keys sliding in longitudinal
grooves cut in the outside of the screw. The inner screw has a left-
Land thread and has its upper end attached to the lug on the bottom
of the rear end of the spring cylinder. The elevating-screw nut is
pivoted on trunnions so as to allow the necessary rotation, correspond-
ing to different angles of elevation. The elevating-serew nut is pro-
vided with an elevating-serew nut cap bolted to it by four bolts. The
elevating-screw cap has an oil hole and plug, and the elevating-serew
nut has a hole fitted with a plug for draining. The elevating bevel
gear is of bronze and the pinion is of forged steel. The pinion is
keyed onto the elevating intermediate shaft, which receives its motion
from the handwheel by the elevating handwheel shaft and a set of
clevating handwheel shaft gears inclosed in ‘gear covers. The ele-
vating handwheel shaft has a bearing near the handwheel ina bracket
secured to the shoulder rest. The elevating-gear bracket cap has a
bearing for the lower end of the elevating handwheel shaft and serves
as a cap for the trunnions of the elevating-screw nut.

698. Traversing mechanism—The traversing mechanism consists
of the traversing worm wheel, traversing worm shaft and wornt, one
pair of bevel gears, one traversing shaft, and one traversing hand-
wheel, The traversing worm wheel is seated on the exterior cylin-
drical top of the pedestal, and is retained in position by the friction
hand, a shoulder on the pivot yoke, and a shoulder on the pedestal. A
pair of bevel gears, in a cast-iron bevel-gear cover, serve to transmit
the motion of the traversing handwheel and traversing handwheel
shaft to the end of the traversing worm shaft. The traversing hand-
wheel shaft is supported in its proper position by two brackets con-
taining suitable bearings. Oae bracket is bolted to the elevating-gear
bracket and the other is bolted to the shoulder rest.
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703. The exterior of the cylindrical‘ part is finished and forms a -
seat for the traversing worm wheel. Beneath this seat on the front

"of the pedestal is a boss to which the friction band is secured by =

stud bolt. An annular boss is cast in the bottom of the pedestal.
This boss is bushed with bronze and forms a bearing for the lower
end of the pivot yoke. -‘The upper interior cylindrical part of the
pedestal is also bushed with a bronze bearing. These two bearings
serve to keep the pivot yoke in a vertical position. The weight of
the revolving parts is supported by a ball-thrust bearing .inserted
between the end of the pivot yoke and the bottom of the cylindrieal
recess formed by the annular boss at the bottom of the base of the

‘pedestal.

37. 15- POUNDER GUN, MODEL BETHLEHEM L-50-B, ON BARBETTE
CARRIAGE, MODEL 1902.

704. This gun and carriage are illustrated on Plates 301-304.
Both the gun and carriage differ from the model just described.

705. Cannon.—The gun, Plate 301, is of steel, and consists of a
tube, a jacket, a breech bushing, and the breech mechanism. The
tube is enveloped for a distance of 90 inches from its breech end by
the jacket. The jacket is assembled on the tube from the muzzle .
end, a shoulder on it abutting against a corresponding one on the
tube 26.5 inches from the breech end. The jacket projects to the
rear sufficiently to form a recess into which a breech bushing is
screwed, forming the breech recess. The jacket has a lug on the
right-hand side for the seats of the hinge and extractor pins and ro-
tating lever; also recess cut through the same side for the &xtractor.
Undcrne‘lth, and in a plane of 90 degrees from the hmrre pin lug, is a
lug to which the piston rod is secured. '

706. The bore of the gun is composed of the seat for the cartridge
case and rotating band and the main bore. The twist of tho rifling
increases from one turn in 50 calibers at the breech end to one turn
in 25 calibers at a point 9.13 inches from the muzzle, retaining this
twist to the muzzle. The breech recess contains four-slotted and
four-threaded sectors so placed as to receive the’ correspondm" sec-
tors of the breechblock. )

707, DBreech mechanism.—The breech mechamsm, Plate 302, con-
sists principally of the block, carrier plate, latch, carr 101’ ‘hub, oper-
ating lever and link, extractor, and firing mechanism.-- The block
is cylindrical in form 4.355 inches long and T inches in exterior
dmmeter, except at the rear end, where tl\ere is a collar with an exte-
rior diameter of 6.7 inches. The part in front of the collar consists
of four-threaded and four-slotted sectors of about equal area.. The
metal in each of these sectors is cut away sufficiently to allow the
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block to swing clear of its recess. The thread of the threaded sec-
tors is tI‘de/Olddl in form, rounded at the top and bottom. A Dboss
on the rear face of the block forms a seat for the link pivot. A stud
screwed into the rear face of the block, carrying an insulated copper
plug, forms half of the circuit breaker for the electric firing
mechanism. '

708. The block is bored axially to a diameter of 2.55 inches and a
depth of 2.38 inches from the rear face. This bore is continued
through the block on a diameter of 1.69 inches, the front end being
counterbored to a diameter of 2.1 inches. The bore at the front end

is threaded and a plug having an axial hole for the firing pin is
screwed into it. A spline screw prevents this plug from turning.
The large diameter bore at the rear end is also threaded, the thread
being rectangular in form and having the same pitch as tlmt on the
exterior of the breechblock. A slot on the left-hand side of this bore

PLATE 303.

¥ ﬁ’iv’-’ v"'lv vnnww i
L L) Yoy v fAy s

-~

COMBINATION RECOIL AND RECUPERATOR MECHANISM OF THE BETHLEHEM
CARRIAGE. .

allows for movement of the trigeer when the block is in its closed
position. :

T09. Firing mechanism—~The firing mechanism is of the t\pe
known as continuous-pull percussion combined with electrie. 1t
consists principally of the following parts: Firing pin with insula-
tion, fmn«r-pm sleeve, hrnw-pm frmdo and ﬁruw-pm shoulder,
firing-pin spring, trigger and spring and trigger pin, cocking link
and stud with spring, cocking-stud block.

710. If we assume that the gun is loaded and the block closed the
conditions for electric firing are as follows: The firing-pin guide is
pressed forward by the firing-pin spring against the front firing-pin’
shoulder. The firing pin is thus pressed forward against the primer.
The connection is now complete for electric firing. Unless held back
by the primer the projection of the firing pin in this position is about
0.05 of an inch. For percmsion firing the trigger is pulled to the
rear until the cocking stud is released from the firing-pin sleeve. In
this movement the firing pin is pulled to the rear about 0.8 of an inch.
When released the spring drives it forward until the firing-pin guide

.
~
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strikes the breechblock plug. The inertia of the firing pin and sleeve
then carries them 0.1 of an inch farther forward. The total projec-
tion of the firing pin in percussion firing is 0.15 of an inch.

711, Lecoil mechanism.—The recoil cylinder is made of forged
steel. It is ‘turned to an exterior diameter of 5.5 inches and
bored to an interior diameter of 425 inches. At the forward end
for a length of 4 inches its exterior diameter is 6.5 inches, and in the
rear of this, for a length of 2 inches, it is threaded on an exterior
diameter of 6 inches. This threaded part is screwed into the forward
part of the recoil-cylinder sleeve in the cradle. The front end of the
cylinder is closed by a steel cylinder head provided with a copper
gasket, Plate 303. A bronze throttling rod extending into the bore of
the piston rod is serewed into the cylinder head. The rear end of the
cylinder is provided with a stufling box for the piston rod, consisting
of a follower, a gland, and three rings of Garlock’s hydraulic pack- .
ing 0.5 inch square. The threads for the follower are on the exterior
of the cylinder, and therefore do not interfere with the removal or
replacement of the packing.

