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I. ARTILLERY.

GENERAL SUMMARY.

General statement.—Artillery as used to-day by the forces of the
United States may be divided into two classes, namely, mobile artil-
lery and seacoast artillery.

Mobile artillery is for use in the field, seacoast artillery for use at
fortifications. Under the first head, however, are included several
types of seacoast guns which have been removed from the stationary
carriages and have been shipped to Europe.

Types of mobile artillery.—Mobile artillery falls into three ciasses

according to the three types of weapon which it embraces
Mobile artillery:

Guns.
Howitzers.
Mortars.
Guns.—Guns are distinguished for high-muzzle velocity, ranging
from 1,750 to 3,800 feet per second. The length of the barrel varies
from 30 to 50 calibers, i. e., the length of barrel ranges from 30 to

50 times the diameter of the bore. On account of the high muzzle

velocity of guns as distinguished from mortars and howitzers, longer
ranges are obtained with a comparatively low elevation of the gun.
The trajectory of flight of the shell, therefore, describes a much
flatter arc, or, in other words, the fire is more direct.

Classification of gun mounts.—The guns that are being used by the

United States forces in the field are classified as regards their mounts
as follows:

Gun mounts:
Wheeled mount.
- Antiaircraft mount.
Railway mount.
Wheeled mounts.—Under wheeled mounts are included the following
guns:
75 mm. model of 1916 (American).
75 mm. model of 1917 (British).
75 mm. model of 1897 (French).
4.7 inch, model of 1917 (Bethlehem).
4.7-inch, model of 1917 (Bethlehem).
155 mm. model of 1918 (Filloux).
5-inch, seacoast.
6-inch, seacoast.
15



- ——————
—

— R < a1xv TOTIBAG[E 900130D 0 3

1 491 Jm‘eSeuromnd n  _—~7 *OLf

—————————TT




ARTILLERY. 117

Field guns.—Three types of 75-mm. field guns have been provided
for the American forces. These are the American model 1918; the
British model of 1917; and the model of 1897 (French).

The American model 1916 was continued, as it has the advantage
of a wide traverse and 'a high elevation' permitted by a split-trail
carriage. The model of 1917 (British) was ordered shortly after
the declaration of war to expedite production, inasmuch as the Beth-
lehem Steel Co. had orders for-this type of gun and carriage from
the British Government, and was in a position to proceed with the

*t manufacture according to drawings, speclﬁca,tlons, and gauges al-

< ready on hand.

The French 75-mm. gun is longer than elther the United States
. % model 1916 or the British type by about 6 calibers. The French
¢ type was adopted in preference to lengthening the United States

model 1916 type, as this would require entire rebalancing of the tip-
ping parts of the carriage.

In addition, however, to the intrinsic merits of the French 75-mm.
gun which are discussed in a subsequent section, there were also other
considerations that led to its adoption as an important and pre-

4Blcrating element in the American artillery program. At the
brence between the Anglo-French military commission and the
hsentatives of the United States Government, it was decided that
‘h&United States troops should operate in con]unctlon with the
¢i _Waench Army, at least at the beginning. Furthermore the French
%ance works . were in a position to supply 75-mm. guns to the
% first of the American troops, and also to continue their manufacture
along lines of efficient production. In other words, there was a well-
tested gun available. Artillery officers who had used it during the
war. were ready to give instruction, and so far as could be seen no dis-
tinctly superior weapon that would warrant delay in waiting for its
~ manufacture was in sight. _
¢  Antiaircraft guns.—The antlalrcraft guns used in the American
service are as follows:

‘United States antiaircraft guns:

75-mm. ) .
3-inch. '
4.7-inch (proposed).

For antiaircraft work the regular 75-mm. French type field guns
are mounted on improvised carriages, and the 75-mm model of 1916
on truck mounts. The model of 1918, 3-inch antiaircraft gun is more
powerful than the other types referred to and is mounted on a
special trailer mount. :

4.7-inch field gun.—To secure a greater range and power than is pos-
sible with-the 75-mm. field gun, the 4.7-inch gun is employed. The
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model of 1906 is used with a 45-pound shell, securing a greater
range and greater muzzle velocity than with the 60-pound shrapnel.
The 1906 model was improved in the model of 1917 (Bethlehem) and
a split trail and variable recoil mechanism were introduced. The
4.7-inch gun is motorized and has mobility along with power and
range.

155-mm. gun.—To secure still greater range and power, a new gun
was secured in the form of the 155-mm. model of 1918 (Filloux),
which represented the best European practice and was adopted by the
United States Ordnance Department after a careful consideration of
all the guns of this caliber in service in Europe. Inasmuch as there
was no design of this type in the former ordnance program of the
United States, it was possible to start entirely fresh and to consider
the matter simply on the score of ballistic efficiency, mobility, and
ease of production. This gun, as well as the others referred to in this
brief summary, will be found discussed and illustrated elsewhere in
the Handbook. ‘

Five-inch and six-inch seacoast guns on improvised wheel mounts.—
The importance of using guns of this caliber on wheel mounts in the
field early was realized, and arrangements were made whereby a
number of these pieces were removed from the fortifications and a
special type of mount designed which could be constructed rapidly
and with ordinary manufacturing facilities. While these guns were
not necessarily of the latest types, nevertheless, they were well
suited for field use, particularly with motor transport, and produc-
tion of carriages was secured at a comparatively early date. For
this purpose both 5-inch and 6-inch guns were used, and pending
the fabrication of new cannon of modern design, were in a position
to render excellent service. |

Railway mounts.—The following calibers of seacoast guns have been

- taken from the fortifications to be placed on railway mounts—
8-inch, 10-inch, and 12-inch. The railway mount for the 14-inch sea-
coast gun is in the experimental stage. The more important data of
these guns are as follows:

Y
Weight of Len t
Caliber of gun. gun, with- gthof | pange.
gun outcarriage.| &R

: Pounds. Inches. Yards.
BIOR . <o e e ee e e e e e e e e e eanas 32, 200 278 21, 000
10dnch. ..cceeneenniiiricieinaann.. feeeseacecesseanaaenaenaaaaaanan 67,000 367 26, 000
D b 1)« AR 115, 000 442 29, 000
14-inch (D0AE) OF TO18) -- o oo oo e e 140, 000 881| 139,000

1 Estimated.
These guns are mounted on specially designed carriages, which are
in turn mounted on a railway car. The elevation ranges from 36
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degrees in the 10-inch and 12-inch guns to 42 degrees in the 8-inch.
The latter has all-around traverse, the others a traverse of 10 degrees.
which is augmented by the use of a curved track if changes in azi-
muth greater than 10 degrees are demanded.

Howitzers.—Howitzers are distinguished by low-muzzle velocity,
ranging from 1,200 to 1,900 feet per second. Their ranges are ob-
tained by the high angle of the elevation of the gun from the hori-
zontal plane, and their fire is designated as high angle fire.

Various types of howitzers.—The United States 6-inch howitzer,
model of 1908, was not sufficiently powerful, and the 155-mm.
Schneider howitzer was adopted to take its place, as it appeared to
be a better design than the 6-inch British howitzer and also more
desirable from a production standpoint. | '

8-inch howitzers.—A number of 8-inch howitzers, Mark VI, of the
type being manufactured .for the British Government, were ordered
from the Midvale Steel & Ordnance Co., largely because their facili-
ties eould not be utilized at that time in the manufacture of 240-mm.
howitzers. Contracts later were let for the Mark VIII} howitzer,
which is about 1% calibers greater in length than the Mark VI and
has a correspondingly greater range.

9.2-inch howitzer.—The 9.2-inch howitzer is a heavy siege-type mo-
torized howitzer, which has been tested in service and was manu-
factured for the United States Government by one of the large
ordnance companies which had been manufacturing them in America
for the British Government.

240-mm, howitzer.—The 240-mm. howitzer was originally a 9.5-inch
piece. It was designed by Schneider & Co., of France, through the
Midvale Steel & Ordnance Co. It has long range and high power,
and with its motorized transport has been thoroughly tested in
service.

16-inch howitzer mount.—One 16-inch howitzer railway carriage,
mounting a 16-inch howitzer, model E, has been built at the Water- -
town Arsenal. The mount provides an all-around traverse for the
gun, with a maximum range of approximately 23,000 yards. The
length of the gun is 308 inches. The weight of the gun is about
90,000 pounds.

Mortars.—Mortars are distinguished by low-muzzle velocity, rang-
ing from about 480 to 1,500 feet per second. The length of the barrel
is 10 calibers or less, and the range varies from 2,500 to 15,000 yards.
For any given weight of projectile the maximum range is obtained
by using the powder charge which gives the highest muzzle velocity
and setting the elevation at 45 degrees. There is one active caliber
employed in the United States service—the 12-inch which has been
given mobility by being mounted on a special railway mount.
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F16. 3.—12-inch mortar in coast defense emplacement. Mortars of this type were removed and
placed on special railway mounts.

12-inch mortars.—The 12-inch mortar, model 1890, is mounted on a
specially designed carriage, which is in turn mounted on a railway
car. The carriage permits a maximum elevation of the mortar of 65
degrees and an all-around traverse. The maximum range is approx-
imately 15,000 yards. The weight of the gun alone is 29,120 pounds
and the length 141 inches.

Comparative designs.—From the foregoing outline it is apparent
that types of cannon of French and British designs and calibers
have been adopted in the formation of an artillery program by the
United States, and conversely American designs have been submitted
to British and French war commissions for criticism and suggestions.
With the aid of their experience and advice improvements in new
construction were incorporated and the assistance of both our allies
was most valuable.
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American private ordnance plants.—The problems of construction
were even more serious than those of design. There were at the out-
break of the war but two privately owned plants in the United States
that were experienced in the manufacture of cannon forgings. These
‘were the Midvale Steel Co., whose capacity was allotted to the Navy,
and the Bethlehem Steel Co., whose capacity was assigned to the
Army. The Bethlehem Steel Co. had orders from foreign Govern-
ments for war material fully occupying the plant until approxi-
. mately July, 1918. And even had this not been the case, the orders of
the Ordnance Department for 52,000,000 pounds of gun forgings
would fully have occupied the Bethlehem Steel Co. for many months.

New sources developed.—The Ordnance Department, therefore, was
forced to obtain other manufacturing organizations to produce gun
forgings, and to secure necessary facilities in the way of buildings
and equipment for such production.

Typical instance 155-mm. howitzer.—At the outset—to take a single
instance—seven companies without previous experience in this field
received orders for the manufacture of forgings for the 155-mm.
howitzer. The processes involved may be considered typical of the
general development of the various types of ordnance in the United
States. On January 26, 1918, these plants had received an average
of only 34 per cent of the necessary equipment. They were espe-
cially deficient in a supply of forging presses, which are the most
difficult part of this equipment to secure, and which are required for
the first forgmg operatlons and to manufacture a 2,000-ton press
essential in forging requires about nine months.

New ingot molds required.—Gun forgings must be made from a cer-
tain size ingot in order to obtain the required physical strength and
the proper reduction from the ingot to the forging. This involves
the design and casting of a special ingot mold, a process in which
few plants had had previous experience. In January, 1918, one
plant was able to produce 10 sets of forgings for the 155-mm.
howitzer from such ingots, as a result of negotiations started with
this company on June 29, 1917.

Rough machining.—After the forgings are made from the. ingots
they must be rough machined, tested for quality, and heat treated,
all of which are processes involving compliance with exact specxﬁca-
tions. They are then ready for machine work.

Machining.—Special machines are required for machining gun forg-
ings, a process involving accurate work with very small tolerances.
In the 155-mm. howitzer, the barrel is approximately 92 inches long,
and machining the bore, which is over 6 inches in diameter, is accom-
plished to within 8/1000 of 1 inch. Such accurate workmanship
naturally can not be done rapidly.
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F1G. 4—Ordnance machining—Spring counterrecoil cylinder for U. 8. 75-mm. gun, and steel billet
before machining.

New plants.—Inasmuch as the Bethlehem Steel Co. and the Water-

vliet Arsenal were the only experienced sources of supply available
to the Ordnance Department for machining cannon, and as these were
occupied—in the one case with foreign orders and in the other up to a
eapacity which was but one-tenth of the number of guns required—-
facilities had to be provided for new companies who were willing
to undertake the work. For these plants were erected and specially
designed equipment was secured; but on January 26, 1918, these
plants had received but 55 per cent of the equipment which they
had ordered. However once started rapid progress was made, and by
the time of the armistice on November 11, 1172 cannon had been
shop finished for the 155 mm. howitzer.
. Necessary equipment.—To manufacture 155-mm. howitzers at the
rate of 10 per day the following machines were required: For ma-
chining the gun proper, 90 machines; for machining the breech
mechanism, 227 machines; for machining in the tool room, 78 ma-
chines; for the gauge section, 20 machines.

Shrinking on the jacket.—The jacket or outer section of the how-
itzer, after being finished and accurately star-gauged for its entire
length, is heated, placed on a tube turned to the same dimensions
plus a shrinkage of 3/1000 of an inch or more, and allowed to cool,
setting over the tube for the entire length of the jacket.

Parts of 155-mm. howitzer.—A 155-mm. howitzer is composed of 88
parts, of which the major forgings are tube, jacket, breechblock, and
spindle, weighing nearly 38,500 pounds. The tube forging alone
weighs approximately 1,800 pounds. Machining the breech mecha-
nism and the gun proper, together with the assembly work, requires
a total of approximately 1,200 hours.




Fig. 5—Equipment for cooling tubes at shrink pit, Watervliet Arsenal, Bhrinking of 14-inch wire-

wound gun.
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Time required in manufactnre —Two typical instances may be clted
to show the time required for the manufacture of ordnance. In the
fall of 1915, Vickers (Ltd:.), of England, designed a Mark VI,
8-inch breech-loading howitzer, which required eight months in their
highly organized and developed shops, which are among the largest
in the world, and which had been for a year on a war basis. On May
1, 1916, the Midvale Steel & Ordnance Co., of Philadelphia, received
an order from Great Britain for 100 of these identical howitzers.
Ground was purchased, shops built and equipped, and the first how-
itzer was proof fired in nine months and five days. This company
~ also had an experienced engineering staff, and in the execution of
the equipment preparations as well as in the execution of the order
itself, no expense was spared.

A new American plant.—The American Brake Shoe & Foundry Co .
of Erie, Pa., submitted a proposal on June 29, 1917, for a plant for
finish machmmg and for the assembly of the 155-mm. Schneider how-
itzer. This plant was completed and practically fully equipped, and
" had manufactured and shipped two of these howitzers complete with
breech and firing mechanism, but without carriages, sights, and

limbers, seven months and sixteen days after the original order was
given and the plant was regularly receiving forgings and manufac-
‘turing cannon in quantity by June 1, 1918. Orders were given to
other plants, of course, but the above instance is cited as typical.

Construction.—The guns used in modern military service are prin-
cipally of the “built-up ” type, in which a jacket alone, or a jacket
" and several hoops, are shrunk upon a tube which is held from longi-
tudinal slippage by shoulders on the inner member which abut
against corresponding shoulders on the inner surface of the outer
member. When the accuracy life of a gun has been expended, on
account of wear and erosion, the tube is bored out and the entire
gun heated in order to expand the inner bore. A lining tube is in-
serted cold and the cooling of the gun produces a shrinkage pressure
sufficient to hold the liner in place. This liner is rifled and the gun
is then practically as good as new.

Approximate cost and cost of relining.—The approximate cost of cer-
tain types of cannon without carriages and of relining, is as follows:

Estimated
Type. Cost. relining
cost.,
75-mm. gun, model 1916. ... ... ..o i iiiiiiiieieiiieiaiiicacaaaenaaan $3, 800 $1,500
3-inch ant.ialrcmft BUIN. . oaieenccaceataacecacacansacoacaacacconasacs eeeeneans 5,000 2,000
4.7-inch N5 100 ) B e S RPN 7,600 2,300
1B5-T0IM. BOWHIEZOTS. « - e o ovmsevmm o se oo e 7,700 2,600
155-mm. (FiOUX ). . caieie i iaiaiaaereccetareacateacaccanctccanrcacanaanan 13, 000 4,000
210800 T 1105177 g 18,000 5,400
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Relining requirements.—The relining requirements indicated in the
accompanying tables have been figured from information secured
from British and French sources, and while repairs will not be
started immediately upon issuing the cannon, the liners must be
available when needed and the necessary equipment for the relining
must be available at the ordnance base depots in Europe. .

The accompanying figures, derived from British and French
experience as to the percentage of active guns going monthly to the
repair shop, are taken from a memorandum by Lieut. Col. Symon,
of the British artillery mission. These figures include all the repair-
able casualties, but inasmuch as guns sent to the repair shop for
other purposes than relining form an unimportant portion of the
whole, no reduction is made in estimating the requirements for liners.

PERCENTAGE OF ACTIVE GUNS SENT MONTHLY TO REPAIR SHOP BASED ON
“ NOTES ON GUN PROGRAM ”’ BY LIEUT. COL. SYMON, BRITISH ARTILLERY
" MISSION,

[Unofiicial.]
Per cent
Caliber and type of gun., Kind. to repair
shop.
75-mm........ teeecesececsancseacactaceaacactseccnttnsoacntesenncansanssses Unlted States.. 8
18-POUNder...ccccereeicacraceccccacasacccsasasacncsccasnssanscancasanss| BItiBR ccaiian. 8
......... 6.8
75-mm. antiaircraft gun .................................................... Un]ted States.. . 8
3-in('h antiaireraft gUN....ccveeeeeececceacnenecaracencanens SRR PP do......... 18
4.7-inch field gun.... N S do......... 17
680-pounder...... British......... 17.3
4.7-inch antiaircraft gun. .| United States 17
155-mm. fleld gUR . ..ceeiiceiiiieiteecacecncncecenancecacococncccccncosacas|oanes do......... 19
6-inch Brmsh ......... 17 and 512 5
Unlted States.. 7.4
ritish......... 7.4
ch......... 4.5
Unijted States. 8.5
tish...ccceee 8.5
Un Ited States.. ;g
Unlwd States.. 7.5
..... do......... 17
Britlsh ......... 17
ench......... 22.5
Unlted States.. 19
..| Britfsh......... 17and 21
French......... 22.8
Unlted States.. 3230
.............. 230
......... 30
Un!ved States.. 30
tish......... 30
Unlted States.. 9.5
tish......... 9.5
United States.. 19
British......... 17and 21
B L 1 1 N French......... 22,
8-Inch Navy gUN. ..c.ociieiiieeeacencncancececcnsccsanconsccncasanananns United States.. 230
10-Inch NaVY gUD ..o i.oioiiieiiceceeeicicecceecencacascocecocoacsncnscncsos|ecans do......... 230
[R5 T D Britlsh ......... 30
12-Inch NaVY BUN. . eeacnmiranicacctecarcrcaccacesearanacacsncnenancnns United States.. gg

1 Based on 76-mm. field ﬁgn' '
2In absence of Britlsh h and 10-inch guns, these figures are based on 9.2-inch gun.

Nore.—The base to which these percentages are to be applied is the total initial equipment of active
guns at the front.

N
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Accuracy life of United States guns.—The accuracy life of some of t
United States cannon, without relining, follows. The figures belo
based on early estimates, show- only the actual accuracy life, and i
is probable the cannon cduld be fired up to about 50 per cent abov

these figures before relining: .
* Round
75-mm, model 1916 ________________________________ approximately__ 10,
3-inch antiaircraft gun, model 1918________________ do 5,
4.7-inch model 1906 _______________________ do———- 5,
155-mm. (Filloux)______________________________ -do 2,
155-mm, howitzer . ____________________________ _ do 7,
240-mm. howitzer_._______________________________ do 6,
5-inch seacoast gun_._____ do 1,
6-inch seacoast gun_._____________________________ do 1,
8-inch seacoast gun______________________________ ——.do_._
10-inch seacoast gun___________________________ do
12-inch seacoast gun___ . ______________________ do

When more complete data was available the accompanying tabulh-
tion of the estimated life in rounds of different guns with given
muzzle velocities was compiled from estimates made in the spring
of 1918:

2.95-inch mountain gun................... aereereenaas 12, 600
75-mm, fleld gun.................
3-inch antisircraft, heavy... .
3-inch antialrctaft, hghto. e
4.7-Inch fleldgun. ... ..o i
165-mm. ho tzer ................................... .-
155-mm. gun ... .cc.vvnenenieanian
8-1nch howitzer, Mark VI.. .
8inch howitzer, Mark VIi-VIIL..
9.2-Inch howitzer MI...ccovmimimnniniiiiniiiaiiinnaan.
9.2-inch howitzer MII.. .. coooiimimiiiiniiiiiiiiiiaaeafeieineaeaas.
240-mm. howitzer....cocveieiiiiiiiiiiiiaininrnieneadfonenniaa,

D a3 O On = 0

DR N

oo

2.24-inch seacoast gun 200

3-inch seacoast gUN. -....oeeeiiiiii i ,000 |...

4-inch seacoast gun............... 800 ...
700 |...
700
600

4.72-inch seacoast gun
5-inch seacoast gum....... et eeerearaaeeeaeaaas
6-inch seacoast guN........coverurmimiriniiiiininan.. :

8-inch seacoast gUN........ccooeiiiiniiiaa. 410
92-mchseacoutgun...................................
10-1nch seacoast gun..
12-inch seacoast gun
14-inch seacoast gun
16-inch seacoast gun

The above estimates, in some cases, unquestionably are based on
incorrect or insufficient data. The European estimates which ‘are
materially higher than the American are probably more accurate as
they are based on more extended experience.
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MOBILE ARTILLERY.
» SUMMARY.

75-mm. fleld guns.—Three types of 75-mm. field guns are being pro-
vided for the United States Army—the model of 1916 (American),
the model of 1917 (British), and the model of 1897 (French). The
model of 1916 carriage was originally a 3-inch gun carriage with a
split trail.

Model of 1916.—The 75-mm. gun, model of 1916, is the United States
3-inch field piece, model of 1916, redesigned to fire 75-mm. am-
munition, and is illustrated on pages 16 and 38. It is slightly
heavier than the French design, but is provided with a split
trail and a variable recoil mechanism allowing wide traverse and -
high elevation. These advantages warranted the continued manu-
facture of the model of 1916. Using 75-mm. American shrapnel
weighing 15.95 pounds, a muzzle velocity of 1,693 foot-seconds is
secured. The maximum range is 8,900 meters (9,733 yards) with
an elevation of 45 degrees. It is not necessary to depress the trail
of the 75-mm. gun carriage, model of 1916, when firing for maxi-
mum range, since the maximum elevation permitted by the carriage
is sufficient to cover this. .

Model of 1917.—The 75-mm. gun, model of 1917 (British), is bal-
listically similar to the model of 1916, and it is provided with a
spring counterrecoil system. The model of 1917 (British) were or-
dered after the declaration of war in order to expedite production.
The Bethlehem Steel Co. at that time had orders for that type of
guns and carriage for the British Government, and therefore was in
a position to proceed at once with their manufacture under drawings,
specifications, and gauges' already on hand.

