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SECTION I 

I NTRODUCTION 
Paragraph 

Purpose------------------------- ------------- ---------- - --------------- 1 
Missions of the Coast Artillery Corps------------------ ------------------- 2 
Scope--------------------------.---------------------------------------- 3 

1. Purpose.-The purpose of this manual is to familiarize the 
Coast Artillery officer with the various types of weapons that are em- · 
ployed by the Coast Artillery Corps in carrying out the missions 
assigned it by the War Department. 

2. Missions of the Coast Artillery Corps.-The missions of the 
Coast Artillery Corps are the attack of enemy naval vessels by means 
of ar tillery fire and submarine mines, and the attack of enemy air
craft by means of fire from the ground. The Coast Artillery Corps 
includes all harbor defense artillery, all railway artillery, all anti
aircraft artillery, and all tractor-drawn artillery especially assigned 
for coast defense purposes. 
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3. Scope.-a. No attempt is made in this manual to achien~ a 
thorough teclrnica.l presentation of the entire field embraced by coast 
a.rtillery materiel. I t is designed to cover the gen.eml, principles of the 
,lesign and functioning of fixed and mobile seacoast weapons, railway 
artillery, nncl antiaircraft artillery weapons. 

b. For study, weapons haYe been subcfo·idecl into their principal 
parts. For instance, seacoast guns have been divided into

Cannon. 
Breech blocks. 
Firing mechanisms. 
Recoil nnd counter-recoil systems. 
Carriages, proper. 
Elevating and traversing mechanisms. 
Accessories, such as Waterbu ry speed genr, power rammers, 

etc. 
After a study of the principal parts, definite examples of each type of 
nrmament will be described. 

c. At the end of the sections on seacoast artillery and antiaircraft 
artillery (secs. VIII and X), tables I and II, respectively, are in
corporated giving the pertinent facts regarding each individual 
weapon, including-

Caliber, model, length, and weight of gun. 
Model, type, weight, and characteristics of carriage. 
Firing tables for different guns. 

d. It is believed that a study of this mnnual will give the officer 
a well-rounded general knowledge of the subject, which may be supple
mented by a study of more detailed publications denling with the 
nrmament to which the individual is assigned. 

e. No descript ion of position finding equipment has been given. 
This information may be found for seacoast artillery in FM 4-15 
and for antiaircraft artillery in FM 4-110. The subject of submarine 
mines is also omitted. 
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Paragraph 
History_- -- ------------________________ --___________ ------___ ____ _ __ __ __ 4 

Types--- -- ------------------------- ----------- ------------------------- ~ 
SubdiYiSion of the interio1·----------------------------------------------- 6 
Rifling_________________________________________________________________ 7 
1\lanufncture_____ ____________________________________________ __ ____ _____ 8 

Remon1ble liners ____ __ ________________ _ -------------- - ----------- ------- 9 
Support --- -------------------- ---------- --- ---- ------ - ----- ------ ---___ 10 
Subcaliber guns ______________________________ --- ------ -- -- - --- ---------- 11 

4. History.-a. A pictorial sununa.ry of the history of artillery is 
given in figure 1. At the lower right are illustrated the predecessors 
of the cannon, the rock throwing ballista and onager, employed in 
ancient times to batter holes in city walls. Next comes the early 
cannon tlwt followed the discovery of gunpowder. Finally, we hitve 
the modern designs, exemplified by the 155-mm gun and the 14-inch 

I 

railway gun. 
b. During the nineteenth century a number of very significant 

developments in the art of artillery design were made. One was the 
design of a practical breech loading cannon, and another ,--ras the 
use of rifled cannon. The effect of these advances on range can be 
seen in figure 1, where the Armstrong and the Whitworth cannons 
of British design had a maximum range of some 10,000 yards. Dur
ing this same period great strides were made in gun construction. 
The desire for great power led to the use of heavier powder charges 
which in turn demanded stronger cannon. I t was found by the 
costly method of trial and error that an increase in thickness of 
cannon wall did not give a corresponding increase in strength. Ex
amination of cannon developing enlarged bores due to overstress 
disclosed that the part of the cannon wall next to the bore always 
failed first, indicating that the inner part of the wall was failing 
before the outer part developed its full strength. An American, 
Parrott by name, first used the idea of shrinking on a jacket to 
strengthen the cannon, and so might be called the father of the 
modern built-up gun. Another American, Rodman, accomplished· a 
similar purpose by casting the cannon upon a hollow core, cooling the 
inner surface by a flow of water, so that each successive layer of 
metal was compressed by the shrinkage of outer layers. 

c. Passing on to the ,vorld War period, we find heavy mobile 
artillery in use in great numbers for the first time. Railway and 
tractor-drawn artillery weapons were developed in calibers up to 
42 cm. I t became commonplace to place fire on enemy lines of com-
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munication as far as 15 miles behind the front. Projectiles filled 
with chemical came into general use. 

d. Since the World War the development of better materiel has 
gone steadily on. Note in the lower part of figure 1 an improved 
155-mm gun with a range of 26,000 yards, as compared to the 17,400 
yards of its predecessor, and the improved railway gun of the Coast I 

Artillery Corps, a 14-inch cannon with a range of 47,000 yards. In j. 
the comparative graph in the upper haH of the same figure, note the 
range of the most powerful of American weapons, the 16-inch gun 
on barbette carriage. 

5. Types.-Cannon are divided into three types- the mortar, the 
howitzer, and the gun. A mortar is a short, stubby weapon operating 
between the elevations of 45° and 65°, using many different sizes of 
powder charge and a low muzzle velocity; a howitzer is a medium
length cannon operating between 0° and 65° of elevation, using a few 
different powder charges and employing a medium .muzzle velocity; 
a gun is a lo11g-barreled piece, utilizing elevations between 0° and 65°, 
a,nd a few-generally three-different sizes of powder charge and a 
high (2,200-2,700 f. s. ) muzzle velocity. In fact, a gun might today 
be called a long-barreled howitzer. 

The resemblance between the gun and the howitzer cnme about 
through the struggle to secure the last yard of range from artillery 
weapons during and after the ,vorlcl ,var, whkh raised the elevation 
of guns up to 45° and in addition gave the gun certain characteristics 
formerly possessed by the mortar and the howitzer only. Modern 
gun carriages for fixed mounts now permit fire at angles of eleva
tion up to 45°, 50°, or even 65°. In an effort to decrease erosion and 
lengthen the life of the gun, powder charges of differing weights 
were furnished. With the present-day gun, the battery commander 
ha.s a choice of most of the alternatives formerly possessed by the 
howitzer or mortar commander. To hit a certain point he may use 
a heavy powder charge and a lo,v angle of elevation, a medium 
powder charge and a medium angle of elevation, or a small powder 
charge and a high angle of elevation. Within the ranges covered by 
all powder charges, a battery commander shelling ships that are 
particularly vulnerable to high-angle fire will use the small powder 
charge; if against ships deficient in side armor, the heavy charge. 

Cannon are also classified as to caliber. Those 12 inches or more 
in caliber are called major-caliber weapons or primary armament ; 
those.of less than 12 inches in caliber are called minor-caliber weiipons 
or. seoondary armament . 

.. • .• . 
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6. Subdivision of the interior.-As shown in figure 2, the in
terior of the bore of a cannon is subdivided into six parts. Starting 
from the breech ( left to right) these are as follows : 

The breech recess, which is the space designed to receive the screw 
box in which the breechblock turns. Next comes the gas check seat, 
which is a portion of the bore especially finished to fit the gas check 
pad and split rings, and with them to provide a gastight seal. Then 
the powder chamber, made slightly larger than the bore itself in order 
to attain greater volume in shorter length. When the gun is loaded 
with full charge, the chamber is almost full of powder. Forward of 
the powder chamber is the centering slope. As its name indicates, it 
is a gradual contraction of the bore designed to lift the projectile from 
the level of the powder chamber floor and center it in the main bore. 
The forcing cone is made by cutting away the rifling at the rear of 
the main bore. It assists in centering the projectile in the bore, and 

........___ 

~ I ' 
'<:: ") lt ~ i I J 
~ ~ ~~,. ti "\, ~~ ~l A11/n Bo,., 
~~ Cl,oml,v, ~~ ~\J ~, ~") y \'lL l I J I 

/ 
F rcunu 2.- Subdi\'lslon ot tbe interior of a cannon. 

provides a surface on which the rotating band may gradually stop 
the forward motion of the shell when it is rammed. Here is one of 
the points of greatest wear in a high-velocity gun. The sixth part, 
the main bore, is rifled throughout, and extends from the forcing 
cone to the muzzle. It is in this portion of the cannon that the 
projectile is accelerated up to muzzle velocity and is given its rota
tional velocity. 

7. Rifling.-a. When oblong projectiles are fired from a smooth
bore wea.pon they turn end over end in flight and have a dispersion 
many times that of shells fired from a rifled gun. Rifling is used to 
impart a rotary motion to the projectile to keep it head foremost in 
flight. The number of revolutions per minute (r. p. m.) necessary to 
accomplish this result is a definite value, depending on the projectilo 
and the muzzle velocity used; the higher the muzzle velocity and the 
longer the shell (with reference to its diameter) the greater the 
r . p. m. required. On some of our smaller high-velocity weapons, 
speeds approaching 20,000 r. p. m. are necessary. 

b. Rifling steepness is designated as "one turn in 25 calibers" or 
"one turn in 40 calibers." Thus, for a 12-inch gun, one t urn in 25 
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calibers means one turn in 25 feet of gun length. Mani:festly, the one 
turn in 25 calibers is the steeper rifling. Rifling design has become 
standardized so that most modern cannon are rifled with uniform 
twist, somewhere between one turn in 30 calibers and one turn in 40 
calibers. The effect of rifling steepness on land pressure is shown 
in figure 3. 

~ 240000,----,...-~--,.~~--,---"""'T'"~---.---...,....,.---,~-,--~~-:-r--=---r--~ 
z 
ct 
~200000 t--~-~-1;~c:::;;..-::i::;,-iiE::t:--..;...;.,..w.6~=rzi%:2ii.i~~~~~~:r1 
z 
O l60000.----4-~~~--':l,c.+,---+---¥"~~-+----+----+--~+---i 
l&J 

~ 120000.----4--,~i:...+-+---+---+~--+-~~-t--__;:3f,o,ii;e.i.....,..-t--~+---i 
fl) 
fl) 

~ 80000 ______ .__,f'-'t--~:---,'f----t----+----t----t----t----+---4 

Q. 

~ 40 ooo .... 
0 ... 0 

0 s 10 15 20 25 30 35 

TRAVEL IN CALIBERS 
FIGUREJ 3.- Yariation of land pressure with rifling. 

Several different profiles of lands and grooves were tried, and at 
present the rib rifling, with equal widths of land and groove, is 
generally used. ( See fig. 4.) 

,\~ 

HOOK RIFLING 

~ 
OLD STYLE RIB RIFLING 

MODERN RIB RIFLING 

FIGURE 4.-Modern rib rifling. 

ANY POINT IN WALL 

_......------.._ TANGENTIAL STRESS (2) 
RADIAL PRESSURE ( I) 

POWDER PRESSURE 

1r1ouni;; Ci.-Stresses in cannon walls. 

8. Man ufacture.-a. ( 1) If we take a cross-section of a cannon 
( fig. 5) and imagine a powder pressure acting at right angles to the 
bore, we find that there are two stresses set up. One is a radial 
compressive stress, acting outward (1). The other, and the greater 
test of the strength of the cannon, is the tangential stress (2)-a 
tension tending to rupture the walls of the gun. There is also a 
longitudinal stress tending to elongate the cannon. 
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(2) If it were practical to manufacture tl~e theoretically ideal 
cannon, it would be made of an infinite number of very thin cylin· 
ders, each shrunk on over the next smaller, and each exerting a 
compression on the smaller cylinder. Every one 6:£ these layers 
would be under :full working stress, each doing its :full part in carry
ing the load. Such a cannon wall is much stronger than a solid 
wall o:£ the same thickness. 

b. Difficulties o:£ manufacture render it. impractical to make a gun 
o:£ this kind, but all of the usual processes of gun manufacture try to 

B TUBE 

A~--' ~-----' 
JACKET 

BIL 

,[IC;:: 
F1Guai,; 6.- 0rder of assembly, built-up cannon, 16-inch howitzer, Ml920. 

reproduce these conditions as closely as ·possible. In order of their 
appearance, the four processes of gun manufacture are the-

(1) Built-up process. 
(2) Wire-wrapping process. 
(3) Cold-working ( or auto-frettage-or radially expanding) 

process. 
( 4) Centrifugal-casting process (plus cold ,vorking afterward). 
c. In the built-up process, the outer tube ( or B tube) is first 

machined to its finished dimensions as shown in A, figure 6. On top 
of this is shrunk the jacket and the A hoop, as illustrated in B and 
C. On the outside of it all is shrunk the B hoop (D) which gives 
added strength over the powder chamber, makes the whole unit more 
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rigid, and by its weight brings the center of gravity of the cannon 
farther to the rear. The gun is now complete except for the inner 
( or A) tube containing the rifling. To insert this the cannon is 
heated, the cold A tube is lowered into place, and the whole unit 
cooled progressively from the breech forward by means of water jets, 
thereby progressively shrinking the rest of the cannon on the A 
tube (E, fig. 6). In this cannon there are only three cylinders at 
the muzzle and four at the breech in place of the infinite number in 
the perfect gun. It represents · the best compromise between theory 
in design and practice in manufacture. 

B TUBE 

A =/WUhOW 
_227ZZZ.2.,2L2222 

JACKET 

WIRE 

A TUBE 

FIGURE 7.-0rder of assembly, wire-wrapped cannon, 16-inch gun , M1919. 

d. (1) In the wire-wrapping process, we start with the B tube as 
shown in A, figure 7. Over this may or may not be shrunk a jacket, 
depending on the design of the gun. Over the B tube the winding 
ma~hine starts winding wire, which is square in cross-section and 
about 1/io inch on a side. As the wire is wound at constant tension 
more layers of wire are wound over the powder chamber than over the 
rest of the bore in order to secure greater initial compression over this 
section. It may be well to point out that the wire is fulfilling the 
same function here as do the shrunk-on hoops and jackets in the 
built-up process. 
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(2) As it is possible to manufacture wire with an ultimate strength 
of 200,000 pounds per square inch, the wire-wound gun represents 
the lightest major caliber gun today. However, the wire-wound gun 
has less longitudinal rigidity and consequently more droop than the 
built-up type. In addition, the cannon is much more difficult to reline. 
Our Navy uses the built-up gun, and it is unlikely that any more 
major caliber wire-wound guns will be built by the Army. 

e. (1) The cold-working process (also known as the auto-frettage 
or the radially expanded process) reached a state of usable develop- · 
ment during the World War. So far in this country it has been 
applfod to one-piece guns up to 6-inch or 155-mm caliber, and to 8-inch 

A:-GUN -MADE IN ONE PIECE 

8- HYDRAULIC . CONTAINER 
INTERIOR SHAPED AS EXTERIOR OF GUN 

PLACED IN HYDRAULIC OONVIINER 

~~II 
0-GUN AFTER PRESSURE HAS BEEN APPLIED 

OIL PUMPEO IN 

UNDER HIGH PRE i--,~.,.·--------...1 SURE~!z:z:z::z::z:l=!.Y 

SOURCE OF 
HYDRAULIC 
PRESSURE 

F rnunID 8.-Cold-work process ( conta.ine1.· method). 

Navy guns of two-piece construction. In this method of manufacture· 
we start with the full size cannon in one piece, with a bore of smalle:r.· 
diameter than finally desired ( A, fig. 8). The cannon is placed in a 
container (B) leaving a space between cannon and container, as 
shown in C. Hydraulic pressure is applied to the bore by the intensi
fier ( a source of hydraulic pressure) as shown in D, figure 8. If the 
normal powder pressure for the cannon is 40,000 pounds per squa1·e 
inch, a hydraulic pressure of some 60,000 pounds or more per square 
inch would be applied. The real function of this hydraulic pressure 
is to stress the inner fibers of the cannon way beyond their elastic 
limit. The other fibe.;rs of the gun are stressed in proportion to their .. 
distance from the bore. When the pressure is released, the gun tends 
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to assume its former size, but having been overstressed, the bore re
mains larger than it was before the pressure was applied. As the 
inner fibers were stressed or cold-worked beyond their elastic limit, 
their ultimate strength has been increased. In addition, the inner 
fibers (which have been deformed the most) have been placed under 
initial compression by the outer fibers. We have then the closest ap
proach to our theoretically perfect gun-all in one piece. The process 
is sometimes repeated several times, with a final mild heat treatment 
to equalize internal stresses. After the cold working is complete, the 
gun is machined to its final dimensions and rifled as in the other 
processes. 

(2) In producing a.n 8-inch cold-worked gun, the Navy found 
difficulty in getting perfect forgings of sufficient size. This difficulty 
was overcome by making the gun in two pieces, tube and jacket, 

EMPTY CASTING MACHINE 

FULL CASTING MACHINE 

~tE :1 
Fioua•: 9.-Cent.-Ifugal ca$tlng. 

treating each part by hydraulic pressure separately and then shrink
ing the jacket over the tube. 

(3) This process affords considerable saving in the weight of the 
finished gun. For instance, the 8-inch naval gun built by the auto
frettage process weighs 14 tons less than a built-up gun of the same 
size and strength. In addition, the hydraulic pressure tests the gun 
at a pressure at least 150 percent of that of normal firing, thus weed
ing out all defective cannon. 

i'. (1) In the effort to improve the technique of gun manufacture, 
there was evolved the idea of casting guns centrifugally, as cast-iron 
pipe had been cast for years. There were many difficulties to over
come, but at the present time many of our minor caliber guns are 
being manufactured by this process. 

In the ordinary method of gun manufacture, a solid ingot is forged 
(hammered and/or squeezed) to a shape roughly approximating 
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the finished product. Then the rough forging is placed on a lathe, 
is machined on the outside, and has a hole bored on the inside. This 
process is costly in both time and money, and the centrifugal casting 
process saves considerably on both. 

(2) Briefly, the casting machine is much like those used in pro
ducing cast-iron pipe as shown in figure 9. While the cylindrical 
mold is rotated at high speed, molten steel is poured in one end. 
Acting as any liquid would under centrifugal force, the molten 
metal hugs the surface of the mold, forming a hollow cylinder of 
molten metal. During the cooling process, and while the mold is 
kept spinning, two important effects of centrifugal force on the 
molten metal take place. First, high outward pressure engendered 
in the metal by centrifugal force prevents the formation of blow 
holes, cracks, and other defects during cooling, and forces impurities 

·C: : 
B 

{~ 

GUN WITHOUT LINER 
ISMOOiN IOftt) 

REMOVABLE LINER 
c,u,uo) 

GUN WITH RIFLED LINER INSERTED 

li'Iouni-: 10.--Col<l-worked gun with remontble liner, 3-inch, caliber .GO AA gun. 

to the inner surface of the casting. Second, the same outward pres
sure produces a desirable graduation in the metallic structure of 
the casting, making it hard inside ( at the bore) to resist wear, and 
ductile outside (next to the mold) to give great strength and elas
ticity. After cooling, the casting is ready for the slight machining 
work required and for further handling by the cold-working process. 

9. Removable liners.-a. Normally, the tube containing the 
rifling wears out sooner than the rest of the cannon. When the 
rifling has become so worn as to interfere seriously with the accuracy 
of fire, the cannon is generally dismounted and sent back to an 
arsenal for retubing. To save the time and money that this costs, 
the removable liner was developed. In this process of gtm manufac
ture, the gun proper is made in the conventional manner, with a 
large, smooth bore, approximately 4 inches in diameter for a 3-inch 
gun ( A, fig. 10). This gun is cold-worked in the usual manner. 
From another piece of steel a cylindrical steel liner is manufac-
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tured, having conventional rifling on the inside, and a very smooth 
finish on the outside (B). To form a complete cannon, the liner is 
inserted in the gun proper as shown in C. Between the inside of the 
gun and the outside of the liner a very small clearance is allowed, 
so that as the liner expands with powder pressure it presses against 
the gun making the gun structure carry a large part of the load. 

1748 
TRUNNIONS CAST INTEGRAL WITH THE CANNON 

B 

SEPARATE TRUNNION HOOPS 

c =.j=)·--r@ 
SPLINES 

SPLINES FASTENED TO CANNON 

D 

a~~TJ.f"" 
TRU:NION ~N Cg 

CRADLE WITH SLOTS FOR SPLINES 

E 

COMPLETED GUN 

Frnurrn 11.-Evolution of cannon supports. 

b. Although not limited to any particular cannon, the removable 
liner has found its most valuable application in the construction 
of antiaircraft guns. Due to high muzzle velocity and continuous 
rapid fire, antiaircraft guns wear out quickly. For guns so equipped, 
the replacement of a liner is a matter of an hour's work by troops 
in the field instead of a. trip back to the arsenal. 

12 
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Recently, it has been £ow1d almost as cheap to build a complete 
3-inch gun by the centrifugal casting process as it had been to 
build a liner. The la.test idea· for minor caliber weapons is to ha.ve 
a one-piece, centrifugally cast, cold-worked gun, replaceable by bat
tery personnel in the field. 

10. Support.-a. Early in the development of artillery, it became 
desirable to be able to alter the range of cannon by changing the 
elevation. Pivoting the gun on trunnions proved to be the best 
method of obtaining this change in elevation, and trunni(?ns are 
used in one form or another on practically all cannon today. In 
the old cast cannon, the trunnions were cast integrally with the 
weapon as shown in A., figure 11. The later steel built-up gun had 
a trunnion band (with integral cylindrical trunnions) shrunk on at 
the center of gravity of the weapon (B, fig. 11). 

F IGURE 12.- 2.95-ln~b (18-pounder) subcaliber tube. 

a. Wedge. 
b. Clamp screw. 
c. Renr adap ter . 
d. T1.1be. 

e. Fron t adapter. 
f. Tube walls of the large gun. 

g, Breechblock mushroom head. 
11. Clearance of cartridge case base. 

b. In the present type of support there are no trunnions on the 
cannon itself. Instead, long splines parallel to the axis of the bore 
are fastened to the gun ( C, fig. 11) . These splines fit corresponding 
sJots in a cradle (D, fig. 11), allowing the gun to recoil and counter
recoil, but preventing it from rotating to the left as a reaction to the 
rotation of the projectile to the right. On the outside of the cradle 
are mounted trunnions, permitting the gun and cradle to be laid in 
elevation (E, fig. 11). Some variation of this method is used on most 
guns today as it permits recoil to take place parallel to the axis of 
the bore regardless of the elevation of the cannon. Trunnions are 
generally located at or near the center of gravity of the cannon, so 
that the gun will be "muzzle light" when loaded ( to facilitate ele
vating) and "muzzle heavy" after firing, when it is desired to depress 
the piece. 

18 
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11. Subcaliber guns.-a. To familiarize the personnel with the 
operation of guns and carriages by actually firing without the ex
pense attendant upon the use of regular ammunition, smaller guns 
are provided. These guns are called subcaliber tubes when mounted 
in the bore of the larger gun, and subcaliber guns when mounted on 
the outside and above the large gun. 

b. There are two sizes of subcaliber tubes to accommodate the dif
ferent classes of weapons. Both are mounted in the bore of the 
larger gun and are similar in principle. They are the 37-mm (1.457-
inch) caliber firing 1-poun<;ler fixed ammunition for use in guns, and 
the 75-mm (2.95-inch) caliber firing 18-pounder fixed ammunition 
for use in mortars. 

These subcaliber tubes have no recoil system but bear directly 
against the breechblock of the larger cannon, transmitting the forces 
of recoil to the parent gun. The mortars employ the larger sub
caliber shell because the splasli from high-angle fire is much smaller 
than that made by low-angle fire, and the 1-pounder splash would be 
invisible. 

c. There are two sizes of subcaliber guns, mounted on the outside of 
the larger guns, in use. They are the 37-mm for use on the 155-mm 
G. P. F., and the 75-mm for use on guns mounted on the 12-inch 
barbette carriage, :M:1917, and the 16-inch barbette carriage, :M:1919. 
These guns are complete in themselves. They are mounted above 
the guns with which used by means of bands and brackets. 

d. The fixed ammunition used with subcaliber tubes contains an 
igniting primer which is set off by the flames of the normal primer. 
The fixed ammunition for subcaliber guns uses percussion primers. 

SECTION III 

BREECHBLOCKS 
Paragraph 

Ob turn tion--- ----------------- - --____________________________ - -- - _ _ ____ 12 
Slotted screw breecbblocks____________________ __ ___ _____________ __ __ __ __ 13 

Drop block for antiaircraft guns--- --- --- ------------- --- -------- -------- 14 
Pressure gages--- ---------- - ---- _---··-- --------------------- ----------- 15 

12. Obturation.-a. Muzzle-loading cannon continued in use for 
a long time after the advantages of breech loading were realized, 
because no effective means of preventing the escape of gases to the 
rear ( obturation) had been devised. When means were found for 
accomplishing effective obturation, muzzle loaders became obsolete. 

b. Two general means of obturation are in use today. One is that 
used by the shoulder rifle or shotgun in which a brass case containing 

14 
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the powder expands under pressure, sealing the chamber and pre
venting the escape of powder gases to the rear. ( See fig. 13.) With 
this brass case system of obturation a simple form of wedge breech
block is used, its only function being to hold the brass case in place 
against the pressure of the powder. This system is used in our 
3-inch antiaircraft gun. This type is used by the Germans at the 

@jLOCK @(=' 
OPEN REAR VIEWS CLOSED 

SIDE VIEW 

FIGURE 13.-Wedge breechblock. 

present time; the 4.2-cm Krupp howitzer and the long-range gun 
used it during the World War. 

c. DeB ange system.-( 1) In most countries a system of obturation 
invented by a Frenchman, DeBange, is used. This system, illustrated 
in figure 14, makes use of a plastic gas check pad and two triangular 
split rings to provide a seal for the breech. When not under powder 

Seal 

A. NORM AL 8. UNDER POWDER PRESSURE 

FIGURE 14.- DeBange obturator. 

pressure, the system looks as in A, with the split rings making light 
contact with the gas check seat of the gun and allowing the free 
closing of the breechblock. When the piece is fired, the gas pressure 
against the mushroom head compresses the plastic gas check pad, 
which expands radially, pressing against the split rings, expanding 
them, and causing them to make a gas-tight seal. · After firing, with 

15 



TM 4-210 
12-13 C9AST ARTILLERY CORPS 

pressure removed, the plastic pad returns to its original shape, the 
split rings contract to normal shape and size, and the breechblock is 
free to open. Sometimes after several rounds there is a tendency 
for the gas check pad to stick, making the first movement of opening 
the breech difficult. 

(2) The gas check pad, split rings, and mushroom head do not 
rotate with the breechblock during closing or opening, but the breech
block proper rotates about the spindle-mushroom head assembly as 
an axle. In actual practice there is i1Jways a small split ring around 
the spindle to prevent the escape of gas check pad composition at 
this point, and a filling-in disk which forms a bearing between the 
pad which is stationary and the block which rotates. 

13. Slotted screw breechblocks.-a. ·with DeBange obturation. 
some variety of slotted screw breechblock is always used. The block 
may be straight (A, fig. 15), tapered (B), or ogiva1 (C), in section. 

A-Straight B- Tapered C- Ogival 
FIGun•; 15.-Cro~s sections of slotted sere"· brcecbblock~. 

In our services the slotted screw type of stmight section is used on 
most of our camion employing separate loading ammunition. 

b. Method of threading.-In the plain type of block there is an 
equal number of slotted and threaded sectors as shown in A, figure 
16. In this type only half of the circumference (180°) is threaded. 
ln the Welin block (B, fig. 16) there are three threaded sectors to 
one slotted sector. I t may thus be seen that when the ordinary 
breechblock is completely closed, one-half of the circumference is 
meshed with the corresponding threads in the breech recess, whereas, 
under the same circumstances, with the "\i\T elin type of breechblock, 
three-fourths of the circumference is meshed. This means that with 
the Welin system the block can be made of smaller diameter, shorter, 
and lighter than an old type plain block of equivalent strength. 

c. Types.-Slotted screw breechblocks may be classified according 
to their mechanisms into two types- the tray-supported ( or three
cycle) type and the carrier-supported ( or two-cycle) type. 

16 
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(1) The tray-supported type of breech mechanism (fig. 19) must 
accomplish three motions in closing or opening the block. Starting 
from a closed position the mechanism must-

( a) Rotate the block until the slotted sectors are disengaged from 
the threaded sectors. 

(b) Translate the block to the rear out of the breech recess on to 
a tray. 

(c) Swing the block and tray out of the breech recess, leaving the 
breech completely free for loading. 
When the block is locked in the closed position there is no mechanical 
connection between the bl0ck and the tray. The sole purpose of the 
tray is to support the block when it is in the withdrawn position. 

(2) In the carrier-supported type, the opening or closing is ac
complished in two cycles. (See fig. 17.) The mechanism must-

( a) Rotate the block until the threads are disengaged. 

A- Plain B-Welin 
FIGURE 16.-Screw type breechl>locks. 

( b) Swing the block out of the breech recess and clear of the 
breech. 

In this type the block is supported by a carrier, which together 
with the spindle forms an assembly around which the block itself 
rotates, as a wheel around an axle. Formerly this type of support 
was found only on small caliber rapid-fire guns, but modern design 
has incorporated this principle in blocks of the largest caliber. 
Blocks using this principle must be specially shaped so that they 
will clear the breech recess during the swing cycle. They must neces
sarily be short compared with their diameter, and must have milled
out areas in the slotted sectors of both the block and the breech 
recess to permit free movement into and out of the breech recess. 

(3) The tray-supported type includes most of the older major
caliber blocks of conventional design, while the carrier-supported 
blocks include the lever-pull types for minor caliber armament and 
the down-swinging blocks for the latest major-caliber guns. 

204281 °-40-----2 17 
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d. Lever-pu}), type.-On guns of 6-inch and 155-mm caliber, the 
lever-pull type of breech mechanism is used (fig. 18), which is a 
carrier-supported design. In this type of breech mechanism, the 
operation of rotating and translating the block and carrying it clear 
of the breech recess is accomplished by lL continuous pull on the 
operating-lever handle. Several differing mechanisms will be en
countered in the service, all employing the same general idea. F igure 
17 is a rough sketch of the mechanism pertaining to the opening and 
closing of the breech on a, 155-mm gun. The block is shown inserted 
in the breech to illustrate the manner in which the block and breech 

FIGURE 17.-Lever-pull breech mechanism, 155-mm gun. 

a. Rotating rack. 
b. Operating lug. 
c. Operating lever. 
d. Hinge pin. 

~- Block carrier plate. 
t. Operating bnndle. 
g. Breechblock. 
h. Breech ring. 

recess are beveled to permit the swing of the block entering and 
leaving. Considering the breech to be closed, the operating handle 
(f) is grnsped and pulled to the rear and right. The first motion 
of the operating lever (c) causes the lug to pull the rotating rack (a) 
to the right. The teeth of the rack mesh with teeth on the breech
block and this movement turns the breechblock, disengaging the 
threaded sectors. F urther movement of the operating handle swings 
the canier plate and block sideways to the open position, where it 
is locked open by a latch. When closing, this latch is released by a 
downward pressure on the operating handle, and the reverse oper
ation takes place as the operating lever is thrown to the left and in 

18 



WEAPONS AND MATERIEL 

FIGURE 18.-Lever -pull breech mechanism, 6-inch gun, M1900. 

TM 4-210 
13 

a. Hinge pin. d. Bevel rack. g. Operating lever. 
b. Block carrier. 
c. Gea t· segment. 

iltl:VOL\lllolC CIIAHlt t.OClt. 

RCVOLVING CRANK. 

TRAN6LATINC 
CRANK. 

e. Bevel pinion. 
f. Operating handle. 

h . Lever pin. 
k . Breechblock. 

.JACKCT. 

F IGURE 19.-Diagram translating roller mechanism. 
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against the breech face. In order to facilitate opening and closing 
the breech on this gun when the gun is elevated, an additional 
mechanism called the counterbalence is used. (See fig. 89.) 

e. Tr~lating 1·oller type.-On older guns of 8-inch caliber and 
larger, the translating roller type of mechanism (tray-supported) has 
proved reliable. I t is at a disadvantage with regard to later types j 
of mechanism in that two cranks are used, making the operation of 
opening or closing the block more complicated than in the Stockett 
or single crank type. As shown in figure 19, one crank is used to 

FrounF. 20.-Diagram, Stockett mechanism. 

A. Tray latch catch. K. ('rnnk handle. T. Tray. 
B. Brecchblock. L. Tray latch. TR. '.l'ranslatlng rack. 

CG. Compound gear. M. Worm wbeel. V. !"afety bar. 
D. Worm. OS. TraylatchopHattngstud. W. Opcrntlng shaft. 

GG. Grooves. RL . Rotating Jug. LB. Locking bolt. 
HP. Hinge pin. S. La tcb spring. 

rotate the breechblock within the breech recess in order to engage or 
disengage the screw threads, while the other translates the block in 
or out of the tray recess. Let us follow the block through the opera
tion of opening. With the breech closed, the first operation is to 
rotate the block to the disengaged position using the upper (revolv
ing) cra.nk. With the block now free from the screw threads, it is 
brought directly to the rear by means of the lower (translating) 
crank. ·when completely out of the breech recess and supported in 
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the tray, the block and tray are swung clear by hand power. To 
close, the block is swung opposite the breech recess by hand, trans
lated straight ahead from the tray into the recess by the translating 
crank, and rotated to its final position by the revolving crank. 

f. Stockett breech mechanism.-A later development was the 
Stockett breechblock which is another tray-supported block. In this 
mechanism all operations, rotating, translating, and swinging, are 
performed by one crank. Referring to figure 20, the block is opened 
by turning crank (K). The first motion is transmitted through the 
worm gear to the rotating lug (RL) which rotates the block the 
necessary one-twelfth turn. Further movement of crank (K) causes 
the compound gear (CG) to engage the translating rack (TR), slid-

Fmuni:: 21.-16-inch breech mechanism, Mk. III. 

ing the block to the rear onto the tray (T). The further action of 
the compound gear on the last teeth of translating rack (TR) causes 
the tray to swing to the right, carrying the block clear of the breech. 
In recent mechanisms of this type there has been added a locking 
device which prevents the rotation of the block by the pressure of the 
powder gases. 

g. Power operated car1ier supported blool~.-(1) This is the latest 
type of breech mechanism for major-caliber guns and is carrier 
supported. I n this block as in the lever-pull type there is no trans
lation-only rotation and swinging. Referring to figure 21, it is 
seen that the block is mounted.on the upper end of the canier. The 
carrier is pivoted at its lower end and swings in the vertical plane 

21 



t5 I _ _J d (Z. ' -- ~_JI 1-J II.. I I 

FIGURE 22.-Breech mechanism, 3-inch AA gun, M1917. 

a. Recoil piston rod l'ecess. 
b. Recuperator piston l'Ods recesses. 
c. Operating cam. 
d. Operating handle. 
e. Face plate. 
t'. Breechblock. 

g. Recoil band. 
h. Triggel' shaft lever. 
k. Handle latch. 
m. Chain terminal. 
n. Closing chain. 
p. Closing spring case. 

I ' l '~ 

q. Closing spring. 
r . P iston r od. 
s. Operating crank. 
t. Operating lever. 
u . Operating .lever clutch. 
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m contrast to the other blocks which all swing in the horizontal 
plane. Closing is by power furnished by compressed air acting 
against a piston. When air is admitted to the cylinder (1) behind 
the piston. (2) it forces the piston outwa,rd, pivoting the carrier (3) 
around its lower end, and carrying the ureechblock ( 4) into the 
breech recess. As the breechblock enters the recess two cam rollers 
(5) on the block engage two corresponding cams (c) on the breech, 
rotating the block the amount necessary to close it completely. The 

OPERA TING LEVl!B 

EXTRACTORS 
CI..C)Ctt R.\ts61> 

OPERATING ARM-----' 

OP!RATING CRANK-------' 

EXTRACTORS 

FIGUHE :!3.-Breechblock nod operating lever, 3-inch AA gun, M1917. 

block is opened by hand by pulling on the operating lever ( 6). This 
rotates the block and frees it from the breech recess, after which it is 
pulled down against the hydraulic buffers (7). In case of failure 
of the air supply the block can be operated entirely by hand power. 

(2) In the older tray-supported blocks, the pressure on the gas 
check pad must be adjusted each time the block is assembled by 
means of a large nut (spindle nut) on the end of the spindle. On 
the newer carrier-supported blocks there is no adjustment and this 
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pressure is supplied by a spring which insures an even uniform 
pressure at all times. I n addition, it is common practice to key 
the spindles on carrier-supported blocks to the carrier, so that the 
spindle and mushroom head cannot rotate in reference to the carrier. 

14. Drop block for antiaircraft g uns.-a. The primary require
ment for this type of gun is rapid operation, so the block is designed 
for automatic opening and closing. This type of block is called 
"semiautomatic" because some of the operations of loading and ex
tracting are performed by hand and some mechanically. A general 
view of the mechanism is given in figure 22. The block and operating 
lever are shown in figure 23. The block itself slides up and down un
der the action of the operating arm in grooves cut in the breech 
recess of the gun. The front edge of the upper part of the block 
is beveled so that a cartridge not fully seated by hand is pushed 

A: BREECH OPEN B: CARTRIDGE CASE ABOUT c, CARTRIDGE IN PLACE 
TO STRIKE EXTRACTOR AND BREECHBLOCK CLOSED· 
THUS TRIP BREECHBLOCK 

F1Cu1rn 2:3.- Automatic closing of A.A breechblock. 

home by the rising block. The block is opened and closed by the 
operating arm moving up and down in the T-slot cut in the block. 

b. The automatic breech opening mechanism is shown in figure 24. 
In A we see the system at rest, with the operating crank (connected 
,,,ith breechblock) on the gun and the operating cam mounted on a 
frame which is part of the carriage. As the gun recoils (B) the 
crank slides under the cam and nothing changes. During counter
recoil (C) the cam strikes the crank, rotates it, and opens the breech
block. In addition, as the crank rotates it stores energy, for closing 
the block, in a coil spring. 

c. The automatic closing mechanism is illustrated in figure 25. As 
the cartridge is loaded, its rim strikes the extractor, as in B. This 
trips the closing mechanism and automatically closes the breech, as 
in C. The power for closing the breechblock is furnished by a spring 
which stores part of the energy of counterrecoil for this purpose. 
When desired the clutch may be engaged and the breechblock operatetl 
by hand. 
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d. The breechblock for the 105-mm antiaircraft gw1 (fig. 26) 
operates on the same principle as that previously described for the 
3-inch gun. 

15. P ressure gages.-a. Pressure gages for most cannon using 
separate loading ammunition are mounted in receptacles provided for 
them on the mushroom head. The two large nuts on the mushroom 
head are dummy pressure plugs. When the cannon is to be fired 
these dummies are removed and similar devices contiLining the real J 

pressure gages are installed. 

F1Gum; :W.- 105-mm AA breecbblock. 

b. The pressul'e gage consists essentially of a copper cylinder suit
ably mounted. When this cylinder is subjected to the powder pres
sure it is deformed in proportion to the pressure exerted. By 
measuring the cylinder before ltnd after firing it is possible to tell the 
maximum pressul'e in the powder chamber. 

c. In those cannon not equipped for the use of the gages mentioned 
above, it is necessary to place gages loosely in the powder chamber 
and retrieve them after firing. 
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16. General.-There are four principal types of firing mecha
nisms used in the Coast Artillery Corps. Most of our weapons 
employing separate loading ammunition use the seacoast M1903 
mechanism. The latest 14-inch railway gun and the 16-inch guns and 
howitzers use the firing lock; Mk. I. The 155-rnm gun uses the 
French percussion type mechanism. The fixed ammunition weapons 
use a continuous pull firing mechanism. 

17. Seacoast firing mechanism; M1903.-a. This type is used 
on practically all of our seacoast cannon manufactured prior to the 
World War. It is designed to fire either by lanyard (using a fric
tion primer) or by magneto ( using a.n electric primer). 

( 1) As shown in A, figure 27, the primer resembles a blank rifle 
cartridge with a wire protruding from the rim end. Referring to 
B, a firing magneto is used in firing electrically, one side of the line 
being connected by an insulated wire to the wire part of the primer, 
and the other side grounded to the frame of the gun. ·when using 
the friction primer, the lanyard is hooked to the lower end of the 
firing leaf, and when pulled, draws the wire to the rear, igniting the 
primer ( C, fig. 27). 

(2) A seat for this mechanism is provided by two grooves ( o) 
on the rear end of the obturator spindle, figure 28. Referring to 
that figure, a hinged collar (f) fits the end of the spindle. This 
collar is threaded on the outside to receive the housing ( e) which 
carries the remainder of the mechanism. In placing the housing it 
is held stationary while the hinged collar is turned in order to screw 
on the housing, which is locked to the collar by the spring pin (p ) . 
I t should be noted that the firing mechanism is free to turn on the 
spindle as the mechanism rotates with the breechblock. As shown, 
an ejector (d) is trunnioned in the housing. When the slide (c) 
is raised, a shoulder strikes the upper end of the ejector and the 
lower end is thrown to the rear, ejecting the fired primer by means 
of the lip on the lower end. The housing carries projecting ribs 
forming guides for the slide, which is moved up and down by the 
handle (a) after releasing the catch lever ( q). Pivoted a.t (b) in 
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the slide is the slotted firing leaf (k) which straddles the primer 
button wire and also carries the electrical contact clips (m) and is 
provided with an eye into which the lanyard may be hooked. . In 
inserting the primer it is necessary to start the slide downward in 
order to engage the ejector lip behind the rim of the primer. The 

c [ __ 

Fii?t:: ,fhl!nvm wire 
//e(//e/1 ')' CVl"n/11. 

B. HOOKUP OF ELECTRIC FIRING DEVICE. 

,., I,.----
1 ~-----... ., 

C. HOOKUP OF FRICTION FIRING DEVICE. 
FIGURN 27.-0peration of seacoast firing mechanism, M1903. 

firing mechanism is made to rotate with the breechblock by a guide 
bar ( shown in fig. 29 as the horizontal bar extending from the right 
of the mechanism to the block) which is fixed to the mechanism 
housing and engages in a longitudinal slot in the block. The bar 
extending diagonally down from the upper right in figure 29 is the 
lock bar slide, which prevents the firing leaf from moving to the 
rear until the breechblock is fully closed. 
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b. Safety f eatures.-This mechanism has the following safety 
features: 

(1) The firing leaf cannot be drawn back for lanyard firing until 
the block is completely closed. 

(2) The firing circuit is not made at the breech until the block is 
completely closed. 

( 3) On mortars the short lanyard cannot be hooked into the firing 
leaf until the piece has been elevated at least 45°; the plug for firing 
by electricity cannot be inserted until a similar elevation has been 
reached. 

FIGURE 28.- Firing mechanism, seacoast, :M:1903. 

a. Slide handle. 
b. Firing leaf pivot. 
c. Slide. 
d. Ejector. 
e. Housing. 
f. Hinged collar. 
g. Firing mechanism seat. 

h . Primer. 
k. Firing leaf. 

m. Contact clip. 
11. Electric terminal. 

o. Seat grooves. 
p. Spring pin. 
q. Catch lever. 

( 4) On disappearing carriages the short lanyard is not released 
and the electrical circuit breaker is not closed until the piece is in 
battery. 

18. Firing lock, lVIk. I.-a. Geneml.-This type resembles the 
firing lock used on all Navy cannon employing separate loading 
ammunition. The primer used is a combination electric-percussion 
type so that firing may be accomplished either by lanyard or by 
electricity. The primer itself, illustrated in figure 32, resembles 
a blank revolver cartridge. 
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b. Operation.-The principal parts of the lock are shown in figure 
30. They are the slide, the lock-operating bar, the cocking lever, and 
the hammer. The operating bai' and the slide move up and down as 
a unit. 
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(1) When the breechblock is opened, a cam mounted ou the cannon 
(fig. 31) pulls down on the lock-operating bar, which lowers the slide 
until the primer seat is uncovered. As the slide is lowered, it works 
against the small extractor cam (fig. 30) rotating the extractor to the 
re.c'tr ·and ejecting the fired primer automatically. 
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FIGURll 30.-Firin,:: lM k. Mk. I , and operating mechanism. 

~ ~---,'-- - - -tEjector 

Operating Bar 
Pulled down by 
com when br11ch 
is opened. 