712. The piston rod and piston are of forged steel, in one
piece. A bronze sleeve screwed over the piston has a clearance of
0.005 inch in the cylinder. The diameter of the main part of the pis-
ton rod is 2.24 inches. The forward part is 2.45 inches in exterior
diameter and is bored out to a diameter of 1.5 inches for a depth of
6.3 inches and to a diameter of 1.25 inches for 8.8 inches farther. A
throttling ring of steel, having a hole 1.25 inches in diameter, is
screwed into the end of the piston. Eight radial holes (0.375 inch)
are provided through the walls of the piston symmetrically distrib-
uted from 2.1 to 5.2 inches from the end of the piston. ‘

T13. Recuperator mechanism.—Counterrecoil is effected by a coiled
spring in two sections with a separator between them. This spring
bears against the piston in front and against a shoulder of the recoil
cylinder in rear. In recoil, throttling of the oil in the eylinder is
effected by the passage of the oil through these radial holes and
through the clearance between the throttling rod and the throttling
ring, which clearance is made by varying diameters of the rod such as
to maintain a constant pressure in the coil in the eylinder during
recoil.

714. In counterrecoil the oil canght in the hollow piston rod is
forced by the throttling rod through the cight radial holes already
referred to, through the clearance hetween the throttling rod and the
walls of the hollow piston rod, and through a hole 0.22 inch in diam-
eter placed 3.35 inches from the bottom of the hore in the piston rod,
and thus the shock of counterrecoil is softened. The end of the piston
rod passes through a lug on the gun and is secured by a nut and lock
nut. :
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720. The pivot yoke, of cast steel, rests on the ball-bearing
ring in the pedestal and turns in the bronze bushings of the pedestal
with a diametrical clearance of 0.003 inch. It carries the traversing
and elevating apparatus of the carriage and has bronze-bushed
trunnion beds with cap squares, in which rest the trunnions of the
cradle. The front faces of both halves of the pivot yoke are ma-
chined and drilléd for bolts for the purpose of receiving the shield
Supports. '

721. Pedestal—The pedestal, of cast steel, Plate 304, is the founda-
tion picee of the carriage. It is bolted to the platform by ten 1.375-
inch bolts through holes in a flange around the base. The pedestal is
bored vertically to a depth of 15.75 inches from the top and bronze
bushed to receive the pivot yoke, which, with the parts supported by
it, rests upon a ring of ball bearings placed upon the pivot-yoke
nut, which is screwed into the bottom of the bore of the pedestal.
- The entire weight of the gun and top part of the carriage, therefore,
rests upon this ring of ball bearings, and thus friction in traversing
is reduced to a minimum. The bushings for the pivot yoke are
forced to their scats in the pedestal and form two supports against
the thrust of firing. The upper bushing is 8.5 inches in interior
diameter and 5 inches long, and is prevented from turning in the
pedestal by three headless steel screws. The lower bushing is 5.5
inches in interior diameter and 3.375 inches long on the bearing
part. Tt is prevented from turning by an oil tube screwed into it
from the rear of the pedestal. Both bushings are provided with oil
- holes and grooves for lubrication.

722. The top of the pedestal is turned on the outside to a diameter
of 14.495 inches to a shoulder 3 inches from the top. A bronze train-
ing worm wheel is placed over this part with a diametral clearance
of 0.002 inch. A steel securing ring screwed to the pedestal, and
projecting over a shoulder on the training worm wheel, prevents the
latter from working up on the pedestal. At the front of the pedestal
is placed a clamp consisting of a steel block, two guide studs, and
a clamping screw and lever, by which the training worm wheel
may be clamped to the pedestal. The objects of having the train-
ing worm wheel clamped by friction to the pedcstal, instead of
being rigidly attached to it, is to prevent undue strains on the trav-
ersing mechanism in case of rapid traversing and sudden stopping,
in which case the friction arrangement allows slipping between the
training worm wheel and the pedestal. Also, in case very rapid
traversing is desired, the training worm wheel may be unclamped
and the gun traversed by pushing on the breech or chase.

Za.
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38. 3-INCH GUN, MODEL OF 1898, ON 15-POUNDER BARBETTE CAR-
RIAGE, MODEL OF 1898 MI.

723. This gun and carriage are illustrated on Plates 305-309.

724. Cannon.—The gun, Plate 303, is of steel and consists of a tube,
a jacket, a hoop, and the breech mechanism. The tube is enveloped
for a distance of 84 inches from its breech end by the jacket and
hoop. These latter two are locked together by a bronze sleeve that
screws over 6 inches of the jacket and 5.5 inches of the hoop, and is.
locked in place by a key and screw. A shoulder on the jacket and
another on the hoop abut against corresponding projections on the
tube. The jacket projects to the rear sufficiently to form the breech .
recess, and has a lug on the right-hand side for the seat of the car-
rier-plate hinge lug and a recess cut through tlie same side for the
extractor.

725. The bore of the gun is composed of the seat for the cartridge
case and rotating band and the main bore. The twist of the rifling
is right hand and increases from one turn in 50 calibers at the breech
end to one turn in 25 calibers at a point 9.13 inches from the muzzle,
retaining this twist to the muzzle. The breech recess contains three
slotted and three threaded sectors so placed as to receive the cor-
responding sectors of the breechblock.

726. Breech mechanism.~—The breech mechanism, Plate 306, con-
sists of the block, carrier plate, carrier-plate ring and its screws,
locking bolt and spring, operating lever and pin, lever plunger,
spring and cotter pin, firing pin, firing-pin head and firing spring,
sear, sear spring, extractor, hinge pin, sear latch, sear-latch pin, and
safety catch, pin, and spring. The principal parts of the breech-
block are three threaded sectors, three slotted sectors, the thread for
the -carrier-plate ring, the operating-lever slots, the recess for the
firing pin, the rotating stop, and the seat for the locking bolt.

727. The thread is V shaped, rounded at top and bottom, and for
about 0.75 inch in rear is continuous; the remainder is divided into
six sectors, three threaded and three slotted. The continuous thread
engages in that of the carrier-plate ring, and the threaded sectors
engage those of the breech recess. The slotted sectors of the block
and recess are cut away sufficiently to permit the block to enter the
recess when swung about the hinge pin. The slot for the locking
bolt is so placed that when the threads of the block are disengaged
from those of the breech recess the locking bolt enters the slot, lock-
ing block, and carrier plate together. The operating lever is as-
sembled between lugs on the rear face of the carrier plate and con-
sists of the lever proper, the operating knob, the cocking cam, the
handle, the seat for the pin, and the seat for the lever plunger. The
lever passes through the carrier plate, the knob engaging in its seat
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In the block and forcing it to rotate when the lever is turned about
Its pivot. ' ’

_ 7128, Firing mechanism.—The firing pin and spring are assembled
In their seat in the carrier plate, the front end of the firing-pin head,
When released, passing through an aperture in the front of the block,
Plate 307. The pin has at the rear end a cocking lug and a notch
for the engagement of the sear and in front the firlng-pin head a
shoulder for the spring. The spring is coiled around the pin and abuts
2gainst the shoulder in front, formed by the firing-pin head and the

Carrier plate in rear.
PLATE 307.

\\\”\'

i

FIRING MECHANISM OF THE 3-INCH GUN, MODEL OF 1898,

729. The cocking cam engages a lug on the firing pin and is so
shaped that in opening the breech the pin is retracted until caught
and held by the sear. The lever projects to the front sufliciently to
form a locking lug that, by the final motion in closing, is seated in
a groove in the rear face of the block, thus preventing rotation of
the block due to pressurc of the powder gas. The final movement
of the lever in closing and the first in opening is perpendicular to
the face of the plate, the pivot hole being made elliptical for the
purpose. The seat for the lever plunger is on the under side of the
lever. The handle makes a right angle with the lever and is vertical.

730. Recoil mechanism—The cylinder has a smaller diameter in
front than in rear, the two portions being joined by an inclined



484

curved surface, Plate 308. On the interior the smaller part is
cylindrical and is intended as a seat for the spring. The travel of
the piston is limited to the larger part of the cylinder. Constant
resistance is obtained by the passage of the liquid from one side of the
piston to the other through varying orifices, depending upon the
varying diameters of the interior. These diameters vary with the
position of the piston in such a way as to obtain the desired resist-
ance. The piston rod and head form one piece, the latter being of the
same diameter as the front of the larger portion of the cylinder.
Springs of a rectangular cross section abut against the piston head and
the front end of the cylinder. There is a cylinder head in the rear
and stufling-box glands front and rear. The forward end of the
piston rod is threaded for two nuts. A vent and filling liole are
placed in the side of the cylinder.