75-mm. model of 1897 (French).—The 75-mm. gun, model of 1897
(French), was the principal field gun that had been used by the French
armies and been thoroughly proven in service. It is exception-
ally light weight, allowing a high degree of mobility. By depressing
the trail a range of 9,000 meters (9,842 yards) at 45 degrees eleva-
tion can be obtained. The French gun was available from French
ordnance works, and in addition to orders placed in Europe the
Ordnance Department arranged for the manufacture of this ma-
tériel in the United States. The secret drawings were received in the
United States August 11, 1917, and were straightway studied and
translated. The Puteaux Arsenal Model was definitely adopted on
February 8, 1918, and on February 15, 2,927 carriages were ordered
without recuperators which were the subject of special outside con-
tracts as they formed a difficult and special branch of the work. Con-
tracts for gun forgings were placed with two large machine works
and production was established during the year. '
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TaABLE 2.—Characteristics of United States ﬂeld aﬂiuery—(}armge data.

: 1] 1 '
glx| 8§ g E | 3 g | 4
£ ¥ L83 8 g .k E
o > g 8 8
+ L) -1 -
g3 ‘§ g3 2 3
s i |2
B | S s |z |B & ‘
Feet ' '
per .
75-mm. carriage, 1916: | Lbs. | sec. | Meters Lbs Inches. | Degrees, | ©
ggeﬁl.’?.l. .............. ﬂ.gg 1,742 g,% i 3,029 Spring...... 46-18— 7453 |45
rapnel.............. . , sy D | P S APPUUPNN FOUURL N MU
gun carriage 1917
e (British): .
0 Shell......ccoeveeneen. 11.85/ 1,742| 5,600 1| 2,887 Spring...... 41i— 54186 8
5 m%lrag;:ln:l ......... 1667 15.98( 1,693] 5,900 3| .cceiieiincineniiidiiiiiineideiiiiieeiennenn
('Fren ’
hell.coeeeveenannnn.... 11.85) 1,805 6,400 1l...... | cceveriueincfeirenniioca]iercenenrened]ananan
Shrapnel.............. 15.96| 1,755 7,130 1| 2,657 Hydxgpneu— 47—10+19 8
c.
471nch 1906:
Exa?arﬁa.ge ....... 451 2,050] 8,750/ 1.......|ieeeecencicne]ecnacenncac]ecnaieccaioafenenss
. Bm%ﬁ"""ig’é"'éii' 60( 1,7 7,260 1| '8,068| Spring...... 70(= 515 77780
(Bethlehem): e
Shapaei- ool g vel o] 1 smofEIdgERen L eszg— 5140 o
155-mm. gun carriage, 1918
15g_lf‘llloul!]r);v.i.t ............. 96| 2,410{ 16,000 1| 24,600i..... do......[43-31-70-87{ 0435 80
mm. howitzer carriage
1918 (Schneider).........| 95| 1,470 11,500 1| 7,280.....do...... 63.6] 0+42°20'| 6
Yards
155-mm. howitzer carriage, 90| 1,700} 14,000 1|..ccceefeenannnnncne]enernrceroataiiraerenaneonnnn
1917 (Bethlehem)........ 120{ 1,300, 10,000 1| 8,650 Hydl;qpneu- 66-28/— 54-40 40
matic.
8inch howitzer camafe :
;gﬂ(xngietra,uarkv )..| 200] 1,300, 10,500 1| 19,100|..... do...... 60-24| 0450 |52
owitger carrlage, | -
1918, (Vickers, Mark .
9.2‘.'1nﬁ'i1"v'vi£ié ........... 200{ 1,525 13,000 1| 20,04s|.._.. do...... 52-24) 0+45 |52
nch ho r carriage,
92{{&7 lg‘gcl;ei{s, Mark I).. 2001 1,187} 10,060( 3| 18,240|..... do...... 40-19(4+-15+-50 60
ch howitzer cal .
24(1)?” (Vll‘cl:%rs, M:arl"f'ilage. 200 1,506 12,700 3| 19,040!..... do...... 44-19|4-154-50 60
mm. howitzer
l2llmqh(§fhnetider)c;r'r.ﬁ.g':- 360 1,700{ 17,000, 6| 37,920,.....do...... 491410460 20
-inch howitzer e
model E.................| 700 1,475 15,000 4 53,000.....do...... € 0440 |30

Comparative characteristics.—The United States model of 1916 and
the British types of 75-mm. guns are shorter than the French by
about 6 cahbers, and while early consideration was given to the
question of increasing the length of the model of 1916 type to agree
with the French, this would have required extensive redesign and
entire rebalancing of the tipping parts of the carriage. This does
not mean there was no opportunity for improvement in this excel-
lent piece, for studies were made of an adaptation of the Puteaux
recoil mechanism to the 75-mm. gun carriage, model of 1916, to
eliminate counterrecoil springs and variable recoil. '

Motorization.—At the beginning of the war all 75-mm. guns were
horse drawn, but with the development of motor transport, the neces-
sity for motor hauling under many circumstances became apparent.
It was decided to motorize at least 10 per cent of the guns in the
United States service, and early requirements called for motorizing
5 per cent.
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75-mm. and 3-inch antiaircraft guns.—For antiaircraft firing a spe-
cial type of mount, permitting extreme elevation and facility of
traversing, is required. The first designs in the United States aimed
to adapt the regular 75-mm. French type field guns to improvised
carriages, while the 75-mm., model of 1916, guns were given truck
'~ mounts. The model of 1918, 3-inch antiaircraft, a more powerful
weapon than the other types referred to, is mounted on a trailer
mount and discussed more at length in a subsequent section. This
caliber was made 3 inches (76.2 millimeters) instead of 75-mm., in
view of the fact that the ammunition would be interchangeable with
the 3-inch gun in this country, model of 1898-1902 (15-pounder), and
the projectiles would be interchangeable in the larger chambered
type of antiaircraft gun in the United States service.

4.7-inch antiaircraft gun.—For the 4.7-inch antiaircraft gun, model
of 1918, a caterpillar trailer mount was designed . The gun and car-

riage  weigh about 17,000 pounds, and the caterpillar trailer some
10,000 pounds. The gun has a maximum horizontal range of approx-
imately 16,500 yards and will fire vertically a distance of about
'11,000 yards. Its maximum elevation is 80 degrees and its traverse
360 degrees. ' ,

4.7-inch guns, model of 1906.—The 4.7-inch, model of 1906, is a mo-
- torized, highly mobile field gun, designed to fire shrapnel or shell at
greater ranges than the 75-mm. guns. It is the regular depart-
ment model of 1906 type, but is provided with a 45-pound shell
in place of the old type 60-pound shell, in order to increase the
range. The 45-pound projectile redesigned for use in this gun gives
considerably higher muzzle velocity and longer range than the
model 1905, 60-pound projectile. Using the 60-pound shrapnel, a
muzzle velocity of 1,700 foot-seconds is obtained at which a range of
11,000 yards is secured with an elevation of 26 degrees. With the 45-
pound shell, above referred to, a muzzle velocity of 2,050 foot-seconds
is secured which gives a maximum range of 13,100 yards, with an
elevation of 40 degrees 15 minutes. This ballistic data was obtained
from actual proof-firing made at Aberdeen Proving Ground.

4.7-inch guns, model of 1917.—The 4.7-inch gun, model of 1917 (Beth-
lehem), is ballistically similar to model of 1906, except that the car-
riage is provided with a split trail and a variable recoil mechanism
allowing wide traverse and high elevation. A considerably longer
range than with the model of 1906 gun will be obtained with this
‘weapon without the necessity of burying the trail.

155-mm. gun (Filloux).—The 155-mm. gun (Filloux) is a long
range, high-power, motorized field gun, provided with a split trail
and variable recoil mechanism, allowing wide traverse and high ele-




F16. 7.—4.7-inch field gun, mode of 1906.
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vation. Previous to its adoption it had been thoroughly tested in
service, and from a point of range, mobility, and hitting power it was
the best gun of its caliber known to the Ordnance Department at the
time. This French design was therefore adopted in view of the
fact that the department had no design of this character. It was
chosen in preference to the Schneider Co. type (also a French de-
sign), because it appeared to be more powerful, as well as a more
satisfactory design. '

155-mm. field howitzer.—The 155-mm. howitzer, model of 1918
(Schneider), is an exceptionally light, mobile, motorized howitzer,
which had been employed throughout the war. It is lighter
(weighing with its carriage 7,290 pounds) and has a longer range
(13,100 yards) than any howitzer that had been employed at the
front. This howitzer was adopted to take the place of the United
States 6-inch howitzer, model of 1908, which was not sufficiently
powerful, while the more powerful howitzer being developed by the
Bethlehem Steel Co. was not sufficiently far advanced for orders to
be placed in this country. The 6-inch British howitzer also was
.considered, but the Schneider type appeared to be the better design,
as well as more readily produced with the available facilities.

9.2-inch howitzer.—The 9.2-inch howitzer (Vickers) is a heavy,
siege type, motorized howitzer, which has been thoroughly tested in
- service, and was selected because the Bethlehem Steel Co. in this
country had been manufacturing them for the British Government,
and would continue their manufacture for the United States Govern-
ment. The Mark I type is being manufactured in the United States.
The weight of the carriage and gun is 16,240 pounds for Mark I
howitzer, and 19,040 pounds for Mark II, and the maximum ranges
are 10,060 and 13,123 yards, respectively. As this material was of
British type, it was also possible to place orders for both Mark I and
Mark IT abroad. '

8-inch howitzer.—The 8-inch howitzer (Vickers) is a high-power
motorized howitzer, which has been thoroughly tested in service.
The Mark VI weighs 19,100 pounds in firing position and has
a range of 10,500 yards. It was selected for the United States
because one of the largest ordnance companies in this country (the
Midvale Steel & Ordnance Co.) had been making them for the
- British Government and was prepared to continue their manufacture
for this Government. Therefore, a number of these howitzers were
ordered from the Midvale Steel Co. soon after war was declared, for,
- in addition to the fact that this company was already manufacturing
them, it had additional manufacturing capacity available which
could not be utilized at that time in the manufacture of the 240-mm.
howitzer because designs and specifications for the latter were not
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yet completed. Additional orders for 8-inch howitzers, Mark VI and
Mark VII, complete, were also placed in England, and deliveries
were made comparatively early. Additional orders for Mark VI and
Mark VIII} also were placed with the Midvale Steel & Ordnance Co.

240-mm. howitzer.—The 240-mm. howitzer, model of 1918 (Schnei-
der), is a heavy, long-range, siege type, motorized howitzer, which is
capable of rapid transportation and which has been thoroughly tested
in-service. Howitzer and carriage weigh about 37,920 pounds and
the maximum range is approximately 17,000 yards. From a point of
range, hitting power, and mobility it was considered the best siege
type howitzer of its caliber known to the department. The type was
originally a 280-mm. howitzer, designed by Schneider & Co., of
France, through the Midvale Steel & Ordnance Co., which company
had an order for the manufacture of this type before war was de-
clared. This original order was supplemented by orders to other
manufacturers and to Watertown Arsenal, aggregating about 1,500.

-12-inch howitzer.—The 12-inch howitzer, model E, is an exception-
ally heavy, motorized, mobile how1tzer, des1gned with particular
reference to ease of moblhty

Seacoast guns, mortars, and howitzers on mobile carriages.—The 5-
inch, 6-inch, 8-inch, 10-inch, 12-inch, and 14-inch guns, 12-inch mortar
and 16-inch howitzer are all department designs of seacoast artillery
which are being adapted for use in the field, the 5-inch and 6-inch
on wheel mounts, and the remaining calibers on railway car mounts.
In addition, a number of 6-inch, 7-inch, 8-inch, 10-inch, and 12-inch
naval guns of an obsolescent type were secured by the United States
Navy Department. These various types are discussed in a subse-
quent section.

TABLE 3.—Characteristics of United States seacoasi cannon adapted for fleld use.

§-inch 6-inch 8inch | 10dnch | 12-inch 16-inch
son ] sea-, sea- sea- sea- *nzg;’g:. l‘éiu’;fh how-
| coast coast coast (R R) (R R ) itzer
(wheel). ; (wheel). (R.R.). | (R.R.). | (R.R.). c el L (R.RY).
. [ .
ngth.__"_calibers.. 45.1"° 50 32 35 35 10 40 18

Le!
Weight..... pounds. . 7,583 20, 000 32,200 67,000 | 119,850 29,120 | 145,000 90,180
Powder-chamber ca- !

pacity,cuhicinches. 660 ’ 2,100 3,617 7,120 | 12,183 2,674 | 19,3 | 10,208
Amwmunition,
1-1 type............ Bag. Bag. Bag. Bag. Bag. Bag. Bag. | Bag.
Pow er charge, ; ' 1
............. 16 27 83 160 280 65 440 | © 225
Travel of projectile, | | ,
.............. 195.50 | 257.7 206 276 343 98.92 471.7 | 241.43
Maximum pressure, | -
............. 38,000 | 38,000 38, 000 38,000 38, 000 37,000 38,000 37,000
Muzzle velocity ...... 2,600 2,600 2,600 2,400 2,600 1,500 2,350 1,900
1,950 ! 1,950 1,950 1 800 1 850 | ......... 2,025 |..........
Weight—shell I ,
rounds ............. 52 90 200 510 700 11,200 1,680
Elevation. degrees..| 040,  0-40 0-43 | —3+38 —5+3s 0-65 0-30 20-65.
Maximum range, |
yards..............| *16,400 , *18,200 | *21,000 | *26,246 | *29,000 15,000 | *30,000 | *23,000
Breech mechanism. .. Screw. ' Screw. | Screw.| Screw.| Screw.| Screw.| Screw. Screw.

Firing mechanism....|Friction. jchtion Friction. |Friction. |Friction. | Friction. F‘rict;ion.t Frietion.

. Approximate - 7 -
91485—19——3






II. FIELD ARTILLERY OF THE UNITED STATES ARMY.

THE 37-MM. GUN.

87-mm. gun.—One of the developments of the recent war has been
the 37-mm. gun, which with its various modifications has found wide
application. Originally hand loading, it has been improved so that
now it is issued in automatic and semiautomatic form. It can be
used not only with infantry, on account of its extreme portability,
but it is also especlally adaptable for aircraft and for tanks and
tractors.

Model 1916.—The 37-mm. gun, model 1916, is used with advancing
troops and is for destroying concrete machine gun emplacements and
other centers of resistance. It was developed by Maj. Garnier, of the
French artillery. The barrel has left-hand rifling and is mounted
on a tripod mount of split-trail type with elevating and traversing
mechanism, the recoil being taken up by spades. The gun is divided
for transportation. One portable group, which weighs 106 pounds,
consists of the barrel, breech and recoil mechanism, and is carried by
two men. The second group, weighing 63 pounds, consists of the
tripod mount and is carried by two men. The gun is provided with
telescopic sight for direct fire and a quadrant sight for indirect fire,
which is frequently employed. With the combination tripod mount,
the gun is transported on a wheeled carriage, which is limbered to a -
two-wheeled ammunition cart, drawn by one horse. This cart is
practically identical with the machine gun ammunition carts
of service type. One gun is attached to each platoon, and the
personnel commanded by a lieutenant, consists of a sergeant a cor-
. poral, six gunners, and one driver.

Ballistic properties.—The ballistic properties of the 37-mm. gun are
indicated below:

Muzzle velocity, 1,810 feet per second. .
. Maximum possible range, 2,400 meters.

Maximum effective range, 1,500 meters.

Possible rapidity of fire. 35 shots per minute.

Possible length of recoil, 10 inches.

Usual recoil (approximately), 8 inches.

Plan of manufacture.—The plan of manufacture adopted in the
United States involved separation into groups of parts, and at first
35
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‘orders were placed covering 1,200 each of the required groups and

gauges for assembling. The various groups of parts for the con-
tractors were divided as follows:

Barrel groups. Axle groups.
Breech groups. Ammunition carts.
Recoil groups. : Telescopic sights.
Mount groups.

By May 20, 1918, manufacturers of the various groups were di-
rected to ship their various assembly groups to the Maryland Pressed
Steel Co. for assembly, and 10 units were assembled and shipped to
the Aberdeen Proving Ground, where they were proof fired and their
performance was considered satisfactory. In the meantime, it had
been desired to acquife a number of modified 87-mm. guns for tanks,
and manufacture was started on these in the summer of 1918.

THE 37-MM. SEMIAUTOMATIC MOTOR GUN, MODEL 1918.

Development.—The 37-mm. semiautomatic motor gun of the Ord-
nance Department, originally was developed by the French Govern-
ment. for use in the air service in the latter part of 1917. It was
straightway considered a remarkably successful weapon, and it was
stated that in using it excellent results were obtained by Capts. Guy-
nemer and Nungesser.

Nature.—This motor gun is designed for use in combat planes and
is mounted directly to the crank case of the Liberty or King Bugatti
motors. It is mounted between the two rows of cylinders and is
geared up from the crank shaft. The American gun is almost an
exact copy of the French gun, but it has been modified slightly to
make it adaptable to the two American motors named above, It is
provided with two barrels—one rifled for high explosive and in-
cendiary ammunition, and the other smoothbore for canister. (See
Aircraft armament, page 251.)

Weights and dimensions.—The weights and dimensions of the Amer-
ican gun of 1918 model are as follows

Weight (complete), 105 pounds.

Total length, 71.57 inches. {

Total area across section of bore, 1.7275 square inches.
Length of bore, calibers 45.55:

Diameter over powder chamber, 2.91 inches.

Diameter of muzzle, 2.05 inches.

Capacity, with cartridge case in place, 113.29 cubic inches.
Grooves, 12,

Grooves, width, 0.3223 inches.

Grooves, depth, 0.0157 inches.

Width, lands, 0.0591 inches.

Velocity of rotation at muzzle, 21,808 revolutions per minute.
Twist calibers, 1 in 29.9.
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Operation of the gun.—The semiautomatic feature of the gun con-
sists of an arrangement for opening the breech and ejecting the
cartridge case during the counterrecoil after the gun has been fired.
The breechblock is of the drop-block type, and its opening is effected
by cams suitably mounted on bracket plates and bolted to the crank
case. The recoil is practically identical with the recoil mechanism
of the 37 mm. gun, model 1916, which is of the combination oil and
spring type.

Ammunition.—The semmutomatlc motor gun is provided with am-
munition which gives a muzzle velocity of 400 meters per second to
high-explosive supersensitive fuze incendiary and csnister shell.
This high-explosive supersensitive fuze is of the differential air-
pressure type, and is stated to be very satisfactory. The canister
charge is contained in a light brass case slotted on the side in order
to facilitate the spread after the charge has left the muzzle.

Use of the gun.—The 37-mm. gun is used in connection with a syn-
chronized machine gun, which is also mounted on the airplane. This.
synchronized gun is provided with tracer bullets, and the pilot is
able to determine whether the machine points in the direction of the
target by observing the course of these tracer bullets. When he
finds that the synchronized gun is pointing directly at the enemy
plane, the 1-pounder gun is fired. The first order was put under way
in the early summer of 1918 and was for 100 of these guns which
were ready for proof-firing in October, 1918.

THE 37-MM. FULL AUTOMATIC CANNON MODEL 1918 FOR
.ATRPLANE SERVICE.

The 37-mm. full automatic Puteaux gun was a European develop-
ment of the semiautomatic weapon by the French engineers, and in
the spring of 1918 drawings were received in the United States from
France, and officers who had experience both in France and in the
construction of guns for aircraft use were assigned to the develop-
ment. Two types of guns were evolved from the French model, one
of which was an exact copy of the Puteaux full automatic, while
the other was designed entirely in the United States by the Poole
Engineering and Machine Co., and was known as the 37-mm. Bald-
win full automatic motor gun. Both of these weapons were in the
experimental stage in the early autumn of 1918, and neither had been
adopted as a service weapon, although 100 of the French type were
under order at the time of the s1gn1ng of the armistice, and would
probably have been available for issue in February of 1919 for field
test by the air service.
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75-MM. GUN—UNITED STATES MODEL 1916.

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

Construction.—The -model 1916 gun is arranged with hydrospring
recoil or recuperator, located above and below the gun, which affords
a smooth recoil action. The gun proper consists of a tube and jacket
and a breechblock opened and closed by means of a handle on the
right-hand side of the breech. With the breechlock closed, the
handle is in vertical position, and to open, the handle is pulled to-
ward the back of the gun and the breechblock opens downward.
When the cartridge is pushed home into the breech, the breechblock
is automatically closed, and after firing, pulling down the handle not
only opens the breech, but ejects the cartridge case. This breech-
block.mechanism lends itself to rapid operation and for speed com-
pares favorably with the French model 1897.

Carriage.—The carriage is arranged with a split trail and with a
pintle traverse, which permit a greater depression, elevation, and
traverse than is possible with either the French or the British
model, and as far as this advantage is concerned the American gun
is distinctly superior. With small elevations and small traverse, as
in the French and British models, the pointing of the gun must be
arranged by the position in which the trail is located in the ground
by the shock at the time of firing, but with the American gun a
single setting of the trail and the adjustment of direction and eleva-
tion on the carriage enables a wider angle of fire to be secured than
with the other models.

Recoil mechanism.—The recoil mechanism invnlves one cylinder con-
taining oil, located above the gun, and two cylinders containing
springs, located below. The spring cylinders are attached to the
carriage, and the rods by means of which the springs are compressed
at the time of recoil are attached to the breech-ring forging. The
upper cylinder is also attached to the breechblock forging, and its
piston rod is secured to the carriage. The adjustment of the recoil
and counterrecoil depend upon graduated ports in the oil cylinder,
and the gun is returned to firing position by means of the springs.

Original orders.—Original orders were placed for several thousand
of the United States model 1916 gun, but it was decided later to
change the production at one of the most important plants to the

_ French model, which, while involving a loss of time, facilitated
quantity production for the future. Of 250 guns which had been
completed by July 1, 1918, 51 were taken for use as antiaircraft guns
on auto mounts.
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F16. 10.—3-inch gun caisson, model of 1916, rear view.

Limbers, etc.—Limbers, caissons, caisson limbers, battery wagons,
forge limbers, store wagons, store limbers, two-horse reels, and six-
horse reels and carts are the same for the United States, British, and
French guns. ’

F1a. 11.—3-inch gun caisson, model of 1916, left front view, door open, apron down, fuze setter bracket down.
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THE FRENCH 75-MM. FIELD GUN.

General nature.—The French 75-mm. field gun, adopted for the
service of the United States troops in Europe, dates back to 1897,
when it was perfected by Captains Sainte Claire Deville and Rl-
mailho and adopted for the French Army. This gun consists essen-.
tially of a steel tube 83 calibers in length with rifled bore and rein-
forced on the outside near the breech by a breech hoop. Over the
middle section there is a bronze envelope known as the jacket, which
surrounds the tube. The breech hoop and jacket are joined together
to the interior tube by two hoops known, respectively, as the
outer locking hoop and the inner locking hoop, thus preventing all
sliding with respect to the tube.

Fie. 13.—75-mm. field gun, model of 1897 (French), breech open.