FIOURFl 81.- Automatic ejection of primer, tiring lock, Mk. I. 
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(2) When the breechblock is closed the lock-operating bar is auto
matically raised, which in turn raises the slide until the firing pin is 
opposite the primer and the lock is ready to .fire. For safety reasons 

Percussion Cop, struck by firing 

pin, fire'iler I 
Platinum wire, heated by electric 

.,rren,. 'T p.:'.;·z 
PERCUSSION ELECTRIC 

A. PRIMER. 

firing pin . 
lnsuloted wire 
to mogneto 

;....----'L--~~-f1~~~~~>4JP~r~imllie~r:J 

Grounded to 
carriage frame. 

Primer housing 
grounded to gun. 

spring . 

B. ELECTRIC FIRING. 

~Firing pin . 

T(Primer I 

Firing spring. 

Hommer drown to rear- when tripped, firing spring will force 
hammer forward - firing primer. 

C. LANYARD FIRI-NG. 
FIGURE 32.-0peration of firing lock, Mk. I. 

the primer is not inserted until the block is fully closed. When the 
block is closed, the operating bar (fig. 30) is pulled down by hand, 
using the plunger hand lever, the primer inserted, and the operating 
bar raised to firing position. 
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( 3) For percussion firing, the lanyard is inserted in the hole in 
the cocking lever. The first part of the lanyard's travel cocks the 
hammer, while the last part trips the hammer, allowing it to fly 
forward and strike the firing pin as shown in C, figure 32. The 
action is identical with that of a double action revolver. 

( 4) For electric firing, a current of electricity is sent through the 
insulated hammer and the insulated firing pin to the cap of the 
primer as shown in B, figure 32. 

a. Safety features.-This lock possesses the following safety 
features: 

( 1) As shown in figure 31 the slide is held down as long as the 
breechblock is open, and does not allow the firing pin to move up 
into firing position opposite the primer until the block is completely 
closed. · 

(2) Only when the breechblock is fully closed is the lug on the 
hammer in line with an opening on the guide block ( not shown) 
permitting the hammer to be operated. 

FIGURE 33.-Firing-mechanism block, 155-mm. 

d. A more detailed explanation will be found in paragraph 6d, 
TM 9-425 (now published as TR 1315-14B). 

19. 155-mm G. P. F. firing mechanism.-a. This mechanism, 
of the percussion type, utilizes primers that resemble blank cartridges 
for a revolver ( fig. 33). Each time the breech block is closed on a 
loaded round, a loaded firing-mechanism block is inserted in the 
housing in the center of the breechblock. ( See fig. 34.) The firing
mechanism block is provided with a handle by means of which the 
block may be screwed into and out of the housing to renew the 

· primer each time the gun is fired. The block is further provided with 
a flange in which is cut a recess to receive the lug on the front of 
the percussion hammer and thus prevent the hammer from striking 
the firing pin except when the lug and recess are lined up. The firing
mechanism block latch· is attached to the breech block carrier at the 
right and a little above the firing-mechanism housing. Its function 
is to prevent the firing mechanism from unscrewing during firing. 
The firing-mechanism block is prevented from being screwed entirely 
in until the breechblock is fully closed by means of a spring-com
pressed safety plunger. After the gun is fired and before opening 
the breech, press back the firing-mechanism block latch in order to 
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free the handle of the firing block. u nscrew the firing-mechanism 
block, slide the used primer out of the slot in the primer-seat plug, 
insert a ne,Y primer, and after the breech is closed screw the block 

OPERATING LEVER 

F IGUR E 84. - 155-mm b1·cccbblock showing tlriug mechanism housing. 

into the firing-mechanism housing. The firing-mechanism handle is 
automatically locked by a safety latch when the handle is rotated 
to its home position. A percussion-hammer lock bolt with a knurled 
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ti..uger grip is encased i.u the percussion-hammer operating-shaft 
housing, its function being to hold the percussion hammer stationary 
when the gun is in the traveling position. In firing, as a safety 
precaution, this lock bolt is locked immediately after the breech is 
opened, and is not unlocked until after the breechblock has been 
fully rotated and locked in the closed position and the gun is ready 
to fire. 

The force for firing is furnished by pulling a lanyard attached to a. 
steel hammer. ·when the lanyard is pulled, the percussion hammer 
strikes the firing pin in the center of the firing-mechanism block, firing 
the primer , as shown in figure 35. 

FIGVBII 35.-155-mm percussion-type firing mechanism. 

b. Safety featU?'e8.-(l) As a safety feature, there is a safety lug 
provided on the front of the percussion hanuner, designed to prevent 
the hammer striking the firing pin except when the firing-mechanism 
block is fully inserted. · This is defective in that the primer may be 
fired when this block is opened one turn. Therefore it is imperative 
that no attempt be made to insert the firing-mechanism block until the 
breechblock is fully closed. 

(2) The breechblock is provided with a safety plunger mechanically 
designed to prevent the insertion of the firing-mechanism block until 
the breechblock is fully closed. 
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20. Continuous pull firing mechanism.-a. Geneml.-This 
type of firing mechanism is used with fixed ammunition, in which the 
propelling charge is contained in a metallic case and it is necessary to 
fire a percussion primer in the base of the case. In our service, this 
is usually done by means of a firing mechanism of the continuous pull 
type, in which no cocking of the firing pin is required other than a 
pull on the lanyard or firing handle of the carriage. Several types of 
continuous pull firing mechanisms have been supplied to the service 
which, while similar in general principle, are constructed and operate 
in different ways. The new type is shown in figure 36. 

FIGuni;; 36.-Continuous pull firing mechanism, new type (top eJevatlou). 

1. Firing case. 8. Firing pin bolder sleeve. 
2. Fil"ing pin. 9. Spring stop (ring). 
3. Firing pin bushing. 10. Spring stop (arm). 
4. Firing pin holder (bead). ·11. Trigger fork. 
5. Firing pin bolder (shank). 12. Sear. 
6. Firing pin holder (Jug). 13. Sear spring. 
7. Firing pin spring. 14. Breech bushing. 

b. Opemtion.-Although the mechanism operates on one continuous 
pull there are really three separate parts to the complete cycle ( fig. 
37). 

(1) Part A, figure 37, might be called the cockvng phase, for here 
the first half of the lanyard's pull is used to compress the firing pin 
spring, much as in a double action revolver, where the first part of 
trigger pull cocks the pistol. P art B is the firing phase, for here the 
second half of the lanyard's movement releases the sear, allowing the 
firing spring to expand and force the firing pin against the cartridge 
cap, firing it. Part C is the retracting phase, as here the recoil of the 
gun allows the lanyard to slack, permitting the trigger fork to rotate 
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to the rear, bringing firing spring and firing pin with it. This is 
necessary in order t-0 prevent a protruding firing pin from being 
broken off by the opening breechbloclr and to prevent scoring of 
cartridge bases from the same cause. 

(2) Referring to the actual illustration of the new type firing 
mechanism in figure 36, it is seen that the first movement of the 
lanyard rotates shaft (C) and the trigger fork (11) forcing the 
firing pin holder sleeve (8) forward and compressing the firing pin · 
spring (7). This corresponds to the action in A, figure 37. When 
shaft (C) has been rotated enough to release sear (12), the firing pin 
holder, bushing, firing pin, and spring stop are driven forward until 
the spring stop arms, which project about % inch beyond the front 
face of the firing pin holder head, strike the walls of the recess in 
the breech bushing (14). This prevents further forward movement 
of the spring, but the firing pin holder, bushing, and firing pin con
tinue forward on their o,vn momentum until the pin strikes the primer 
at (D). This corresponds to B, figure 37. After the primer has 
been struck, the firing pin spring is still under compression and hence 
tends to expand. Its forward movement is prevented by the spring 
stop so it moves to the rear. This movement is transmitted through 
the sleeve to the trigger fork at point of contact (A). The trigger 
fork is rotated to the rear, enough slack in the lanyard for this pur
pose being secured by the recoil of the gun. A torsion spring around 
the trigger shaft assists in making rotation positive. As the trigger 
fork bears on the forward faces of the lugs (6) of the firing pin 
holder, the holder, and hence the firing pin and bushing, move to 
the rear. This immediate retraction of the firing pin removes the 
tendency to score the face of the cartridge case. As soon as the gap 
between the rear face of the firing pin holder head and the spring 
stop has been closed, the latter also moves to the rear, together with 
holder, firing pin, and bushing, until the firing spring has regained 
its extended length. When retraction is complete, the sear spring 
has forced the sear notch over the edge of the firing pin holder head 
and the mechanism is again ready to fire as diagramed in C, figure 37. 

c. Safety f eatures.-This type mechanism has safety features de
scribed as follows : 

(1) The mechanism cannot operate by a sudden jar as the firing 
pin spring cannot be compressed except by a pull on the lanyard. 

(2) Mounted in a drop block, the firing pin does not appear 
opposite the cap on the cartridge until the breechblock is completely 
closed. 
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RECOIL AND COUNTERRECOIL MECHANISMS 

Paragraph 
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21. General.-On the early muzzle loaders, the full .force 0£ recoil 
was taken by the carriage, which had to be very strong and heavy in 
consequence. When cannon (both land- and ship-borne) were 
mounted on wheels they were allowed to roll to the rear on each shot, 
absorbing some of the recoil by moving. The firing of early ship's 
cannon plainly illustrated the movements of recoil and counterrecoil. 
·when discharged, the cannon recoiled to the rear of the casemate or 
gun deck. After loading, the gun crew, with the aid of block and 

CANNON 

A 

B 

c 

FIGUHE :::s.- Simplified recoil system. 

tackle, counterrecoiled the gun forward into firing position. During 
the ,v orld War, similarly primitive methods were used in railway 
artillery, the weapon sliding along the track on recoil. As muzzle 
energy grew larger and larger, it was no longer practical to build 
carriages heavy enough to stand the shock of recoil, and recoil brakes 
came into use. In the recoil brake, some form of hydraulic mechanism 
is used to slow the gun down ·gradually and finally stop it. To return 
the gun to firing position, some form of automatic mechanical 
counterrecoil device is used in connection with the recoil brake. 

As illustrated in figure 38, an actual recoil system requires three 
distinct parts : The recoil brake (A) , the conn terrecoil mechanism 
or recuperator ( B), and the buff er ( C). The brake . brings the can
non to a gradual stop in recoil, the counterrecoil mechanism returns 
the cannon to firing position and holds it there, regardless of eleva-
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tion, and the buff er brings the cannon to a gradual stop in firing 
position. 

22. Recoil brakes.-a. Recoil brakes are all variations of one 
fundamental type illustrated in figure 39. On recoil, the piston 
rod which is attached to the gun moves the piston to the rear (right) 
forcing oil at high pressure through the small holes in the piston, 

RECOIL--+ 

CANNON 

J,' tuUH!l :39.- Si111ple recoil brn l,e. 

and the resulting resistance gradually brings the cannon to a stop. 
b. I t was soon found that oil holes of constant area did not pro

vide uniform braking-recoil velocity was too low at the start and 
too high at the finish. Some means had to be found to alter the area 
of the orifices during recoil. One practical method was by the use 
of throttling grooves cut in the walls of the recoil cylinder. By 
varying the depth of the grooves, the area of the orifice at any point 

F1ount: 40.- Uso of throttling g rooves. 

a. Piston rod. c. Cylinder. 
b. Piston head. d. Throttllng grooves. 

during recoil could be controlled. Another method was devised which 
provided orifice control through the use of throttling bars (see fig. 41) 
attached to the cylinder walls and operating in grooves of constant 
cross-section cut in the piston. Throttling grooves are used in prac
tically all modern recoil mechanisms employing this general type of 
orifice control. . 

o. (1) Still another system of orifice control uses a rotating throt
t ling valve ( or two-piece piston) as shown in figure 42. One part 
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of the piston is of usual design, having several holes through it; 
the other part, called the movable valve disk, has holes bored _at the 
same locations as on the main piston. By means o:f guide grooves 
cut in the cylinder wall, the movable valve disk may be rotated 
with reference to the main piston, varying the orifice area as de
sired. The same design may be employed to secure variable recoil 
by controlling the rotation of the movable valve disk (f) externally. 

PISTON GROOVES OF 

O CON STANT 
CROSS 
SECTION 

'CYLINDER THROTTLING BARS 
OF VARYING 
CROSS SECTION 

RECOIL---+ 

CANNON 

GROOVE IN PISTON 

FlGURID 41.-Use of throttling bar s. 

(2) Variable recoil is employed on mobile weapons to allow long 
recoil at low angles of elevation to assure stability and short recoil 
at high elevation to a void hitting the ground. 

d. The.155-mm gun uses a control rod for orifice area control as 
shown in figure 43. By rotating the control rod the system may be 
adjusted for long or short recoil as desired. 

--~.~ -Dii'~Ellg~ 
a9 

FIGURID 42.-Use of rotating throttling valve. 

a. Piston rod. e. Guide groove. 
b. Piston head. f. Mova ble . valve disk. 
c. Cylinder. g. Projections. 
d. Orifices . 

23. Counterrecoil mechanisms (or recuperators).-a. Spring 
C0'/1/f/,terreooil.-The simplest means of returning a gun from recoiled 
to firing position is by use of coil springs as illustrated in figure 44. 
On recoil to the right the springs are compressed, and as they assume 
their original shape on counterrecoil they return the gun to tiring 
position. The coil springs may be arranged concentrically for 
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greater power or telescopically for greater length of recoil, but the 
principle of operation does not change. 

b. Gr(fll)ity counterrecoil.-Disappearing carria,ges U!;e gravity to 
accomplish counterrecoil. As shown in figure 45, a simple counter
weight pulls the gun back into battery. Part of the energy of recoil 
is used to raise the counterweight. After loading, the gun is t ripped 
and the counterweight falls, raising the gun into firing position. 

c. P11ettrnatic recuperators.-(1) Another method of returning a 
gun to firing position ( countenecoil) is by means of pneumatic recu-

FlounE 43.- 0perntlon o! control rod. 

perators. A pneumatic recuperator consists of a cylinder filled with 
gas ( or air) under high pressure, and a piston nnd rod operating 
within the cylinder. When the gun recoils, the air in the cylinder is 
still further compressed. This air pressure, acting on the piston, 
returns the cannon to firing position. 

(2) Air under high pressure is difficult to imprison, and several 
means have been tried to obtain air-tight packing. The most successful 

0 0 0 0 0 0 0 0 0 0 o . 
0000000000 

0000000000 
00000000000 

FrouRE 44.-Cross-sectlonnl diagram showing use ot two concentdc springs. 

means has been the oil seal. This device makes use of the fact that it 
is comparatively easy to design a packing to confine oil but difficult 
to design one to confine air. As shown in figure 46 an auxiliary or 
floating piston may be employed between the main piston and the 
high pressure gas. The space bPtween the two pistons is filled with oil. 
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An ordinary oil seal keeps the oil confined. Another method has the 
oil in direct contact with the gas as shown in figure 48. As the oil is 
at the same pressure as the air there is little tendency for the air to 
escape. This idea is not only used in the ordinary pneumatic recuper
ator but also in hydropneumatic recoil devices. 

24. Counterrecoil buffers.-a. The force required to return a 
gun from recoil to firing position is considerable-it must be capable 
of returning the gun to firing position at its highest usable elevation. 
If the gun is fired at zero elevation, there is merely the friction of the 
slide to overcome, and counterrecoil velocity is much greater than 
when firing at high elevation. To absorb the excess energy of coun
terrecoil and bring the gun to a gradual stop regardless of elevation, 
the counterrecoil buffer is used. 

b. Most buffers are of the dashpot or plug type, as shown in figure 
47. During the early part of counterrecoil, oil is trapped in the 

lflf fl /J.{'EJfl/R£ AIR 

FtOUR& 46.- Floutlng piston. 

female par t of the buff er. During the latter part of counterrecoil, 
this oil must escape in the narrow opening between the male 
and the female members. As counterrecoil nears completion, 
the opening between the male and female members becomes increas
ingly smaller and finally disappears. The force expended in forcing 
the oil through the small opening slows the gun down and finally 
brings it to a gradual stop. On some carriages, notably the 16-inch 
gun carriage, means are provided in the recoil cylinder for limiting 
the velocity of counterrecoil by throttling the recoil oil through special 
orifices, thus applying a buffer action during all of counterrecoil. 
This mechanism is described in paragraph 31d (3). 

25. Hydropneumatic recoil mech anisms.-a. In some car
riages the recoil and counterrecoil mechanisms are combined into one 
mechanism which accomplishes both functions. In one type (illus
trated in fig. 48) the oil is in direct contact with high pressure air. 
As the gun recoils the piston is pulled to the rear, pressing against the . 
oil, which in turn compresses the air in the upper cylinder. After 
recoil, conditions are reversed, and the air pressure is exerted (through 
the oil) against the piston, moving the gun forward into battery. In 
use, it was found that prolonged firing sometimes caused the air and 
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the oil to form an emulsion (or froth) which lacked desirable quali
ties as a recoil fluid. 

b. A second type of hydropneumatic mechanism was designed 
which had a floating piston (fig. 49) between the oil and air, separat
ing them. This floating piston separates the air and the oil and re-

FIGURE 47.-Counterrecoll bull'e1· (simplest type). 

moves the difficulties associated with the first type (fig. 49) . The 
actual mechanism, as applied to the 155-mm gun, is illustrated in fig
ure 50. As the gun recoils, the counterrecoil piston (12) is pulled to 
the rear (right) forcing the oil in the cylinder (13) up into the recu
perator cylinder (6) . This flow of oil fully opens the regulator valve 

b. (~ 
IN BATTERY Oft FIRING POSIT10N 

··c~ 
END OF RECOIL \l 

FIGURE 48. - Hydropneumatlc 
recoil system- fluid in con
tact with gas. 

IN BATTERY OR FIRING POSITI N 

ENOOFRECOIL' 
FIGURE 49. - llydro1meumatic 

recoil system using floating 
piston. 

(8) and allows the oil free passage. When counterrecoil starts, the 
movement of the oil in the opposite direction closes the regulator 
valve (8) and forces the oil to go through two small holes in the 
regulator valve, braking counterrecoil and making it gradual and 
easy. A counterrecoil buffer (4) of conventional plug type is incor
porated in the recoil cylinder. 



!!>
~ 

11 

L Control rod. 
2. Control rod. 
8. Hollow recoil rod. 
4. Counterrecoll buffer. 
5. Air vah·e. 
6. ~uperator ~~·linder. 

Compre.sJed tJo.1 

0// 

16 

?I 
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FlGURE 51.-Recoil system, 3-inch antiaircraft mount, M2 (top elevation). 
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Oil passageway. 
Counterrecoil valve. 
Recoil valve. 
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13. Guide for counterrecoil buffer piston rod. 
14. Counterrecoil buffer piston. 
!5. Counterrecoil buffer spring. 
16. Air-filling plug. 
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18. Bypass connection. 
19. Oil-filling valYe and l)lug. 
20. Recoil valve spring. 
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c. Another application of the hydropneumatic mechanism is used 
in the present 3-inch antiaircraft (M2) carriage. In this system use 
is made of two valves to regulate recoil and counterrecoil. Referring 
to figure 51, on recoil the oil in the recoil cylinder (2) is forced through 
the recoil valve (lD) and moves the floating piston (11) to the front 
(left) compressing the air in the floating piston cylinder (4). When 
the force of recoil has spent itself, recoil valve (10) closes and counter
recoil valve (9) opens; air pressure forces the oil through the large 
orifice opened by valve (9) and returns the gun to firing position. The 
buffer consists of a dashpot and spring combined, which together 
ease the gun to a gradual stop. The recoil mechanism is w1ique in that 
the valve (10) is constructed so as to make the size of the opening 
proportional to the oil pressure-the higher the pressure the larger 
the opening. At the start of recoil the valve opens wide due to high 
initial pressure, but as the pressure falls, the valve gradually closes, 
bringu1g the gun to a. smooth stop. 

SECTION VI 

FIXED CARRIAGES 
Purugrnph 

General---------------------------------------------------------------- 26 
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Waterbury hydraulic speed gear_________________________________________ 29 
Disappearing carriages-------------------------------------------------- 30 
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l\1:ortar carriages------------------------------------------------------- 32 
Turret D'.lounts--------------------------------------------------------- 33 

26. General.- Carriages may be divided into five general types: 
disappearing, barbette, tractor-drawn, railway, and antiaircraft. 
The first two types are fixed, the next two are mobile, and antiaircraft 
may be either. Though differing somewhat in size, appearance, and 
method of employment, all these types have many points of compari
son. For example, let us see how length of recoil varies in different 
types of weapons. In a mobile mount of the tractor-drawn type, 
weight is an important factor. The lighter weapon can negotiate 
weaker highway bridges, is less likely to get stuck in wet weather, 
and is in general a handier piece of artillery. To be able to cut down 
on the weight 0£ the carriage it is necessary to cut down on the 
stresses that the carriage is expected to bear, and one of the easiest 
ways to do this is to lengthen the recoil. Therefore our mobile 
guns which must be pulled along the road are all long recoil weapons. 
I£ it is desired to use our ~uns at high angles of elevation, a com-
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promise must be reached between the advantages of long recoil and 
the disadvantages of having to dig a deep pit into which the gun 
may recoil without hitting the ground. This is worked out in the 
155-mm gun by having variable recoil-long {6 feet) at low angles 
of elevation and shorter (3% feet) at maximum elevation. At the 
other extreme are the fixed barbette mounts bolted to concrete blocks. 
Here stability and weight take care of themselves, and so a short con
stant length recoil may be adopted. A study of the length of recoil 
of artillery weapons in the various armies shows that mounts of the 
same general caliber and function have very similar lengths of recoil. 
The railway carriage is between the fixed and the tractor-drawn 
mounts in this respect, generally employing a constant length recoil 
longer than that of the fixed mount. 

27. Types.--a. In fixed seacoa"8t artillery there are two general 
types of mounts-barbette and disappearing. The barbette was first 
used in our coast artillery and was of the general type illustrated 
in figure 52. In this carriage the angle of elevation was limited to 
15° so that the mount had neither the advantage of long range nor 
of good protection for mount and crew. 

b. As an attempt better to protect the installation from naval 
gun fire, the disappearing carriage was developed. In the days of 
flat trajectory naval weapons and before the advent of the airplane, 
it fulfilled its mission effectively, though it was a complicated car
riage and had a limited traverse. For several years the disappearing 
carriage was all supreme in our service although little use was made 
of the idea abroad. Naval designers continued to increase the caliber 
and range of weapons afloat, and it became necessary to do the same 
thing for weapons ashore. In this situation the disappearing weapon 
proved unsuitable because its basic design did not lend itself to high
angle fire. The barbette carriage again became the accepted type, 
and the disappearing carriage finally disappeared entirely from new 
designs. 

c. There were three possible solutions to the problem of protecting 
barbette mounted cannon. The first was dispersion of the elements 
of the battery. In this scheme, guns, powder magazines, power 
plants, and plotting rooms were widely separated. Ammunition 
was served by railroads using gasoline locomotives. Plotting rooms 
and power plants were bombproofed. 

d. The second solution was to use one- or two-gun turrets as the 
Navy does at sea. (Fig. 53.) In this mount, power plant, plotting 
room, and ammunition storage and service are all underground. A 
maximum use is made of labor saving devices cutting down on the 
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munber of men needed. The installation is easily gasproofed. The 
ere,...- members are all behind armor plate and cannot be driven a.way 
from thPir posts by attack nviation. 

FtGl'l< >l o:::.- '1'urrch1 u~ed in coo~! d~fe n~e. 

e. The third solution combines the characteristics of the fil'st two, 
For the want of a better name it is called the casemate type. In this 
design the gun is placed on a barbette mount. Over the mount is 
con!.tructed an open-fronted house of steel and concr<>tP so placNl 

16" gun °" 

Concrete cipron to p<O· 
tecl from frogments 

Steel· and 
C<Hl<:rete 

. . ~ .. : ... ~ 
EARTH 

Fr.:;uRg ;;4.-Cosemate c>mplocemcn t. 

that the gun aml crew are protected except from the immediate 
front. This structure of course limits the field of fire to something 
less than 180°, although permitting the maximum angle of elevation. 
Power plant, ammunition storage and service, and plotting room are 
a.II bombproofed. The battery is almost as difficult to gasproof 
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as the open barbette type. Unfortunately the open front of the 
casemate is pointed in the direction of the expected enemy, so that 
a direct hit would be as damaging as with tht'\ barbette type. For 
protection against heavy bombs the casemate is much superior to 
the open type, as a bomb must land immediately in front of the open 
door to do any damage. The casemate renders the battery almost 
immune to damage by attack aviation. 

f. In the past our service has built barbette mounts in the open 
rather than in casemated or turret mounts because of the greatly 
increased cost of the latter. 

FIGunE 55.-Mounting of barbette carriage, Ml:919. 

a. Gun. g. Side frame. o. Conical rollers. 
h. Recoil clips. p. Recoil pit. 
k. Racer. r. Racer brackets. 

m. Base ring. s. Elevating rack. 
n. Traverglng rack. t. Foundation bolts. 

c. Cradle. 
d. Recoil cylinder. 
e. Recoil band. 
f. Cradle trunnion. 

28. Traversing and elevating mechanisms.-a. General.-All 
carriages employ elevating and traversing mechanisms in order that 
they may be accurately laid in elevation and direction. In most 
carriages of the same general design these mechanisms have been 
i:>tandardized. For this reason only traversing and elevating mecha
nisms of standard type will be described here. 

b. Tr(J;Versing mechamisms.-(l) Traversing mechanisms for major 
caliber weapons have in most cases become standardized on the type 
shown in figure 55. The mechanism is, in effect, a gigantic roller 
bearing, with conical rollers ( o) operating between two bearing sur
faces-a lower called the base ring (m)· and an upper called the 
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racer (k). The main frame of the carriage is bolted to the raoor 
and rotates with it. To prevent the top carriage from tipping wh~n 
the gun is fired, recoil clips (h) engage a lip on the base ring. Inside 
and concentric with the base ring is mounted the circula.r traversing 
rack (n). A spur pinion, meshing with this rack, traverses the 
cannon. Some idea of the efficiency of this system is ·obtained when 
it is realized that on a 16-inch gun mount a force of 27 pounds at 
the traversing handwheel traverses a mass of 660,000 pounds. An 
azimuth circle, also mounted concentric with the racer, is provided 
for setting azimuth in firing at a target that cannot be seen from the 
gun position. For the larger caliber carriages, traversing is accom
plished by electric power operating through Waterbury speed gears. 

PEDESTAL 

I I 

FIGURE 56.- Pedestal type mount. 

Though the illustration shows a barbette carriage, disappearing car
riages employ substantially the same idea. 

(2) For minor caliber armament and for mobile antiaircraft guns 
some variation of the pedestal idea is used. (See fig. 56.) In the sta
tionary pedestal or support is seated a pivot yoke which revolves on 
antifriction bearings of the roller or ball type. To the upper part 
of the pedestal is bolted the traversing (or worm) rack, and a pinion 
engaging this rack traverses the gun. 

c. Elevating mechanism.s.-There are two general types of elevating 
mechanisms-the screw type (fig. 57) and the elevating rack type 
(fig. 58). 

(1) The screw type elevating mechanisms can best be visualized by 
imagining an ordinary screw automobile jack which transfcfrms rotary · 
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F1Gu R•1 57.-Screw ele vating mechani~m. 

a. Pivot yokP. k. Inner cle,·:1ting ~crew. 
b. SIPP,·e cradle. m. Screw holding piu. 
c. Gun. n. Recoil c.din<ler. 
d. l•:le,·a tlng handwlleel. p. Lori:,• in termediate gea r 
<>. Handwheel shaft. q. Riwge disk. 
r. (:f'nr ens<'. r. Elevation pointe r. 
r:. Elevating nut gear case. s. Cradle trunnion. 
h. Outer cle,·atlng screw. 

motion at the handle to upward motion at the jack head. Attach the 
jack base to the main carriage and the jack head to the cradle and you 
have visualized the screw mechanism. Though illustrated in figure 
57 as applied to a barbette carriage, this mechanism is also used with 

--

FIGURE ::i8.-Elevatlng rack mechanis m. 

a. Gun or cradle trunnion. c. Circular elevating rack. 
b. Rack fastened to gun or cradle. d. Spur gear pinion. 
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disappearing carriages, changing the elevntio11 through raising or 
lowermg the elevating arm (fig. 64). 

(2) The elevating rack mechanism of latest design (fig. 58) con
sists of a circular rack ( c) fastened to the cradle and a set of plain 
spur gears starting with (d) connected to the elevating handwheel 
on the main carriage. With a well-designed mechanism it is possible 
to get a. 1 ° change in elevation for each turn of the elevating hand
wheel, and to elevate or depress a. 16-inch gun with a force of 30 pounds 
at the wheel's rim. This mecha
nism is also used on our antiair
<'raft and mortar carriages. 

(3) When the rack and pinion 
idea is applied to disappearirig 
carriages a. straight rack fas
tened to the elevating arm is 
used. The gun, pivoted about 
the trunnions, is raised or low
ered in elevation by the action of 
the elevating arm in lowering or 
r,tising its breech end. Note in 
figure 64 that the elevating arm 
is trunnioned to the gun near the 
breech. 

( 4) Some form of protective 
device is provided on all elevat
ing mechanisms to prevent in
jury from the shock of discharge. 

(a) On the barbette or mortar 
carr iage this takes the form of 

•• fronf-
fj//mgPkg -/(tCl<-<:k>wn 
Bvrrer 

Cylmcler I 
"'~~ 

a friction clutch which slips Fwu,rn ,-,n.-Elenniu:; fri,·riou cle,·ice. 12-
hefore the }oad On the gea I'S iuch disilPl•':t ring carriait<'S. ~118!\7 a nd 

l t 
)11\)0 1. 

>ecomes oo great. 
( b) On the disappearing carriage this protection is provided by 

a friction clutch in the gear train as in (a) above, or a spr ing or 
hydraulic mechanism on the elevating arm, permitting the gun to 
kick down but returning it to its proper elevation as soon as recoil 
is over. (See fig. 59.) 

(5) Our major caliber barbette cannon are provided with electrical 
elevating mechanisms operating through Waterbury speed gears. 
This greatly decreases the time consumed in going from loading to 
firing position and vice versa. 

d. Antifrwtwn elevating device.-To enable major caliber guns 
to be elevated and depressed quickly and easily an antifriction 
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elevating device (fig. 60) is . employed. This is really a two-piece 
bearing-one a roller bearing for easy operation ( d) ; the other, a 
larger diameter main trunnion bearing (a) to take the shock of 
discharge. During normal operation the main trunnion does not 
touch its plain main trunnion bearing at all, as the weight of the gun 
is floated on the crutch ( e) and the roller bearing carries the load. 
When the gun is fired, the force of recoil depresses the Belleville 
springs (k) so that the main trunnion rests on the main trunnion 
bearing, transmitting the force of recoil directly to the side frames of 
the carriage. When the gun has returned to firing position the Belle
ville spr ings again float the gun's weight clear of the main bearing, 
and the roller bearing allows the gun to be depressed or elevated 
easily. 

FIGURE 60.-Antifrlctlon elevating device. 

a. Main trunnion bearing. 
b. Trunnion cap square. 
c. Main trunnion. 
d. Roller bearings. 
e. Crutch. 
f. Lever arm. 

g. Fulcrum pin. 
b. False trunnion. 
k. Belleville springs. 
n. Chassis side frame. 

s and t. :Adjusting nuts. 
v. Fulcrum seat. 

29. Waterbury hydraulic speed gear.- a. Because electr ic 
motors for traversing, for elevating, and for ramming encounter 
maximum torque on starting, and because very fine variations in speed 
are necessary, conventional speed control is not satisfactory. I nstead, 
the electric motor is allowed to run at its most efficient speed and is 
connected to the mechanism it is to operate through a Waterbury hy
draulic speed gear. With this gear any desired speed-either for
ward or backward- may be achieved while the driving JI,1.otor runs 
continually at its designed speed in one direction. A sketch of a 
Waterbury gear appears in figure 61, and a simplified drawing in 
figure 62. All space within the case, not occupied by metal, is filled 
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with oil. The small cylinders with their plungers are small pumps. 
The right side (A end) of the case is the driving side; the left, the 
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F1ounE 61.-Diagrammatlc sketch of Wate1·bury hydraulic speed gear. 

driven side. As the right side shaft rotates, more or less oil is 
pumped by the four small pumps illustrated, depending on the angle 
at which the tilting box is set by the worm gear shown. The greater 

F10011•: 02.-Slmpllfled sketch of Waterbury speed gear. 

the tilt, the greater the amount of oil pumped through to the driven 
side, and the faster the driven side shaft will rotate. As can be seen 
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:from the drawing, if the tilting box is tilted in the opposite direction, 
the driYen shaft will rotate in the opposite direction. 
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b. By mean:; of these gears a gun may ue elernted rapidly to it:; 
approximate elevation and then gently eased into its exact firing 
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position; it may be depressed rapidly almost to horizontal and easily 
brought up against its· stop for loading. An automatic stop is pro
vided to prevent injury to the gun due to careless depressing. Simi
larly the mount may be traversed at will and the rammer operated 
with differing speeds for projectile and powder. 

30. Disappearing carriages.-a. The majority of our seacoast 
artillery is mounted on disappearing carriages. Their great disad
vantage is the lack of range obtainable with guns mounted on them, 
but within range they are efficient. carriers for the guns they mount. 
Besides being limited in range disappearing carriages are limited in 
traverse. In most disappearing weapons the usable field of fire is 
limited to a sector of 170° or less. 

CANNON 
0 

I ,1 
I { 1 I 

I : ' I I 
1- - ,_ - '"'?~./ ELEVATION 
1 ,,.-:(} ,-\ 1 \ ~ CHANGrNG 
1" , ... -._, ~I , \ MECHANISM 
I I ,,, 

1 _____ ~COUNTERWEIGHT 

F!GUR.ID 64.-Simplified disappearing carriag·e. 

b. As illustrated in figure 63, the disappearing carriage appears to 
be covered with confusing gadgets. It becomes relatively simple in 
principle, however, when it is realized that the carriage utilizes the 
hydraulic recoil brake to control recoil, gravity (lead counterweight) 
to accomplish counterrecoil, and dashpot buffers to control counter
recoil. The need for most of the extra equipment comes from the fact 
that the gun and the operating parts of its carriage are so widely 
separated when in battery. 

c. Reduced to its simplest terms, the disappearing carriage is as 
shown in figure 64. When fired, the gun recoils to the rear and down, 
pivoting about the lever axle and forcing the recoil cylinder (the piston 
rod is fixed) to the rear. When fully recoiled the gun lever is ap
proximately horizontal and the counterweight raised. ( See fig. 65.) 
.At this point the whole recoiling system is caught and held by a 
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trigger arrangement, as otherwise the counterweight would fall, rais
ing the gun to firing position. After loading, the carriage is tripped 
( trigger released), the counterweight functions, and the gun is 
returned to firing position. 

d. Detailed. description.-(!) As shown in figure 65, the gun is in 
firing position. The broken outline shows the gun in loading position. 
A base ring ( fig. 55) surrounds a well, constructed in the concrete of 
the emplacement. A racer rests on live rollers on the base r ing and is 
pintled on a cylinder formed by a wall of the base ring. The racer 
(fig. 65) suppor ts the superstructure of the carriage and carries a 
working platform of steel plates (D). The forward ends of the 
side frames (V) are designed to form vertical guideways for the 
crosshead (r) from which the counterweight (t) is suspended by 
rods (s). The top carriage rests on flanged live rollers which roll 
on the rails of the chassis side frames. The gun levers (h) have axles 
(K) which are trunnioned on top of the recoil cylinders (m). They 
support the gun between their upper ends, and between their lower 
ends they support the counterweight crosshead (r). Cut on the front 
faces of the crosshead are ratchet teeth in which pawls (p) engage 
to hold the counterweight up after the gun has recoiled. The pawls 
are pivoted on the chassis (V) and are released by means of tripping 
levers ( q). The weight of the counterweight is adjusted to give it 
the necessary preponderance over the weight of the gun. ,i\Then the 
gun is fired it recoils to the rear and down. The gun levers recoil 
to the rear with the cylinders (m). The lower end of the gun levers 
rise vertically, being constrained by the crosshead guides, and the 
upper ends therefore move in an elliptical curve coming to rest as 
shown in the outlined position ( c). The gun being loaded and ready 
to fire, the pawls are tripped and the counterweight drops, carrying 
the gun back to the firing position. Figure 63 is another illustration 
of a typical disappearing gun and mount. 

(2) The emplacement consists of a massive block of concrete hav
ing a parapet built on the arc of a circle whose center is the center 
of the gun position. The sides of the emplacement are termed trav
erses. It is open to the rear. The powder and projectile magazines 
are usually under the gun emplacements. 

e. Horizontal recoil mechanism.-In figure 66 can be seen a detailed 
drawing of the recoil cylinders. 

(1) As the gun recoils, the cylinders are pulled to the right. Part 
of the oil is forced through orifices in the piston in the conventional 
manoor, braking the recoil in the process. Part of the oil goes 
through pipes (a) and (b), valves (v1) and (v2), and pipe (d), 
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assisting in the braking action. Pipe (a) equalizes the pressure be
L ween the two recoil cylinders. 

(2) The action of the counterrecoil buffer is controlled by valve 
(v2). As the buffer lug (n) enters the right end of the recoil cylin-
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der at the completion of countefrecoil, oil is forced through pipe (f) 
and valve (v2 ) to the left end of the. cylinder, acting as a.n adjustable 
buffer. 
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FrGURl!I 66.- Borlzontal reeoll cylinders showing valve systems. 
n. Ec1ualiz~r pipe. 
b. Intet·me<llate pipe. 
c. Cylinder walls. 

<l. Recoil pip.-. 
f. Couut<•rrecuil pi pe. 
n. Buffer lug. 

.---- ------- --·--------- ~---· .... - -

v. Val,·f'. 
v,. Recoil ,·a l\·e. 
v2• Counterr('Coil ( trnff'.er) ,·nh·e. 

~---------~~-- ·----------~-----



WEAPONS AND MATElUEL 

!Woll fod--

f(J/ft If!/); #ft1/'
(l(II!( !!l(ililf 

{) /' {}() f't 

t!oll<.WJ 47/ 
Covlllt1rwj/tf·---

Throllltilp 
0/'~0f't 

FronRE 67.-Vertlcal recoil cyllnder. 

63 

TM 4-210 
30 



TM 4-2 10 
30 COAST ARTILLERY CORPS 

(3) It is necessary for the disappearing carriage to recoil to the 
same height ( for loading) regardless of powder or air temperature, 
powder pressure, etc. I t is also imperative that the gun go fully 
into battery on counterrecoil. A method of controlling recoil and 
counterrecoil has been incorporated to achieve these desired ends. 
Referring again to figure 66, valves (v1) and (v~) both pass oil on 
recoil, and therefore recoil can be controlled by adjusting them. 
Valve (v2) passes oil on counterrecoil, so counterrecoil may be con
trolled by adjusting (v2), In actual practice, (v2 } is adjusted :for 
proper counterrecoil, and then valve (vi) for the desired recoil. 

f. Vertical recoil m,echam.isrn.-( 1) Some of the later ca.rriages 
employ one vertical recoil cylinder mounted in the center of the 
counterweight instead of the conventional two horizontal cylinders. 
The cylinder is constructed as shown in figure 67 and is fastened to 
the crosshead and counterweight at its upper end. The piston rod 
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ll'1Ct1RE 68.- Dlagram of separate type counterrecoil bull'er. 

1. Outside cylinde,·. 
2. Spring cylinder. 
3. Buffer cylinde1·. 
4. Stuffing boxes. 
5. Piston rod. 
6. Piston. 

7. $!)ring coxnl)ressor. 
8. Spring senarntors. 
9. Front spring cylinder bead. 

10. Nut on spring-compressor rod. 
l l. Spring-compressor rod. 
12. Yoke. 

is anchored to the piston rod beam at its lower end. During recoil 
the cylinder moves a.nd the rod and piston stand fast. Part of the 
oil is forced through conventional orifices in the piston. The rest 
flows through one adjustable valve at the lower end of the piston rod. 
Length of recoil is controlled by this valve located in the piston rod 
which is operated by a shaft extending down through the hollow 
upper rod. By adjusting a handle on the upper end of the rod, it is 
possible to control the length of recoil. 

(2) Two specially designed counterrecoil buffers (fig. 68) mounted 
at the forward end of the side frames are furnished. As the gun 
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goes into battery, the gun levers strike the piston rods (5). The oil 
in the cylinder (3) brakes the motion of the rod in the usual manner
brings the gun to a gradual stop in battery. At the same time the 
springs in the spring cylinders are compressed. When the gun re
coils on the succeeding shot these springs force the piston rod out 
into position for another action. These buffers are miniature recoi1-
counterrecoil mechanisms with a hydraulic brake and spring return 
and an adjustable valve. 

(3) There is a definite relation between the settings of the recoil 
valve and the buffer valves. With a higher setting of the recoil valve, 
counterrecoil will be more free, and consequently the buffer valvo 
setting should be lower. 

g. Control mechanisms.-(1) The elevating mechanism is con
trolled by a system of gears which raises or lowers the breech of the 
cannon through the elevating arm, as shown in figures 63 and 64. 
Mounted on one of the side frames are the elevating handwheel and 
the range disk. Range is set on the cannon by moving the elevating 
hand wheel until the disk indicates the desired range. . See para
graph 280 for a more detailed description. 

,A protective device such as has been described in paragraph 28c 
( 4) prevents the shock of recoil injuring the gears of the elevating 
system. 

(2) Pointing in direction on a disappearing carriage may be ac
complished in two ways. In case II firing, a gun pointer, standing on 
the gunner's platform (fig. 63), keeps the gun pointed in the proper 
direction by sighting on the target through a tel~scopic sight 
(fig. 69). The proper angle between the sight and the axis of the 
bore (deflection) is set off on a scale on the sight. For case III firing 
the gun is set at a predetermined azimuth by means of a graduated 
azimuth circle and index. 

(3) The traversing system is of the usual type described in para
graph 28b. However, it may be controlled either from the travers
ing hand wheel mounted on the side frame of the carriage or from the 
gunners' platform. A train of gears and shafts leads from these two 
control positions to a spur gear meshing with a circular rack mounted 
on the base ring. 

h. Azimuth circles.-Disappearing carriages are provided with azi
muth circles for case III pointing. The circles are graduated in whole 
degrees and are attached to the stationary base ring. 

i. Loading mechanisms.-The loading mechanisms for those major 
caliber weapons employing hand loading, are very similar. 

(1) The projectile is handled on an ammunition loading truck (fig. 
70) . The shell (a) has been rolled onto the truck from a loading 
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table built into the emplacement. I n loading the gun, the truck is 
run up against the face of the breech (s) where it is brought to a 
gradual stop by the buffer ram (h). It is held against the breech by 
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brakes actuated by the brake lever (n ). A rammer is placed against 
the base of the projectile, and the shell r ammed by members of the 
crew. 
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(2) Powder is brought out of the magazine by hand (mortars) or 
on a tray (guns). The powder is either pushed directly off the tray 
into the powder chamber, rolled from the tray to the ammunition 
truck and pushed home from the truck, or placed on the truck by 
hand and pushed into the chamber from the truck. 

This method of loading is used on all disappearing carriages, all 
fixed mortar carriages, and on the 12-inch . barbette carriage, M1917. 

31. Barbette carriages.-a. General.-Barbette carriages are 
used for all fixed seacoast guns of recent design. Their ad vantages 
are-

( 1 ) All-round fire. 
(2) Elevations up to 65°. 
( 3) High speed of operation. 
( 4) Simplicity and ruggedness of carriage. 

Gg 
~ 

FIGURE 70.-AmmunHion loading truck. 

a. Projectile. g. Truck handles. q. Brake. 
b. Shot tray. h. Buffer ram. r. Wheels. 
c. Column. k. Ram cylinder. s. Breech of gu.'1.. 
d. Shot back stop. m. Worm gearing. t. Gearing. 
e. Shell back stop. n. Brake lever. 
f. Base of shell projectile. p. Elevating crank. 

In all modern barbette installations the gun is mounted in a cradle 
(see fig. 11). Recoil and counterrecoil (recuperator) systems are 
mounted parallel to the gun, so that recoil takes place_ parallel to the 
axis of the bore regardless of the firing elevation. The base ring, 
rollers, . racer, and azimuth circle resemble closely those described 
under traversing mechanisms (par. 28b) so that no further discussion 
of these features is deemed necessary. 

b. Pedestal types.-One particular type of barbette carriage used 
with 3-inch and 6-inch guns is called the pedestal type. The general 
characteristics of this type of mount are shown in figure 56. A coni
cal pedestal is bolted to the concrete platform. A pivot yoke, free 
to revolve, is seated in the pedestal. Upward extending arms of the 
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pivot yoke form seats for the trunnions of the cradle. The gun is 
supported and slides in recoil in the cradle. The weight of all the 
revolving parts is supported by roller bearings on a central base 
within the pedestal. The recoil and recuperator cylinder is located 
in the lower rear portion of the cradle. A conventional recoil brake, 
spring recuperators, and dashpot counterrecoil buffers are used on l 
this carriage. . Bolted to arms of the pivot yoke on each side are 
};>rackets to which are attached gunners' platforms which move with 
the gun in azimuth. These mounts are furnished with a telescopic 
sight. (See fig. 69.) An illustration of a 6-inch seacoast gun on 
this mount is shown in figure 71. 

