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PREFACE.

The data in this book is compiled for use in the Ordnance training
schools and other educational organizations where a short, yet com-
prehensive, survey of the existing calibers and types of guns and car-
riages now in use by the United States Army is desired. On this
basis, the descriptions and drawings have been made simple and
technicalities have been reduced to a minimum, bringing out the
differences and similarities of the various types of artillery matériel.
» This publication has been prepared in the mobile gun carriage sec-
tion of the Artillery Division. The general discussion on the design
and characteristics of mobile artillery is intended for the instruc-
tion of student officers and enlisted specialists schools.

The first edition of this book is to be distributed to various educa-
tional institutions for a trial use in their classes and the results of
this trial should be productive of many constructive criticisms so that
the second edition will more fully meet the varied needs of the
schools and training units. The intention is to revise this book
periodically, therefore suggestions and ecriticisms are cordially
invited. Communications should be addressed to the Chief of Artil-
lery Division, Office of the Chief of Ordnance, Washington, D. C.

Murray H. Resni Coff.
)
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A BRIEF HISTORY OF GUNS AND ARTILLERY
MATERIEL.

In taking up the study of guns, the student should know something
of their history, the development of guns and gun carriages, and the
reason for the various changes in ordnance matériel which have
taken place from time to time.

The first use of guns or cannon as a medium for hurling projectiles
by means of gunpowder is buried in obscurity; we have knowledge
of Chinese using a form of gunpowder, not, however, for military
purposes, but for pyrotechnics, at a period long before the Caucasians.

From the earliest times man has felt the want of arms that would
kill at a distance, and the ingenuity of the talented has successively
been taxed to produce such weapons. The readiest means at first
was the throwing of stones or spears with the hand; but the effectof
the missile proved so often insufficient that at once a desire arose. to
assist the muscles by the aid of some mechanical force. The sling
was probably the first weapon used for hurling missiles. Its inven-
tion is attributed to the Phoenicians or the inhabitants of the Balearic
Isles, who were extremely expert in its manipulation. The sling was
used for many centuries as a military weapon, and its last appearance
was at the Huguenot War of 1572.

The bow was probably invented about the same time as the sling,
and for many centuries was considered the most effective offensive
weapon in warfare. Great skill was attained by the ancients in its
use, and many accounts are to be found relative to the extraordinary
force and precision with which an arrow might be projected. The
long-bow has always been more essentially the universal weapon, the
cross-bow being a comparatively modern invention, and its use
confined almost entirely to Europe. The cross-bow was greatly
used for sporting as well as military purposes; and it must have been
a cross-bow that William Tell employed in his notable feat. The
Genoese and Gascons were the most famous cross-bow men in the
armies of Kurope. The cross-bow of the fourte'enth and fifteenth
centuries were sometimes made with sights affixed to them. Some
specimens possessed a back sight having three or more peepholes,
one over the other, which were evidently intended as guides for
elevation.

The invention of gunpowder is possible to trace back to many
centuries prior to the Christian era. Most writers upon this subject
seem agreed that it was known to the Chinese and Indians, but the

183228—20—=2 (15)
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descriptions given are so vague that it is difficult to make the
various accounts coincide. The earliest mention we have of gun-
powder is in the Gentoo Laws, where it is mentioned as applied to
firearms. This particular code is believed to have been coeval with
the time of Moses.

Gunpowder has been known in India end China far beyond all
periods of investigation. There are many ancient Indian and
Chinese words signifying weapons of fire, ‘“‘heaven’s thunder,”
“devouring fire,” “ball containing terrestrial fire,” and such like
eXpressions. ‘

The ancient Indians made great use of explosives, including gun-
powder, in pyrotechnical displays. The introduction of powder
into Europe took place early in the Christian era; some believe it was
brought by the Moors into Spain and others that it came through
the Greeks at Constantinople. Both may be correct, but certain it
is that it, or a substance closely akin to it, was used at the siege of
Constantinople in A. D. 668.
The Arabs, or Saracens, are
said to have used it in A. D.
690, at the siege of Mecca.

The earliest mention of
guns we -have is that Seville
was defended in 1247 by can-
non throwing stones; Mibela
In Spain was also defended by
a machine resembling can-
non, when besieged in 1259;
in 1273, Abou Yousof made use of cannon throwing stone balls at the
siege of Sidgilmessa; and in 1308, Ferdinand 1'V of Castile, at the siege
of Gibraltar, employed guns (or Marquinas de Truenas); and in 1311,
Ismail attacked Bazas, a town of Granada, with machines throwing
balls of fire with a noise resembling thunder. These seem to, confirm
the opinion that the use of cannon and powder was known to the
Arabs or Moors and introduced by them into Spain, from whence it
spread over Europe.

4 ‘ SR
G A GRS s

ARTILLERY OF THE SIXTEENTH CENTURY.

In the chronicle of the town of Ghent for 1313 it is stated that the -

town was possessed of a small cannon; and in the records of the
Florentine Republic mention is made in the year 1325 of two officers
being ordered to manufacture cannon and iron bullets for the defense
of the castles and villages belonging to the Republic. The first
German cannon belonged to the town of Amberg, and bears the
date of 1301. The English appear to have imported them from
Flanders, for King Edward III in 1327 employed some Hainaulters
who used them in his war with the Scotch. In 1331 cannon were
used by the King of Granada against Alicante, in 1339 at the siege of
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Puy-Guillem, and in the same year at the siege of Cambray by
Edward I, in 1340 by Lequesnoy before Mirepoix, in 1345 before
Monsegur, and in 1346 at Crecy; we have many instances of cannon
being used in the second half of the fourteenth century. About
1350 the North German knights had iron guns, and a little later the
Free Hanse Towns armed themselves in the same way. In the year
1356 appear large amounts in the accounts of the town of Nuremberg
as having been spent in purchasing cannon and guns; and in 1365
Duke Albert of Brandenberg defended Einbeck very effectually
“with fire boxes.”

The first records show that the Huns used artillery at the siege of
Cividale, Ttaly, in 1331. The matériel was, of course, very crude and
its effectiveness at that time devended largely upon the smoke and
noise produced. The barrels, or cannons, in those days were con-
structed of wood, wrapped with wire or iron bands, and the pro-
jectiles were of stone. These guns were not mobile guns in any
sense; they were transported with the utmost difficulty, and were
subject to capture by sudden raids of the enemy.

The British were the first to actually bring the guns out into the
field of warfare. They appeared at the Battle of Crecy in 1346,
much to the dismay of the enemy. They shot anything that would
go into the barrels of the guns, even bundles of arrows. The ord-
nance department of Edward III consisted of 340 men, with but 12
artillerymen, showing that at that time not much attention was paid |
to what is now an indispensable arm of the service. In 1415 the
numbers had increased to 25 “master-gunners” and 50 ‘“servitour-
gunners.” The gunner was the gun captain and had general charge
of the gun and stores. In action he laid the piece and did the actual
firing. g

The early cannon of Europe were known by various names in the
different countries. In ltaly they were known as bombardes,
probably derived from “a bombo et ardore” on account of the
great noise which the firing of them occasioned. The French called
them ‘““quenon’ or “cannon,” the Germans “buchsen” or “boxes,”
and the Netherlanders “vogheleer” or “veugliares.” Besides these
terms there were many others applied to the various models, but it
was not until the commencement of the fiftcenth century that cannon
were classified and named according to their size. Cannon was not
adopted or manufactured in France until 1338, and even for many
years afterwards the French looked upon those nations who used
them as barbarians. The early cannon were made of wrought not
cast metal, the first account we have of cast cannon being in 1378,
when a founder named Aran, at Augsberg, in Germany, cast 30 of a
metal composed of copper and tin. In 1413 Mahomed II, at the
siege of Constantinople, had an enormous cast cannon. The bore
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is said to have been 48 inches in diameter and the stone bullet to
have weighed 600 pounds.

The greatest example of artillery in the fifteenth century was at
the siege of Constantinople in 1453, by the Turks. They used a type
of mortar that hurled huge stones, some weighing 700 pounds.
Some of these guns survived to engage the British in 1807; the
majority of artillery at that date was for siege work. Barons who
had quarrels with their neighbors would rent ordnance and go out
and batter down their castles.

In the Italian wars waged by Charles VIII of France, artillery
played a conspicuous part. However, they lacked the necessary
mobility and, consequently, were captured and recaptured several
times in a single engagement. At that, artillery had done some
excellent work before small arms had attained any prominence.
Although field artillery was introduced in the Hussite Wars, 1419 to
1424, it was not until the Thirty-Years War that they really displayed -
a mobile nature. The French had invented the limber, and the con-
nection between it and the gun trail was made with a rope. The
first gun that was moved by horsepower was mounted on an oblong
frame, the gunner sitting directly behind the piece. The forepart of
the oblong was mounted on two wheels and the rear end was supported
by the horse which was inside of the oblong frame. The majority
of the guns were 4-pounders, for as yet no way had been devised for
the proper transportation of the heavier guns.

About the middle of the eighteenth century, guns were either 24,
12, 6, or 3 pounders; the units were divided into brigades of 4, 5, and
6 guns respectively, and began to be separated into heavy and light
units. Each field gun was drawn by four horses with a cannoneer on
each of the lead horses. The ammunition carried was 100 rounds of
solid shot.

The howitzer, needed for its high angle of fire, put in its appearance
in 1785, being introduced by the French Army. Horse -artillery
appeared in the French Army in 1791. In 1800 the horses were
paired off with a driver on each near horse as is done to-day. In 1808,
at Vimera, the first shrapnel came into use. It was known as case
shot and the type used by Napoleon had a fuze that could be used for
two different ranges. Navoleon also introduced the idea of massing
artillery along a long front. Between 1860 and 1870 rifling appeared;
this caused sighting to be given greater consideration, as a rifled gun
shoots very accurately. During our Civil War the smoothbore was
generally used, although rifled guns had made their avpearance
toward the eclose of the conflict. Direct laying was the only method
of fire employed at this time. With the breechblock came the
quick-firing gun. This called for a recoil mechanism, in order that

the lay of the piece would not be seriously disturbed as a result of
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firing. The vast amount of smoke produced with the powder then
in use hid the target from the gunner and, unless quite a wind was
blowing, the shooting was slow, but with the development of smokeless
powder in the late nineties, this latter fault was done away with and
rapid firing was possible. The first shields were put on the guns
about this time also, proteeting the gun personnel and making the
piece more difficult to put out of commission.

The recent great struggle in Europe has brought about conditions
and problems which heretofore have never existed in warfare. To
meet these, sweeping changes have been made in almost every arm
of the service, but probably the greatest and most radical change
has been the motorization of the artillery.

Heretofore succeséful advances by the troops were limited to
comparatively short distances, due to the impossibility of advancing
artillery, ammunition, and supplies over grounds which are often
muddy, full of shell holes, and otherwise difficult to maneuver with
enough rapidity to keep up with the advancing infantry troops.
The problem of transporting army equipment in the field led to the
introduction of tractors and motor trucks.

The development of the caterpillar tractor used for hauling field .
artillery, which is able to negotiate almost any kind of terrain on the
battle field, led to the question of the possibility of mounting guns
directly on a self-propelled vehicle equipped with caterpillar treads.
Early in 1918, an 8-inch howitzer was mounted on a self-propelled
caterpillar and was fired at angles of elevation varying from 0° to 45°
with very satisfactory results. This experimental caterpillar was
tested, and it was found to be practical, easy to maneuver, and able
to withstand the firing strain of the howitzer. As a result of this
test, several types of experimental self-propelled caterpillar units
are being built with armaments varying from 75-millimeter guns to
240-millimeter howitzers.



ARTILLERY.

Artillery has come to mean all firearms not carried or used by hand,
excepting machine guns. Artillery is divided into two general classi~
fications: Artillery of position and mobile artillery.

Artillery of position is that which is permanently mounted in forti-
fications.

Mobile artillery consists of two classes: First, the artillery designed
to accompany an army in the field; second, railway artillery, which
requires tracks for its transportation. The first type only is dis-

cussed in this book.
MOBILE ARTILLERY.

In designing any gun intended for use in the field, there are two
important requirements—power and mobility. Granting that a
general type of gun has been decided upon, it is evident that any
increase in either of these two factors is at the expense of the other.
It is necessary to balance the two, keeping in mind the specific purpose
of. the gun under consideration. We thus find it necessary to have
several distinct classes of guns, ranging from the very powerful and
almost immobile, to the very mobile and comparatively weak. The
general classification is heavy field, light field, mountain guns or
pack howitzers, trench mortars, and infantry accompanying guns and
howitzers. ]

Besides this classification, based upon power, there is a second,
based upon the shape of the trajectory. For the attack of targets
that can be reached by it, flat trajectory fire is preferred on account
of its power and accuracy. Cases frequently arise, however, where
such fire is useless, either the gun or its target being so concealed and
sheltered by intrenchments or the condition of the terrain that higher
angles of departure and fall become necessary.

To provide for both cases, there are two or three types of
weapon—the long gun for flat trajectory, the shorter howitzer for
curved trajectory, and sometimes the still shorter mortar for high-
angle fire. We thus subdivide our original classes and distinguish,
for example, the licht field howitzer, the heavy field gun, ete. KEvi-
dently the number of separate calibers that might be adopted to
make up a complete series of types is very large. But it is impor-
tant to reduce this number to a minimum, both from considerations
of economy and also to avoid complication in ammunition supplies.