Breech mechanism.—The breech mechanism consists essentially of a
movable screw or breechblock which turns in the breech recess around
an imaginary axis parallel to the axis of the bore of the cannon, but
situated below the bore. The breechblock is provided with threads
which engage in corresponding threads of the breech hoop. In the
unlocked position an opening in the breechblock is directly in front
of the powder chamber, so that the cartridge can be introduced
through the breech. In the locked position, effected by a rotation
~ of 120 degrees, the solid portion of the block is directly in front of

- the chamber and completely closes it. The breechblock is rotated
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by means of a handle fixed on an arm fastened to the rear face of
the breechblock, so that & single movement suffices either to open
or close the breech. After the gun i$ open and the breech closed, it
1s fired by a spring hammer operated with a lanyard, which forcibly
strikes the firing pin. The firing pin is seated in the breechblock,
and only when the breech is in the locked position is it.directly in
line with the primer at the center of the base of the cartridge. This
is one of the mechanical arrangements provided to prevent prema-
ture firing and thus insure safety. Obturation, or.the retention of
the gases generated by the explosion of the propelling charge, ‘is
secured by the expansion of the metal cartrldge case against the
interior wall of the gun When the breech is opened the shoulder

Fi6. 14.—75-mm, field gun, model of 1897 (French), breech closed.

of the empty cartridge case is seized by the extractors and ejected -
from the gun. The recoil of the gun is at the rate of probably 9
meters per second, and the recoil weight is 500 kilograms. The
recoil mechanism of this 75-mm. gun is hydropneumatic and is pro-
rided with a recuperator. The braking action is caused by the
resistance offered to the movement of a piston by the liquid, and the
return of battery is accomplished by the force of compressed air
in the recuperator.

Carriage.—The carriage of the 75-mm. gun has a trail spade to fix
it in the ground and a special brake for the wheels, which has two
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solid metallic shoes fitted with projecting. parts, which engage in the
ground. The 75-mm. carriage is provided with an independent line
of sight. In the modern French 76-mm. field gun, as in the weapons
of most services, the sighting is done almost entirely by indirect
observation based on the observations of an officer or other observer
at a distance.

Shrapnel.—In the French service the projectiles are propelled by g
charge of 720 grams of powder B.S.P.(AM), which is composed of
lamellse; 140 mm. long, 18 mm. broad, and 0.9 mm. in thickness. Th]g
powder:is somewhat translucent, supple, and of hornlike appearance,
burning very slowly in free air, but when confined the pressure of
combustion reaches 2,400 atmospheres on the inside of the gun, and
as no solid residue is left, it is on that account known as smokeless
powder. In order to obtain simultaneous ignition of the elements of
the charge, an’amount of 1 to 2 per cent black powder is added.

The shrapnel discharged from this gun We1ghs 7.2 kilograms and
consists of a cylindrical ogival steel envelope, in which there are 300
balls, weighing 12 grams each, formed of lead, hardened with anti-
mony and mixed with compressed black powder. This shell is trav-
ersed along its axis by a tube, perforated at the bottom, by means of
which flame coming from the fuze in front is transmitted to the base
of the charge. When the explosion of the charge is thus brought
about, the ogive or head is 2asily forced off, and the bottom of the
shell acts like a small cannon, shooting out the interior shot. For
American Ammunition, see Table 15, Artillery- Ammunition, on page
138, and also Table 16, Projectiles, facmg page 138, as well as the
accompanying text on Artlllery Ammunition.

French and German field guns.—A comparison of the two field guns
most prominently used on the battle fields of Europe, namely, the
French 75 and the German 77, is given in the accompanying table and
also further on, on page 130 in the chapter on European Artillery
where other types cf foreign guns and howitzers are discussed.

. French. German.
[02:1 11 ) S IUPR ISR [ £, 1 | <SRRI 77-mm,
b I T-( 4 DR 2 47 m.: 33cal..... 2.1 m.: 27.3 cal.
Weight of projectile. ..oeeeeeenenieiiinininiiiiiiiiaiiia el 72kg,53kg .| 6.85 kg.
Initial velocity of projectile..... ... coeeoioiiiaiaaa.... eeee 520 M. ..cee.an.. 465 m.
Velocity at 1,000 Meters. ...ooeeeeeeeeeeneceeeeeereeeeerennnnnnes 413m....eoco..... 369 m.
Velocity at 3, Y000 TELOTS - - oo oo o vmemnnsn e 200m...coce...... 279 m.
]I;umber and fweiglg:r(éf :lzl{apn:l b&ll;. 3 ght) ..................... 3000f12¢gr........ 300 of 10 gr.
zone for a et (1 meter e
anﬁerl ELLLR 11 7 R SRR 4dm.. . ..a........ 31 m.

At 3, 1000 MIBLOTS. -0 nnonosooe e feecienee- 76m...ceeo...... 8.5 m.
Weight of gun and [:1 ¢y LT TN LIO0Kkg..c........ 950 ki.
Weight of lmber. ....eeennn e iviiecieeceaaen 1900kg........... 1,800 kg.
Weight of caisson loaded.....cceouneeniiiiininnnniiiiiiii 1,950kg. .......... 1,850 ke.
Maximum number of shots per minute........cccoveveiunennnn.. - RS 2.
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75-MM. FIELD. GUN, MODEL 1917, BRITISH. e

General characteristics.—This gun is built up of alloy steel, consist-
ing of a tube, a series of layers of steel wire, jacket, and breech ring.
The tube extends from the rear end of the chamber to the muzzle, and
over the rear portion are wound 15 layers of 0.04 by 0.25 inch steel
wire. The jacket is fitted over the exterior of the wire and the tube,
and is secured longitudinally by shoulders. The breech ring is
screwed on the jacket at the rear and secured by a set screw. The
breech ring on its upper side has a lug for the attachment of the
hydraulic buffer. The longitudinal projections on each side of the
jacket form guides for the gun when in the cradle of the carriage.

L

F16. 15.—75-mm. field gun, model 1917, British.

Weights and dimensions.—The principal weights and dimensions of
the British 75-mm. field gun are as follows:

Weight . ___ 1,010 pounds | Rifling:

Caliber—_______________ 2.95 inches Number of grooves_.__.______ 24

Total length___________ 88.21 inches Width of grooves_. .0. 2874 inches

Length of bore_.______ 83. 915 inches Depth of grooves__ 0.02 inches

Length of rifled portion ‘Width of lands.._. 0.0992 inches
of bore. _— 72.72 inches

Twist, right hand, zero turns at origin to one turn in 75 inches (25.4 calibers)
at 9.72 inches from muzzle, thence uniform.
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Breech mechanism.—The breechblock is of the interrupted screw

type, tapering toward the rear with two threaded and two blank
sectors, 1n the rear of Whlch is.a cyhndncal section, larger in diame-

ter, on which is a thread for securing the block to the carrier. The
breech recess of the gun is threaded and slotted to correspond with
the threads on the block. '

The block carrier is hinged on the right of the breech recess by the
carrier hinge bolt and is bored out and threaded to receive the block
as already mentioned. Hinged to the rear face of the carrier is the -
hand lever, provided with bevel teeth which engage with correspond-
ing teeth on the rear face of the breechblock so arranged that when
the lever is pulled to the right the first movement of the lever unlocks
the breechblock and the block and carrier are swung into the load-
ing position. The hand lever is retained in the closed position by
means of a catch with a flat spring, pivoted in the lever, one end of
which engages in a recess in the lower lug on the rear face of the car-
rier. :

The firing mechanism is of the continuous pull type so arranged
that a gun can not be fired before the breechblock is home and the
hand lever locked. It consists of a striker with ﬁrmg pin, rebound
block and secumng pin, firing spring, guide for spring and tripping
pieces, and is fitted to the center of the breechblock.

The extractor is of steel' and is hinged to the right side of the
gun, and on the inner end are two arms which clip the rim on the
cartridge, while its outer end forms a lug by means of which the ex-
tractor is automatically actuated in opening the breech.

Action of the breech mechanism.—The breech is opened by grasping
the hand lever and at -the same time compressing the hand-lever
retaining cap. This releases the catch from the recess on the carrier
The hand lever is then rotated to the rear.

During the first part of this movement (120 degrees) the block
is rotated and its threads disengaged from those of the gun, at
which time the retaining catch in the carrier will drop into its
notch in the block at the moment of swinging the carrier from the
gun. The block is now locked against further rotation in either
direction. During a further rotation of the hand lever of about
110 degrees the block and carrier swing about the carrier hinge
bolt clear of the breech recess; the pallet on the carrier forces the
extractor lever inward, unseating; the cartridge case before the end
‘of the 110 degree movement, and: finally ejects the case free of the
gun.. When another round is inserted the rim of the cartridge case
comes in contact with the extractor and forces it partly home. In
closing the mechanism the movements are simply reverse of open-
ing; as the block carrier comes in contact with the breech face of the
gun, the retaining catch is forced rearward, unlocking the block
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from the carrier. Further rotation of the operating lever rotates

the breechblock, causing its threads to engage those of the gun.
This engagement of threads moves the block forward, due to the

pitch of the threads, and firmly seats the cartridge in the gun. At
the final motion of the hand lever its catch engages in the recess
in the left face of the lower hand lever hmge bolt lug, locking the
block in the closed position.

Action of the firing mechanism.—The trigger is actuated by a direct
pull on the firing gear of the carriage, thus partially revolving the
firing lever, by means of which the striker is forced to the rear, and
the guide for the spring to the front. The main spring is thus com-
pressed until the projecting toe on the inner end of the firing lever
slips past the front end of tripping piece, in striker guide block,
when the striker is free to go forward with momentum, due to the
energy stored up in the compressed main spring, and detonates the
percussion primer of the cartridge.

Source .of supply.—On May 21, 1917, 268 of the British field guns
were ordered from the Bethlehem Steel Co., chambered to 3-inch
caliber for the regular U. S. field gun ammunition, in place of the
3.3-inch of the British service. On June 29 these orders were changed
so that all the American field guns would use the same 75 mm, am-
munition. The first delivery was made in March, 1918, and the origi-
nal order for 268 was increased to 700 in May. By July, 180 had
been finished, proof-fired, and distributed to the various proving
grounds and training camps, and then guns were shipped abroad as
fast as available. Additional orders were placed, so that, at the time
of signing the armistice there were 2,868 75 mm. guns Model 1917,
British, on order, and of these 822 had been completed to Decem-
ber, 1918, |

' 75-MM. AIRCRAFT GUN AND MOUNT.

General nature.—A 75-mm. aircraft gun has been designed as an ex-
perimental model with the intention of using it for bombardment
purposes. This gun was sent to the Aberdeen Proving Grounds
for test late in the summer of 1918, and embodies a number of novel
features. It consists of a 2.95-inch mountain gun and mount,
equipped with the recoil springs and buffer, and is designed to hang
normally downward through the floor of the fusilage of an airplane.

Ballistic data.—This gun w111 give about 600 foot seconds velocity
with a 124-pound prOJectlle, with a reaction of approximately 1,500
pounds on the trunnions. The mount and gun will weigh about 1,150
pounds, and can be traversed about 45 degrees from the vertlcal
fore and aft, and 10 degrees from the vertical sideways.

Operation. —The gun is operated by means of two handwheels about
4 feet from the rear of the gun. An open sight is attached by means
of links to the gun, and is also operated by means of the same hand-
wheels. -
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47-INCH FIELD GUN.

Models used.—Two types of 4.7-inch guns are used in the United
States service, as follows—4.7-inch field -gun, model of 1906, and
4.7-inich antiaircraft trailer mount gun, model of 1918.

.4.'?:inch field gun, model 1906.—The field gun, model 1906, is manu-
factured in the United States and on a war footing is motorized.
The important parts of the gun and equipment include the carriage,
the gun itself, the tractor, motor truck for ammunition, sights, two-
wheeled limber, caisson, fire control, tools, and accessories.

F16. 16.—4.7-inch field gun, model of 1906.

Gun carriage, model 1906.—The gun carriage is the type known as a
long recoil, in which the gun is permitted to recoil on the carriage to
render the latter stationary under firing stresses. The recoil con-
sists of a hydraulic cylinder filled with oil, placed parallel to the
gun, and attached to the cradle on the carriage. The recoil cylinder
controls the backward travel of the gun upon discharge and springs
return the piece to the original firing position. The carriage may be
considered as composed of the following principal parts—wheels, axle,
the cradle (for housing and supporting the recoil mechanism and the
gun), the trail, a heavy steel beam extending from the axle approxi-
mately 9 feet to the rear, equipped with a spade at the end, the trav-
ersing mechanism, operated by hand, to move the gun horizontally
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to the right or left as required; the elevating mechanism, operated
by hand, controls the necessary elevation of the gun.

Limber.—The limber, a two-wheeled vehicle, to which the trail of
the carriage is fastened to form a four-wheeled complete carriage
€or the gun when traveling consists only of a pair of wheels and axle,
the top carriage pivoting on the axle to make the fifth wheel and a -
connecting pole. Attachments are provided for carrying certain
small implements.

Caisson.—The caisson is built primarily to carry ammunition and is
provided with an ammunition chest of sufficient size to carry either
shrapnel or high explosive steel shell. It is also equipped with
fixtures for holding picks, shovels, and other tools on the outside
of the ammunition chest. By removing the connecting pole and add-
ing double and single trees, this vehicle may be transformed into a
caisson limber suitable for horse traction.

Motorized 4.7-inch battery.—One battery consists of four guns. One
regiment consists of six batteries or 24 guns. A motorized 4.7-inch
artillery regiment is equipped with 24 guns, 64 tractors, four 23-ton
tractors, and sixty 5-ton tractors, distributed as follows:

. (a) One 23-ton tractor on headquarter’s reel and cart.
(b) Three 23-ton tractors on battery reels.
(¢) Twenty-four §-ton tractors on 24 guns.
(@) Thirty-six 5-ton tractors on 72 caissons, each tractor pulling 2

calssons.
(¢) One hundred ammunition trucks, individual motor driven.

No caisson limbers are used in motorized batteries as the caisson
limber is replaced by a second caisson. On good roads it is considered
that one 5-ton tractor can pull a complete gun section.

Ammunition.—Fixed ammunition is used in the 4.7-inch field gun,
made up either with shrapnel or high-explosive common steel shell.

Range of model 1906.—The maximum elevation of the 4.7-inch field
gun, model of 1906, carriage, without digging trail in, is 15 degrees.

Elevation, 15 degrees.

Projectile. Range (meters).
60-pound shrapnel - _______ o 7, 600
45-pound shell, short fuze_ . _________ e e e e m 8, 250
45-pound shell, long fuze . ___ . ___ 8,100

Greater elevations.—The quadrant attached to the carriage is gradu-
ated to 25 degrees, and this elevation can be obtained by digging in
the trail. '

Elevation, 25 degrees.

i Projectile. Range (meters).
60-pound shrapnel ________________ e 9, 900
45-pound shell, short fuze ______________________ 10, 200
45-pound shell, long fuze ____ ________ e 10, 050

91485—19—+4
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The above ranges are taken from the provisional range table for
the 4.7-inch gun, model 1906, dated April 22, 1918.

Maximum elevation.—By sinking the trail and using a hand quad-
rant the maximum possible range at an elevation of 41 degrees is
obtained. '

Elevation, 41 degrees.

Projectile. ' ‘ Range (meters).
60-pound shrapnel ____ . __ . ____ _ _____ e 11, 600
45-pound shell, short fuze - ________ . __________ __ o ____ 12, 000
45-pound shell, long fuze.._____________________________ S 11,800

These ranges at 41 degrees elevation are calculated ranges and are
approximate only. ‘ _

4.7-inch antiaircraft trailer mount gun model 1918.—This gun is de-
signed for antiaircraft work and is hauled by tractors of caterpillar
type. The gun and equipment consist of trucks for ammunition, fire
control, sights, carriages, tools, and accessories. This gun is in the
experimental stage. Tt has a range of 11,000 yards at an elevation
of 80 degrees; muzzle velocity, 2,400 feet per second.

Source of matériel.—The 4.7-inch field gun isexclusively an American
production, and at the beginning of the war there were 64 pieces of
this caliber on hand, of which two belonged to the Navy and two to
the United States Marine Corps. Of the balance, the greater num-
ber was shipped to France, the few remaining being distributed be-
tween the different proving grounds, while the manufacture of the
new guns was being undertaken on a large scale by a number of
manufacturers.

155-MM. GUN, MODEL 1918 (FILLOUX).

General nature.—The 155-mm. model of 1918 MI (Filloux) is built of
a tube strengthened by the following jacket and hoops: Beginning at
the breech end, the breech ring, the jacket, the hoop “A,” hoop “B,” -
the clip hoop 'set on the hoop “B.” The jacket, hoop “A,” and,
the clip hoop have on each side a projection fitted with bronze
clips which are engaged in the corresponding guides of the
cradle when the gun is either at rest or in recoil. The counterbalance
bracket is attached to the jacket. The breech ring is screwed cold on
the jacket and fixed by a screw. The breechblock is of the inter-
rupted screw type. The block carries with its operating lever hinge
pin and rack, the obturating mechanism, the firing mechanism, and
the counterbalance. The firing mechanism block is interchangeable
with that used on the 155-mm. howitzer, model of 1918 (Schneider),
the 155-mm. howitzer, model of 1917 (Bethlehem), the 8-inch how-
itzer, model of 1917 (Vickers, Mark VI), the 240-mm. howitzer,
model of 1918 (Schneider).
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Important data.—The weights, dJmensmns, etc., of this gun are as
follows:

Material _— e Alloy steel.
Weight, including breech mechanism____________________________ 8,795 pounds.
" Length (muzzle to rear face of breech ring) _— ---282.87 inches.
Caliber -— 155 millimeters (6.1024 inches).
Chamber : ,
Diameter. e~ — 6.6929 inches.
Length to base of projectile__________________ 87.0885 inches.
Capacity —— — 1,842 cubic inches.
Rifling: .
Number of grooves ---48
Twist of rifling right hand, uniform one turn in 29.89 calibers,
inclination _— - 6 degrees.
Travel of projectile_____: —_ : 185 inches.

Firing mechanism ____________________ ______ . Percussion.
‘ 155-MM. HOWITZER.

Schneider model used.—As the 6-inch United States howitzer, model
of 1908, was not sufficiently powerful to meet the conditions of mod-
ern war, the 155-mm. (Schneider), model of 1918, was adopted. This
is*an exceptionally light, mobile, motorized howitzer, thoroughly
tested throughout the war and having a longer range than any other
howitzer of approximately this caliber that had been used during the
conflict. The howitzer and its equipment are of French design and
were built in the United States from copies of the French drawings.

Bethlehem type.—A powerful howitzer of 6-inch caliber developed

for the United States Army by the Bethlehem Steel Co. had not
reached a stage at which it was possible for orders for prompt de-
livery to be placed in the United States. This Bethlehem type was,
however, placed under construction previous to the outbreak of the
war, and the pilot piece was completed early in 1917. The Bethle-
hem howitzer is mounted on a carriage almost identical in design
with that of the 4.7-inch gun carriage, model of 1917 (Bethlehem),
having the same traverse of 40 degrees and elevation to 40 degrees.
The counterrecoil system is hydropneumatic. It was expected,that
‘an increased velocity would be obtained over that of the Schneider,
namely, 1,600 feet per second, with a 95-pound shell. The breech
" mechanism is identical with that of the United States type of 155-mm.
(Schneider). The original order called for 55 of these 6-inch how-
- itzers which were designed to use a 6-inch brass cartridge case, but
it was later decided to bore them for 155-mm. ammunition, using
separate loading with powder bags. No further orders were placed
for howitzers of this type.

General description.—The 155-mm. (Schneider) how1tzer, model of
1917, differs from the model of 1915 howitzer in that it employs
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separate loading instead of the fixed ammunition used by the earlier
model. The 155-mm. howitzer and carriage, model of 1918 (Schnei-
der), manufactured in the United States, the dimensions and other
constants of which are given in the table of the United States Army
cannon, is practically identical with the 155-mm. Schneider howitzer,
model of 1917. The principal difference is in the wheels, which are
rubber-tired on the American carriages, and in the firing mechanism.
- Carriage.—The 155-mm. Schneider howitzer is mounted on a car-
riage having a trail composed of two pressed steel flasks. At the
front end these flasks are connected by the axle housing and at the
rear end by a fixed spade. The trail terminates in a float to prevent
the rear end from sinking into soft ground, and also carries a mov-
able spade, which may be set at two different angles during the firing
and which may be folded up when traveling.

Recoil.—The recoil mechanism or recuperator is of the hydropneu-
matic type, and consists of a sleigh containing the interior parts

which make up the complete mechanism. The sleigh recoils with the
howitzer, and has two longitudinal cylinders through the lower half
and two air chambers in the upper forward portion. The recoil
cylinder slides over a piston which has a central annular orifice,
which in turn slides over a tapered throttling bar. In recoiling the
liquid contained in the cylinder is forced from one side of this piston
to the other through this variable orifice, which gradually closes,
until the howitzer is brought to a stop at the end of the movement.
- The counterrecoil cylinder slides over a packed piston, which forces
the liquid beyond it up into the air chambers which are under pres-
sure. This stores up energy to bring the gun back to the firing posi-
tion. . :

Traversing and elevating.—This howitzer can be traversed through
a total angle of 6 degrees, 3 degrees each side of the center line. This
is accomplished by sliding along the axle, and is known as the axle
traverse type of carriage. The traversing mechanism consists of a
train of bevel gears, actuating a screw which carries a nut attached
to the axle. Operating this mechanism slides the carriage back and
forth on the axle. The Schneider howitzer is capable of a maximum -
elevation of 423 degrees. The elevating mechanism is of the
“ Hindley worm type ” and elevates the cradle by means of segmental
racks attached thereto.

Accessories.—This howitzer is entirely motorized both as regards the
carriage and the necessary accessories. The full equipment for a
battery is as follows:

Four carriages.

Four carriage limbers.

Ten 5-ton tractors.

Fourteen ammunition trucks, for transportation of ammunition and
cannoneers. '
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- One artillery supply truck.
One tractor with 6-horse reel and cart.
Two antiaitcraft machine guns.
Three motor cars. .
One reconnaissance motor car.
Twelve motorcycles with side .cars.

Sources of supply.—Orders for the 155-mm. howitzer early were
placed both in the United States and .in France, and in the latter
country there have been numerous deliveries of the Schneider type
to the American Expeditionary Forces. In the United States, once
the decision was made to adopt this howitzer, steps were immediately
taken for extensive production. This required the construction and
equipment of numerous factories for work which had not existed
previous to the war, and which required special tools and machinery
equipment for constructing both howitzers and accessories.

American manufacturers.—In July, 1918, there were 11 concerns en-
gaged in the manufacture of 155-mm. Schneider artillery, including

the howitzers themselves, carriages, caissons, and limbers. - These
companies were as follows:

Bethlebem SteelCo._____________________________. Forgings for howitzers.
Standard Steel Works Co._.______________________ Forgings for howitzers.
Standard Forgings Co.___ . _________ ____________ Forgings for howitzers.
American Brake Shoe & Foundry Co._ . Machining howitzers.
Mesta MachineCo,____._______ - ____ _________. Forgings for recuperators.
Watertown Arsenal ______________________________ Forgings for recuperators.
Dodge Bros... .. _ . _ Machining recuperators.
Mosler SafeCo.—________________________________ Howitzer carriages.

Osgood Bradley CarCo._ . __- . __________________. Howitzer carriages.
Maxwell Motor Co . _ . Howitzer limbers.