1rwc; RE 71.- G-incb bar l>ette carriage, pedestal tyve. 

c. M1917.-This carriage (fig. 72) was designed as a long-range 
mount for 12-inch guns, M1895Ml, already in existence. 

(l) The recoil system (fig. 73) employs a single conventional recoil 
cylinder with a plug type buffer allowing a recoil of 30 inches. The 
flow of oil past the piston is regulated by throttling grooves of con
stant width and varying depth. 

(2) The counterrecoil system incorporates four of the spring cylin
ders shown in figure 74. These furnish the force necessary to return 
the gun to firing position regardless of elevation. The movement of 
the gun into battery is eased by the action of the plug type buffer 
mentioned above. 
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(3) The elevating mechanism is o:f the screw type described in para
graph 28c and permits elevations up to 35°. I t employs the antifric
tion elevating device previously mentioned in paragraph 28d and 
illustrated in figure 60. For rapid elevating and depressing a Water
bury speed gear is incorporated. 

(4) The traversing mechanism is of the usual design, having a cir
cular rack bolted to the base ring and a spur gear meshing with it. 

F1Gr"RE 73.-Recoll cylinder, 12-inch blU"be tte cnrrlage 1111917. 

Traversing is accomplished by hand. An azimuth circle and index 
furnish the means of laying the piece in direction. It is not expected 
that the gun will be fired using case II so no sight is :furnished. 

(5) The breechblock is of the Stockett type described in paragraph 
13{. 

(6) The ammunition is served to the gun on shot trucks and powder 
trays in the usual manner. 

f 

d 

'f c 
F1GonE 74.-Spring cylinder, 12-!nch barbette mount, M1917. 

a . Recupera to,· piston rod. d. Spring seats. 
b. Recuperator 1>is ton. e. Set of springs. 
c. Recuperator cylinder. f- f. Piston at end of recoil. 

(7) The piece may be fired either electrically or by lanyard. The 
electric method is normal. There is only one electrical safety device 
incorporated in the design-tha.t which breaks the electric circuit at 
the breech until the breechblock is closed. The firing mechanism 
M1903 is equipped with the device described in paragraph 17a (2) 
which prevents the lanyard functioning until the block is :fully closed. 

(8) Note particularly that the mount is designed to be employed 
without parapet protection, that the elevation and azimuth setters 
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work below ground level, and that most of the carriage is below the 
level of the floor plate. 

d. 16-incli, M1919 and Afi1919Ml.-(1) The two models of this 
c.arriage are almost identical and differ only in small details in their 

FIGURE 76.-Top view of recoil and recuperator systems, 16-incb barbette carriage, Ml919. 

a. Recoll band. g. Plain recoil cylinder. 
b. Recuperator air chamber. h. Buffer recoil cylinder. 
c. Recuperator oil cylinder. k. Recoil piston extension. 
d. Recuperator hollow pis,ton. m. Cradle. 
e. Yoke. n. Dust guard. 
f. Connecting rods. p. Gun. 

design. As may be seen from figure 75 the cradle is trunnioned in 
two side frames which are in turn bolted to the top surface of the 
racer. 

(2) The cradle (fig. 76) is a ribbed casting of considerable com
plexity. On the top (a.nd bottom) of the cradle are mounted the 
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recoil cylinders, both the long type (h) and the short (g). The 
recuperator is of the two-cylinder pneumatic type and is mounted 
with one cylinder over and one under the gun. 

(3) A schematic diagram of the recoil a.nd counterrecoil system 
showing the working relation of each of the parts is shown in figure 77. 

(a) The short cylinder is the conventional hydraulic brake. The 
long cylinder combines both the recoil and buffer £unctions, the left 
half of the cylinder being the recoil section and the right half the 
counterrecoil. In effect, the long cylinder limits the velocity of 
counterrecoil by the same means that the ordinary recoil cylinder 
employs to limit the velocity of recoil. Small counterrecoil throttling 
grooves are cut in the walls of the cylinder-grooves too small to 
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F 1ounP. 77.-Schematic diagram of recoil system, 16-lnch barbette carriage, Ml919. 

affect the velocity of recoil appreciably. As shown in the lower part 
of figure 11 a sliding valve is mou11ted on the piston rod. D uring 
recoil this has no £unction, but when counterrecoil starts, this sliding 
valve rides against the recoil piston, closing its orifices, and forc
ing all the oil to flow through the restricted counterrecoil orifices. 
This throttling effect limits the velocity of counterrecoil regardless of 
the angle of elevation and insures an even, smooth return to firing 
position. 

(b) Power to return the heavy gun to firing position regardless 
of elevation is furnished by the two pneumatic recuperator cylinders 
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mounted on the cradle. These cylinders are of conventional design 
(c and d, fig. 76) and have been previously described in paragraph 
230. 

(4) The elevating mechanism is that previously described in para
graph 280. A hand brake of automotive type is employed to hold the 
cannon at the exact elevation desired. The mechanism employs an 
antifriction elevating device (see par. 28d) to decrease elevating fric
tion, and an electric elevating system operating through a "\i\Taterbury 
speed gear. 

( 5) The traversing mechanism is the one illustrated in figure 55 and 
described in paragraph 28b. Electric traversing through a Water
bury gear is employed. An azimuth circle and index furnish means 
of setting predetermined azimuths for case III firing. No sight is 
supplied as case II is not used. 

(6) The breechblock is the carrier supported drop block illustrated 
in figure 21 and is of the type described in paragraph 13g. It is hand 
opened and pneumatically closed. 

(7) The firing device used is the firing lock, Mk. I, ( par. 18). The 
gun may be fired by lanyard (percussion) or by electricity. 

(8) The ammunition supply is handled almost entirely by power. 
Figure 78 illustrates the general arrangement. A circular railroad 
track is built around the gun emplacement and by suitable switches 
connects with the main track line leading to the magazines. Projectile 
and powder cars are provided to transport the ammunition from the 
magazines to the emplacement. The projectile car (p) is secured to 
the mount by dropping its side rails (n ) into recesses in the revolvi ng 
projectile table (m) and in this position will revolve with the mount 
while being unloaded. The powder car (not shown) coupled to the 
projectile car may be kept in position to deliver powder, but ordi
narily it is taken away as soon as a complete charge has been placed 
on the powder tray (f). This is to obviate the danger of having 
several charges of powder in such close proximity to the breech in case 
of accident. The projectiles are rolled from the car over the side rail 
bars (n) onto the revolving table (m) "·hich holds three projectiles at 
a time. The car is then uncoupled from the table, the table revolved, 
and the projectiles rolled ollto the parking table ( e) . Hand-operated 
lock stops are provided on both sides of the revolving table to hold 
the projectiles in place and also to lock the revolving table to the park
ing table during transfer of projectiles. Table ( e) is slightly inclined, 
and the projectiles roll until stopped in position by the hand-operated 
feed stops indicated by the small squares, the first projectile lying 
between these stops. In this manner, one projectile at a time is fed 
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onto the rammer tray as shown at (d); the spanner tray (b) is then 
lowered into position in the open breech of the gun. The rammer 
operator at (h) maneuvers the rammer (k) by electr ical power a:nd 
pushes the projectile into the gun (a). T he two forward sections of 
powder (g) are rolled over onto the loading tray, as soon as the rammer 
has been withdrawn, and rammed, followed in the same manner by the 
remaining two powder sections. The spanner tray (b) is then raised 
and thrown back clear and the breech is closed ready for firing. It is 
readily seen that it is possible to have ten projectiles at the gun at orie 
time, and by coupling three powder charge cars to the projectile car 
the ten complete rounds could be kept at hand. The power rammer 

F IGURE 78.-Loadlng mechanism, 16-lnch bnrbette carriage. 

a. Breech of gun. h. Operator platform. 
l>. Spanner tray (folds back). k. Power rammer. 
t'. Breech operating platform. ru . Revolving projectHe table. 
d. P rojectile on rammer tray. n. Lock bars (side rails of ca1·) . 
c. Parking table, projectiles. p. Projectile car. 
f. Powder tray. Q. Circular track about gun pla tform. 
g. Powder charge on receiving table. r. l'latfo1·m on carriage racer. 

comprises essentirtlly a cast steel frame or housing and a flexible forged 
steel chain, the chain being driven through sprockets and gearing by 
a speed gear and motor. In event of power failure, hand cranks can 
be used. In considering this loading arrangement, it is well to remem
ber that the projectiles weigh approximately 2,400 pounds and each 
of the four sections of a powder charge, approximately 215 pounds. 
Handling such weights by hand truck and rammer would be cumber
some and slow at the best. The gun in question has a loading angle 
of plus 4°, which means that the projectile in loading must slide up 
a 4° slope. 
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(9) The bore is cleared after each round by compressed air which 
blows all unburned gases, powder bags, and smoke out through the 
muzzle. 

(10) Power for all these accessories is furnished by a gas-electric 
or Diesel-electric generating set located some distance from the guns. 
Electric power is used to compress the air for Gore clearing and 
breechblock closing. 

(11) With all these power aids the ability of the weapon to fire 
for long periods is limited only by the ruggedness of the materiel. 

32. Mortar carriages.-a. Genm•al.-(1) Modern warships are 
orotected to a certain degree against the fire of high-powered sea
~oast weapons using direct fire. The deck armor of warships, how
ever, is thin as compared to the side armor and offers an extremely 
vulnerable target. Specially designed weapons called mortars are 
used to attack the deck armor. All mortars in our service are of 

FIGURE 79.-Horizontal cross-section of mortar emplacement. 

a. l\Iort,t r pi ts. 
c. Apron. 
d. Magazines. 

e. Exterior slope. 
ll. '.fra verse. 
m. Interior wall. 

12-inch caliber and due to the low muzzle velocities used have a 
greater accuracy life than guns. They will be found emplaced in 
pits with two or four mortars in each pit as shown in figure 79. 
From the nature of the emplacement, fixed mortars are better 
protected from gunfire, bombing, or aerial machine gunning than 
any other type of artillery mounted in the open. The emplacement 
for the individual mortar does not differ from gun emplacements 
already discussed except in dimensions. It is simply a pit in the 
concrete with a shoulder on the pit edge to receive the base ring. 
· (2) The mortars themselves differ in appearance and construction. 

The oldest, the M1890, is of built-up construction and is 10 calibers 
iong. The newest, the M1912, is of wire-wrapped construction and 
is 15 calibers long. The M1908 is a compromise between the two, 
being wire-wrapped in construction but 10 calibers long. The 
greater length of the M1912 is reflected in an increase of muzzle 
velocity to 1,800 feet per second, as compared with the 1,500 feet per 
second of the 10 caliber mortars. This higher muzzle velocity in-
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creases the maximum range of the M1912 mortar by some 4,000 
yards. 

(3) There are two general types of carriages used with fixed mor
tars at the present time-the M1896MI, MII, and MIII, and the 
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M1908. The M1896MIII and the Ml908 will be discussed as type 
carriages. 
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b. M189i6MIII.-Because a mortar operates only at elevations be
tween 45·0 and 65° it has not been necessary to have the recoil cylin
ders always parallel to the axis of recoil. The carriage has therefore 
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been simplified, no cradle is used, and the splines necessary with 
cradle recoil haYe been eliminated. 

(1) A simplified sketch of the recoil system is shown in figure 81. 
As the mortaT recoils, the whole system pivots about the fulcrum. 

The recoil is absorbed mostly by the recoil cylinders and to a iesser 
extent by the counterrecoil springs. When recoil has been completed 
the compressed counterrecoil springs bring the trunnions back to 
their original position. Dashpot type buffers located in the upper 
end of the recoil cylinders bring the mortar to an easy stop at the 
end of counterrecoil. 

The recoil system consists of two identical recoil cylinders of con
Yentional design pivoted about trunnions mounted on the chassis. 
At the upper end of these cylinders, guides are mounted. These 
guides insure that recoil will take place parallel to the piston rods 
as the guides on a locomotive keep the piston rod lined up with 
the cylinder. Note that in this system the piston and rod move and 
the cylinder is anchored. 

The counterrecoil system comprises several spring columns to sup
ply the force necessary to return the cannon to firing position, and 
two dashpot counterrecoil buffers to cushion the last movement of 
counterrecoiJ. 

(2) The elevating mechanism consists of two elevating handwheels 
operating through a train of spur gears and an elevation rack to 
elevate and depress the piece. No antifriction elevating device is 
provided. Elevation (rather than range) i:o set in degrees and min
utes on a quadrant fixed to the left trnnnion. A friction clutch 
prevents injury t.o the elevating geiirs when the piece is fired. 

(3) The traversing mechanism is of conventional design employ
ing the usual base ring-conical rollers-nicer assembly. A circular 
rack is bolted to the base ring, and a spur gear meshing with this 
Tack traverses the carriage. 

An azimuth circle ancl index enable the mortar to be laid at a 
predetermined azimuth as all firing must be by case III. 

(4) The ammunition is served to the mortar on a shot truck in 
the manner described in paragraph 30i. Mortar powder charges are 
made up in several different weights corresponding to the different 
zones of fire. A communication system is necessary between the 
magazine and plotting room to inform the magazine personnel of 
the zone in which it is intended to fire. 

(5) The piece may be fired by lanyard or electrically, the latter 
being the preferred method. The firing mechanism, M:1903, is em
devices. 
ployed. ·Each firing system (lanyard or electrical) has two safety 
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(a) The short lanyard is made so short that it cannot be hooked 
in the firing mechanism until the mortar is elevated 45 °, and the firing 
mechanism has the usual device which prevents the mechanism oper
ating until the breech is fully closed. 

( b) The electric firing system has a plug and socket arrangement 
on the left of the mortar, so arranged that the plug cannot be in
serted in the socket ' until the ~ortar is elevated to 45° or more. On 
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Mortar may be depressed for reloadlng 
whlle cradle and sleigh remain elevated 

COMPLETE MECHANISM 
FIGURE 82.- Morta r recoil syst em, l\11908 carriage. 

the breech itself an electric contact is provided that is only closed 
when the breechblock is fully closed. 

o. 12-inch nwrtar carriage, M1908.-(l) General.-This carriage 
departs radically from the design of the Ml896 carriage. The ba~ic 
difference lies in the means of depressing and elevating the mortar 
after each shot. The carriage is so arranged that the cradle and at
tached parts may be kept continuously laid in elevation, although the 
mortar itself is depressed for loading. 
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(2) The cradle used with this mount is of the same general type 
as described for barbette cannon in paragraph 10, except that it is 
open at the top, However, instead of a cannon equipped with splines 
sliding in the cradle, a sleigh slides in notches in the cradle, as shown 
in C, figure 82. The mortar itsel:f is trunnioned in the sleigh, as shown 
in B. Recoil and counterrecoil cylinders act between cradle and 
sleigh in the conventional manner. By this mounting it is possible 
to keep sleigh and cradle at the exact firing elevation at all times, 
allowing the mortar to be depressed on its own trunnions for reloading 
as shown in D. During ;recoil the mortar is locked to the sleigh and 
recoils with it as a unit. 

FIGURID 83.-12-inch mortar carriage, Ml908 (longitudinal section). 

(3) The recoil system consists of two hydraulic recoil cylinders 
(18, fig. 83) of conventional design mounted below the mortar. The 
cylinders themselves are mounted on the cradle; the piston rods are: 
connected to lugs ( 16, fig. 83) at the rear of the sleigh. The length 
of recoil is 24 inches. When the mortar recoils, the stress is trans
mitted-

( a) Through the mortar trunnions to the sleigh. 
(b) Through the lugs (16) from the sleigh to the recoil piston rods 

to the recoil cylinders on the cradle. 
(c) Through the cradle trunnions from the cradle to the side 

frames. 
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. ( 4) The counterrecoil system is composed of two spring cylinders 
( 12, figs. 83 and 84), each containing two columns of spiral springs. 
These spring cylinders furnish the force necessary to move the mortar 
back into firing position. Plug type buffers on the forward end of 
the two recoil cylinders prevent the mortar charging into ffring posi
tion. 

(5) The elevating mechanism is of conventional circular rack and 
pinion design except that two racks bolted to the cradle underneath 
the recoil cylinders are used. 

(6) The traversing mechanism is of usual design consisting of a 
circular rack bolted to the base ring and a spur gear meshing with it. 

FICURE 84.- 12-inch mortar carriage, 1111008 (rear elerntion). 

An azimuth circle and index furnish means of setting a predeter1uined 
azimuth. 

('l) The breechblock is of the Stockett type described in paragraph 
13{. 

(8) Ammunition is served on shot trucks in the usual miurner. 
(9} Firing is by electricity or by lanyard as previously described 

for the M1896MIII carriage in paragraph 32b ( 5) . 
33. Turret mounts.-At the mouth of Manila Bay is located the 

"concrete battleship" mounting major caliber guns in naval turrets 
(fig. 53) . Since this was built there have been no other major caliber 
turret installations in our service. These turrets are designed accord
ing to naval practice, use electric power and compressed air for all 
operations, and require a minimum crew. 
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TRACTOR-DRAWN MOUNTS 
Paragraph 

General-----------------~-------------------- ------- --- - - --------------- 34 
Firing and traveling positions____________________________________________ 35 

Accessories--------------------------- ---- ---- --- ------------------- ----- 36 
Constructional details---------- -----------------'----- ------------.,------- 37 

34. General.-The 155-mm gun of French design is the only trac
tor-drawn weapon used by the Coast Artillery Corps. Some of the 
guns now in use were manufactured in France (Ml917) and some in 
the United States (M1918MI). They differ only in minor particu
lars. Firing a 95-pound shell to a maximum range · of 17,400 yards 
these guns are a valuable addition to our mobile secondary armament. 

FIGURE 85.-Mount in firing position (top and side elevations). 

a. Wheels (shoes attached). 
b. Gun ( dotted at maximum eleva

tion) . 
f. Trails. 
h. Trail binge pins. 
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m. Cradle. 
v. Sight mounting. 

w. Firing platform. 
x. Recoil rit. 
y. Spades. 
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The carriage (fig. 85) is of the split trail type and permits a maxi
mum elevation of 35°. The recoil-recuperator mechanism is of the 
hydropneumatic variable recoil type described in paragraph 25b. 

35. Firing and traveling positions.- a. In the firing position 
the trails are spread and the outer ends attached to buried spades 
(y, fig. 85). Shoes are generally attached to the wheels (a); the 
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firing platform ( w) is often omitted. A recoil pit ( x) ~s needed 
for high-angle fire as the car riage is designed for a relatively long 
recoil. As in most mobile guns the recoil is variable, changing 
from a maximum of 6 feet at zero elevation to a minimum of 3~ 
feet at the extreme elevation of 35°. As normally emplaced the gun 
has a maximum traverse of 60°. This may be increased any desired 
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amount up to all-round fire by the use of the so-called "Panama 
mount" ( fig. 86). 

b. When it is desired to take up the traveling position, the trails 
( f) are released from the spades, brought together, and supported 
on a two-wheeled bogie or limber (g) (fig. 87). ,In order to equalize 
the weight between front and rear wheels, the recuperator and recoil 
piston rods a.re disconnected from the cannon proper and the cannon 
is drawn to the rear by the retracting rack ( c, fig. 87). It is also 

FIGURE 87.-Mount in traveling position (top and side elevation). 

a. Wheels. m. Cradle. 
b. Gun. n. Trail pin locking nut. 
c. Retracting rack. p. Rear clips. 
d. Traveling bar clip locks. q. Limber seat. 
e. Draw bar. r. Brnke operating cable. 
f. Trails. s. Brnke lever. 
g. Limber. t. Traversing bandwheel. 
h. Trail hinge pin. u. Elevating handwheel. 
k. Bottom carriage. v. Sight mounting. 

necessary to transfer the weight of the gun from the axle to the 
traveling spring in order to cushion the chassis while in motion. 
This ~s accomplished by jacking up the mount until its weight is off 
the axle ( fig. 88), connecting the shackle bolts, and removing the 
pivot pin from the pivot pin recess. 

36. Accessories.-a. Most of the parts that must be moved . in 
going from firing to traveling position and vice versa are too heavy 
for handling by manpower alone. For this reason certain accessories 
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a. 
b. 
c. 
d. 
e. 
f . 
g. 
h. 

BOTTOM CARRIAGE 

FIGURE 88.-TraveHn,; position (front view). 

FIGURE 89.- Counterbalance cylinder. 

Bracket collar. k. Lever catch bracket. 
Pivoted cylinder head. m. Lever catch. 
Counterbalance bracket. n. Block carrier. 
Counterbalance cylinder. p. Hin,;e pin driving washer. 
Counterbalance spring. q. Hinge pin collar. 
Cylinder bead. r. Firing hammer. 
Tension rod. s. Firing mechanism. 
Operating lever handle. t. Hinge pin lug. 
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are provided, that is, a jack beam and jacks to raise and lower the 
trails and for replacing the shackle bolts and the axle pivot pin, and 
a retracting rack to elide the gun forward or back in its cradle. 
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b. (1) This gun is not depressed to horizontal for reloading so a 
counterbalance cylinder is provided to make the breechblock easier to 
operate at all elevations. The cylinder is fixed so that the amount of 
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turning movement supplied to the breechblock may be adjusted to suit 
the average firing elevation. 

( 2) The cylinder itself ( fig. 89) is a plain spring cylinder ( d) 
enclosing a counterbalance spring ( e). Working in the center: of the 
cylinder is the tension rod (g), which is attached at one end to the 
forward end of the spring and at the other to a regulating nut on top 
of the, hinge pin lug (t) . By rotating the regulating screw and nut, 
the tension of the counterbalance spring may be adjusted to the 
desired value according to the expected average angle of elevation. 

/tftcromel,r 
, Ioele 11uf. 

l •'1c unE 91.-Panoramic telescope, M2. 

c. Sighting mechanisni.-The quadrant sight, Ml918 (fig. 90), 
is used for pointing the gun both in direction and elevation. The 
optical element is furnished by the panoramic telescope, M2 (fig. 91). 
The sight is permanently mounted on the left trunnion of the 
carriage. For a detailed description of pointing methods, see FM 
4-15. 

37. Constructional details.-a. General.-The carriage is shown 
in figures 85, 86, and 87. The gun proper is mounted in a cradle, on 
which are the recoil and recuperator mechanisms. The recoil and re
cuperator rods move with the gun, the cylinders remaining stationary. 
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(1) When fired, the gun recoils in the cradle and its movement is 
guided by the longitudinal clips or splines on the gun which slide 
through slots in the cradle as shown in figure 11. The movement of 
the piece is controlled during recoii by the operation of the parts 
within the recoil and recuperator cylinders, which, during recoil, store 
up sufficient energy within the recuperator cylinder to return the piece 
to the firing position. 

(2) The cradle is supported by the top carriage which is mounted 
upon and traverses on the bottom carriage. 

(3) The bottom carriage is mounted upon the axle by interchange
able connections therewith for the traveling and firing positions. I t 
is braced to the rear by two trail members, which are connected to it 
by hinge joints permitting movement of the trails from the firing to 
the traveling positions. 
· b. Principal pccrts.-The principal par ts are the cradle (including 
the recoil and recuperator mechanism), top carriage, bottom carriage, 
elevating mechanism, traversing mechanism, trails, spades, axle, travel
ing spring, wheels, wheel shoes, and road brake. 

(1) Oradle.-The cradle is of conventional design, having the recoil 
and recuperator cylinders mounted underneath the gun. I t is trun
nioned in the top carriage, and the gun slides forward and rearward on 
the usual arrangement of splines (or clips) working in slots in the 
cradle. The hydropneumatic recoil mechanism is shown in figure 49 
and is described in paragraph 25b. 

(2) Top oarriage.- T he top carriage is a.large steel casting mounted 
on and secured to the bottom carriage upon which it traverses. On it 
are mounted the traversing and elevating handwheels together with 
the driving gears and shafting of these mechanisms. The tipping 
parts (gun and cradle) of the mount are supported and pivoted in 
two trunnion bearings. Figure 92 shows a front view sketch of the 
appearance of the top of the carriage. The bottom face of the top 
carriage is a large elliptical bearing surface (h ) which, when the 
gun is fired, bears upon a corresponding surface of the bottom car
riage, thus transmitting the firing stresses and the shock of recoil 
through the bottom carriage to the wheels and trails. 

(3) Bottom oarriage.-Supporting the top carriage, the bottom 
carriage rests upon the gun axle and the trails and does not turn 
when the gun is traversed. The bottom carriage consists essentially 
of a large, rather fl.at steel casting. On the fl.at upper surface of this 
casting rests the top carriage. To permit easy traversing, a device is 
used which greatly resembles the antifriction elevating device de
scribed in paragraph 28d. When traversing, the top carriage is , 
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supported on a small antifriction bearing (s, fig. 93). When the 
gun fires, the additional downward thrust compresses the Belleville 
springs at p, allowing the full lower surface of the top carriage to 
bear on the full upper surface of the bottom carriage. 

(4) Tr{ll1)ersing mechanism.-The traversing mechanism consists 
of a shaft and gear train assembled in bearings in the top carriage 

FIGURE 92.-Top carriage, front view. 

a. Trunnion cap. 
b. Top carl'iage. 
c. Upper elevating and travers ing gear box 

cover. 
d. Elevating handwheel. 
e. Traversing handwheel. 
f. Position of lower elevating gear box. 

g. Pivot bolt seat. 
h. Firing bearing surface. 
k. Relative position of elevating shaft. 
m. Relative position of traversing shaft. 
n. Relative position of worm and lower gear 

box. 
p . Recoil regulating arm lug. 

and actuating a worm ( also supported in the top carriage) enmeshed 
with a rack bolted to the bottom carriage. Two circular bronze cast
ings, the elevating and traversing gear box and gear-box cover, as
semble one within the other on the left top side of the top carriage 
( c, fig. 92). The traversing handwheel ( e) is connected through suit
able shafting ( m) to a gear box and worm ( n). This worm meshes 
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with the large worm rack on the bottom carriage, traversing the top 
carriage. 

( 5) Elevatvng mechanism.-The parts of the elevat ing mechanism 
are similar and their method of operation is identical with that of the 
traversing assemblage. T he elevating handwheel (d, fig. 92) is 
mounted on a shaft in the gear-box cover and, through a helical driv
ing pinion, drives a gear on an inclined shafting (k). The lower 
end of the shafting is suported in a gear box (f) secure<l in the :front 

d 

f 

00 

F1oonE 93.- Bottom cnrrlnge, assembled \'l ew, flrlng position. 

a. Top carriage. q, Pivot bolt. 
b. Bottom carriage. r . Socket, upper. 
c. Axle space. $. Socket, bearing. 
d. Centering pin. t. Socket, lower. 
e.. Axle pivot pin. u. Spring box nut. 
f. Cover. v. Pivot bolt nut. 
g. Traveling springs. w. '.J.'rail hinge pin. 
h. Trail pin locking nut. x. Trail. 
m. Axle ph•ot pin handle. .y . Firing bearing s urface. 
n. Traversing rack segment. z. Spring box bolt. 
o. Maneuvering lug. na. Spring box. 
p, Belleville springs. 

lower part of the top carriage. T wo meshed pinions in the gear box 
continue the drive to the elevating worm shaft and worm which is 
enmeshed with a circular worm rack attached to the bottom of the 
cradle. 

(6) Trails.-Two trails of box girder type are provided to prevent 
the carriage from moving to the rear when the gun is fired. They 
are made of steel plate suitably reinforced and are attached by pivot 
pins to the sides of the bottom carriage. In the trav.eling position 
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the trails are coupled together and are fastened to the limber. In 
the firing position they are opened out, each trail being moved about 
30° from the coupled position. The rear ends are provided with 
fittings for attaching. the spades. The trails are fitted also with 
tacks for retracting the gun to its traveling position and with clips 
and screws for holding the traveling lock which holds the gun in 
the traveling position. 

(7) Spades.-Two pairs of spades are provided, one for use in soft 
ground and the other for use in hard ground. They are made of 
steel plate and are provided with fixtures for fastening them to the 
trails. In the traveling position one pair of spades is lashed to the 
top of the trails, one in front and one in rear of the brakeman's seat. 
The other pair is carried in the artillery supply truck. 

(8) .Axle.-The axle consists of a solid piece of forged steel, the 
central portion of which is of I section ( fig. 88), with exception that 
at the center the top portion takes a cylindrical form. Wben in 
traveling position, the bottom carriage is suspended from the axle 
by means of the axle spring, but upon coming into firing position, 
the spring is unshackled and the bottom carriage given direct sup
port by the central por tion of the axle bearing against two axle 
centering pins mounted at the top (front) of the bottom carriage. 
While in this position, holes within the bottom carriage aline with 
one in the axle, making it possible to assemble the axle, pivot pin 
and thus connect the bottom carriage directly to the axle. 

(9) Spring.-A multiple leaf spring is fastened to the front of the 
bottom carriage at its center and extends laterally beneath the axle 
to which it is shackled. It supports the bottom carriage and the 
parts assembled to it and relieves the carriage from road shocks dur
ing transport. Each end is bushed and fitted with a pin for un
shackling the spring when changing from the traveling t-0 the firing 
position. 

{10) Wheels, wheel shoes, and brakes.-The wheels are an assem
blage of a cast steel body, called the wheel center, with two solid 
rubber tires between which is a tire separator of forged steel. The 
wheel bearings are not designed for high speed towing behind truck 
or prime mover (fig. 88). The wheel shoes are issued as part of the 
regular equipment for use in moving the carriage over poor ground, 
and while in firing position. The brakes are of the conventional 
external contracting type mounted on the rear wheels only, and 
operated by a handbrake lever. 

(11) Breechblock.- The breechblock is of the lever pull carrier 
supported type, described in paragraph 13d. 
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Paragraph General __ ______________ _______________________________________________ __ 38 

8-inch railway gun mount, M1918------------------------------ - - -------- 39 
8-inch railway gun mount, ML_______________________ ____ ______________ 40 

12-inch railway mortar mount, 1\11918- ------------------- - - -------------- 41 
12-inch r ailway gun mount (Batlgnolles) ----------- - - - -------- - - ----- --- 42 
14-inc.h railway gun mount, M1920------------------- --------------------- 43 
Ammunition and amriliary cars---- --- - - ----- ------- --- - - - - - - ------ ----- 44 

38. General.-a. The demands for heavy mobile artillery in the 
World War greatly exceeded all estimates, even those of the Germans. 
Accordingly, all of the belligerents were forced to improvise wherever 
possible, and railway artillery came into its own. Guns from sea
coast forts, land forts, and old battleships were mounted on impro
vised rail-way cars and sent to the front. These rough mounts had 
no recoil mechanisms and no traversing mechanisms. The recoil was 
absorbed by allowing the mount to roll along the track with all 
brakes set, and after each round a winch was used to bring the car 
back to its original position. Traverse was secured by building an 
epi, or curved spur track, and moving the mount along the curve 
until the desired azimuth was secured, as shown in the top drawing 
of figure 94. Later developments in design included a means of 
pointing in direction in which the whole car was traversed on a 
previously prepared bed or emplacement as shown in the middle 
drawing, figure 94. This is the means generally used in major caliber 
railway seacoast artillery today. A third type of design used for 
minor caliber guns and 12-inch mortars has top carriage traverse, 
shown in the lower drawing of figure 94. 

b. There are several advantages possessed by railway artillery as 
seacoast defense weapons. The most important is its great strategic 
mobility. For instance, it would be a great advantage if in the event 
of a Pacific war, we could concentrate on our western coast all the 
seacoast armament now emplaced on the Atlantic. Railway seacoast 
artillery can also be used with the field army, if not required for coast 
defense. If information is secured far enough in advance, railway 
artillery can ·be concentrated on almost any part of our coasts to 
oppose an attempted enemy landing on the beach. Deception using 
dummy guns and concealment can be practiced, so that the enemy will 
never be sure just where all of our seacoast armament is located or 
how much we really have. 

c. An examination of the figures discloses that the primitive type of 
railway artillery carriage using an epi for traverse is unsuited for 
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seacoast defense work. For this work, major caliber guns equipped 
for car traverse are used on specially prepared emplacements to which 
the carriages are readily shifted. Minor caliber guns and 12-inch 
mortars equipped for top carriage traverse are suitable for seacoast 
use, as their design permits preparing the gun to fire in some 3 hours~ 
and allows the all-round fire of the fixed emplacement. 

~------------ti:~-~: [ :~?~~}---i 
L - - - - - - - - - -; ,- - - - - -

Cor Trover.se 

FIGURE 94.-Traverse classification. 

d. 0£ the several types of recoil control ( fig. 95), only cradle recoil 
control is used in seacoast artillery. In top carriage recoil control the 
maximum range of the weapon is severely limited, while in sliding 
· a.nd rolling recoil control there is too much time lost in bringing the 
carriage back to firing position after each shot. 

e. Cardages are further classified as to method of anchorage. 
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( 1) Cars using rolling recoil have the brakes set before firing and 
are returned to the original position by means of a winch, as shown 
in the top drawing in figure 96. 

( 2) Those mounts using top carriage traverse use a track platform 
braced with outriggers as shown in the middle drawing and are valu-

FIGURE 95.-Recoil classification. 

able as light seacoast weapons. They are, in effect, a barbette mount 
on a railway car. 

(3) For the major caliber guns, some rather elaborate emplacement 
either of timber (lower fig. 96) or of concrete must be built. Build
ing one of these emplacements is a matter of days rather than hours. 
A prepared emplacement of concrete is shown in figure 110. 
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f. Pointing equipment.-All railway guns used in seacoast defense 
are laid for range by means of the elevation quadrant, M1917. This 
quadrant is mounted on the right trunnion by means of a tapered 
shank which permits of easy removal of the quadrant to prevent its 
being injured by the shock of firing. The quadrant niay be seen in 

6rov/'/d r'latform 
FIGURE 96.-Anchorage classification. 

place on the 8-inch railway gun in figure 98 and on the 12-inch 
mortar in figure 102. 

39. 8-inch railway gun mount, M1918.-The 8-inch railway 
gun appears in two separate models. The earlier model, developed 
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during the World War, is shown in figure 98. The mount is practically 
a barbette carriage of conventional design mounted on a railway car. 

a. Recoil aystem.-(1) The recoil system of this gun employs one 
conventional recoil cylinder (fig. 99) and four spring-operated re
cuperator cylinders. In order to minimize the stresses sustained in 
recoil, the length 0£ recoil has been made long (48 inches). A plug 
type counterrecoil buff er at the forward end of the piston rod prevents 
the mount charging into battery. 

F1cu11,i 97.-Elevntlon qundrnnt, l\11017. 

l. Ele,•:itlon disk. 
2. Outer frlct Ion disk. 
3. Elevation micrometer. 
4. Throw-out lever. 
5. Angle of site micrometer scale. 
O. l\licromctcr screw boodle. 

7. Angle of si I e sea le. 
8. Elc,•ntlou Ic,·cl. 
9. C,·oss level. 

10. Cross level screw handle. 
11. Rocker arm (elc,·atiou quadrant). 
12. Rocker arm support. 

(2) The gun was designed for operation as a fixed barbette weapon, 
firiug a heavy seacoast projectile. Tests on the railway carriage have 
disclosed that sustained operation with a heavy projectile is only 
possible when firing parallel to the tracks, as at other azimuths the 
mount moves around as the gun is fired. At present the guns are 
fired with the lighter 200- and 260-pound projectiles, and the mount 
is stable in all positions. 
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b. Elevating mechanism.-This mount employs a conventional 
elevating mechanism as described in paragraph 28 c (2) , except that 

the elevating rack and.pinion are of the worm type. The maximum 
elevation is 42°. 

98 



WEAPONS AND MATERIEL 

TM 4-210 
39 

o. Traversing mechanism.-The type described in paragraph 28b 
is employed, us1ng the conventional rack and pinion. The mount 
may be traversed through a full 360°. 

f ?: 
'" // 

FIGURE 99.-8-inch recoil cylinder showing plug type counterrecoil buffer. 

1. Recoil band. 7. Cradle. 
2. Piston rod. 8. Cylinder head. 
3. Follower. 9. Piston rod buffer. 
4. Packing. 10. Cylinder head bushing. 
5. Filling valve. 11. Cylinder head support. 
6. Recoil cylinder. 12. Piston . 

.S\OE V\tW 

., ' 'J. 

FIGURE 100.-Diagrams of sight mount, type C. 

d . .Ammunition.-Ammunition is handled by means of a davit 
(fig. 98) and chain hoist. Operating conservatively, a round may 
be fired every 40 seconds. 
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· e. Breechblock.-The breechblock is of the old two-handled type 
(fig. 19) and employs the standard seacoast firing mechanism, M1903, 
with friction primers. 

/. Sight mownt, type 0.- This is the standard equipment for the 
8-inch railway carriage, M1918. (See fig. 100.) 

40. 8-inch railway gun mount, Ml.-a. This weapon, the most 
modern. railway gun we possess, resembles the wartime 8-inch gun 
previously described. Like that gun, it may be emplaced for all
round fire in a few hours without tearing up the tracks. 

1<'1ou1ti; lOl.- 8-incb rnilway gun mount, Ml. 

b. As may be seen from figure 101, it is practically a barbette 
carriage mounted upon a railway car. The elevating and traversing 
mechanisms are of standard "barbette type" design, employing spur 
gears. The elevating system has a brake to hold the gun at the 
desired elevation. A heavy counterweight at the breech end of the 
gun enables the trunnions to be mounted well toward the rear, with
out the use of equilibrators. Like the 14-inch railway gun, it is 
loaded by a.llowing the shell to slide down a tray set at an angle of . 
- 5o. 

100 

I 



WEAPONS AND MATERIEL 

101 

TM 4-210 
40 



TM 4-210 
40-41 COAST ARTILLERY CORPS 

a. The gun itself is a modern weapon, 45 calibers long, and of 
the built-up type. I t fires a 260-pound projectile to a range of 
27,550 yards, and a 200-pound projectile to a range of 33,850 yards. 

d. The recoil system employs two conventional recoil cylinders, 
giving the mount a recoil of 27 inches. One pneumatic recuperator 
cylinder of conventional design moves the gun forward into firing 
position after each round. 

FIG URE 103.-Antifriction diivice, 12-inch railway mortars. 

1. Rronze bushing. 7. Adjusting screw. 
2. Rolling pin (steel). 8. Crutch guide. 
3. Crutch (steel) . 9. Side-frame ribs. 
4. llfain trunnion bearing. 10. Side frame. 
5. Trunnion cap square. 11. Stirrup. 
6. Beam. 12. Beam pivot pin. 

41. 12-inch railway mortar mount, M1918.-a. Mounted 
upon the same type of car as the 8-inch railway gun is the 12-inch 
railway mortar, M1918. Built to utilize 12-inch mortars, M1890 and. 
Ml890MII, dismounted from fixed mounts in the various harbor de
fenses during the World War and designed primarily for service 
with the field army overseas, the weapon proved itself well adapted 
to seacoast defense. I t is the only piece of primary armament 
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manned by the Coast Artillery Corps capable of being rushed to a 
threatened location, emplaced, and fired within a matter of hours. 

b. (1) The recoil mechanism resembles that of the M1908 fixed 
mortar, employing a sleigh sliding in a cradle. Two recoil cylinders 

F1ounll 104.-Sight moun t, type D, on 12-lnch railway mortar carriage, :\11918. 

of conventional design are built into the underside of the cradle. 
Recoil length is 32 inches. One pneumatic recuperator cylinder 
mounted above the cradle returns the mortar to firing position after 
recoil. 
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(2) The carriage has been designed to permit fire at elevations 
between 20° and 65°, though only those elevations between 45° and 
65° are of use in seacoast artillery work. To emplace, the car is 
raised on four hydraulic ja.cks and lowered onto oversized railway 
ties as shown in figure 102. It is held in position by the outriggers 
and may be fired at extreme range throughout the 360° traverse. 

c. The elevating mechanism is of conventional circular rack and 
pinion type and employs an antifriction device similar to that used 
on the latest barbette carriages (par. 28 d) . I nstead of employing 
Belleville springs to allow the trunnions to drop a small amow1t on 
firing, a steel crutch and a long steel beam are used. The stress of 
recoil causes the beam to deflect enough to permit the trunnion to rest 
on the main trunnion bearing ( fig. 103). 

F1oonE 105.- 12-inch (Batlgnolles) on field platform. 

a . Top carriage. 
b. Body girder. 
c. Emplacing wedges. 
d. Structural steel platform. 
e. Elevation slip device. 
f. Elevation bandwheel. 

g. Traversing han,lwhcel. 
h. Loading hoist (crane) . 
k. Projectile table. 

m. Loading tray. 
p. Antifriction device. 

d. Sight mou,nt, type D.- This mount is standard equipment for 
the 12-inch railway mortar carriage, M1918. F igure 104 is a photo
graph of the mortar showing the sight mount. 

42. 12-inch railway gun mount (Batignolles).-a. This 
mount was originally designed by the French for use a"8 a fixed non
sliding mount with a limited traverse of 5° each side of the center line. 
The ground platform ( fig. 105) requires that the tracks be torn up 
to emplace the weapon. 

b. The recoil mechanism of conventional design consists of two 
hydraulic recoil cylinders mounted under the cannon, and one pneu
matic recuperator mounted over the cannon. They closely resemble 
those shown in figures 46 and 99. 
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c. As this gun is capable of throwing a 900-pound projectile to 
a range of some 30,000 yards and can be moved wherever there is a 
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railroad, its possibilities as a seacoast defense weapon were imme
diately realized. In its original form its maximum traverse was 
10°- for seacoast artillery work it should be 360°. The scheme 
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shown in figure 106 was finally worked out, in which the base ring, 
traversing rollers, and racer of the obsolete 10-inch disappearing 
carriage were mounted on a concrete platform and used to convert 
the Batignolles carriage to an all-round fire weapon. These con
crete platforms could be built in advance on both coasts, and only 
occupied when the dangerous areas became known. None of these 
platforms have actually been built . 

./I, .:fa ea r 
F rGORE 107.-14-lnch railway mount, M1920. 

aa. Gun lo 6rlng position at maximum 
elevation. 

ab. Gun lnfiri;ig position at zero ele
va,tton. 

ac. Gun in loading position at -7° 
elevation. 

ad. Gun In travel position at 3.5° ele,. 
vation. 

b. Cradle. 
c. Recoil cylinder. 
d. Reco!I band. 

ea. Top cnrriage In tiring position. 
eb. 'l'op carriage in travel position. 
fa. Gun breech at mnxlmum elevation. 

fb. Gun breech, recoil. 
g. Travel rest. 
h. Car body girder. 
k. Loading stand tray. 
m. Loading trunk. 
n. Rear body bolster. 
p. Rear span bolster. 
q. Traversing roller assembly. 
r. Lower p!ntle assembly and plate. 
s. Front body bolster. 
t. Front span bolster. 
u. Space occupied by power plant. 
v. Elevating rack. 

43. 14-inch railway gun mount, M1920.- a. This is our out
standing railway gun designed for fire at both fixed and moving 
targets. As shown in figure 107 the principal member of the carriage 
is the car body girder (h) which is supported at each end by a large 
railway truck (p and t ) . The top carriage mounts the cradle, recoil 
mechanisms, and gun. 
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b. (1) Several problems have been ingeniously worked out in the 
design of this gun. For instance, there was the requirement for 
two differing heights of trunnions. To lower the center of gravity 
for traveling and to decrease the over-all height of the mount so_ 
that it may pass through tunnels, a low height of trunnions is de
sirable. On the other hand the trunnions should be high for firing 
in order that the cannon may have ample space for recoil at high 
elevations. These mutually exclusive requirements have been met by 
the use of a movable top carriage which is raised for firing and 
lowered for traveling. The general idea is illustrated in figure 108, 
which shows the top carriage in both upper (firing) and lower 
(traveling) positions. · 

(2) For land warfare it was desired to be able to fire the gun from 
a field emplacement on the track. For this purpose a previously 

FIGURE 108.-Top carriage lifting mechanism. 

constructed epi or- curved spur is used. The mount is run to the 
proper position on the epi, steel I-beams parallel to the. tracks are 
spiked to the ties, and the mount is raised and supported on the 
I-beams. To permit adjustment of fire, the mount has a traverse of 
3% 0 either side of center. This is achieved by pivoting the top 
carriage at its rear end ( or upper pintle) ( fig. 109). The front end 
of the top carriage may be moved to the right or left to secure the 
3% 0 traverse desired. By the use of the epi and the field emplace
ment it is possible to go into firing position in less than 1 hour. 