Guns were ordinarily intended for attack of targets that can be
reached by direct fire; that is, by fire at angles of elevation not exceed-

(1)
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ing about 15°. For the attack of targets that are protected against
direct fire and for use in positions that are so sheltered that direct
fire can not be utilized, curved fire—that is, fire at elevations exceed-
ing 15°—is necessary. There is, therefore, provided the howitzer, a
short gun designed to fire at comparatlvely large angles of olevablon

Field guns are now designed which permit fire at elevations as
high or higher than is permitted by the howitzers. This is partic-
ularly true of anti-aircraft guns and those designed for use against
entrenched positions. This development is an improvement in the
effectiveness of the field gun,-but it will not eliminate the use of
howitzers of equal mobility, as the latter use projectiles of much
greater weight than that of same caliber gun matériel.

The original American plan of field artillery design provided for
each caliber of gun a howitzer of equal degree of mobility. In fur-
therance of this idea and to reduce to a minimum the number of
calibers of mobile artillery and thus simplify as far as possible the
supply of ammunition, the calibers of the guns and howitzers were
so selected that while both guns and howitzers fulfilled the require-
ments as to weight and power for each degree of mobility the caliber
of each was the same as that of the gun of the next lower degree of
mobility. That is, the howitzer corresponding in mobility to one of
the guns is of the same caliber as the next heaviest gun. The recent
developments in American artillery, as well as the introduction of
artillery of foreign design into the American service, have sustained
this principle.

Under ordinary conditions the 3-inch field gun with its weight of
about 3,900 pounds behind a six-horse team, is about as powerful a
gun as can follow an army in motion. For this reason a gun of ap-
proximately this caliber has been adopted by most nations as the
principal field gun. :

The artillery of all military powers now comprises what are known
as “‘rapid-fire”’ or “ quick-firing” guns. This designationis too firmly
established to be changed, although it can not be considered as accu-
rately descriptive since rapidity of fire is characteristic of nearly all
modern types. The real distinguishing mark of a rapid-fire gun is that
its carriage does not move materially in firing; instead, the gun recoils
on the carriage and is returned to the firing position by springs or
their equivalent. There are a number of other features, some of
which are found in all rapid-fire models; but these are of secondary
significance and either old ideas which could not be worked out
practically before the development of the gun-recoil carriage or else
improvements developed since in the effort to get the best results out
of it. ~For example, it is useless to attach shields to a rigid carriage,
for, since the cannoneers have to stand clear to avoid the recoil, they
can not take advantage of them. Mechanism for traversing the
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piece on its carriage is unnecessary with the rigid system, but be-
comes necessary as soon as we adopt a carriage that remains more or
less firmly anchored to the ground. Fixed ammunition and instru-
ments for indirect laying are not essentially a part of either a rigid or
a gun-recoil system; they are sometimes used with the former and
oceasionally, but rarely, omitted from the latter; but they have their
full value only in rapid-fire material.

Our mobile artillery is divided into the following classes:

(a) Divisional artillery, such as the 3-inch, 75 millimeter guns, and
155 millimeter .howitzers.

(b) Corps artillery, such as the 4.7-inch and 155 millimeter guns.

(¢) Army artillery, such as the 8-inch and 240 millimeter. Any
caliber may, if required, be assigned to army artillery corps.
¢ (d) Mountain or pack matériel transported on the backs of mules.
For mountain service the system composed of gun and carriage must
be capable of rapid dismantling into parts, none of which forms too
heavy a load for a pack mule. The weight of the load including the
saddle and equipment should not exceed 350 pounds. The mountain
gun in our service is the 2.95-inch.

(e) Infantry accompanying guns, such as 37 millimeter.

(f) Trench mortars.



GUNS.

THEIR FUNCTIONS AND CONSTRUCTION.

““A gun is a machine by which the force of expanding gas is used
for the purpose of propelling a projectile in a definite direction.”

The gun consists of a metal tube, closed at one end, of sufficient
strength to resist the pressure of the expanding gases, in which is
placed a projectile designed to move through the tube. The force
of the expanding gases acting on the base of the projectile causes
it to start on its flight in a definite direction. When the charge is
ignited, the explosion or rapid combustion of the powder gives rise
by its decomposition to a large amount of gas, which tends to expand.
and to occupy a space greater than that in which the powder was
originally contained; consequently, it exerts a pressure in all direc-
tions, and the energy developed is utilized in forcing the projectile
from the tube. The major portion of the energy is distributed as
follows:

(a) Energy of translation of the projectile.

(b) Energy of rotation of the projectile.

(¢) Energy of translation, in recoil, of the gun.

(d) Energy of translation of the unburnt charge and gases.

(e) Energy consumed in overcoming the passive resistance of the
projectile. This resistance arises from the friction of the projectile
against the walls of the bore, and of the rotating band against the
driving edges of the lands. In the first stages it also arises from the
cutting of grooves in the rotating band by the lands.

The balance of the energy is expended by being lost as heat to the
gun and that which remains in the gas as sensible or latent heat

It may be readily understood that during the travel of the pro-
jectile through the bore of the gun, from the instant of ignition of the
charge until it has left the muzzle, tremendous rending stresses are
set up in the tube. In the earlier days of ordnance construction,
these stresses were met by sheer weight of metal; but as the weight
of projectiles increased, with consequent increase in powder charges,
this weight of metal became so great as to impede the desired mobility
of the material. Consequently, forgings of refined and alloyed steels
took the place of the castings or forgings of iron or simple steels.

As explosives increased in power, the plain tube, even though built
of alloyed steels, became incapable of containing the chamber pres-
sures, even though of excessive weight. This problem was finally
met through the construction of built-up and wire-wrapped guns.

(24)
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A gun is subjected to two fundamental stresses—a circumferential
tension tending to split the gun open longitudinally, and a longitudi-
nal tension tending to pull the gun apart lengthwise. Thelongitudinal
strength of a gun is usually greatly in excess of any requirements.
It is easy to demonstrate that any homogeneous gun, i. e., a gun made
of solid material and not built up, soon reaches the limit of thickness
beyond which additional thickness is practically useless in giving
strength to resist circumferential stress. This is due to the fact that
the stress on the metal near the bore is far higher than that on the
outer portion and soon reaches its maximum resistance, which addi-
tional thickness of metal does not materially increase. The gun can,
however, be arranged to withstand a considerably higher piessure
by building it up on the principle of initial tensions. The inner lay-
ers of the metal are thereby compressed so that the gas pressure has
first to reverse this compression and then extend the metal. The
gun barrel (or tube) supported by the contraction of the outer hoops
will then be able to endure a gas pressure which can be expressed as
proportional to the initial compression plus the extension, whereas in
the old type of solid gun it was proportional to the extension only.

In the built-up system, the outer jackets are shrunk one over the
other so that the inner tube is placed in compression and the outer
ones in tension.

In place of one or more of the jackets, a thin wire or ribbon of steel
is sometimes wound around the tube and has exactly the same effect
as shrinking thin jackets one over the other. This type is known as
the wire-wound gun.

Guns may be vomposed of two, three, or more cylinders; though in
practice guns are hardly ever built of more than four eylinders. All
Army guns, except small howitzers or mortars, are of the built-up or
wire-wrapped type.

Rifling consists of a number of helical grooves cut in the surface of
the bore. The soft metal of the rotating band of the projectile is
forced into these grooves and causes the projectile to take up the
motion of rotation as it passes through the bore.

Rotation of the projectile around its longer axis is necessary for
stability in flight. By twist of rifling is meant the inclination of one
of the grooves to the element of the bore at any point. Rifling is of
two kinds:

(@) Uniform twist, or that in which the twist is constant through-
out the bore. -

(b) Increasing twist, or that in which the twist increases from the
breech toward the muzzle end of the bore.

The twist of rifling is usually expressed in number of calibers length
of bore in which it makes one complete turn; this is called the twist
in calibers. The twist actually required at the muzzle to maintain

¢
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the stability of the projectile in flight varies with the kind of pro-
jectile and with the muzzle velocity.

If a uniform twist is used, the driving force on the rotating band
will be a maximum when the pressure in the gun is at maximum, or
near the origin of rifling. The increasing twist serves to reduce the
maximum driving force on the band, thus lessening the danger of
" stripping it with resultant loss of rotation of the projectile. This is
its principal advantage over the uniform twist, though it also reduces
slightly the maximum pressure in the gun. The principal disad-
vantage of inecreasing twist is the continued change of form neces-
sary in the grooves pressed in the rotating band as the projectile
passes through the bore. This results in increased friction and a
higher value for the passive resistance than with a uniform twist.
If the twist increases from zero at the breech, uniformly to the muz-
zle, the rate of change in the tangent to the groove is constant. A
twist in this form would offer less resistance than the uniform twist
to the initial rotation of the projectile. But to still further diminish
this resistance, a twist that is at first less rapid than the uniformly
increasing twxist and later more rapid has been adopted for some
rifled guns.

The breech mechanism comprises the breech block, the firing mechan-
ism, and the mechanism for the insertion and withdrawal of the block.
There are two general methods of closing the breech. In the first
method the block is inserted from the rear. The block is provided
with screw threads on its outer surface which engage in correspond-
ing threads in the breech of the gun. In order to facilitate insertion
and withdrawal of the block, the threads on the block and breech
are interrupted. The surface of the block is divided into an even
number of sectors and the threads of the alternate sectors are cut
avay. Similarly, the threads in the breech are cut away from those
sectors opposite the threaded sectors on the block. The block may
then be rapidly inserted nearly to its seat in the gun, and when turned
through a comparatively small arc, say one-eighth or one-twelfth of
a circle, depending upon the number of sectors into which the block
is divided, the threads on the block and in the breech are fully
engaged and the block is locked.

In the second method, a wedge-shaped block is seated in a slot cut
in the breech of the gun at right angles to the bore and slides in the
slot to close or open the breech

Variations of these two methods will be noted in the detailed
descriptions of the guns which follow:

The most notable variation from the above two types is the Nor-
denfeld type of breech mechanism, a rotating block construction
found on the French 37-millimeter and 75-millimeter, described
more fully and illustrated in the description of these guns.
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The breechblock is usually supported in the jacket of the gun or
in a breech ring screwed into the jacket. The seat in the jacket
being of greater diameter than could be provided in the tube, the
bearing surface of the screw threads on the block is increased and
and the length of the block may be¢ diminished.

The slotted screw breechblock is used to a great extent in our
service. Its advantages are uniform distribution in the gun of the
longltudmal stress produced by the powder pressure and lightness
permitted in the construction of the breech end of the gun. In the
model of 1917, 3-inch anti-aircraft gun, however, and in the Ameri-
can 75-millimeter gun, the sliding block operating vertically has been
adopted for the reason that it permits of s1mpler mechanism for
semiautomatic operations.

Howitzers differ only slightly from guns in their construction.
They are shorter in length and insomuch as the chamber pressures
differ materially the necessity for the long jacket is eliminated.
A shorter Jacket extending only a part of the length of the tube,
shrunk on in the same manner, is generally used.

Interior, ballistics treats of the motion of the projectile Whlle still
in the bore of the gun. It includes the study of the mode of combus-
tion of the powder, the pressure developed, and the velocity of the
projectile along the bore of the gun.

. By means of the formulas developed, a study of interior ballistics
has made it possible to design the granulation of the powder for a
given gun so as to obtain the highest possible muzzle velocity with
a given weight of projectile, while keeping the pressure along the
bore within the limits imposed by the strength of the walls of the
gun, and the weight of the charge low enough for convenient loading.

After the calculation of curves of velocity and pressure are made,
the walls of the gun are calculated to withstand the expected pres-
sure at each point from breech to muzzle.



MOUNTS FOR MOBILE ARTILLERY.

A modern gun carriage is expected to stand steady on firing, so that
in the first place it requires no running up, and in the second place
it maintains the direction of the gun so that only a slight correction
in elevation and direction is required after each round. The car-
riage is maintained in position by the spade, which sinks into the
ground, and by the friction of the wheels upon the ground. If the
force of the recoiling gun were communicated directly to the anchored
carriage the effect would be to make it jump violently, which would
not only disturb the lay, but would prevent the cannoneers from
maintaining their position. The hydraulic recoil brake is therefore
interposed between gun and carriage.

If the gun were rigidly attached to the carriage the latter would
be forced back a short distance at each ,round, and the whole of the
recoil energy would have to be absorbed in that short motion. In-
stead of this, the gun alone is allowed to recoil several feet and although
the recoil energy is in this case greater than it would be if gun and
carriage recoiled together, yet it is so gradually communicated to the
carriage that instead of a violent jerk we have a steady, uniform
pull, the only effect of which is to slightly compress the earth behind
the spade. In a well-designed carriage the amount of this pull is
always less than that required to lift the wheels off the ground by
rotating the carriage about the spade.

‘The only motion of the carriage which takes place is that due to
the elastic bending and rebound of its parts under the cross strain
set up in discharge. These strains are inevitable since the direction
of recoil can not be always exactly in the line of the resistance of
the earth behind the spade. This movement of the axis is known as
jump and must be determined by experiment for the individual
piece in its particular mounting.

The principal parts of the typical gun carriage are the cradle;
a device for mounting the cradle—called in the different models a
rocker, pintle yoke, or top carriage; the trail; the wheels and axle.
The gun slides in recoil on the upper surface of the cradle and the
the cradle contains the recoil controlling parts.