Ford Motor COwmme e Howitzer caissons.

Comparison of Types—The following summary shows the charac-
teristics of four types of 6-inch and 155-mm. (6.1024-inch) howitzers:

Schneider 155-
q&%ﬁsﬁtﬁ: Vickers 6-inch | mm. howitzer gﬁh{:&é&é—
M’ iage, model howinf:geg car- camage, model carringe, model
1908 ark I, (U S 1918 ) 1917.
‘W eight ot carriage in firing position, 8,800
eight o. carriage with limber in trav-
eling position................ pounds. 10,100.
Welght of projectile.............. do.... .| 95.
RANZe. .o e iecaiaaaaaanan. ards. . 10 936.
Muz.le velocity....... feet per second.. 600
Elevation.....ccooooaeoaen.. degrees...| 5 'to 40.
Total traverse.........cceueeuen.. do.... 8 40,
Type of recoil mechanism.............. . Variable length Variable length Variable length| Variablelength.
Type of counterrecoil mechanism....... . Springs . Hydropneu- | Hydropneu- | Hydropneu-
matic. matic. matic.
Initial pressure in counterrecoil system, |.......c.c....... 800..cccaune-.. 40...c.c.o.... 450,
pounds per square inch.
Type of breech obturation.............. Powder case...| Plastic pad....| Plastic pad....| Plastie pad.
Typeofspade.....cocoivecacinncanans Folding....... Fixed......... Foldlng ....... Driven.
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8- INCH HOWITZER.

Types used.—The 8-inch howitzer which was manufactured for
the American Expeditionary Forces both in the United States and
in England by the British Government, was made in several
types. The Mark VI has a lower muzzle velocity and con-
sequently a shorter range than the Mark VII." It is of built-up con-
struction in contrast with the Mark VII, which has a barrel of wire-
wound. construction. The Mark VII in turn has been superseded
by a Mark VIII{, as it was found necessary to increase the thickness
of the pow der chamber walls of the former model, they having
cracked in proof firing. The walls of the Mark VI type are of satis-
factory thickness.

Distribution.—Due to the fact that the Mark VIII} howitzer has a
greater muzzle velocity and consequently a greater maximum range
than the Mark VI by some 15 to 20 per cent, the Mark VIII} is the
preferred type. However, since it was decided that the manufactur-
ing resources of Great Britain would be used in conjunction with
those of the United States in the manufacture of these howitzers, it
was agreed that the. American and British armies would share and
share alike with respect to the production of each mark, and that
each Army would be armed with the long and the short range types
in the same relative proportions.

Supply from England.—At the beginning of the year 1918, the Amer-
ican and British Armies in France were each armed with Mark VI
and Mark VII 8-inch howitzers in the proportion of three Mark
VI and one Mark VII, these howitzers being furnished from Eng-
land. This supply contmued to the American Army through the
first half of the year.

In the United States a number of these howitzers were or-
dered from the Midvale Steel Co. (see frontispiece), and® the latter
type ‘was adopted, with the contractor being permitted the option
of supplying either wire-wound or built-up construction, with the
understanding that the United States Government might request at
any time the exclusive adoption of either type.

Necessary accessories.—Special auxiliary equipment items included
in one 8-inch howitzer battery are as follows:

Four 8-inch howitzers, model of 1917 (Vickers, Mark VI).

Four 8-inch howitzer carriages, model of 1917 (Vickers, Mark VI), complete,
“with sight gear, panoramic sight, dial sight, and range quadrant.

Fqur 8-inch howitzer carniage limbers, model of 1917.

Four 8-inch howitzer firing platforms, model of 1917,

Four 120-horsepower tractors (20-ton).

Twelve ammunition-carrying trucks.’
Eight 3-tqn trucks (personnel).



F1a. 22.—8-inch British howitzer.
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Two supply trucks. .

Two tool trucks (ammunition type).
+ One artillery repair truck.

One artillery supply truck.

Ohe tank truck (gasoline).

Three 5-passenger automobiles.

"Pwelve motorcycles, with side car.

One kitchen, rolling trafl.

One reconnaissance car.

One 6-horse reel and cart.

One telephone truck.

Table of weights, dimensions, etc., of 8-inch howitzer, model of 1917

61

(Vickers,
Mark VI).
Weight (including breech mechanism)___________________ pounds.__ 6, 552
Caliber — . ___ inches__ 8
Total length_ o ________ _— do 127.6
Lengthofbore __._________________ do—___ 17.7
Length of rifle portion of bore______ s [ S 102. 11
Number of grooves_.____.. e _ 48
Width of groove_._____ - inch__ . 349
Depth of groove._._ - — _— do .08
‘width of lands_________________________ do_.__ . 1745
Twist, in calibers, uniform 1 in 15, right hand.
Powder chamber:
Diameter__ e inches__ 8.5
Length ______ _________________ : do 12. 74
Capacity_.-___ e e cubic inches__ 750
Total capacity of bore__.___ : do____ 6,130
Weight of projectile_________ —— pounds.__ 200
Obturation .. _________ : — _— _— Pad.
Firing mechanism.__ e e o e e e et e e e e e Percussion.

Principal ballistic characteristics of Mark VI and Mark VII howitzers.

Mark VI Mark VIL.
Weight of pPowder Charge . oceeeeuieieenaniiein i iiiiccicnaennan, 1101bs., 12 0z8. | 116 pounds
Powder charge (number of increments)....ceceecireeeccacacanannn q [}
Maximum muzzle velocity (feet per second) : 1,300 1,525
Maximum range (Fards)..ceeecceecececserrcrencenenioncrasancnescucenseaces 10, 500 12,100

1Approximately.
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F1G. 23.—Vickers 9.2-inch howitzer, Mark 1.

VICKERS 9.2-INCH HOWITZER, MARK 1.

General nature.—This howitzer consists of a tube, muzzle stop ring,
a series of layers of steel wire, jacket, breech bushing, and breech
ring. Over the exterior of the tube is wound a series of layers of
steel wire extending from the breech end to the stop ring, which is
shrunk over the tube at the muzzle. Over the exterior of the tube,
wire, and muzzle stop ring is shrunk the jacket, secured longitudi-
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nally by the breech bushing, which is screwed into the rear end of
the jacket. The bushing is also prepared for the reception of the
breechblock. The breech ring is screwed and shrunk over the jacket
at the rear. o '

Characteristics.—The breech mechanism is so arranged that by par-
tially revolving the operating lever the breechblock is unlocked and
~the block with the gas-check pads and disks withdrawn from the
seating in the chamber. The breech mechanism can then be swung
into the loading position by means of a handle on the rear face of
the breechblock. The breech is closed by a parallel screw having
five portions of the screw thread removed longitudinally, each one-
tenth of the circumference. The main characteristics of the Vickers
9.2-inch howitzer, Mark I are indicated in the accompanying table,
giving the more important dimensions and the weight of the guns.
The differences between the Mark I and Mark II howitzers will
appear on reference to the table on the following page.

Material - _______________ o ____ Nickel steel (wire construction).
Weight of gun with breech mechanism________ 6,810 pounds.
TLength, total . ____.__________________________ 133.5 inches.
Bore:
CaMber___________ ¥ . 9.2 inches.
Length_____________ ___ e __. 121.5 inches.
Chamber :
Diameter— . __ 9.8 inches.
Length to base of projectile______________ 8.1 inches.
Capacity . . 660 cubic inches.
Rifling :
System._ ___ Polygroove, plain section.
Length (approximate)___________.________ 110 inches.
Twiste oo Uniform. 1 turn in 15 calibers.
Number of grooves_____ . ___________ 56

Friction T-tube.
French type percussion.

VICKERS 9.2-INCH HOWITZER, MARK II.

General nature.—The Vickers 9.2-inch howitzer Mark II consists of
an “ A ” tube, a “B” tube, a muzzle stop ring, a series of layers of
steel wire, jacket, breech bushing, and breech ring. Over the exterior
of the tube are wound a series of layers of steel wire extending from
the breech end to the muzzle stop ring, which is shrunk over the
“ A” tube at the muzzle. Over the exterior of the muzzle stop ring,
wire, and tubes is shrunk the jacket, and the breech bushing is
screwed into the rear end of the jacket. Owing to its greater length
the Mark II howitzer has greater muzzle velocity and range than the
Mark 1.
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Characteristios.—The breech mechanism consists of a parallel screw
of the Welin type with corresponding interruptions in the breech
bushing to enable the breech block to be locked in place. The main
features of this howitzer are indicated in the accompanying table:

Materlal ______________________________________ Steel (wire construction).
Weight, average —_—— ----9,576 pounds.
Length, total (approximate)_____..__ ___________ 170% inches.
Bore:
Callbber—— 9.2 inches.
Length _ _________ . 159.16 inches—17.8 calibers.
Capactty o 11,085 cubic inches.
Chamber: :
Diameter. —_— e e 9.8 inches.
Length to base of projectile 34.035 inches.
Capaclty o 2,600 cubic inches.
Rifling :
System.__________ . Polygroove, plain section.
length . ______ __ _____________ e 121} inches.
Twist e e L Uniform 1 turn in 25 calibers.
Number of grooves._.__ . _________________ _56.
: Friction, T-tube.
Firing mechanism..— oo {French type percussion,
VEHICLES USED BY HOWITZER UMTS. .
How- How-
How- | How- | How- | itzer | How- | How- | itzer |Limber

itzer | itZer itzer | car- | itzer | itzer [topcar-| for

car. car- lat- | riage | trans- | oradle

- ; riage orm | trans- | port | {rans- | trans- | port

880 llimber.| wagon.| port |wagon.| port | port |wagon.
. wagon.

8-INCH HOWITZER MATERIEL.

Basic assumpti
itial equipment per Army...... 288
Field reserve (spare)............. None.
%i’,%“‘““”m'r:';fes";.'ﬁ """ el %
e req Te) months..
Maximum in repair 'p ......... 20
Reservein France............... : 1
Reserve at United States ports.. l 9
9.2-INCH HOWITZER MATERIEL.
Basic assumptions:
Initial equipment per Army..... 288
Field reserve (Spare).....c....... None.
%)tal net loss.i ............. e 5.2
me uired to I‘Bplll' mon
Maﬁ;l?xqm in repair shop......... 19
Reserve in France.......coeu.-... 14

Reserve in United States ports... 6
240-MM, HOWITZER MATERIEL.

Basic assumptions: | |
Initial equipment per Army...... 288 |........ 28 I........ ! 288 288 288 | 1,152
Field remrve (SPBre)..c.cceccnn-. None. |........ | Nome. "........ None. | None. | Noné. | None.
Total net 1088....ccccceevecuenn.. 52 i........ 30 ........ 30 30 30 156
Time requ!red to repair, months. . 4 ean... 4 ..., 4 4 4 3
Maximum in repair shop........ 4 1........ I 28 120000000 26 26 26 102
- Reserve in France............... 30 '........ 17 ....... 17 17 17 92

Reserve in United States ports. . 13 ........ ! T eeeeeens 7 7 7 38

No'n: —The initial lssue per guper 8-inch and 9.2-inch howitzer vehiclea is listed as if the Army were
equipped with either caliber only, but the balance of figures are actual requirements.
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240-MM. HOWITZER.

Types used.—The 240-mm. howitzer, or the Schneider model of
1918, was redesigned in the United States from the Schneider
280-mm. howitzer of French design. In 1918 the American Army was
not equipped with this howitzer, but as the type seemed most desir-
able, it was planned to use it as soon as possible for replacing the 8-
inch and 9.2-inch howitzers, with which our troops were being
equipped and which could be supplied much more readily and ex-
peditiously.

Source of supply.—In January, 1918, orders placed for 240-mm. how-
itzers with the Bethlehem Steel Co. and with the Midvale Steel Co.
were canceled. These corporations were ordered to work to their
full capacity on 8-inch and 9.2-inch howitzers, for the manufacture
of which they were already equipped with tools and machinery. The
Bethlehem Steel Co., however, was allowed to retain an order for
one complete unit of 240-mm. howitzers, the design of which was
made by the engineers of that corporation.

Orders at Watervliet Arsenal.—On November 20, 1917, an order was
placed with the Watervliet Arsenal for the machining of 250 240-mm.
howitzers, and a new shop was erected for this special purpose which
started production in the summer of 1918, and was arranged on a
basis of a maximum production of four howitzers per day early in
1919. On February 26, 1918, an additional order of 250 more how-
itzers of this caliber was placed at the Watervliet Arsenal, making
a total of 500 from this source.

Forgings.—For these howitzers, 1,467 forgmgs were ordered from
the Bethlehem Steel Co., the Edgewater Steel Co., the Tacony Ord-
- nance Corporation, the Watertown Arsenal, and the United States
Steel Corporation. Deliveries of these forgings began, and by June
1, 1918, four sets had been received, which number increased until in
November, 1918, the maximum capacity of these plants for 240- -mm.
howitzers was attained.

Recuperators.—Twelve hundred and elghty-mne recuperators for
this howitzer were ordered, the forgings to be furnished by the Car-
negie Steel Co. and the machining‘ to be done by the Otis Elevator .
Co., and Watertown Arsenal. The Otis Elevator Co. finished its
first recuperator early in November and would have secured regular
production early in 1919. Watertown Arsenal completed its first re-
cuperator on October 28 and had 16 finished by December 31, 1918.

Carriages.—Twelve hundred and fourteen carriages for the 240-mm.
howitzers were ordered from the Standard Steel Car Co. and the
Watertown Arsenal. The pilot carriage was completed during the
early part of October, 1918, and by November production of the
main parts had so far advanced that the required output would have
been attained by December. :

91485—19——5
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Auxiliary equipment.—The special auxiliary equipment for the 240-
mm. howitzer is as follows:

Carriage (for howitzer).
Firing platform (for howitzer).
Wagon, transport (for howitzer).
Wagon, transport (for howitzer cradle).
Wagon, transport (for top carriage).
Wagon, transport (for firing platform).
Limbers (for transport wagons).
Instruments, optical and fire-control as follows:
Rulers B. C.
Sights, bore, sets of (1 breech and 1 muzzle).
Mounting, sight.
Tables, range.
Tables, range, abridged.
In addition to these items are required breech mechanisms, liners, spare
parts, and replacement parts, and also the necessary tractors for hauling the
four loads, and motor trucks for carrying the tools and other equipment.

TABLE 4.—8-inch, 9.2-ingh, and 240-mm. howitzer—Basic assumptions from which
requirement schedules were to be made.

[From narrative report on 8-inch, 9.2-inch, and 240-mm, howitzers, July 1, 1918, Progress S8ection, Estimates
and Requirements Division, Ordnance Department.]

HOWITZER BARREL AND BREECH MECHANISM,

How’lltvter
complete,( preach 3 Replace-
b:::h mecha- | Liners, B:{: ment
mecha- nism. * parts.
nism.
8INCE HOWITZER MATRRIEL. ’ !

Basic assumptions:
Initial equipment per Army..................... 144 M4 (... ... 36 |..c.......
Field reserve (Spare)........ccoeevveicnenimnennlicioasaadoaiianafoenaic il ol eeaiiits
Totalnet 1088.ecceueeecaraeaeicanann.. per cent.. 1.23 1.1 85 | ceiannn.. 162
Timre required to revair................ months.. L 3 PPN PRI BRI PPN
Maximum in revair shop.............. per cent.. .7 3 I PSRN MRS R
Reserve in France........ Pememenneanaaand do.... 21.3 21.3 25.5 100 100
Reserve at United Statesports.................. Q) (1) (O T P F

9.2-INCH HOWITZER MATARIEL.

Basic assumptions:
Initial equipment per Army .........c.cccueee. 144 144 |.......... 36 |eeeeinnnn.
Field reServe (SPATe).....ce.ecceeeeereceecacscoa]eserennnes|sronsseneeleaancsscacloceeonans|oarannones
Totalnet 108S....ccceiueimeneaniono.ans per cent. . 1.3 1.17 (23 T P R
Time required torepair................ months.. L 3 PO EUP FUURPY R
Maximum in repair shop.............. per cent.. 1 O
Reservein France.........c.cocvneaa.. do.... 18.8 18.8 22,5 100 100
Reserve in United States ports.........c..cc.... Q@) O] Q) U PO

240-MM, HOWITZER MATERIEL. [ ;

Basic assumptions: '
Initial equipment per Army. !
Field reserve (spare)........
Total net loss.............
Time required to repair.....
Maximum in repair shop..............
Reserve In France........eceeccvenncenans d ! 2
Reserve in United Statesports.................. @) I @) @) LRy ARTTREPLRD

I

1 2 months net loss.

NoTE.—These schedules are based ou tentative strength Table 10-D and the program that one-half of
the first Army would be equip: with 8-inch howitzers and one-balf with 9.2-inch howitzers, and that
the second Army would be wholly equipped with 240-mm. howitzers.
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SIGHTS.

Sights for field guns.—All Field Artillery guns and howitzers ex-
‘cepting the 75-mm. (French), will be equipped with panoramic
sights. The 155-mm. howitzer, 155-mm. gun, and 240-mm. howitzer
will be equipped with the quadrant sight, model of 1918 (Schneider),
in connection with panoramic sight. The 8-inch and 9.2-inch how-
itzers are equlpped with the British rocking bar sight, in addition to
the panoramic sight. All antiaircraft batteries are equipped with
special antiaircraft sights.

Panoramic sight, model of 1917.—The panoramic sight i is a vertical
telescope so fitted with an optical system of reflecting prisms and
lenses that the gunner with his eye at the rubber eyepiece can bring
into view an object situated at any point in a plane perpendicular
to the axis of the telescope. The instrument has a magmfymg power
of four diameters and field of view of 10 degrees.

Optical system.—The optical system is such that the rays coming
from the object are reflected downward from the rotating head
prism into the rotating prism. The rotating prism réctifies the rays.
After their passage to the achromatic objective lens the lower reflect-
ing prism reflects them in such a way that there is presented to the
eyepiece the reflected image which the eyepiece magnifies.

Mechanical parts—Mechanically, the principal parts of the pano-
ramic sight are the rotating head mechanism, the angle of site mech-
anism, the azimuth mechanisms, the rotating prism mechanism, the
counting device, the shank and the elbow. The rotating head forms a
housing for its movable parts, and provides seats for the elevation
worm, ball socket and cap, and rotating head prism holder. The front
opening of the rotating head is closed by the prism shield, which
forms a dust guard. The bottom threaded seat of the rotating head
screws upon the upper end of the azimuth circle. Upon the rear face
of the rotating head is engraved the scale which is used for measur-
ing the elevation of the rotating head prism holder, thus measuring
the angle of site. '

Rotating head prism.—The rotating head prism is mounted within
the rotating head prism holder. The movement of this holder is
accomplished by the elevation worm, and the length of travel is
controlled by seven brass stop rings limiting it to six revolutions of
the elevation worm. )

Elevation worm.—The elevation worm has a micrometer mounted on
one end, the periphery of which is graduated into 100 equal divi-
sions representing 100 mils and numbered every 10 mils. One com-
plete turn of this worm is equal to one of the divisions upon the
scale on the rear face of the rotating head. The line of sight is hori-
zontal when the elevation scale reads three.
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F16. 26.—Panoramic sight for U. S. mobile artillery.
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Open sight.—Upon the right side of the rotating head, and at-
tached to its cover an open sight is secured for giving quick approxi-
mate directions to the instrument. It consists of a bronze- plate
bent to shape with projecting arms at either end, each arm contain-
ing a hole. A bronze knee is soldered to the interior. of the front-
projecting arm over the center of the hole, so as to form a sight for
quick sighting.

Azimuth circle.—The shank forms the body for the instrument and
provides a seat for the azimuth-circle hood which houses the azimuth
mechanism, which connects it with the rotating head. The rotating
prism mechanism sets inside the shank, and is so geared through the
azimuth mechanism that the rotating head revolves twice as fast
as the rotating prism. There are 64 gradations on the azimuth cir-
cle. One complete turn of the azimuth micrometer causes the azimuth
circle to revolve through the space of one graduation. The azimuth-
circle micrometer is graduated with 100 divisions representing mils
on its circumference, numbered every 10 mils. - Thus each of these
gradations represents one sixty-four one-hundredths of the circum-
ference, or 1 mil. As the azimuth micrometer may be turned inde-
pendently of the worm, it can be so set as to be used for a counting
device.

Lens system.—The elbow Whlch screws into the bottom of the
shank contains the lower reflecting prism, the reticule cell, the
achromatic field lens, and eye lens. The reticule cell has engraved
on it a mil scale on its horizontal cross line and the vertlcal line is
plain.

Differences in type.—The 1915 model is practically the same as the
1917, except for mechanical changes in the azimuth worm and
elevation worm, and no countmg device, but a deflection dial.

AdJustment —Allowance is made for adjusting and cleaning the
1904 model in the field, but in the two later models the instruments
are sealed and no a,djustment is made except by specially trained
men of the Ordnance Department. The 1904 model has no pro-
vision for elevating the rotating head prism, and mechanically is
quite different, though optically the same as the later models.

FIRE-CONTROL INSTRUMENTS.

Battery commander’s telescope, model of 1915.—The battery com-
mander’s telescope, model of 1915, is a binocular, periscopic,
sterescopic, telescopic observation instrument of the scissors
type. The telescope has a magnification power of 10 and an
actual field view of four degrees fifteen minutes. It has a clear
aperture of 1.78 inches. The whole instrument is designed
throughout with a view of overcoming all possible lost motion
and wear, so as to enable the taking of the most accurate practical
angular measurements. The objectives of the telescope are 12 inches
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above the eyepieces when the tubes are in the vertical position and
slightly over 24 inches apart when the tubes are in the horizontal
position. The interpupillary distance is adjustable when the tubes
‘are in either position. In the left telescope there is a reticule grad-
uated for instantaneous reading of either vertical or horizontal angles.
This is used primarily for determining the position relative to a known
point at which a burst takes place. The telescope is mounted on an
azimuth mechanism through an elevating worm and worm wheel.

The azimuth mechanism has the standard graduations for fire-
control instruments and is equipped with a micrometer screw, so
that very accurate readings are obtainable. The azimuth mechanism
is mounted on the tripod proper through a ball-and-socket joint.
This bal-and-socket joint, together with a universal spirit level
mounted on the top of the azimuth mechanism case, enables the quick
‘leveling of the azimuth mechanism for the obtaining of accurate
readings. The tripod is the standard wood and steel tripod, model
of 1919, used for fire-control instruments.

Mounted above and between the eyepieces of the telescope is the

angle of site level. It has the standard angle of site graduations
“and is equipped with micrometer worm for obtaining accurate read-

ings. The telescope is carried in a substantial leather case, which is
fitted with a leather carrier and strap for carrying it on the saddle.
The tripod and tripod mount (azimuth mechanism) are carried in a
leather container. This container consists of two reinforced leather
hoods, held together by heavy straps and fitted with a shoulder-
carrying strap.