731. Recuperator mechanism~—Sece Recoil mechanism above.

132, Elevating mechanism—An clevation gear bracket of cast
steel bolted to the right side of the pivot yoke contains the elevating
gear. By means of the elevating handwheel, its shaft, a pair of
miter gears, the elevating worm shaft and worm, the elevating worm
wheel, and elevating pinion shaft and pinion, motion is com-
municated to the cradle by means of the elevating rack. The elevat-
ing worm wheel is assembled as a rim on a bronze disk between two
other cast-iron disks which bear on its sides; the three disks are
assembled on the elevating pinion shaft in such manner that the
pressure between the wheel and the disks may be varied by means
of the nut on the outer end of the shaft. 'This nut should only be
tightened sufliciently to insure enough friction between the disks
and worm wheel to enable the gun to be elevated and dvpreqs‘od and
vet permit slipping to occur before any lIl]”[lOUb strain is brought
on the elevating worm wheel and worm.

3. Tmz'msm g mechanism.~—The traversing mechanism consists
of the traversing worm wheel, traversing worm and shaft, one pair
of bevel gears, traversing handwheel shaft, and handwheel. The
traversing worm wheel, with the friction band in its position, is
seated on the exterior cylindrical top of the pivot socket and is re-
tained thus by the worm-whee] support. This support is secured
to the pivot socket by eight screws. The friction band is in turn
holted to the worm-wheel support.

734 A pair of bevel gears serve to transmit the motion of the
traversing handwheel and traversing handwheel shaft to the end
of the traversing worm shaft. The traversing handwheel shaft is
supported in its proper position by bronze bushed bearings in the
shoulder rest and in the traversing worm bracket. The latter is
bolted to the front of the pivot yoke, and carries bronze bushed bear-
ings for the traversing worm shaft., The bushing in the right end
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is threaded, so as to be adjustable, and has a hexagonal head. A
circular flange at the base of the head is notched and the bushing

Tnay be locked in any adjustment by means of a bushing latch, which

is secured to the traversing worm.bracket and fits into a notch on

the flange. Two ball-thrust bearings on the ends of the traversing

worm shaft take up the thrust when traversing the gun.

135. Loading mechanism.—The ammunition is fixed and of such
a weight as to be handled entirely by hand. '

736. Top carriage—The top carriage comprises a cradle and pivot
yoke. The cradle js of cast steel and consists of two checks con-’
nected by a loop and web. The loop is under the front part of
the cheels and the web is across the front of the loop; a hole for the
Diston rod is bored through the web. On the inside of each cheek
there are two guides for the sleeve, and at the rear end of these trun-
nions, and directly under these two lugs. The rear end of the left
cheel is drilled and tapped for the attachment of the left shoulder

~ guard.

737. The pivot yoke is Y-shaped ; the stem seats in the pivot socket
and the arms furnish the trunnion beds. It rests on the pivot thrust
bearing and has two bronze collars for the bearing surfaces. Lugs
on the inside limit the elevation of the cradle. Four lugs, two on
cach arm, are bored out for the chield braces. The cap squares are
secured by top bolts. The pivot thrust bearing is seated on the web-
of the pivot socket and supports the pivot yoke. Tt consists of a
row of hardened-steel balls inclosed between two steel races and con-
nected by a copper thimble.

738. Dase—The outer base is set into a concrete foundation, Plate
309, and forms the ultimate support for the entire mechanism. It is
cylindrical in shape, with a circular hole in the bottom for the lower
part of the inner base. The former has two flanges, of which the top
one is for holding-down bolts, while the other, by means of connecting

nner top edge is cut away, making a

ribs, supports the first. The 1

. surface inclined 15 degrees to the axis of the base and serving to help

center the inner base. The inner base is, roughly, a cylinder with a
broad flange at the top. At the lower end is a turned surface that fits
into the hole in the bottom of the outer base, and 8 inches from the
edge of the flange and on the under side is a surface, inclined 15 de-
grees to the axis, that fits into the corresponding surface of the outer
base. The interior is bored to reccive the pivot socket. The two bases
are held together by cight bolts. The pivot socket is cylindrical in
shape and rests on the pivot-socket plate, which in turn rests on the
concrete inside and inner basce 32 inches from the top of the latter.
Two bronze collars give a bearing surface on the exterior, while the
interior of the upper part is hored out to give two bearing surfaces for
the pivot yoke. A web near the center forms the support for the
pivot thrust bearing.
734—23—32



Parr 1V, ,
, MISCELLANEOUS DATA. . |

781. The following table of miscellaneous data on guns, carriages,
and ammunition is only relatively complete. Additional informa- |
tion on many minor details of guns, carriages, and ammunition may’
be found, if desired, in the following official pamphlets:

1. None yet issued. 14. No. 1696. 28. No. 1704.
2. None yet issucd. 15. No. 1693, 29. No. 1703.
3. None yet issued. 16. No. 2020, . 30. No. 1687,
4. No. 1716. 17. Nos. 2024 and 1987. 31. No. 16S6.
5 and 5A. No. 1712, 18. No. 2028, 32. No. 1713,
6. No. 2001. 19. No. 1694. 33. No. 1688.
7. None issued. 20. No. 1692, 34. No. 1752,
8. None issued. 21, No. 1693. 35. No. 1783.
9. No. 1707. 22. No. 1691, 36. No. 1701.
10. No. 1705. 23. No. 1700. 37. No. 1766,
10A. No. 1709, 24, No. 1685. 38. No. 1756.
11. No. 1722, 25. No. 1690. Guns Nos, 1676 and 1665.
12, No. 1702, 26. No. 1816. Mortars No., 1820.
13. No. 1697. 27. No. 1711,
CARRIAGE.
" Recoil mechanism,
i
‘ e
De- | N
scrip-| Cali- Total um-
tirt;g ; b?zr. Type. Model. wgight. . b(rr
No. | Type. c(;rl- Length.| Orifices. | Buffer. | Anglo..
! dlcy;;.
1 : 2 3 4 5 (] 7 8 1] 10 11
. Inches. i Inches.
1 16 Barbette..} 1919......... 4 40 Girooves.
2 \ 16 D@snppcar-“ mr......... 2| 8 | Bars....
ing. | .
3 ( 16 Barbette..] 1920......... 4........ Grooves.
41 16 Disappear-| 1912._..... . 2
S 14 1
S5A | 14 1
6 14 1
7 14 1
8 14 e
9| 12 2
10] 12 1806 MIMII. 2
10A 12 ..doa, o] 1896 MIII.... 2
1] 12 Barbette..| 1917., 1
12 12 [L..do..... .| 1892 2
13 12 Disappear-{ 1901 2
ing.
M4 12 (,..do.......| 1897 2
131 12 [ .do... ] 1895 2
16| 12 Railway. .| 1918 2
171 12 |...do... 1918 2
18 12 191%. . 2
19 10 is ol ....... 167 I...do....... 2
20 10 ©2
21 10 2
22| 10 Ot ) 2
23 10 9: 2
24 8 N 2
25 8 IN96......... 2

ing. T
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CARRIAGE—Continued. -
Recoil mechanism.

De-

N ; Num-
scrip- Cali- Total
tion | ber. | T¥PC: Model. | weight. ber
No. Type. r!;rl- Length.| Orifices. | Buffer. | Angle.
in- .
ders.
1 2 -3 4 5 6 7 8 9 10 11
Inches. Tons. ] Inches Deyrees.