In the design of the carriage the constructional difficulty lies not
so much in prevénting the carriage from recoiling, but in preventing
the wheels from rising off the ground on the shock of discharge.
The force of the recoil of the gun, acting in the line of motion of the
center of gravity of the recoiling parts, tends to turn the carriage

(28)
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over backwards about the point of the trail or center of the spade.
This force is resisted by the weight of the gun and carriage, which
tends to keep the wheels on the ground. The leverage with which
the overturning force acts varies with the distance of its line of action
above the center of the spade; the leverage with which the restraining
force acts varies with the horizontal distance of the center of gravity
of the gun and carriage from the center of the spade.

It follows that the steadiness of the carriage for a given muzzle
energy may be promoted by four factors.

(a) Increasing the weight of the gun and recoiling parts. This
reduces the recoil energy.

(b) Increasing the length of recoil allowed. This reduces the
overturning pull.

() Keeping the gun as low as possible, either by reducing the
height of the wheels or by cranking the axle downwards. This
reduces the leverage of the overturning force.

(d) Increasing the length of the trail. This increases the lever-
age of the steadying force.

The well-designed gun carriage is one that combines these factors
in a practical way, so as to give the greatest possible steadiness to
the carriage, at the same time keeping within the limits of weight
imposed by the necessity of mobility.

Gun carriages are so constructed as to permit movement of the
piece in either a vertical or horizontal plane. These motions may
be simultaneous if so desired, and by a proper combination of the
two motions, the axis of a gun may be aligned in any desired direc-
tion within the limits of motion of its mount. The two kinds of
motion are designated as follows: Rotation of the piece about a
vertical axis, its inclination with the horizontal remaining unchanged,
is called ““traversing’’; movement of the piece in a vertical plane,
the horizontal projection of the axis of its bore remaining unchanged,
is called “elevating.”

Gun carriages are provided with mechanisms for giving the pieces -
accurately controlled motion in both azimuth and elevation. Two
types of elevating mechanisms are in common use. The first is the
telescopic screw. This gives a considerable length of screw for a
short assembled length and gives a rapidity of action (since the
movement of the inner screw is equal to the sum of the pitches of
the outer and inner screw for each turn of the pinion), combined
with the nicety of adjustment of a single screw of fine pitch.

In the second type the motion is communicated to rockers,
attached to the bottom of the cradle, through the engagement of
worms or pinions, with teeth cut on the circumference of the rockers.
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This method is in use on all howitzers, and a great many guns.
It allows for a very high angle of elevation, and when fitted with a
quick-loading gear, allows for the rapid placing of the piece in load-
ing position after firing.

Movement of the gun in azimuth is accomplished in several ways;
one is to pivot the cradle of the gun in a saddle which itself pivots
on a horizontal transom of the trail. Another is to mount the gun
and elevating gear on some form of top carriage, and pivot this
top carriage over the axle. Still another is to traverse the whole
piece along the axle, pivoting on the spade. This is a method used
by the French in some of their designs. It has the disadvantage of
only allowing for a small angle of traverse. ‘

The above principles of design are, of course, modified considerably
in the case of semipermanent mounts which fire from platforms and
for anti-aircraft guns which have special mountings suited to their
special use.



RECOIL.

RECOIL BRAKES AND METHODS OF COUNTERRECOIL.

The stresses to which a gun carriage is subjected are due to the
action of the expanding powder gases on the piece. Gun carriages
are constructed either to hold the piece without recoil or to limit the
recoil to a certain convenient length. In the first case, the maxi-
mum stress on the carriage is readily deduced from the maximum
pressure in the gun. In the second case it becomes necessary to
determine all the circumstances of recoil in order that the force
acting at each instant may be known and the parts of the carriage
designed to withstand this force and to absorb the recoil in the
desired length.

Assume the gun to be so mounted that it may recoil horizontally
and without resistance. On explosion of the charge, the parts of
the system acted upon by the powder gases are the gun, the pro-
jectile, and the powder charge itself; the latter including at any
instant both the unburned and the gaseous portion. While the pro-
jectile is in the bore, if we neglect the resistance of the air, none of
the energy of the powder gases is expended outside the system.
The center of gravity of the system is therefore fixed, and the sum of
the quantities of motion in the different parts is zero. The move-
ment of the powder gases will be principally in the direction of the
projectile. By formula, the weight of the gun, projectile, and
charge being known, the complete relations between the velocity,
time, and length of free recoil may be established.

Thus far we have neglected all resistances and have considered
the movement of the gun in recoil as unopposed. However, when
the gun is mounted on a carriage the recoil brakes, of whatever
character, begin to act as soon as recoil begins, and consequently
the velocity of recoil is less at each instant of travel than when
unopposed. It is evident that the higher the resistance offered by
the recoil brakes, the shorter will be the total length of recoil. A
little consideration will show that if the total resistance to recoil is
made constant throughout the recoil, its value will be less than the
maximum value of a variable total resistance which will stop the
gun in the same length of recoil. For a given length of recoil; the
constant resistance will therefore produce less strain in the carriage,
and for this reason is usually adopted, except where stability can be
increased by using a-variable pull.

‘ 183228—20——3 (31
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The recoil system of a gun carriage consists of a recoil brake for
controlling the recoil and limiting its length, a counter-recoil mech-
anism for returning the gun to the firing position and keeping it
there, and a counter-recoil brake or buffer to soften the shock as the
gun runs into the firing position.

Recoil brakes of the friction type were formerly used. Pneumatic
brakes were also used to some extent. Both have been entirely
superseded by the hydraulic recoil brake.

A hydraulic recoil brake consists of a cylinder filled with liquid
and a piston. Relative movement is given to the cylinder and piston
by the recoil, and plOVlblOIl is made for the passage of the liquid

2 from one side of the head of the

' / piston to the other, by apertures
|t AEE! cut into the piston or in the walls
W 5 of the cylinder. The power of the
i brake lies in the pressure produced

in the cylinder by the resistance
offered by the liquid to motion
through the apertures. ' f the area of the apertures is constant, it is
evident that the resistance to flow will be greater as the velocity of
the piston or the velocity of recoil is greater. Therefore, the pressure
in the cylinder, which measures the hydraulic resistance offered, will
vary with the different values of the velocity of recoil. If,however,the
apertures are constructed in such a manner that the area of aperture
increases when the velocity of the piston increases, and diminishes when
that velocity diminishes, the variation in the area of aperture may be
so regulated, that the pressure in the cylinder will be constant, or will
vary in such a manner as to keep the total resistance to recoil con-
stant, or it may be made to vary in
any manner desired.

In figure A is shown one type of 4P
hydraulic brake. It consists of a
cylinder on the inner circumference
of which are formed bars of varying -
cross sections, called throttling bars (T), piston (p), and piston rod.
Either the piston rod is secured to the carriage, the cylinder moving
to the rear with the gun, or the cylinder is secured to the carriage,
the piston moving to the rear inside of the cylinder.

Through the piston head are cut slots or apertures through which
the liquid is forced from one side of the piston to the other as the
cylinder, or piston, moves in recoil. Each slot has the dimensions
of the maximum section of the throttling bar with just enough clear-
ance to permit operation. The area of orifice open for the flow of
liquid at any position of the piston is therefore equal to the area of
the slots minus the area of cross section of the throttling bars, and

FIG. A.

FIG. B.
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is so determined that the resistance to the flow of the liquid, or the
pressure in the cylinder, is made constant or variable, as desired.

In another type of hydraulic brake the throttling bars are not
used, but the varying apertures are obtained by cutting grooves of
varying width or depth on the interior of the eylinder.

Figure B represents another method of varying the throttling
grooves. The piston (P).is held rigidly from turning and the valve
(V) is rotated by means of a spiral groove cut in the cylinder walls,
in which the lugs of the valve slide during recoil, thus rotating the
valve and varying the size of the openings through the valve and pis-
ton. This method is used to a considerable extent in British design.

Figure C illustrates a method of central throttling. The throttling
rod (R) has a varying diameter; this causes the amount of liquid,
which flows between it and the hole in the piston (P), to vary in the
manner necessary for correct throttling. This method is used in
some French designs.

Counterrecoil, or the return of the gun to battery after completion
of the recoil, may be effected by springs or by compressed air cylin-
ders; the latter, in connection with
the recoil brake, forming the hydro- _ || p/k“l =
pneumatic recoil system. = p
1 F]

The spring method of effecting
counterrecoil may be used in all
gun carriages on which the gun
recoils in the direction of its axis. These include pedestal mounts,
barbette carriages, turret mounts, and all wheeled carriages as shown
in figures F and G.

In the smaller carriages of these types the springs, initially com-
pressed to the desired amount, may be placed between the piston
and the rear end of the hydraulic brake cylinder which is lengthened
for that purpose.

In some carriages of this type the hydraulic brake cylinder moves
with the gun in recoil, the piston being stationary. In such construc-
tions the springs are usually placed around the hydraulic brake cyl-
inder, and are compressed between a flange on that cylinder in front
and some fixed part of the carriage in the rear.

In larger carriages the springs are arranged in separate cylin-
ders with pistons of their own, two to four of these spring cylinders
being required, see figures F and G.

Figure D shows a spring counter-recoil mechanism (spring recu-
perator) consisting of two concentric columns of springs.

It is sometimes necessary to use telescopic springs as shown in
figure E, when a single column would not allow sufficient recoil.

These and other arrangements of counterrecoil springs will befurther
discussed in the description of the carriages to which they pertain.

FIG. C.
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Compressed gas (either air or nitrogen) is now very generally used
to effect counterrecoil. Figures H, J, K, and L are diagrams of two
designs of hydropneumatic recuperators.

In Figures H and J the recuperator piston (P) forces the oil from
the recuperator cylinder into the gas reservoir through the port
(A) when the gun recoils. Thus the gas is compressed and the
necessary energy stored up to return the gun to battery. The piston
may be attached to the gun and move with it, the cylinder being
fastened to the carriage, or the cylinder may move and the piston
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FIG. G END OF RECOIL \

HYDRO-SPRING RECOIL. SYSTEM

rod be fastened to the carriage. The gas is given sufficient initial
compression to hold the gun in battery at all elevations.

The type of recuperator shown in figures K and L is similar in
operation to that of figures H and J, but in the latter design the oil
is separated from the gas by the floating piston (FP).
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The hydropneumatic recuperator (or counterrecoil mechanism) may
be separated from the recoil brake or the two may be combined in
one unit.

The principal ‘advantages of air cylinders over spring cylinders for
counterrecoil are the reduction in weight and longer life. These
advantages are especially important in long-recoil field guns or how-
itzers designed to be fired at high angles of elevation. If springs are
used the columns are long and heavy, being liable to breakage; while
if air cylinders are used, the additional pressure needed when the
guns are fired at high angles of elevation can be obtained by pumping
more air into the eylinders.

It is evident that the energy, in whatever way obtained, which
effects counterrecoil, forms a part of the total energy of recoil. The
total resistance to recoil is composed of the resistance offered by the
brake, the resistance due to friction, the resistance—ecither plus or
minus—due to the inclination of the top of the chassis or the recoil
slides, and the resistance due to

8 the counterrecoil springs or air eyl-
inders, if there are such included
olL in the recoil system.

RS The counterrecoil buffer is pro-

vided for reducing the shock to the

carriage as the gun is returned to the firing position by the counter-
recoil mechanism.

In figure M is shown a type of buffer which is used to some extent.
It consists of a rod (B) which acts inside the hollow piston rod of the
recoil cylinder. A similar method to this is to provide a separate
cylinder in which a projection of the recoil piston acts during the last
few inches of recoil. It may consist of a dash pot formed at the end
of the recoil cylinder.

The use of the counterrecoil buffer increases the stability of mobile
artillery carriages by preventing their forward motion as the gun
runs into battery.

Modern field guns and howitzers are mounted so as to have a long
recoil on their carriages when fired horizontally. When certain types
of these guns are fired at high angles of elevation it is necessary to
reduce the length of recoil to prevent the breech of the gun from
striking the ground. This reduction is effected by a mechanism
which automatically reduces the size of the orifices in the hydraulic
brake as the gun is elevated. This is known as variable recoil.

If no counterrecoil buffer is provided, the velocity of the gun when
going into the firing position under the action of the counterrecoil
springs or air cylinders is at a maximum just as it reaches that posi-
tion. If an arrangement is made to automatically fire the gun when
it has this maximum forward velocity, it is evident that the maximum
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velocity of free recoil will be reduced by the amount of the forward
velocity, and hence either the total resistance or the corresponding
length of recoil, or both, can be materially reduced. Systems based
upon this principle have been used abroad for small guns, such as
mountain guns. The gun is caught by a pawl in the extreme recoil
position and is loaded in that position. When it is desired to fire,
the pawl 1s tripped, the gun runs forward, and is automatically fired
as it reaches the firing position. The prinecipal objections to this
system, which is known as the differential recoil system, are the
unsteadiness of the gun at the moment of firing and the possibility
of the gun being turned over in a forward direction by the shock of
counterrecoil if a misfire should occur.

In artillery of position, the gun carriage is rigidly bolted to a fixed
platform. Its mechanism issuch as to allow the gun and the attached
parts to recoil on firing. The hydraulic brake cylinder and its piston
are attached, respectively, to the moving and fixed parts of the car-
riage, or vice versa, in such a way as to cause the piston to be drawn
through the cylinder as the gun recoils. When constant total resist-
ance is to be exerted by the recoil system, which is always the case in |
artillery of position, either the total resistance or the length of recoil
may be assumed, and the other determined. While the assumption
of a very long recoil would reduce the resistance and consequently
the strain on the carriage and permit its parts to be made lighter, the
necessary increase in the length of the recoil slides might overbalance
the saving in weight.