Periscopic azimuth instrument, model. of 1918.—The periscopic azi-
muth instrument, model of 1918, is designed for measuring horizontal
angles and for observation purposes. It is designed principally for
trench warfare. It differs from azimuth instruments of earlier
design in that the optical system is so arranged that the telescope is
vertical, which permits the greater part of the instrument and also
the observer to remain under the protection of a shield or parapet.
The principal parts of the instrument are the periscope, the mount
with the azimuth and slow motion mechanisms, and the tripod. The
periscope, which has a total reflection prism in front of the objective.
has a field of view of 6 degrees and a magnifying power of eight
. times. The clear aperture of the objective is 2 inches and its focal
length 12.4 inches. The periscope is supported by a trunnion band,
and secured rigidly in any desired position by clamping nuts. The
mount carrying the periscope provides means of leveling the instru-
ment as well as support, and means of imparting motion in a hori-
zontal plane, and scales accurately to determine this motion. The
reticule and azimuth circle are illuminated by small electric lights
supplied with current from a storage battery governed by a rheostat.
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Battery commander’s periscope, model of 1918.—The battery com-
mander’s periscope, model of 1918, is a telescopic periscopic instru-
ment for measuring azimuth angles and adapted for use in the
trenches. The periscope is 651.71 millimeters between the centers of
the eyepiece and the objective window. It has magnification power
of 6 and a field view of 6 degrees. It has an exit pupil of approxi-
mately 5 millimeters. -

The optical parts of the instrument are contained in a cylindrical
case pivoted near its center about a horizontal axis perpendicular
to the line of sight. The bracket supporting this case is attached to
the top of the azimuth mechanism.

The azimuth mechanism, the same as that of the battery com-
mander’s telescope, has the standard graduations for fire-control
instruments, and is equipped with a micrometer screw to permit the
taking’ of accurate readings.

The azimuth mechanism is mounted on the tripod proper through
a ball-and-socket joint, which, together with a universal spirit level,
which is attached to the top of the azimuth mechanism case, enables
the quick leveling of the azimuth mechanism in order to obtain
accurate readings. .

The tripod model of 1919 is the standard wood and steel type used
by Field Artillery fire-control instruments. The tripod and tripod
mount (azimuth mechanism) are carried in a leather container, con-
sisting of two reinforced leather hoods held together by heavy straps
and fitted with a shoulder-carrying strap.

The periscope and bracket are carried in a specially designed'light
fiber carrying case, prov1ded with a leather strap for carrying over
the shoulder.

Aiming circle, model of 1918.—The aiming circle, model of 1916, is’
a telescopic instrument for measuring azimuth and site angles. The -
telescope of the aiming circle has a power of magnification of ap-
proximately 4 degrees and an actual field view of 10 degrees.

The instrument consists primarily of a small telescope, compass
and azimuth mechanism, with a micrometer worm, having the stand-
ard fire-control graduations; and angle of site level, with a worm
micrometer for accurate reading. The aiming circle mount (adjust-
ing mechanism) is mounted on a standard Field Artillery fire-control
instrument tripod, model of 1919, and is fitted with ball-and-socket
joint, which, together with a universal spirit level on the instru-
ment, enables the mstrument to be quickly set up on uneven ground.
A stand is issued with the aiming circle. One edge of this stand
forms a straight edge which permits the instrument to be used as an
alidade for sketching or reading maps.

_ The whole instrument is designed for the overcoming of all pos-
sible lost motion and Weag, so as to enable the taking of the most
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accurate, practical, angular measurements. In the top of the instru-
ment is a needle compass for measuring the magnetic azimuth angle.
The aiming circle, mounted on the stand, is carried in a small sub-
stantial leather case fitted with convenient straps for carrying it
either on the belt or slung over the shoulder. The tripod mount and
.tripod are carried in a leather container. This container consists of
two reinforced leather hoods, held together by heavy straps and
fitted with a shoulder-carrying strap.

One-meter base range finder, model of 1916.—The 1-meter base range
finder, model of 1916, is an inverted, single, coincidence, self-con-
tained 1-meter base, stereoscopic, telescopic instrument for deter-
mining ranges. It has a magnification power of 15 degrees and an
actual field view of 3 degrees. The exit pupil is one-tenth inch.
The range readings are in meters. '

Essential parts.—The instrument consists principally of a seamless
steel tube, containing the optical and range finding parts, the mount
(azimuth mechanism), tripod, adjusting bar, and carrying cases.

The range finder is mounted on the mount by means of a quick-
locking mechanism. The mount consists principally of the support,
elevation-worm case, elevation worm, elevation-worm wheel, eleva-
" tion-worm wheel support, azimuth adjusting lower worm case,
azimuth-worm wheel, azimuth worm, and angle of site mechanism.

The support is secured to the elevation-worm case by means of
clamping screws. The elevation-worm case is fashioned to receive
the elevation worm, and it is fastened to the elevation-worm wheel
by means of the elevation-worm case bearings, forming a hinge about
which, by means of the elevation worm, the instrument can be ele-
vated or depressed to ascertain the angle of site by means of the
angle of site mechanism, which is fixed to the elevation-worm case.
- The elevation-worm wheel is fastened to the elevation-worm wheel
support by means of the worm-wheel bearing, forming a hinge, about
which the instrument can be rotated from the horizontal to the
vertical when used in measuring the range of objects whose dis-
tinctive lines run horizontal. A clamp is provided for clamping the
instrument at any desired angle between vertical and horizontal.
The azimuth and angle of site mechanisms have the standard Field
Artillery fire-control graduations and are provided with mlcrometers
_for accurate rea.dmgs

The range finder is carried in a heavy cylindrical leather case,
which is reinforced with steel. The tripod mount, tripod, and ad-
justment bar are carried in a separate reinforced leather case.

Battery commander’s ruler, wooden.—The battery commander’s
ruler is a simple instrument for the quick and approximate deter-
mination of angles. It consists of a wooden ruler and cord. On
the outer edges of the ruler are scales for determining angles, while -
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in, the center of the ruler are scales, different for each gun and
class of ammumtmn, for determlmng helghts the projectile will
clear at given distances.

Firing board, model of 1917.—The firing board for Field Artillery,
model of 1917, is a zinc-covered plotting board, 30 inches long and 20
inches wide. It is fitted on the underside with pockets for carrying
necessary drawing instruments for plotting and map making.

Semicircular protractor, model of 1917.—The semicircular protractor,
model of 1917, made from zylonite, is 0.07 inch thick and 8} inches
in diameter, the curved edge being graduated in mils and the
straightedge being graduated in the metric system. Two of these
protractors are issued with each of the firing boards, model of 1917.

Slide rule, model of 1917.—The slide rule, model of 1917, is an instru-
ment for the rapid solution of triangles. The scales of the rule
represent the logarithms of angles and distances. One of these
rules is issued with each firing board, model of 1917.

24-inch straightedge.—The 24-inch straightedge, made from zylo-
nite, is 0.07 inch thick, 2 inches wide, and 24 inches long.

Prismatic compass, model of 1918.—The prismatic compass, model of
1918, is an instrument for obtaining clinometer and magnetic azi-
muth readings. The compass proper is mounted on a tripod, model
of 1918, by means of a ball-and-socket joint, which enables the in-
strument to be quickly set up and leveled. The clinometer, which
is an accurately balanced, sensitive instrument, is actuated by
gravity. Both the clinometer and the compass dial have the stand-
ard Field Artillery fire-control graduations. The compass and its
tripod are carried in a small leather case, which is fitted with a
shoulder strap.

Sitogoniometer, model of 1918.—The sitogoniometer is a pocket in-
strument used for rapid approximate measurements at any time
when a more accurate instrument is not available. It is used for
measuring the angle of site, determining the minimum range that
will clear the mask, and measuring azimuth ; the readings are in mils.

The sitogoniometers are marked with range scales on the body.
The scale on the edge of the case is 1 to 80,000. The sitogoniometers
vary for each size of gun.

Zinc square.—A zinc square stamped from a sheet of zinc 0.022
inch thick has a longer arm, approximately 4} inches long, and
shorter arm, approximately 8} inches long, each arm being approxi-
mately 1} inches wide. It has three scales, two on the inner edge of
the square, each graduated from 0 to 1,000, and an outer scale gradu-
ated from 0 to 2,000 on a scale of 1 to 20,000. The zinc square 1is
used in connection with the grid maps for accurately locating a point.

The 12-inch semicircular protractor—The 12-inch semicircular pro-
tractor is divided on its straight edge metrically and on its circum-
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ference in mils, there being two sets of figures running in opposite
directions. :

12-inch rule.—The 12-inch rule has a straight edge indented for
use on plotting boards, maps, and wherever required.

Observation circle, model 1918.—The observation circle is used to
measure horizontal angles. It consists principally of a semicircular
wooden table, semicircular zine protractor, field-glass support, and a
tripod. The table provides a semicircular support for the field
glass. Tt is pivoted to the tripod vertical spindle. The semicircular
zinc protractor is graduated in mils on both sides for the quadrants
of a circle. One side reads from zero to 1,600 and 4,800 to 6,400; .
the other side is graduted from zero to 1,600 and 1,600 to 3,200. All
readings increase in a clockwise direction. The field-glass support
is pivoted to the semicircular table and rotates on the face of the
zinc protractor. It consists of a rectangular base upright and a
field-glass bracket. The base is provided with a vernier graduated
for 1-mil readings. The field-glass bracket is arranged to hold
the binoculars in a fixed relation to the upright.

Rocket board, model 1918.—This is a wooden board 2 feet square with
a circle outlined on its upper surface and a steel arrow pivoted at
the center. The circle is graduated at regular intervals of 50 mils
and numbered for every 200 mils, increasing in a clockwise direction
reading from zero to 3,200 for each semicircle. A metal plate is
fixed to the center of the board. This plate is drilled and threaded
to take the thumbscrew on which the arrow swings. The plate is
secured to the face of the board with three screws. Three screws
are supplied for securing the board to a post or other type of mount.
A pocket of olive-drab cotton duck is provided and secured to the
bottom of the board. This pocket carries the arrow, screws, and tar-
gets when the board is not in use. The steel arrow has an open sight.
A thumbscrew attached to the center of the arrow secures it to the
metal plate in the center of the board. This thumbscrew is not de-
tachable from the arrow, but is arranged to allow perfect rotation
when secured in place. The targets are small white wooden pegs
and are placed in the different holes on the graduated circle.

The rocket board is used by the battery to locate the point from
which a rocket has been fired in order that a barrage may be es-
tablished in that sector. The board is placed 20 meters in front of
the center of the battery. The front edge of the board is divided
by means of targets into sections corresponding to the different zones
covered by the battery. The lookout on night duty upon observ-
ing a rocket from the front line steps behind the board and swings
the arrow. in line with the rocket. In this manner the zone for
establishing the barrage is located and the fire of the battery can be
directed and regulated accordingly. -
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TABLE 5.—Fire-control equipment, divisional artillery.
| Total fire-control equipment for a regiment of 75-mm. gun, 4.7-inch gun, 155-mm. howitzer, horgsed and

motorized.]

ORDNANCE MATERIAL.

(i

1 Commercial,

l
1

. ‘l‘ *
: Total regi-
§ §. ment. E ]
2 . '§ é f.t‘
IR REAREE o
3} A m - B
B. C. telescope, Mode! 1915, tripod, cases, accessories..........| 22-719-1 2 1 18 18 1
Aiming circle, tripod, and cases (ltndﬂl 1916) .. cccvenanannn... 22-11-1 1 1 9 10 0
Ohservation telescope monocular, tripod, and cases........... 22-92 1 1 9 10 1
B. C. periscope, Model 1918, tripod, and cases................ 1 1 2 12 14 0
Range finder, 1-meter base, tripod, and cases................. 22-44-1 1 1 9 10 0
Sitogoniometer and Ca56.......oceciiiiiiirariicianseanoanann 22-7. .2 1 15 18 1
Observation carcle with fleld-g'ass support, tri and cases. . 22-88 2 1 15 16 1
Prismatic compass, tripod, and cases Model 19183............| 22-5%-1 2 2 18 20 2
Firing board, 50 by 76 cm., zinc covered, with waterproofcover| 22-57-1 2 1 18 16 0
Ruler, xylonite or zinc, 60 em., graduated.................... 22-86-1 2 1] 15( 16 1
Protractor, zinc, semicircular, inmils. . ................ aeeenn 22-86-1 2 1 15 16 1
Squares, 2inc. .o, .eouie e 22-86-1 2 2| 18 20 2
B. C.ruier, wooden, With StHng. ... ....ooooiiimminnan .. 22-36-1| 10| 10| 90 100 10
Strings, extra, for B. C.ruler.......... e 22-36-1 8 8| 72| 80 8
Steel tape, 30-meter.........cc.coo.... . ) 1 2| 12 14 1
Slide rule, Model 1917, for solution of triangles, and case...... 22-54-1 1 1 ] 10 1
Time interval recorders, chains, and shock absorber. ... 22-90-1 3 3 27 30 3.
Flash lights, with hoods...... . eee| 14417 5 5 45 50 5
Flash lights, without hoods ee| 144217 16 16 | 144 | 160 16
Aimingposts................. @) 12 0 721 72 0
tboard.. . .............. . . 22-89 2 1 15 16 0
Jaocobs stafl and fleld glass sSupport..coeeeeemeieannenananinss 22-87 3 1 21 22 3
Zin# sheets, 50 by 78 cm., formaps. co.cceccacceacrianecaaann. (O] 4 2 30 32 4
Pratractor, celluloid, semicircalar (Model 1917)............... 22-56-1 3 3 bed 30 3
veplls, No. 6, extra for lighting device and case............ 144-77 16 0 96 96 0
ick mattock and carrier (InMANLTY).....cocecerirenenninnansfranennn ceen 2 2 18 20 2
lis, batteries, extrg for flash lights, and case............J........... 30 30| 270 | 300 30
SIGNAL CORPS MATERIAL.
Accumulators, 4-volt, 100 ampere hours. .. .......c.o.o...... . 0| 2 2 2 2
Accumulators, 40-volt, 3 ampere hours 0 2 2 2 2
Batteries, dry, No.6............. 0 9 9| 12 4
Amplifiers, 3 terminal, French..... 0 1 1! 1 1
Batteries. ﬁverready No. 703, extra . 6 12 48 52 12
Bells, vibrating, 50 ohm. or equivalent. 0 6 6 8 2
Carts, wire, hand (Broustte Doroulense) -................. 1| 3| 9| 10| 3
Books, fleld TMNBSSAEO . - e emencnennnrnncecanereansnnnsseannen 0 25| 25 25 100
Cases, battory. . .....ccueemiieiiiiiiiiii it 1 2 gl 9 2
Climbers, with straps %)airs) ............................................ 1 3 9' 10 1
Clips, testing, Muller, Universal, or Frankel................. ... ... 8 18 66 72 18
Fuses, 1 ampere, for 4 and 12 1ine hoards. .e.................|ioeoeoeons 2% 168 | 180| 24
Field glasses, Huet, 6 power (pairs).........cccoeeeeoiiii oL, 8 60 74 11
Headsets, tefephono ..................................................... 4 33 34 0
Insulators, wooden Knob......c.cciecicinncnaniancieneaenniee]eenennnnnas 100 100 700| 700 100
Flag Kits, combination, standard. .............ooooooeeo bl 12| 50| 122 137 16
Inspector’s pocket Kits. ..o.oooeeneni i iiiiiiiiiiii e 3 6 24 26 6
Electriclan’s knives ......ooooioini i iiiiieii e 4 8 32 36 0
Megl:phones ............................................................. 2 3 15 16 0
Nails for insulators. .....e.eeoiieiioiinniiiniiiiiaaaiiiiecannan.. 100 | 100 | 700 | 700 100
Panels, Artillery brigade, black, ...........o.oooeeaiii ol 0 0 0 0 1
Panels, Artillery brigade, white............o...o..co .o dioiiian.... 0 0 0 0 1
Panels, Artillery type, White..................ooooeenenoonooslooreeon o 3| 3| 4 0
Panels, Artillerv type, black......... ... oo 0 3 3 4 0
Pliers, slde cutting, 8-Inch.................l I 0TI 2| 6| 18| 20 6
Poles, sectional hamboo (2 section, 2m. each)................|........... 0 6 6 8 6
Projectors, 24 em., with batterles.................cooai Ll 0 10 10 13 5
Projectors, 14 cm., 3-inch case, complete with battery and
L o PR 1 0 6 6 0
Receiving sets, Artillery type ¢“A-1”, complete (French) ....{........... 0 4 4 5 2
Reels, breast. ... e 0 0 0 0 6
Radio sets, type “ E-10"’ Bis. (French).......c..ccooecooii |t ) 0 0 0 1
Switchboards, telephone, 12-line monotype..........c........|oveuue ..., 0 3 3 4 2
Tape, Iriction, pounds........oooooaiiit it 3 6 24 26 3
Telephones, Western BIoctric. .......... ool 6 12 48 52 12
.- Watches, wrist, luminousdials............................. |l 0| 20| 20| 25 20
Wire, outpost, twisted (pairs K/M.).......... USRORORRRRIRN IR 8| 24| 72| 8| 88
Thermometer, Centigrade and Fahrenheit....................l. ... .. .. 3. 0 18 18| o0
Switchhoards, telephone, 4-line monotype.......... U S 2 6 18 20 0
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TABLE 5.—Ftre-control equipment, divisional artillery—Continued.
ENGINEER MATERIAL.

| Brigade head- l
quarters. |

[ %]
: I Total regi-
g é. ment.
- ' w
. 8|
5 bk 25 < | ®
i - S|3 |%|3
3 S | 8 = | 3
(5] - 5] - -
Alidade, Brass, open sight,levellng.........................l..o... ... 1 3 8! 10
Aliiade, miniature telesocopic, with declinator................ et ;0 1 1 1
Alidade, periscope.............. .- 0 1 1 3
Abney,cllnometer.............coooiiiiiilL PR 1 3 9 10
Clinometer, telescopic, withsliderule. ... .................. | ool 1 3 9 10
Planetable, 18 by 24, tripod attachment, fiber case, water proof . 3 0 10
COVOT e v e ceemaeceamncceaaamaannnaencoascnaaanaaseansaseos|oeaeeaaeans
Planetable, 16 by 16, tripod attachment, fiber case, waterproof
COVEL.ecceceeeancaacaacanncs e Ly 3 9 0
Tripod, extension leg, Gurley movement, withease..........[........... 11 3 9 0
Tripod, extension leg, Johnson movement, withcase.........|J........... {;é} 3 9 20
goclinatoixx-‘withzcl:m(ximws ............. SRRTRE TLPAIRtas SLELRLEES 2 6 18 20
rawing instruments, compasses, extension leg, draw-
ing pen and proportional AIVIAGrS). ... .-« nezeueeseneens|oecneennnn. 1| 3| 9| 10
S rod, 10-foot, folding...........cooooiveeiiniiiii et 1 31" 9 10
Plumblne....ccooeoiiniiiinii i 2 6 18 20
Beales, platting, 1/20,000 and millimeters.....................|........... 3 8 27 30
Steel arrow (tally pins, 10inset). ...................o i |oiiiaaaa 1 3 9 10
Glass, fying, gi)o (] S 1 3 9 10
Chests for topographicequipment...........................]..... N 1 3 9 10
Protractor, xylonite, rectangular. .. ............. ... ... ... .ol 1 3 9 10
mpass, wabch. . ... ... el 20! 60{ 18 | 200
Compass, MATChINgG. . . .o eeeneoemiroacieaeaaaecieieeeeeaiineaanannns 10{ 30| 9%/ 100
Boards, sketching, with extension tripod................... ... .. ... 1 6 12 14
Ruler, boxwood, triangular, 8-inch .......................0 T 1] 6| 12| 14
Tally machine...........co.coooianee.. e 1 6 12 14
Clinometer, réCONNAISBANICS. .« . ... vveeeeennenenaracnenenenneseceenennnn. 1 6 12 14
Cellulofd sSheets. ... -cccceoirienrcieeiaiieeaeeieereaeaieeennn., -4 12 72| 144 | 168
Eraser, cil,artgum.... ... 1« 6 12 14
Eraser, drawing, rubber.... ... il 2 12 24 28
Holders for timlngpads................... il 1 6 12 14
Thumb tacks, boX........coooiieimiii e 1 6 12 14
Pencils, drawing ... ... . oo lIIlIIII Il 12| 72| 144 168
Pads, timing.......... 00000l RN ISR sl 24| 48
Pencils, colored, assorted. .. ... 12 72| 144 | 168
Protractors, pencilpoint. _........._._...... Y 4 24 48 56
Knife, steel eraser.........c..ccoiieeirianeniieiineiaaeieeeiiniia.. 2 12 24 28
Pocket forpencils..............ooooiiiiiiiiiiii 1 6 12 14
Tape, adhesive, rolls. .. ........ ..o iiiiiiiiiiiiiiniinaideiaiaann 2 12 24 28
dpaget Vo T T Y IS 2 12 24 28
Paper, rawini, single 24 inch by 5 yrdasroll in japanned tube.{........... 1 3 9 10
Chest for sketching equipment.. 1 6 12 1
Alidade, boxwood, opensight.........cocoioiiiiiaii..o, 1 3 9 10
Planetable, 24 by 31 inch, tripod attachment, fiber case, water-
ProOf COVer. cueunnn e ainneinsacanennaeaeacaeanneaeaaeaeaan. 21 4 0 10

1 [ssux 75-mm, battery only. 2 Not issued to 75-mm. battery.
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FIELD ARTILLERY.

TABLE 6.—Fire-control equipment, Army artillery.

79

[ Total fire-control equipment for a battery and battalion of 155-mm. gun, 8-inch howitzers (Vickers) Mark
VI and Mark VII; 9.2<inch howitzer (Vickers), Mark I and 1I; 240-mm. howitzer (Schneider).)

ORDNANCE MATERIAL.

l Class

. and

; division.
Prismatic compass ....... ...t 22-53
30-meter steel tape. ... ... .ot eaaeraaeaaaan @)
Arms, metal, 1 meter long graduated. 1/20000................... e 22- 5
Azimuthinstrument...... . ... ...ttt 22-77
Periscopic azimuth instrument . ... ... .o ioiiiiiiiiieiiaaa 22-80
Protractor, metal, 6-inch radius, graduated, mils.. et 22-86
7% 5. ¢3 70
Batteries, extra for flashlights . ™ -
Wilson computing device. ... ... ..o e iiiiaeaeaa

Bulbs. extra for flashlight
Flashlights, electric. ..
Rangetables.........
Range tatles abridged
B. C. telescope

StOP WAtEhOS. . oo iinti it eee et ceeaaaaaeaaan, 1)
Plotter aircraft observation...... ... ... .ot ieieeaaen
Deviation board...... ... ...t iiiiiiiieaaaaaaa 22-93
Aimingeirele. . ... e 22-41

SIGNAL CORPS MATERIAL.

Amplifiers, comp. three 4-volt and two 40-volt storage batteries ..
AXes, hand

Bags, tools. gervice. ...
Bars, , standard...........
Batteries, extra, tungsten, type A
Batteries, extra, evereaii(y, 0.708. ... oo
Batteries. extra, for T. M. si lamp.......... PO L. .
Bells, vibrating, 110 chm., 15-volt......................... S
Belts, lineman’s with safety strap ..........c.cooiiiioiiriiiiiiiieneeoienenaan.
Blnd{n%posts .....................................................................
Books, essage.