26 8 Railway. .| 1918......... 87 | Hydraulic 1 Grooves. ..
27 (] Diisappear- 1905 MII..... 56 |...do....... 1
28| 8 : 1905 MI..... 1
200 6 1905t eaennnn 1
30| 6 1903 2
31 6 1898, 2
32 6 1910 1
33| 6 1900... 1
34 6 Armstrong.. 1
35 4.7 1917 1
36 3 Barbette..| 1903 3 1
37 3 |...do. 1902.. . 31.. 1
38 3 |...do. 98 MI....... 3 1

Recuperator mechanism.,

Do- -
serip- oyl Force | Sprin
. - - g .
t}‘,“" " tnders | IMital | polging | columns Sectlons | chassis
o. Type. or . 21'1 gunin Per | colummn. | 2P8led
weight. [ PFESSUre- { hattery, | eylinder. mn.
12 13 14 15 18 17 18 19

Pneumatic. eeeneaene

et et 1t et 1t et s B OV 2RO DD O M Pt et bt e s D

4
1
11].
11
1.
1.
2.
2.
2.
1
1
1
1

.| 10 degrees.

'} Vertieal.
Do.

.| 4.5 degrees.

2 degerees.
Dot
Do.”

1.3 degrees.
Do.
Do.

4 degrees.
2 degrees.
1.5 degrees.

1 dpr.:ree. .

.1 1.3 degrees.

1 degree.

1 Where no angle appears in this column the recuperator {s part of the tIpping unit,
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De-
scrip-

tion

No.

Elevating mechanism.

Type.

21

Spur....
Screw...

Power.

Speed. Method of
Maxi- Mini- reducing
nmum. muin. friction in

Motor. | Ifand. trunnions.
23 24 25 26 27
Degrees
per Degrees
second. | per turn. | Degrees. | Degrees.
1.06 +65 - Floating,
m +30 -5 Bugshing,
2.1 R - Floating.
M) +-20 =5 Bushing,
M +15 -5 Do,
(] +15 -5 Do.
) +13 —.09 | Floating.
) +30 0 Do,
2.1 +50 -7 Do.
.58 +65 0 Bushing, -
12 +70 0 Do,
12 +70 9 Do.
Q) +35 0 Floating,
.57 +15| ~7 Talf bush-
: ing.
M) +10 -3 Bushing.
(1) +10 -5 Do.
M +10 -5 Do.
.58 +38 ] Floating.
1.004 +65 -5 Bushing.
1.92 +60 -5 Do.
0) +12 | =5 Do.
1) +12 =5 Dao.
() +12 -5 Do.
) +12 | =5 Do.
.69 +15 -7 Do.
.68 +18 -7 Do.
Q) +12| ~5 Do.
2.488 +42 0 Do,
1) +15 -5 Do,
") +15] =5 Do.
(1) +15 —5 Do.
1) +15| =5 Do.
1) +15 -5 Do.
(O] +12 -3 Do,
.37 +15 -5 Do.
+18 -7 Do.
) +4) | —10 Do,
) +16| =10 Do.
1.03 +15 | =10 Do.
.88 +15 -5 Half bushe-
ing.

1 Mounts with screw elevation and all disappearing carriages have varlable speed with uniform motion of

handwheel or crank.
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e

[——

Traversing parts.
De- Traversing mechanism.
scrip-
%\ll(:;‘ Weidht T . Mcnlr} dimnothor of o
. Veight. ype of bearing. roller path or Slow
ball race. .\(r(\)]tl?r motion | crank. Ex(:(n nt
spoed. &’;“::}l' ] traverse
28 29 30 31 32 33 34 35
Degrees | Degrees Degrees
Tons, : - Feel. Inches. \|per sccond. | per turn. | per turn. | Degrees.
1 375 Roller.. 27 10 2 0.11 1.51 360
2 781 do 20 6 1.75 .11 1.18 360
3 160 .do g 2 55 360
4 582 .do. 2 170
5 282 .do. 170
S5A 282 .do. 170
6 950 .do. 360
7 218 do 360
8 276 . 360
9 49 Roler 1360
10 50 do 360
10A h2 .do. )
11 122 .do. 360
12 101 .do. 360
13 227 .do 1360
14 221 .do 1360
15 169 . .do. 1360
16 161 Plain.. P Lt 10
17 &K Roller.. 7 6.6 360
18 ¢ R 9 L5 360
19 13 2.25 1360
20 13 8 1360
21 @ @) 360
22 8 10 10
2 & 4 30
21 6 11 320
25 11 . 1360
26 6 1L 360
27 9 3 1360
2% 9 3 360
29 9 3 1360
30 8 10 1360
31 8 2 1360
32 1 11. 360
D R TR I U T S ARt 1360
F O N D [ B LR R A 360
35 360
36 360
37 360
38 360

1 xtent curtailed according to local

3 11as inner and outer sets of rollers with

of paths.

conditions.

10 foet 4 Inc

hes and 21 feot 8 Inchies respective mean diameters




492

GUN.
De- : Length | Diame- | Capacity
serib  Model T Length. | toror | terof |Weight| Of terof | o
tion . ype. gth. breech muzzle ght. powder | powder | powder
No. . . chamber. [chamber. | echamber,
36 37 38 39 40 41 42 43 44 45
Calibers. | Inches Inches Tons. | Inches. | Inches. | Cu.ins.
111919 MII.... ... Wire 50 62 27 163 121. 26 22 40,000
2 919...... -{-..do. 50 62 27 163 121.26 22 40,000
31 1920.. eo.dol Ll e ) (R PO,
4 | 1895. Builtup 35 60 28 142 106.24 19 2‘) 624
5 [ 1907. Wire....| 34 44 22.8 | 49.9 68.91 16.8 15,000
5A | 1910, ...do. ... 40 44 23.8| 61.9 88.41 16.8 1‘.),323
6| 1909. do.... 40 54 26 69. 8 88.41 16.8 19,323
7| 1919. ..do....! 40 44 23.8( 61.9 £8.41 16.8 19,323
8 [ 1920 .(10. .ee 50 48 234 [coen... 96 16.5 ...,
9 [ 1908. . .. 10 27.6 20 8.1 21.13 12.5 2,674
10A | 1890. . ]!lultup 10 38 21 13 21.13 12.5 2,644
10 | 1912. .. .| Wire.... 15 34 20 15.1 30.17 12.5 3,770
11 ] 1895 MI. Builtup 35 44.5 21 52 77.68 14.2 11,967
12 | 1888 MT, MII ..do.... 34 46.2 20.2 1 52 77.68 14.2 11,967
13 [ 1900-18951 ..do. - 35 46.2 | 20.2 | 52 77.68 14.2 11,967
14 | 1895........ ..do.... 40 43.5 22 59.1 85 168.5 16,254
15 | 1888-1895 1 do....! 34 46.2 20.2 | 52 77.68 14.2 11,967
16 | 1895. .. .do....| 35 46.2 | 20.2 | 52 77.68 14.2 11,967
17 | 1890, .do. | 10 38 i 21 13 21.13 12.5 2,074
18 | 1919. do.... 20 32.9 20,7 20.2 33.345 13.4 4,790
19 | 1900~1895 1 .do. 40 40.4 ; 18.5 | 34.3 70. 396 13.75 9,283
20 | 1895-1888 1 do.... 35 37 i 17.5 1 29.8 65.48 11.8 7,017
21 | 1888-1595 1 do.. 34 38.5 16.8 1 30 65.49 11.8 7,017
22 | 1888. .. o, 34 33.5 16.8 | 30 65.49 11.8 7,017
23 1&‘48. .. .do. 34 38.5 | 16.8 | 30 65.49 11.8 7,017
24 do.... i 9.5 3,576
25 1%88 MI \[II do.o. .. : 0.5 3,576
26 [ 1888....... .do... 9.5 3,576
27 1‘)08—1‘)05‘ .| Wire 7 1,254
28 | 1903- 1000-1')()8' ]‘Illltup 8 2,000
29 [ 1905 do.... 8 2,008
30 | 1900-1903-190. do.... 8 2,114
31 | 1897 MT.. do..o .. 7 1,254
32 | 1908 MII. Wire. 7 1,254
33 leeeenninnnn, e B P P
34 | Armstrong .. . 6.708 734
35 119120, Builtup . X 4.783 1,130
36 11903, .. oudo. .., 55 12.2 1.25 27.2 Taper. 206
37 | 1902, ..do.. - 50 L0620 23.67 Taper. 200
38 | 1898, ..., L.do. .. | 50 L8901 23.67 Taper. 200
De- Number | WId D $0
serlp- Piteh, riflo, Mluziltle I‘"g} r L(m D‘;)'t"h w L}Lh Muzzlo
L 00“ veloclty- | grooves. | groove. | groove land, [®nerey.
46 47 48 49 50 51 52 53
Ft.per sec. Inch. Inch. |Ft.tons.
1/50~1/25 7 144 0.12 0.14 | 121,430
5 144 .12 14 | 121,430
14 .12 .14 | 121,430
96 .08 .15 84, 328
126 .07 14| 53,269
126 .07 J4 | 63637
126 .07 [ T 2 PR
126 07 14| 63,637
136 A2 S U 3 PR
108 .06 .14 10,935
72 .06 15| 10,935
108 .06 .14 15,742
72 .08 A5 | 36,754
72 .06 151 36,103
72 .00 15 | 36,754
72 .06 15 [ 36,754
72 .06 .15 | 36,103
72 .06 15 36,754
1/40-1/20 72 .08 15 10,935
1/40-1/20.. 108 .88 .14 18,474
5 90 .07 .14 | 21,223