(3) For seacoast defense work which requires all-round fire it is 
necessary to have a previously prepared platform or permanent em
placement. This consists of a concrete block about 42 feet in diam
eter. To this block are bolted two steel parts--one, the circular 
base plate about 9 feet in diameter; and the other the base ring, some 
32 feet in diameter (fig. 110). To go into position on this emplace
ment, the mount is moved over the bridge rails and hinge rails ( fig. 
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FIGURE 109.-Top carriage assembly. 
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110) until the lower pintle center coincides with the center of the 
concrete block. The whole mount is then lowered by a mechanical 
lowering device until its weight rests on the base plate. The base 
plate is then bolted down solidly. The two traversing rollers on the 
mount traversing beam rest on the base ring, being held against 

ORDINARY ORDINARY 
TRACK \gj TRACK 

--• BRIDGE BRIDGE 
RAILS RAILS 

F rnurrn 110.- P ermanent emplacement for 14-inch ra ilway mount. 

tipping by clips which engage a lip on the edge of the base ring 
(fig. 111). The top carriage is then raised to firing position, and 
the trucks are run from under the mount. · As the electric power 
plant is carried on the forward truck, this may only be moved the 
length of the cable furnished, about 100 yards. The total time 

GIRDER 

center of gravity 
of mount 

! 

mount traversrn;g=--rT-----------~----7.,,--~ 
beam y PEDESTAL 

'A/'. 
whgbeoorrohu~:t.vots 

FIGUiiE 111.-Mount traversing mechanism, 14-inch railway gun. 

required for · em placing the mount ( after the concrete block is com· 
pleted) is about 2% hours. 

c. The mount traversing mechanism is employed when the mount is 
on the permanent emplacement. As shown in figure 111 the mecha
nism consists of a pedestal ( or pivot) around which the mount re-
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volves, and a traversing beam-traversing roller assembly. When the 
pedestal is in position on the base plate, the traversing rollers rest on 

Fu:i:1a: 112.-Sight mouut, i\11020 (front). 

the base ring. As the center of gravity of the mount is between the 
pedestal and the traversing beam (fig. 111) part of the weight is borne 
by each of these membei·s. Actual traverse is accomplished by turning 
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1. Rotating head. 
2. Eyepiece. 
3. Elevation worm knob. 
4. Azimuth circle adjusting collar. 
5 . .Azimuth circle adjusting worm mi

crometer. 
6 . .Azimuth circle adjusting worm thrnw

out lever. 
7 . .Azimuth circle. 
8 and 9 . .Azimuth circle housing. 
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FIGURE 113.-Panoramic telescope, 1\11922. 

10 . .Azimuth micrometer. 
11. .Azimuth worm throw-out lever. 
12. Telescope housing. 
13. Eyepiece elbow. 
14 . .Azimuth worm housing. 
15 . .Azimuth index. 
16. Winged micrometer clamp screw. 
17 . .Azimuth circle adjusting worm lock screw. 
18. Screws holding auxiliary index. 
19 . .Azimuth micrometer index. 

---1 
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20. Micrometer clamp screw. 
21. Winged clamp screw for azimuth circle ad

justing worm. 
22 . .Azimuth circle adjusting worm micrometer 

index. 
23. Socket for lamp bracket. 
24 . .Azimuth circle adjusting worm housing. 
25. Lug for locking sight to adapter. 
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the traversing rollers through suitable gearing. To assure stability, 
a clip on the traversing beam engages a lip on the edge of the base 
ring. During recoil the stresses imposed on the mount-traversing 
beam are very large. To take these. stresses, and still permit easy 
traversing, a device is used which functions much as does the antifric
tion elevating mechanism described in paragraph 28d. The traversing 
rollers are attached to the traversing beam by means of Belleville 
springs heavy enough to support the weight ordinarily carried. The 

G 

FIGURE 114.-Ammunition car, end sketch. 

a. Rail trolley extension. c. Car end. 
b. End door. d. Hinged floor plate. 

additional stress imposed by recoil compresses the springs, allowing 
the traversing beam itself to rest on the base ring, and to transmit 
the stress of recoil direct. 

d. The elevating mechanism is of conventional design, employing 
a circular rack and spur gearing. The recoil mechanism is the same 
as that employed on the 16-inch howitzer barbette carriage, consisting 
of four conventional recoil cylinders and one pneumatic recuperator 
cylinder. The mount has a recoil of 3'5 inches. For reloading, the 
gun is depressed to -7° and the projectile loaded by sliding down 
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a tray set on a -7° slope. For elevating and depressing by power, 
the mount is furnished with a self-contained power plant mounted 
on the front truck. 

e. Sight mount, Ml.n<J>.-The sight mount, M1920 (fig. 112), is 
standard equipment for the 14-inch railway gun, M1920. 

f. Panoramw telescope, M192£.- This sight is standard equipment 
for the 14-inch railway gun mount, M1920. 

44. Ammunition and auxiliary cars.- It is intended to supply 
·the railway batteries with three types of standard cars- ammunition, 
supply, and £.re-control. The ammunition and fire-control cars are 
steel boxcars while the supply car is a flatcar. These cars differ very 
slightly from the commercial cars of the same type. The fire-control 
car is arranged with windows and heating arrangements. The am
munition car has special ends as shown in figure 114. This consists 
of a folding-back floor plate and an end swing door that permits the 
service of projectiles and powder from the ammunition car to the 
mount car. This is accomplished by means of an overhead rail 
trolley that can be slid forward and projected over the end of the 
mount car. On this trolley are mounted ordinary rolling triplex 
blocks of sufficient capacity. In the loading of the cars a limit is 
placed upon the amount of ammunition per car. In the case of cer
tain guns complete rounds (powder and projectile) are caiTied in 
the same car while in others the projectile and powder are carried in 
separate cars. 
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SECTION IX 

SEARCHLIGHTS 
Paragraph 

General------------ ·------------------------- ---- . --------------------- 45 
Harbor defense searchlight unit_____________ __ _________________________ 46 
Searchlight proper (or projector) ________________________________________ 47 
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45. General.-a. The range of a searchlight is the maximum dis
tance at which an object in its beam is visible. -The visibility of the 
object does not depend on its actual illumination but upon the con
trast between its illumination and the illumination of the surrounding 
field. The most obvious way of improving the contrast between the 
illuminated target and the searchlight beam is to move the controlling 
observer a way from the searchlight and thus decrease the depth of 
illuminated atmospheric particles through which he sees the target. 
This has the effect of decreasing the luminosity of the field, thereby 
improving the contrast and increasing the range. 

It has been found from experience that the distance between the con
troller and searchlight should be at least 50 feet. Each increase in dis
tance up to that point brings about a substantial increase i:a range. 
Most of the possible advantage to be gained by movement to one side 
is obtained at 50 feet. 

b. All the searchlights used in our service depend upon the electric 
arc as their source of light. The ordinary arc light employed in street 
lighting and the older searchlights used two plain carbons, a positive 
and a negative. In the modern high intensity arc the negative car
bon is a carbon pencil, with a very small core, but the positive carbon 
has been radically changed. It has been found that the actual light 
source in the arc is a globule of incandescent gas held in a crater in the 
positive carbon. In the old type arc this globule was of incandescent 
carbon gas. In the new high intensity positive carbon a core of rare 
earths, cerium and lanthium, has been provided. When these rare 
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earths are fused in the arc they provide, a globule of incandescent gas 
which is at a much higher temperature, and therefore a more intense 
source o:f light than was provided by the old style plain carbon arc. 

c. When the arc is struck carbon is :fused into an incandescent gas 
which conducts electricity. (See fig. 115.) Carbon particles flow 
from the negative to the positive carbon. This forms the incandes
cent globule of gas (which is the actual light source) by fusing the 
positive carbon. It is this globule of gas which must be kept at the 
exact focus of the parabolic mirror, as tests show that a 40 percent 

FIGURE 115.-Normal appearance of arc. 

loss of efficiency occurs if the light is 114 inch out of focus. The con
stant bombardment of the positive carbon by carbon particles from 
the negative wears it away, and as this wear· is concentrated at the 
upper edge of the positive carbon it is necessary to gradually rotate 
it so that the wear is uniform. In addition, means must be provided 
for gradually feeding both positive and negative carbons to com
pensate for their burning away and to maintain the globule of gas 
at the exact focus of the mirror. In early searchlights this rotating 
.of the positive carbon and feeding of both carbons were done by hand. 
Experience showed that it was difficult for an operator to accomplish 
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FIGURE 116.-Diagram thermostat operation. 

a. Direct ra.y shield light slot. 
b. Exposed zinc strip. } 
c. Shadow plate. Thermo-
d. Contact viewing window. stat 
e. Compensating strip. 
f. Contacts. 
g. Mirror. 
n. Drum. 
o. Mirror adjusting screw. 
p. Thermostat mirror. 

q. Light rays. 
r. Negative carbon. 
s. Positive carbon. 
t. Front door of drum. 

A. Arc crater of positive carbon in p?oper 
focal point-contacts are separated. 

B. Arc crater position when zinc strip cools 
enough to allow contacts to touch and 
positive carbon is fed up to A. 

NOTE : b, c, d, e, and f are enclosed in the thermostat housing. 
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this efficiently and so automatic mechanical means have been provided 
to do this work. 

d. The rotation of the positive carbon is a simple motion accom
plished by an electric motor. The feeding of the positive carbon is 
a much more complicated problem as it must be fed at a variable rate, 
depending on how fast it is burning away. In our modern harbor 
defense searchlights, use is made of a beam of light playing upon a 
thermostat to control this motion as shown in figure 116. The ther
mostat is located inside a small window. A focusing lens or mirror is 
employed to focus the rays of the arc on or near this window. When 
the light source is in exact focus, this beam of light is directed just 
inside the window. As the carbon burns away (and the light source 
therefore leaves the focal point) this beam of light leaves the win
dow, and the thermostat cools, causing it to close an electrical con
tact and feed the positive carbon forward. This movement of the 
positive carbon brings the light source back into focus and causes 
the beam of light from the lens ( or mirror) to enter the window, the 
thermostat heats, the electrical circuit is made, and the feeding of the 
positive carbon stops. When the positive carbon again burns away, 
the light again leaves the thermostat and the feeding operation is 
repeated. The AA searchlight employs a similar method, as shown 
in figure 128. 

e. In addition to maintaining the light source at the focal point 
of the mirror it is necessary to maintain the arc at proper length. 
This is accomplished by regulating the feeding of the negative 
carbon. This feeding device is designed to maintain a constant 
voltage across the arc. To accomplish this, the coil of a solenoid 
is connected across the arc as shown in figure 117. The reciprocating 
shaft and the U-shaped frame attached to it is moved right and left 
by the rotary motion of the feed motor shaft. When the arc becomes 
too long and the voltage across the coil too high, it attracts an iron 
core which raises the U-shaped frame, engages the lower pawl, and 
feeds the negative carbon forward by rotating the negative feed roller 
shaft. If the arc becomes too short, the attraction of the solenoid 
for the iron core is lessened and a coil spring pulls the iron core out 
of the solenoid lowering the U-shaped frame, engaging the upper 
pawl, and causing the negative carbon to be retracted. Both feeding 
operations go on constantly and automatically and result in main
taining the light source at the focal point of the mirror and in 
keeping the arc length constant. The negative feed mechanism also 
serves to strike the arc when the main switch is closed. 
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46. Ha;rbor defense searchlight unit.-Though all searchlights 
are the same in principle, there are certain definite differences in 
the way the original idea has been applied. Harbor defense fixed 
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lights may be subdivided into £our general parts, and will be 
described as such. These parts are-

Searchlight proper ( or projector). 
Lamp mechanism. 
Distant electric control. 
Power supply unit. 
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In contrast to the mobile antiaircraft light, harbor defense lights 
are considered fixed although they may be mounted on elevators, 
towers, or short railroads for movement between protected daytime 
positions and exposed night positions. 

FIGURE 118.-Front view, 60-inch fixed light. 

a. Drum. p. Lamp trough. 
b. Door. q and r. Training mechanism boxes. 
c. Glass strips. s. Turntable. 
d. Ventilating hood and motor. t. Base. 
e. Muffler. u. Contactor panel box 
f. Thermostat instrument box. v. Power leads. 
g. Drum trunnions. w. Conduits. 
h. Traversing handwheel. x. Reinforcing strips. 
k. Elevating handwheel. .y. Braces. 

m . Elevating rack. z. Carbon tube. 
n. Right and left arms. aa. Operator's platform. 

47. Searchlight proper (or projector).-This comprises all 
that we generally think of as a searchlight as we look a.t it in figure 
118. 
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It consists principally of
Drum ( or barrel) (a). 
Parabolic mirror ( 60 inches in diameter) . 
Glass front (b and c). 
Ventilating hood and motor ( d). 
Trunnion arms ( n). 
Turntable (s). 
Base (t). 
Hand elevating and traversing hand wheels (hand k). 
Lamp mechanism and various unseen parts inside the drum. 

FIGURE 119.-Side view, 60-inch harbor defense searchlight. 

a. Drum. 
b. Door handles. 
c. Side plate. 
d. Ventilating hood. 
e. Mirror frame and dome. 
f. Thermostat instrument box. 
g. Drum trunnion. 
h. Traversing ha ndwheel. 
k. Rlevating handwheel. 

m. Elevating rack, 

120 

n. Right arm. 
p. Lamp trough, 
q. Training mechanism box. 
r. Elevating scale arm. 
s. Turntable. 
t. Base. 
u. · Training gears. 
y. Braces. 
z. Carbon tube. 

aa. Operator's platform. 
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Figure 119 shows a side view of the same searchlight. 
The drum is the barrel of the searchlight and is a short cylinder 

about 60 inches in diameter connecting the mirror with the glass front. 
If the searchlight is compared to a gun and carriage we find the 
following corresponding parts : 

Searchlight 

Drum 
Mirror 
Glass front 
Trunnions 

· Trunnion arms 
Turntable 
Base 

Gun and carriage 

Gun barrel 
Breech block 
Muzzle cover 
Trunnions 
Side frames 
Racer 
Base ring 

Hand elevating and traversing are accomplished much as for a 
fixed gun. 

FIGURE 120.-Turntable, underside. 

a. Turntable. e. Training contact rings (10). 
b. Positive contact ring. f. Main power leads. 
c. Negative contact ring. g. Training circuit leads. 
d. Contact ring insulation. 
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In the turntable (fig. 120) are located the contact rings for the trans
mission of operating power and distant electric control power from 
the base to the proper motors on the light. These rings permit free 
rotation without danger of twisting off any cable connections between 
turntable and base. In the base ( fig. 121) are the contact plungers 
( or brushes) which bear on the contact rings in the turntable. 

F1c un•: 121.-Dnse, upperslde. 

a. Base casting. g. Oil and distance ring. 
b. Base plate. h . Tread roller. 
c. Center pin. k. Tread roller ring. 
d. Insulation blocks. m. Base plate gear (traversing rack). 
e. Connection receptacles. ll . Contact plunger (power). 
f . Guide rollers. p. Training circuit plunge1·s. 

48. Lamp mechanism.-The lamp mecha.nism consists of the 
lamp control mechanism, the positive and negative ( carbon holding) 
hea-ds, and the relay controlled circuit breakers. 

a. Larrrvp control mechanism.-The lamp control mechanism con
tains all the mechanism for feeding the carbons so as to maintain 
the light source at the focal point of the mirror. The motor that 
furnishes the power for these operations also drives a small fan that 
cools the positive and negative heads. The positive feed is controlled 
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FIGURE 122.-General view, columns, heads, and occulter. 
a. Front cap and stray light shiPJd. 
b. Ventilating vents. 
c. Positive carbon. 
d. Positive head bevel gear. 
e. Bearing cage casting. 
f. Contact strip brush leads. 
g. Occulter counterbalance weigl1ts. 
h . Occulter gear. 
k. Occulter caps. 

m. Star wheel feed rod spring. 
n. Positive bead driving shaft. 
o. Airtube braces ( positive). 
p. Positive column airtube. 

NOTE,-Tbe above columns and shafts 

q. Star wheel feed rod. 
r. Airtube braces (negative). 
s. Negative column airtube. 
t. Negative carbon release sbaft. 

u. Negative feed shaft. 
v. Negative carbon. 

w. Compression spring lever. 
x. Negative head. 
y. Negative feed gear. 
z. Compression spring. 

aa. Feed roller bracket spring. 
ab. Negative contact strip leads. 

extend down into the control box. 
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by a thermostat as shqwn in figure 116 and described in paragraph 
45d. The negative feed mechanism which governs the arc length 
has been described in paragraph 45e. 

b. The carbons themselves are carried in the positive and negative 
heads ( fig. 122). 

(1) The positive head is on the right of the figure. As the posi
tive head receives most of the heat, its operating parts are protected 
by a large bronze shield (a) . In addition, a quar tz bushing sup
ports a portion of the carbon which projects beyond the shield. 
Behind the shield is mounted the feed mechanism, which feeds the 

F1ooaE 123.- Synchronou~-relay, distant electric con trol, mounted on harbor defense 
searchlight. 

carbon forward (never backward) and rotates it at the proper rate 
for even burning. When the carbon burns away, a magnet, actu
ated by the thermostat, draws the star wheel feed rod ( q) up into 
contact with the star wheel (a large gear) and feeds the carbon 
forward. The occulter and accessories (g, h, and k) are furnished to 
secure instant darkening of the light. However, since a high
intensity carbon has little afterglow, the occulter is little used. The 
positive carbon is inserted from the front through a: carbon tube 
(z, fig. 119) extending through the center of the glass front. Al
though the positive carbon is consumed more rapidly than the 
negative, it is good practice to recarbon both heads at the same 
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time. To enable the operator to keep the light source ( the incan
descent globule) at the focal point of the mirror and the arc at the 
proper length, a ground-glass view finder is furnished, which shows 
the arc at ·% size. By marking the proper positions of the positive 
and negatjve carbons on this finder, it is possible to have efficient 
operation without frequent refocusing. 

(2) The negative head (x) ( on the left in fig. 122) holds the 
negative carbon (v) and feeds it forward or back as actuat~d by the 
negative control rod (u). The negative carbon is inserted from the 
rear (left) by separating the feed rollers which support the carbon. 
After insertion, these rollers grip the negative carbon, support it.: 
and feed it backward and forward. 

49. Distant electric control (D. E. C.).-Distant electric control 
is desirable for two reasons. It enables the searchlight to be controlled 
from a point at a distance from the light itself, thus greatly increas
ing the efficiency of the operator-light team, and it enables the light 

AT CONTROL STATION I 

AJIMUt~ I I AT SEARCHLIGHT 

ELEVATION rlH L ! !==~ 
HANOWHEEL~ 

CONTROLLER : : 

I I 
I I 

SMALL PILOT 
MOTOR 

SHAFT 
THAT 
ACTUALLY 
ELEVATES 
SEARCHLIGHT 

FIGURE 124.-Dis tant electric control showing general functioning of parts. 

to be cont.rolled directly from the observation post of the commander 
of the particular tactical unit using the light. 

a. Oontrols.-The control in general use is of the synchronous-relay 
type. At the control station is located the device called the controller 
for traversing and elevating the light, and for turning it on and off. 
The necessary distant electrical control motors and their controls (fig. 
123) are mounted on the light itself. The technical details of the 
operation of the distant electrical control are beyond the scope of this 
manual. The general idea is illustrated in figure 124. When the op
erator in the control station turns the elevation handwheel, electrical 
impulses are sent over wires to the armature of a small pilot motor. 
As this motor is too small to elevate the light directly, it is used to 
control a cam cylinder. This cam cylinder, operating through suit
able contactors and resistances, controls the power to the large train
ing motor which elevates or depresses the light. 

A similar hook-up controls the azimuth. 
The controller has two electric switches, one to throw the current 

on or off at the lamp of the projector, the ·other to give two speeds of 
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operation to the projector. This change in speed is accomplished by 
a magnetic clutch located between the training motor and the travers
ing or elevating pinion. When the switch is turned in the direction 
marked "fast" the speed is 7% times greater than when the switch is 
at the position marked "slow." The whole system requires ten con
ductors in the cable connecting controller and light and is reliable up 
to distances of 2 miles. 

A hand elevating, traversing, and main switch mechanism is pro
vided at the searchlight for emergency use. 

b. Synclllf'onous type controZZ.er.-This controller is the old standard 
type which is employed by some searchlights now installed in the 
various harbor defenses. Although no longer standard, these units 
will be continued in service during the life of the searchlights on which 
they are installed. 

This controller operates on the same general principle as the syn
chronous-relay type. 

50. Power supply unit.-The standard power unit for the harbor 
defense searchlight is the 25 kw. gasoline-electric generating set, type 
GM 12. Complete operating instructions for this set will be found 
in "Instruction Book No. 1, Installation, Care, and Operation of the 
25 kw. Gasoline-Electric Generating Sets, Type GM-12," W. D. Doc. 
No. 497. 

51. Antiaircraft artillery searchlight units.-The illumina
tion of aircraft for night defense is of prime importance. Aerial 
bombardment of rear areas will, as a rule, be carried on at night. 

Since 1917 the antiaircraft searchlight and its auxiliary equipment 
has been in a continuous state of development, keeping pace with other 
antiaircraft materiel. As a result several types of searchlights, power 
units, distant electric controllers and comparators will be met with 
in the service. Any major emergency will undoubtedly require the 
use of superseded models now in storage. The 60-inch mobile search
light unit, M1939, is the latest type in service. The following earJier 
types will be found in the service : 

36-inch barrel type. 
60-inch open type. 
MI. 
MIL 
MIV. 
MVI. 
M1934. 
M1937. 
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52. MVI searchlight unit.-The MVI searchlight unit was the 
first unit, embodying all the modern features, to be issued in quantity. 
For convenience a detailed description of this unit will be given 
below and other models will be described later by showing their 
points of difference. 

a. Oharaoteri,.stics.-Experiments have shown that the optimum 
efficiency consistent with desired mobility and limit of size is obtained 
in a searchlight having the following characteristics: 

60-inch parabolic mirror (glass or metal). 
150- to 200-ampere, high-intensity arc. 
High-intensity so.ft-core positive carbon. 
Cored negative carbon. 
Full automatic regulation of arc length and focal position of 

positive carbon. 
With few exceptions all antiaircraft searchlights have these :fea

tures, and therefore a thorough understanding of the principles and 
operation of the MVI searchlight will be applicable with little change 
to the operation of other models. 

b. Components of searchlight unit.-Each of the modern models of 
the 60-inch mobile searchlight unit has the following components: 

Searchlight. 
Power unit. 
Sound locator. 
Control station. 
Cables. 

c. Detailed description.-Figure 125 shows the arrangement of 
these components in the normal set-up of the complete unit. On the 
right, the power unit B is shown. Through cables ( 1) it supplies 
D. C. power for the arc and distant electric controller. Cable (2) 
carries the 120-volt single phase alternating current required for the 
comparator data transmission. Cables (1) and (2) are 600 f eet in 
length. T he searchlight A, actually 600 feet away from the power 
unit, is shown in the upper center. Cable (4) connects the distant 
electric controller to the searchlight A while the right section of 
cable (3) transmits the azimuth and elevation of the searchlight back 
to the comparator. Cables (3) and (4) are 200 feet long. 120-volt 
alternating current power for operating the data transmission system 
is furnished by a rotary converter mounted on the truck chassis. The 
rotary converter changes the direct current developed by the search
light generator to alternating current. The comparator E and dis
tant electric controller F together constitute the control station and 
are shown in the lower center. The sound locator C is connected to 

127 



TM 4-210 
52 COAST ARTILLERY CORPS 

128 



WEAPONS AND MATERIEL 
TM 4-210 

52 

the comparator by the Jeft section of cable (3), also 200 feet in length. 
This cable trar,smits the azimuth and elevation of the sound locator, 
corrected by the acoustic corrector D, to the comparator. 

F1ounE 126.--60-inch mobile search light, MVI. 

1. Daylight training sights (,rnimuth). 
2. Daylight training sights (elevation). 
~- Stray-light shield. 
4. Sliding door Into drum. 
5. A. C. supply receptacle. 
6. A. C. supply switch. 
7. Comp11rator cable receptacle (white). 
8. Controller cable recPptacle (red). 
9. Positive power cable receptacle (yellow). 

204281°-40--9 129 

10. Negative powe1· cable receptacle 
(yellow). 

11. Pocket for recarbonln.i; wrench. 
l.2. Azimuth training motor switch. 
13. Azimuth lock arm. 
14. Azimuth lock bracket. 
rn. Azimuth lock pin. 
16. Eye for winch cahle. 
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Careful orientation of the sound locator and searchlight is neces
sary, in order that the matching of azimuths and elevations of the 
sound locator and searchlight will train the searchlight in the direc
tion determined by the sound locator. 

53. Searchlight, MVI.-a. The searchlight is of aluminum alloy 
construction, the rear half being cast in one piece to form a r igid 
support for the parabolic glass mirror (fig. 126). 

The lamp mechanism is of the fully . automatic type with provision 
for semiautomatic and manual control. 

Training of the searchlight may be accomplished by hand at the 
searchlight; by extended hand control which permits of its operation 
in elevation a.nd azimuth mechanically at a distance of 12 feet; or 
by remote electric control. The last method is normal. 

b. Drum (JIYl.d chassis.-(1) The front half of the drum is provided 
with two sliding doors so that access to the lamp is available from 
either side of the searchlight drum. A tubular guard for the positive 
carbon is provided at the center of the glass front. Bayonet type lock
ing studs permit this tube to be held . in either its housed position, 
inserted within the drum, or in its outer position. A ventilating motor 
is mounted on top of the drum. Its purpose is to scavenge burnt gases 
and soot from the drum and at the same time to cool the interior. A 
set of daylight sights is mounted on the searchlight for the purpose of 
training, and determining the accuracy and efficiency of the personnel 
and comparator systems during daylight drills against a moving target. 

Mounted on the right-hand side of the drum is the lamp-control 
box (figs. 127 and 129) containing the feed motor and the various 
control knobs. Below the lamp-control box are the focusing knob; 
ammeter and voltmeter; ground glass finder; · elevation training 
motor; and main switch for the arc. 

(2) The searchlight chassis (fig. 126) is equipped with four level
ing screws and two sets of level vials. One set of vials is accurate 
to one-half degree and the other to one minute. Also mounted on the 
chassis are the receptacles for the cable plugs; the azimuth training 
motor; a switch to energize the A. C. transmission system; an azimuth 
clutch; and a locking pin. 

On the trunnion yoke and base are mounted a. movable azimuth cir
cle ; the azimuth A. C. transmitter; resistors (for reducing the 100-volt 
direct current to 35 volts required in the distant electric control); and 
switches for meter and scale lights as well as for the azimuth part of 
the distant electric control. 

c. Operating principle8 of the lamp mechanism.-The high-intensity 
arc is kept at the focal point of the mirror by means of a thermostat 
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FIGURE 127.- Rlght-hand side of searcbltgbt. 

1. Hand-reed knob (positive). 
2. Positive feed adjusting knob. 
8. Hand-feed knob (negative). 
4. Centralizing knob. 
5. Scale Illuminating lamp. 
6. Voltmeter and ammeter. 
7. Elevation training motor. 
8. Oil hole. 

10. Arc switch. 
11. Arc-length adjustment knob. 
12. Recarboning-lamp switch. 
18. Thermostat adjusting screw. 
14. Arc peephole. 
15. Focusing knob. 
16. Ground glass finder. 
17. Elevation clamping lock. 
18. Elevation clutch lever. 
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9. Lamp switch for meter ij and 
scaie.s. 19. Socket for extended hand control. 
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controlled :feed mechanism. The :feed mechanism is actuated by a 
small shunt motor designed to operate normally at 78 volts direct . 
current ( arc voltage). This :feed motor drives an eccentric which 
causes the oscillating :feed member to reciprocate, thereby actuating 
the positive and negative :feed. 

(1) Positive feed.-The positive carbon is :fed forward either by 
hand or automatically. It cannot be :fed backward. The automatic 
thermostat control operates as described in paragraph 45d, using 
a lens instead of a mirror (fig. 128) for :focusing the rays o:f the 
arc. 

The oscillating :feed member carries the positive :feed pawl which 
slides over the positive :feed-control guard. Each reciprocation o:f 
the oscillating :feed member causes the positive :feed pawl to engage 
normally one tooth o:f the positive :feed ratchet, thus rotating slightly 
the positive control rod which is :fastened to the positive :feed ratchet. 
Rotation o:f the positive :feed rod :feeds the positive carbon forward 
and at the same time rotates the positive carbon. As soon as the 
positive carbon burns back V6 4 inch, the light from the crater ( con
centrated by the thermostat lens) is thrown onto the bimetallic 
thermostat strip. The resulting intense heat causes warping o:f this 
strip and closes an electric contact. The thermostat magnet coil 
becomes energized, attracts the positive :feed-control guard, and al
lows the positive :feed pawl to engage a greater number o:f teeth, 
thereby increasing the rate o:f :feed o:f the positive carbon until the 
crater again reaches the focal position. The concentrated light rays 
then cease to :fall in the thermostat slot and the thermostat contacts 
open. The normal rate of feeding is again resumed until the condi
tions just described are repeated. In case the thermostat should 
fail, the normal rate of feed can be increased by means of the semi
automatic feed-control knob . . The positive carbon may be fed and 
rotated manually by means of the positive hand :feed knob. Figure 
129 shows the exterior o:f the lamp control box where all controls of 
the positive and negative carbons are located. 

NOTE: It is important that this normal rate of feeding be less than the rate 
of burning, as otherwise the positive carbon will chase the negative back into 
the negative head and melt the head. 

(2) Negative feed.-The negative carbon can be fed forward or 
backward at a rapid rate, either by hand or automatically. The volt
age across the arc varies with the distance between the positive and 
negative carbons. This variation is used to control the relative posi
tion and :feeding o:f the negative carbon · as described in paragraph 
45e. The negative carbon can be fed forward or backward by hand 
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when the fork carrying the reed pa,vls is centralize~, which is accom
plished by moving the negative feed centralizer knob to the left. The 
negative control rod can then be turned freely in either direction by 
means of the negative hand feed knob. 

54. Power unit.- The essential features of the power unit follow: 
a. Ohassw.-A duplex truck transpor ts the searchlight and fur

nishes power for its operation. The same motor that operates the truck 
drives a D. C. generator for furnishing power for the searchlight. 
The D. C. generator is mounted in rear of the transmission. A hand 
clutch is provided so that the engine of the truck ma,y engage and 

FIGUtttJ 129.- Extel'ior of lamp control box. 

1. Negative feed cenu-alizer knob. 
2. Semiautomatic feed control knol>. 
3. Negative band feed. 

~. Jl'<•ed motor. 
5. Al'C length adjustment knob. 
G. Positive hand feed. 

operate the D. C. generator or drive the truck as desired. The lever 
controlling this clutch is on the left of the driver's seat. 

b. Engine.-The engine is a 6-cylinder, 55 hp., Buda, type DW-6. 
A fly-ball type governor is provided for maintaining an engine speed 
of 1,800 r.p.m. when driving the generator. The governor is cut into 
operation by pressing the governor cut-out button on the dash. A 
speedometer reading of from 23 to 27 miles per hour indicates proper 
adjustment of the governor. 

c. Body.- A specially designed body provides for convenient carry
ing of the searchlight, its auxiliaries, and four members of the crew, 
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as well as thE> permanent mounting of the main cable reel, control 
panel, and loading winch. 

Figure 130 shows a rear view of the power unit with the ramps 
in position £or loading, cable in place, comparator in box, and the 
tripod in traveling position. 

d. 8ea1·chlight gene1·ator.-The 15-kw. flat compounded generator 
mounted on the chassis is designed to deliver 150 amperes at 100 volts 
at 1,800 r. p. m. The armature is carried on a hollow shaft, concentric 
with the main drive shaft, so that the armature does not revolve when 
the car is being driven over the road. Two ventilating covers are 
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provided on the generator; the one located on the top near the front 
end is hinged, and the other located on the right side near the end is 
pivoted. Both ventilating covers must be open when the generator is 
operating and closed when the unit is on the road. 

l•'1ci;1ti,; 13l.-Sound locator, Ml.Al, in lis tening position. 

1. Acoustic corrector. 
2. Jacks. 
3. Front scat (removed). 
.J. Horns. 
5. Traversing haodwheel. 
6. E levating handv..hecl. 
7. Headset (azimntb) . 
8. Headset (ele,·atlon ). 
9. Hom bearings. 

10. Azimuth clrde. 
11. Turntable. 
12. Seats for operators. 
13. Footrest. 

14. Adjustahle locldng 8crews. 
15. Horn lock ing f rame (removed) . 
16. 'l'rn,·eiing horn ~up1>0rts. 
17. Hanel clamp screws . 
18. Horn support sections. 
19. Elevation control s haft. 
20. Rubber tubes. 
21. Vertical columns. 
22. Towing bar. 
23. Side frames. 
24. Co,·ers for acoustic conector. 
2G. Cable leading to comparator. 
26. Brake handle. 

1 

e. Power panel.-The operation of the searchlight generator and 
the rotary converter is controlled by a power panel mounted directly 
behind the driver's seat. The equipment on the power pa,nel includes 
circuit breakers for the 150-ampere searchlight load; a field rheostat 
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for the searchlight generator; a D. C. voltmeter and D. C. ammeter for 
the searchlight generator; a switch for starting the rotary converter; 
and an A. C. voltmeter for indicating the A. C. voltage delivered by 
the rotary converter. 

55. Sound locators.-Sound locators are used to furnish approxi
mate target location data to the searchlights. A description of the 
theory and practice of their operation will be found in FM 4-110. 

a. M1A1 sound locator.-(!) Many of the locators in use in our 
service at present are some modification of the Ml model (fig. 131). 
These locators employ four metal exponential horns, two for azimuth 
and two for elevation. Data as to the target's location are trans
mitted mechanically to an acoustic corrector (1). The upper and 

FIGURE Vl2.- M1Al sound locator in tra,·ellng po~ition. 

lower horns are the elevation horns; the right and left horns, the 
azimuth. Each pair is connected by rubber tubing to a listener who 
centers the sound heard, moving the horns by turning a handwheel 
(5 and 6). It is extremely important that each horn be hooked to 
the proper earpiece, as otherwise confusion and inefficient operation 
will result. The locator is mounted on a 4-wheeled trailer weighing 
some 5,000 pounds. In traveling, the horns are removed and shifted 
to a more compact traveling position (fig. 132). 

(2) Acoustic corrector.-Using as arguments the angular travel and 
the estimated altitude of the airplane, the acoustic corrector corrects 
the azimuth and elevation, indicated by the horns, for the travel of the 
target during the time required for the sound to reach the locator. 
This corrected direction of the airplane ( elevation and azimuth) is 
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then transmitted automaticalJy by two A. C. data transmitters to the 
comparator. (See fig. 138.) This instrument and its operation are 
fully described in FM 4-110. 

b. Sowru]), locator illi .-(1) As may be seen from figure 133, the M2 
sound locator differs radically in appearance from the Ml. It has 
only three horns instead of four, as one horn has a split sound track 
so that one of its tubes goes to the azimuth listener and one to the 
elevation listener. The horns are of a combined conical and exponen
tial type, with thick side walls of balsa wood to cut down parasitic 

F1GUR& rna.-Soond locator, :M:2, in liRtening position. 

noise. The edges of the horns have been carefully rounded to pre
vent the wind whistling as it passes over them. Figure 133 also shows 
the three-man crew :required-one elevation listener, one azimuth 
listener, and one acoustic corrector operator. 

(2) The acoustic corrector is also of radically different design. This 
corrector uses the estimated target speed as an argument in calculating 
the sound lag correction. Provision is also made for corrections for 
parallax between locator and searchlight. 

{3) The complete unit weighs 450 pounds. No trailer is furnished, 
and the unit is divisible into five loads varying from 30 to 295 pounds 
each in weight. As may be seen (fig. 134) , the locator may be carried 
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in the body of the same cargo truck that carries a portable power 
p~~ . 

56. Control station.-A control station must meet two requii:e
ments--it must train the searchlight from a distance, and it must 
afford a means of pointing the light at the point in the sky indicated 
by the sound locator. The control station for the MVI unit (fig. 135) 
has two distinct parts, each designed to fulfill one of the above 
requirements. 

a. Distant elect1'io controller.-The distant electric controller (2, 
fig. 135) enables the operator to control the searchlight through 

1<'1ou11E 134.- M2 souod locator lo traveling position (parts loaded into cargo t1·uck). 

azimuth and elevation handwheels mounted on the controller box. 
I t is of the brush-shifting type, sending electrical impulses to a small 
brush-shifting motor mounted on the light. This small, relatively 
weak motor shifts the brushes of the training motor and causes it 
to traverse or elevate the light the desired amount. The technical 
details are too involved to explain here but the general .idea is 
shown in figure 136. 

b. Oomparator.-The comparator indicates the relative position of 
locator and light on two large dials ( fig. 137). Only the azimuth 
section of the comparator will be described as the elevation section 
operates in a like manner. The azimuth of the target is transmitted 
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1. Azimu th bandwheel. 
2. Searchlight controller. 
3. Elevation handwheel. 

COAST ARTILLERY CORPS 

.b'1<;u1rn 135.- Control station. 

8. Synchronizing knobs. 
9. Cables from tripod to comparator. 

10. Slip ring cover. 
4. Cable from tripod to controller. 11. R€ceptacle tor contro11er cable (red). 
5. Azimuth training gear. 12. Recep tucle tor sound locator cable (blue) . 
6. Tripod. 
7. A. C. comparator. 

13. Receptacle for searchlight cable (white). 

140 



AZIMUTH 
{ WHEEL 

\vBAPONS AND MATiRrnL 

CABLE 

TM 4-2i o 
56 

Frounm t :!R.-DIAtn n t <>l~ctric con trol MVI searchligh t u nit , showing general 
functioning of pnrt~. 
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from the sound locator by a self-synchronous data transmitter of the 
normal type. This transmitter is connected through the cable with 
a receiver mounted in the comparator and connected to the outer dial 
(11). E very motion of the locator in azimuth is reflected in the move
ment of this outer dial-it always indicates the azimuth sent out by 
the locator. Similarly the searchlight sends its azimuth to the inner 
dial, which always indicates the light's azimuth. By matching the 
indexes on the two dials, the light is brought to point in the direction 
indicated by the locator. The general idea is shown in figure 138. In 
actual practice the controller operator searches a few degrees each 
side of the point indicated by the sound locator. This is necessary 
because the error of the locator is larger than the area covered by 
the searchlight beam. 

c. Slip rings.-Mounted on the tripod supporting comparator and 
controller are the slip rings. These rings, which handle 21 electrical 

r-_ _.__lndlc::----i 
I Outer I I dia l I 

I I 
I I 
I cob lo 

I 
L _______ _J LIGHT 

COMPARAT OR 

F1ou11E 138.- Diagram showing connections of light and locator to comparator. 

conductors, enable the controller to be rotated many times without 
danger 0£ twisting off a cable ( fig. 139). 

57. Cables.-a. Main power cabks.-Two heavy single conductor 
cables, 600 feet long, with yellow plugs at each end carry D. C. power 
to the searchlight arc and the distant electric control. The plugs on 
one cable have a + sign and those of the other cable have a - sign. 
These plugs fit into receptacles of the same color and sign on the 
searchlight and power unit. Both main power cables are carried 
on reels permanently mounted in the body of the power unit but 
must be removed for use. Their resistance is sufficient to reduce the 
100-volt D. C. power output of the power unit to the 78- to 80-volt 
power required by the searchlight, and thus act as a ballasting 
resistance. 

NOTE.-When the arc heats up, its resistance decreases nnd it tends to pass 
more and more current. To counterbalance this effect we use the ballasting 
(or balancing) effect of the copper cables. These cables increase their resist-
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trnce as they heat, cutting clown on the current they will pass. As they cool, 
thei r resistance decreases and they will pass more current. This balances the 
tendency of the arc to run away and results in smooth operntlon . 
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b. Dista;nt electric control cab'le.- A nine-conductor cable 200 feet 
long with a red plug on each end carries the phase and D. C. powe1: 
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leads for training the searchlight in azimuth and elevation from the 
distant electric controller. These red plugs fit in receptacles of like 
color on the control station tripod and the searchlight. 

c. Oomparator cables.-There are two comparator cables, each 200 
feet long and each of nine conductors, identical except for the paint
ing of their plugs. 

One comparator cable has plugs painted white. This cable oper
ates the searchlight dials in the comparator. Its plugs are connected 
to white receptacles on the searchlight and on the control station 
tripod. It is carried in its box on the power unit. 

The other comparator cable has blue plugs. This cable operates 
the sound locator dials in the comparator. Its plugs are connected 
to receptacles of like color on the sound locator and control station 
tripod. It is carried on the sound locator trailer. 

NO'l'E.-Blue and white cables are interchangeable if the plugs are properly 
wired. 

d. Precautions.-The following precautions are imperative to pre-
vent failure of cables: 

Do not drag cables by means of plugs. 
Do not run over cables with vehicles. 
Do not kink the cable. 
K eep cables in boxes when not in use. 
Handle cables with utmost care. 

Cable failures are the most frequent source of materiel trouble, and 
are usually caused by rough handling. Most breaks in the con
ductors occur within a foot of the plugs. 

58. M1934 searchlight unit (mobile and portable).----a. Gen
eral.-The separate elements of this unit are arranged as shown in 
figure 125 for the MVI except that the rotary converter is now 
located at the control station. The sound locator is the same. A 
higher powered truck is furnished, coupled to a generator capable 
of delivering 150, 200, or 250 amperes as desired. When delivering 
the normal 150 amperes, the motor is turning over much slower than 
in the MVI trucks and is therefore much quieter. Prior study of 
the MVI searchlight permits description of this model by listing the 
points of difference from the MVI searchlight. 

b. Power plant.-The power plant supplied with the searchlight 
equipment may be one of hvo types, mobile or portable, and the 
searchlight equipment derives its name from the type ~f power 
unit with which it is supplied. Thus there is the mobile searchlight 
equipment and the portable searchlight equipment. The mobile 
equipment has the combined truck-power plant. The portable equip-
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F1ouni,; 140.-60-lnch high-inten~ity searchlight (front and left side of drum-rear of 
chas:,.ifi ). 

39. Panel to permit access to Inside of drum. 
40.}Dayligbt sights. 
42. elevation. 
41.}Dayllght sights, 
43. azimuth. 
60. Junction box. 
60. Steering tongue. 

2042s1•-40---10 145 

61. Power cable receptacle, positive. 
62. Power cable receptacle, negative. 
63. Control cable receptacle. 
76. Azimuth lock pin. 
91. Pocket fo,· carbouing wrench. 

266. Handhole plate. 
268. Loading eye for winch cable. 
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F1GURf: 141.-Right side and rear ot drum-front of chassis. 

34. Drum casting. 52. Ammeter. 92. Azimuth worm housing. 
35 Control mechanism box. 53. Arc switch. 94. Leveling jacks. 
36. Elevation scale lamp, 54. Extension lamp socket. 267. Azimuth scale llimp. 
37. Elevation scale. 55. Scale and meter lights. 270. Orienting sights. 
38. Recarbonlng lamp switch. 56. Azimuth control motor. 271. Azimuth clutch (under 
45. Elevation gear sector. 57. Levels. housing at this loca-
47. Controller socket. 58. Trnnsportation lock. tlon). 
49. Elevation control motor. 59. Lug. 272. Trunnion arms. 
51. Voltmeter. 60. Steering tongue. 
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83 LEVELL ING JACKS 2 18 SOUND LOCATOR 314 ALIGNMENT SLOT 
147 TRIPOD ELE 1/. DIAL SYN. KNOB 315 ALIGNMENT LUG 
148 CONTROL UNIT 219 HANO HOLE COVER 316 OPEN SIGHT 
16 1 ELEV. HANDWHEEL PLATES 31 7 BINOCULAR 

CLUTCH KNOB 220 BINOCULAR HEIGHT 320 A-C. SWITCH 

188 SEARCH ING H'DWHEEL ADJUSTING KNOB 342 O-C. SWIT CH 

211 AZ. HANDWHEEL 221 AZ.DRIVE FRICTION 390 OBSERVER'S AZ . 
CLUTCH KNOB CLUTCH ADJ. SCREW HANO WHEEL 

217 SOUND LOCATOR 222 ELEV. DRIVE FRICTION 391 OBSERVER'S ELEV. 
AZ. DIAL SYN. KNOB CLUTCH ADJ. SCREW HANOWHEEL 

F IGURE 142.-Control ,station. ~N1rchllght unit, Ml9!l4. 