Bulbs, extrafor flashlight . .. ... . ... ... ... P D,
Cable, 1 pair, lead, RIn....... ..ottt ieiieieeieeeee]eieiaaeans ..
Carts.reel, hand. ............oooiiiiiiiiiiiiiiiiiii i O
Char%lng sets, 158nd 110 VOItS. . .. ...oooiioioiiii it iiainiaaiene] e aaaaa
Climbers, pairs with straps. ... .......cccoeiii i
Barometer, grad. millm’tsand fns. ........ oo
Crossarms, 1m. by 10em. by Sem. .. .......oooiiiiii i ieaiaan
Electrolvte, 28°Baumé, 101arge carboys . ..........oooioiiiiiiiciaeenifioneainaan..
Envelopes, fleld message...........cocovoevieniaon. R PP
Flashlights, electric, complete. . . ........ocoiiiuiiiiii e
Fuzges. evtra. 1 ampere for 4 by 12lineboards. .......... . ... ... ..o oillllL

Glasses, Field, Huet, 8-pOWer. .. ... .. ottt ae i cae e ceeraaaan ey
Grips, buffalo, No. 2. ... . .t eeeeee el P, {
Hammers. sl

!
Insulators, clamp............ eeanas e e et eee e eeeee et teeaeeaanas X

Hvdromeiers. BUIMIG .« ... itenrnnreoaneencnneeeeaeaneenenseencennsnaens conannannens

Insulators, p S PP
INSulatOrs, POV, ..ottt e
Insulators, wooden knob, French,2.5em............................... e
Insulators. wooden knob, French, 4.5¢em........................ PR, PP
Knives,electriclans’ . .. .........ccooooiiiiii i e e

Nails. g
Panels, each side 9 meters long, white . .
Panels. each side-9 meters long, black .. ...
Panels, each side 3 meters long, white .............. ... ... oot
Panels, each side 3 meterslong, black ... .............. ... e
Panels, rectangular (sapinottes), white............. . ..ooiiiiiiiiiiiiidiiiaiiiiaan
Panels. rectangular (sapinottes), black ... ...... ..ottt
Poles. lance........cc.ccceae... Y R
Projectors, 24 cm., witb battenes. .................o i el
Projectors, 35 cm., with battenes, tripod...................... .0l
Pro; B ¢ TR . TR PR
Pullev tlocks, double W. E. No. 760, 330..... N DR
Radiosets, type E., 10, complete. . ..............o.ooviiieiiiiioiiiiieriiai...
Receiving sets, tvpe A,complete......... ... ..cooiiiiiniiiiiiiiiiiiiiiiaiii
Bopesm reast, mdlmghet?lr'p(et) ...................................................

, 15-mm. 1115 2z 1) RPN I
Screw drlvers, 6-inch. ... ... ...t

1 Commercial.

Battéry.
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80 ORDNANCE DATA.

TABLE 6.—Fire-control equipment, Army artillery—Continued.
SIGNAL CORPS MATERIAL—Continued.

Screws, lag, 10 mm, bz 10 cm., (for cross arms) .
Screws, wood, 5 mm, by 50 mm. (gross)........
Spoons, diggIng......ccc0aue eessecaccecacnas
Staples. insulated, Blake .......coceceneeeann..
Switchboard, telephone, 4-line, monotype...............................
Switchboard. telephone, 12-line, monotype.................o.ocooooo.
Tape, friction (PoUNds)..ceeeeicceaiiaecnnneanna.. ereeeeancmaeanan
rubber ( ds)

.................................................

Telephone, Motel 1376-B ... onnoo oo I !

Voltmeter, Weston, N0.280...................... % e eeraranreeaeaee.s
Watches, wrist, luminous, with wristlet................................
Wire, {xlvsnb.ed fron, for guys, No. 12 km..............................
Wire, twisted, palr. outpost, km...... ceeesaceamea e caaaaanaeanaans
Mercurial baroneter, graduated mm.......ccoceeceiannai i,
Thermometers, graduated, cen! eand Fahrenhelt ..................
Poles, 2.3 to 2.5 m. long, 10 cm. diameter (sapinottes)...... ............

5.8 |

[
NN

gn

Battal-

fon.

ENGINEER CORPS MATERIAL.

Alidade,opensight. ... ... ... i iiiiiiiiiiaceaann
Alidade,te woglc .....................................................
Artillery board

Chest,instrument.....c.cecemmeanmnnminiii e
Chest,rod....... cocncnee essccceanananans e e
Clinometer,hand .........oeooe il
Field shet....c...ccae....... e eeeee et
Levelrod plane table withtripod..................... .. ...
RAangINZ PMaS. . ceeeenaieie it it
Record,hand tally. .. coocnennmnno i
BtadIarOd.cceeeeiecennn i i
B T

Beam cOmPaASSbAr. ¢ o ciemni it
Bureau of 3tandards Circular No. 47...
Contour pens, s #ivel
Curvimeter........ ‘
Curves.irrezular. ... ettt
Dividers, bOW SPrINg. . cvve-cviiennin i

Dmderswithdgenan L | PSR RSRRRE I

Drawing boards 21 by 36inches... ...l
Drawing boards 18 by 24inches... ...ttt
Drawingiostruments. ..cceeeeeeaon i it
Engineerfleld manual. . coececemmnnneoiai it
Ephemeris, Frenchifpossible...... ... ..ot
Geometry........ ceceseteenaannseacanasuscanasncantasesanseacsesrononas
J0anson’s 3 EVeVINg .« < e
Log tables, 7 plweugdezrus).,.............; .............................
Logtables,5place (grades).. .......cocovvimiiiiiiiiiii i iiiaaiaaann.
Logtables,5place (mil8) . ..o o oo oot ii i
Orientaur officer’smanual.. .................... e,
Parallel rulers, 12-inch rolling. ettt .
Pens, Jar10. oo coieeeencnconaennriare it

Pens, medium.. ..
Pens,small. .... .
Plandmeters. ... .......oooovsoome oo

Pro! rwtors.l2inchesdiamotor&dezrees).............................::: -

Protractors, 6 inches diameter (dezrees)........................c.......
Protractors, 12inches diameter(grades).... ... ... ... .. .............
Protractors, 6 inches diameter(grades)................. ... ........ -
Protractors, 12-inches dismeter (mils)... .............. ... ...
Protractors, 6inches diameter (mils) .. .o .cooooo it
Re00DNAISSANCOSOLS . « . oo eeeeeeucrionanenaacaceaeaaneanraaaacanaan
Soales, map, 30 cm. metric 1/20000 and 1/50000... . .............c.........
Seales. map, 30 cm. metric 1/10000 and 1/50000... - .. .. .. ................
Bearles. Aeld. . ..ot i
S0 [00 R ) DU
Smithsoniap geographictables........ceeoeoeiiiii i,
Spline weights 3?

Spline, xvlonite, zrooved, 36inches. ......................
Straightedge, 2 metersiong..
Straightedge, 1 meterlong......... e
Tope. MmapP, 1188l .cueueiinemaanniiiiiiiiiieiaiiaan

Tapes, pooket,3t08l. .. ce.onv oo P .

Transitbooks......... e e recetacananacatnanesnnnaboreaacaneaconnonenasa
Trautwine’shandbook. ... ... ..o

to3dpounds.. .oooe e ..

............

: b
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FIELD ARTILLERY.

TABLE. 6.—Fire-control equipment, Army artillery—Continued.
ENGINEER CORPS MATERIAL—Continued.

Triangles, 12-inch, 30 and 60 degrees. . .......... N P g
Triavgles, 6-inch, 30 and 60 degrees................ J P P 2
Triangles, 13-00h, 45 A0TTOBS - . « o oo e o eveeeeneeereeerreeenneenceacmcssns|onranncannns 2
Trisngles, 3-Inch, 45 AOZTeS. . v.coeeeuneemenenecnnaenneaacccsseennsaos|oascocnnan,
Trigonometry. plane......cceeeemcecenmcaneana--. RSP FPRPRP AP
D VPOWIIHOr, COTOMB. .« e ev e oo e aeeaasenseesanenasanecsssonss|oeassanessacloncasnnnas
Typewriter ribbon, COroDA....euuunennenenamiannaeereneneasasannes|oeemenenenl e i
T sguaro. LT R T TIPS PO 1
Vertical angletables........c.cueeuneeieennaenareneenananancaaccssencnenslasenenonenns
Wileox’s Frenoh military dictionary...........ccoovevieeeaaenannn. e B P
Celluloid sheets 20 by 35........... o eeeenanenaaeeeeaaaananaans
Clock oil, battle.... ....... e eceamanaenennaennaoneenaeananannn
Computation paper pads, ruled. ............
Computation paper pads, uoruled
-section paper, opaque...... i N .
Cross-section %apor. transparent, ... ... ..o iiaiiiiiiiiaeianeinaaenfecaeans .
Drawingink, black, Waterproof............c.cccceeeeieisnnneeaeaasancacloinaniaaeaa.
Drawlng ink, 2reen, Waterproof, . «......cooovoeeeeeesnnaennncmmcececsass]oasennnnnnan
Drawing ink, blue, WalOrproof. . ... .cu.eoeneeeeneeanccanmeeareaameannslomeeanaens
Drawing ink, brown, Waterproof.. ............ceeeceamnacecenncarcscanncforeicinannn.
Drawingink. brick red, Waterproof. ... .......ccceeeececercecnanseeemansfoniennenan..
Drawing paper, double mount, para, 24 by 36inches. . ..........covveees|oennaiaiiil,
Drawing paper, thin, eggshell, 24 by 38in6he8. o occceeoeeienimaennefennnnniann,
Drawing psper, single mount, 35Inches by 10 vards. ... .ccceceeevnnmes|onaninna..
Erasers, PenCIl, TUDY . «. c..ueceeeeannerscnencnsnncsssaasaaaonnnnnnsnns]osesneannna.
Erasers, ink, typewriter, disk.....cocceeeeecoaeenaaeencaneemirneenneanadoeiiiii.,
Erasers,3te0l. .. ...cceueeeeecececeaccneececanacneaceconsannsencscesacss|oaeronecnans

[~
(=]

QNP =W RN DODWORN

Glue, PInt CANS. ..o oot a e
Horn oenters, 0.5inch dismeter........... eeecreveccanaaana.
Ink, fountain pen(bottles). ..
ﬁg% oraylon boxosk: rte .
ng ¢lass, pocket..........
Manilaenvelopes, 10 by 15inches. ......oo.ooooieeeieanaaaa.. . {
Manila &apor. sheets24 by 36inohes ........coccovuerminnminnnnnnanan.. . . 5
Map tube, galvanized Iron, 6 by 871nehes. - ... ..oocaceeinrreecnnnininifoiainiaaa..
Oflstone, 3-1nch, withoage............. ) R
Paintboxes......cccveuviueinnnnnnn eeeeaccncaaneaeaasnanncscenesnaccscas|sataccarennn
Pastefar............. @ereeecevanananarasaraeanananeeseeneananceacacaas|aes meeaa. L
DL Ty 1 Y PRI M 5
30 To 1108 0 1 T T PPN NP %5
D3 T ) F08 1 (o) s « I R ]
Pencils,green.......c.cocuceennniiiiiinieannicnennnt P PO, 15
Pencils,drawing, Venus, 9H . .....cccoeomirnaieniimincaannncaenancnaa|oniacaannnn. 36
Pencils, drawing, Venus, 6H.........cccociceieiicieaemnaneeaenenaeaaaloneaeaananas 36
Pencils,drawing, Venus, 3H . .....ccccoeiiemmiiiiiniiiiiieaaieaaaeifonaneanaann. 36
Pencils, writing, N0.2. . ..cooveeenniiiiiinaaa ... R gnrrmeann 84
Peneil pointsforbeam compass. . .....cc.oooiioiiiiiiiiiiicaiiaaaaa
Penell pointsfordividers.....cooeeeeeeniniiniraeanaa... ..
Penholders, writing. .
Penholders. drawh:ﬁl.
Penholders, crowquil.
Pens,crowquil. .. ..... -- cemeen,
Pens, drawing, Gillett N0. 303 .. .....covriieiiiiiaaaana. . e
Pons, drawing, Gillett N0O. 170.. .. .cooomnimiie it ieiaaanan ..t
Pens, drawing, Gillett N0.200........covninmeemieii i iicicacnaaann.
Pens, drawing, GIett NO. 404.. .o ooeomnnnemminieiaiiiieaaiaaananan
Pens, drawing, Gillett No. 291.. ......c.oiomiiimiii e iiiiaiaieaannnn.
Pens, red, blue, black, and green,cubes. ... ......c...ccoeoioiiiiaiaaa..
Reading 81ass. 3-1nCh. .. cccviemernacunaaneenieaecieecaecaanarcnnneenn.
Rubber bands (DOX). .- - - .oeenneimeaaaiaearercnaeaeenaaeannecasecanann-

BPONROS JOr CUDS. e caveveeecnneearnenenecreesossnsscnsaseenesensonansnnn
Sgongo cup wigel
Thumbtacks.....cecuveeeeencnnn.. feesecececeanesaeanaaan
de'l‘racing linen, rol{i 36 inchoo? by 10 al'd,sl o

r, roll, veg. 30 inches by 1 yard.
Wataruoo og: extra sets for boxes ...........
Water color iuk, Prussian blue..... cees
Water color ink, burntsienng........c..ccooeeiaaon ...
Water colorink, Hooker’sgreen............cc.c.........
Water colorink, crimson Iake
Watercolorink,burnt umber. ... ..o ittt ceeiaeeaaan
Water colorink, Chinesewhite...................... U P !
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III LONG-RANGE ARTILLERY—SEACOAST GUNS ON
WHEELS AND RAILWAY MOUNTS.

General statement.—The present war has seen the adaptation to mo-
bile mounts of much of the larger artillery which hitherto was asso-
ciated with permanent emplacements. Therefore, there has been not
only the construction of new guns, howitzers, and mortars to be
placed on wheeled mounts, or in the case of the larger calibers,
mounted on specially designed railway carriages, but alse the utili-
zation of various guns previeusly emplaced in seacoast or other forti-
fications or mounted on naval vessels.

Demand from abroad.—Early in the war a demand for large gunc -
and mortars, even for short ranges, came with particular force from
thée American Army abroad. Heavy artillery with proper propor-
tions of guns, howitzers, and mortars was stated by Gen. Pershing
to be absolutely essential for successful operations, and the absence
of these elements might invite failure. Accordingly, as the most
accessible and available matériel of this kind was to be found
mounted in the coast fortifications of the United States, it was
realized that by removing a certain number of the guns, how1tzers,
and mortars from their permanent emplacements and preparing im-
provised mounts, something at least could be done to meet the needs
of the American Expeditionary Forces in this respect. There was
developed in this connection a well-defined program for spare guns
and mortars, not only to be shipped abroad for replacement purposes
and for additional strength, but also to make good the guns taken
from the forts, at as early a date as possible. Furthermore, it was
found necessary to consider the entire question of the construction
of additional heavy ordnance.

Spare guns and mortars.—In the first connection, the experience of
both the British and French showed that for each high-powered gun
in action, during contemplated campaigns of two years, a spare gun
eventually must be available for replacement on the same mount. In
the case of mortars it was estimated that one spare mortar should be
provided for each two mortars in action. Consequently it was essen-
tial that an adequate supply of spare guns and spare tubes be main-

tained in reserve.
83
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LONG-RANGE ARTILLERY. - "85

Production of large guns and howitzers.—Under the assumption that
14-inch guns and 16-inch howitzers must be proyided for the oversea
force or for the replacement of seacoast guns taken from coast forti-
fications to be transferred for railway or other mounts for use in
France, there was developed early in the war a complete considera-
tion of the manufacturing situation, which reduced itself largely to
the question of facilities in forging and machining.

Forging.—For the first year of the war, the capacity for manufac-
turirg forgings for guns, howitzers, and mortars of large size existed
only at the private plants of the Bethlehem Steel Co. and the Midvale
-Steel & Ordnance Co. It was decided to install facilities of this
kind at the Watervliet and Watertown Arsenals, and to provide
important additional sources of supply. A plant was therefore ar-
ranged in the Pittsburgh district, with the cooperation of the United
States Steel Corporation. This was located at Neville Island acces-
sible to fuel supply and raw materials and here it was proposed to
fabricate the largest guns.

Machining.—Machining facilities at the outbreak of the war ex-
isted only at the plants of the Bethlehem Steel Co., the Midvale Steel
& Ordnance Co., the Watervliet Arsenal, and the Washington
Navy Yard. For the guns of smaller calibers, such as the 75-mm.
and 4.7-inch field pieces, it was possible to install machining facilities
at new plants that were established, but the necessary presses, lathes,
and other machine tools for the large caliber pieces were not as easily
secured. .

Problems in big gun manufacture.—The problems in the manufacture
of large guns, howitzers, and mortars in the United States depended
on the relative importance of such guns with those of smaller caliber
put under manufacture and required immediately. If the making
of the smaller caliber guns under manufacture could have been sus-
pended, the facilities of the four plants named could have been
diverted to the production of 14-inch and 16-inch howitzers, prefer-
ably the latter, as a much greater number of this type could have
been turned out in a given time.

Necessary machine tools.—In the construction of guns both large and
small the governing condition seemed to be the securing of adequate
machine tools. Lathes of the sizes suitable for the smaller parts of
these guns could not be procured in quantity in less than eight months
and the larger lathes could not be procured in quantity for fifteen
months, so the question was whether it was desirable to divert the
tools that were being used for the manufacture of mobile artillery
from that purpose. ,

_ Developing facilities.—New forging capacity on a large scale for
large guns could not be developed under twelve to fourteen months,
and machining capacity in less than from fifteen to eighteen months.
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LONG-RANGE ARTILLERY. 87

This would inevitably result in a serious delay in volume production.
Hence the decision was reached that the only method of getting large
guns in quantity at an early date was to use as far as possible existing
facilities. Furthermore, it was decided still further to strip from the
fortifications certain types of guns, and to use other types that the
Navy Department had in storage which could be provided with rail-
way mounts and placed on the western front in Europe at a com-
paratively early date. These it was proposed to follow with large
guns from existing plants, while for future needs and replacements
the proposed increased facilities of the new Neville Island plant were
to be drawn on, as soon as construction and equipment had reached a
point to make them available.

Plan decided upon.—In view of the foregoing considerations, the
immediate work of the Ordnance Department was first to provide the
5-inch and 6-inch seacoast or naval guns with wheeled mounts, mak-
ing them available for motor transport, and then, with the coopera-
tion of the French, to develop an essential system of railway artillery,
using 8-inch guns and, those of larger caliber as fast as they could
be shipped to Europe. These are discussed in the ensuing para-
graphs. ’ :

SEACOAST GUNS ON IMPROVISED MOUNTS.

5-inch and 6-inch seacoast guns.—In response to the urgent demands
from abroad already referred to, 5-inch and 6-inch guns required for
this project were removed from the fortifications and provided with
improvised wheeled mounts for service abroad. Their withdrawal
from the fortifications was approved by the Secretary of War. In
the case of the 5-inch guns, model of 1897, and the 6-inch guns, model
of 1900, the cradles of the barbette carriages on which they were
mounted were retained, but modified for 40 degrees elevation with the
' new improvised wheeled mounts. For the 6-inch guns, models of-
1903 and 1905, formerly mounted on disappearing carriages, com-
plete new carriages were designed known as the model 1917 to dis-
tinguish them from these just mentioned designated model of 1917A
and the model of 1917 mentioned below.

The design of the mounts was as simple as possible, so as to facili-
tate their rapid manufacture by an inexperienced concern. The maxi-
mum range of these guns is about 18,000 yards, with a normal muzzle
velocity of 2,600 foot-seconds; an increase of the muzzle velocity of
3,000 foot-seconds would aﬂ"ord a maximum range of approximately
22,000 yards. This muzzle velocity had been attained at the Sandy
Hook Proving Ground. The carriages permit an elevation of 40 de-
grees, but by burying the trail an elevation up to 60 degrees can be
obtained and the guns made available against captive balloons, as
desired by Gen. Pershing. The guns are mounted on a cradle with
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oil cylinders and spring recuperators. No traverse of the guns on the
carriage is provided, but the carriages can be equipped with spades.
Designs, drawings, and specifications were prepared for a firing
platform and spade for the 5-inch wheel mount, model of 1917, and
for the 6-inch wheel mount, models 1917 and 1917 A and B, and
platforms and spades were under production. The platform pro-
vides 50 degrees traverse to the carriage. Work was also under way
on the design and test of a 90-pound 6-inch common steel shell to .
obtain maximum range for the 6-inch gun.

The Navy 6-inch 30-caliber guns required an adaptation of the

mount just described, the carriage designed for them being known as
6-inch wheeled carriage, model of 1917, type B. This gives a maxi-
mum elevaiton of 45 degrees without burying the trail. The guns
have a normal velocity of 1,950 foot-seconds, and, using a 90-pound
projectile, they have an approximate maximum range. of 15,000
yards. ;
Sights.—Each carriage is provided with a shank type of sight.
mounted on the cradle. The sight mounts the panoramic sight. model
1917, at its upper end. The sight is graduated in degrees and also
in meters. ) |

Transport.—Six-inch mounts, except Type B, are provided with a
transport vehicle, in which the gun is carried when it is transported.
These batteries are completely motorized, and the necessary motor
trucks and tractors are also provided.

RAILWAY ARTILLERY.

General—Along with the demand for motor transport for all artil-
lery with which it could be used, the war developed to an extent never
before realized the importance of railway artillery whereby large
guns could be moved to desired points. With the increase of regular
and narrow gauge railway lines essential for the supply of an army
came also the use of railway track for bringing up the heavier guns,
so that with the exception of a comparatively small number of guns
permanently emplaced for long range fire or for defensive operations
the greater part of the heavy artillery was mounted on some form of
railway carriage. With this increased mobility and iucreased facili-
ties for handling heavy guns, howitzers, and mortars, a special use of
railway artillery developed.

1IE‘(ire of railway artillery.—The fire of railway artillery guns in-
cludes:

' (@) Fire of destruction against enemy positions usually well pro-
tected by earth, timber, and concrete.
(b) Counter-battery work.
(c) Fire of interdiction on railways, railway stations, canton-
ments, roads, and other arteries of traffic.
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Fire of destruction.—Fire of destruction is delivered by howitzers
and mortars almost exclusively. These are either transported on
60-cm. (23.62 inches) track, or on standard gauge track. There is a
very high proportion of shots for fire of destruction, and in a period
of 14 days along the Chemin des Dames 41,000 shots were fired by
heavy artillery, including railway artillery, of which number 31 per
cent were from howitzers and mortars of 270 mm. or above. Gen.
Pershing early cabled that the use of 12-inch mortars was absolutely
necessary.