In carriages, such as mortar, anti-aircraft gun, and the latest type
barbette carriages, all of which permit the firing of the gun at high
angles of elevation, a very long recoil can not be used, because the
distance from the breech of the gun to the supporting platform will
not permit it. Furthermore, the use of a long recoil would necessi-
tate the useé of long and heavy columns of counter recoil springs.
Lack of space also prevents the use of a long recoil on turret mounts.

In disappearing carriages, the length of recoil is determined more
by the necessity of giving the gun the proper movement in recoil than
by limitation of the strains brought upon the carriage.

With the exception of the disappearing and the older type of
barbette carriages, the recoil for artillery of position is comparatively
short.

The construction of all modern wheeled carriages is such as to
- allow the gun to recoil in the direction of its axis. The resistance to
recoil developed by the recoil system pulls forward on the gun and
backward- on the carriage, tending to move the latter to the rear.
Actual motion of the carriage to the rear is prevented by a spade
sunk in the ground at the end of the trail of the carriage and so con-
structed as to present a broad surface to the ground in the rear.
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Under ordinary conditions the ground will resist a pressure of 40
pounds per square inch of spade surface, and knowing the pressure
developed by the pull of the piston rod, which is the only force acting
on the carriage, the size of spade can be determined.

Another effect produced by the resistance to recoil is a tendency to
rotate the carriage around the point of support of the trail, or to
cause the wheels to jump from the ground. Such a movement is
very undesirable, as it interferes with the rapid aiming and firing of
the piece. In order to prevent the wheels from jumping off the ground
when the gun is fired, it is necessary that the product of weight of
the carriage including its recoiling parts and the horizontal distance
of the vertical through their center of gravity from the point of sup-
port of the trail, should at any instant be greater than the product
of the force opposing recoil and the perpendicular distance from its
line of action to the point of support of the trail. The value of the
total resistance to recoil, that will be just insufficient to cause the
wheels to rise from the ground when the gun is in the firing position,
is obtained by equating moments which will show that a value of this
resistance small enough to prevent jump of the wheels in the early
part of the recoil might still cause jump toward the end of the
recoil, as the moment of the weight of the recoiling parts becomes less.

It is evident that safety against jump can be maintained and the
necessary length of recoil shortened if, instead of assuming a constant
total resistance, we assume it as decreasing to such an extent as to
remain parallel to a line showing the maximum permissible values of
the total resistance to recoil and plotted as a function of the length of
recoil. If the length of recoil is such as to provide a factor of stability
when the gun is fired at horizontal, the carriage will be stable at all
higher elevations, as the lever arm of the total resistance of recoil
decreases as the gun is elevated. For this reason, reduction of the
length of recoil with increase of elevation in howitzer carriages does
not affect their stability.

The initial strength of the counterrecoil spring columns or air
cylinders is the force which they exert against the gun in the firing
position. This force must be great enough to hold the gun in that
position at the highest angle of elevation at which it is to be fired, as
well as to overcome the friction on the recoil sides as the gun runs
forward to the firing position.



AIMING DEVICES AND SIGHTING METHODS.

Sights will be discussed briefly in this pamphlet merely to indicate
their application to field, anti-aircraft, and trench matériel.

In order that a projectile from any gun may hit the target, the
gun must be fired at a certain angle of elevation depending on the
range, the ballistic characteristics of the gun, and upon the relative
level of the gun and target. It must be given such a direction to the
right or left of the target as to offset the deviation of the projectile
due to drift and wind. The sights of the gun provide means of de-
termining when the axis of the gun has the predetermined direction.

When the piece is sighted, both in elevation and direction by sight-
ing directly on the target, the method is known as direct laying.
This is precisely the same operation as sighting a shoulder rifle or
pistol. The line of sight may be fixed in one of two ways. The first
method is to use plain or open sights, the rear one of which has a
peep, or notch, capable of adjustment in a vertical or horizontal
direction. This rear sight is equipped with an arc reading in frac-
tions of the range, or degrees, by which the necessary elevation can
" be set off. In some cases the rear sight is designed to automatically
correct for drift; if not, the drift must be set off on a scale provided
for this purpose on the rear sight. It is always well to bear in mind
that the projectile follows the movement of the rear sight, going
higher as the sight is raised, and to the right or left as the sight is
moved to the right or left.

The second miethod for direct laying is to use a telescope with cross
hairs which takes the place of the open sights although its principle
of operation is the same.

The angle of elevation of a gun must be measured in the vertical
plane through the axis of the piece. It frequently happens that a
mobile piece must be fired under conditions in which the axis about
which it turns in elevation (frunnion axis) is not level, thereby throw-
ing the sight plane out of the vertical. If this is the case, the sight
arm must be revolved about an axis parallel to the axis of the gun
until the sight arm is vertical. Most wheeled mounts have such a
provision made on their sights.

Independent Line of Sight.

In order to relieve the gun pointer from the responsibility of set-
ting the elevation on the sight standard and elevating the piece, some
guns ‘are provided with what is known as the independent line of
sight. It will be noted that the actual quadrant elevation of the
piece consists of two parts:

(@) The elevation necessary to reach the target if it were on the
same level as the gun.

(39)
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(0) The correction to this elevation required by the difference of
level of the gun and target (angle of site).

With the independent line of sight the two parts of the quadrant
elevation are applied to the giln independently. An intermediate
rocker and two elevating systems, A and B, are provided as shown
in Figure N.

The sight is fixed to the rocker, and for direct fire the gun pointer
manipulates the lower elevation system A, which moves the rocker
as well as the gun in elevation. In this way the angle of site is auto-
matically corrected, when the line of sight is brought upon the
target.

The other elevating mechanism, B, is between the rocker and the
gun and is manipulated by another cannoneer who elevates the gun
until the proper range appears
on a range scale.

The change in range does not
affect the setting of the lower ele-
vating mechanism, and the gun
pointer is thus free to devote his
whole time to keeping his line of
sight upon’ the target and is not compelled to take his eye from the
telescope. The above method has the objection, however, that it is
difficult to make the necessary correction in the range drum for differ-
ence in level of trunnion axis.

Various modifications of this general method of securing the inde-
pendent line of sight are in use and will be discussed with the guns
to which they pertain.

The gun is said to be laid indirectly when it is laid by means other
than aiming directly through the sights at the targets.

The fire from modern field pieces is so accurate and destructive
that it is always necessary to establish field batteries in position out
of the view of the enemy for the sake of protection. Indirect sight-
ing becomes then of necessity, the usual method of sighting such guns.

The panoramic sight affords the means of aiming the gun in indi-

rect laying by directing the line of sight on any object in view from
the gun; at the same time it affords the advantage of a telescopic
sight in direct or indirect alming.
- This panoramic sight is a telescope so fitted with a rotating head,
reflectors and prisms, that a magnified image of an object anywhere in
view may be brought to the eye without change in the position of
the observer’s eye.

The panoramic sight is often mounted in connection with the
range-sighting mechanism, but in some cases in order to divide
the duties of laying for direction and elevation, the panoramic sight
is mounted on a shank on the left side of the cradle and used in
laying for direction, while the range quadrant-for laying in elevation
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is placed on the right side of the cradle and used by another
cannoneer.

In connection with the range quadrant a range level is provided,
which is a special form of clinometer. It is used in setting off the
angle of site, thereby correcting for difference in level of the gun or
target. Therange quadrant is graduated in degrees or in fractions
of the range (mils). In the case of howitzers, the different zones of
fire are sometimes shown.

While the use of the range quadrant separates the duties of the
cannoneers in aiming, it does not eomply with the conditions for the
independent line of sight. The sight
and range quadrant being attached to
the cradle, both move in elevation with
the gun. The independent line of sight
permits of the gun being moved and set
in elevation without any change in po-
sition of the sight used for direction
aiming.

Leveling plates or similar surfaces are
provided on all guns and howitzers on
which a gunner’s quadrant (see p. 42)
can be used in obtaining or checking
the elevation.

It is not the intention to go into de-
tail in this handbook regarding the fire-
-control equipment employed for direct-
ing the fire of anti-aircraft matériel, but :
as the development is so new, and they =~ FPANORAMIC SIGHT, MODEL OF
are so closely involved with artillery -
during operations, it is quite necessary to devote some space to the
fire-control equipment.

Many of the terms and instruments used in connection with anti-
aircraft artillery are similar to those employed with field artillery
matériel, but the methods of application in most cases differ.

In the direct fire of anti-aircraft artillery the following angles
resulting in the laying of the gun to the predicted future position
of the target are involved.

1. Present azimuth and elevation. These are obtained by direct
sighting upon the target.

2. Principal lateral and vertical deflections.

3. Secondary lateral and vertical deflections.

4. Superelevation.

In the determination of the principal lateral and vertical deflec-
tions, two methods of fire control have been established:

1. Linear speed.

2. Angular speed.

|
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Each method assumes rectilinear travel of the target, i. e., that
the pilot of the aircraft will fly a straight course at unchanging
speed and constant altitude during the time required for the deter-
mination of the fuse range, setting of the fuse, loading and firing
the gun, and for the projectile to reach its point of burst. Each
method is based upon sound mathematical reasoning and involves
automatic apparatus of rather complex, but easily operated, mechan-
ical and electrical design, in order to resolve the data required in
the laying of the gun.

In the first method the quantities required in the resolution of
the formule are:

GUNNER’S QUADRANT, MODEL OF 1918.

(@) Presentation (angle of approach), i. e., the horizontal pro-
jection of the angle made between the vertical plane of sight and
the axis of the fuselage of the airplane.

(b) Engine speed of the target.

(¢) Altitude of the target.

(d) Time of flight of the projectile to the future position of the
target.

The resolution of the formul® deriving the lateral and vertical
deflection corrections is accomplished upon a device known as
“ Anti-aircraft artillery deflection computer.”” The readings ulti-
mately obtained from this instrument are given in mils. They are
transmitted telephonically or by direct announcement to the gun
layers who immediately lay the gun to its future position, while the
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telescope pointers remain sighted uvon the present position of the
target.

The great advantage of this method lies in the fact that the pre-
sentation and engine speed can be estimated with reasonable accuracy.
The altitude of the airplane is determined from altimetry stations,
and the time of flight is known when fuse renge has been determined
from a telemeter.

In the angular speed method the lateral and vertical angular
velocity of the target is measured. These are multiplied by the total
element of time mentioned in the aforesaid and gives the respective
displacements. The fact that the angular velocity of an airplane in
ordinary flight is never uniform makes this method more difficult of
apprehension but as applied in our instrument design gives results
appreciably better than the linear sneed method and is consequently
used more generally. The instruments resolve the lateral and ver-
tical deflection corrections in mils and also the fuse range. These
are telephoned to the gun layers who function the sighting system
mechanisms.

“The element fuse range is required for two main purposes in anti-
aireraft gunnery: (a) For the setting of the fuse, and (b) as a function
in automatically giving superelevation to the gun—i. e., the angle
between the line of sight to the predicted future position of the
target and the axis of the bore of the gun when ready to fire.

Secondary deflections are required in making allowances for wind-
age, ballistics, drift, etc. These are set by giving secondary move-
ment to mechanisms of the sighting system.

When firing, “indirect’’ or at night, which essentially is indirect
fire, three elements pertaining to the predicted future position of the
target are transmitted from this apparatus at the fire-control station
in order to accomplish the laying of the gun and setting of the fuse:

1. Azimuth.

2. Quadrant elevation.

3. Fuse range.

Secondary deflections involve, in addition to those common to
direct firing, corrections for parallax when firing ““indirect.”

At night the alliance of listening avbparatus and searchlights assist
in accomplishing the resolution of the gun-laying elements at the
fire-control station.

Altimetry, which is a basic factor in the computation of the prin-
cipal and secondary deflection corrections, is obtained in one of two
ways:

(@) Monostatic.

The monostatic or one-station instrument is an optical device that
determines the altitude by automatic triangulation through the coin-
cidence of light rays along a self-contained base.
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(b) Bistatic.

This is a system in which two stations are set up and oriented
along a base line of known length, frequently as great as 4,000
yvards. The height or vertical distanece of the target above the base
line is then determined geometrically by projecting its altitude
horizontally into the vertical plane passing through this base line.

When altitude has been determined, telementry, which involves
the functions, angle of site, to the future position of the target and
altitude, is readily accomplished with the aid of automatic devices.

When firing against airplanes at night, searchlights are used to
illuminate the objective. When it is able to find it and keep it in
its field, firing can be conducted in the same manner as in day-
time. Many sound detecting instruments have been made; one of
the recent types is the ““Paraboloid.” A surface in the shape of a
paraboloid, movable in azimuth and site, focuses the sound waves
when its axis is placed in their direction; they swing from one side of
the focus to the other when the axis of the iustrument is turned.
The sound is received by trunipets placed on either side of the focus
and joined in pairs to the ears of two observers who adjust the
instrument, the one for azimuth, the other for site.

Briefly, the foregoing describes the fundamentals of anti-aircraft
artillery fire-control methods. Being the most precise form of
gunnery, anti-aircraft artillery involves material capable of the
highest degree of facility and accuracy in the automatic measurement
of deflections and the maneuvering of its gun-laying mechanisms in
order that effective fire may be conducted against a target whose
movements are subject to such large displacements.



ACCOMPANYING VEHICLES.