204281 °- 40 (Fnce p. 147) 
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ment has no truck for transportation and is equipped with a power 
plant mounted on a 4-wheeled trailer . 

a. Searaluight.-(1) The searchlight itself (figs. 140 and 141) has 
been little changed. P rovision has been made for the use of 150-
ampere, 200-ampere, or 250-ampere carbons. The elevating and tra
versing motors are directly controlled from the control station, with
out any intermediary brush-shifting motors. Metal mirrors are used. 

(2) To change from 150-ampere operation to ~00-ampere ope1'())
tion.-The searchlight when shipped is adjusted to operate at 150 
amperes. To change from this type of operation to 200-ampere op
eration, certain adjustments must be made to power plant voltage 
and the positive feed mechanism in addition to recarboning with 200-
ampere carbons. 

d. Control station.-T he control station has been radically altered 
(fig. 142) . 

(1) Binoculars, automatically trained to follow the searchlight 
beam, are provided. 

(2) An automatic spiral see,rching device is incorporated. 
(3) The distant electric controller directly actuates the elevating 

and training motors on the light. The rotary converter is now lo
cated near the control station on a short cable. 

( 4) The electric feed back of the searchlight's azimuth and ele
vation to the comparator has been eliminated. Instead the hand
wheels of the distant electric controller are directly geared to turn 
the searchlight dials in the comparator. 

59. M1937 sea rchligh t unit.-a. Geneml.-The latest design in 
search light equipment is embodied in the M1937 searchlight unit 
which provides for subunits to be hauled in cargo trucks. I n these 
units, the light and accessories go in one truck, and the power plant 
(the motor-generator set) in another. In this case, it is not necessary 
lo discard the whole system if something happens to a specialized ve
hicle, such as the combined truck-power plant of the MVI and M1934 
lights. With the exception of the power plant the unit remains 
substantially the same as before. 

If an M2 sound locator is used it may be packed in the truck carry
ing the power plant (fig. 134). The complete unit (set up) is shown 
in figure 143. . 

b. Power plant.- The power plant (fig. 1'44) furnishes the 125 volts 
D. C. required for the unit. It .comprises a 6-cylinder gasoline motor 
directly connected to a direct current generator and the necessary 
control devices for controlling the generator output. It may be towed 
or carried in the truck body. 
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c. Oont?'ol station.-Incorporated in the light unit's control station 
is a new apparatus, called the "zero reader." In all previous light 
units, it has been necessary to match two pointers ( an inner and an 
outer) in order to point the light at the same point in the sky as the 

FIGU RE 144.- Powe,· plant, AA seal'Chlight unit, M19:l7. 

locator. With the zero reader this condition is indicated on the face 
of a two-way voltmeter (fig. 145). If light and locator are pointed at 
the same point in space, the needle points straight up. If they are not, 
the needle indicates the direction to move the light 
in order to bring them to the same point. This 
makes it much easier for the controller operator 
as he can notice the position of one large needle 
better than the relative positions of two small 
indexes. 

60. Older searchlig h t units.-a. Gene1'al.
As a heritage of the ,vorld War we have a number 

l•'IGURE 145.-Vo lt· 
meter face on 
zero reader. 

of 36-inch barrel-type lights mounted on trucks and a supply of 
60-inch open-type lights mounted on passenger car chasses. Since 
the war and prior to the 1\1:VI light we had the MI , MII, and MIV 
lights. Only a brief description "ill be given of these types. 
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b. 36-irwh ba1·rel-type searchlight.- This light (fig. 146) has no 
sound locator and no distant electric control. In design it resembles 
the 60-inch harbor defense light described in paragraph 47. The 
power unit and carrying vehicle is a 51h-ton chain drive, solid tired, 
Mack truck, which is slow, heavy, and easily mired. In case it is 
desired to use a sound locator, data must be telephoned from locator 
to light. 

c. 60-inch open-type searchlight.-Like the 36-inch light, this light 
has no sound locator and no distant electric control. Data must be 
phoned from locator to light if a locator is to be use<l. 

F1cu,rn 146.- 36-lnch barrel-type searchlight. 

(1) As shown in figures 147 and 148, the light has a 60-inch glass 
mirror (a). A hole 13 inches in diameter is cut in the center of the 
mirror for the insertion of the lamp mechanism (e). The light is 
elevated on trunnions carried on trunnion supports ( q) and traversed 
on a turntable (h) much as is the MVI light. 

(2) The lamp mechanism is operated entirely by hand-both posi
tive and negative feed and arc strike being accomplished by hand. 
Carbons are good for about one-half hour of continuous service. 
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(3) The power unit is a standard · eight-cylinder motor of war 
vintage. The motor is governed to turn the 15 kw. direct-current 
generator at 1,400 r. p. m. 

(4) Wind and rain interfere with the efficient operation of this 
open light. 

d. 11!1 'mobile sea1·chlight unit.-This unit closely resembles the 
MVI. It has D. C. data transmitters and receivers for the com
parator system instead of A. C., and impulse type training motors 

F1GUll1,J H7.-60-incb open-type AA tiearchUgb t. 

for the distant electric control. The vehicle is a passenger car 
chassis modified to mount the 15 kw. generator and to carry the 
light. 

e. M II mobile searchlight unit.-Only 5 units were manufactured 
so that no description will be given. 

f. MIV mobi'le searchlight unit.-This unit may be described as a 
halfway design between the MI and MVI types. I ts distant elec
tric control is of the impulse (MI) type, while its compa.rator 
system is of the MVI (A. C.) design. The vehicle is a passenger car 
chassis of later model. 
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FJOORE 148.- 60-lnch open.type searchllght with high-Intensity lam)). 

a. Reflecting mirror. 
b. l\lirror frame. 
c. lliirror retaining ring. 
d. Mirror retaining lugs. 
e. Lamp mechanism. 
f. Power switch. 
g. Powe1· leads. 
b. Turntable. 

k . Traversing rollers. 
m. Jl[aneuverlng handle tor hand 

towing. 
n. Azimuth circle plate. 
p. Azimuth pointer. 
q. Trunnion supports. 
r. Elevation clamp. 
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·FIGURE 149.-MI searchlight in traveling position on its power unit. 
a. Projector drum. e. Extended hand controller. k. Generator gear shift lever. 
b. Drum supporting yoke. f. Cable drum. m. Rear tie rod. 
c. Projector carriage. g. Power cable. 
d. Runways. h. Control panel box. 
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SECTION x 
ANTIAIRCRAFT GUNS AND MOUNTS 

General-------------- --------------------------------------------- - - --- 61 
3-inch antiaircraft gun, M1917 A2, and modifications (fixed) - ------------- 62 
3-inch antiaircraft gun, i\11918 and i\119181\11 (mobile) --- - --- - ----- ------- 63 
3-inch antiai rcraft guns, M2 and i\f4 ( flxecl >------------------------------ 64 
3-inch antiaircraft guns, Ml and llf3 (mobile) - - -------------------------- 65 
105-mm antiaircraft gun, M3 (fixed)---------- ----------------------- - - - 66 
l\·f oun ts - ----- __ __ ---- --- ___________________ - --- ---------__ ---------____ 67 

3-inch antiaircraft mount, M1917 (fixed)-------------------------------- 68 
3-inch antiaircraft mounts, Ml917M[ , M1918MII, and 1\13 (fixed) __________ 69 
3-inch antia! rcraft trailer mount, M1918 (mobile)----------------------- -- 70 
3-inch antiail'cr aft mounts, Ml, M2, M2Al, anrl M2A2 (mobile) ------------- 71 
105-mm antiaircraft mount, Ml (flxecl) -------------------- - - ------------ 72 

61. General .-a. Model8.-Antiaircraft weapons were first intro
duced during the World War and many improvements in both guns 
and mounts have been made since that time. Further improvements 
are under development. Due to these constant improvements, anti
aircraft guns and mounts of var ious characteristics are in service. 

b. Gene1'al requirements.-The essential requirements for a ·good 
antiaircraft gun are high-muzzle velocity and high rate of fire. T he 
first is secured by using a long-barreled cannon and a large charge 
of powder. The second is secured by designing the gun, the ammu
nition, the breech mechanism, and the mount so as to allow the 
weapon to be served with a minimum of effort on the part of the crew. 

62. 3-inch antiaircraft gun, M1917 A2 and modifications 
(:fi.xed).-a. M1917A.f and M1917A3.-(1) The gun is normally 
mounted on the 3-inch antiaircraft pedestal mount, M1917 or 
Ml917MII, and is in general use as a fixed antiaircraft weapon in 
our harbor defenses. It is built up of alloy steel, consisting of tube, 
jacket, and locking hoop. The jacket envelopes the rear portion of 
the tube and projects beyond it to form the breech recess or seat for 
the breech mechanism. A lug, known as the recoil lug, projects from 
the upper surface of the jacket near its extreme end and affords a 
point of attachment for the piston rod of the recoil cylinder. A lug 
also projects from the under surface to which are attached the 
~ounterrecoil spring rods. The locking hoop is threaded and forced 
on the tube and forward end of the jacket and secures the latter 
against any rearward movement of the tube under firing stresses. 
The key on the gun engages in the keyway of the cradle and prevents 
the gun from rotating when fired. (See fig. 152.) 
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(2) The gun has a length of bore of 55 calibers and has been re
tubed to provide a uniform twist of 1 tum in 40 calibers (M1917A2). 
This rifling is now standard for antiaircraft weapons . 

. (3) The gun is chambered to use Ml917 fixed ammunition, and 
either shrapnel or high-explosive shell may be fired. A muzzle 
velocity of 2,600 foot-seconds is obtained with the former and 2,800 
foot-seconds with the latter. 

(4) Breech m,eoltanism.-The breech mechanism for this gun is 
th"' drop block type described and illustrated in paragraph 14. 

(5) Firing meohanism.-The firing mechanism is of the continuous 
pull type ( old type) very similar to that described in paragraph 20. 

(6) The 3-inch antiaircraft gun, M1917A3, has a special removable 
liner. Otherwise it is identical with the M1917A2. 

b. M1917M/Af and M1917MIA3 (jked) .-(1) General.- These 
guns have the same ballistic features as the M1917A2 gun, differences 
being confined to relatively unimportant improvements in design. 

(2) M1917M/Af gun.-This gun is similar in general construction 
to the Ml917 A2 gun, except that instead of the breech ring being 
integral with jacket it is a separate piece. The breech end of jacket is 
threaded to receive the breech ring, which is screwed and shrunk on 
the jacket and held by a lock screw. The locking hoop is omitted. 
T his gun was originally built with a rifling increasing in twist from 
1 turn in 50 calibers to 1 turn in 25 calibers but like the M1917 gun 
has been retubed to provide a uniform twist of 1 turn in 40 calibers. 

(3) The 3-inch antiaircraft gun, Ml917MIA3, is identical with the 
M1917MIA2 except that it has a special removable liner. 

o. M1917MII gun.-This gun is similar in general construction to 
the M1917MI A2 gun except in the method of securing the latch plate 
to the gun. I t was built with a uniform twist of rifling of 1 turn in 
40 calibers. 

63. 3-inch ant ia ircraf t gun, M 1918 and M1918MI (mo
bile) .- a. M1918.-(1..) General.-(a) This gun is mounted on the 
M1918 trailer mount. The gun and mount, of World War manufac
ture, are no longer considered standard mobile antiaircraft equipment 
although many are still in existence. The gun is built up of nickel 
steel forgings consisting of a tube, ja.cket, and breech ring. The tube 
carries a shoulder at its rear end which prevents forward motion in 
the jacket. The jacJ<et carries two flanges on its lower side which 
form a slide for the gun. It also has a lug on the top near the 
forward end which contains a T-slot that holds the recoil cylinder in 
place. The rear end is threaded on the outside to receive the breech 
ring. The breech ring is threaded at its forward end and screws on 
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to the rear end of the jacket. The breech ring carries a recoil lug at 
the top for the attachment of the recoil piston rod and another 
lug at the bottom that extends nearly the full width of the ring. 
This lug is used for the attachment of the counterrecoil spring rods. 

(b) The gun has a length of bore of only 40 calibers and is rifled 
with an increasing right-hand twist of from 1 turn in 50 calibers to 
1 turn in 25 calibers. Some of these guns have been retubed to 
provide a uniform twist of 1 turn in 25 calibers (M1918Al). 

( c) The gun is chambered to use M1918 fixed ammunition, and either 
shrapnel or high-explosive shell may be fired. A muzzle velocity of 
2,400 foot-seconds is obtained with the former and 2,600 foot-seconds 
with the latter. (See fig. 157.) 

(2) Breech meohanism.-The breech mechanism for this gun is sim
ilar to that for the Ml917 gun (par. 14) except that the breechblock 
must be opened by hand. The operating cam feature of the M1917 
gun, by which automatic opening is provided, is omitted. 

(3) Firing mechatnism.-The firing mechanism for this gun like 
that for the M1917 gun is of the continuous pull type ( old type) . 
(See fig. 37 for operation.) 

b. M1918MI.-This gun differs from the Ml918 gun in that 
the section of the breech ring which encircles the jacket and tube is 
1.6 inches longer than the same part on the Ml918 gun. This per
mits a longer thread on the jacket and a greater thickness of metal 
in the rear of the jacket. Also, the latch plate of this gun is attached 
to the breech ring byi the use of a key and split pin, instead of bolts 
and screws used for this purpose on the Ml918 gun. Otherwise the 
two guns are identical. As in the case of the M1918 gun, some of 
these guns have been retubed to provide a uniform twist of rifling of 1 
turn in 25 calibers. 

64. 3 -inch antiaircraft guns, M2 and M4 (flxed).- a. MB 
gwn.-The M2 gun is of two-piece construction embodying a tube and 
ti removable liner as described in paragraph 9. A breech ring is 
screwed on the breech end of the tube and supports the breech 
mechanism. Both tube and removable liner are cold-worked. The 
bore is 55 calibers long and is rifled with a uniform twist of 1 turn 
in 40 calibers. 

M1917 fixed ammunition is employed giving a muzzle velocity of 
2,600 foot-seconds for the shrapnel and 2,800 foot-seconds for the 
high-explosive shell. · 

The continuous pull firing mechanism of the new type described in 
paragraph 20 is employed. The breech mechanism is of the drop 
block type described in paragraph 14. 
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b. M4 gun.- The M4 gun is identical with the M2 except that the 
removable liner has been made heavier in order to permit greater 
tolerance in manufacture. This change increases the weight of the 
gun by 440 pounds. 

65. 3 -inch an t iaircraft gun s, Ml and M 3 ( m obile) .-a. Ge'l'lr 
e1·al.-These guns are mounted on the 3-inch antiaircraft mobile 
mounts, Ml and M2, respectively. The Ml and M3 guns are prac
tically identical except that the liner of the latter has been made 
heavier in order to allow greater tolerance in manufacture. Inas
much as the M3 gun is now standard and only a few Ml guns are 
in service, the description which follows will relate to the M3 gun. 
The gun is constructed by the process of cold-working, or auto-fret
tage, and consists of three principal forgings-the tube, the liner, 
and the breech ring. I t has a length of bore of 50 caJibers and is 
rifled with a uniform right-hand twist of 1 turn in 40 calibers. The 
gun is chambered to use M1918 fixed ammunition, and either shrap
nel or high-explosive shell may be fired. A muzzle velocity of 2,600 

~~Rm ~ 
Tillm ~! l .. ~ .Ju.:_ . ._.u. _ ___ 1<2!!_.L. __ __ ____ 3 

FIGURE 150.-Cold-worked gun witb removable liner, 3-inch 50-caliber AA gun. 

foot-seconds is obtained with the former and 2,800 foot-seconds with 
the latter. 

b. Tube.-The exterior of the tube is threaded at the breech end 
and screws into the breech ring (fig. 150). Forward of the breech 
ring threads, the exterior portion of the tube has a cylindrical sliding 
surface. The remainder of the exterior is tapered to the muzzl~. 
The interior of the tube is taper-bored to receive a removable liner 
us described in paragraph 9. The bore contains two keyways to 
prevent the rotation of the liner. These keyways are located at the 
top and bottom near the breech end of the tube. Two shonlders 
in the bore, 5% inches apart, located at the front and rear ends o.f 
the rear keyways, prevent the liner from moving forward when the 
gun is fired. To prevent the liner from slipping to the rear when 
the gun is elevated, a retaining ring, screwed into the breech end of 
the tube, is provided. 

c. Liner.-The liner (fig. 151) is of the removable type. The ex
terior fits the bore· of the tube with a slight clearance between the 
two, and is divided into three different diametrical zones to form 
two shoulders. The zone between the shoulders contains two integrn) 
keys, one upper and one lower, which fit corresponding keyways in 

157 



• 

TM 4-210 
65 COAST ARTILLERY CORPS 

the bore of the tube. The liner when assembled in the tube is pre
vented from moving forward by the shoulders in the tube and from 
moving to the rear by the retaining ring which screws into the 
breech recess. The bore of the breech end of the liner forms the 
powder chamber. This chamber is designed for use with M1918 
fixed ammunition. 

d. Breech ring.-The breech ring (fig. 150) has an interior thread 
at the front end to screw on to the breech end of t he tube and is 
secured by a lock screw. A lug projects from the bottom face 10 

which is attached the recoil piston rod. The rear of the ring, which 

Lock Pl.ATE 1 &Kw 

LJN[R Rocu:R ~T 

FIGURE 151.- Liner nnd PQuipment for inst'rting nnd remo,·ing. 

is hollowed out, forms the breech recess. The top wall is cut away, 
:forming a U-shaped opening to facilitate loading. A semicircuhlr 
Jug which projects from the lower right-hand side holds the closing 
spring cylinder of the breech mechanism. Two horizontal rectangu
Jnr projections on the left-hand side form a seat for the corresponding 
guide in the cradle. Two dovetailed seats in the bottom face are 
provided for the lock plate which is retained in position by the 
lock-plate key. The lock plate holds the operating shaft in place 
and forms a part of the operating shaft bearings. 

e. B1·eeoh meohanism.-The breech mechanism. for this gun is of 
the drop block vr vertical sliding type. In a 11 essential respects it 
is simi.lar to the mechanism for the M1917 gun, described and illus
trated in paragrrLph 14. 
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f. Firing meohamism.-The new type of continuous pull firing 
mechanism, described in paragraph 20 and illustrated in figure 36, 
is provided for this gun. 

g. Equipment for removal of liner.- (1) Special equipment has 
been provided for removing and inserting the liner for this gun. 
The equipment consists of a muzzle support, a roller support, and a 
retaining ring wrench. This equipment, with the exception of the 
wrench, is shown in figure 151. The unit is not a traction or power 
device but merely a support and clamping arrangement. The sup
ports are designed to hold the liner out of contact with the tube, while 
it is being inserted or extracted, thereby preventing or greatly re
ducing the tendency to score either member. 

(2) The muzzle support consists of a linked rod with a bronze 
head on one (muzzle) end. The other (breech) end of the rod is 
threaded and receives the centering plate, washer, and nut. Just 
forward of the threaded portion of the rod is a rectangular portion 
to receive the rectangular hole of t}1e centering plate. The rear end 
of the bronze head and the forward end of the centering plate fit 
into the bore of the liner. The rest of the bronze head has a diam
eter slightly greater than the muzzle end of the liner but smaller 
than the inside diameter of the bore of the tube. The front end of 
the bronze head is tapered. 

(3) The roller support consists of a bronze roller mounted on 
a spindle which rests in a frame. The frame is designed to slide 
into the breech recess from the under side and is locked in position 
by a lock plate secured to the frame by a screw. 

( 4) The retaining ring wrench is designed to fit the slots in the 
retaining ring. 

NOTE.-Under no circumstances should a liner be removed or replaced against 
time. 

66. 105-mm antia ircra ft gun, M3 (fix ed).-This gun is of 
one-piece cold-worked construction and is 60 calibers long. A 
screwed-on breech ring supports the breech mechanism. It is rifled 
with a uniform twist of 1 turn in 30 calibers. 

The gun was designed for mounting on a fixed mount, where 
weight is not an important factor. Power ramming is employed to 
load fixed ammunition. The projectile weighs 33 pounds and is 
fired at a muzzle velocity of 2,800 foot-seconds. An accuracy life of 
1,500 rounds is expected. 

67. Mounts.- Due to the fact that an airplane target is under fire 
for a period measured in seconds, the mount must be constructed with 
special characteristics peculiar to the antiaircraft weapon. 
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a. As it is desired to have a high rate of fire, the mount must 
have a recoil mechanism that is quick, that is, that returns the gun 
to firing position rapidly. 

b. As it is desired to combine a cannon having a highmuzzle 
velocity with a mount possessing stability, recoil must be long and 
recoil and counterrecoil smooth. 

GUN TU&!: 

GUN JAC,'<ET 

FUZf IIANGC DIS I\ 

I 
I 
i 

/ 
I 

r- lltCOIL LUG 

· 1 l!llll:CC1'1 MtCMANISM 

FIGURE Hi2.-3-incll antiaircraft gun, M1917A2 and mount, 1\11917 (right side). 

a. As ta.rgets of high iingular velocity may have to be engaged, 
elevating and traversing mechanisms must operate smoothly and 
rapidly. 
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d. As the area above the muzzle is clouded with smoke and heated 
air during firing, it is desirable to dispense with any form of sight 
and use case III firing throughout. 

68. 3-inch antiaircraft mount, M1917 (fixed) .-This mount is 
of the barbette type and is designed to mount a 3-inch antiaircraft 
gun, M1917A2, M1917A3, Ml917MIA2, or M1917MIA3. The mount 
permits a traverse of 360° and elevations of 0° to 90°. Removable 
stops are provided, however, which limit the elevation for safety rea
sons to 85°. The mount consists of the following principal parts: 
base plate, racer, pivot yoke, and cradle. That portion of the mount 
above the base plate is shown in figure 152. Figure 153 shows the 
base plate and racer assembly. 

a. Ba.se plate, 1·aeer, yoke, amd eradle.-(l) The base plate (fig. 153) 
is a circular steel casting anchored to a solid concrete platform with 
sixteen :foundation bolts. The upper surface of the plate is machined 
to form the lower roller path. At the center of the casting is a 
cylindrical projection the interior of which forms the housing for 
the 360° electrical contact ( d) and the exterior holds the traversing 
rack (o). 

(2) The racer (fig. 153) is a circular steel plate which rests and 
revolves on rollers placed on the roller path of the base plate. The 
under surface is machined to form the upper roller path and the upper 
surface to fit the yoke to which it is bolted. Clips (f), front and rear, 
which are bolted to the under side of the racer, engage with a flange 
on the base plate and prevent the mount from overturning when the 
gun is fired. 

(3) The pivot yoke (fig. 152) is a single steel casting, bolted to 
the racer, and consisting of two vertical side frames joined in front 
by a transom. At the top of each side frame is a trunnion bearing for 
receiving the trunnions of the cradle. 

(4) The cradle (fig. 152) is a st~el casting suspended by trunnions 
resting in bearings at the top of the side frames of the pivot yoke. 
The cradle is bored and bushed with front and rear liners through 
which the gun slides in recoil. It also carries the housing for the 
various parts of the recoil system. A keyway cut in the front liner 
receiv~s the key located on top of the gun and prevents the gun from 
rotating when fired. 

b. Tr(lll)ersing mechanism.-(1) Power for movement of the mount 
in azimuth is normally transmitted from the traversing handwheel to 
the mount through a set of gears and a clutch mounted in the travers
ing gear case on the left side of the mount. A vertical pinion shaft 
(fig. 152) from this case meshes with the teeth of the traversing rack 
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on the cylindrical projection of the base pJate. Figure 153 shows the 
base plate and racer assembly. The traversing rack ( o) is free to ro
tate about the base plate. A friction band (n) passes around and 
clamps the traversing rack cylinder ( c) and rack ( o) beneath the 
rack teeth ( q). This band is made fast to the base plate by the fric
tion band set screw (m). An adjustable clamp spring (p) is pro
vided on the opposite side to vary the grip between the friction band 
and traversing rack cylinder. In this way for all normal loads the 
traversing rack is fixed with respect to the base ring, but when an 
abnormal load is applied, the friction band slips and the rack and 
rack cylinder move. 

e 

I 

F1ouuE 153.-Base plate and racer assembly. 

a. Yoke side fr11me. k. Traversing rollers. 
b. Racer. m • . Friction band set screw. 
c. Traversing rack cylinder. n . Friction band. 
d. 360° contact. o. '.l.'raversing rack. 
e. Distance ring. p. Adjustable clamp spring. 
f. Recoil clips. q. Tnwersiug rack teeth. 
g. Foundation bolts. r. Concrete emplacement. 
h. Base plate. 

(2) The distance ring (e) is a circular bronze ring provided with 
spaces and bear ings for the traversing rollers (k). The traversing 
rollers, 30 in number, are interposed between the roller paths of the 
base plate and racer, bearing the weight of the mount. The rollers are 
held in their proper position by the distance ring. 

(3) Speed is desirable in putting the gun on the target, and for this 
reason a foot-operated clutch is provided that disconnects the travers
ing mechanism from the vertical traversing pinion shaft, and the en
tire mount above the base ring can be turned around by pushing on 
the carriage or gun. In addition, two speeds of traversing are ob
tained by a speed gear shift on the handwheel shaft. This shift is 
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operated by a handle within reach of the traversing operator. The 
speed gear shift arrangement is shown in figure 154. A shift collar 
(h) operated by shift lever (k) is keyed to the handwheel shaft (n). 

35 T c'\. 

FIGURE 154.- Speed gear shift assembly. 

a, Slow motion pinion. 
b, Speed pinion. 
c. Slow motion gear wheel. 

d. Speed gear wheel. 
e. Speed bevel gear. 
f. Traversing bevel gear. 

g. Trnversing shaft, 
h. Shift clutch. 
k. Shift clutch lever. 

m. Handwheel. 
n. Handwheel shaft. 
p. Speed gear shaft. 

The pinions (a) and (b) are mounted free to revolve on the hand
wheel shaft. Mounted fast to the speed gear shaft (p) are speed 
gear wheel ( d) and a combined spur wheel ( c) and bevel pinion ( e) . 

163 



TM 4-210 
68 COAST ARTILLERY CORPS 

The traversing shaft (g) is driven by bevel gear (f) from pinion (e). 
It is seen that all gears are in continual motion while the handwheel 
(m) is turning, but the speed transmitted to shaft (g) depends upon 
the position of clutch (h). 

c. Ewvati'll{! mechanism.-The elevating mechanism consists of an 
elevating rack (fig. 152) keyed and bolted to the cradle, an elevating 
worm which meshes with the teeth on the rack, and a set of spur and 
bevel gears through which the worm is driven by two handwheels. 
Although the elevating rack is of sufficient length to permit elevation 
to 90°, removable stops limit the elevation to 85°. These stops are 
provided principally as a safety measure. The comparatively low 
trunnion height of the M1917 mount does not allow convenient load
ing above a quadrant elevation of 65°. This height has been in
creased on the M1917MII mount as described in paragraph 69c. 

d. Recoil, system.- (1) General.-The recoil system is of the hydro
spring type. The different parts of the system are housed in the 
cradle. One recoil and two recuperator ( counterrecoil) cylinders 
are provided. 

(2) Recoil, mechanism.-The recoil cylinder is of the conventional 
type described in paragraph 22b. In this mount it is screwed into 
the cradle and does not move with the gun in recoil. Three longitu
dinal throttling grooves equally spaced around the circumference are 
cut in the interior surface of the cylinder. 

(3) Recuperator mechanism.-Two cylindrical holes bored in the 
cradle form the housing for the counterreooil springs. Two columns 
of springs, inner and outer, are assembled in each cylinder over a 
spring rod. At the forward end of each spring rod is a piston, the 
rear end being attached to the gun lug. 

(4) Oownterrecoil buffe1'.-The counterrecoil buffer (or plunger) 
is tapered and is designed to check the recoiling parts as they return 
to battery. The buffer passes through the front end of the recoil 
cylinder and enters a recess or dashpot in the forward end of the 
piston rod, when the fatter returns to battery. 

(5) Action.-When the gun is fired, it recoils to the rear about 12 
inches, carrying with it the recoil piston· and spring rods, thereby 
compressing the counterrecoil springs. The energy of recoil is taken 
up by the resistance offered to the flow of oil through the apertures 
and by the resistance of the counterrecoil springs. The gun is re
turned to battery by these springs. The recoil piston is carried 
forward by the gun and engages the counterrecoil buffer, t hus easing 
the gun into battery. · 
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e. Pointing equipment.-Practically all M1917 mounts are equipped 
with sights and case ll/2 pointing equipment, transmission of firing 
data by telephone being employed. The antiaircraft sight, Ml917, 
described in FM 4-110, and the bracket fuze setter, M1916, described 
in paragraph 82f (1), are used. .A few of the modified antiaircraft 
fixed mounts (par. 69) have been equipped with electrical data trans
mission systems (sec. XI). 

69. 3-inch antiaircraft mounts, M1917MI, M1917MII and 
M3.-a. General.-The M1917 mount described above has been re
designed to facilitate loading at the higher elevations, to facilitate 
elevating and depressing the gun, and to effect other desirable improve
ments not incorporated in the original mount. These improvements 
are embodied in the M1917MI, M1917MII, and M3 pedestal mounts. 

b. M1917M/.-(1) This mount is shown in figure 155. The pivot 
yoke instead of being a single casting is made in two parts, a right
side frame and a left-side frame. These frames are bolted together at 
the center of the front transom. To provide a higher loading angle, 
the height of the trunnions above the racer has been increased from 
60 to 671h inches. Each side frame is also cut away at the. lower rear 
to afford more room for loading operations. 

(2) To facilitate elevating and depressing the gun, a roller bearing, 
antifriction device, has been incorporated in the trunnion bearings of 
the new msmnt. This device operates on the same principle as the one 
mounted.on the 16-inch barbette carriage (par. 28d). 

It will be noted from figure 156, however, that the device for the 
M1917MI mount is of somewhat different. design. The main trun
nions have extensions (c) of smaller diameter, which are held up in 
nests of roller bearings (b), similar to those on the 16-inch mount. 
The roller bearing racer is supported directly by the crutch (d) and 
the Belleville springs ( e). The gun is thus held up by the trunnion 
extensions and the crutches, the main trunnions not bearing on their 
surfaces. Hence friction is low and the heavy gun is elevated or 
depressed with comparatively little effort. When the gun is fired, 
however, the Belleville springs are compressed and the main trunnions 
settle into the main bearing surfaces which take the greater portion of 
the shock. Immediately after the gun is fired, the springs lift the 
gun off the main bearing surfaces by means of the crutch and trunnion 
extensions, and the trunnions again rest only in the nest of roller 
bearings. 

(3) New elevating and traversing gear case assemblies, ball-bearing 
equipped, have also been provided for this mount. Elevations of from 
- 5° to 85° are permitted with the new mount. 
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(4) The traversing rack has been made in the form of an internal 
gear which is bolted to the base plate. This allows a greater gear ratio 
between the traversing pinion and the rack. The process of traversing 
the gun is facilitated and the foot-operated clutch, allowing free move-

c d " 

l •'WURJ:: 155.-3-incb AA mount, l\11917Ml (left iji(Je ) (with l\119171\111 gun and 
ex1>erimental pointing ef1uipment). 

a. Gun. k. Traversing shaft. 
b. Cradle. m. Racer. 
c. Counterrecoll cylinder. n. l'i vot yoke. 
d. Recoil <'Ylinder. o. Lanyard. 
e. Antifrlctlon device. {). Elevating bandwbeel. 
f. Belleville springs. r. Recoil piston rod. 
g. Traversing handwheels. s. Opera,tlng handle. 
b . Traversing gear case. t. Counterrecoll piston rod. 

ment of the gw1, has been removed. The two-speed feature of the 
M1917 mount has been retained. The friction band is no longer used. 

( 5) The cradle has also been redesigned to permit the modifications 
in the trunnions indicated in (2) above and to effect a change in the 
recoil system. The new cradle carries 2 recoil and 2 counterrecoil 
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cylinders, 2 cylinders above and 2 below the gun. The upper right and 
lower left cylinders are recoil cylinders ; the upper left and lower right, 
counterrecoil cylinders. With this arrangement of cylinders, the re
sultant of forces in recoil lies in the axis of the bore. The length of 
recoil has been increased from 12 inches to 16 inches. The increased 
trunnion height permits this increase in length of recoil without caus
ing interference when the gun is fired at high elevations. 

FrouRJoJ 156.-Antifriction device assembly. 

a. Cap square. d. Crutch. 
b. Roller bearings . e. Helleville springs. 
c. Trunnion extension. f. Adjusting nuts. 

c. M1917Mll.-The M1917MI mount, described in b above, has 
been manufactured in limited quantities. The great majority of fixed 
antiaircraft mounts still on hand are M1917 mounts. A project has 
been instituted whereby a few of these original mounts will be modi
fied annually to conform as nearly as practicable to the new M1917MI 
mount. The modifications are to be made locally, the necessary parts 
to be shipped from the arsenals. When modified these mounts will be 
designated M1917MII. The modifications include raising the trun-
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nions (by the installation of filler pieces), installation o:f the roller 
bearing, antifriction device, and improvement of the elevating and 
traversing mechanisms to conform to those of the M1917MI mount. 
No material change is to be made in the cradle, the number and 
arrangement of recoil and counterrecoil cylinders in the M1917 mount 
to be retained. 

d. M3.-This mount was designed to accommodate the 3-inch anti
aircraft gun, M4. It is similar in all respects to the M1917MI mount 
except for larger and heavier cradle and bearings to accommodate the 
heavier M4 gun. 

70. 3-inch antiaircraft trailer mount, M1918 (mobile).
This mount (fig. 157) is designed to mount the 3-inch antiaircraft gun, 
M1918 or M1918MI. The mount consists of a top carriage and cradle, 
mounted on a 4-wheel trailer truck. The trailer is equipped with out
riggers, stability jacks, and lifting jacks. The gun and carriage re
main fixed to the trailer in both the traveling and firing positions. The 
mount permits of 360° traverse of the gun and o:f elevations from 10° 
to 85°. A variable, hydrospring, recoil system is provided. 

a. Top oarriage.-(1) Gerieral.-The top carriage consists o:f side 
frames bolted to the carriage bottom plate and joined . transversely in 
front by the transom and elevating worm bracket. The cradle is 
pivoted in the trunnion bearings at the top o:f the side frames. The 
top carriage as a unit swings on traversing rollers around a pint.le on 
the base plate which is bolted to the trailer. The traversing rollers 
have an upper roller path on the top carriage bottom plate and a lower 
roller path on the base plate. A bronze bushing is provided as a pintle 
bearing, a circular cover protecting it from dirt. 

(2) Firing olips.-Front and rear clips are. bolted to the carriage 
bottom plate and project through holes in the plate, engaging an 
annular flange cast on the base plate. The clips barely clear the flange 
and keep the top carriage from tipping on the rollers when the gun 
is fired. 

(3) Traveling looks.-When traveling, the gun. is locked at about 
20° elevation, lengthwise of the trailer, by upper and lower traveling 
locks, which protect the elevating and traversing mechanisms. 

( 4) Azirnruth oirole.-A bronze azimuth circle, graduated in mils 
and bolted to brackets secured to the base plate, is provided for 
use in preparatory firings. The circle is graduated counterclockwise. 

b. Elevatwig mechanism.-The gun is elevated and depressed by 
means o:f a worm mounted in a bracket to the side frames, which is 
meshed with the elevating arc bolted to the cradle. The worm is 
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driven by a handwheel through bevel and spur gears. Elevations 
of from 10° to 85° are permitted. 

c. Traversing mechanism.-The traversing mechanism is attached 
to the left side of the top carriage. (See fig. 157.) Movement 
of the traversing handwheel is transmitted through a pinion and 
gear to the traversing shaft on which is keyed a worm which meshes 
with the traversing rack. The traversing shaft is in upper and 
lower sections separated by a friction clutch. This clutch is of the 
multiple disk type, the disks being pressed together by a spring. By 
pressing down on the hand lever ( above the clutch), the spring load 

,-.-------VALVtT\'Rfrrr'ltola .,,.. ~ 

,----- --- 't'ltUHNIOM 
,-------UCOII .. C"(L .... 

1''IGURE 167.-3-lncb antiaircraft gun, M1918, on trailer mount, M1918. 

l 

is taken off the disks and the carriage can be traversed freely by 
pulling or pushing the platforms. The 24 conical rollers on which 
the top carriage rests and turns are spaced by a bronze distance ring 
which prevents jamming and insures a proper distribution of the 
load. 

d. Recoil system.-(1) General.-The recoil system is of the vari
able hydrospring type. A variable recoil was adopted for this 
mount to increase stability and provide a high loading angle. A 
comparatively long recoil at low elevations is necessary for this 
mount to prevent it from overturning. At high angles of elevation, 
where the force of recoil is exerted downward, the mount is obvi-
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ously more stable and a long recoil is unnecessary. In fact, a long 
recoil is impracticable because the breech would strike the platform 
in recoil. Hence, a recoil system was provided which gives long 
recoil at low elevations and short recoil at high elevations. The 
gun recoils about 40 inches at the minimum el~vation of 10° and 
about 16 inches at the maximum elevation of 85°. 

(2) Recoil mechumism..-(a) The recoil mechanism is shown in 
figure 158. Section AA is a cross section through the longitudimtl 
section at AA. The recoil cylinder is securely fastened to the gun 

YALVE TUl!Nlllli MtCIWIISM 

FIGURE 158.-Recoil mechanism. :111918 gun. 

a. Recoil cylinder. m. Rear cylinder head. 
b. Oil byl)QSS. n. Front cylinder head. 
c. Yalve holes. o. \'ah·e-turning gear. 
d. Cylinder key. p. Piston rod gear. 
e. Recoil valve. q, Gun lug. 
f. Piston rod. r. Valve-turning gear cover. 
g. Counterrecoll buffer. s. Piston rod sleeve. 
h. Piston bead. t. Valve-turning arm. 
k. Recoil lug. u. Piston rod bracket. 

and moves with it in recoil. The interior wall of the cylinder has 
three longitudinal bypasses (b), separated by a like number of keys 
(d), 120° apart. 

( b) The recoil valve ( e) is a hollow cylinder which extends 
throughout the length of the recoil cylinder and moves with it in 
recoil. A small diametrical clearance between the two cylinders 
permits the recoil valve to rotate within the recoil cylinder. Twelve 
longitudinal rows of holes ( c) are drilled in the valve. F our rows 
are located symmetr ically together in three groups, 120° apart. 
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(o) The piston rod (f) is attached to the mount and does not 
move in recoil. I t is reamed at its rear end to receive the counter
recoil buffer (g). The piston head (h) is firmly locked on rear end 
of the piston rod and is fitted to the recoil valve ( e) with a small 
diametrical clearance. At its forward end, the piston rod is squared 
to take the piston rod sleeve ( s) and piston rod gear ( p). The 
piston rod gear is meshed with the valve-turning gear ( o), which 
is connected by means of an arm (t) to an adjustable coupling rod 
pivoted to the right trunnion cap. When the gun is moved in ele
vation, the piston rod, head, and recoil valve are rotated by means 
of these gears and connecting parts. The valve-turning gear is 
journaled in the piston rod bracket (u, fig. 158), which is riveted to 
and forms a part of the cradle. This bracket keeps the piston rod 
from moving endwise when the gun is fired. It is braced against 
this pull by two steel tubes (fig. 157) attached to the trunnions. . 

(3) R eouperator mechanism.-The gun is returned to battery by 
counterrecoil springs assembled in the two counterrecoil cylinders 
which a.re housed in the cradle beneath the gun (see fig. 157) . Two 
columns of springs, inner and outer, are assembled in each cylinder 
over spring rods which are attached at the rear end to the gun lug. 
The spring rods move in recoil with the gun and compress the springs. 

(4) Oounte1'recoil buf!e1·.-The buffer (g, fig. 158) is a tapered 
bronze plunger which is threaded into the rear cylinder head (m) and 
enters the rear end of the piston rod ( f) . During recoil, the hole in 
the piston rod fills with oil. During counterrecoil it is trapped by the 
plunger and forced out through the small diametrical clearance around 
the plunger, checking the forward motion of the gun into battery. 

(5) Action.-(a) When the gun is moved in elevation, the piston 
rod ( f, fig. 158) and recoil valve ( e) are rotated, so that twelve or less 
rows of holes ( c) are exposed to the bypasses (b) as the cylinder and 
valve move over the piston head in recoil. Each row of holes produces 
a certain nominal length of recoil, spoken of as 40-inch, 33-inch, 22-
inch, and 16-inch recoil. The actual length of recoil will vary slightly 
from these nominal lengths, depending on the clearance around the 
piston, friction on the guides, variations in the counterrecoil springs, 
and differences in powder pressure. Thus, at 10° elevation all holes in 
the valve are exposed to the bypasses and a recoil of approximately 40 
inches is obtained. As the gun is elevated, a less number of holes are 
exposed and the recoil is shortened. 

(b) When the gun is fired, the recoil cylinder and valve move to 
the rear over the piston head, and oil is forced through such holes as 
are exposed to the bypasses. Most of the energy of recoil is absorbed 
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by the resistance offered to the flow of oil through the small holes in 
the recoil valve, the bypasses in the recoil cylinder, and the slight 
clearance around the piston. The remainder of the recoil energy is 
taken up by the counterrecoil springs. The gun is returned to battery 
by the counterrecoil springs, which have been compressed during re
coil. The energy of counterreqoil is absorbed by the resistance offered 
to the flow of oil out of the end of the piston rod past the counterrecoil 
buffer (plunger). 

FIGURE 159:-Stability a nd lifting jacks. 

a. Chassis ·channel. 
b. Outrigger lugs. 
c. Lifting jackscrew. 
d. Lifting jack body. 
e. Screw bearing. 
f. Lifting jack float. 

g. Stability jackscrew. 
h. Stability jack body. 
k. Stability jack float. 

m. Outrigger folded in travel posi
tion. 

e. Trailer.-The trailer (fig. 157) is a four-wheeled vehicle equipped 
with springs and solid rubber tires. A base plate is rigidly bolted to 
the trailer chassis and supports the traversing rollers and top car
riage. To stabilize the unit in action, 4 lateral outriggers and 2 in
clined stability jacks, front and rear, are provided. Four vertical 
lifting jacks are also provided with which to level the unit during 
emplacement, the weight being taken on detachable floats. A level is 
mounted on the trailer near each lifting jack. During action, the lift-
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ing jacks are raised until clear of their floats and the outriggers are 
::.,djusted to support the entire weight of the gun, top carriage, and 
trailer. In traveling position, the outriggers are folded up and the 
jackscrews raised. The stability and lifting jack and the outrigger 
details are shown in figures 159 and 160, respectively. 

m 
FIGURE 160.- 0utriggers. 

a. Chassis channel. k. Outrigger arms. 
b. Outrigger lugs. m. Outrigger connection. 
c. Lifting jack. n. Plunger pin. 
d. Brace lug. p. Float. 
e. Brace lug lock pin. q. Float pin. 
f. Inner brace. r. Cha nnel section ( outrigger end). 
g. Turnbuckle. s. Spade. 
h. Outer brace. t. Hinge joint. 

f. Pointing equipment.-Most of the M1918 mounts are equipped 
with sights and case 1% pointing equipment." The antiaircraft 
sight, M1918, and the bracket fuze setter, M1916, are used. The 
former is described in FM 4-110, the latter in section XI hereof. A 
few of the Ml918 mounts have been equipped with electrical data 
transmission systems also described in section XI. 
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71. 3-inch antiaircraft mounts, Ml, M2, M2Al, and M2A2 
(mobile) .-a. Geneml.-(l) These mounts, familiarly known as 

spider mounts, are provided for the 3-inch antiaircraft guns Ml 
and M3, respectively. The Ml mount is the earlier type and only a 
comparatively few are in service. The two mounts are quite similar 
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in appearance but several improvements have been incorporated in 
the design of the M2 mount. The most important of these is a great 
reduction in weight due to the use of aluminum or welded steel parts. 
The description which follows pertains to the M2 mount unless 
otherwise stated. 

(2) The mount, which is shown in various positions in figures 161, 
162, 164, 165, and 166, is of the mobile trailer type. I t consists 
principally of a top carriage and cradle mounted on a four-wheel 
trailer. The trailer is provided with pneumatic tires, is capable of 
high motor-drawn speeds in transit OYer good roads, and owing to 

F1.; i;n1: 162.- 3-inclJ AA. mount, )12 (iu tra\'eling position). 

l. Luuette. 
2. Outrigger, intern1ediate section. 
3. Outrigger, outer section. 
4. P latform trnveling support. 
5. Platform. 
6. Gun (M3). 
7. l'latform traveling Hupport und gun 

lock. 
8. l!'ron t bogie. 