Mata is for first stated model,
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GUN—Continued. .
De-
-8crip- 3 )
tiog Pltch, rifle. vlgluz?t]o Nu:)nfber W Ldrth Il)_ep'th W :)(}th Muzzle
No. e ocity- | grooves. | groove. | groove. | land. energy
46 .
47 48 49 50 51 52 53
20 | 1/50-1/25nnnnn Ft.per sec. Inch. Inch. Inch.
F 1/50_1425_ ..................... 3,265 60 | 0.3736 0.06 0.15 | 21,452
22 | Vso1/25. . ,2.?0 60 .3736 .06 .15 21,223
23 | 1/50-1/25. 2,2.:0 60 3736 .06 .15, 21,223
24 | 1/50-1/25. 2,250 60 37368 .06 15 21,223
25 | 1no-1/25. 2,200 48 .3736 .08 .15 10,615
26 | 1/50-1/25. 2,200 48 .3736 .06 .15 10,615
1/50-1/25. 2,600 48 .3736 .06 .15 9,372
ol 2,600 54 2091 .05 .14 4,97
g: . 4,973
36
36
54 1
D
:scr?;»- . ., Breoch. Firing mechanism.
thl}on B _
0. - -
Type.
yp Type. Model.
54 55
60 61
) I ;G
2 1903
3 1903
1 1903
5 1903
SA 1903
6 1903
7 1903
8| A 1903
ol B 1903
10 B 1903
104 1903
11 1903
12 1903
13 1903'
14 © 1903
15 1903
16 1903
17 1903
181 A 1903
19 1903
20 1903
211 B 1903
2| B 1903
AR 1903
24 1903
25 1903
bt 1903
x 1903
28 | Cone.... 1903
29 | Cone.. 1008
30 | B.. 1908
2 1903
33 1903
33 1903
34 1903
35 |one U [ T, 1903
30 |1 Continuous. . 1903
37|18 !
38 | B.

A. Stepped thread. B. Single thread.
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B.

3acon, Roger, o1l gUNPOWAET oo eeoee oo o m oo oo mme oo 14
Ballistic qualities of smokeless POWAeT e e 54
Ballistite. e —————————— 46
Jarbette CATTIAZeS —mmmmecmcmmmmm—mmm——mmmm——mmmmm e m=o——moo oo 153

lase:
16-inch Darbette carriage, moddel of 1910 ccmomcmmomm oo 276
16-inch barbette earriage, model of 1920 o omoomommm e 310
16-inch disappearing carriage, model Y i £1) | SN - 329
16-inch disappearing carriage, model of 1012 e 352
14-inch model of 1907 and 1907 MI oo 376
14-inch turret mount, model of 1900 oo cmmem oo 389
14-inch railway carriage, model T 403
14-inch railwny carriage, model of 1920 o ommmommomemeee 17
12-inch mortar, model of 1908 - .- 427
12-inch mortar barbette earriage, model of 1896 MT, MII, MITI .- 439
12-4nch barbette carriage, model of 1917 o eeeee 454
12-ineh barbette earriage, model of 1892 - 464
12-nch disappearing carriage, model of 1901 o oooooemmomnnm 471
12-inch disappearing carriage, model of 1897 . oo comomeo- 475
12-inch disappenring carringe, model of 1800 - e 430
12-inch railway carriage, model of 1918 oo 498
12-inch 10-caliber mortar, model of 1918 e mmemeeeem -- 009
12-inch 20-caliber howitzer carringe, model of 1918 ccccommaen 521

(497) '
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Base—Continued. . : Paragraph. i
10-inch disappearing carriage, model of 1901___ 527 ‘!‘
10-inch disappearing carriage, model of 1896 537, 547
10-inch disappearing carriage, model of 1804 MI. . _______ 554
10-inch barbette carriage, model of 1893 — e 506G
8-inch barbette carriage, model of 1892 e 577
8-inch disappearing carriage, model of 1S90 ——— 5382 .
8-inch railway mount, model of 1918 592
G-inch disappearing carriage, model of 1005 MII___ . _ . _ . _. 603
6-inch disappearing carriage, model of 1905 MI o1l
6-inch disappearing carriage, model of 1905 _ 622
6-inch disappearing carriage, model of 1903 ' 631
G-inch disappearing carriage, model of 1898 638
6-inch barbette carriage, model of 1910 0651
6-inch barbette carriage, model of 1900 e 0663
¢-inch barbette carriage, Armstrong 676
4.7-inch railway carriage, model of 1917 688
3-inch carriage, model of 1903 702
3-inch barbette carriage, model of 1902 721
3-Inch barbette carriage, model of 1898 MI 738

Dastille, falt of —— 21

Jernadou on smokeless powder — 48

DBethlehem Iron Co., forgings - .3

Diehar, India, saltpeter_ — 23

Black powder — —— 12

" Early Chinese ——— 14
Early use as a propellant 15
Mixing of - — 27
Development of ___________ e e e 32
I’ebbled, mammoth, ete. oo oo e 43
Perforated grains . ___.____ — 49

Plack stone, sacred- 2

Plakely, Captain, on multiple cannon 120

Dombards, use of_ - 111

soard of Fortifications _._ - 3

Dottle-shaped cannon _— _ 111

Brake, hydraulic —___ - 150

Breech buffer, 16-inch 50-¢aliber gun -— 254

sreech loading gun oo ______ 4
Dreech-10ading CANNON -« o oo e m e 110
Breeeh Mmechanisms oo e ————— 171
jreech mechanism e |
Wedge tyDPe e b 7L
Cavalli . 172 -
Screw - —— 173
. Krupp 175
16-inch gun, requirements of. 195
16-inch gun, construction__. e - a7
16-inch 50-caliber gun, model of 1919 MII 253
16-inch gun, model of 1919 ‘ 279
" 16-inch 25-caliber howitzer, model of 1919 332
16-inch 35-caliber, model of 1895 343
* © 14-inch 34-caliber, model of 1907, 1910_ 357 ‘
399