In addition to the piece itself, a number of vehicles are necessary
in batteries, sectors, and regimental organizations of field artillery
for maneuvering and serving the piece. The type of vehicles vary
with the different guns and the various organizations. Some of the
more common vehicles such as limbers, caissons, ete., are described
in a general way in this chapter, while their special features are
described in detail with the matériel with which they are issued.
Other special vehicles such as reels, store and battery wagons, ete.,
are also described with the matériel to which they pertain.

The caisson is essentially a conveyance for the transportation of
ammunition in the field. It generally consists of a chest for ammu-
nition mounted on two wheels and axle. In front it is fitted with a
short pole having a lunette for attachment to other vehicles and in
the rear with a pintle, to which additional vehicles may be attached.
Various tools are usually carried on the caisson, and seats are pro-
vided for the accommodation of the personnel.

The limber is a two-wheeled vehiele designed primarily to increase
the mobility and faciliate the maneuvering and deployment of field
artillery. There are several types of limbers in use, the principal
ones being the carriage and caisson limbers.

The carriage limber is attached to the trail of the piece when
traveling. For light field pieces, a chest for ammunition is pro-
vided on the carriage limber. In the case of heavy pieces, the chest
is dispensed with and the trail of the piece rests on the top section
of the limber. A pole is provided at the front for horse or motor
traction, and the rear is equipped with a pintle for attachment of
the carriage.

‘The caisson limber is used for hauling the caisson and is provided
with a chest for carrying ammunition.

The forge and store limbers are designed to carry supplies and
equipment, the forge limber carrying the tools and supplies for the
farriérs shop. The battery wagon and the store wagon are two-
wheeled vehicles equipped with chests for tools, supplies, and spare
parts.

With batteries of heavier field artillery, some of the vehicles are
dispensed with, especially the caissons, battery wagons, forge, and
store limbers, the ammunition beirg carried in motor trucks, in which
most of the spare parts and supplies are also carried.

(45)



TRACTORS HAULING ARTILLERY.
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Light field artillery is usually drawn by horses although some of
these batteries are now motorized, i. e., hauled by either caterpillar
tractors or motor trucks.

In addition to this, provisions are made for a limited number of
trailers for use in carrying light guns at high speed behind motor
vehicles. These trailers are rubber tired and for high-speed condi-
tions; the complete gun, with carriage, may be placed on this trailer
instead of being transported on its own wheels.

The recent struggle in Europe brought about problems which
heretofore have never existed in warfare; and to meet these changes
have been made in every arm of the service, but the greatest and

75-MILLIMETER GUN CARRIAGE MOUNTED ON A 3-INCH FIELD GUN TRAILER.

most radical change being the motorization of artillery. Mechanical
trarsport is at this time in such a state of development that there
is no reed of dwelling upon its numerous advantages over animal
draft. '

The original .heavy artillery was limited to guns emplaced in
permanent fortifications and guns of large caliber which were only
moved with great difficulty. Light horse-drawn guns and howitzers
comprised the mobile artillery for use in the field. This type of
artillery was ideal for quick action at short ranges.

As the artillery became a more important factor, large caliber long-
range guns were required. The movements of this heavy artillery in

183228—20——4
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the field could only be accomplished in one way—by motorizing
it. The result is the development of the extremely mobile heavy
artillery.

In applying motor transportation to artillery, types of motor
vehicles of widely varying capacity and duty are required. In most
cases commercial cars and trucks are used, but in a few instances
special types have been developed. Motor equipment is still under-
going changes, all tending to produce apparatus of unfailing depend-
ability and maximum mobility and flexibility.

Motor apparatus of the following types have been selected as the
most suitable for accomplishing this motorization: First, passenger
cars, both light and heavy; second, motor cycles with and without
side cars; third, trucks; fourth, four-wheeled trailers; and fifth,
tractors of the caterpillar type.

Passenger cars are furnished when on the march and when occupy-
ing a position on the lines. Batteries are supplied with light touring
cars, staff cars, and motorcycles with side cars. Battalion and regi-
mental headquarters are also supplied with light touring cars and
Westfield military bicycles. A motorcycle is ideal for liaison and
work of similar nature requiring rapid transportation for one or
two individuals. The motoreycle is particularly useful when trav-
eling in convoy and for keeping the various units of an organization
iv close touch with each other.

Motor trucks are necessary for carrying supplies and ammunition
from the depots and distributing them to the various units. A great
many trucks are required to insure unfailing supplies when artillery
is in action. Because of*the uncertain conditions of the roads back
of the lines sturdy trucks that can pull through under the most

_unfavorable conditions are employed.

In bringing the guns into position it is often necessary to cross
ground plowed by exploded shells, to go through mud and deep sand.
and to ford streams which can not be negotiated by a wheeled type
of motor vehicle, thus the type of apparatus adapted for this purpose
1s the caterpillar tractor.

The problem of the care and maintenance of motor equipment in
the field is met by issuing the repair and artillery supply trucks to
each battery supply and headquarters company of motorized artillery.

The artillery supply truck is really a motorized store wagon carry-
ing spare parts, tools, etc., for the particular kind of unit to which
it is assigned.

The artillery repair truck consists of a small machine shop mounted
on wheels. Its equipment is complete, including a lathe, drill press,
air hammer, forge, etc. Electric power is supplied by a small gen-
erator driven by an individual gasoline motor mounted on the truck.
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The equipment is designed to make all repairs in the field, both to
artillery matériel and motor vehicles.

The motor equipment makes transportation a comparatively easy
matter, permitting it to be moved with rapidity, either on the offensive
or defensive. The value of this equipment becomes more apparent

REAR VIEW OF 37-MILLIMETER GUN CARRIAGE, MODEL OF 1916, IN BATTERY POSITION.

as the nature of warfare changes from that of position to that of
movement. D

Detailed descriptions of the above motor vehicles are given in
separate handbooks pertaining to motor equipment matériel.



37-MILLIMETER GUN MATERIEL, MODEL OF 1916.

Experience  has shown that the infantry can not carry out its
mission, by its own weapons, except at prohibitive less of personmel.
Our automatic rifle is practically useless for ranges greater than
500 meters, and then only against personnel. The individual
rifle does not offer the necessary volume of fire, while the rifle
grenade, and even more so, the hand grenade, is a clcse combat
weapon. Hence the taking of a machine-gun nest by a unit (con-
sisting of an automatic rifle squad, hand bombers, and rifle grenadiers)
attacking the flanks, will not prove very successful, particularly
if machine-gun nests are echeloned to considerable depth, and
executing crcss fire.

Such conditions calls for some form of artillery, effective at from
400 to 1,500 meters, against both personnel and matériel, and

37-MILLIMETER GUN CARRIAGE AND AMMUNITION CART, LIMBERED.

capable of immediate action. The field artillery is not available
because of difficulty of communication and length of time neces-
sary to get into action. The heavy artillery is not sufficiently
mobile. Its dispersion is too great for small, definite targets, there-
by calling for vast amount of ammunition, extremely difficult to
transport.

The necessity of providing an accompanying gun for certain units
of infantry has led to the adoption of a 37-millimeter gun (devel-
oped by the French Army).

The 37-millimeter.gun, also known as the 1-pounder or infantry
accompanying gun, is the smallest wearon of the field-gun type in
use by the American Army. It is used by advancing infantry
outfits, chiefly for destroying concrete machine-gun emplacements,
outposts, and other points of resistance. Recent developments
and modifications of this weapon have found wide application for

(50)
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its use and, due to its extreme portability, this gun is adaptable for
tanks, tractors, and aircraft.

As this gun is intended to follow infantry over any kind of ground,
its construction is designed to give great mobility. The personnel
is organized for rapid fire; the possible rapidity of fire is 35 shots
° per minute.

Each gun unit is composed essentially of two elements:

(1) The gun on a trip()d mount, capable of being set on wheels.

(2) A light wagon servmg as a limber and carrying ammunition,
spare parts, and accessories.

The gun and limber when joined are normally hauled by one
horse or mule, but near the enemy they are separated and moved
by man. '

In action the gun is operated by two men, one keeping it on the
aiming point and the other loading and firing. The gun must be
cocked by hand in order to load for the first round, but thereafter
the counterrecoil of the barrel cocks the piece, and it is only neces-
sary to open the breech mechanism, which ejects the case, insert a
new cartridge, close the breech, and fire.

When used as a tripod mount, it is separated into portable grouys
for transportation and each unit is carried by two men. One group,
welghing 104 pounds, consists of the gun and cradle and the other of
the trails, weighing 84 pounds. With the combination tripod mount,
the gun is transported on a wheeled carriage which is limbered to a
two-wheeled ammunition cart, drawn by one mule or horse.

Weights, dimensions, and ballistics.

Weight of gun and recoil mechanism (with flash hider and sight). . . .pounds.. 104
Weight of recoil group. 73750 SUSISEES SH IR TRt do.. .. 34
Weight of barrel group:."I-_ .. TSN L NEESE R TR o do.... 38
Weight of breech'group. s . 2. J It NRees 0~ SRSt e 0 doz=% 18
Weight of flashdhider. -5 . 2t I S SR O == O35
Length of guni. (5l S8i0s 0 T SaiaNT L e S e L F RO S calibers. . 20
Range (H. E; ShelTMark-TI ). ot i Slitain. o ia oo auuiessy o o meters. . 3,650
Muzzle ‘velocity . A i s & RN e a S i.feet per second.. 1,204
Weight of projectile e o s e o - AN pounds.. 1.234
Tiength of ‘tecoil: SBSSREE S5t o Rl BRI | T3 1y et inches.. 7-10
Maximum angle of elevation. . ... ... .. . ... .... ..., ek degrees. . 21
Maximum angle of depression. . . ... ... ... ... ... ....... TR dorei> 14
Amount of traverse to right.........._..... PREARICHORSVE. B o o 3 22
Amount of traverse toleft: - - i SU I e Rt S e ‘doz L3 16
Weight of axle, complete (& ats o Pt e pounds.. 36.25
Weight of Wheels, each. .. i s e e R L S do.... 68
Weight of trails (including pintle and float)............ ... ....c...... do.... 84
Diameter of wheels. 255 G Fi i Aot Ree NEmiNa e L e inches.. 37.75
Width of track .. 7L oo 28 .x . orndne o A IS e S do.... 33
Weight of gun and carriage, complete..............................pounds.. 360
Over-all length of vehicle . ..................... RN RN WA inches. . 75
Over-all'height.of 'vehiclenzs o = = 3RS BEE e A e e do RS 75)

Over-all ridth of velieléy Lalif - Digitized by Miciasoll. @ ... ... do.... 57
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The gun is composed mainly of a steel alloy barrel. A front clip
of bronze and an aluminum jacket serve as supports and guides for
the whole barrel. The breech housing is screwed to the rear end of
the barrel and forms a receptacle for the breechblock.

The breechblock is of the Nordenfeld type and with the exception
of size is practically the same as that used on the French 75 milli-
meter field gun. 1t screws into the breech housing and is opened
and closed by being rotated 156 degrees about its axis, which move-
ment is limited in each direction by a stop. The breechblock is
cylindrical in form, rotates in a threaded seat and is operated by a
handle which when moved to the left causes the eccentric hole in
the block to register with the bore and also operates the extractor
thus ejecting the empty cartridge case. Pulling the lever to the
richt rotates the block so that the port in the block is drawn away
from the bore and a solid surface containing the firing pin backs up
to the base of .the cartridge.

The action of the powder gases on the breechblock at the moment
of discharge produces the recoil of the united barrel and breechblock.

TRIPOD MOUNT IN FIRING POSlTlO

The purpose of the recoil mechamsm is to control and hmlt the recoil -
and to return the barrel to the firing position, at the same time pre-
venting a sudden return which might disturb the aim of the gun.
The recoil cylinder. consists of a cylinder contamlng a piston,
piston valve, counter recoil spring in three sectlons and counterrecoil
buffer. The piston rod, which is hollow and open at the piston end,
is pierced with holes for the passage of oil both during recoil and
counterrecoil. The piston is fitted with four holes for the passage
of oil during recoil. This oil is allowed to pass through two parts
of the piston; first, through the hollow portion of the piston rod, and
second, through the holes in the piston head. ‘The oil passages in
the piston head are closed by the piston valve. The valve is held
against the front face of the piston by a spring, closing the oil holes
in the head during the counterrecoil stroke, thus slowing up the for-
ward motion of the gun. The counterrecoil buffer is screwed into
the front cylinder cap and eases the movement of the gun into
battery, thus preventing excessive shock. The capacity of recoil
cylinder is 2.75 pints and the extreme travel of piston is 11 inches.
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The mount may be used either in the form of a tripod or with the
axle and wheels attached. n the former case a front leg having a
float adjustable to two heights at its lower end is used to support the
front end of the mount, and the spread trails in rear equipped with
spades form the other points of support. n the ease of the wheels
being used, the front leg is swung up and secured, and both trails
are spread out to support the rear.

The pintle, or gun mount, is in the form of a yoke, the upper end
being fitted to receive the cradle trunnions. Each trail head is
equipped with lugs which pivot on bearing surfaces in the lower end
of the pintle. The trails, when spread, are kept in position by a
removable transom, which also serves as a scat for the gunner.

A Y-shaped frame, pivoted and secured to the pintle at its upper
and lower ends, extends to the rear in the form of a fork and engages
the nut housing on the traversing screw. The nut is turned in its
housing by a small handwheel attached thereto, which causes the

GUN DISASSEMBLED ON THE MARCH (WHEELS AND AXLES LEFT IN THE REAR).

nut and housing to move along the screw, thereby traversing the
gun. The screw is pivoted in the left trail and moves in and out
through a bushing pivoted in the right trail when the trails are being
spread or closed. When the trails are to be closed, the gun is trav-
ersed to the extreme right.