O. Bogie clamp screw~. 
10. Outrigger, wain section. 

the large tires can maneuver at slower speeds over irregular ter rain. 
Outriggers are provided to secure stability in firing. A leveling 
mechanism is provided which permits of leveling the gun 5° in all 
direct.ions. The traversing mechanism permits 0£ 360° traverse. 
Elevations of from - 1 ° to + 80° are permitted. The mount is 
equipped with data receivers of the follow-the-pointer type and a 
continuous type fuze setter, for use with an electrical data transmis
sion system, which are described in section XI. 
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----6t1n .Trunnion 

FIGUREJ 163.-Top carriage pedesta l and leveling mechanism. 

1. Top carriage. 9. Screw. 
2 . Ball thrust bearing. 10. Ratchet wrench. 
3. Spherical bearing. 11. Grease pipe. 
4. Pedestal. 12. Spindle. 
5. Spherical r oller bearing. 13. Ba ll bearings. 
6 . Counterrecoil nut. 14. Housing. 
7. Base plate. 15 . Traversing rack. 
8. Guide. 16. Level vial assembly. 
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(8) The gun is mounted in a cradle which forms the housing for 
the recoil system. The recoil system is of the hydropneumatic, 
constant recoil type described in paragraph 25. 

Equilibrators of the pneumatic type are provided to overcome the 
effect o:f trunnioning the gun so near the breech. 

b. Top carriage.-Figure 168 shows an assembly view of the top 
carriage pedestal and leveling mechanism. The top carriage ( 1), 
which is of welded steel plate, is o:f the spindle type. It is supported 
by ball thrust bearings (2) resting on the spherical bearing (8) to 
which the traversing rack (15) is bolted. The spherical bearing is 
held in a support in the pedestal ( 4). The lower end o:f the spindle 
(12) is held by a spherical roller bearing (5) which :forms a part of 
the leveling mechanism. The nut ( 6) prevents the t-0p carriage lift
ing during counterrecoil. Oil pipes and plugs are provided in the top 
carriage to permit the lubrication of the traversing thrust bearing. 
Attached to the carriage are the elevating and traversing mechanisms, 
the elevation and azimuth receivers, :fuze setter, fuze range receiver, 
gun junction box, and the seats for the operators. (See figs. 164 and 
165.) In the firing position the carriage is lowered to the ground by 
means of jacks attached to the pedestal (seen below). To the four 
corners of the pedestal are attached the main outriggers (j below) and 
lengthwise of the mount are secured the permanent portions of the 
platform ( n below). 

c. Leveling mechanism.-The leveling mechanism (fig. 168) pro
vides a means of accurately leveling the mount when emplaced. At
tached to the base o:f the pedestal (4) is plate (7) on which guide (8) 
is supported. This guide is operated by means o:f a screw (9) with 
a ratchet wrench (10). Held in the guide at right angles is a housing 
(14) which is similarly operated by another screw and ratchet wrench. 
These wrenches remain attached at all times. The movement o:f the 
two screws results in a movement of the top carriage about the center 
of the spherical bearing (8). A lever on each wrench shifts the ratchet 
and reverses the action of the wrench. Sufficient movement is provided 
to permit o:f 5° leveling in all directions. Two level vials ( 16) at right 
angles to each other are attached to the top carriage for the guidance 
of the operators leveling the mount. An alemite lubricator (11) is 
mounted with a pipe to provide lubrication of the bearing (5). Ale
mite fittings are also provided for the lubrication o:f thrust bearings 
for each of the leveling screws ( 9). 

d. Traversi,ng mechanism.-The traversing mechanism is manu
ally operated by one cannoneer by turning hand~vheel (7, fig. 164) .. 
The traversing rack (15, fig. 168) is bolted to the spherical bearing 
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(3) which is prevented from tilting in the pedestal ( 4). Meshing 
with this rack is a pinion and integral shaft, keyed to which is a 
worm wheel. This worm wheel meshes with another worm, which 
in turn is connected to the handwheel (7, fig. 164). Mounted on the 
pinion shaft is a split spur gear which drives the receiver through 
a bevel pinion and shaft and the flexible adjustable coupling. The 

F1c:UI\E 164.-3-inch antlaircrnfl moun t, M2 ( left side). 

1. Tube. 
2. Recoil cylinder. 
3. Countel"l"ecoll buffer cylinder. 
4. Floating piston cylinder. 
5. Equilibrato1·. 
6. Cradle bracket. 
7. 'l'rave1·slng handwheel. 
8. Cradle. 
9. Azimuth receiver. 

10. Cradle ec1uilibrato1· trunnions. 
11. •.rop carriage. 
12. Trunnions. 

18. Cradle extension. 
14. Oil screw filler bracket. 
lo. Breech operating mechanism. 
16. Fuze range receiver. 
17. E le,•a ting rack. 
18. Fuze setter. 
19. Adjusting bandwbeel. 
20. Setting crank. 
21. Platform (permanent portion). 
22. Platform hinges (center). 
23. Platform binges (outer). 
24. Platform traveling support and gun lock 

~partially unfolded). 

purpose of th.is coupling is to set the mechanical pointers on the 
azimuth receiver (9) to agree with the oriented azimuth of the gun 
as indicated by the electrical pointers. During drill or firing, the 
operator keeps the mechanical pointers of the receiver in coincidence 
with the electrical pointers by turning the traversing handwheel 
(7). Each turn of the tra·versing handwheel equals 33.3 mils move
ment of the gun in azimuth. The traversing mechanism is ball-
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bearing mounted throughout and is lubricated by oil contained in 
the case. Filling, drain, and overflow plugs are provided. 

e. Elevating meclianism.- The elevating mechanism is manually 
operated by one gunner by turning handwheels (18, fig. 165). The 
elevating rack (20) is bolted to the cradle and meshes with the elevat
ing pm10n. To the end of the pinion shaft is keyed a worm wheel 
which meshes with a worm, on whose shaft are keyed the two hand-

l!'IOUIIE 16'1.- 3-lnch a ntla ircn1ft mount, 1\1:.! (traveling llOS ltion. rl.a;h t ~ide). 

1 . Breech ring. 
2. Lock plate key. 
:1. Operating ha ndle. 
4. Clutch operating ahnft. 
5. Gun t runnions. 
6. Elem tlon gca r segmen t. 
7. E le,•aUon receiver. 
8. Wrench, jacking dc,· ice. 
9. Ju~king device. 

10. Crudle equillbrutor t runnions. 
11. 1<:(1ulllbrator piston rod. 
12. Equillbrator cylinder. 

13. Cradle. 
14. Temperature scale shaft. 
lo. Temperutnre scale window. 
10. Top Cll tTillg C. 

17. Main ec1nlllbrator trunnions. 
18. Elerntlng handwheels. 
19. E1e,·11t1ng gea r box. 
20. E levating rack. 
21. Cradle ex tension. 
22. P latform. 
23. Outr igger. 
24. Pla tform tra,·ellng xn()l)Ort . 

wheels (18). The pinion, pinion shaft, worm wheel, and worm are 
contained in the gear box (19). Mounted on an extension of the 
right trunnion (5) is a segment (6) which meshes with a ball-bea.rii\~ 
mounted pinion and shaft in rear of the elevation receiver (7). A 
gear on this shaft meshes with the receiver pinion, driving the re
ceiver pointers. An adjustable flexible coupling is provided on this 
shaft for the purpose of setting the mechanical pointers of the re-
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ceiver to agree with the quadrant elevation of the gun. During drill 
or firing, the operator keeps the mechanical pointers of the receiver 
in coincidence with the electrical pointers by turning the elevating 
handwheels (18). Stops are provided to limit the depression at -1° 
and the elevation at +80°. Each turn of the elevating handwheel 
equals 33.3 mils movement of the gun. The elevating mechanism is 
ball-bearing mounted throughout a.nd lubricated by oil in the housing 
which contains the elevating shaft. The housing is filled with oil 
through a hole in the top of gear box (19) to a height determined by 
the overflow hole in its side. The housing can be drained by remov
ing the drain plug in the bottom of the gear box. All parts not 
lubricated by oil are provided with alemite grease fittings. 

f. Equilwrators.-(1) Gene1·al.-ln a mobile mount it is necessary 
to keep the trunnions as low as practicable in order to secure stability. 
A high loading position is also necessary for all antiaircraft mounts. 
These requirements are met in the M2 mount by placing the trunnions 
at a height of only 69 inches above the ground and very near the 
breach. The latter, however, results in an unbalanced condition of 
the gun and cradle. The resultant muzzle preponderance is overcome 
by the use of especially designed equilibrators of the pneumatic type. 

(2) Descri,ption.-Two equilibrators, one on each side of the gun, 
are provided. T he equilibrator cylinder (12, fig. 165) is trunnioned 
to the top carriage at (17) and contains an air chamber, piston rod 
(11), a piston head, and springs. The piston rod passes out of the 
upper end of the cylinder and is attached to the cradle at (10). The 
chambers at the lower ends of the cylinders are charged with air. 
The pressure of this air (about 500 pounds per square inch) through 
the pistons supplies the force required to balance the gun and cradle 
at all elevations a column of springs is mounted between the piston 
force is required. When the gun is elevated the cradle pulls the 
piston rods out, thus increasing the volume of each air chamber and 
reducing the effective pressure. To assist in maintaining a balance 
at all elevations a column of springs is mounted between the piston 
head a,nd the upper end of each cylinder. These springs are com
pressed by the pistons with increasing counteraction to the pressure 
of air as the gun is elevated. 

(3) Tests and adjustmients.- (a) The gun should elevate and de
press with approximately equal effort. 1£ this is not the case the 
pressure should be checked and the air supply replenished if 
necessary. 

(b) Adjustments to compensate for changes in atmospheric tem
perature are made by turning the squared shaft (14, fig. 165) with 
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a wrench until the pointer indicates the proper temperature on the 
temperature scale which may be observed through the window (15). 

g. Ora,dle assembly.-The cradle (8, fig. 164) supports the gun and 
houses the recoil system. The gun trunnions (12) which are placed 
near the rear end of the cradle are supported on roller bearings 
mounted on the top carriage trunnion seats. At the left rear of the 
cradle casting is provided an extension (13, figs. 164 and 165), which 
supports the breech operating mechanism (15, fig. 164) and a bracket 
(14) for the oil screw filler device. Lugs are placed on the upper 
rear surface of the face, to which the equilibrator piston rods are 
attached at (10) . At the front end there is provided a bracket (6) 
which supports the forward end of the recoil and recuperator cylin
ders. The bore of the cradle is provided with bronze liners in which 
the gun slides in recoil. To facilitate the manual retraction of the 
gun, a ja.cking device (9, fig. 165) and wrench (8) are provided. 
The device consists of a screw and head, the head bearing against the 
breech ring (1) of the gun. (See h, (4) below.) 

h,. Recoil system.-( 1) General.-The recoil system for the M2 
mount is of the constant hydro-pneumatic type. A variable recoil 
system is unnecessary as the increased stability of this mount permits 
a medium length of recoil (32 inches) at low elevations, and the rear
ward position of the trunnions permits the same length of recoil 
to be employed at high elevations without interference from the 
platform. Due to the weight of the gun, the length of recoil in
creases slightly at high elevations, but the recoil system is essentially 
of the constant type. 

(2) Recoil and recwperator mechanisms.- These mechanisms are 
contained in one unit. The system, in general, consists of three 
monel metal cylinders, cylinder heads, the bypass connection, recoil 
piston and rod, floating piston, recoil" and counterrecoil valves, air 
and oil filling valves, and the liquid and air with which the system is 
filled. A detailed description of the system and its action is given 
in paragraph 25. 

(3) Test of oil reserve.- The purpose of the oil reserve is to move 
the floating piston (11, fig. 51), from its seat and suspend it between 
the air and oil in the cylinder ( 4). An oil reserve must be maintained 
at all times, otherwise damage to the system will occur when the 
gun is fired. To check the oil reserve the gun is depressed to the 
horizontal position and the oil-filling plug (19) is removed. An oil 
release tool (bleeder) is inserted and screwed in until the oil-filling 
valve is unseated. If any reserve oil is in the system it will be 
forced out through the bleeder by action of the air on the floating 
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piston. If no oil is released an oil reserve must be established. 
The oil-filling plug at the top rear of cylinder ( 4) is removed (plug 
not shown) and oil is poured in through a funnel until the cylinder 
is full. The plug is then replaced and the proper oil reserve is 
established by the injection of oil through the filling valve ( 19). 
A special oil screw filler device is mounted in the bracket (14, fig. 
164) and used for this purpose. Only one screw filler full of oil is 
inserted. If an oil reserve cannot be established in this manner, it is 
apparent that the air pressure is low, and must be reestablished. 
The counterrecoil buffer cylinder has a separate oil supply. It is 
filled through a plug at the top of the cylinder. 

(4) Test of air pressure.-The air pressure in the recuperator 
cylinders is tested by manually retracting the gun. The jacking 
device (9, fig. 165) and wrench (8), described in g above, are used 
for this purpose. With the gun in the horizontal position, the screw 
is turned until the gun is forced to the rear about 1 inch. The gun 
is then released by turning the screw to its original position. The 
gun should follow back into battery. If it does not the air supply is 
very low and should be reestablished by ordnance personnel. If the 
gun returns to battery in the horizontal position the pressure should 
be tested with the gun elevated. The gw1 is elevated to 1,450 mils 
and the jacking operation repeated. If the gun does not follow into 
battery when the jack is released, depress slowly and note the angle 
at which the gun returns to battery. If this angle is below 900 mils 
the air supply must be replenished. The air-filling valve (16, fig. 51) 
is in the bypass connection (18). 

i. Platfo1--m.-The platform is made of strong aluminum plate 
stiffened by metal angles. Holes are drilled in the platform to pre
vent the operating personnel from $lipping and to reduce the sound
ing board effect when the gun is fired. The front and rear sections 
of the permanent portion of the platform (21, fig. 164) are fastened 
to the pedestal. The folding portions of the platform are hinged 
in the center at (22) on each side of the mount. The inside edge 
of the end sections of the platform are also hinged to the permanent 
portion of the platform at (23). This arrangement permits the 
middle sections to be folded over onto the end sections a.nd both 
sections on either side folded toward the center and locked, as shown 
in figures 162, 165, and 166. In the firing position the folding por
tions of the platform are supported on the top surface of the main 
outriggers and on brackets. These brackets are attached to the main 
outriggers and are extended when the outriggers are spread apart. 

j. Outriggers.-Four outriggers are provided and carried on each 
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mount to provide stability of the mount at all angles of the gun 
during firing. The outriggers on the M2 mount are either of cast 
aluminum or welded steel construction, the latter being the newer 
type. (Those of the Ml mount are steel castings and much heavier.) 
Each outrigger (fig. 161) is composed of three sections-main (9), 
intermediate (3), and outer (2). The main section is hinged to the 
pedestal, the intermediate to the main section, and the outer to the 
intermediate section. I n the firing position these sections are swung 
out, fully extended and locked. In the traveling position (fig. 162) 
the main outriggers form the chassis, carrying the mount in the center 
and supported on each end by the bogies (8) and (16). 

le. Bogies.-Front and rear bogies (fig. 162) are provided to sup
port the mount in the traveling position. Each bogie consists of a 
frame seat, springs, axle, wheels, and tires. In addition, the front 
bogie is provided with a drawbar and steering mechanism and the 
rear bogie with brakes and brake mechanism. The bogie frames 
nre of either bolted or welded construction , the latter being the newer 
type. (Bogie frames on the Ml mount are of bolted construction.) 
Jn the traveling position the bogie frames are located under the 
engaging seats provided on the main outriggers and securely fastened 
in plnce by clamp screws (9). The frames are supported on semi
clliptical springs secured to the axles. The wheel hubs are carried 
on conical rol1er bearings. The rear wheel hubs are provided with 
brake drums. Two spare wheels are provided for the mount. Both 
bogies are removed when the mount is placed in firing position. 
(Seen below.) 

l. J aclcs.-The jacks (fig. 162) provide a means of raising and low
ering the mount from traveling to firing position. Two jacks of the 
compound screw type, operated through gears, and a ratchet wrench 
are attached to the pedestal. The jacks and floats are screwed up 
iigainst the mount in the tnweling position. The ratchet wrenches 
(15) remain attached. Each jack is provided with a float (12) to 
obtain sufficient bearing when resting on the channel placed on the 
ground. The jack floats are connected by a chain tie (13). This 
t ie prevents the inner screws of the jacks from rotating independently 
of the outer screw, thus maintaining the proper relation between the 
screws of each jack. The maximum lift of the jacks is 26 inches. 

m. Pointing equipment.-'-The M2 mount is equipped with data 
receivers of the follow-the-pointer type for case III pointing and 
electrical data transmission. No gun sights are provided. The con
tinuous type fuze setter ( 18, fig. 164) described in section XI is used. 
'fhe electrical data transmission system is also described in section XI. 
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1i . E1nplacement of nwwnt (fig. 166).-0n uneven ground with 
greater than about 5° slope the areas under spade and outriggers 
should be roughly leveled, as the leveling mechanism of the mount 
is limited to an adjustment of 5°. The procedure given below is a 
general guide for em placing the unit : 

(1) The spare wheels are first removed. The jack supporting 
channel is placed on the ground under the mount so that the jacks, 
when run down, will rest thereon. The jacks (10) are then run 
down by means of the ratchet wrenches until the floats are in con
tact with the channel. 

Fwu ,rn 166.- k:mplaclng ll-inch AA moun t, l\12 (front bogie removed, front outrigge,·s 
being placed and jacks manned). 

1. l!'root bog!e. 
2. Outrigger, outer section. 
3. Outrigger, Intermediate section. 
4. Pla tform traveling 11upport. 
5. Pla tform. 
6. Gun (M3). 

7 . Pla tform traveling support 
Md gun lock. 

8. Outrigger (extended). 
9. Outrigger, main s ection. 

10. J ack. 
11. Pedes tal spade. 
12. Rear bogle. 

(2) The screws (9, fig. 162) fastening the front and rear bogie 
frames to the mount are released just prior to the load being taken 
by the jacks. The jacks are now further run down, lifting the 
mount sufficiently to permit the withdrawal of one of the bogies as 
shown in Figure 166. After removing one bogie, the outriggers on 
that end are swung outward at an angle of 45° and the intermediate 
and outer sections unfolded and locked by means of the keys 
provided. 

(3) The mount is then tipped from the ends of the extended out
riggers and the other bogie removed. The remaining outriggers 
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are now released and swung outward. The intermediate and outer 
sections are unfolded and locked. 

(4) The mount is then lowered to the ground, the jacks being 
operated until the stop is reached. Care should be taken in lowering 
the jacks to keep the mount approximately level. Before firing be
gins, the jacks must be raised again. 

(5) If the under surface of the outriggers does not engage the 
ground for the full length of the outriggers, loose earth should be 
shoveled under them so as to provide continuous contact with the 
ground. 

( 6) The four sections of the folding platform are then released, 
lowered into position, and locked. The platform traveling support 

FIGURE 167.- 105-mm antiaircraft gun mount, Ml. 

and gun traveling lock units are unlocked and unfolded ( 4 and 7, 
fig. 166). 

(7) The fuze setter bracket is removed from its traveling position 
and attached to the top carriage and the seat unfolded. The fuze 
setter is removed from its traveling position and placed in the fuze 
setter bracket. The transmission cable from the main junction box 
is then connected to the gun junction box on the mount. 

(8) The pointing tests and adjustments are now made as pre
scribed in FM 4-110. 

o. The M2Al mount is the same as the M2 but carries the two 
spare wheels on the bogies, and handwheels with bevel gears have 
been added to the jacking mechanism. 

185 



TM 4-210 
71 COAST ARTILLERY CORPS 

F10u1rn 108.- Ba~e pl11te-roller ,1ssemblr . 

FIGU RE 169.- Racer- pedestal assembly. 
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p. The M2A2 mount has the modifications mentioned in o above 
and in addition has 4-wheel electric brakes. 

72. 105-mm antiaircraft mount, Ml (fixed) .-The 105-mm 
antiaircraft gun M3 (par. 66) is used with this mount. A power 
rammer is furnished to handle the heavy fixed ammunition, allowing a 
sustained rate ofi fire of 15 to 20 rounds per minute. The mount is 
shown in figure 167. 

a. The part of the mount which is bolted to the concrete is shown 
in figure 168. Note the base plate (A), the roller assembly (B) , and 
the traversing rack (C) . The gear (D ) transmits (through a pinion 
and shaft) the present azimuth of thP. mount to the azimuth data re
ceiver. The raised center portion of the base plate (E) acts as a pintle 
for the racer and takes the horizontal component of the recoil stresses. 

b. Figure 169 illustrates the movable part of the mount. I t shows 
the racer (A) which traverses on the roller assembly $hown in figure 
168. The pedestal (B) consists of two yokes bolted together. The 
trunnion bearings fit into the right-angled notches at the upper end 
of the pedestal. The traversing handwheels are shown at C and 
the azimuth receivers' mechanical drive at D. 

The mount proper (fig. 167) is quite different in appearance from 
the M1917 fixed mount already considered. The large structure to 
the rear of the trunnions is the power ramming device. Trunnion 
bearings are of the antifriction type. The elevating rack of conven
tional design is shown underneath .the cradle. 

The recoil mechanism is of the hydrospring type giving a constant 
recoil of 16 inches. It consists of a single hydraulic recoil cylinder 
with a dashpot counterrecoil buff er mounted at the front end and two 
counterrecoil spring cylinders. As may be seen from the illustration 
the gun is trunnionecl at its center of gravity and no equilibrators are 
provided. 
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SECTION XI 

ACCESSORIES FOR ANTIAIRCRAFT GUN MOUNTS 

Paragraph 
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Data transmission system, M3------------- --------------- --------------- 76 
T8E3 system-general description________________________________________ 77 
Data transmission system, 1\12----------------- - --------------------- ----- 78 
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Power supply units------------------ ------------------------------------ 81 
Fuze setters-------------- --- ---------------------------- --------------- 82 

73. General.-a. In addition to the guns and mounts proper, the 
following principal accessories are required to complete the equip
ment of an antiaircraft artillery gun battery in the field: 

(1) F ire control instruments. 
(2) Data transmission system. 
(3) Instrument trailer (certain units only). 
( 4) Power unit. 
( 5) Fuze setters. 
(6) Sights (certain units only). 
(7) Prime movers. 
b. (1) The various antiaircraft fire control instruments, including 

altimeters, height finders, data computors, etc., are described in 
FM 4-110. 

(2) Data transmission systems may be divided into two general 
classes, telephonic and electrical. The former is used with mounts 
equipped for case 1% pointing (see FM 4-110); the latter, which is 
now the standard system, employs case III pointing and electrical and 
automatic transmission of data. F ollow-the-pointer devices are used, 
no gun sights being required. Electrical data transmission systems 
are described in paragraphs 74 to 79. 

(3) Instrument trailers are provided for some types of data com
putors (directors) . The trailers also carry fire control equipment and 
the power unit for the electrical data transmission system. Trailers 
and power units are discussed in paragraphs 80 and 81. 

( 4) Continuous type fuze setters with fuze receivers mounted 
thereon are employed on mounts equipped with electrical data trans
mission systems. The bracket type fuze setter is normally used on 
mounts not so provided. (See par. 82.) 

(5) Sights are now employed only on those antiaircraft mounts not 
provided with electrical data transmission systems. The antiaircraft 
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gun sights now in use are discussed in FM 4-110. P resent sights are 
not particularly satisfactory due pr incipally to backlash and play 
and because smoke obscures the target when the gun is fired. 

(6) Prime movers (trucks) are furnished each mobile antiair
craft gun battery for the primary purpose of towing the mounts. 
They are also used for transporting personnel, ammunition, and equip
ment. Descriptions and operating instructions are furnished with 
each unit. 

74. Electrical data transmission systems.-a. General de
soription.-(1) The rapidity and accuracy of fire required of an anti
aircraft gun have led to the development of electrical data 
transmission systems. Such a system may be defined as the necessary 
apparatus for transmitting automatically over a distance the data 
derived from a computing or plotting device. 

(2) The apparatus includes a source of power, the transmitters, 
the receivers, and the necessary connecting wires and junction boxes. 
Three transmitter units are located in the data computor, one each for 
the three elements of firing data required for case III pointing
azimuth, quadrant elevation, and fuze range. There are likewise 
three receiver units at each gun, each being connected to the corre
sponding transmitter unit in the data computor. An altitude trans
mitter at the height finder and a corresponding receiver in the data 
computor are also a part of the system. The source of power is 
connected to all units. 

(3) A follow-the-pointer system of applying data is employed. 
The data transmitted automatically and continuously from the data 
computor are indicated by electrical pointers on the receivers. The 
receivers likewise contain mechanical pointers which are connected 
by gearing to the fuze setter or to the traversing or elevating mech
anism of the gun. It only remains necessary, therefore, for the oper
ators at the receivers to match the mechanical pointers to the electrical 
pointers by operating the fuze setter, traversing the gun or elevating 
the gun, as the case may be. The gun is thus hiid at the proper data 
determined by the data computor. The altitude transmitter and re
ceiver units operate in a similar manner. 

b. Advantages.-An electrical data transmission system has the 
following specific advantages: 

(1) Makes the transmission of firing data instantaneous and per
mits the pointing of the gun simultaneously with the determination 
of data. Practically all dead time is eliminated. 

(2) Eliminates the constant interruptions that obtain in trnnsmis
sion of data by telephone. 
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(3) Eliminates the possibility of error in the transmission of data 
and due to the use of follow-the-pointer methods makes the applica
tion of data at the guns more rapid, simple, and less liable to error. 

( 4) Eliminates several operations at the instruments and guns and 
eliminates the subsequent possibility of personnel errors. One of the 
most likely sources of error eliminated is the gun pointers' operation. 

( 5) Eliminates the inherent inaccuracies existing in any sighting 
system so far provided. . 

All of the above advantages contribute directly to the accuracy and 
rate of fire. 

c. General classes.-Our present electrical data t1'ansmission sys
tems employ alternating current as their source of power. They are 
of the self-synchronous type, that is, once in synchronism they stay 
that way unless disturbed by some outside source. 

d. Standard types.-The following electrical data transmission sys-
tems are in use : 

( 1) M2 system, for the MlAl director (Vickers) . 
(2) M2Al system, for the M2 director (Sperry). 
(3) T8E3 system, for the T8E3 director (Sperry). 
( 4) M3 system, for the M3 director (Sperry). 
(5) M4 system, for the M3 and M4 directors (Sperry). 

The M 4, the latest system, will be described in detail and the others 
briefly .. 

75. Data transmission system, M4.-a. Fuze range transmis-
8ion.-A single transmitter in the computor furnishes the fuze range 
data for the four guns of the battery. The phase ( transmitter to 
receiver) leads are routed, as are all other leads from the director to 
the guns, through the main junction box, where each of the three leads 
is distributed to the four guns through the four (20-conductor) gun 
cables to . the four gun junction boxes, thence through 20-conductor 
cables to the fuze range receivers. The remaining leads in the 20-
conductor cable to the fuze range receiver carry the 60-cycle, 110-volt 
A. C. power (leads Nos. 4 and 5), the 60-cycle, 6-volt A. C. for the indi
cator and fuze setter lamps, and 3 spares. The assembled receiver is 
mounted on the fuze setter. The repeater has a dial bearing a pointer 
on its shaft. Concentrically with this dial a rotatable annular ring 
is mounted, bearing an index. This annular ring is geared to the fuze 
setting ring in the fuze setter. Concentric with the rotatable annular 
ring is a fixed scale on which the actual transmitted or set fuze ranges 
may be read. ( See fig. 173 for diagram of M4 system.) 

b. Fuze indicator, M4.-(1) The fuze indicator, M4 (fig. 170), 
consists of an A. C. synchronous receiver which positions a dial pointer 
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with respect to a fixed circular scale graduated in :fuze range. An 
index pointer mechanically geared to the fuze setter mechanism 
rotates concentrically with the dial pointer and the fixed scale. Two 
types of fuze indicator scale are used : one, graduated with a non
uniform scale :from 0-21, is used with the powder train fuze, Mk.III; 
the other, graduated with a uniform scale from 0-30, is used with 
the mechanical fuze. The graduations and numbers on the fixed 
scale and the indexes on the repeater dial and the mechanical pointer 
are cut through to permit indirect il1umination and are filled in with 

1r w0Rt: 170.-Fuze ind icator, )14. 

translucent white enamel The depressed areas in the index pointers 
are filled in with luminous radium paint. 

(2) The mechanical pointer shaft is connected to the fuze setter 
mechanism by means of an adjustable coupling which permits syn
chronization of the mechanically driven index pointer with the fuze 
setter. 

(3) The entire mechanism is enclosed in a water-tight case pro
vided with a shatter-proof glass window through which the dial 
and indexes may be seen. Two cable connectors are provided, one 
for the 20-conductor junction box cable and the other for the 
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2-conductor fuze setter lamp cable. The case may be removed from its 
base to gain access to the mechanism. The indicator is mounted 
directly on the .fuze setter. 

( 4) The repeater case may be rotated to synchronize the indicator 
with the data transmitter in the director by unscrewing the cover on 
the right side of the indicator and adjusting the slotted shaft end 
which protrudes into the upper part of the cavity. This motion is 
limited to about 30° on either side of the zero position. The rotation 
is accomplished through the use of a worm and worm wheel so the 
repeater case will not rotate after having been adjusted. 

NOTE.-lndicator, receiver, and repeater are oftentimes used indiscriminately 
in antiaircraft literature. The generally accepted definitions are as follows: 

Indicator-The complete indicating device as shown in fig. 170. 
Receiver (or repeater)-The electric motor within the indicator. 

c. Altitude tran8mitter.-The altitude transmitter is built into the 
height-finder cradle. Its principal elements include a transmitter unit, 
concentric coarse and fine dials for indicating the altitude or r3inge, 
and a hand wheel drive for setting readings. The inner dial (coarse) 
is attached directly to the rotor shaft and has an equicrescent (uni
formly divided) scale representing 10,000 yards for a complete revolu
tion. The other dial (fine) ring is geared to the shaft of the inner 
dial and has an equicrescent scale indicating 1,000 yards per revolu
tion. The smallest division on the fine dial is 20 yards. An auxiliary 
dial and spot corrector knob are provided for setting calibration 
or other corrections. The dial indicates corrections up to plus or 
minus 500 yards, the smallest division being 100 yards. Illumination 
for the dials is provided by 6-8-volt automotive type electric lamps. 

d. Azimu,th transmission.-Each transmitter is capable of controlling 
its repeater to a precision 9f 1h O • In the transmission of azimuth or 
elevation, greater accuracy is necessary and the data are broken up into 
two parts, coarse and fine. Each part is transmitted and received by 
separate transmitters and repeaters. The coarse transmitter handling 
the hundreds of mils makes one revolution for 6,400 mils; the fine 
transmitter makes one revolution for each 400 mils. The precision 
of transmission is that of the fine; that is, 1h X 1/ 360 X 400= .56 mil. 
The device is self-synchronous; that is, the dials of the receiving instru
mentib take a position exactly synchronized with the transmitting 
instruments whenever power is applied to the system regardless of 
synchronism or lack of synchronism before the application of power. 
The azimuth transmitter consists of two trarnsmitter units geared 
together in 16 to 1 ratio, both driven by the firing azimuth shaft in 
the director. The slower (coarse) transmitter makes one revolution 
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for a change in azimuth of 6,400 mils. The faster (fine) transmitter 
makes one revolution for each 400 mils change in azimuth. These two 
related transmitters are connected to their receivers by six conductors 
(plus No. 4 and No. 5, the power leads). The tagging of these six 
phase, leads are fine transmitter to fine receiver 1, 2, and 3; coarse 
transmitter to coarse receiver 6, 7, and 8. Leads Nos. 4 and 5 are at 
all times 110-volt, 60-cycle A. C. power leads. The operation of the 
double-unit receiver may best be understood by a study of the schematic 
diagram of figure 171. Two repeater (receiver) motors are mounted 
on the gun in a watertight case. The coarse reading receiver motor has 
a pointer mounted on its rotor shaft which by action of its transmitter 
( coa.rse) makes one revolution for 6,400 mils change in transmitted 

F1GU1UJ 171.- Azimuth Indicator data transmission system, M4. 

azimuth. This pointer is displaced on the fixed scale as changes in 
azimuth are transmitted. An index pointer is mechanically geared 
to the traversing mechanism of the gun and rotates concentrically 
with its respective repeater dial. When an increase of 100 mils in 
azimuth is sent by the director, the pointer is displaced clockwise 100 
mils from the fixed scale. If the gun is now traversed so as to increase 
its azimuth 100 mils, the concentric pointer will rotate 100 mils and 
match with the pointer rotated by the coarse receiver motor. The 
fine receiver carries a pointer which makes one revolution for each 400 
mils of transmitted azimuth. A concentric dial is geared to the 
traversing mechanism of gun. Its motion is entirely independent of 
the pointer. This dial has a pointer which makes one complete revolu
tion for each 400 mils traverse of the gun. A study of the schematic 
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diagram will show that when the pointers 0£ the coarse receiver are 
first matched and the pointers 0£ the fine receiver then matched the 
gun is laid to the transmitted azimuth. 

FIGURll 172.- Azlmuth or ele,·ation Indicator, M4. 

e. Elevation tmmmission.-The elevation transmitter, located in the 
director, and its four double-unit receivers, one on each gun, are identi
cal in every way with the azimuth units described above. 

f. Azimuth or elevation indicator, M 4.-( 1) The azimuth or eleva
tion indicator, M4 (fig. 172), contains two A. C. synchronous repeaters, 
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one for positioning a fine dial indicating 400 mils per revolution and 
one for positioning a coarse dial indicating 6,400 mils per revolution. 
Two index pointers, one for the fine dial and one for the coarse dial, 
are mechanically geared to the traversing or elevating mechanism of 
the gun mount and rotate concentrically with their respective repeater 
dials. These pointers are read against a fine fixed scale graduated 
from O to 400 mils in two mil steps, and a coarse fixed scale graduated 
from O to 6,400 mils in 400 mil steps. The graduations and numbers 
on the fixed scales and the indexes on the electrical dials and mechan
ical pointers are cut through to permit indirect illumination and are 
filled in with translucent white enamel. The depressed areas in the 
index pointers are filled in with luminous radium paint. 

(2) The entire mechanism is enclosed in a watertight case provided 
with a shatter-proof glass window through which the scales and index 
pointers may be seen. Two cable connectors are provided, the one not 
used being closed with a plug. The front plate of this case is re
movable, giving access to the mechanism. 

(3) The repeater units can be rotated to synchronize the indicator 
dials with the data transmitters in the director. The fine or lower 
dial is synchronized by raising the sliding cover on the left side and 
adjusting with a screw driver the slotted shaft end which protrudes 
into the lower part of the cavity. The coarse or upper dial is syn
chronized by lowering the cover plate on the right side of the indi
cator and turning a similar shaft which protrudes into the upper part 
of the cavity enclosing the terminal board. (Care must be exercised 
when lowering this 'cover to avoid damaging the gasket and conduc
tors.) This adjusting motion is limited to about 30° on either side 
of the zero position. The rotation is accomplished through the use 
of a worm and worm wheel, and the repeater cases will not rotate 
after having been adjusted. At no time should the gwn be tr(Jfl)ersed 
01· elevated while this sliding cove1· is up, as it would change the 
adjustment. 

(4) When laying the gun in. azimuth or elevation, the operator 
first roughly matches the received indication on the coarse repeater 
dial and thereafter keeps the index on the fine mechanical pointer in 
coincidence with the index on the fine electrically driven dial. 

(5) A knob protruding into the cavity on the left side and acces
sible by the sliding cover, through the medium of a differential, allows 
the mechanically driven indexes to be set to read correctly for the 
gun position. The sliding cover must be pushed down to its normal 
position after having made this adjustment. The cover, through 
the medium of a detent fastened to it a.nd teeth on the outer rim of 
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the adjusting knob, automatically locks and prevents rotation after 
the adjustment has been made. 

( 6) The scales and indexes are indirectly illuminated by three 
lamps which are an integral part of the unit. 

g. Lcm.Jout of eqwi,pment.-Figure 173 shows the layout of the 
entire AA battery equipment. Data are fed from the director to 
the main junction box through a 20-conductor cable with both cable 
connections made through a 19-pole receptacle and plug. 

There are six plug receptacles on the main junction box, one for 
each gun cable, one for the director cable, and one for the cable 
from the source of power. The main junction box serves to dis
tribute incoming data to the various required destinations. The 
20-conductor cable from the height finder routes the altitude to the 
director. The 20-conductor cable from the power source routes 
power to the main junction box, thence to the director, height finder, 
and each gun. The firing data received by the main junction box 

DIRECTOR 
Gun Gun Bros s 

Coblt Rec.ptoclt Conduit 
Box 

F1ounE 174.-M4 system, director to one gun. 

Flox coblt 

Indicator 

through the 20-conductor cable are routed through the four 20-
conductor gun cables to the four gun receptacle boxes. The gun . 
receptacle box has but one receptacle which receives the incoming 
20-conductor gun cable. The 20-conductor cable between the recepta
cle box and the gun distribution box is enclosed in a brass conduit 
which is fastened r igidly to the top carriage by clips. A. sketch 
of the data transmission system showing the connections from the 
director to one gun is given in figure 174. 

From the gun distribution box one 20-conductor cable enclosed in 
brass conduit connects with the gun junction box and one 20-con
ductor flexible cable is connected with the elevation indicator. The 
gun junction box distributes the incoming circuits using a 20-con
ductor cable to the azimuth indicator, a 2-conductor cable to power 
the breech lamp, and a 19-pole receptacle and 20-conductor cable to 
connect the fuze indicator. With the exception of the short lengths 
secured to the top carriages of the gun mounts, the flexible cables are 
provided with receptacles and plugs to facilitate handling and per
mit flexibility in the tactical arrangement of the components em-
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ployed in the fire control system. The portable cable assemblies are 
made in 225- and 400-foot lengths. The 225-foot lengths are nor
mally used for connecting the receptacle boxes on the gun mounts 
and the main junction box and also the director to the height finder. 
The 400-foot lengths are normally used for connecting the main 
junction box to the director and to the generating unit. Since all 
cables are interchangeable, they should be employed in the manner 
which best suits the locations of all components of the battery. 

l•'10 0 1n: 175.-Maln junction box. 

h. 11/ain junction bow M3.-The main junction box (fig. 175) 
consists of a decagonal cast aluminum body for supporting the 
component assemblies and lid. The box is entirely portable and may 
be placed in any convenient position to accommodate the desired 
arrangement of guns and director. It is provided with five 19-pole 
receptacles, four of which are painted red for the gun cables and 
one painted green for the director cable; and one 19-hole receptacle 
painted yellow for the power cable from the generating unit. 
The box is made water tight by gaskets under the lid and the 19-pole 
receptacles. 
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i. Oables.-(1) The 20-conductor flexible cable is composed of seven 
No. 15 and thirteen No. 18 stranded conductors. The conductors 
are insulated with Latox (95 percent) rubber, twisted together, filled 
and covered with a tough rubber sheath. Each conductor is com
posed of a number of soft annealed copper strands and several 
chromium steel strands, thus providing maximum flexibility con
sistent with mechanical strength and electrical conductivity. Tt.e 
conductors are color coded to facilitate circuit identification. 

(a) The seven larger conductors ( size No. 15) are in the center of 
the cable. Four are employed as power lines and the remaining 
three for data circuits. 

l•'tU liRN 176.-Di.slri liution box for tlala transmis~ion system. :M4. 

( b) The thirteen smaller conductors ( size No. 18) are cabled 
around the seven heavy conductors. Twelve of these conductors are 
employed to interconnect the secondary circuits of the transmitters 
and the repeaters. 

(2) I n wiring the units, care should be taken to use similar size 
wires in each circuit to equalize line resistance. This procedure 
should be carried out where possible in all circuits. The heavier lines 
on the wiring diagrams repre,Jent heavy cond'UCtors in the cables and 
slwuJ,d be co1VMoted accordingly. 

j. Gun jwrwtion box.-(1) The gun junction box consists of a cir
cular cast alumii:ium body to support ·the component parts employed 
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for circuit distribution. The component assemblies include a stuffing 
box to accommodate the cross-carriage conduit and cables from the 
distribution box; two connectors for the separate cables to the 
azimuth indicator and the breech light; a socket for connecting the 
portable trouble lamp; a switch to control all low-voltage lamps; 
a 19-pole receptacle for the fuze indicator cable plug ; a transformer 
and terminal boards. The lid is fastened securely to the body, and 
the unit is made watertight by means of gaskets under the lid and 
receptacle. The stuffing box, connectors, switch, trouble light sockets, 
and covers are also provided with suitable gaskets. The assembly 
is mounted on the left side of the top carriage. 

FIGURE 177.-lndicator, '1'8E3. 

(2) A 19-pole receptacle is bolted to the front of the box to pro
vide a connection for the 19-pole plug on the fuze indicator cable. 

(3) The trouble lamp is a commercial ar ticle. It is provided with 
a standard automotive type double contact plug for connection to the 
socket located on the rear of the gun junction box. 

(4) A 20-conductor flexible cable required for connecting the 
azimuth indicator is furnished with the gun junction box. This cable 
is supplied with marked terminals to facilitate circuit identification 
in the indicator. A 2-conductor cable equipped with a double con-

200 



WEA.PONS AND MATERIEL 
TM 4-210 

75-77 

tact plug for connection to the socket in the breech lamp assembly 
is also furnished with this box. The 20-conductor cable for connect
ing the gun junction box and the distribution box is enclosed in a 
brass conduit which is fastened rigidly to the top carriage by clips. 

76. Data transmission system, M3.-The data transmission 
517stem, M3, was designed for use with either director M3 or director 
M4. This system can be used with either of these directors without 
making changes in electrical connections or plug receptacle assemblies. 
The various components of this system are essentially the same as 
the components of the M4 data transmission system and will not be 
described in detail. 

77. T8E3 system-general description.-a. All repeaters (re
ceivers) employed in the system are of the single motor type and 
all transmitters are of the single generator type, operating on 110-120 
volt, single phase, 60-cycle, alternating current, supplied by the A. C. 
gasoline electric generating unit, T8E3. 
· b. The system is not completely self-synchronous. For the trans
mission of azimuth and elevation £rom the director to the guns, and 
data from the tracker to the director the system is self-synchronous 
only within 200 mils either side of the synchronous position, one 
revolution of the transmitter and repeater representing 400 mils 
of arc. The transmission of fuze range, altitude or target range, 
and target identification angles to the height finder is completely 
self-synchronous. 

c. The cable system, main junction box, and extension junction 
box are so designed as to allow the director, tracker, and height 
finder to be placed to operate in any of the following arrangements: 

Case 1-director and height finder at the guns. Director used to 
track target. 

Case 2--director, height finder, and tracker at the guns. Director 
masked, azimuth and angular height transmitted to director by 
tracker. · 

Case 3-director and height finder at the guns. Director masked, 
azimuth and angular height transmitted to director by tracker located 
at a distant 0. P. fl 

Case 4-director at the guns, height finder and tracker at 0. P. 
Director masked, azimuth and angular height transmitted by tr.acker. 

Case 5-director and height finder at 0. P. Director used to track 
target. 

Case 6-director, height finder, and tracker at 0. P. Director 
masked, azimuth and angular height transmitted to director by 
tracker. 
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d. The gun cable system allows the :four gun mounts o:f the battery 
to be arranged in the form o:f a 100-yard square with the director or 
main junction box located in the center. 

78. Data transmission system, M2.-a. Gene1·al.-(l) This 
system, a schematic diagram o:f which is shown in figure 178, is used 
with the AA director, MlAl. In this type o:f unit the transmitters 
and receivers are identical in appearance and construction, except that 
the transmitter is o:f greater size and load capacity than the receiver, 
in order that one transmitter may control a number o:f receivers. Each 
instrument consists o:f a stationary bipolar field structure (stator) 
surrounding a rotatable armature (rotor). T he field circuit is excited 
directly :from the 110-volt A. C. supply. The rotor is wound with a 
three-phase winding connected to three slip rings. Suitable means 
are provided for damping the oscillations o:f receiver rotors. The 
connecting lines to each instrument, whether transmitter or receiver, 
consists of five conductors, two of which supply the stator field and 
three the rotor. The former two leads are referred to as power leads, 
the latter three as phase or data leads. ( See f below.) 