14-inch 40-caliber, model of 1919 -- ———
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‘reech me(f]mnism—-Contlnued. Paragraph.
14-inch 50 caliber, model of 1920 - e 411
12-inch 10-caliber, model of 1008 - e e mmmmmm e m 419
12-inc¢h 10-caliber, model of 1890 - e 430
12-inch 15-caliber, model of 1912 oo oo omm oo 431
12-ineh 35-caliber, model of 1805 MI_ e 441
12-inch 34-caliber, model of 1888, MI, MII - . 430
192-inch 85-ealiber, model of 1893 cmocmmmeeomom oo mm oo 467
12-inel 40-caliber, model of 1900 oo mmm e 467
12-inc¢h 20-caliber howitzer, model of 1910 e n13
S-inch 32-caliber, model of 1888 - — 509
G-ineh gun, model of 1908 o omcoommmmmemmommmmmmomoomommme TS 596
G-inch gun, model of 1905 oo ooomommmmmmmoommmms—omosom=Tomoos Ho7
G-inch HO-caliber, model of 1903 c- oo ammmmeomommmommmmmommmmmm o 606
G-inch, model 0f 1900_ o oo—oooommoommmmommmmmmmmmmmsmmmom=mmmos 624
G-inch, model of 1807 o oomemommmmmmmmmmmo—mmmmmommmomTooS 63
G-ineh 50-caliber, model of 1908 MIT G41
G-ineh ATISEPONE oo oo e e o= 667
A.7-ineh 22-caliber NOWHZOr o om oo mmmm o G719
3-ineh 50-caliber, model of 1903 oo mmmmmmmeem T34
3ineh Bt oo oo cccmm e 707
Sinel model 0f 1898 - o em oo ommememmcmm e mmmmmos oo mmmmoommooos 726

British Army, use of hand riles oo mommm o mmm oo m oo 1

Jronze cannon 114

Drugere on ammonium pic 80
Duffer, 16-inch gun 227
Caen, Kranee, eannon of 111
Caked powder 29
Cileutta, export of saltpeter o oeoooemoeeaen 23
Canmplior, use of in black powdero oo 26
Canmister SOt o e mmmm e mmmmmme e 102
Cannon:
Larliest use 15
TrON oo 122
OVl DOFO e == 93
Wrought iron, Steel o oo ce e mm s oo o1
U OS e e e e e e emmm e mmmm e ———— e 104
PO COTIUTY - o e oooemmeem oo mmmmmm e mmmm 106
TPOUTLEENTTT CONLURY o o ocmommm e e mmmmm i mmmmmmm e m e mmm oo 107
Breeeh T0adiNE - oo s mmmmmm e mm—m—mmmos 110
OF Caen, T FaneC o o e mm e mmm e 111
Use by Moors_ e m
OFf TOUON - C e 111
Bottle-shaped oo oo 111
OF T1OrenCe - oo 111
Iifteentl cemtury o occoceemeeeo 112
Sixteenth contury oo ceocccoameae- 113
DIPONZC o e e e 114
St e e e e S 115
PIOUDTIC - e e e 119
119




Cannon—Continued. : Pavagraph-
Origin of word______ e e e e e e e 110
Demioe oo . e 119
Seventeenth century ____ oL 119,
Eighteenth century __ . e e 121
Nineteenth century ______________ .. _. e 124
Nineteenth century, late_____ e e e 131
Woolwich o 132
Rodman o o e e e e e 134
Twentieth century - ______ . e 139
.16-inch 50-caliber, model of 1919 MII_____ o o _ 252
16-inch 50-caliber, model of 1910 . _ e 278
16-inch 23-caliber, model of 1919 e m - 331
16-inch 33-caliber, model of 1805 - e 341
14-inch 34-caliber, model of 1907, 1910 _____________ . __ 354
14-inch 40-caliber, model of 1919____ . ___ 378
14-inch 50-caliber, model of 1920_______ ______ o ___ 306
12-inch 10-caliber, model of 190S________ . 418
12-inch 10-caliber, model of 1890 e 428
12-inch 13-caliber, model of 1912_____________ o _____ 427
12-inch 335-caliber, model of 1895 MI . __ e 410
12-inch 34-caliber, model of 188S_______ . 445
12-inch 34-caliber, model of 1803 _ e 465
12-inch 40-caliber, model of 1900 ___ _ o _______ 466
12-inch 20-caliber howitzer, model of 1919___ 512
10-inch 40-caliber, model of 1900 _ _ e 523
10-inch 35-caliber, model of 1893 .. 523
10-inch 34-caliber, model of 1888 . . 3929
8-inch 32-caliber, model of 1888 . 66S
6-inch 50-caliber, model of 1903 o e 0ot
6-inch 50-caliber, model of 1908 . _ . __ ______ . b5
6-inch 50-caliber, model of 1908 o e (¢l1}s]
6-inch, model of 1000___ ________ & e 6h3
6-inch, model of 1807 _ e 633
G-inch H0-caliber, model of 1008 MIT_ 10
6-inch Armstrong__ . ___ . _________________ e G6O
4.7-inch 22-caliber hoWitzZer oo o e 678
3-inch 50-caliber, model of 1903 _________ o~ 6oL
3-inch Bethlehem . e 705
3-inch, nmodel of 189S _ L T2
Cap, fulminate e [ ™
Capacities and weights, 16-inch barbette carriage.___________. . _____. 277
Carriage: . ’
1G-inch gun, type and requirements of-— - - __ . _______.__ 197
16-inch gun, characteristics. oo o e 219
14-inch railway carriage, model ¥ . _____________________ 307
14-inch railway carriage, model of 1920 L. 416
12-inch mortar, model of 1908_ . ____ . _________ 426
12-inch mortar barbette, model of 189G MI, MII, MIII______________ 438
12-inch barbette, model of 1917 _______________________ . ____ 453
12-inch barbette, model of 1802 _ _ _______ e 463
12-inch disappearing, model of 1901 _ _ . 471
12-inch disappearing, model of 1807 __ o eeeee 470
12-inch disappearing, model of 1896 _ - _ - _ e 485

Ll
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Carriage—Continued. . Paragraph.
12-inch railway mount, model of 1918 _— ——— 407
12-inch 10-caliber mortar on railway carriage, model of 1918 o 508
12-inch 20-caliber howitzer carriage, model of 1918 e 520
10-inch disappearing, model of 1901 oo 527
10-inch disappearing, model of 1896 oooommmmmemoooee 535, 545
10-inch disappearing, model of 1894 MI__ . —oo—mooooomom- 553
10-inch barbette, model of 1893 o eoommeoommoommmo 565
8-inch barbette, model of 1892 oo emmmmoomo oo oo 576
8-inch disappearing, model of 1890 - —oooemomeoommmmmoommTs 582
8-inch railway mount, model of 1018 - oomocrommmmmmmommo s 592
G-inch disappearing, model of 1905 MIT o —ooooomwmommmmoammoom o= 602
6-inch disappearing, model of 1905 MI__. o —ooowomoomommmmmmmoo 612
6-inch disappearing, model of 1905 o oomeooomommemm oo mooo oo mees 621
6-inch disappearing, model of 1903 o ooeomomomommnmommommmm oo 631
G-inch disappearing, model of 1898 oo oammomommmommmmmommTm oo 633
6-inch barbette, model of 1910 oo ooomcmmmmmmmmmmm oo omm = 650
G-inch barbette, model 0f 1900 = —ooomooemomom—mmmmmmsoo==meomo Go1
6-inch barbette, ATMStrONG oo m-cmcommmmmom—m=m—=moo-—m=o=moo= 675
47-inch railway carriage, model of 1917c—cemommoomommocmmommmmoos 687
8-inch, model 0f 1903 ccommecoommmm=mmmmm-=osmmm—omms—mooooooos 7
3-inch barbette, model of 1902 oo memmmmmmmmmemm oo 719
3-inch barbette, model of 1898 MI_ oo orm oo 736

Carriages:

Gun - e mmm— e mmm— o= 143
TOT SIMPS e cmcmomeommmmmmmmmmmmmmmmmmmm———ms—mm———s——ssoe 145
DISAPPEATING - oo oecccmmmmmmmmmmmm—mmo—=moosmo—mso—s——oos 146, 149
Of MOt o o o e ooeoeeemmmmm—m—mmmmmmmmmmmmmmmm—=mmme——— oo 147
3Tbettee e o ee e - _. 153
MOTEAL oo mcmmmmmmmmmmm——mmmmmmmmemm—————m—-m—ss oo 154
RANWAY o omcmemeccmmmmmmmmmmmmmm—m—mememmmmmm o em s mos o 155