The elevating mechanism is located on the frame in front of the
traversing mechanism. A screw fitting into a nut pivoted in the
frame is raised and lowered by a handwheel attached to its upper end.
Above the elevating handwheel is a hook engaging a pin fitted to
the underside of the cradle, thus the rear end of gun is secured to
the trail and the elevation accomplished when the cradle is mounted
in the trunnion bearings. .

A conical sheet metal flash hider is secured to the muzzle of the
gun. Some of these carriages are equipped with an armor plate
shield, suitably reinforced by stiffeners. The shield consists of three
plates hinged together, and is mainly employed to protect the gunners
from shrapnel and flying fragments.
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The gun is provided with a telescopic sight for use in direct fire
and a quadrant sight for indirect or masked fire, cither of which is
mounted on the left side of the gun and in a bracket which is part of
the striker rod housing.

The wheels are 37.75 inches in diameter and have steel tires 1.875
inches in width.

The ammunition is of the fixed type having a steel projectile weigh-
ing 1.097 pounds. containing high explosive, and detonated by a
base percussion fuse. A complete round of ammunition weighs 1.47
pounds and is composed of projectile, brass case, primer, and
powder charge. '

| e e S e b

GUN AND PERSONNEL ON THE MARCH (AMMUNITION CART LEFT IN THE REAR).
AMMUNITION CART FOR THE 37-MILLIMETER GUN.

The 37-millimeter gun limber (of the machine gun ammunition
wagon type) is essentially a frame resting on two shafts having a
movable bolt and rear fittings by means of which it can be joined
to the gun mount.

The limber carries 14 ammunition boxes, each containing 16 car-
tridges packed in a fiber packing strip. There are also provided
2 wooden boxes for carrying spare parts, tools, accessories, etc.



37- MILLIMETER 1-POUNDER GUN CARRIAGE MARK A,
MODEL 1 \BETHLEHEM) ?

* >

The 1-pounder semiautomatic gun and carriage was primarily in-
tended for landing purposes, but it has been used in trench warfare
and to accompany infantry troops. This equipment is well adapted
to the latter uses, due to the fact that its weight is such, as to permit
it to be readily transported from place to place by man power.

The gun is made of nickel steel, with the gun body and breech end
being forged in one piece. The breech mechanism is of the Bethle-
hem semiautomatic type in which the breech is opened, the case
ejected, and the firing pin cocked on counterrecoil. The block is
closed by a spring which is compressed during counterrecoil and
held in that position by the extractor until trlppcd by the insertion
of another round.

The carriage is of the long recoil type and consists essentially of a
cradle, pivot voke, trail, wheels, and axle. The cradle suppérts the
gun, forms a housing for the recoil mechanlsm and 1s itself supported
by trunnions bearing on the pivot yoke. The recoil mechanism is
located above the gun and consists of a hydraulic eylinder and
counterrecoil springs. No elevating and traversing mechanisms are
provided as the laying can be leadlly accomphshed by mecans of a
shoulder guard and grip.

Open sights are furnished and a bullet proof armor plate shield
affords protection for the cannonneers.

- Fixed ammunition is used, and is packed for transportation in steel
boxes containing 60 rounds each. A hand cartfor carrying four hoxes,
240 rounds, is issued, the front and lid of this cart, being bullet proof.

Weights, dimensions, and ballistics.

Dengthofgunis. - B el SetEle Sniieie i Seiars e S inches.. 68.2
Length ‘of rifling:,s 8n0 5 . slfsuel . Sabap iy AN S e Bt T R e do. -5y 617
Number-oftgroovias:2- !l s IEEm0 iR Tt Sy St in s LRI = SO S o) 12
Miuzzl e-VeloCity 22 Sl e I SUMIRIC T il FE s e e S SOy feet per second.. 2,100
Maximumrange....................... S S et W R S ST Sy oy yards. . 4,100
Weight of chatge, S5 caia s Lol e i Bl CICHRRE =l at Soet s Sl baa e pounds.. .16
Weight of projecilessa b i Tl So8 o culins 5o o i R do.... L07
Weight of complete ronnd i o s R N s dosRe=s SNG!
Weight of gun and breech mechanism........... ... ... ... . ..... Ao =T 7S
Breechblock - S e AN R SR el Vertical sliding, semiautomatic. .

Recoil. (constant)i tes /sl f e 50 ke s e i S e =t o inches. . 10
Weight of carriage in battery position.................. ... . ...... pounds.. 800
Range of elevation - sl 2lls o E RN E e v os degrees.. —5 to +15
Amountiof traverse s o L L ST ST TR T S e S il e 45
Width of traek::. 5. 25 s finiaet S SN S inches. . 35
Line of sightzifii e b (eSSt o g irinr NN - e e Dependent. .

Height of-axigiof, bore. rymso sy Soopaivg Sl =it i et be St inches. . 29
Diameter of Wheela s i e e e dDaes 42
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2.95-INCH VICKERS-MAXIM MOUNTAIN GUN
- MATERIEL.

WITH PACK OUTFIT.

The 2.95-inch Vickers-Maxim mountain gun matériel, is of Vickers
design and American and British manufacture. This matériel is
intended for transportation by pack animals; for this reason it is a
light, compact weapon, separating very quickly and easily into four
loads for packing.

The cradle is carried as one load, the wheels and axles as another,
the trail another, and the gun as the fourth. Four other pack animals
carry the pioneer tools, blacksmith’s tools, supply chest, and signal
tools, respectively. Additional pack animals are employed to carry
the ammunition for the battery. Suitable pack frames with all the
necessary attachments are provided for holding the load compactly
and in proper place on the animal. :

Weights, dimensions, and ballistics.

Caliber.. B e e e s, - inches. . 2. 953
Lenvthofgun X e B PR e B L . .. 35..85
Weight of gun, mcludmo breech mechanlsm e e hounds- . 236
Rifling uniform, 1 turn in 25 calibers, right- hand tmst

Weight of prOJecnle ................................................. do-... 123%
W’eightofpowdercharge..._...._..................................ounces.. 8
NIzl SRV OGS S SRR e R L o s 5oz feet, per second .. 920
MRS o RS ARSEISSRRA S ol et R e T kL o o yard et 4, 825
Lengthofrecmlofgun R e S e Sl R, Linichesr. 14
Helﬂhtofamsofgunaboveground Lok AR AT S e RN [0 9 S8 26
Maximum angle of elevation.. degrees 27
Maximumangieofdepression............'............................do.... 10
Amount of traverse of gun on carriage.................................do.... 0
WinnGEcwheels T ReEte L SBe™ | S hale N e L LU Hinches. . 36
VIl @l R is en G S e e T e S N o2 32
WWeiStTirofGaT T a-clonlyza s SSSealEr e o L el s e i i pounds. . 595
Wicigl o ReEiandsenmigee st se 1 TSRO SRR S i e s udos . .. 830

The gun barrel is a one-picce steel forging, cylindrical in form.
On either side of the breech end two lugs are provided to which the
piston rods are secured when the gun is mounted in the cradle. For-
ward of these lugs is a finished surface of uniform diameter which
constitutes a bearing for the gun. This surface is supplemented at
the forward end of the gun by two collars of equal diameter, thereby
insuring a firm bearing for the gun in the cradle, either in recoil or
in battery. At the bottom of the barrel is a guide which slides in a
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corresponding groove in the cradle, thus keeping the gun in proper
position and preventing it from turning when in action.

The breech mechanism is of the interrupted-screw type. A handle
which swings from left to right turns and swings the block clear with

f 5 T

IN FIRING POSITION.

2.95-INCH VICKERS-MAXIM MOUNTAIN GUN,

one motion. The firing pin is operated by means of a trigger which
is pulled by the firing lanyard. A safety device is incorporated to
prevent firing when the breech is not closed. The breech is equipped
with an extractor which ejects the empty cartridge case after firing.



61

The recoil mechanism is of the hydrospring type. It is known as
the short-recoil type in which the gun is permitted a length of recoil
upon the carriage, sufficient to diminish the movement of the carriage
on the ground bhut not sufficient to render the carriage stable. To

TRAILL. MULE

2.95-INCH VICKERS-MAXIM MOUNTAIN GUN, SHOWING PACK OUTFIT ON MULE BACK.

GUN MULLEC

WHEEL. MULE
CRADPLE MULE

retard the movement of the carriage on the ground the wheels are
locked by means of “brake ropes,” which lock the wheels to the trail.

Two buffer eylinders, one on each side of the gun, are bored in the
cradle casting. They contain both the recoil and counterrecoil
mechanism. The cylinders are connected at the rear by a by-pass
. which keeps the oil pressure equal in the two cylinders. Throttling



62

is obtained by grooves of varying width in the cylinder liners. The
piston rods are attached to the gun by means of interrupted screws,
which permit quick removal for transportation.

The counterrecoil mechanism consists merely of springs wound
around the piston rods, which are compressed on firing and which
return the gun into battery.

il

REAR VIEW OF CARRIAGE.

The cradle is a bronze casting comprising three parallel cylinders.
The central cylinder supports the gun from the breech to within a few
inches of the muzzle. The other two, as before stated, accommodate
the recoil mechanism. In place of trunnions there are two lugs
underneath the cradle through which passes the cradle axis bolt, by
means of which the cradle is secured to the trail. This bolt is pro--
vided with a handle and suitable catch for quick removal when
disassembling for packing. The cradle also carries the sight bracket
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and has a plane surface on top, on which the gunner’s quadrant may
be used. .

The elevating gear consists of a quadrant with a worm wheel
segment thereon operated through suitable gearing by a handwheel
on the left side of the trail. A bolt for quick release of the elevating

o & 7 Lreech necharismn.
7slon (oK.

| gzt Lulore.

DETAILED VIEW OF GUN.

éoaja

mechanism from the cradle is provided. Elevations from 10 degrees
depression to 27 degrees elevation may be obtained.

No traversing mechanism is provided, and transverse must there-
fore be obtained by swinging the trail.

breech meckurs,
el Sprmale,
Jronl” cruss prace,

wd Gee Lver:
JSronl Bezson.

ol can case Cafrzéq
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SIDE VIEW OF CARRIAGE IN BATTERY.

The trail consists of two steel side plates connected by crosspieces
and transoms. The front crosspiece contains bearings for the axle,
cradle axis bolt, and elevating gear. A shoe at the rear end of- the
trail is fitted with a ‘“scraper,” which in reality is a short spade. 1t
is also provided with a socket for the handspike. °

183228—20——5.
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The axle is a solid cylindrical bar with flats cut on two sides for
securing it in the front crosspiece of the trail. It is quickly removable
for packing and is carried on the same pack animal as the wheels.
The wheels are 36 inches in diameter and are steel tired. ;

Sighting is accomplished by means of the sight, model of 1912,
combined with either an open sight or the panoramic sight.

The sight shank is a steel are which can be moved up and down in
elevation by means of a scroll gear. A range strip on the rear face of
the arc is graduated in 50-yard divisions up to the maximum range
of the piece. e

‘Combined with the sight is a graduated level which serves the same
purpose as the range quadrant used on the 3-inch equipment and other
matériel of that type. By this means the piece is laid for elevation.

The sight is mounted on the left side of the cradle. By ha\ing the

. quadrant level and sight thus combined one man can lay for both
elevation and direction. .

The ammunition used is of the fixed type, consisting of the steel
high explosive and shrapnel shells, each weighing 124 pounds. Each
animal carries two chests containing five rounds each.



75-MILLIMETER GUN MATERIEL, MODEL 1916.

The United States model 1916, 75-millimeter field gun is an adap-
tation from the United States 3-inch field gun, model 1916, arranged
with a split trail and having greater traverse and greater elevation
than either the French or British models of this caliber.

The 75-millimeter field gun constitutes the light artillery or rapid
mobile field artillery of the Army. The caliber of the piece is about
as large as ready horse-drawn mobility will permit. The caliber is

|
: |
R |

{

FRONT VIEW OF CARRIAGE.

equivalent to 2.95 inches, and was adopted by the French and by
the Italians, while the United States had adopted the caliber of
3-inch and Great Britain a caliber of 3.3-inch, which is the caliber of
their 18-pounder. The German caliber was 77 millimeters, equivalent
to 3.03 inches. The points of excellence obtained from these types
are accuracy, long range, rapidity of fire, ease of transportation, and
smooth and reliable functioning.

As the range depends not only on the power of the gun and on the
design of the ammunition but on the elevation provided for, and

(65)
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as the horizontal arc which could be covered by a gun with a single
sctting of its trail is governed by the permissible traverse, great
attention was given to the mechanical features covering the vertical
and horizontal limits of the gun laying, as well as to the smooth and
reliable functioning of the piece. Of the above models, the French
model is credited with functioning most perfectly, but the United
States completed a new carriage which permits very high elevation
of the gun and wide traverse. Due to the permissible elevation, the
American piece outranges the F rench although the French gun has a
greater muzzle velocity.

Roughly, the weight of the piece, including the carriage and limber,
is about 4,600 pounds, which in general corresponds with the horse-
drawn draft limitation over rough ground of 765 pounds per animal,

REAR VIEW OF CARRIAGE.

calling for six horses to the picce, although four horses are frequently
employed over level or hard ground.