(2) T he azimuth and elevation transmitters and receivers are double 
units, the data being broken up into two parts, coarse and fine, as a 
means of securing greater accuracy. The :fuze range and altitude 
transmitters and receivers are single units. 

(3) The system is self-synchronous; that is, the dials of the receiv
ing instruments take a position exactly synchronized with the trans
mitting instruments whenever power is applied to the system, regard
less o:f synchronism or lack o:f synchronism before the application of 
power. Initial adjustments must be made, however, when the system 
is first assembled or when units are replaced. (See i below.) 

b. F uze mnge unit.-A single transmitter in the computor :furnishes 
the :fuze range data for the four guns o:f the battery. 

The receiver unit (1, fig. 187) is m9unted on the :fuze setter. L ike 
the transmitter unit it contains only one motor. The transmitted 
data are indicated by the electrical pointer (2) on the inner dial which 
is connected to the. motor sha:ft. The setting of the fuze setter is in
dicated by th8 mechanical pointer (3) on a ring mounted concentric 
with the inner dial, the ring being geared to the :fuze setting ring in 
the :fu.ze setter (see par. 82b). Concentric with this ring is a fixed 
scale on which the :fuze setter or transmitted data may be read. The 
proper :fuze range is set continuously by keeping the mechanical 
pointer matched with the electrical pointer. 

c. Azimuth wnit.-(1) I n the transmission of azimuth and elevation 
greater accuracy is necessary, and the data are broken up into two 
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parts, coarse and fine. Each part is transmitted and re~eived by 
separate transmitters and receivers, respectively. The two transmitter 
units of the azimuth transmitter are geared together in 64 to 1 ratio, 
both driven by the firing azimuth shaft of t}ie data computor. (See 

FtOURfl 178.- Schematic diagram self-synchronous transmission system, llf2. 

fig. 179.) The coarse transmitter makes one revolution for a change 
in azimuth of 6,400 mils; the fine transmitter one revolution for each 
100 mils change in azimuth. These two related transmitters are con· 
nected to their receivers by six conductors. 
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(2) The azimuth receiver unit also contains two motors. The 
two motors (fig. 179) are mounted on the gun in a brass case. The 
coarse motor (:M:1 ) has a zero pointer (I) mounted on its rotor shaft, 
which by action of its transmitter (coarse) makes one revolution for 
6,400 mils change in transmitted azimuth. This pointer (I) is dis
placed from the fixed index (0) as changes in azimuth are trans
mitted. The zero pointer and index are also shown as (2) and (3), 
respectively, in figure 180, this elevation receiver being similar to the 
azimuth receiver except for graduation of the coarse scale (1) . The 
coarse azimuth scale, which is mounted on and rotates with the motor 
housing, is graduated in divisions of 100 mils from O to 6,400 mils, a 
reading window and fixed index (4) being provided. The housing 
of the coarse receiver (M1 , fig. 179) is also rotatable and geared to th.e 
traversing mechanism of the gun. Therefore, when the gun is trav
ersed the entire coarse receiver-that is, housing, scale, rotor, and 
pointer (I)-is rotated. When an increase of 100 mils in azimuth is 
sent by the data computor, the pointer (I) is displa-eed clockw.ise 
100 mils from index (0). The pointer will disappear and indicating 
arrows will appear in the pointer window, the arrows indicating the 
direction in which they must move in order for the pointer and index 
to be rematched. If the gun is now traversed until the pointer (I) 
is opposite its index ( 0), the entire coarse receiver will have been 
rotated counterclockwise and the azimuth of the gun increased by 
100 mils. Therefore, for approximate setting of azimuth, it is but 
necessary to keep the pointer (I) and index (0) matched by travers
ing the gun. 

(3) The firte receiver motor (M2 ) carries on its shaft a dial and 
pointer (P1 ) which make one revolution for each 100 mils of trans
mitted azimuth. A concentric ring (R) is geared to the traversing 
mechanism of the gun and carries a mechanical pointer (P2 ). The 
dial and pointer make one complete revolution for each 100 mils 
traverse of the gun, their motion being entirely independent of the 
dial and pointer (Pi)· Figure 180 shows an exterior view of the 
fine pointer dial ( 5) , the fine electrical pointer ( 6) , the fine pointer 
ring (7), and the mechanical pointer (8). It also shows the fine roil 
s~ale (9) which may be used to indicate the reading of either pointer. 

(4) The coarse zero pointer (2, fig. 180) and its index (3) are first 
matched. The mechanical pointer (8) is then brought into coin
cidence with the fine pointer (6) by traversing the gun. Having once 
been matched, the coarse pointer and index will remain matched by 
the operation of matching the fine pointers, so that the attention of 
the operator need not, except for occasional check, be directed from 
the latter. 
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d. Elevatwn tmit.-(1) The elevation transmitter located in the 
data computor and its four double-unit receivers, one on each gun, are 
identical in every respect with the azimuth unit described above ex
cept for the graduation of the receivers. The elevation receiver 

FlGUllt~ 180.- Elf•, 11tion recel\'Cr. 

1. Coarse motor ijr&le. 6. Fine etectrieat pointer. 
2. Coarse motor (ze ro) pointer. 7. Mechanical pointer ring. 
3. Zero pointer inrt~x. 8. Mechanical pointer. 
4. Coarse scale index. 9. Fine motor scale. 
5. E lectrical pointer dial. 

coarse motor is graduated from zero to 1,600 mils, only one-four th or 
its complete revolution being used. The fine motor is gmduated 
similar to that of the azimuth unit, one revolution causing a change 
of 100 mils in elevation. 
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(2) Figure 180 shows an exterior view of the elevation receiver 
unit. The actual elevation at which the gun is laid is indicated by 
the index (4) and mechanical pointer (8) opposite coarse scale (1) 
and fine scale (9), respectively. The elevation transmitted from the 
data computor is also indicated in hundreds of mils on scale (1), but 
the fine reading is indicated by the electrical pointer (6) opposite 
scale (9). Figure 180 indicates that the gun is laid at a quadrant 
elevation of between 207 and 208 mils, while the elevation transmitted 
from the data computor is between 208 and 209 mils. The gun must 
be elevated until the mechanical pointer (8) matches the electrical 
pointer (6), assuming that the index (2) and pointer (3) have been 
matched. The gun will t hen be laid at the transmitted elevation. 

e. Altitude unit.-For the transmission of altitude a single trans:. 
mitter is required at the height finder and a single receiver at the 
data computor as for the fuze unit. 

The dials of both transmitter and receiver are graduated in 20-yard 
dh1isions of altitude from zero to 10,000 yards. Each 200-yard gradu
ation is numbered. The altitude is read from the height finder and 
set manually into the transmitter, from whence it is t ransmitted 
electrically to the receiver in the data computor. 

f. Cables, cable plugs, cable receptMles, and jwnction bomes.-(1) 
Figure 178 shows a layout of the entire system. The azimuth and 
elevation double-unit transmitters are connected to their receivers by 
six phase leads, the single unit fuze range transmitter by three. All 
units are connected to the power source by two additional power leads 
(4 and 5). Thus a total of 17 conductors, 15 phase leads and 2 power 
Jeads, are required between the data computor and the guns. These 
conductors are contained in a 22-conductor flexible cable, which has a 
special slip-ring plug on one end to fit in a receptacle at the data 
computor and is wired at the other end directly to the terminal strips 
in the main junction box. 

(2) The main junction box serves to distribute incoming data to 
the various required destinations. The 8-conductor cable from the 
height finder routes the altitude to the main junction box, thence 
through the 22-conductor cable to the data computor. The 8-con
ductor cable from the power source routes po,ver to the main junction 
box, thence to the computor, height finder, and each gun. The firing 
data received by the main junction box through the 22-conductor 
cable are routed through four 19-conductor gun cables to the four 
gun junction boxes. There are six plug receptacles on the main 
junction box, one for each gun cable, one for the height finder cable 
and one for the cable from the source of power. 
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(3) Each gun junction box receives one of the four 19-conductor 
gun cables and distributes the data, through smaller cables, to the three 
receivers on the gun. The 19-conductor cable plug, the pattern of 
which is shown in figure 181, fits into a receptacle in the junction box. 
The 8-conductor cables to the azimuth and elevation receivers and the 
5-conductor cable to the fuze range receiver are connected directly 
to their terminal strips in the gun junction box, that is, no plugs and 
receptacles are used. 

( 4) Each conductor in each cable has an identification letter and 
number stamped on each end. Throughout the system the letter A, 

0 0 A I .5PARf 

0 0 
la 7 AG 

0 0 
4 5 
0 0 
f7 FE> 

0 0 
f.7 fG 

0 0 
fl 

0 
(Z (I 

0 0 

FIGURE 181.-Pattern of gun cable plug. 

in the tagging scheme, indicates azimuth, E indicates elevation, F indi
cates fuze range, and H indicates height (altitude). The numbers 
1, 2, and 3 coupled with one of the foregoing letters indicate phase 
leads for fine receivers, while 6, 7, and 8 pertain to phase leads for 
coarse receivers. Leads No. 4 and No. 5 are at all times 110-volt, 
60-cycle A. C. power leads. The terminal strips on all junction boxes 
are stamped with identifying letters and numbers. Plugs and recep
tacles have identifying letters and numbers engraved on their rear 
faces. ( See fig. 181.) 

g: Power smtrce.-The system can use any source of power supply
ing 100-120 volt, 50-60 cycle single phase alternating current. 
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li,. 0 are and maintenance.-The system requires ordinary care 
and attention to prevent damage. When the cables are not con
nected, all plugs and receptacles should be kept covered with the 
covers provided so as to exclude moisture from the system. Heavy 
vehicles should be prevented from running over any cable. Cable 
should be stored on the reels on the instrument trailer when not in 
use. Receiver motors on the guns should be lubricated at 6-month 
intervals by placing a small quantity of heavy oil at the point where 
the shaft enters the rear of the housing. 

i. Adjustment of system,.-(1) Electrical adjustments.-(a) Al
though the system is inherently self-synchronous, certain adjustments 
must be made when the system is first assembled, when cables must 
be cut back or spliced, or when individual transmitter or receiver 
units are replaced. 

(b) The first step is to insure that all receivers are connected to 
the proper transmitters and that receiver motors rotate in the proper 
direction for any change in transmitter data. The direction of rota
tion of a receiver may be reversed by exchanging any two of its 
phase (rotor) leads. 

(c) H aving completed this step, it is necessary to make the receiver 
dials indicate the same value of azimuth, elevation, or fuze range 
as their transmitter dials. To perform this operation, turn on the 
A. C. power, remove the glass cover of the receiver (fig. 138) , loosen 
the clamp nut which holds the pointer dial (5) to the rotor shaft, 
turn the pointer ( 6) on the dial to the correct value opposite the 
scale (9), and reclamp. The unclamping and clamping of the pointer 
dial should be done with extreme care to avoid bending the dial 
which must rotate absolutely free of any friction. 

( d) Synchronism is now complete and should be checked at sev
eral random positions of the transmitter. The system should remain 
in synchronism indefinitely unless the changes indicated in (a) above 
are necessary. I t is advisable, however, to verify the synchronism 
before each daily drill and ta.rget practice. No change in synchro
nization is necessary as a result of change of battery position. 

(2) Mecha'l'IWal adjustments.-(a) Certain mechanical adjustments 
must be made in addition to and independently of the electrical ad
justments indicated above. I t is not only necessary that the electrical 
pointers of the receivers indicate the data transmitted from the data 
computor but that the mechanical pointers indicate the data at which 
the gun is actually laid. The mechanical pointer of the elevation 
receiver, for example, should indicate the same quadrant elevation . 
as determined by a clinometer or quadrant. 
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(b) Pointing tests and adjustments are covered fully in FM 4-110. 
In general, the mechanical adjustment of a receiver is made by releas
ing the adjustable coupling and turning the shnft leading to the 
receiver until the mechanical pointer indicates the correct value. 
The coupling is then reclamped without disturbing the setting. 

(c) I n addition to the mechanical tests of each gun receiver unit, 
the battery as a whole must be bore-sighted and oriented as provided 
in FM 4-110. 

79. Data transmission system, M2Al.-a. This system is an 
adaptation of the M2 system (pa,r. 78) for use with the AA director, 
M2 (Sperry). 

b. The important modifications are listed below: 
(1) The cable from the director to the main junction box has 19 

conductors (22 in the M2 system). The plug on the director end of 
this cable is interchangeable with any gun-cable plug. (The M2 
system has a special slip ring type plug on the director end of the 
22-conductor cable.) 

(2) The cable from the director to the height finder has 10 con
ductors (8 in the l\f2 system). This cable may be routed through 
the main junction box or directly to the director, depending on the 
relative location of the director and height finder. I n addition to 
the transmission of altitude to the director, the director furnishes 
present azimuth and present angular height to the height finder 
through this 10-conductor cable. By follow- the-pointer indication 
the height finder operator is assured of being on the same target 
as the director. 

(3) Leads Nos. 9 and 10 are unused. Illumination of reticules 
and scales is effected by transforming the 120-volt A. C. carried by 
leads Nos. 4 and 5 to 6 volts A. C. Small transformers for this pur
pose will be found in the height finder and director. Leads Nos. 4 
and 5 also supply the 120-volt A. C. power required for follow-up 
motors in the M2 director. 

( 4) Telephone communications between the director and battery 
position (at the main junction box) is provided by telephone termi
nals connected to two of the transmission leads. 

(5) Illumination at the gun junction boxes and at the main junc
tion box is provided for by 110-volt lighting sockets, tapped off of 
power leads Nos. 4 and 5. 

80. Instrument trailers.-a. Gene1·al.-(l) The older mobile 
antiaircraft ·artillery battery equipment includes a trailer for the 
purpose of transporting the director, height finder, power-supply unit, 
and other fire-control equipment. The type issued to mobile batteries 
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is drawn by a truck similar to the prime movers provided for towing 
the guns. I t is designated instrument trailer, Ml. Three varieties 
of power units and electrical systems have been supplied with this 
trailer. The general features of one unit only will be described. 

(2) Some antiaircraft artillery batteries are equipped with two 
.1 smaller trailers, one to carry the M2 director and the other to carry 

the power unit. While these trailers are essentially hand-drawn ve
hicles they may be towed at speeds up to 20 m. p. h. They were 
designed to fill the need for limited mobility of the director and power 
unit, especially over poor roads, trails, or open country not traversable 
by the instrument trailer, Ml, and its prime mover. 

b. ·l nstrwment trailm-, Ml, equipped with pow(J(r unit.- (1) 
Oliassi,s.- (a) F igure 182 shows the trailer with the M2 director 
a.nd cables connected. In traveling position alJ fire-control units are 
carried in canvas covered chests. These chests are secured to the 
trailer by means of toggle clamps. With the exception of the tool 
and accessories chest, all chests are removable. When transport
ing the MlAl director, the tripod is secured to the tool and ac
cessories chest while the director itself is carried in a chest. When 
the M2 director is used, the director and its base are permanently 
bolted to the floor of the chassis. The following units comprise the 
fire-control equipment and power supply system carried on the trailer : 

1 director with chest of accessories. 
1 height finder and mounting. 
1 B. C. observation telescope with mounting and tripod. 
Telephone and plotting equipment. 
2 gasoline generator units. 
1 rotary converter. 
1 power panel. 
1 storage battery, 32-volt. 
1 gasoline tank. 

(b) In addition, the mount is provided with 2 spare wheels, tho 
necessary tools and spa.re parts, and 2 cable reels attached to the 
front of the platforms. The larger reel contains 4 compartments 
for the 4-gun cables. The smaller reel contains 4 compartments for 
;·he following cables: 

Cable from panel plug to main junction box. 
Telephone cables. 
Height finder cables. 
Spare compartment. 

Each reel is provided with handles for winding the cable and a 
ratchet and pawl to prevent unwinding. 
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(c) The jacks are provided for the purpose of leveling the plat
form and partially removing the load from the springs when the 
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director is operated on the trailer. The jacks are held in Lravding 
position by means of a spring latch. To place the jacks in the level
ing position, push the spring latch clear of the handle and lift the 
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ja0k slightly by means of the float to remove the handle from its 
carrying seat. Withdraw the jack horizontally until the stop is 
reached; swing the jack downward and lower the screw until the 
float is in contact with the ground. 

(2) Power plant.-The trailer is equipped for furnishing 120-volt 
A. C. power for operation of the data transmission system, either 
directly by one of the two gas engine driven alternators or by a rotary 
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converter operated from a 32-volt battery. The unit is operated from 
the switchboard mounted across the rear of the trailer. 

c. I nstrument trailers, Mf and LllfAl.-(1) Cha.ssis.-Figure 183 
shows the instrument trailer, M2Al, carrying its norma,l load, the 
power unit. A similar chassis designated as the instrument trailer, 
M2, is furnished to carry the M2 director. Three commercial auto
matic screw-type jacks are provided for use in lowering the chassis, 
when mounting the director, to its operating emplacement. The front 
axle is removecl before lowering by removing the pin, imd the rear 
axle is removed by removing the two wing nuts, raising the two 
hinged latches, and pulling the axle unit to the rear. 

(2) Power plant.-The power plant is identical to the unit with 
the instrument trailer, Ml, except for the location of the storage 
battery and the bolting of the main junction box for the M2Al data 
transmission system to the rear frame of the power unit. 

(3) To place trailers in <Yperating position.-The procedure is sim
ilar to that for the Ml trailer. Figure 184 shows the set-up for a fixed 
antiaircraft artillery battery. 

81. Power supply units.-a. General.-In the latest designs the 
power supply units and the directors are constructed so as to be trans
portable in ordinary cargo trucks. They are low enough in weight so 
that they can be man-handled into and out of the truck bodies. Trail
ers for directors and power supply units are no longer manufactured. 

b. Power ivnit, M4.-The latest power supply unit is the M4. This 
unit which is very similar to the T8E3 and M3 units has no battery 
power supply. To secure power the gasoline motor must be running. 
For this reason two complete M4 power units are supplied to each gun 
battery to make certain that one will be always available. 

(1) The gasoli 11e engine is a commercial 4-cylinder, 4-cycle, water
cooled type. I t is capable of standing a continuous 25 perceut over
load above the rated capacity of the generator. I t is started by an 
electric starter. The 6-volt battery for the starter is charged by a 
small separate generator of the automobile type. 

(2) The generator is a self-excited alternating current generator 
delivering 2 kv.-a. at 115 volts. 

(3) The mounting consists of two main frame members which form 
tlie chassis. On this is a metal hood to protect engine and generator 
from the weather. 

(4) A panel board is provided which includes the necessary am
meters, voltmeters, rheostats , switches, etc., for the operation of the 
unit. 
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( 5) The unit weighs approximately 700 pounds and is designed to 
be transported in the body of any truck. 
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c. Director transportation.-The latest directors ( the 'f 8E3, the 
M3, and the M4) are designed to be transported, without bo:xing, in 
the body of a cargo truck. 
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82. Fuze setters.-a. General.-(l) All modern antiaircraft 
guns use continuous fuze setters-fuze setters that keep the fuze set 
in accordance with the latest data from the director, regardless of 
how much the data have changed during the time the projectile has 
been in the fuze setter. 

(2) The continuous fuze setters used in our service perform I 
certain operations in the cutting of the fuze. 

(a) The round of ammunition must be held down in its recepta
cle in the fuze setter so that it cannot jump up out of contact with 
the setting mechanism during the cutting operation. 

FIOUllE 185.- :\1-1 JlOll'CI' unit. 

(b) The setting hand wheel must be released as soon as the round 
is fully inserted in the setter but not before. 

(o) The cutting mechanism must make two revolutions, the first 
to line up the fuze with the cutting parts and the second to cut 
( or set) the fu ze actually. 

(d) The setting h1mdwheel must be locked as soon as the round 
is removed from the fuze setter. 

These operations may be performed in differing ways-some man
ually, some automatically-and the descriptions following will show 
how each model accomplishes these four necessary operations. 
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(3) Figure 186 shows an antiaircraft time fuze of the powder
train variety. The parts to note are the time train ring (8) with its 
lug (shown in the right-hand illustration) and the body (9) which 
has a lug which does not slww. I t is the relative position of these 
two lugs which determines the tin1e set on the fuze. 

b. Fuze setters, M2 and Jl/3.-(1) Desoription.-The fuze setter 
(fig. 187) is monnted on a bracket on the l~ft side of the gun. The 

F1oonE 187.-Cont inuous fuze setter , M3, and fuze range receiver. 

l. Fuze range receiver. 4. Setting b1wdwhecl. 
2. Electrical pointer. 
3. lliechanicnl pointer. 

5. Adjusting bandwbeel. 
6. Adjustable coupling. 

fuze range receiver unit (1) is mounted on a_ncl connected by shaft
ing to the fuze setter. The fuze setter proper has two principal ele
ments, the fuze-setting mechanism and the adjusting mechanism. 
The function of the setting mechanism is to set the fuze on the 
projectile in accordance with the setting of the adjusting mechanism, 
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as indicated by the mechanical pointer (3) on the receiver. The 
function of the adjusting mechanism is to adjust the setting to agree 
with the fuze range transmitted from the data computor, as indi
cated by the electrical pointer (2) on the receiver. Both mecha
nisms require manual operation. 

J (2) Operation.-The round of ammunition is placed in the mouth 

-

of the fuze setter. The nose of the projectile strikes a plunger, re
leasing a locking latch which engages the shoulder on the fuze, thus 
preventing withdrawal of the round from the setter. When the 
plunger referred to above is depressed, a second plunger is lifted 
which releases the setting crank ( 4) and the setting ring which it 
controls. The crank is now rotated twice in a clockwise direction. 
At the completion of the second turn, the crank and setting ring auto
matically lock. Somewhere in the first turn of the crank and setting 
ring the pawls on the latter will engage the time ring lug of the fuze. 
When thus engaged, the entire round of ammunition will be turned 
until the body lug of the fuze engages with the pawls in the adjust
ing ring. (Rotation of the round is made possible by proper ten
sioning of the time ring of the fuze.) After engaging the body lug 
of the fuze, rotation of the round is stopped and the time ring of the 
fuze turns with the setting ring of the fuze setter , until stopped by 
the crank at the encl of the second turn. Near the end of the second 
turn of the crank, the locking latch is forced out, releasing the round. 
The crank, however, remains locked until the round is removed from 
the setter and another round is inserted. As long as the rou.nd re
mains in the setter, any rotation of the adjusting handwheel (5), 
which controls both the mechanical pointer on the receiver and the 
adjusting ring of the setter, will cause the fuze to be set at the fuze 
ra.nge indicated by the former. It remains only, therefore, for the 
operator to keep the mechanica,l and electrical pointers of the receiver 
in coincidence, for the fuze range to be set continuously in accord
ance with the data transmitted :from the data computor. 

(3) With this type of fuze setter the round of ammunition is 
turned by the time ring lug on the £uze, and the turning is made 
possible "by proper tensioning of the time ring of the fuze. If the 
round is grasped or held during the setting operation or i£ the time 
ring is improperly tensioned, erratic settings will likely occur. Care 
should therefore be taken to release the round as soon as it grips the 
locking mechanism. All fuzes should be tested for proper tension of 
the time ring before using. 

a. Fuee setters, M5 and M6.-(1) Description.-(a) These fuze 
setters were designed to reduce the number of erratic bursts which 

219.. 



TM 4-210 
82 COAST ARTILLERY CORPS 

occur with the M2 and M3 types, due to improper tensioning of 
the time ring of the fuze or to the round being held or grasped 
during the setting operation. The fuze range receiver unit and the 
fuze setter proper are mounted in the same manner as the M2 and 
M3 types, and except for the arrangement of handwheels the out-
ward appearances of the types are quite similar. The operating de- ; 
sign of the M5 and M6 types, however, is exactly the reverse of 
that of the M2 and M3 types. Instead of the round being turned 
initially by the time ring lug of the fuze, as in the M2 and M3 
types, it is turned by the body lug, the body lug of the fuze engag-
ing the paw 1 in the setting ring of the fuze setter and the time ring 
lug of the fuze engaging the pawl in the adjusting ring of the fuze 
setter. 

( b) The setting crank has been placed on the side of the fuze 
setter, rather than at the rear as in the M2 and M3 types. This 
position is more convenient for the operator. The setting head of 
the fuze setter is hinged to the body, making the parts accessible 
for inspection or cleaning. 

(2) O'peration.-The round is inserted and locked, the setting 
handwheel released, and two complete turns of the setting crank 
made as for the M2 and M3 types. During the first turn of the 
setting handwheel the body lug on the fuze is engaged by the pawls 
in the setting ring of the fuze setter, thus turning the round. The 
lug on the time ring of the fuze is engaged by the pawl in the 
adjusting ring of thei setter as the round turns, after the body lug 
has been engaged. Final setting of the fuze by means of rotating 
the adjusting handwheel and ring takes place after both lugs have 
been engaged. 

(3) As indicated above, the round of ammunition in this fuze 
setter is rotated by means of the body lug of the fuze instead of the 
time ring lug as in the M2 and M3 types. Consequently, rotation 
of the round does not depend upon proper tensioning of the time 
ring of the fuze. Also, holding or grasping the round during the 
setting operation will not interfere with the displacement of the 
time ring and the final setting of the fuze. Due to the fact that the 
rotation of the setting handwheel is transmitted directly to the pro
jectile through the setting ring pawl and the body lug, it is difficult 
to grasp or hold the round while the setting handwheel is being 
rotated. If sufficient pressure were exerted, however, the probable 
effect would be to stop rotation of the handwheel, although it is 
possible that the lug would be stripped or the fuze unscrewed from 
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the projectile. The latter results are not likely to occur unless several 
set.tings have been made on the same fuze. 

d. Fuze setter, .M8·-(I) Description.-The latest type of fuze 
setter is the M8 (fig. 188) . This setter has several advantages over 
its predecessors. 

(a) I t is greatly simplified which lessens repairs and reduces the 
cost of manufacture. 

( b) It is about 35 percent lighter in weight. 
(c) It handles dummy, powder train, or mechanical fuzes by the 

interchange of two simple mechanisms. · 
This setter incorporates several novel features of design. No 

mechanical means are provided for holding the round down in the 

FUZE SETTER MS' 

L---
F1GUREJ 188.- Compal'ison of the '.115 aud the l\18 fuze setters. 

cutter during the setting of the fuze, so that the ammunition handler 
must maintain pressure on the base of the round during the cutting 
operation. A manual release for the setting handwheel has been 
substituted for the mechanical release heretofore provided. 

The fuze setter is hinged so that the socket and the adapter may 
be separated. This makes the operations of cleaning, oiling, and 
changing the pawl rings easy to accomplish. As may be seen from. 
the illustration the bell of the cutter is much shorter than on the M5, 
and the fuze indicator is built right into the mechanism instead of 
being attached to it. 

(2) Operation.-A round is placed in the fuze cutter by the am
munition handler who maintains a constant downward pressure on 
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the base of the shell during the cutting operation. As soon as the 
round is fulJy inserted, the setting handwheel mechanism is release,l 
by a. quick slap on the release lever (fig. 188). When the release 
lever has been struck, the setting handwheel is given one full turn, 
cutting the fuze. (This motion is geared up so that one turn of the 
setting handwheel ca.uses two turns of the pawl rings.) The removal 
of the round automatically locks the setting handwheel. I n chang
ing from one type fuze to another, two operations a.re necessa.ry
the two pawl rings must be changed and a different indicator dial 
installed. The substituted indicator dial must be set by the cut-and
try method. After the fuze setter is assembled a live round is in
serted and cut. Without changing the position of the mechanical 
pointer the outer scale is moved so that the mechanical pointer 
indicates the setting obtained on the fuze. The scale is clamped iu 
this position and two or three additional rounds are cut for verificn.
tion. · (I n changing from one fuze to another it is necessary to chang~ 
both pawl rings and indicator dial.) 

e. Adjustment of continuous fuze setters.-(1) In order to in
sure that the operation of the continuous fuze setter will result in 
the accurate setting of fuzes it is necessary that the fuze setter be 
tested for mechanical accuracy. This operation is separate and dis
tinct from the process of synchronizing the electrical fuze range 
receiver and the corresponding transmitter in the data computor, as 
discussed in paragraph 78i. 
· (2) The mechanical adjustment of the fuze setter is verified by 
setting the fuzes on a few projectiles and then comparing the setting 
with the reading of the mechanical pointer (3, fig. 187) on the re
ceiver. If the setting on the fuzes does not agree with the position 
of the mechanical pointer, the pointer should be moved by means of 
the adjustable coupling ( 6), immediately below the receiver, and the 
test and adjustment continued until the fuze setting actually cut 
on the projectile agrees with the reading of the mechanical pointer. 
Fuzes should always be set back to safe before the test rounds are 
returned to the ammunition rack. 

f. BrMket fuze setter, M1916.-(1) This fuze setter (fig. 189) has 
no electrical receiver unit and must be employed with telephonic data 
transmission systems. The fuze ranges telephoned from the data 
computor are applied by turning a crank (214) until the proper 
values are set on the range ring (212). The fuze range setting ap
plied to the range ring is set on the fuze of the projectile by inserting 
the round in the fuze setter and rotating it clockwise until the body 
lug on the fuze strikes the ring stop (213) of the fuze se~ter. The 
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latter stop is positioned by the operation of setting the fuze range on 
the range ring. 

(2) The fuze setter contains an independent corrector deYice con
sisting of a corrector ring (215), a corrector knob (218), and a cor· 
rector scide (217). The normal of the scale is 30. Changing the 
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220 213 211 210 

FrounE 189.- Bnlcket fu,.e setter, Ml!l16. 

210. llousiug. 
211. Range ring worm wheel. 

216. Housing cover. 
217. Corrector scale. 

212. Range ring. 
213. Range ring sto1>. 
214. Range worm crank. 
215. Corrector ring. 

218. Correcto1· worm knob. 
219. Guide. 
220. Locking screw. 
221. llousing co,·er screw. 

setting of this scale operates to increase or decrease the time of 
burning of the fuze without disturbing the principal setting on the 
range ring ( 212). Decreasing the corrector setting increases the 

· time of burning of the fuze; conversely, increasing the setting de-

223 



TM 4-210 
82-83 COAST ARTILLERY CORPS 

creases the time of burning. One division of the corrector equals 
one-tenth of an average fuz·e range unit. Consequently, if the cor
rector scale were set at 28 and the principal scale at 8.0, the resultant 
setting on the fuze would be 8.2 or a ·fuze range of 8Y5. The cor
rector device permits fuze range corrections to be made to the indi
vidual fuze setters without disturbing the fuze ranges transmitted 
from the data computor to the battery as a whole. It also permits 
n.djustment of the :fuze setter to correct for an erroneous setting as 
indicated in (3) below. 

(3) A.djustment.-The accuracy of the fuze setter is tested by 
cutting a few fuzes to determine if the setting agrees with that 
indicated by the range ring scale (212) as changed by any setting 
on the corrector scale (217) . With a setting of 30 applied to the 
latter, which is normal, the setting on the fuze should agree exactly 
with that on the range ring scale (212). If it does not, the corrector 
scale (217) should be moved and additional rounds tested until the 
proper setting is secured. F uzes should always be set back to safe 
before the test rounds are returned to the ammunition rack (S, 
fig. 186). 

g. Fuze setter.s in use.-The following fuze setters are in use: 

M2. 
1','13 .. 

Model 

:Ms .. ..•...••.•• 
M6 •.••••..•......... 

MS ... 

M 1916 (bracket) .. 

Amm,mition Fixed or mobile 11:un Fuze usod 

J\11918 ..•••..••...•... Mobile... ........... . MklllAl (P<>wd~r train) . 
Ml917 •........... ..... Fixed ........ ••...•••.. MkillAl. 
M1918 ... .. . . . .. . ... .. Mobile..... ........ • . . MkIIIAl. 
J\11917......... ... ..... . Fixed................... MkITIAI. 

{

MkIIlAl (powd~r train). 
Any..................... E ither.................. M43 (mechanical). 

Dummy. 
MJ918 ........ .•....• Mobile, Ml918 ..•...... :MklllAl. 

SECTION XII 

ANTIAIRCRAFT ARTILLERY AUTOMATIC WEAPONS 

Paragraph 

General --------------- ----- ----------------- ------ --------------------- 88 
Browning machine gun, caliber .50, 1\12_________________________________ 84 
Browning machine gun, calibe1· .50, Ml921 and 1Il921AL---------------- 85 
Browning machine gun, calibe1· .30, M1917----------- - ------------ ------- 86 
87-mm automatic cannon______________________________ __ __ _____________ 87 
F ire control equipment-- ---------------------------------- - - ------------ 88 

83. General.-a. During the latter part of the World ·war both 
sides commenced to use hedge-hopping tactics on a large scale. 
Earlier these attacks had been limited to isolated cases of aviators 
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attacking a troop train or an infantry column on their way home 
from their main mission. The yeaT 1918 saw the use 0£ organized 
attack (low-flying) aviation with missions assigned in advance and 
large numbers of aircraft participating. 

b. As long as these attacks were isolated and made by single 
planes, unorganized defense missions sufficed, but the organized at
tack called for organized defense. Definite antiaircraft machine gun 
organizations came into being, whose sole mission was the shooting 
clown of low-flying aircraft. Since the war an antiaircraft machine 
gun battalion has been made a part 0£ every antiaircraft regiment; 

1 
SIGHT 

FIGUUEJ 190.- Callber .50 machine g un, i\12, on mount, )12. 

and all troops make provision for their own defense from low-flying, 
aircraft. 

c. At the present time there are two automatic weapons stand:rrd
ized for use by the antiaircraft artillery, the caliber .50 machine gun, 
)12, and the 37-mm automatic cannon, Ml. The machine gun is 
mounted on the mount M2, while the 37-mm is mounted on a 4-
wheeled trailer. 

84. Browning machine gun, caliber .50, M2.-a. General.
The gun is water cooled, recoil operated, a.nd belt £ed. Its general 
appearance, mounted on the mount M2, is shown in figure 190. 
The gun, empty, weighs about 100 pounds. The rate of fire averages 
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600 rounds per minute, the rate being adjustable with.in limits by 
means of the oil buffer described in b (5) below. 

The maximum vertical range of the caliber .50 gun is approxi
mately 5,000 yards and the maximum horizontal range 7 ,500 yards. 
The maximum burn-out range ( during which the tracer is visible) 
is about 2,000 yards. The maximum vertical and horizontal ranges 
on the caliber .30 machine gun are limited to 2,700 and 3,300 yards, 
respectively, and the tracer ammunition is visible for about 1,100 
yards. 

;t.:.:• 
Bae- Oil buffer 
ptote 

I 
Barrel •• t1n1ion 

FIGURE 191.-Principal parts of caliber .00 machine gun, M2. 

b. Pa1·ts of the gun.-(1) The M2 gun may be divided for study 
into seven principal groups as follows : 

(a.) Casing. 
(b) J acket. 
(c) Barrel. 
( d.) Oil buff er. 
(e) Bolt. 
(f) Back plate. 
(g ) Cover. 

(2) The various groups and their general relation to each other 
are shown in figure 191. 

(a) The casing forms a rectangular box comprising the rear third 
of the gun and contains most of the operating par ts. 

(b) The jacket is fastened to the casing and forms the forward 
two-thirds of the gun's l~ngth. I t suppor ts the removable barrel 
and holds the cooling ,rnter. 

(c) The barrel group comprises the barrel and the barrel extension. 
The breech encl of the barrel and the barrel extension are shown in 
figure 192. 
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The 45-inch barrel screws into the extension ,,ith a coarse thread. 
Head space is adjusted by screwing the barrel farther into or out 
of the barrel extension. In order to maintain the head-space adjust
ment at the desired value a locking system is provided. This con
sists of the mnny notches at the extreme rear of the barrel and of a 
barrel locking spring fitting into them. The deep groove in the 
barrel is normally filled with a water packing to prevent the water 
from the jacket leaking out. 

F1cu1n: 192.-B,ll'rel group, calilJer .50 machine gun, i\12. 

( d) The oil buffer affords a means of bringing the bolt to a gradual 
stop and of adjusting the rate of fire ( fig. 193) . 

( e) The bolt is shown disassembled in figure 194. In operation, 
the bolt slides in grooves in the upper part of the barrel extension 
as shown in figure 195. 

(f) The back plate (fig. 191) forms the rear wall of the casing. 
It is the first piece taken out in disassembling the gun, and its re
moval permits the rest of the operating parts to be withdrawn. I t 

Ji1c um: 193.-011 buffer g,roup, caliber .uO machine guu, M:!. 

has a cylinder filled with fiber buffer disks to absorb excess recoil 
e11ergy not cushioned by the oil buffer. _ 

(g) When the cover is in the raised position, the gun cannot be 
loaded or fired. When not firing, guns are habitually left with 
covers raised as a safety precaution. 

c. Operation.-(!) Ammunition is loaded into metallic link belts 
of 200 rounds each and carried in the ammunition chest illustrated 
in figure 197. This chest is hung on the left side of the gun. To 
load, the cover is raised, the belt placed so that the first cartridge is 
in proper position, the cover lowered, and the bolt handle is pulled 
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twice. The gun is now loaded and ready to fire. As the trigger is 
actuated, the gun fires automatically, the empty cartridges going out 
through the bottom of the gun and the metallic links of the belt out 
the right-hand size. 

T-cut 

1 
,F:n, pin · ,1rion ( Firing pin 

Sp~~o; I r sc::Flrl119 pl: S'prlngI ' Cocking lev~r I 

~~'::' a Sea 9uT3, c Ing f 
OHtmbly lever pin 

F1cmrn 104.- Bolt group, caliber .oO machine gun, l\12. 

(2) It is not practical to give a detailed functioning 0£ the in
dividual parts but the general function of the mechanism will be 
described. The gun has been loaded as described in (1) aboYe. 

T-CUT EMPTY CARTRIOGE 

0U..._8UFFE1L.B.O""--'-- ..-..--'-------------" 
F1cunE 105.-Recoil, s howing bolt freed from barrel extension. 

,vhen the gun is fired the mechanism moves to the rear under the 
force of recoil (fig. 195). I t carries with it the empty cartridge 
case and one loaded cartridge. It is slowed up and stopped by the 
oil buffer and the fiber buffer disks in the back plate. In the forward 
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movement (under the action of the driving spring) the empty case 
is ejected downward, and the loaded cartridge enters the chamber (fig. 
196). When the bolt reaches its fully forward position the cartridge 
fires and the cycle is repeated. 

(3) When the gun is fired, the barrel, barrel extension, and bolt 
are carried to the rear as a unit, held together by the breechlock. 
(See fig. 192.) When they have moved together about an inch the 
breechlock unlocks and the bolt is freed from the barrel extension 
and continues to the rear, extracting the empty cartridge from the 
chamber. (See fig. 195.) On its way backward the barrel extension 
strikes the accelerator which gives the bolt an additional kick to the 
rear. The barrel extension comes to rest against the front encl of 
the oil buffer body as shown in the iliustration. , vhen fully to the 
rear the bolt is stopped by the oil buffer group (fig. 193) . . At this 
time one loaded cartridge and one empty case are within the barrel 
extension. The empty case is held in the T-cut in the bolt; the loaded 

FIOURE 106.- Recoil, showing bolt starting forward. 

cartridge, held by the extractor, is vertically above the empty case 
ready to drop into the T-cut as soon as the case is ejected downward. 

As the bolt starts forward the loaded cartridge is brought into line 
for loading into the chamber (fig. 196). At the same time the ejector 
pushes the empty case down out of the T-cut and out of the gun. As 
the bolt completes its forward motion the cartridge now held firmly 
by the T-cut enters the chamber. The extractor resumes the starting 
position ready to extract the new cartridge from the belt. 

When the bolt reaches its fully forward position the sear is tripped, 
the firing pin strikes the cap of the loaded car tridge, the cartridge 
fires, and the cycle is repeated. 

d. Stoppages.-(1) Gene1·al.- The automatic functioning of the gun 
as explained above is dependent upon the operating condition of the 
parts, the proper assembly and adjustment of the parts, and the con
dition of the cartridge belt and ammunition. If a failure or defect 
occurs in any of these features, a stoppage will occur and the gun will. 
cease to function until the cause of the stoppage is removed. 
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(2) Oauses and olasses.-Provided the gun and parts are properly 
maintained and assembled, very few stoppages will occur due to 
mechanical deficiencies. Occasionally, however, parts will break or 
become weak or worn. The most frequent causes of stoppages are 
defective ammunition and improper head-space adjustment. 

(3) Prevention.-It is particularly important, due to the short 
available firing time on the normal machine gun aerial target, that 
every effort be made to eliminate possible causes of stoppages before 
the ta.rget is engaged. P1·evention is always the best remedy f 01· \ 

stoppages. It is essential that the gun and parts be maintained in 
proper operating condition at all times. The head-space adjustment 
must be carefully made and each round of ammunition must be 
carefully examined for defects before firing begins. Particular de-
fects to look for are split cases, battered or damaged cases, and loose 
rnunds (bullet loose in case) . 

e. H ead-space adjustment.-(1) Geneml.-By head-space adjust
ment is meant the adjustment of the space between the rear end of the 
barrel and the front face of the bolt so that the bolt will press closely 
against the base of the cartr idge when the gun is loaded. The extreme 
importance of head-space adjustment is frequently overlooked. I t is 
probably the most important adjustment of the machine gun, and un
less properly made a stoppage will certainly occur and serious injury 
to the gun or operating personnel may result. l£ the head space is 
excessive a stoppage will often occur in which the case will be pulled 
in two, leaving the :front portion of the case in the chamber. This 
"·ill not only prevent entrance of the next cartridge, and thus interrupt 
the firing, but may result in serious damage to the gun. If the ad
justment is too tight the recoiling parts will either not go home, to 
permit the gun to be fired, or excessive strain on the breech lock and 
pin will break the barrel extension in firing. 

(2) ilfethod of making adjustment.-The head-space adjustment 
should first be made in the following manner, with the 1·eooiling parts 
removed from the gun: 

(a) Screw the barrel (fig. 192) into the barrel extension and stop 
at the beginning of the clicking sound when the barrel locking spring 
engages the notches of the barrel. 

( b) Place the bolt in its guides in the barrel extension and push 
it all the way home being careful that the extractor is raised or 
removed. 

( o) Lock the bolt to the barrel extension by pushing the breech 
lock up into the recess of the bolt. Hold it firmly in that position. 
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( d) Screw in the barrel until a resistance, other than that caused 
by the barrel locking spring engaging the notches in the barrel, is 
felt. Be sure that the breech lock is still held firmly up in the cut of 
the bolt. 

( e) Release the breech lock, pull back the bolt and screw in the 
barrel one notch or one and a fraction notches, depending on whether 
the tooth of the barrel locking spring rests in a notch or between 
two notches of the barrel. 

(3) Test and readju8tnient.-A positive rule for adjustment that 
will fit all guns cannot be given. The exact adjustment can only be 
determined by experienee and test. After the adjustment indicated 
in ( 2) above has been made, the parts should be assembled in the gun 
and the following tests applied : 

(a) Pull back and release the bolt handle several times. In case 
the recoiling parts do not go fully forward smoothly the adjustment 
is too tight. Unscrew the barrel one notch. 

( b) Raise the cover and extractor. Move the bolt slightly to the 
rear by means of the bolt handle. If the bolt moves independently 
of the barrel the adjustment is too loose. Readjust by screwing the 
barrel in one notch and test again. 

The above tests of head-space adjustment must always be made 
prior to firing the gun even though it is supposed to be in adjustment. 

( 4) Quick head-space adjustnient.-After the correctness of head
space adjustment for a particular gun and barrel has been established 
as indicated above and by actual firing, the proper notch for head
space adjustment should be marked, and the number of clicks required 
to .screw the barrel up tight in the barrel extension from this point, 
with the bolt removed, should be counted and noted in the gun record. 
Then, to adjust head space quickly, screw the barrel in until the proper 
number of full turns has be.~n n:iade and stop with the barrel locking 
spring in the marked notch, o_r screw the barrel tight into the barrel 
extension and then unscrew the required number of clicks. 

f. Acoessories.-The principal accessories are the ammunition chest 
and the water circulating unit. 

( 1) The ammunition chest, caliber .50, M2, is made of steel and 
holds a belt of 200 rounds. For firing, it is mounted on the left of the 
gun. It is illustf'ated in figure 197. 

( 2) The water circulating unit, M3, is composed of the water chest 
and the necessary hose and connections as shown in figure 197. The 
chest has a pump resembling those used in a gasoline .filling station. 
During firing, one member of the crew turns the handle, forcing cool 
water up through the hose to the jacket of the gun, and returning the 
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heated water for cooling. The hose arrangements are shown in figure 
190, the two forward hoses being for water. 

g. Mownt, Mf , for crilibe1· .,50 machine gwn, M.93.- (1) The mount, 
M2, has a large ver tical column suppor ted at the bottom on three 
wide-spreading legs. I t weighs approximately 400 pounds, of which 
the largest single part, the cradle, weighs 150 pounds. The mount 
permits a maximum elevation of 69°, a depression of 15°, and a 
traverse of 360°. (See fig. 190.) 