Cartridges, metalo_ .- [ S S 62

Cartridge cloth, silk______-________-_______________-_____-_-____‘ _____ 65

Cartridges, MultiPle oo mmmm oo 67

CaSt CANNON - oo mmmmm e m o mmmmm e mmmmmmmmmm === 115

Cast ProJectlleS. _lommo oo occmmmmmmmmmm——mmmemmmmmo——— o memmosooos s6

Cast-iron shell oo oo eme e ccmmmmemmmmmmm e m——mmm oo 03

05t SOt e e e e mmmmmmmmmmmm e mmmm e mm e 102

Cavalli breech MechaniSM oo coccccmoommmmmmmmmmmmm=—m———mmmm o e 172

Cavalll, MaJor v oocommemmemcoommommmmmmmmmnmm—emsmmsooo oo 127

Celluloid powder cONtaINerS oo oo oommoomemmmm e oo - 68

CBAIN SN0t oo oo mmmemm—mmmm——mmm—mmm—mmm——mm e e me= 101

Charcoal for POWACT - eeceeccoocceemmmmmmmmmmmmmm—m—mm o om e 32

ChassSePOt T oo oo ccome oo cccmmemmmmmmmmmmmmmmmemm o= —— &0

Chassis: .
16-Inch gun, AeSIEN oo me oo m oo mmm = 237
16-inch gun, MANULACHITe o oo oo m o= 239
16-inch disappearing carriage, model of 1917 oo ooocommmomnm 328
16-inch disappearing carriage, model of 1912 .ooooo--- 351
14-inch, model of 1917 and 1007 MI oo 375

Chile:

[SRUES (T Re) o OO - 21
Saltpeter, production 0f oo oo ooocmmmmeommmemmmmiemeoe 21
ChINCSE POWACT o e oeeeeeemmem e e mmmmmmmm = e mmm oo o 11

ChINESC SNOW e e e cm eemmm—mm—m————mmm——————m————— - 18




Paragraph.

‘Chingis, use of powder___________ ____ e 12
Cloth containers______________ o4
‘Cocoa POWAeT e 43
‘Cocoa powder, prismatic . 49
‘Columbiad 125
Concussion fuses 76
Constantinople :

Siege of e e 2

Conquest of_ - 5
Contalners, cloth.___ _— 64
Cordite 46
Corned powder — 29
Counterweight recuperator 165
Crackers R . - 9
Cradle:

Barly design 143

16-inch gun, design _ 232
Crecy, Dattle of 111
Crimean War, use of spherical shot ——_—— — - 88
Cylindrical shell e 099

D.
Dahlgren eanmon oo e 126
Dahlgrens, 11-inch smoothbore_________ - 3
Damascus, early record of saltpeter: 16
Dardanelles, forcing of ________ —— 112
Decomposition of smokeless powder 55
Demicannon -~ 119
Design, tendencies in —— 101
Detonation, rate of ——— . 77
Detonator lock - 178
Detonator primers __ - 72
Dewar on smokeless powder-—_______ — 46
Dimethylaniline.____ 82
Disappearing carriages ——— 146, 149
Dispart sights_ -- 183
Double-base powder_ e 51
Double cannon.___ _ 119
Drift scale o e 185
Dulle Griete. e 105
Du I'ont, powder manufacturer- - ____ . 49
E.

Iarthen shell oo e e e m HIH
Egyptian use of saltpeter_ . __________ 16
Electrical equipment, 16-inch barbette carriage 277
Ilevating mechanism:

Gear-__ - 160

Worm gears o e 161

16-inch gun, requirements of. 108

16-inch gun, design_______ 235

16-inch gun, manufacture 236

16-inch barbette carriage, model of 1919 - 203

16-inch disappearing carriage, model of 1917 310
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Elevating mechanism—Continued. Paragraph,
16-inch barbette carriage, model of 1920 336
16-inch disappearing carriage, model of 1912 348
14-inch, model of 1907 and 1907 MI 371
14-inch turret mount, model of 1909 384,385
14-inch raillway carriage, model E 402

.. 14-inch railway carriage, model of 1920 413
. 12-4nch mortar, model of 1908 - 423
12-inch mortar barbette carrlage, model of 1896 MI, MII, MITT o .- 435
12-inch barbette carriage, model of 1917. ———— 445
12-inch barbette carriage, model of 1892 460
12-inch disappearing carriage, model of 1901 471
12-inch disappearing carriage, model of 1897 475
12-inch disappearing carriage, model of 1896 482
12-inch 10-callber mortar on railway carriage 505
12-inch 20-caliber howitzer carriage- 617
10-inch disappearing carriage, model of 1901 : 527
10-inch disappearing carriage, model of 1896 532, 544
10-inch disappearing carriage, model of 1894 MI 6549
10-inch barbette carriage, model of 1893 5062
8-inch barbette carriage, model of 1892 573
8-inch disappearing carriage, model of 1896 582
8-inch railway mount, model of 1918 5639
¢-inch disappearing carriage, model of 1905 MII c00
6-inch disappearing carriage, model of 1905 MI 610
¢-inch disappearing carriage, model of 1905 618
G-inch disappearing carriage, model of 1903 631
6-inch disappearing carriage, model of 1898 637
6-inch barbette carringe, model of 1910 645
6-inch barbette carriage, Armstrong. _  6n
4.7-inch railway carriage, model of 1017 - 0s4
3.inch carriage, model of 1903 0697
3-inch barbette carriage, model of 1902 715

. 8-inch barbette carriage, model of 18938 MI 732

Iilevating mechanisms 158

Tilevating screw. - - - T e mmm————iTE _ 159

Yquipment, 16-incly disappearing carriage, model of 1917 o cccccceemeeem 330

Ether, ‘acetic ---- -— D sy 45

lixplosive “D*” 80

Xixplosive for armor-piercing projectiles kil

Ixplosives, high T

I .

Faversham e mmmmm— e mmm TTIIIIIIE 29

TFiring mechanism:
16-inch H0-caliber gun, model of 1919 MII - 257
16-inch 50-caliber gun, model of 1919 287
16-inch 23-caliber howitzer, model of 1919 - 333
16-inch 83-caliber gun, model of 1895 U 351
14-inch 34-caliber, model of 1907, 1910 ) 35R
14-inch. 40-caliber, model of 1919 399
12-nch 10-caliber, model of 1908 420
12-inch 15-caliber, model of 1912 432
12-inch 10-caliber, model of 1890 432
12-inch 35-caliber, model of 1895 MI

734—23——33
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Firing mechanism—Continued. Paragraph.
12-inch 34-caliber, model of 1888 MI, MII 457
12-inch 34-caliber, model of 1895 - 469
12-inch 40-caliber, model of 1900________ o ___ 469
12-inch 20-caliber howitzer, model of 1919____ —— - 514
8-inch 32-caliber, model of 1888 - b7
G-inch, model of 1900 - 27
6-inch, model of 1897 MY __ e - 635
6-inch 50-caliber, model of 1908 MII 642
G-inch Armstrong —__ _— - - 66S
4.7-inch 22-caliber howitzer, model of 1917 GSO
3-inch 50-caliber, model of 1903 ________________ ___ o _____ GOt
3-inch Bethlehem-__________________________ )
3-inch, model of 1898 728

Firing mechanisms 177

Fire pao - .. o 9

Fixed ammunition. . ____________________.___ 103

I'lake powder - ___________________ - - —— 46

Flame tubes or siphons____________________________ o _____ 5

FFlashless powder .__ _— 59

I'lintlock - : e e 177

IMlorence, manufacture of cannon__._________ ——- 111

Flying fire, composition of . ____________________ 7

I'orces, 16-inch barbette carriage 277

Forces and stresses, 16-inch disappearing carriage, model of 1917 ._______ 330

Forged shell.______________ e o7

IForgings, earliest making in Amerlca____ - 3

Forsyth primer . _ e 72

Forsyth detonator lock. - _____ . 178

French Army, use of hand rifles_____________________________-___ 1

French Revolution, saltpeter— . ___________________________________ 18

Fulminate of mercury-._____________ oo 78

Fulminate primer__________ e 73

Fulminate cap __.____ — e e 179

Fuse: )

Larly time . ________ o ______ ' . 71

Metal tube-_________ e 71

Percussion. 76

Reed tube o 70

Ituses oo ______ e 69
G.

uvear-elevating mechanisms________________________________ 160

Gelatinized nitrocellulose- - ___________ 41

German long-range gun_______ . ____ —_— . ) - o5

Gralned powder_________________________________ - - 20

Grapeshot - ___ ______________ el 102

Greek fire, composition of . ________________________ 141

Gribouval, General, on gun sights_____________ . _ 183

Giun (fece Cannon) @

Dreech loading . __ Tt
Iarliest use e 15
16-inch, type_ e 104
16-inch, requirements of 103
16-inch, desizgn and manufaeture__ . __ ___________________________ 201

I P
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‘Hydraulie brake

- Indirect laying

Gun—Continued.