The introduction of motor tractors has altered the draft problem,
but there still remains the question of facility in handling the piece
by man power after battery position has been reached. As illus-
trative of this it may be mentioned that the weight at the end of a
75-millimeter gun carriage trail is in the vicinity of only 100 pounds.
The trails can be readily unlimbered and spaded into position or its
position changed by man power within a few moments, while to
unlimber and spade into position or to change the position of the
. trail of a 155-millimeter gun requires the use of jacks and a con-

siderable expenditure of time.

Rapidity in moving a fieldpiece from point to point, where railroad
transportation is not available, is not entirely a matter of the speed
of the tractor, for likelihood 6f damage to the matériel when trans-
ported at high speed on its own wheels must also be considered.
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The dimensions and weight of the 75-millimeter piece permit of its
being placed on a rubber-tired trailer, which allows of its being
transported at high speed behind a motor vehicle.
The movement of the light artillery is of utmost importance, and the
. 75-millimeter field gun may be considered as a gun of first rank, for
it constituted the light artillery of the military powers.. This weapon
is accurate, has a range up to 6 or 7 miles, is suitable for the projection
of high explosives, shrapnel, incendiary, smoke, asphyxiating, tear,
tracer,illuminating, terrorizing, and chain projectiles, and is adaptable
for barrage fire, destruction of personnel, tearing away of wire entangle-
ments, destruction of fair-sized obstacles, and to some extent the
destruction or protection of lines of communication. The indications
are that a slightly larger caliber will supplant this caliber in order to
obtain longer range and greater destructive force and either motoriza-
tion or direct mounting on self-propelled caterpillars may affect the

LEFT SIDE VIEW OF CARRIAGE.

adoption of a new caliber, for mobility and rapidity and ease of
handling are features of importance in this branch of the field artillery.

Weights, dimensions, and ballistics.

Weight of gun and breech mechanism...........................pounds.. Y
SR O BT R st R b S e OB S i 2 L 8 e DL i inches.. 90.9
I oS P e g S e o T T e s millimeters. . 75
e O O €t e S s e A R B 2 L S Dictes & blorm e w S inches. . 84
T e R 0 () S TR e it v MG BN el SR E AP g S SR R 28

Rifling, right hand twist, zero turns from origin to point 2.89 inches from
origin; from this point increases one turn in 119 calibers to one turn in 25.4
calibers at a point 9.72 inches from muzzle. Uniform from this point to end
of muzzle.

N T P T OO, (e o, B e # et e S Al SR A e P L R 24
Muzzle velocity:
ST e el i b SeS Cu e RO C L MO SR feet per second.. - 1,693
Shiells(shoxtifuze)e et i sscin gn @ pobrla a8 .o ioga.doiae .1, 900

e 7 o S ey e P L G I R do.... 1,876



Maximum range:

Shrapnel (Mark IV shell). ... ... ... A A Lo A yards. .

Shell (short-fude)t -t 7o (AN o L NS a0 S R Ve

Shelli(longifuze) . =810 e S AT 2 e e s k- O e R e do....
Weight of carriage, complete (without gun)..........o..oo.ooo .. pounds. .
Weight of gun and carriage, fully equipped............ .. ...l ... do....
Diameter of Wheelsc:sofie 2 ige w . Snehidtiohe o005 C oty inches. .
Widith-of trackd . fwis Sied Swlise BRSO es - s S e - =y do....
Length of recoil of gun on carriage (variable).............. ... ... ..., do-T=
Height of-axis from" groundeis: <53 s ol et € S T SR s - 2 do....
Maximum angle of ‘elevation:... i ol T ul o0l TSN A T degrees. .
Maximum angle of depression................. ... ... ... ... do....
Maximum traverse, each side of center...... ... ... ... ... ....c....... mils. .
Maximum angle of elevation with angle of site handwheel........... degrees. .

Maximum angle of depression with angle of site handwheel......._... dio =

9, 650
12, 360
11,155

2,280

3,045

56
60

18-46

41. 625
53

400
11



75-MILLIMETER GUN AND CARRIAGE, MODEL OF 1916
(AMERICAN).

The gun is of the built-up construction and consists of a tube,
jacket, locking hoop, breech hoop, and clip. There are six slightly
varying types of this gun, but the variations deal only with the
manner of attachment of the jacket and locking hoop and do not
affect the general dimensions. The gun is guided in recoil by two
flanges on the lower sida of the jacket. A lug on top near the for-
ward end of the jacket containinz a T-slot, holds the forward end of
the recoil cylinder.

A short hoop or clip is shrunk on the tube near the muz7le and has
on its under side two lugs which form guides for the gun on the
cradle. Provision has been made to prevent dust from entering be-
tween the surfaces of the guides and their bearing surfaces on' the
cradle. ]

The breech ring, which screws to the rear end of the jacket, forms
a housing for the breech block which slides up and down with the
action of a wedge. The ring carries at the top a lug to which the
hydraulic recoil cylinder is secured, and “at the bottom another to
which the two spring piston rods are attached.

The breech block is of the drop-block type and operates semi-
automatically, in that the breech closes automatically when a round
of ammunition is inserted. ¥t is opened by pulling back a handle on
the right side of the breech, which not only slides the breech block
out of place but operates the extractor, thus ejecting the empty car-
tridge case. When a round is inserted smartly into the breech, its
rim strikes against the lips of the extractor causing the mechanism to
close under the action of the closing spring. The cartridge primer is
fired from the left side of the carriage by a continuous-pull firing
mechanism. The firing pin is cocked and fired by one continuous
backward motion of the firing handle. :

The carriage is of the split-trail type which means that the trail is
made up of two halves, each being hinged to the axle near the wheels
and capable of being spread out at a wide angle or brought together
at the spade ends and locked for traveling. This feature permits
greater elevation and traverse than the ordinary type of trail and
reduces the necessity of shifting the trail when changes in deflection
of 50 mils or more are desired.

A seat is provided on each half of the trail, the one on the left for
the gunner who operates the sights, the traversing and angle of site
haridwheels, and fires the piece, and the one on the right for a can-
noneer who sets off the range and angle of site and operates the

breech mechanism.
(71)
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The recoil mechanism is of the hydro-spring variable recoil type
consisting of one hydraulic and two spring cylinders which comprise
the recoil and counterrecoil mechanisms. On account of the high
angles of elevation at which this-gun can be fired, it was necessary
to design a variable recoil system by means of which the length of
recoil of the gun would be automatically lessened, the higher the
muzzle is elevated. This is accomplished by means of a valve turn-
ing in the cylinder and shutting off or opening a number of holes,
proportional to the elevation, thus making the resistance to the
passage of the oil greater or less.

GUN AT MAXIMUM ELEVATION.

The angle of sight mechanism consists principally of a rocker
which is moved by two handwheels, one on each side of the gun.
Movement of the mechanism causes the gun, cradle, elevating mech-
anism, and sights to move also, they being connected to the rocker.
The handwheel on the left or gunner’s side is used when laying for
direct fire, or in other words, when site is set independent of range.
The angle of sight scale is graduated in mils. All settings on the
angle of sight scale are set off above or below the 300-mil graduation,
this being the normal setting when the axis of the bore and the
target are in the same horizontal plane.

The elevating mechanism used in setting the range is mounted on
therocker, and therefore independent of the angle of sight mechanism,
the gun and cradle only being moved upon operation of the hand-
wheel. The range scale is graduated in meters.

Band brakes are used on this carriage and are operated by a hand
lever in rear of the shield when in battery position and by a lever
from the axle seat'when in traveling position.
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‘The gunner and cannoneers are protected by the customary shields
and apron.

The sight used is of the model of 1916 type, which provides a sup-
port for the panoramic sight and the peep sight.

Wooden wheels, 56 inches in diameter, with steel hubs and tires, are
used, the tires being 3 inches in width. These wheels are interchange-
able with those of the caissons and limbers.

Fized ammunition is used in the 75-millimeter field guns and is made
up of either common shrapnel or common steel shell. Shrapnel
rounds are issued with the projectiles filled and fuzed; the shell
rounds are issued filled but not fuzed and contain an adapter with
booster charge.

The projectiles average in weight: Shrapnel, 16 pounds, fuzed;
shell, 12.3 pounds, fuzed. The components of one round are the
cartridge case with primer, powder charge, projectile, and fuze in
shrapnel, and adapter and booster in the shell. Weight of powder
charge is approximately 1.5 pounds.

CARRIAGE AND LIMBER IN TRAVELING POSITION.

A battery of 75-millimeter gun carriages, model of 1916, is accom-
panied by the following vehicles:
75-millimeter gun carriage limber, model of 1918.
75-millimeter gun caisson, model of 1918.
75-millimeter gun caisson limber, model of 1918.
Forge limber, model of 1902 MI1.
Store limber, model of 1902 M1.
Battery and store wagon, model of 1917.
Battery reel, model of 1917.1
Reel, model of 1909 M 1.
Cart, model of 1918.

The above gun carriage was originally the 3-inch gun carriage,
model of 1913, which was later called the 3-inch gun carriage, model
of 1916. The gun was afterwards modified to caliber 75 millimeters,
as was the 3.3-inch British, thereby permitting interchangeability of
ammunition with the French guns.

1 For horse batteries the battery reel, model of 1917, is issued. For motorized batteries the reel, model
of 1909 M1 with the cart, model of 1918, is issued in lieu of the battery reel, model of 1917.
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75-MILLIMETER GUN MATERIEL, MODEL OF 1916 MI.

There will soon be issued to the service a number of model 1916
~ 75-millimeter gun carriages, redesigned to mount a St. Chamond

hydropneumatic recoil mechanism in place of the hydrospring type,
and a standard 75-millimeter gun modified and fitted with a counter-
weight. The new matériel will be known as the 75-millimeter gun
matériel, model of 1916 MT.

The St. Chamond recoil mechanism as adopted for these carriages
was developed during the war in 1917 by Col. Rimailho, of the Freneh
Army. This mechanism, of the hydropneumatic type, is durable and
smooth in operation. The use of small cradle forgings was made
possible by the introduction of high pressures in the recuperator and
recoil cylinders. In order to hold these pressures, it was necessary
to develop suitable packing, and the success of this recoil system is
largely due to the design of these packings.

The St. Chamond recoil mechanism consists of three cylinders, the
middle one being the recoil eylinder, the right cylinder having an air
reservoir at its forward end, and an oil reservoir at its rear end; the
left cylinder, known as the recuperator cylinder, has at its forward
end an air space, and at its rear end a floating piston and regulator
for controlling the length of recoil.

The recoiling parts are held in battery by the reaction of the air on
the floating piston transmitted through the liquid against a leak-
tight recoil piston. In recoil the gun moves to the rear, carrying with -
it the recoil piston (middle cylinder). The energy of recoil is absorbed
by the throttling of the oil through a spring-controlled orifice in the
regulator valve.

An opening is provided between the recoil and the recuperator
cylinders to house the regulator valve. During recoil, the pressure in
the recoil cylinder opens the regulator yalve, the movement of which
is controlled by a helical spring and Belleville springs. - The oil pass-
ing through the orifice controlled by this valve moves the floating
_piston forward against the air pressure, thereby storing up energy to
return the gun from the recoiled position to its position in battery.
The valve in the counterrecoil arifice remains closed during recoil.

The throttling during recoil is controlled by the regulator valve
which consists of two parts, an upper stem and a lower valve stem.
The lower valve stem is seated on a circular seat at the entrance
channel to the valve. As the valve lifts, the throttling area becomes

(78)
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the vertical circumferential area between the valve and its seat. In
long recoil the movement of the valve is controlled by a spiral spring
which reacts on the lower valve stem. The upper stem rests in a valve
housing and. has Belleville springs reacting on the stem only. To
move the upper valve stem, the whole housing is lowered automatic-
ally by a cam operated by the elevation of the cradle. At short recoil,
the upper stem of the regulator is brought down by the cam until its
lower surface is in contact with the top surface of the lower valve
stem in order to control the throttling of the valve.

The regulator valve is closed during the counterrecoil movement.
The oil flow during eounterrecoil is different from that during recoil,
the counterrecoil flow path being through a small channel beginning
at the inside end of the buffer chamber in the recuperator cylinder
and finally emptying into the recoil cylinder. The throttling during
counterrecoil takes place through a constant orifice located at the
beginning of the counterrecoil channel. The tapering buffer rod on
the floating piston in the recuperator causes additional throttling
through the small annular area between the buffer chamber and buffer
rod of the floating piston, which brings the recoiling parts to rest
without shock.

183228—20——6



75-MILLIMETER GUN MATERIEL MODEL OF 1897 M1
(FRENCH).

The-French 75-millimeter field gun adopted for the service of the
United States dates back to 1897, when it was perfected by the
French Army.

The French model 1897 field gun has fired, on test, as high as 30
shots in a minute, and it is understood that the American model
1916 equaled this rate; likewise, a St. Chamond gun with interrupted
screw-type breech on the special St. Chamond recuperator. Apart
from the personnel service to the piece, the length of time which either
gun could maintain this rate of fire, or any other rapid rate of fire,
is perhaps not definitely determined. As to whether or not such
length of time would be limited by the heating of the gun or by the
heating of the recoil mechanism is likewise perhaps not definitely
determined.

Rapidity of firing is of vital importance, for it is self-evident that
under certain conditions a gun which can fire twice as many shots
per minute as some other gun is, for the moment, equivalent to two
guns of the second class. Rapidity of firing action is dependent
upon the arrangements involved for the sighting, maintaining of the
gun on its range, loading, firing, time of recoil and return of the gun
to battery position, opening of the breech, and ejection of the empty
cartridge case.