Counter-battery work.—Counter-battery work is relatively unimpor-
tant for railway artillery, though it has been carried on by French
194-mm. and 240-mm. guns with 360 degrees traverse fired from nor-
mal track without preparation. Heavy tractor-drawn artillery, such
as the French 155-mm. Filloux guns, has been developed, so that
except in rare cases counter-battery work by railway artillery will be
unnecessary. The 5-inch and 6-inch United States seacoast im-
provised mounts would be valuable for such work, and the long
ranges over 9 miles for the 5-inch gun and over 10 miles for the 6-
inch gun—make them especially useful. Being drawn by tractors
they are naturally more mobile and readily placed than railway
mounts. '

Fire of interdiction.—Fire of interdiction is the function of the
long-range, high-powered railway guns in which range and traverse
are most important. These elements were necessary to cover a tremen-
dous area in the rear of the German lines, especially villages and rail-
ways where such fire is least expected; so as to prevent bringing up
supports and to interfere with transportation. The guns are placed
within a shorf: distance of the rear of the lines, and the heaviest bat-
teries of railway artillery are frequently located not more than 4
miles from the front in order to secure the maximum field of fire
and long range. Such location makes concealment necessary, as the
railway artillery is within range of the lighter artillery or even the
Field Artillery of the enemy. The 8-inch, 10-inch, 12-inch railway
mounts are mainly used for fire of interdiction.

7-inch railway project.—The original 6- and 8-inch railway gun cars,
model of 1918, were used for mounting some 7-inch mounts secured
from the Navy. These particular railway mounts were gotten out
for use along the coast in antisubmarine coast defense work. The
main features of this railway artillery are the 7-inch Navy gun
mounts, the adapter casting, and the gun car.

Gun mount.—This gun carriage is a pedestal type carriage, having
360 degrees traverse and 15 degrees elevation. The mount is known
as the 7-inch Navy mount, Mark II, Model IIT. The guns are
known as the Navy 7-inch 40-caliber gun, Mark IT. The muzzle veloc-
ity of this gun is 2,700 foot-seconds and the range at this velocity is
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F1a. 30.—7-inch Navy railway mount, model of 1918.

approx1mately 17,000 yards. The recoil of the gun is 19 inches and
the carriage embodies all the general characteristics of a navy mount
of this caliber. '

Adapter casting.—In order to mount this gun carriage on the rail-
way car it was necessary to utilize existing bolt holes in the car
underframe, and raise the center line of the trunnions so that the
muzzle of the gun would have sufficient clearance above the car

. platform. A pedestal adapter casting was therefore designed, which
accomplishes the two objects just named. The gun carriage is, of
course, mounted on this casting and is secured firmly thereto by means
of holding—down bolts. These adapter castings are of special design
and weigh in the neighborhood of 13,000 pounds each.

Railway gun car, model 1918.—This car represents the first de51gn of
the Ordnance Department for gun cars, utilizing several calibers of
guns and mortars. The car is of a drop-frame type and is raised
and lowered by means of hydraulic jacks working through the body
bolsters of the underframe. The mount does not use any firing plat-
form, but the drop portion of the underframe is lowered onto the
rails for firing. In the transport position the car is raised approxi-
mately 6 inches above the top of the rails. The hydraulic jacks are
unique in their construction in that the ram of the jack forms the
pintle of the trucks. The side bearings, which of course must be
raised and lowered with the underframe, are automatically moved
by means of a rack and pinion arrangement operated when the ram
is raised or lowered. The pump for the jack is separate and mounted
on the car body so that it will not interfere with maneuvering the
piece. The outriggers, four of which are provided, are the same as
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those used on the 8-inch railway mount in so far as their struts and
floats are concerned. The attachment of the outriggers to the car
body is different, however, in that a bracket casting having a pivoted
joint is used in place of the ball-and-socket joint as described later
for the 8-inch railway gun car. The bracket casting with its hinge
portion is so designed that it can swing out at right angles from the
car body. It is necessary to put out all four outriggers in firing this
mount, and the angle at which the struts stand with respect to the
car body is dependent, of course, upon the angle of traverse of the
gun. No clamps of any nature are used with this mount. As in
the case of the 8-inch car, model of 1918, Mark I, the trucks are not
withdrawn at any time in maneuvering the mount. A loading plat-
form is also provided at the breech end of the car, which is designed to
receive the ammunition from the ammunition car and to transport
it from that position to the breech of the gun. This loading platform,
however, can be used only when the gun is in the same straight line
as the tray of the loading platform. These cars are provided with
both hand and air brakes and M. C. B. draft gear and couplers. The
trucks are. the Pennsylvania standard 50-ton trucks, having 5% by
10 inch M. C. B. journals. The entire weight of this amount is ap-
proximately 170,000 pounds. The car is so designed that the out-
riggers can be folded back against the car sides and the outrigger
equipment, such as spades, foot plates, and so on, can be carried on the
body of the car, to which they are securely lashed. No narrow-gauge
equipment is provided for this project, but each gun car is equipped
with an ammunition car for transporting 7-inch Navy ammunition.
Furthermore as they were intended for use exclusively in the United
States it was not necessary to furnish Europeand types of couplings
as for other mounts. The usual outfit of tools and accessories and
spares are provided the same ag in the 8-inch project.

8-inch railway artillery project.—This project consists of standard
gauge railway cars upon which 8-inch barbette carriage with their
guns are mounted, and auxiliary cars and trucks of both standard and
narrow gauge. Work on the carriages and cars and trucks was vigor-
ously undertaken and the pilot 8-inch railway mount was sent to
Aberdeen for test on June 6, 1918. By the end of 1918, 24 units of
8-inch railway artillery together with ammunition cars and acces-
sories had been caompleted and were ready for use. A more detailed
. discussion of the various elements of this project is given herewith.

8-inch railway car, model of 1918, Mark I.—This car is a drop-frame
type with structural steel underframe mounted on Pennsylvania
Railroad standard 70-ton trucks. The car is equipped with air
brakes as well as hand brakes, and is provided with French State
standard screw couplers and buffers. Outriggers and floats are also
provided for the purpose of taking up the shock of recoil.
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Fi16. 31.—8-inch railway mount, model of l!)lf-i m firing platform formed by crossties laid on

Firing platform.—This mount is fired from the firing platform,
which consists of four 8-inch H-beams which lay on the ties and
which have six oak crossties laying across their upper flanges. This
platform can be carried on the car while in transport and laid in
position on ordinary track in a few minutes. In maneuvering the
car into battery position, it is first necessary to lay down the H-beasts
on the ties, after which the car is run into position and jacked ap-
proximately 1 inch. After the car is in this last position the six
oak crossties are placed underneath and the car lowered so that the
weight rests on the ﬁrmg platform. This relieves the trucks of the
firing shock.

Outriggers.—The outriggers are all attached to the car and are
swung into position when the car has been placed on the firing plat-
form. Eight outriggers form the complete equipment of one car, two
or four of which are used at any one time, depending on the angle
of traverse. These outriggers have their outer end equipped with a
screw-ball joint which rests against the wooden floats banked into
position on the ground. The wooden floats consist merely of oak
timbers bolted together so that they present a surface of approxi- °
mately 20 square feet, which is at right angles to the center line of
the outrigger strut.

- Trucks.—The standard-gauge trucks for this mount as mentioned
above are Pennsylvania Railroad standard 70-ton trucks having four
wheels with M. C. B. 6- by 11-inch journals. The trucks are at no
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F1G. 32.—8-inch railway mount, model of 1918, arranged for firing at right angles with the track. Note
the outriggers and floats.

time withdrawn from the car, except in the event that the mount is
to be transported on narrow-gauge track.

8-inch Barbette carriage, Model 1918.—This carriage is of a‘spegial
design, and is so made that 360 degrees traverse and 42 degrees
elevation can be secured. The carriage is mounted on a base ring,
and is traversed by means of rollers attached to a racer. The base
ring is bolted to the drop-frame portion of the car underframe. The
recoil mechanism is the ordinary hydraulic buffer and counter recoil
spring type which allows 48 inches of recoil.

Ammunition car.—The ammunition car is an espec1al des1gned car
and .used as a standard for all railway artillery. It is an all-steel
box car, usmg standards as existing on the United States Govern-
ment cars in so far as possible. The interior of the car is provided
with ammunition racks for storing both powder charges and pro-
jectiles, and which are so designed that they can be withdrawn and
the car used ‘as an ordinary box car. A trolley I-beam ammunition
hoist is also provided for handlmg the ammunition from the racks
to the gun car.

Narrow-gauge equipment.—For the purpose of transportmg this
railway mount on 60-centimeter narrow-gauge track, a ¢omplete out-
fit of trucks and auxiliary cars are provided. This equipment con-



F1a. 33.—Railway artillery cars, model 1918. The upper car is for ammunition; immediately below is
a supply car which carrles spare m't tools, and accessories; under that is a fire-control car in which

the range-firing data are compute
94

the bottom is the same type of car camouflaged.
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sists of 12-wheel narrow-gauge trucks which support the railway
mount, a gun transport car for transporting the gun after it is with-
drawn from its cradle, and narrow-gauge ammunition cars. In ad-
dition, a loading and unloading rig is furnished for withdrawing
the gun from the cradle. The great weight of this mount makes it
necessary to utilize two 12-wheel trucks for each gun car, and it is
also necessary to withdraw ‘the gun when it is transported. This
withdrawal is accomplished by utilizing an inclined runway made
up of structural shapes and having two small trucks which support
. the gun. The gun is pulled from the cradle by means of a cable and
winch mounted on the platform of the gun car. The small trucks
travel down the inclined runway onto the gun-transport car, to which
they are bolted. The shell car is a narrow-gauge gondola car pro-
vided with shell racks and trolley I-beam hoist. The powder car is
a high-side gondola car in which the powder cans are stored.

" Armament train.—The armament train for one regiment consists of
24 seacoast guns; twenty-four 8-inch barbette carriages, model 1918;
24 railway cars, model 1918, Mark I, standard gauge; 48 ammunition
cars, standard gauge; 3 automobile supply trucks and 3 automobile
repair trucks. The narrow-gauge equipment for armament train
for one regiment will have, in addition to the gun in its carriage,
the railway-gun car and the repair and supply trucks: Forty-eight
12-wheel narrow-gauge trucks, 24 gun-transport cars with their load-
ing and unloading rigs, 48 shell cars, and 48 powder cars. Fire-
control instruments, spare parts, and tools and accessories in accord-
ance with the organization tables are also included in the armament-
train equipment, .

305-mm. railway mount.—Arrangements were made between the
French Government and the United States Government whereby the
United States could use the drawing of the Schneider 305-mm. slid-
ing railway mount for getting out partially fabricated material for
a railway mount to mount the Army 10-inch' guns, models of 1888
and 1895. This material was to be only partially fabricated in the
United States and shipped to France, where fabrication could be
completed and mounts assembled. 'The principal parts of the mount
are the car body, trucks, translating mechanism, jackscrews,
sleepers, elevating mechanism, loading mechanism, shuttle car, and
I-beam track stringers.

Car body.—The car body consists of two box girders, at approxi-
mately the center of which the gun is supported by its trunnions in
the trunnion castings placed on the top cover plates of the girders.
The gun is carried in the trunnion castings, both during transport
and firing. This mount is not provided with a recoil mechanism, but
recoils along the track and the shock of firing is absorbed by the
friction of the sleepers on the I-beam track stringers.
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Trucks.—The car body is supported by two 12-wheeled trucks, hav-
ing 53- by 10-inch journals. The front truck is provided with two
translating mechanisms, for use in moving the car back into firing
position after having been fired. The rear truck is equipped with a
pair of oak shoes which can be raised and lowered by means of
screw jacks. Before firing these shoes are lowered onto the special
I-beam track stringers. They act as a positive stop for the truck and
take any load transmitted to the truck, thereby relieving the springs.

Jackscrew.—The mount is provided with jackscrews attached to the
underside of the girders. These jacks carry the heavy wooden sleepers
which are let down onto the special I-beam stringers before firing.
The vertical component of the force due to firing is transmitted
directly from the girders to the I-beam stringers through the sleepers
and the horizontal compenent is overcome by the friction of the
sleepers on the I-beam as the entire mount recoils.

Translating mechanism.—The mount is not provided with any lateral
movement of the gun with respect to the car body; it is therefore
necessary to use this mount on a curved track to provide traverse.
To accomplish this a translating mechanism is provided which
consists of a crank and train of gears which transmit the hand
power to the car axles where it is applied in tractive effort to move
the mount along the curved track.

Elevating mechanism.—The gun is elevated by hand power applied
to a handwheel at either side of the mount. This force is trans-
mitted through a train of gears to an elevating rack attached to the
side of the gun by which means the gun may be elevated or de-
pressed.

Loading mechanism.—A shuttle car is provided to carry the projec-
tile and powder from the ammunition car to the gun mount. The
projectile and powder are in turn picked up by an overhead trolley
and placed in a chain rammer case. The projectile is then seated by
the hand-operated chain rammer.

10-inch and 12-inch gun railway carriage project.—The 10 and 12
inch gun railway carriage, model of 1918, is a ground-platform type
of mount, the ground platform being the means by which the carriage
is held in a stationary position when firing. These carriages mount
. the 10-inch guns, models of 1888 and 1888, MI and MII, and the
12-inch guns, models of 1895 and 1895, MI. The 10-inch carriage
permits of 36 degrees elevation and the 12-inch of 38 degrees eleva-
tion. With these elevations the 10- and 12-inch guns have approxi-
mate maximum range of 24,700 and 25,000 yards, respectively. The
'10- and 12-inch carriage are practically the same, differing only in the
cradle, elevating mechanism, folding platforms on the top carriage,
and the gun supports and rests. These differences were necessary

91485—19——7
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on aceount of the difference in the diameters of the 10- and 12-inch

The gun is mounted in a cradle provided with two recoil ¢gylinders
and a recuperator. The cradle is supported by its trunnions on the
top carriage and the top carriage in turn is mounted on the car. The
car is carried by two 8-wheel trucks, having 6.693 by 12.2 inch inside
journals. Both of these carriages permit of 5 degrees traverse either
side of the normal position. Two ground platforms and ground-plat-
form cars are furnished with each carriage so that a greater range of
azimuth than 10 degrees may be had by placing the two ground plat-
forms at any given angle apart in removing the ‘carriage from one
platform to the other. Each of these ground platforms is com-
posed of six sections, these sections being carried on the ground-
‘platform car, model of 1918. This car is equipped with a trolley
hoist and a hoist-runway extension and winch for use in removing
the ground-platform sections from the car and placing them in posi-
tion in the previously prepared excavation.

In placing the carriage on the ground platform it is brought up
to the approximate position and then by means of the warping
mechanism in the trucks, it is moved to its exact position over the
ground platform. The wedges and tension screws are then put in
place -and wedges tightened up until the entire weight of the car-
riage is taken off of the trucks, after which the tension screws ara
tightened in order that the platform and carriage are fastened so
that they can not separate during ﬁrlng

These carriages are.equipped. with a loading rig, consisting of a
loading stand, loading tray, and ammunition crane., The projectile
and powder charge are brought to the ammunition crane by means
of a trolley hoist in the ammunition car and then placed in the load-
ing stand. The loading tray is put in position, forming a bridge
from the stand to the breech of the gun, which is loaded at 5 degrees
depressmn These carriages are equipped with a panoramw sight,
panoramic telescope, and elevation quadrant.

12-inch Mortar railway project.—The manufactyre of railway mounts
for 12-inch mortars withdrawn from fortifications was authorized
by the Secretary of War. The carriage as designed perm1ts of a
maximum elevation of 65 degrees, affording an estimated maximum
range of about 15,300 yards. These mortar mounts are provided with
narrow-gauge equipment, so that they may be pushed well forward
for the most effective use. This special railway mount consists of a
12-inch mortar, model of 1890, mounted without any modifications
on a specially designed carriage, which is in turn mounted on the
railway car (model of 1918 MI) described. All around traverse of
the mortar is also provided. The cradle in which the mortar is
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mounted is provided with recoil cylinders and air recuperator. The
railway car is also arranged so that the standard-gauge trucks may be
removed and replaced by narrow-gauge trucks. Complete armament
trains for both broad and narrow gauge track, similar to the trains
provided for the 8-inch railway mounts, are also furnished for these

mounts. Each mount is provided with a panoramic telescope and

elevation quadrant and the usual railway artillery fire control equlp-
ment as listed on page 106 is supplied.

Sliding railway mount, model 1918.—The sliding railway mount,
model of 1918, for 12- and 14-inch guns has been designed to mount
these guns, both for transport and for firing, on railroad track of
standard gauge. The principal parts of the mount are the car body,
the span bolsters, the trucks, the translating mechanism, the bearing
stringers and sleepers, the lifting wedges, the elevating mechanism,
and the panoramic sight, telescope, and elevation quadrant.

Car body.—The car body consists of two heavy box girders, at ap-
proximately the center of which the gun is supported on its trun-
nions in trunnion castings, placed on the top cover plates of the
girders, and between which it swings in elevation.

Span bolsters and trucks.—This body is in turn supported and piv-

oted at each end on a span bolster, which extends between twa eight-
wheel trucks. The entire mount is thus supported on 4 trucks, 16
axles, and 82 wheels. The trucks are provided with hand and air
brakes, and the span bolsters have standard French couplers, etc.,
in addition to M. C. B. couplers, on the outer end of each.

Translating mechanisms.—Four translating mechanisms are fur-
nished on the two inner trucks. These include an operating handle
and a train of gearing, through which the wheels may be rotated by
hand power and the mount thus caused to move along a curved track.
This is effectively the traversing mechanism of the piece, as no move-
ment is arranged for between gun and carriage in a horizontal plane.
The training in azlmuth is obtained by moving the mount along a
curved track.

Supporting mechanism.—The gun is mounted rigidly in the car body
without recoil mechanism of any kind. The recoil energy is ab-
sorbed through sleepers under the car body, which bear on special
bearing stringers. These sleepers consist of wooden beams extending
cransversely under the car body, and the bearing stringers are steel
beams laid on the ties parallel to the rails. The lifting wedges are
devices by which the sleepers may be lowered in contact with the
bearing stringers. :

Elevating mechanism.—The elevating mechanism is of the ordinary
type, and serves to move the gun in a vertical plane between the
girders.
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Sights.—Panoramic sight, telescope, and elevation quadrant are
special instruments used in training the gun.

Weight and other characteristics.—The total weight of the mount, in-
cluding the trucks and gun, is approximately 575,000 pounds. This
is approximately 36,000 pounds on each axle and the total weight is
distributed over a wheel base of 92 feet 2 inches. The mount has
been designed to meet railroad clearances and to go round a curve
of 492 feet (150 meters) radius (11 degrees 40 minutes). The ex-
treme height of mount over top of rail is 168.5 inches, and the total
length from end to end of buffers is 100 feet 5} inches.

12-inch (50 cal.) railway project.—The 12-inch gun, model of 1918,
50 calibers length, is mounted on a sliding railway mount, model of
1918, and is accompanied by ammunition and shuttle cars. This
gun is of the built-up type, of nickel steel throughout. A counter-
balance of cast steel in two parts bolted together fits over the breech
end of the gun and extends from within 10.5 inches of breech face
134.85 inches toward muzzle of gun.

14-inch gun railway carriage, model E—This carriage mounts a 14-
inch gun in a cradle with hydraulic recoil brake and spring return.
The elevating gear is of the screw type. A cast-steel base plate of
two semicircular sections is carried on a separate car, as is also a
rear support made in sections. After emplacing the base plate and
rear support, the mount is lowered thereon by means of hydraulic
and screw jacks which are incorporated in the mount, and the trucks
are then run back. The carriage may be traversed through 360
degrees on the base plate. When so mounted the carriage is capable
of firing at angles from 0 degree to plus 30 degrees elevation. The
carriage is also equipped with steel shoes, which, after lowering by
means of the jacks, permit firing directly from a curved track.
Under these conditions, change in azimuth is accomplished by moving
the car along the track, and the final setting is made by means of
a traversing gear built in between the car frame and the trucks.
Thus used the elevation is limited between 0 and plus 22 degrees.

16-inch howitzer railway mount, Model E.—This car was designed to
mount the 16-inch howitzer, model of 1918; to fire from a special
emplacement providing 360 degrees traverse and 65 degrees elevation.
This design provides a railway mount suitable for seacoast-defense
purposes. The special emplacement has a base ring 27 feet in diam-
eter embedded in the ground and on which the mount is traversed.
In the center of the base ring is a circular pit, approximately 12 feet
in diameter and 7 feet deep to allow for the recoil of the howitzer.

Cradle—The howitzer is mounted in a cast-steel cradle. Each
cradle is provided with two hydraulic recoil cylinders and four spring
counter-recoil cylinders.
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Elevating gear.—The elevating gear is of the elevating rack-and-
worm type operated by handwheels on each side of the car.

Transport trucks.—The trucks for transporting the gun mount are
of the six-wheel equalized type, having 6 by 11 inch M. C. B. standard
outside journals. These trucks are known as the Lehigh Valley type
of heavy duty trucks.

Base ring.—The base ring on which the mount rests when put on its
emplacement is of cast steel in four sectors of approximately 25,000
pounds each. It has a box section 40 inches wide, 803 inches deep
under rails, and 27 feet in diameter between center line of the outer
rails. On the upper surface of the castings there is a finished vertical
projection to which the traversing rack is fixed and which also
serves as the pintle-bearing surface. An 80-pound rail, on which
the carriage traverses, is bolted on both sides of this rack.

16-inch howitzer railway mount, Model of 1918.—The 16-inch how-
itzer railway mount, model of 1918, mounting the 16-inch howitzer,
model] of 1918, was developed to provide a mount for use in the field
capable of firing a high-explosive projectile weighing 1,660 pounds
. at from plus 20 degrees to plus 65 degrees elevation and to be trav-
ersed 5 degrees either side of the normal position.

A ground platform built up of timber acts as an emplacement and
spade, the force of firing being transmitted through steel struts and
jacks placed under the car frame.

The mount may also be fired without the ground platform from
plus 20 degrees to plus 45 degrees elevation directly from the trucks.

The tipping parts are the same as used on the 16-inch howitzer car-
riage, model E, with slight modifications.

Railway artillery fire control.—The fire-control instruments required
for railway artillery consist of the panoramic telescope, the elevation
quadrant, and various accessories and instruments listed below.

Panoramic telescope.—A large panoramic telescope with magnifi-
cations, 4 and 10 power, is also provided for each railway mount.
This panoramic telescope is similar to the Field Artillery panoramic
sight. and is mounted in a special type of mounting somewhat similar
to that used with the 75-mm. gun carriage, model of 1916. This
mounting automatically corrects the line of sight and compensates
for the amount which the base ring is out of level.

Elevation quadrant.—An elevation quadrant graduated in degrees
and minutes is provided for each of the United States railway
mounts. This elevation quadrant has a cross level so that correction
can be made for the amount that the gun trunnions are out of level.