16-inch, construction
. 16-inch, forgings
16-inch, machining -
16-inch, assembly ——-

16-inch, rifling

16-inch, finishing

Paragraph.

16-inch, model of 1919 —

Gun carriageSa—————-

Gun cotton
Gun cotton, Abel

(iun Foundry Board, Naval

Giunpowder:

Reference to discovery ofo———---

Iarly composition of o _—

Guns, wall
Gunner's quadrant

1land rifles, perfection of .

1.

Heliopolis -

ITepp on T. N. T

Hercules I'owder Co
Ilexagonal bore cannon

Hizh explosives -

Hime, Colonel, on sea fire_—--
History of the Navy, by Maclay.——--
) 5 03] -] 1 Vo] v —

Howard, Edward, on fulminate .' -

Howitzer.

Indurite

Iron cannon ...

Kalinnikos

Liber Tgnium

211
212
213
214
215
216
252
143

39

41

87
73

See Cannon.
1lurter cylinders, hydraulic, 16-inch disappearing carriage, model of 1917. - 305
: 150, 166
Hydraulic brake, 16-inch gun, design_ . 227
Ilydraulic hurters, 16-inch disappearing carriage, model of 1917w 305
Ilydraulic recoil cylinders- . 167
1.
Inclined- plane recoil mechanism-__ _ 1064
- 186
Indianhead powder plant ——— 53
' ——— - 48
—— - 32
. T
Johnson on nitrocellulose_--- - 45
K.
-5
Krupp breech mechanism —.oo-—- - .- 63,175
. I.
I.ce, Thomas, royal gunner ——— 22
Lenk, von, of Austria - 40
- 7
- 5

Liquid flame, carliest use of
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Loading mechanism:

Iaragraph.

16-inch gun, design______._______________________________ 243
16-inch barbette carriage, model of 1919 - - 269
16-inch disappearing carriage, model of 1917 —- 326
16-inch barbette carriage, model of 1920________ 338
16-inch disappearing carriage, model of 1912 —— _— 350
14-inch, model of 1907 and 1907 MI_______.________________________ 374
14-inch turret mount, model of 1909 —_— 392
14-inch railway carriage, model ¥____.______._______________ 405
14-inch railway carriage, model of 1920_______________________ 415
12-inch mortar, model of 190S_____ —e I e 425
12-inch mortar barbette carriage, model of 1896 MI, MIT, MITT______ 437
12-inch barbette carriage, model of 1917___________________________ - 452
12-inch barbette carriage, model of 1892________________ 462
12-inch disappearing carriage, model of 1901_______________________ 471
12-Inch disappearing carriage, model of 1S907_______________________ 475
12-Inch disappearing carrlage, model of 1S96_._____________________ 484
12-inch railway mount, model of 1918____ - 496
12-inch 10-caliber mortar on railway carriage, model of 191S________ 507
12-inch 20-caliber howitzer carriage, model of 1018__________________ 519
10-inch disappearing carriage, model of 1001___ - 527
10-inch disappearing carriage, model of 1896____________________ 534, 545
10-inch disappearing carriage, model of 1894 MI__________________ Hh2
10-inch barbette carriage, model of 1803__________________________ 564
8-inch barbette carrlage, model of 1802_ I ¥ 31
8inch disappearing carriage, model of 1896_______________________ 582
8-inch railway mount, model of 1018 ________________________ 501
"6-inch disappearing carriage, model of 1905 MII__________________ 601
6-inch disappearing carriage, model of 1905 MT____________________ 611
6-inch disappearing carriage, model of 1903 _______________ . ________ G20
G-Inch disappearing carriage, model of 1903 631

, G-inch disappearing earringe, modecl of 1S9S_ 638
6-inch barbette carriage, model of 1910__________________________ 619
6-Inch barbette carriage, model of 1900__________________________ 660
6-inch barbette carriage, Armstrong_ - _ —— 674
4.7-Inch railway carrlage, model of 1917 —————————— GS6
3-inch carriage, model of 1003______ e 699
3-Inch barbette carriage, model of 1902__________________________ 718
3-Inch barbette carriage, model of 1898 MI__ — 735
Lock, detonator___ - —— 178
Locks, match, wheel, and flint_____________________ -—— 177
TIong-range gun, German..._ —— 05
Lugs, rotating___________________________________ 92
Lyddite o ___ 79

M.

Machined guns, earliest American _— 3
Maclay, Fedgar S., History of the Navy_____________________________ 3
Mammoth powder_ - 43
Manufacture of black powder- - ________ 33
Marco I’olo_ 17
Marcus Graecus______ 7
Match lock.___ 177
Maxim, Hudson, on black powder.___ ——— 49




. Paragraph.
Mecea, siege Ofccee-e—e e ————————————————
Mechanisms of scacoast weapons ememe—= 240
Mechanisms of seacoast weapons, order of description oo oo 251
Melinlte oo me——mmm—mmmemmm—mm—e—eme e —oes————ooooms 79
Mendeleef on smokeless POWAET oo —mmmommmoommmm—mmmmemmmmmmmomoo 41
Metal carriageS - —co—oceeemam- - - 47
Metal cartridgeS e eoemme—cmen- - 62
Metal tube fusC--e———o— e mm (st
Metallic nitrate.__ —- mmmmmmmmmmmmmmeoen 45
Mercury fulminate A = 78
Methyl alcohol in smokeless powder . [ 48
Metz, Chronicle of S - -- 111
Molded powder ‘ = 30
Mons Meg, Delgian gun B 85
Moors, use of saltpeter in 1250 - ccmomeoomommmmmooomoommmooo oo 7
Mortar. See Cannon. : .
. MOAT CAPTIAZES oo e oo oo e o om e mmmmmmmmmmm e mm oo m o 154
Motor equipment: .
16-inch barbette carriage e mmmmm e 2T
16-inch disappearing carriage, model of 1917 oo 330
Moscow, Mortar of-cocceeee - - - 31
Moslem flect, destruction of. 5
Multiple bullets _— - —- - ——— 91
Multiple-charge containers...—-—-- - — 07
Multiple shot S 101
Munroe on smokeless powder____ 48
Muskets of 1812, accuracy of - 1
Muzzle-loading rifles, use in Navy 3
Muzzle flash .- 59
N.
Napoleon, withdrawal of rifles 1
Naphtha, use of in wild fire 2
Nash process of drying. - 57
Natural Dridge, saltpeter cave - ——- - 18
Naval armament, 18S5- 3
Naval Gun Factory —— 3
Noble . — 46
Nitrate, MetalliCe —ummoc e oo cmcmecmmmmmm e cmememmmm—m—mm——mm oo oo — o= 45
Nitrate, sodium and potassium - 25
Nitrated wood .- -~ 4
Nitrohenzene 48
Nitrocellulose 42
Nitrocellulose, gelatinized coooo_ - 44
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Spherical shot, use of

Sporting rifles
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