For artillery of position a great part of the enormous energy re-
quired to start the projectile on its way may be absorbed by a heavy
foundation furnished as a mounting for the piece. An efficient recoil
mechanism is, however, of vital importance in connection with light
artillery for field service, owing to the essentially light weight of the
carriage on which the gun is mounted, to permit of its ready mobility.

The recoil mechanism not only absorbs the greater part of the
recoil energy of the gun, but it returns the gun to the battery or fir-
ing position, and to be efficient it must be able to perform these two
functions quickly, smoothly, surely, and continuously. The word
“surely’” is used in the sense of firmly and without shock, and of
being reliable. The recoil mechanism not only takes up the recoil
but it forces the gun all the way back into battery, or to a position
within the variation which the design permits, under all conditions
of elevation and heating.

The general theory of hydropneumatic recoil mechanism is not
new. In its relation to light artillery its most notable exemplifica-
tion in battle has appeared in the Puteaux Arsenal type of the French
piece. Its virtues have been widely heralded and every effort has
been made to keep its construction secret. Its several parts were

(80)
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manufactured at different points in France and these were assem-
bled in a small room at the Puteaux Arsenal, and but few persons
were admitted to this room. In the agreement, to manufacture of
the complete recuperator in the United States, it was stipulated that
the greatest secrecy should be maintained with reference to its de-
sign, manufacture, and assembly.

There is a difference between land and naval warfare, in this
respect: In a duel between two large fighting ships of equal speed
to insure their remaining in contact, the one with the heavy, long-
range guns has the other at its mercy, as it'can destroy both its oppo-
nent’s base and at the same time its opponent’s personnel by sinking
the opponent ship. In a land battle, the fortifications may be re-
duced by the long-range gun, of heavy caliber, but it is the destruc-
tion or capture of personnel which brings a war to an issue and the
personnel may move to open country and open order, under which
conditions the heavy, long-range gun, which is expensive to construct,
slow and difficult to transport, expensive to fire, and withal short of
life, no longer has a great target on which its tremendous energy may
be concentrated.

Land warfare has clearly demonstrated that it is the killing and
disabling of personnel or the capture of enemy troops in large num-
bers which far outweighs the capture of cities or of terrain which
is nonproductive of raw material, in the forcing of an issue. This
75-millimeter gun was most eﬂectlve in the open-country fighting, in
the protection of troops and in working havoc among enemy troops
and bringing in prisoners by creeping barrage laid behind an enemy
formation.

Weights, dimensions, and ballistics.

(GANDEr SRS At MM SN R OV BT L ek millimeters. . 75
Total weight of gun and breech mechanism.................... ... pounds.. 1,015
‘Be@lllenbihioficane: SESREREE 3 34 e S g B T8 -inches.. 107.125

~ Rifling, uniform, right hand, 1 turn in 25.6 calibers.
Muzzle velocity:

Shelli(shoniiize)sd S -rds o i LAe T oatd S0t it feet per second.. 1,935

Shielis(lonegfiiz e tE e SE RN SSRs il e it D) e i do.... 1,930

Rl sy e REals 8 e A T S S A PR S pnt S dozhs S S LN
Maximum range: / :

Shell (short fuze) (Mark IVshell)............ ... ............. yards.. 8,640

Shiell’(Tong fuze) <. JL R Vosiv: 38 5 M ol e k] o dogsasi°:9,1350

ShrapDEll o= 8=k "R o v Ty % w A0 s do.... 7,440
Weight of complete round of ammunition:

Slivipigoell L5l 4 T e e e I ST AL pounds. . 16

SIS i M S W 5 o S TR . UL TRAE( olmhe 1253
Diameter of steel tired Wheels. . . . .......o..oeoooeee e inches. . 52.5
WG i e e A A T B TR e a8 < T do.... 59.68
Length of recoil of gun on carriage. . ............ ... ... ... ...... do.... 44.9
Height of axis of gun from ground. .................................. o0 40.4
Maximum angle of elevation..................... ... ... ..... degrees. . 19
Maximum angle of depression ..................................... rdos R 10
Total traverse of carrlat,e O AX @0 o cambenirein dn bl o e e s o qo#ss 6
Weight of the carriage, complete (without gun) .................... pounds.. 1,642

Weight of gun and carrxage fully equipped... v-Bicroedii@E ---do-... 2,657
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75-MILLIMETER GUN AND CARRIAGE, MODEL OF 1897, M1 (FRENCH).

The gun is of the built-up construction type, consisting mainly of
a steel tube reinforced at the breech end with a breech hoop and
covered in the central portion with a bronze jacket. The total
length from face of breech to muzzle is slightly less than nine feet.

The recoil lug under the breech carries the coupling key, which
connects the gun to the recoil mechanism. A safety pin operates
between the breechblock and the coupling key, so that it is impossible
to close the breech and fire the gun when it is not securely locked
to the recoil mechanism of the carriage.

On the underside of the gun are inclined bronze slides which are
in contact with similar slides on the recoil mechanism. Rollers
are also attached to the gun, and during recoil the gun first slides on
the inclined guides and then the rollers lift the weight off the slides,
the remainder of the travel being on the rollers. A pair of rollers
at the muzzle permit a long recoil with short guides by taking the
overhanging weight when the gun is at full recoil.

The breechblock is of the Nordenfeld type, eylindrical in shape and
threaded on the outside. It is opened or closed by the operating
handle from the right side of the gun by the same man who sets the
gun for range and fires the piece. Opening the breech’ automatically
actuates the extractor, which in turn ejects the empty cartridge case.
The round 6f ammunition is fired by a striker which is driven for-
ward by a spring-actuated hammer pulled by the lanyard.

The carriage is very compact and simple, consisting of a housing
around the axle, above which is the support for the cradle, and a
box section trail ending with the customary spade and lunette
Seats are provided for two men, the one sitting on the right side
operating the range scale mechanism, opening or closing the breech
and firing the piece; the man on the left sighting the gun and oper-
ating the angle of site and traversing mechanisms.

The reccil mechemism is of the hydropneumatie, long recoil type
and contains both recoil and counterrecoil mechanisms. A gage
plunger is located in the rear end of the cradle which, when flush,
indicates that more oil should be added until the plunger projects
about § inch. Oil may be added by forcing it through a valve in the
side of the cradle by a hand screw filler, or by means of a portable
battery pump clamped to the side of the trail and connected through
the trunnions to the interior of the cradle.

The recoil mechanism is housed inside of the cradle, through which
are bored an upper and lower cylinder, filled with Oleonapthe, able
to communicate together by means of a passage provided for that
purpose. The front part of the upper cylinder (in front of the
piston) is permitted to communicate freely with the air through a
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plug, but the forward end of the lower cylinder is closed and con-
tains compressed air at approximately 150 kilograms per square
centimeter (1,833.5 pounds per square inch).

In the upper cylinder a piston is permitted to move, the piston
rod, however, being secured to the gun. The lower cylinder is
fitted with a pipe, at the end of which is a circular ring, this pipe
being screwed in the rear part of the cylinder where the valves are
housed. A diaphragm equipped with a hollow rod, also a floating
piston fitted with a small rod, are incorporated in the lower cylinder.

During recoil the piston of the upper ecylinder compresses the
liquid, forecing it to pass through various valves, also openings
formed between the pipe and the hollow rod of the diaphragm. The
passing of the liquid through these different openings constitutes the

LEFT SIDE VIEW OF CARRIAGE.

braking, in so moving, the liquid opens the valves (which are widely
opened at the beginning of the recoil and gradually close in propor-
tion to the decrease of the speed of the recoil). At the same time,
the air in the lower cylinder is compressed by the action of the
liquid on the diaphragm. To return to battery at the end of the
recoil, the compressed air forces the diaphragm back. The liquid
thus compressed acts directly on the upper cylinder piston, causing
1t to return to its initial position.

The interior of the recoil mechanisn was maintained confidential
by the French Government before and during the war, and when its
manufacture was taken over by the Ordnance Department, agree-
ment was made to continue the secrecy of these parts. Very fine
adjustments arc made when the parts are assembled, and conse-
quently no repairs or adjustments are permitted to be made in the
field. The complete recoil -mechanism - must be sent to special
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repair depots. The recoil mechanism will funetion properly without
the operating personnel understanding the interior mechanism,

The angle of site mechanism consists of a handwheel and gears,
and provides for elevating or depressing a rocker 13 degrees with
reference to the trail. The rocker fits around the trunnions and
has a segment ‘of a gear which meshes with the elevating pinion.
To the rocker is secured an elevating serew and nut which connects
with the cradle. In setting the angle of site, the rocker is set in
motion, thereby moving the cradle and gun.

The range scale mechanism which operates the elevating screw
provides an elevation of 12 degrees to give the correct range and is
obtained by movement of the cradle in reference to the rocker.

The circular scale graduated in meters indicating ‘the range, is
mounted on the side of the cradle and through gearing is connected
to the elevating screw. A range rack is connected to the rocker
arm which is also graduated in meters. On ecarriages made in
America an extra strip is placed alongside the range rack and is
graduated in mils. The range scales are graduated up to 5,500
meters, but greater ranges can be obtained by burying the trail,
and thus giving higher angles of elevation. Interference of the
breech against the trail, however, limits the total possible elevation
obtainable by combination of the elevation due to the angle of site
and due to range to 19 degrees.

On this carriage azle traverse is used. A geared nut, held inside
of the axle housing, rotates around the axle which is threaded with
a coarse rectangular thread. Movement of this nut forces the
carriage to the right or left, pivoting around the spade, one wheel
advancing and the other backing up. Traverse is about three
degrees right and three degrees left.

A combination road brake and firing support is hung around the
axle, permitting the application of brake shoes against the tires
of the wheels when traveling, and the lowering of the framework to
the ground and mounting the wheels thereon, for firing. * This last
operation is called abatage, the three steps being indicated in the
following figures:

=T P T

POSITION | POSITION 2 POSITION 3

ABATAGE  POSITION

Wooden wheels, 1,334 millimeters (52.5 inches) diameter, are used,
and have steel tires 3.5 inches wide. These wheels are interchange-
able with the French limber wheels, but not with the American
limber or caissons: for.the 75-millimeter gun carriages.
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The customary shield and apron protects the gunners when
under fire. ‘

The angle of site mechanism is also called the independent line
of sight, because the range setting is independent of the setting of
the angle of sight, which is done by the angle of sight handwheel.

. The sight, model of 1901 (French), includes the collimating sight,
angle of site level, and angle of site scale. It is mounted on the
left side of the rocker, at the trunnions. It has no telescopic features
and, therefore, its range is limited. An auxiliary angle of site level
is furnished to replace the regular level and gives an additional 200 °
mils for use in the hilly or mountainous country.

Fized ammunition is used in this 75-millimeter field gun and 1s
made up with either common shrapnel or common steel shell.
Shrapnel rounds are issued with the projectiles filled and fuzed; the
shell rounds are issued filled but not fuzed, and contain an adapter
with booster charge. :

The projectiles average in weight: Shrapnel, 16 pounds, fuzed;
shell, 12.3 pounds, fuzed. The components of one round are the
cartridge case, with primer; the powder charge; projectile; and fuze,
in shrapnel; and adapter and booster in the shell.

75-MILLIMETER GUN MATERIEL, MODEL OF 1897M1 (FRENCH)

A battery of 75-millimeter gun carriages, model of 1897M1 (French)
is accompanied by the following vehicles: ;
75-millimeter gun and carriage, model of 1897M1.
75-millimeter gun carriage limber, model of 1918.
75-millimeter gun caisson, model of 1918.
75-millimeter gun caisson limber, model of 1918.
Battery and store wagon, model of 1917.
Forge limber, model of 1902M1.
Store limber, . model of 1902M1.
Battery reel, model of 1917.!
Reel, model of 1909M1.!
Cart, model of 1918.!
The gun and carriage are of the French design, and of both French
and American manufacture. The accompanying vehicles are all of
American design and manufacture.

t For horse batteries the battery reel, model of 1917, is issued. For motorized batteries, the reel, model
of 1909 M1, with the cart, model of 1918, is issued in lieu of the battery reel, model of 1917.



75-MILLIMETER GUN MATERIEL, MODEL OF 1917
(BRITISH).

The 75-millimeter gun, model of 1917 (British), was originallgr
known as the 18-pounder, but was modified by adapting it to the
75-millimeter caliber matériel. This weapon is equipped with cus-
tomary unit trail; the interference of the trail with the breech limits
the gun elevation. With the split trail, the breech can pass down
into the V formed by separating the two sections of the trail. The
theoretical elevation for obtaining maximum range under ideal bal-
listic conditions is 45° from the horizontal, and is actually some few

FRONT VIEW OF CARRIAGE.

degrees less than this. Increased range is sometimes obtained with
field guns whose normal elevation is limited by setting the axles or
wheels on raised surfaces, or by sinking the trail below the level of
the wheels, for the purpose of pointing the gun at an elevation higher
than the mechanical arrangement of the carriage permits. This is,
however, a subterfuge, limited in its practical application.

The American model 1916 split-trail carriage permits great eleva-
tion within the mechanism of the carriage and likewise a wide
traverse without changing the position of the trail. The recoil
mechanism on the 1916 model was adapted to the higher permissible
elevation of the gun, and was supplied with a variable recoil, auto-
matically adjusted to different elevations. The ability to outrange

(94)
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