(2) In order to eliminate vibration the gun is allowed to recoil 
about an inch by a spring operated system. This recoil system floats 
the gun between the recoil spring and the counterrecoil spring. The 
recoil is variable, a maximum recoil at 0° elevation and a minimum 
recoil at the maximum elevation of 69°. 

(3) To prevent the gtm from firing when in the recoiled position 
the trigger arrangement has been altered. As now designed the last 
motion of counterrecoil trips the trigger for each separate shot. The 
new system has no appreciable effect on the rate of fire. 

( 4) The mount is a free mount pointed by the gunner without the 
use of handwheels. A backrest affords the gunner a means of steady
ing and pointing the gun, leaving the hands free. 

85. Browning machine gun, caliber .50, M:1921 and 
M1921Al.-a. General.-Many units are equipped with the older 
model caliber .50 machine guns and will use them until the M2 is 
available for issue. 

b. Practically all the description of the M2 gun applies to the M1921 
except that the older gun has a 36-inch barrel instead of a 45-inch one. 

c. As shown in figure 198, it is mounted on the tripod mount, Ml. 
This mount has no recoil system and is equipped with a different type 
of shoulder rest for the gunner. The same amnnrnition box and water 
circulating unit may be employed as is used for the M2 gun and mount. 

86. Browning machine gun, caliber .30, M:1917.-a. Gen
eral.-This gun was the predecessor of the caliber .50 machine gun 
and employs the same general operating mechanism. I t was manu
factured during the World War in large quantities and is a reliable, 
efficient machine gun. . 

b. Description.-(!) Note in figure 199 how the regular jacket
casing arrangement is employed. The rear sight is mounted on top 
of the cover .. A flash hider is used to hide flash and smoke. A pistol 
grip containing shock absorbing fiber washers takes the place of the 
two handles on the caliber .50, M1921. 

(2) On the interior the parts are very similar to those of the caliber 
.50. No oil buffer is employed, the buffer disks giving enough cushion-
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ing effect for the smaller energy to be handled. T he functioning is 
almost identical ,Yith that of the caliber .50 gun. 

(3) T he antiaircraft machine gun tripod mount, Ml, described m 
paragraph 85c, is used to mount this gun . 

F1GORE 198.-Browniug machine gun, caliber .50, M1921. nnd AA machine gun tripod 
mount, Ml. 

1. Yoke. 5. Leg brnces. 
2. Center support. 6. Shoulder stock, )18. 
3. Adjusting IJrncket. 7. Stock adjusting joint. 
4. Tripod legs. 8. Stock adjusting slide lock. 

87. 37-mm automatic cannon.-a. General.-There is a twi
light zone between the portion of the sky covered efficiently by the 
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machine gun and that covered by the 3-inch or 105-mm gun. The 
a7-mm automatic cannon, Ml, was developed to coYer this space. 

·= ::. 

Firing an explosive bullet, with a fabric-sensitive fuze, this weapon 
needs comparatively few hits to disable or destroy the average air
plane. Actual war service in Spain demonstrated the value of a Ger-
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man cannon of similar characteristics and led to the adoption of this 
weapon for our antiaircraft service. 

b. Description.-The cannon (fig. 200) is a clip loaded, air cooled, 
recoil operated automatic cannon firing at the rate of about 120 
rounds per minute. It is trunnioned in rear of the breech and balanced 
by a suitable spring equilibrator. The recoil mechanism is of the hy- , 
draulic recoil, spring-counterrecoil type, having a recoil of 10% inches. , I 
The gun bar rels are detachable and one extra is carried with each gun. 
The operation.?£ the automatic mechanism is somewhat like that of 

FIGURE 200.-37-mm automatic cannon on tra iler mount in firing position. 

the caliber .50 machine gun. However, the breechblock operates 
vertically instead of horizontally, resembling the 3-inch AA gun block. 

c. Ll1ount.-Shown in traveling position (fig. 201) the mobile 
mount weighs some 5,000 pounds. Going from traveling to firing 
position (fig. 200) is a matter of seconds, as it requires only the 
tripping of the front and rear axle assemblies to allo,v the main 
frame to rest on the earth. To go from firing to traveling position 
is almost as easy, as use is made of leverage to raise the frame up 
into its road position, a four-man crew furnishing adequate man
power. Spring action to cushion the chassis is provided by four 
coil-spring and shock-absorber cylinders, much as on some modern 
automobiles. 
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FIOUltE 201.-37-mm nutomntlc cannon in traveling position. 

FIGURE 202.-Control stntion, control equipment set, Ml. 
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d. A.ccess01ies.- (l) The two operators pointing the gun are 
equipped with a one-power collimating sight each so that any form 
of fire control desired may be used. The vertical tracker fires t he 
gun by means of a foot trigger. 

(2) Shell are loaded in 5- or 10-shell clips fed in without inter
ruption from the left side of the cannon. The empties fall out 
through the bottom, and the empty clips emerge on the right side. 
All of the ammunition is tracer, the projectile weighing 114 pounds. 
After firing a burst of 80-100 rounds, the barrel is cooled by pumping 
water through it from a caliber .50 machine gun water circulating 
unit equipped with breech and muzzle plugs. This unit is sho,vn 
under the gun barrel in figure 201. About 3 minutes are required 
to cool the barrel to air temperature. 

(3) The mount is to"·ed by any vehicle capable of pulling its 
weight satisfactorily. 

(4) For fire control the platoon is provided with a control equip
ment set, Ml, for automatic gun as described in paragraph 88. 

88. Fire-control equipment.- The control equipment set, 1\Il, 
for automatic gun is the standard fire-control system for the machine 
guns and the automatic cannon. The control st ation (fig. 202) 
affords a means of directing and correcting the fire of all the guns 
simultaneously. It is not a computing device and depends on the 
observation of tracers for correcting the estimated opening leads. 

Each pair of the eight shafts projecting from the box goes to one 
machine gun, operating a front sight in azimuth and elevation, as 
shown in figure 190. These flexible shafts resemble speedometer 
cables in appearance and construction and permit the transmission 
of rotary motion over shor t distances with small error. By proper 
adjustment of the sights the four guns are made to fire together, and 
then the fire of the platoon is controlled as one gun. 
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Howitzers (as a t ype) ..••.•••••...•..•••••. . •. •••.....•••.... ..•• .....•••••. ...... 5 

201, 202 
216 
222 
216 
224 

26 
56 

126 
HI!• 

4 
154 

65 
118 

3 
44 
4 
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201, 202 
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Jacks . .••••.......... ....... ••..••.•••...•••••.••••••••••••••••••••••• . •••••••••. • 70c, 7'1 
Junction hllx .•••• •••••••••••••••••••• •.. . ...... . . . . . . ...... . . ......... ••••.•...... 15} 
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Leveling mechanisms, 3-inch AA gun M2 .•••••••••••••••••••••••••..••••••••••••• 71c 
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- EXTREME RANGE OF GERM.AN MINEWE.RFER 
FlRING A 50LB. TRENCH BOMB-450 YDS. 

RANGE OF GERMAN 6.691N. TRENCH MORTAR. 

RANGE OF FR.75MM FIELOGUN-91188 i81: 
RANGE OF GER.42CM.HOW.(USEOIN REDUC

TION OF ANTWERP OEFENSES-10300 YOS. 
--RANGE OF IMPROVED U.S. 75MM.GUNl5000YOS. 

F-MAX.RANGEOFNEWU.S. IOSNM GUN20500YDS.. 
RANGEOFMOOERN U.S.9.451N.HOW. 25000YOS 
MAX.RANGEOF NEWu.5.155MMGUN 26000YDS. 

(i)- AT SANTIAGO U.S. 131N. GUNS OPENED'\ 
FIRE AT ABOUT 10000 YDS. \. 

~ DEWEY AT MANILA OPENEOAT 5000YO~.j\ 
LATER CLOSING TO 2000 YOS. 
KERSARGE 8 ALABAMA BOTH USED ~ 
GUNS EFFECTIVE AT 1760 YOS. \ 

700.00 
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INCREASE IN RANGE OF ARTILLERY FROM CIVIL WAR TO PRESENl TIME 
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MISSIL ENGINES·212B.C. 

~.t<EPJ..,'G€·1,000YAROS 
. . . 

. 

()NAG .. 

14IIICII OUN MOIINTliDo•lu.lLWAY CARRto.(iE· MAXIMUMctAN()E·%7Mll..65 • 
47.52.0 VAR.OS __,-

COMPACU: OUIGR.AM ASOVE 

4<l,OOO l0.000 

EnmplN of •rtillery typietl of th•ir times, and their respectiYe r41nges. from tfte ahcient miuil engin&e of 212 8. C. to the 4':2.,c~ntimeter Germ•n ho_.ihers ttted dt Antwerp fn the Worfd war, ~u comp•red with exu1:iples of Americ•'1 most modem 9uns.. 
m•ximum rangH of which aro in bxces.s of comparative woopons employed ii\ t ho World w.Jr. 

F1ouRE 1.-Development of ai:tlllery. 204281 °-40 (Face p. 2) 
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Caliber Model 
Lcnjth 

(ca i· 

~ · · · · · · · · }s". .......... .. . . 1902MI and 1903. { 

C • ....... 6" ..........••... Mt897Ml. ....•• 

~:::::::: }o" ............... {::::::::::::::} 
~--······ 16" ............... Ml905 ..... .... . • 

H . ••••••. <!" .. . . . .......... MHIOSML .••.•• l {Ml908 ••......... } 

1.. . . ..... Ml908MII .....• 

{

l\111917 ••• •• •••••• l 
K ••...... 155 mrn. .•...... Mt917AI. ••• •••• I 

Ml918MI ...... . 

{
24-0-mm bow. } 

L........ (0.4S"). 1918 •••••••••••.• 

{

M 1888 .••••...... } 
M._ ..... 8" ............... Ml888ML ....•• 

Ml888MII .•••.• 

N ..... ·-· }1011 0 ........ . ............ . ISSSMI, MIL •.. 

P •.••.••. }·10" 
Q ····•··· •••••• __ ......... . 
R ••.••.. . }10'' s ·············· 

l895MI. ....••. . . 

1000 •••••••••••.. 

} {

MISSS .....•.•••• } 
T •• •••••· 12'' •• . •••......•. ML .... . •••••••• 
U........ MII .•....••..•.. 

V } " {M1895 .•.•.•.• . •. 
W

••·•• ··· 12 ••••••••... ... Ml900 
----------~ 

bers) 

50 
65 

45 

50 

50 

45 

37 

21 . 1 

32 

34 

35 

40 

34 

35 
40 

Gun 

.Weight 
(pounds) 

Type con· 
structiou Rifling MV 

1, 950 }Built-up .. 1-50 to 1-25 .••.•• 2,600 
2, 500 

15, 600 .Built-up .. 1-ro to 1-2.5 .•• •.• 2, 600 

20.000 Bunt-up •• {1- oO to 1- 25 ..••.. 
1-50 to I-25 .•...• } 2, 600 

21, 100 Built-up •• Uniform 1-25 •• .. 2, 600 

12, 300 {Wire-
wound. }1-50 to 1-25 ••••.. 2,600 

8, 795 Built-up . • Uniform 1-30 •••• Z,410 

10, 700 Built·up •• 1-40 to 1-20 •••... l, 700 

33,200 Built-up .. 1-50 to 1-25 ...••• { 2. 600 
1,950 

67,200 Built-up . • 1-50 to 1-25 ...... 2,250 

66, 700 Buil!,-up .. 1-50 to 1-25 ...... 2,250 

76, 500 Built-up .. 1-50 to 1-25 .... . . 2, 2-50 

116, 200 Bu ilt-up .. 1-50 to 1-25 .....• 2,235 

Jl4, 700 Built.-up .• }i-50 to 1_25 ______ { 2, 600 
131, 400 Butlt-up •. 2, 250 

8 10 11 

Life Mounts 
(Cull gun in Model 

charge) line 
Type 

2 iOO {A •......• Ml902 •.••••..... }B· bette 
,f B .•..•••• Ml903........... ar •· · ····· 

1, ooo r, ......• MHJOO ........... Barbette .••••••• 

l, 2,,0 IC....... Ml898 ....• .•.••• }n- . { 
E- D- F . Mrno3........... JSnppeariog .••• 

1, 250 {~:iia.i {:s~r.::::::::: }Disappearing .•• . 
!905MIL .•... .. 

,,, {Casemate .•. •••• } 
l, 000 n....... Ml9IO... ........ Barbette ..•••••• 

.... /M 1917 ······••••• }Mobile 3• OOO "' · ··· •• • Ml 918. .... .•• • •• . ••••••••• 

!Mobil~ platform } 
3,000 L .. - ••.• Ml918. .......... (4 londs). 

900 

500 

500 

700 

M 

N 
N 
N 
p 
p 
R 

MJ9!8 ••••••••••• Railway ........ . 

1893............. Barbette ..•••••• 
1919... . ......... Sldg. Ry •••••••• 
1894ML. ........ }ni . 
1896LF . .. . .•• •• • sappeanng _ _ • 

::~t~~:::::::: }Disappearing_ .• { 

TABLE 1.-CHARACTEllJSTICS OF S.EACOAST ARTILLERY 

Carriage 

12 13 14 15 16 17 18 

Re<lOil Counterrecoil 

Weight Elevation- Total traverse 
(pounds) Min.-Max. Number 

Loogtb Mechanism type of cyl- Mechanism type 
IJJders 

r., 600 {::::;~: ~~ t:~: :: }350° ......••... 9'' •. .• . . . .••••....... Hydraulic (grooves) . .• Spring .... •••••.•••••• 

24,808 -r,0 to +w• ••• 360° ••••••.•... 1611 ................... flydra.,Jic (grooves) . . . Spring .. ............. . 

64.soo } • + s• 110• {36" ·········· ···-·· la I r c ) 
97, 600 -5 to I ... . .......••• 40,,:: . ...• •••••.•.. .. I _ Y< mu 1c grooves ••• 2 Counterweight .••.••.• . 

3 00 ' 0 t +1s0 170° {40" ·················· lg d · I' ( ) {l(onctr. }c t · ht 
11' , J -;, 0 • • • • •••••••• •• 47,,···· ···•••········ r Y rau IC grooves . .. Wt.) OUll CfWQlg -······· 

• + "" {
1200 

•········· · }· " H d r < ) 57, 607 -3 to 1,- •• 3500 •• ••••••••• 15 •••••••••••••••••• y ran tc grooves ... 

065 00 3 0 600 {Variable, 71" max.; }H dr r ll, to 6 ...•••• ..•..... .••. 
43

., min. y ormeuma ,c. .•••• 

11,300 - 1• to 60° ••••. {:~!~1
~::.·.~:: }45" ••• .•. .... ..•.... Hydropncumatic. ..... 

174,000 o• to 42" •.••••• 360° .......... . 48" ••• ...••.•••. . •••. Hydraulieu:rooves) •• • 

144. 600 
387, 200 

270,000 

268.000 
398, 000 

-1• to +1s• ... }3200 +io• to +M•.. ··········· 50'' ..•• . ..... ....... . Hydraulic (bars) . ..••• 

{::::~: :: !~;:::: }140° .....•..... 5411 
•••• ••• • ••••••• •• • Hydraulic (bars) ••••.• 

-5° to +12° ••. 360° •. ...•...• . }67,, B d 1· -s• to +12• ••• 1100........... •...•••••••••••••• Y ran ic ............ . 

1 Spring ..........•. •. .. 

Hydropneumatic •.•••• 

2 Pl'.leumatie . . . . . ..••••• 

2 Sprin~ ••••••••••••• . . • 

2 Gravity ••••••••••••••• 

2 Counterweight. ... •.•• 

2 Co11nterweigbt . ....••• 

:~:::::::::::: }Disappearing •.. { ~;:: }-5° to +10• ••• {L~';:'.~~mn~Y }67" ...•••••••••••••• . Hydraulic (bars) ..... . 2 Counterweight .•...... 

350 
400 

T 
v 

Ml892 .........•• }B h tt { 
Ml917.. ......... ar c e . ...... . 

m .ooo -.1• to +!s• ..• }:ioo• ........... {~8''.················ · · Hydraulic (bars) .•••.• 
302, 000 0 to +35 •••• • 30' .... ..•. •••••••••• (G rooves) ............ . 

2 Gravity ••••••••••••••. 
Spring . ······-······· 

x .......................... ·················· ········ .......... .............................. ········ ......... . v BaUgnollcs 1918. Railway _ ______ _ 322,000 15° to38° . . . ••• :t,6° ••••••••••• 35" .• ... ••• •••. ••••. {Hri::~::;'.matic 2 Pneumatic ....... .... . 

y · ····•· · •••••••........... · ··· · ········· ···· · ·-····· ···· ··· ··· •··········• ····· ··••••·•·· · ·· ····-·· ···-····· 

I........ . 12" M. •••••••••• M lS90 •.•....•... 

II } 2'' ,, {Ml908 ••••••••... 
UI

•••... .. 1 lh.. ... . ..... Mrn12 
------- -----------

IV ••..... 14" .••.••••••.•.• 1907 ML .••..... 

V . •. . .••• 14'' •.•••••••• • .• . 1909 ............ . 

VI....... 14" •••• . •••.•.... 1910 1.rr ....•.••• 

VII ...... 14''---- - -- ----- -- 1919 . . •.. •••••••• 

VIII ..•.. 14''---- ----- ----- {MI920MI.. . ..• . } 
Ml020MIL. . ... 

IX ... .••• 1611 how... . . .... 1920 ••••••••••••• 

X ...••••• 16" ••.•..... . .... i919MT1, MID_ 

XL ...... 16" •••••••••••••• 1919 ..•••........ 
XII...... 1611

• • •• • •• •• •• • • • 1895 ....•........ 

xur .... 1611 
•••• •••••••••• Mk. u Mo<lir. 1 

'N°>ll'Y, 

•1?or aliquot powder cbnrges. 

10 29,000 

10 18. 200 
15 33, 300 

34 { 110, 600 
118, 800 

40 137, 700 

40 138, 000 

40 138, 000 

50 { 192, 500 
233, 800 

25 195, 300 

50 385, 600 

50 340,600 
35 284,000 

50 

Built-up .. 1-40 to 1-20 . ..••• 1,500 1, 500 

Wire •••••. 1-20 ••••.. ••••.•. 1,500 1,500 
Wire •• ••.. 1-40 to 1-20 . .. . •• 1,800 1, 000 

}wire •••••• 1-25 •••••••...... 2, 150 300 

Wire ...... 1-50 to 1·25 .•••.. 2,370 250 

Wire ..•... 1-50 to 1-25 .•.••. 2,350 250 

Wire •••••• 1-ro to 1-25 . ••• . • 2,350 250 

} Wire •••••• Hl2 . .•••.••••.•• 3,000 200 

Built-np •• Uniform l-25 .•• 1, 950 800 

Wire .•.••. 1-s!O •....••••• . •• 2, 700 176 

Wire •..••• 1-30 ...••.•...••• 2, 750 175 
Built-op •• 1··50 to 1-25 ....•• 2, 190 200 

'Built-up .. 1- 32 •..• . •••••... 2, 750 175 

v 

II 
III 

lV 

v 

VI 

VII 

VIII 

IX 

x 

XI 
XII 

xnr 

Sliding ••••••.•.. Railway ...... . . . 550, 000 1,5° to 40° ... . . . Curved track . •...•••••••••••••• . . •• Slides alooR I.rack . . ••• None Hand sod power •. .. 

1918... .• . .••• •• Railway ..... •... 
189!iMI , MIL •• Fixed ......•.••• 

1908 ···••••····· }Fi d I 1896Ml, MIIL. . xe ......••••• 

1007 1907ML.... Disappearing __ . { 

116, ooo -s• to +65° ... 360° •.••.••••• . 
128, ooo o• to 10• •• . • • • • aoo• .......... . 
120.000 0° to 65° . ...••• aoo• ...... .... . 
I a2. ooo o• to + 10° •• • • • 350° ..••..••••• 

30".................. Hydraulic (grooves) ... 
23" ••• . . . . . . • • • • • • .. . II ydrnulic (grooves) • . 

:::·-········· · ······ }Hydraulic (grooves) • . / 

619, 100 }-r.• , +=• {Various ..•...• }73,, V 
636, 000 o •O "" ••• 120._220• ••. .•• ...•••••••••. . . . .. ertiml hydraulic 

(grooves). 

1900 .......•••••• Turret. ......... 2,316,000 o• to 15° ..••.• 350° •.. .....••• 48" •... .......•.••• . . Hydraulic (groove.~) ••• 

1007 1907ML.... Disappearing___ 682, 000 - 5° to +20• .. 120°-280° ••••. . 73" • ..•.•.•••••....•• Vertical hydraulic 
(grooves) . 

E .... ..••.•. •• •• Railway •.•...... 437, 000 o• to 30° . .... 360° ....•••••.• 60" ..•••••••••••••. .• Hydraulic (grooves) • .• 

{Top carriage 

}35" --··············· M1920 . ....•.•••• Railway •....•••• 681 , 300 - 7° to +50° ••• 7• Hydraulic .•.•••••••••• 
Car body 360°. 

1920 ......••••••• Barbette . . •.•••• 705, 000 -7° to +65° ••• 360° ... . •••.•• . 38.5''+·-- ..................... __ Hydraulic ....••••••••• 

1919 •..••.•...... Barbette ••••..•. 1,000,000 -7° to +65° ... 360° ••••. • ••... 40'' ...•...... . . . . . ... Hydraulic (grooves) . .. 

1917 •• ·•·•••••·•• Disappearing _ _ • J, 670, 000 -5° to +30° ••. 360° ....•...••• 89" .. .... ......... . ............ ..... Hydr:mlic (bars) . . ....• 
1912 . ..... .. -.----- Disappearing •••. l, 274, 000 -6" to +20• •• • 170° ... . .. . .••• 89" ....... -------------- Hydraulic (bars)- ..•.• 

1019ML . ...••• • Barbette •.•• •••• 1, 000, 000 -7°to +65° ••• 350° •••.•..•... 40" .•.• . •······-···· Hydraulic (grooves) . .. 

Pneumatic . .......... . 
2 Spring ....•••....•..•. 

2 Spring ............•... 
2 Spring ..•••••••••••••• 

Weight •••••••••• • • • ••• 

Spring • . . ••••••••••••• 

Weight .••••••••••••••• 

1 Spring . •••• ••••••••••• 

4 Pneumatic .••••••• •••• 

4 Poeumatie •••••••••••• 

Pneumatic . . ...... . . .. 

2 Counterweight .•. •.. •• 
Counterweight. ••••••• 

Pneumatic ...•••••.• •• 

19 20 21 22 23 24 --
But'l'cr type Single or Number 

Number Sight Type step-cut of bandies 
of eyl· to operate 
inders 

l'l'af ><;red dnsh · } 
pot. Bar. Car . 1902 . . .•••••• Le,,er-pull ••••••••••.• Single •••• . 

1,ever-pull.-..... . .... Single ••••• Dasbf)()t •••.••• 3'' 'l'el. 1904 ...••••••. • 

2 {"'::re<l dnsb- fz" 'l'~I. 1904. •••••••••• , • II {Siugl~ •••.• } ..,.,ver-pu . • •••••••••• C 
one •••••• 

Dashr,ot..... .. 3'' Tei. 1004.. .•••••••• Lever-pull.... . ....... Cone .... . . 

2 {Tapered dMh· fa" T"l. 1904.. .....••. Le u s· I pot. v ver-pa . . . . . . •. . . . . mg e ••••• 

2 DMhpot....... Quadrant Ml918...... Leter-pull. . .••.•. .••• Single ..... 

Dashpot..... •• Quad. sight M1918.. .. Lever-pull.. . ......... Single ....• 

{
'l',\pcred dash- } 

4 pot. Pao. Type C.......... 1888 Rotating tray.. . . Stet>- --··· 

Dashpot ••••••• Tel. 1898Pao. Type K . 1888 Rotating tray.. ... Single ... .. 

2 Dashpot... . •• . .. • • • • • • • . . . . .. . . • • ••• • . Stockett 95............ Single ..... 

2 D h {'rel. 1898 ••••••• . •.••.. } 
as pot...... . 3,, Tel. l904........... Stockett 95............ Single ••••• 

2 t=~od dash- }a" Tel. 1904..... ...... Stockett 1895.......... Single.. .•.. 

o Dashpot....... Tel. 1910 ....... . .... .. } . t s· · 
Plug ........ .• 3 .. Tcl. l904 ••••... .... 1888 Rotatmg ray.... mgle .•••• 

1 Plug.......... Pan. type E........... Stockett 1895.... .... .. Single ..... 

None None •••••••••• Pan. type D.. ......... Stockett 1895 •••.•••• •• Single ...• . 

Plug •...... . . . }M t' t D {Stockett 1908 •.••••. • . . }si I { 
6 Oashpot....... onn mg ype · · · • • Rotating tray 1890. ... . og e .•••• 

z Plug . . •••••. .. }1908 908 
s 

5 Dasllpot....... • • • • . ........ ··•• ••• Stockett l . . . . . . . . . . ingle ••••• 

None DashpoL..... 3" 'l'el. 1914........... 1909 Stockett.......... srov ......• 

4 Plug ••••••••.• 3" Tel.. ...••.•••••• . •• 1907 Stockett.......... Step •••• •• 

None Dasbpot....... 3" Tel. 1012..... ••. . .. 1907 Stockett.... . . .... Step ••••••• 

6 Dashpot.. ..... . ••• •••• . ••• . •••.••••• .. 1907 Stockett.......... Step . •.... 

1 Plug....... ... 3" Tel. 1920.. . . ....... Drop MIL.. . . . . ... .. Step •• . • .. 

Plug •••••••••• Mount 1020 .. ••••. . . .• Drop .•••...... . . ..••.. Step ••• . .. 

2 Valve ..... . . .. 3" Tel. 1918 ..•. ••••••• Drop •••. ••.• ••••••.•.• Step ••••••• 

None Plug •••••••••• 3" Perios 1917 •••...•.• Side .... . . . . •.• . ....... Step .....•• 
Nooe Plug .•...•.••• 3" Tel. 1012 . .••.•..•.. Side . . .... . .•.•.. .•.. . . SfuJ!l0 .•••• 

2 Val'l'e •••••.••• 3" Tel. 1918 ••..•••• ••• Drop •••••••••••••••••• Step •••••.. 

2 

2 

2 

1 
2 



Gnn 

,ength 
(cali-
bers) 

Weight 
(pounds) 

Type con-
struction Rifling MV 

2,600 ~:: }Built-up _. HiOto 1-25 _____ _ 50 
55 

45 15, 61',0 Built-up __ HiO to 1-25._ ____ 2,600 

50 20.000 Duilt-np __ {1-50 to 1-~,L--- -
1-50 to 1-2s._ __ __ } 2, 600 

50 21, 100 Built-up __ UnHorm!-25 . ___ 2, 000 

45 12, 300 {Wire-
wouncl. 

}1-50 to 1-25 ___ __ . 2, 600 

37 8, 795 Built-up __ Uniform 1- 30 ____ 2,410 

21.1 10, 700 Built-up __ 1-40 to 1-20 ______ l,700 

32 33, 200 Built-np __ 1-50 to 1- 25 ______ { 2. 600 
l ,950 

34 67, 200 Built·t1P-- 1-50 to 1- 25. _____ 2, 250 

35 66, 700 Built-up .. 1- 50 to 1- 25.. ____ 2,250 

40 76,500 Built-up __ 1-50 to 1-25 ______ 2,250 

34 116, 200 Built-up._ 1-50 to 1- 26 ____ . _ 2, 235 

35 
10 

10 

10 
15 

34 

{0 

40 

40 

50 

25 

50 

50 
35 

50 

114, 700 Built.-up. _ }l-50 to 1_25 ______ { 2, 600 
131, 400 Built-up _. 2, 250 

29,000 Built-up ._ 1-40 to 1-20 ______ l, 500 

18,200 Wire __ ___ _ 1-2() ______ __ _____ ], 500 
33, 300 Wire. __ ___ 1-40 to 1- 20. _____ 1,800 

{ 110, 600 
118,800 

}wire ____ __ 1-25------------· 2, 160 

137, 700 Wire ______ HiOto J-25-. ___ . 2,370 

138,000 Wire ______ 1-50 to J-25. _____ 2, 350 

138,000 
Wire ____ __ 1-so to 1-2s.__. __ 2, 350 

{ 192, 500 
233, 800 

}wire ______ 1-32 ___ __________ 
3,000 

195, 300 Built-up __ Unilorm J-25 ___ 1,050 

385, 600 Wi;e. _____ 1-30 _____ ___ _____ 
2, 700 

340,600 
Wire ______ 1-30 _____________ 2, 750 

284,000 13uilt·up __ 1-50 to 1-25 ______ 2,190 

Built,.up __ 1~32 _____ ______ __ 2, 750 

8 10 11 

Life Mounts 
(full gun io Model 

charge) line 
Type 

2 500 {A----···- Mt902 . . -- -----·- }B bctte 
• R .• ·-··-- M J9Q3 __ ··- - - - - - - llf -·· - ···· 

I, OIJO 

) , 2[,0 

l, 200 

1, 000 

3,000 

3,000 

900 

[I ____ ___ MIOOO._. ____ ____ Barbette ___ __ __ _ 

[
0 ---- - -- MJS9S.-·--·- · ·-· }Disappearing. ___ { 
E-D-F. Mlll03-· · · -- -·- --

l~-F~B-i: {:~r.::::::::: }Disappearing ___ _ 
J9051v[II ______ _ --

{
Casemate __ , ____ } 

R . ------ MlOIO----· - -- -- Barbette __ _____ _ 

K !MJ917. ___ ___ ___ _ }M b'l 
- - · ·--- M 9 ~ 0 I e ---------1 lo .••. - -- --- ·· 

{
Mobil6 plutform } 

L---·-- Ml9l8______ _____ (4 loads) . 

M Ml918 . . _______ __ Railway_·-·-----

500 { 

500 { 

N 
N 
N 
p 
p 

R 

1893·---··--- ---- Barbette_·-- ----
1019 ____ _________ Sldg. RY··· --- --

1894ML ______ __ }Disappearing 
1896LF___ _______ ----

700 [ 

300 { ; 

350 
400 

1,500 

1,500 
1,000 

300 

250 

250 

200 

'l' 
v 

v 

v 

I 
I 

II 
nt 

IV 

v 

VI 

VII 

VIII 

800 IX 

175 X 

175 XI 

~:~~:.~:::::::: }Disappearing ____ { 

M1897 _______ ____ }D· . { 
MlOOL __ ________ ,sappenn og_ •• 

Ml802. _____ _____ }n b tt.e { 
Ml917_______ ____ ar c -- · -·---

Batignolles 1918_ Railway ________ _ 

Sliding _________ _ Railway ________ _ 

1918 __ • - - . - -- --- RaUway_. · ·- · ---
1896Ml, MIL_. FLxecl ________ __ _ 

)908. ____ __ _____ _ 
}Fixed_. _________ { 

IS!J6MI, MIU ___ 

1907 l007ML ___ Disappearing_._ { 

1909 _____ ____ ____ 'l'urret __ .. -· · · --

1907 J907MJ. __ __ Disappearing _ _ _ 

E--------·-·---- Railway __ ______ _ 

Ml920 _____ ______ Railway ________ _ 

1920 __ ____ __ -- --· Barbette_------ -

1919. ____ ___ ___ __ Barbette ________ 

1017 __ --- ------- - Disappearing ____ 

TABLE I.-CHARACTE:rusTICS OF SEACOAST ARTILLERY 

Carriage 

12 13 H 15 16 17 18 

Reootl Conn terrccoil 

Weight Elevation- Total traverse (ponnds) Min.- Max. Nnmber 
Leogtb Mechanism type of cyl· Mechnnism type 

inders 

{
-10° to +1s• __ }aoo• .... . r ) 

6, 600 _ 10• to + to•_. -·· · · --·-- - 9"-- - -- - - -- ------ ---- o.Ydrau m (grooves- -· Spring __ · --- --- ----- --

24,808 -~· to +20• ___ 360°- ---------- 15" . . ---- ----···- -- -- 8:ydrtu,lie (groo,·os)_._ Spring_.- - · - · ·- ---· · ·-

::: }-5° tow,• .. - 110•-- --·---- -- {!~:'.:::::::::::::::::: !.a:ydra11lic (grooves)- -- CounterwelgbL_. ____ _ 

113, 100 -5° to +15° ___ 110•.--· --····- {~:'.::: ::::::::::::::: }Hydraulic (grooves)--- rc:~.~tr. }countcrwoighL. ____ · -

67,607 

11, 065 

174, 000 

144, 600 
387, 200 

270,000 

21\8, 000 
398,000 

3° to +1"" {
1200

-- -------- - l 6" H d 1· ( A) - • · -- 360• ____ _____ __ 11 -·------ ---------- y rau ,c groov!lS __ _ 

o• 35• 60• {Variable, 71" ma~.; }a: d t" to --· -- · - ----·--- -- · - 13,, min. y ropncuma ,c_ ____ _ 

-1° to ao• ____ _ f~~:,:•;:;:::: }1s" ••. ··-------,·--- Hydropneum>1tic_ ___ _ _ 

0° to 42"--·---- 360° ___________ 48"-···-------------- Hydraulic(grooves). __ 

-7° to +156 
__ _ } • 

+ io• to +M•._ 320 --------·-· 50''------·-·--------- Hydraulic (bars) _____ _ 

{::::~: ~~ !~::::: }140•-- ---- -· -- - M"-· --------------- - Hydraulic (bars)--- ·--

-5. to +12·-·- 360°---·-· · -· -- }1:11" RydrnuJie. __ _________ _ 
-5° to +12• ___ 110•----- ---·· - ---·----- ---------

:~: }-5° to +10• ___ {Li:~~~mnt }67"---· --- ---- -- ----- Hydraulic (bars) ----·-

229, 000 
302,000 

-.1• to +!5· - ·- }aoo• ______ __ ___ {48'.'.·-------·--·-·---- Hydraulic (bars) ____ _ _ 
O to +35 -· --- 30 ------------ - - ---- (Grooves) ... . . ---·-·--

550,000 15° to 40°_. ____ Curved track _ · --- -· -------------- -- Slides aloni: track . ··-· 

176,000 -5° to +65° ___ 360°-- --·--- -- · 30"-· · - ·----·--· ----- Hydraulic (grooves) . .. 
128,000 0° to 10·--·- --- 360° __________ _ 23" •. - ----·- --------- Hydraulic (grooves) _ _ 

126,000 
132, 000 ~: ~ ~;o~::::: ;::::::::::::: ::::::::::::::::::::: }Hydraulic (grooves)_ . { 

6\9, 100 
636, 000 } 

0 ·~• {Various __ ___ __ !
73

,, v 
1
· 

- 5 to+= · - 120._220• ______ f -----·--···---·--- erLical bydreu ,c 
(grooves). 

2,316,000 o• to 15• ___ ____ 350•--·-------· 48"---·-----------·-- Jlydraulic (grooves) __ _ 

682,000 -5° to +20° ... 120°-280° .• _. __ 73"-· · ·--- ·--------·- Vertical hydraulic 
(grooves). 

437,000 0° to 30° •.• -- . 360°- ------ - --- 60''-----·--·--------· Hydraulic (grooves)_._ 

681 . 300 {

Top carriage } 
-7° to +so•___ ca::ody 

3600
_ 35"-·-----·-·------ -- Hydraulic __ . _____ ____ _ 

705, 000 - 7° to +65°--- 360° ·---· -- --· - 38.5"---- ------ ------ 13:ydraullc . . . ____ _____ _ 

1,000,000 -1• to +os• ___ 300• -- --- - -- --- 40'' ... _, ____ ____ ,. .., ___ __ Hydraulic (grooves) ___ 

I, 670, 000 - 5° to +ao• ___ aoo• --- -------- 89'' -·· - -- ---. -- -- ---- Hydr~ulic (bars) _ ___ _ 

Spring ___ --- -----· ----

Hydropncumatic.- ••• _ 

Pneumatig. _. ___ _____ _ 

2 Spring ___ _____ _______ _ 

2 OravltY----·----------

2 Counterweight. · ·-----

2 Counterweight •••• _. __ 

2 Count.>rweight. --·----

2 OravitY-- -- --·· --- ---· 
Spring_.------- -------

2 Pneumatic ________ ... _ 

None Hand and power __ 

2 Pneumatic. ______ __ __ _ 

2 Spring __ -· ---- --···---

2 Spring·· - · ----· - -· ---· 
2 Spring . ________ ____ __ _ 

W&ight·-·--·---- · · -- · · 

Spring __ ----·--- -- ----

Weight •• ___ --·--·- -- . _ 

Spring. -- --------·-·--

4 Pncnmatic __ _________ _ 

4 Pneumatie. _ ·-___ --- __ 

4 Pneumatic __ --- --___ __ 

2 
200 XU 1912 . . . _. ________ Disappearing _ __ l, 274, 000 - 5° to +20° ___ 170° _____ __ ____ 89" __ ___ ,. __ __ .., __ _____ Hydraulic (bars)·-·-·-

Oo11nl,erwelght_ _____ __ 
2 Counterweight ___ ·· ---

115 xm 1111\IMI_ •• _ · - ---- Barbette ________ J, 000. 000 -7° to + 65° ___ 360•. --- ------- 40"·--· ·-----------· Hydraulic (grooves)- __ 4 Pneumatic _____ ___ ____ 

Breochblock 

19 20 21 22 23 24 26 27 

Number Buffer type Sight Typo 
Number 

Single or or handles Power 
step-cut to operate Firing table Firing mechanism 

of cyl-
inders 

{
Tapered dnsb · } n pot. Bnr. Car. 191) • • ________ Lever-pull ______ ___ ___ Single ____ _ 

2 Dasbpot-- .·· -- 3'' Tel. 1904 •• • ________ Lever-pull _ • . ____ ____ _ Siaglo_ . . . . 

2 t:t" <lasb- }~" T~l. 1904_ ---· --- --- Lever-pun __ . ___ ______ {6:!!~::::: } 
l Dashpot.._ _____ 3'· ·rel. 1904 .• ______ ___ Lever-pull __ _______ . __ Cone. ____ _ 

2 {T:e~eddash- }a" '!'cl. 1904 ._ -·- --·-- Lever-pull ________ __ __ Single ___ _ _ 

Dashpot____ ___ Quadrant Jvfl918__ ____ Lever-pull_- -- ---- ---- Single .. · --

Dasbpot.._ ____ _ Quad. sight Ml918 •• __ Lever·pulL __________ . Single_. __ _ 

!'l'apercd dash- } , 
4 pot. Pan. rype 0-.----·· ·- 1888 Rotatiug tray. __ _ Step.·--·--

2 Dashpot._. ____ Tel. 1898Pan. Typo IC. 1888Rotating tray __ . __ Single. ___ _ 

2 Dasbpot.. ____ __ · ---------- -· -- ------- - - Stockett 95._ __________ Single ... _. 

2 
D h {Tel. 1898 ____ ____ __ __ . _} 

as pot. _____ _ 
3
,, Tel. 

1904 
___ _____ __ _ Stockett95.- - ---- --·-- Single . • __ _ 

2 {
Tapered da.~ll-J · 3,, T·' 90 · k t 89, · I 

pot. .,,.1 4- -- --- - ---· Stoc -et l " ----··--- - Smg e ____ _ 

O Dashpot.. ______ Tel. 1910. ______ ____ ___ } 8S8 R t t• t s· I 
4 Plug __ __ . ____ _ 3,, Tel. l904-- --··· ---- 1 o a mg ray__ __ mg e---·-

1 Plug ___ __ __ ___ Pan. type E--··------- Stockett 1895 __________ Single·- - · -

None Mone._. _______ Pan. type D--·-------· Stockett 1895 _____ _____ Single ____ _ 

Plug _·- -· --- --}M 
1 0 

[Stockott 190$. _________ l . { 
Oashpot.._____ _ ount ng type -- -- - Rotating tray 1890 _____ fS1ngle. ___ _ 

2 Plug _____ _____ } 008 
Dnsbpot _______ 1 --------- · ·· ----· -- · Stockett 1908. ________ _ Single ____ _ 

None OashpoL _____ 3" 'rel. 1014 _______ ____ 1900 Stockett_. ________ Sl<lP--··---

4 Plug __________ 3" Tel_. ___________ __ _ 1907 Stockett. _________ Step _____ _ 

None DashpoL ___ __ 3" Tel. 1912 _____ ______ 1007 Stockett _____ __ __ _ Stop ______ _ 

6 DashpoL. ____ -- ---------·- ---· --·--·- 1907 Stockett __________ Step ••• __ _ 

Plug __ . _______ 3" Tel. 1920-----· ----· Drop MIL. ___________ Step _____ _ 

Plug.- · ---·--- Mount 1920 •• --- -- ---- Drop ______ -·-------_-· Step __ ___ _ 

2 Valve ________ _ 3" 'l'el. 1918_ ------· --· Drop ____ -·-·· -- --- ---· Step _______ 

None P lug __________ 3" Perios 1917_. ____ ___ Side _________________ -· Step •. · -·- -
None P lug ______ __ __ 3" Tel. 1012. --- - · - --- - Side_·------·-·---- ---- Single. ___ _ 

Valve. ________ 3"Tol. 1918_ ------ --- - Drop __ .--·------_--·-_ Stop _______ 

f Pcrcussio11 continuous 100~ l 
lluod ___ - l (110 gr.). 

nand ___ . _ Combined 1903 _______ . ____ · I 
Han,L ____ Oombiucd 1903 ______________ { 

Halli! _____ Combined 1903-. ______ ___ ___ { 

3-M-2 

90# G-B-1 
108# 6-C-l 
900 6-D-1 

108.# 6-C- 1 

9016-D-1 
108# 6-0-1 

Rand _____ Combined 1903._ _________ ··- { 90# 6-B-l 
108# 6-C-1 

II cl {Froocb percussion (same os { 
&n - -- - · 240-mm) . 

H d {Percussion 2l·gr. (same as } 
an --- -· 155). 

, "'"' - ---- Comhmo, ""'--···········-! 
2 Hand __ __ _ Combined 190:L __________ __ { 

Hand ___ __ Combined 1903 ___ ________ __ _ { 

Bend __ ___ Combined rnoa ____ __ ______ __ { 

' B,od • •.. . CombOo•d U"3 •• .•••.•.••• . . j 
, a.,,. . . .. OomS<ooum ....••.•••.. .. j 

, ""'. . . . . c~, """"""-.......... ... j 
Hand_ . __ _ Combined 1903._ __ __ ______ ._ 

; lffaud _____ Combined 1903------ -- -- ----

l!and _____ Combined 1903--· ----------- { 

Rnnd· -- · - Combined 1903 •.. --- ---- -- -- { 

Hand __ ___ Combined 1903------------- - { 

Rand_ . __ _ Combined 190L--------- · --{ 

Hand_. __ _ Combined 1903--- --------· -{ 

1 Air________ F'lring lock Mk. 2 (percus- { 
sion electric). 

155-B-3 
155-C-2 

2'10-B-2 

8-.A.- 2 
8-D-l 
8-JH 
8-0-1 

10-A-1 
10-B-l 
10-A-I 
10-B-J 
10-A-I 
10-B-1 
12-E-2 
12-F-3 
12-K-l 
12-L-4 
12-N-l 
12-E-2 
12'-F-3 
12-K-l 
12-L-4 
12-N- l 
12-E-2 
12-F-3 
12-K-l 
12-L-4 
12-N- l 
12-E-2 
12-F-3 
12- K-l 
12-L-4 
12-N· l 
12-I-1 

12-0-1 
12-A- 3• 
12-G-1 

12-A-3• 
14-0-1 
14-D-l 
14-1-1 

14-A-2 
14-B-2 
14-B-l 
H-A-2 
H- B- 2 
14-H-l 
14-A-2 
14-B·2 
14-H-l 

14-E-2 
14-E-3 

14·M-l 
Air ________ Firing Jock Mk. 1 (percus· 

sion electric). 
16-.A-1 (02) 

A.ii· ___ _____ 

Hand _____ 
Hand __ ___ 

t\ir ____ ____ 

Firing lock Mk. L---------- 16-(H 
(2,340 £) 

Combined 1903 __ . ___________ -··-- --- ------
Oombined 1003____ __________ 16-0-1 

Firing lock Mir. 1----------
(2,340 £) 

16-B-1 
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' 

../ 
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~_._.....,__ ..,_ ____ .. -..,e,._ -
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