Fire-control instruments required for railway mounts.—The following
instruments are required for each battery and each battalion of rail- -
way artillery:
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. FIRE-CONTROL EQUIPMENT FOR RAILWAY HEAVY ARTILLERY.

b g : .
Drawing. & g % E, 'g s_g
. >

TR | |B |E8|25

'E -a . -g S| E g

TIERERIES

g .| |8 =D

[ g. uga 5 =9 E§ e -

Item. G o8 |29

- | % |53 §'§ g g g?g 2 253

et b

g ¢ ™ =R

NERE Il BRI

AEIHAR B R R RN

o |lA A w |2 |& |z |7z (& [=*

Aiming,rule.._ .. ... .. ..o R PN PN FOT 4 b U (R PPN PR FUR
Armometal. ... ... . iiiiiiiiiiccicaaaaa. 22 5| 10 (....... 3]....- 31... 23 50
Azimuth instrument, model of 1918.............. 22| 77 1| 3006 21..... 2..... 16 34
Azimuth instrument, instrument case............ 2| 77 1] 3006 2|.cee] 2]..... 16 34
Azimuth instrument, telescope carrying case....| 22| 77 1| 3096 2. .... 2..... 16 34
Azimuth instrument, tripod............. ceneene 2] 77 1] 3006 |- 2..... 21..... 16 34
Azimuth Instrument, tripod carrying case....... 2| 77 1| 3006 2|..... 2|..... 16 34
Azimuth instrument,storage battery '..........[... ... .. . |.ooaal 21..... 2|..... 16 34

Azimuth instrumeat, replacement part set for ’

100 instruments. ........c.ooeiiiieinceacnenens 27 | 54 b2 IO PN PRI SR PN PP SR
Azimuth instrument, periscopie................. 22| 80 1{ 3100 214..... 24..... 16 34
Azimuthinstrument, periscopic,instrument case| 22| 80 1| 3100 2(..... 21..... 16 34
Azimuth instrument, periscopic, telescope chest.| 22 | 80 1| 3100 2|..... 21..... 16 34
Azimuth instrument, periscoric, tripod......... 22| 80 1| 3100 2]..... 21(..... 16 34
Azimuth instrument, periscopic, tripod carrying .

R T 2| 8 1{ 3100 2]..... 21..... 16 34
Azimuthinstrument, periscopic,storagebattery ... | ... ... ... ... 2..... 2]..... 16 34
Azimuth instrument, periscopie, replacement

pari set for 100 instruments.........c...c......| 27 54 ) U PO AR PR (R (v [P s
Battery, extra storage for electriclantern ... | o e deea oot 91..... 81..... 78 | 156
Battery charging switchboard......coccvieenen.. 14 10 1....... ) ' RPN DI ! B 12
Battery charging switchboard replacement part

sel for 100 Instruments. . e, ceeeeeceenencanaceas] 27( 54 F: 2N P R PPN U S PN ve-
Compass, prismatic.........ccoeiiirnnniiinenase. 22| 53 1j....... 2..... 2 1| 17 36

; 35, prismatic, carryingease...............| 22| 53 1f....... 2]..... 2] .1 17 36
prismatic, tripod. .......ccciiiiiiiaa.. 22| 53 1)....... 21..... 2 1] 17 36
prismatic, tripod carrying case........| 22| 53 1....... 2..... 2 1| 17 36

ass, prismatic, replacement partset. ... . f..odooi i eeiiie e eea s RN R e cese
Computing device, Wilson......cccvvvvnvennaa| 22| 99 ) N PO 1..... 1]..... 8 17
Computing device, Wilson, carrving case........| 22| 99 1l....... 1i..... 1]..... 8 17
Computing device, Wilson, replacement pari set

for 100 Instruments. ... occveecianncnasaniaca.s 27| 54 [ 25 (RN RN PRI DRI PR DI PR
Davistion board, Pirfe. . ....ccvcvvnnacrorsnen- 22| 93 1| 3104 1l..... 1..... 8 17
Deviation board, Pirie, replacement part set for

100 INSEFUIMBOES . o e v vessccessanssonansnansren 27| 54 L7 VAU DU ORI B B B J PO
Lantern, electric with battery deee.oooeaeaooiifioidoiiii)adoean., 9...-- 81..... 8| 156
Lantern bulbs . ... ...coiiiiniiaiimnminenn]eraee]iencdeceeadieeaideeeed]oenic]onea]ennns 156 | 156
Protractor,metal.........ccovevieiieeiniiaia. 2} 9 1]....... 1 1 1 1. ...,
Table, range....... L eeeeeeeacecceacceananas PN PRI P P el 12 12 [..... 243 | 351
Table, range, abridged.......ccccceeveiieaninnnd]oad e .n N P 12 ... 12)..... 243 | 351
Telescope, B.C. model of 1915, .................. 22| 39 1 522 1f..... 1f..... 6 15
Telescope, B. C. carrylngoase..........coeenuen. 22| 39 1 522 1}..... 1].....] 6 15
Telescope, B. C. tripod........cccceeuinannaa... 22| 39 1 522 1,..... 1j..... 6 15
Telescope, B. C. tripod carrying case............ 22| 39 1 522 1..... 1..... 6 15
Telescope, B. C. replacement part sets per 100 ’

Tins'cru'gneln&;;so....i:....l....).i .......................................... R N T R Ry

2 pe, stee. meterslong) d...coeeinecncnacaaac)iaac]eneadcedieeniil] 1 ...,

St0p watoh “SEAnAArd .o oeroeeeeeeee o 8 |-mmn. 6-.... 98 | 152

Shock absorberand thong.........ccccoceunn.... 22 | 90 1]....... 6|..... 6..c.. 98 | 152

Circle, aiming, model of 1916..................... 22| 41 1 523 21..... N P P B
Circle, aiming, model of 1916, carrying case...... 22| 41 1 523 2]..... b S PR RPN B
Cirele, aiming, model of 1916, tripod............. 22| 41 1 523 2]..... U (RN ORI B

Circle,aiming, model of 1916, tripod carrying case.| 22 | 41 1 523 2..... ) N PR PO PN

Circle, aiming, model. of 19f6, replacement part

sets for 100 InStruments...c.ceeeeeveereennnenafiieafoeend] i oeaiaideia e e nans RPN PR J .ee
Level, micrometerercss......occceeeecaecencaaeefeaaad|eaant].. O DR 4 b N PO weed| 6 36
Level, micrometer cross, €8se......o.cceveeeeoaaeaaea|aennn N DO 4 1..... JRON PN PR
Plotter, aircraft observation.. ... ... oo i, ) U [N RPN PRI PN

Posts, aiming, circularhead.....................|... ... R R PR - 20 PR (AR JRR D PP

Posts, aiming, squarehead. ... fiiel el -1 N DRION FORIPRN PRRRON s

Quadrant, gunners, model of 1918.................| 15 |12L 1| 3046 4 b 1 PR RN R P

Quadrant, gunners, model of 1918, pouch........ 15 [12L | 1| 3046 4 U PR PN PP EPS

Quadrant, gunners, model of 1918, chest......... 15 [12L 1| 3046 4 b ' DN PR RN PR,

Ruler, B.C.cueeiiiniiiiiiiiiiciiiieienne 22| 36| () |..e---- 10 |..... ) {1 J PR PR I8 .

1 Commercial material. 2 Requires special drawing for each gun and charge.

SPECIAL NOTE.—No 50 per cent replacement.
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IV. ANTIAIRCRAFT MATERIEL.

Types of &ntiaircraft mounts.—Five types of antiaircraft mounts
have been designed for the United States service. Four types were
under manufacture in quantity in 1918, and a pilot for the fifth
type had been completed. Two French types are also illustrated.

Improvised antiaircraft carriage, model 1917, for 75-mm. gun, 1897.—
The improvised antiaircraft carriage, model 1917, for 75-mm. gun,
1897, was designed as an emergency mount to take the 3-inch field
gun, model of 1902. The design was later changed to mount the
75-mm. French field gun, model 1897. Carriages were built in
the United States, and the regular French field gun, together with
cradle and recoil mechanism adjusted for high-angle fire, were
ordered in France to be placed on this mount. Carriages were shipped
equipped with open sights. Telescopic sights were later manufac-
tured in this country to replace the open sights: A total of 50 car-
riages were ordered and no more contemplated, and all carriages
were delivered and proof fired. The gun, gun carriage, and
necessary limber are carried on 33-ton trailers. The maximum recoil
of the gun is 49 inches; elevation, 22 to 85 degrees; field of fire,
360 degrees. The maximum vertical range is about 6,200 meters
and the horizontal range about 10,000 meters. For the assembly of
this carriage consult Ordnance Department drawings 2-76-2, 2-76-3.

Antiaircraft truck mount, model 1917, for 75-mm. field gun, model
1916.—The antiaircraft truck mount, model of 1917, for 75-mm. field
gun, model of 1916, was the next step in the design and development
of an antiaircraft gun carriage. It is to take the 1916 field gun, which
has since been rechambered for the French ammunition. The gunison
a 2}-ton gasoline-driven truck, model T. B. C. Fifty-one of these
mounts were manufactured. It was not expected that more of this
type of mount would be required. The weight of carriage and gun is
5,300 pounds; length of recoil, 33 inches; elevation, 31 to 82 degrees;
field of fire, 240 degrees. The maximum vertical range is about 6,000
'meters and the horizontal range is about 9,000 meters. Consult
drawings 31-5-2, 31-5-3, 31-5-4.
 Auto-trailer carriage, model 1917, for 3-inch antiaircraft gun, model
1918.—The auto-trailer carriage, model 1917, for 8-inch antiaircraft
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F16. 41.—3-inch A. A. gun, model 1916, carriage, model 1917, on 3-ton A. A, trailer mount.
109 .
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gun, model 1918, mounts a 3-inch 2,400 foot-second gun. The gun
carriage is carried on a four-wheeled trailer on which is also placed
an ammunition chest carrying 16 rounds of ammunition. The trailer
is to be drawn by either a truck or a tractor. Six hundred and
twelve of these carriages were under manufacture in the United
States. The carriage and gun weigh 10,000 pounds; the recoil is
variable, 16 to 40 inches; the elevation is from 10 to 85 degrees; the
field of fire, 360 degrees; the maximum horizontal range is 11,000
meters; the vertical range at 90 degrees is 7,200 meters. Consult
drawings 31-15-2, 31-15-3, 31-15-4.

S o 'rﬂm = .-.vw‘v»vdé
~$§§

_ Sipe View or Frowt Drive Moror 1
FoRr ‘%

JANTI-AIRCRAFT GON ANDMUNT rtmerr
Maximum Exevamion8s® MV-2600F-5

F16. 42.—3-inch A. A. gun and mount on front-drive truck.

3-inch antiaircraft mount, model 1917, for 3-inch (15-pounder) gun,
model 1917.—The 3-inch antiaircraft mount, model 1917, for 8-inch
(15 pounder) gun, model 1917, is of the seacoast barbette type and
permits all-around firing from zero to 90 degrees in elevation. It is
expected that the gun will not be fired over 85 degrees in elevation on
account of the possible danger to the personnel in the vicinity ‘of the
piece. 'The gun was designed with a maximum velocity of 3,000 foot-
seconds, although it has been decided ‘that 2,600 will be its service
velocity. The Coast Artillery project was approx1mately 500 of these
mounts, and there were manufactured and delivered 160 guns and
carriages; but upon recommendation the Secretary of War directed
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that all manufacturing facilities be used for producing mobile guns
and carriages for troops in France. Five of these carriages were
mounted experimentally on special gasoline-driven trucks of the front
drive type as illustrated on the preceding page, which had been de-
veloped for this purpose, and assigned to the chief of Coast Artillery,
to be used for defense of cities, from aircraft attack. The maximum
vertical range of this gun and mount is 8,300 meters and the hori-
zontal range 12,000 meters. This mount is shown on ordnance office
drawings 5-26-4, 5-26-5, 5-26-8, 5-26-9.

-1

i

F16. 43.—French 75-mm. A. A, gun on trailer carriage.

4.7-inch caterpillar trailer mount, model 1915, for antiaircraft, model
1918.—The antiaircraft trailer mount, model E, for 4.7-inch anti-
aircraft gun, model of 1918, was designed and the design is complete.
The gun and carriage weigh approximately 25,000 pounds, and it is
proposed to place this mount on a caterpillar trailer with a smooth
tread, weighing about 10,000 pounds according to the computations
made in designing this gun and mount it would have a maximum
horizontal range of 15,000 meters and would fire vertically to a dis-
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tance of 10,000 meters. The recoil is variable from approximately
36 inches to 20 inches, and the field of fire is from zero to 80 degrees
in elevation and 360 degrees in azimuth.

F16. 4.—French 75-mm. A. A, gun on auto truck carriage.

SIGHTS FOR ANTIAIRCRAFT CARRIAGES.

Sight for antiaircraft carriage, model 1917.—This type of sight was
designed for the- truck, trailer, and seacoast mounts. It was origi-
nally intended to place it also on the improvised mount, but this
was found impracticable, as the design was developed. The operator
on the left side of the carriage keeps the sight on the target at all
times, and by moving certain pointers causes other operators to
give the gun proper setting in elevation and azimuth. The truck
mount will be equipped with this sight.

Sight for antiaircraft carriages, model 1918.—Upon recommendation
from Gen. Pershing that the eyepiece of the sight be revolved
through 90 degrees, so as to coincide with the axis of rotation of the
objective, the sight model 1917 was slightly redesigned .and the
new sight called the model of 1918. This sight differs from the
sight model 1917 only in the telescope and the method of mounting.
This telescope is similar in design to pancramic sight for the re-
volving head and revolving prism, the eyepiece being stationary and
placed in such position that the operator faces toward the gun.
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Upon receipt of further information from France, it was found
that this sight did not correct for “ complementary error,” and that
the sight had no way of correcting for lateral windage except by
placing it on lateral deflection correction scale. Drawings-were at
once made changing this sight in accordance with these suggestions.
This sight is known as antiaircraft sight, model of 1918, MI. A uni-
versal joint is placed between the sight telescope and the elevation
pointer. This automatically takes care of the *complementary
error.” Another lateral deflection correction scale was added to take
care of cross windage. (See Ordnance Department assembly draw-
ings 15-15UA-2 and 15-15UA-3.)

Sights for antiaircraft trailer mount for 4.7-inch antuurcraft guns.—
The sight for the antiaireraft trailer mount for the 4.7-inch anti-

aircraft gun is similar in-construction to the sight for antiaircraft
carriages, model of 1918, MI. In it are incorporated a universal
joint for the “ complementary error” and also means for correcting
for lateral windage. The fuze-setter range disk has been made
larger to facilitate reading and a few necessary minor changes to
conform to this enlarged disk. (See Ordnance Department assembly
drawings 15E-15 TA-1.) :

ANTIAIRCRAFT FIRE-CONTROL INSTRUMENTS.

Antiairoraft fire-control in France—The subject of antiaircraft fire
control has presented many difficulties, and the evolution of methods
and instruments toward definite standards of practice has been
slow and difficult. To show briefly the status of antiaircraft fire
control in. France after three years of service, the following is
quoted from the report of three United States Army officers, who
in 1917 made a special trip to France to investigate this matter.
“ It was not foreseen that such a chaos of instruments, methods, and
conflicting ideas would be encountered. There is no such thing as
a French system of aircraft defense. There are systems of defense,
some of which are taught in L’Ecole de Tir contre Avions at Arnou-
ville * * * and the result is a combination of systems and
methods which appall one who has heard of the French system
mentioned as if it were a tangible thing.. Instruments themselves
differ in type.”

System of United States Army —The antiaircraft section of the car-
riage division about April, 1917, designed instruments to furnish
firing data under a proposed system of firing control based upon
the latest information from France. In general, this system con-
sisted in the determination of the altitude of the target, combining
this altitude with the observed angle of site to find the fuze-setter
range, then correcting this range for angle of travel, wind, drift, etec.

91485—19——8



114 ORDNANCE DATA.

The altitude is determined by means of two instruments, known as
goniometers and altimeters, placed at each end of a known line. Hav-
" ing determined the altitude, it is combined with the angle of site by
means of an instrument known as an altitude telemeter. By a slide
rule, the angle of travel during time of flight is determined for the
sight settings; and the travel during the time of flight and dead time
(time of loading) is computed to determine the predicted fuze-setter
range.

Instruments ordered from France.—The accompanying lists indicate
- the types of antiaircraft fire control instruments provided. Drawings
of the Telemetre d’altitude avec correcteur automatique, Altimetre,
Mle 1917; Telemetre de distance horizontale, Tac hyscope, Grille
d’observation, Mle 1917, were received from the French Government
and retraced so that these instruments could be manufactured in this
country. The Brocq Tachymetre E. M. is an electrical instrument
which continually gives horizontal and vertical deflection corrections.
The Correcteur Mechanique, R. A. (Routin), is a mechanically op-
erated apparatus which gives continually horizontal and lateral
deflection corrections in the future fuze-setter range.

The Telemetre d’altitude is an instrument which combmes the
vertical Brocq reading, angle of site, and known altitude, giving
the future fuze-setter range. The Altimetre, model 1917, is a height-
finding apparatus similar to our goniometers. The Tachyscope is
an instrument for measuring target velocity or wind velocity by
the use of a smoke bomb. The Grille d’observation is an instrument
used in pair at either end of a known base line to determine the
deflection between the instantaneous position of the target and the
burst of projectile.

TABLE 7.—Antiaircraft fire-conirol instrumenis.

Fire-control instruments to be used with improvised antiaircraft mount; each battery consists of

two guns.|
N N Ro?nirod
D . ame, or
rawing No . battery.

* Correcteur E. M. (Broeq.)...coeeeeieennemacararesceroneaanaencacecnesces 1
22-82-1......... Altitude telemeter (Franch). . ......couoeiriciiracaieaiannrincaceenarnsennns 1
22-84-1......... %ngeter, model 1917 (French). . ..ccoceeienememimioimieieiiaaeiaaeananeans ?i
22-81-1. ........ Tachysco OPO (FTOREDY e em e e eI 1
22 85-1......... Lateral observatjon grme (French) (made in France) 2
Observation 1e)OSCOPR. . cccemeecenracsoncsorarcncancenacacaan reeraeaonen 1

14-4-17......... Flashlights with hoods ................................................. .- 8
14-4-17......... Flashlichte Without hoods. ... ..c.ovoceneieiiiiiitiereeniicencnenaceaaaenan - 16
BT ) LT T 3

Commercial....| Amber-colored eveglasses.......c.ococimiminioiiiieiiiiiiiiiiiiiiiiiiienenan 6
Commercial....[ 8100 t8PB. . c.covreeeeeeaeiii ittt iaaeae e aeeaa et 1
Commercial....| Time-interval recorders. ... cocecuenernmieiececeaseeeecaseancessacasansasans 6
Commereial....| Rollstape (blackinsulating).........cocoioiai i 2
Commergial....| Rollstape (okonite)...oeeeeeeeennaaaaaa.n Neeneareneeeeetaeecaieeeeeceaeans 6
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TABLE 7.—Antiaircraft fire-control instruments—Continued.
[ Fire-contro] instruments to be used with 3-inch antiaircraft mount, model 1917; each battery consists

115

of two guns.)
uired
Drawing No. Name. or
battery.

Correcteur mechaniqu 1

22-84-1......... Altimeter, model 1917 ( (i‘renc 3

Winddrum....cooovevniinieraieniiccnnnnan. 1

22-81-1......... Tachyscope (FTenoh). ... cceieancececececccocooscsccnccncncnscesocanscaces 1
22-85-1......... Lateral observation grille (Frencb) (made in France)................... [ R 3

Observationtelescope.......... eeeenceneces cevesecaractactanerisaenasanneoann 1

14-4-17......... Flashlights withhoods. ........coecvieeiiiaan ..., deeeecteecreceeaane. 8

14-4-17......... Flashlights witbout hoods.................... e e eacieecanateecaaaaaeeaaaen 16

Range tahles (8818). .....cciueeii i iiiriiiiiiii ittt ataiaeiteieiieaaecan. 3

Commercial....| Amber-coloredeyeglasses. .......ccc.cuueneeieneucecneeacaaraienecsracaneans 6

Commercial....| S8tee) t8De. . ..coouerneneaienecenaceaonacacnamaosroncnanaccnaancoranocasanas 1

Commercial....| Time-intervalrecorders. .. .. . ....ooo o iiiiiioiaiiniceeicarcrenacaaeann 6

Commercial.. ..| Rollstape (black insulsting)............... et eeeieiteieaiaeeanan 2

Commercial....| RoNStape (0KOMIte. . .cceeeennrnren ittt ieie i iie e, 6

[Fire-control instruments to be used with anﬂaiman truck mount, model 1917; each battery consists of

guns.]

Correcteur E. M. (Brooq. ) ....................................................
Altitude telemeter (Frenoh).. cocoooiee it eeaceieiracaeenaaaaanan
Ammotor. mode} 1917 ( French)
Winddr um ..................................................................
Tachyscope (French). . ....ceceeecieaieceecrconeancraeanoaaaceacaaaeasancanns
Lateral o rvstion grlllo ( French) (madein France)........ .. ....o.ocvenn.
Observation telescope
Flashligh

Time-nterval recorders. .
Rolls tape (black insulatlng) .............

Rollstape (okonite)...ceeeenemnmimnenonnnnimanaao.. . .

© 0300 = © i B2 BB 1ot 03 1t 1t 00 1t 4

{Fire-control instruments to be used with 3-inch antialrcraft trajler mount, model 1917; each battery

conststs of three guns.]

Correcteur mechanique, R A.(Routin).................... ...l
22-81-1......... Altimeter. model 1917 (i?‘rench .............................................

WHDNA AFUM . e ceieneneiecnancaceoaececeoamuanacanacasasseneacaenoascenasanns
22-81-1......... Tachyscope (French). . ....coooiimiiiii it iee i i a e caiaaacaaeaaan,
22-85-1......... Lateral o vation grille (French) (madein Frence)..........ccoccoeueno...

Observation telescope.. .
14-4-17......... Flashlights with hoods. .
14-4-17......... Flashlights without hoods

Range tables (sets). ..... eeeee e e ecaeacaaaaanantaranaaaaceneanaeenrananan
Commercial.. .. Amber-coloredeyeglasees........cocoviiiimrmiirinniaiiiiinrieieianencennnn
Commercial.. .| Btee) baPO. . - oo oottt ettt eaaaeaaaaraanaa
Commercial....| Timeintervalrecorders. .........c.ovumuimin it iiaaeieieieianenans
Commercial....| Rollstape ?blaokinsulaﬂng) ........................................... PR

. Commercial....] Rollstape(okonte)..........oouunoiii i,

bnmucmﬁﬁ»»uun.—
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V. EUROPEAN ARTILLERY.

These pages represent extracts from information supphed to the
Ordnance Department during the war- -and do.not pretend in any way
to summarize technical studies of enemy matériel turned over after
the armistice or to catalogue the various types used by the allies. .

British matériel.—The table on the preceding page gives weights,
dimensions, and other constants for leading types f British field guns.
Of somewhat general interest is the following table, which shows the
proportion of guns to yards of front in the whole British second army
front of 10,250 yards on August 28, 1917, when it-was a “ defensive
front,” and the proportion decided upon as necessary for the at,ta.ck
on the “ offensive front ” of 6,800 yards: ‘

Defenalve lront, Offensive front,

. Aug. 28, 19 Sept. 12, 1017,

18-DOUNAeT. . e ceeceiiiiiiiiiiiiiiireteiaiecateireceann 1 4 rds. 1 gun 9 N
P ———— IEm T | I e
60-pOuNder..c.ccccvcececiaaacaccns eeeeascenas PR & 1 gun per 838 yards. 1 gun per.68 yards.
6-inch howitzer e .| 1 gun per 138 yards. 1 gun per 25 yurds.
8-inch howitzer .| 1 gun per 456 yards. 1 gun per 76 yards.
9.2inch howltzer.......cccemaeicininnannana..s .| 1gun A08 vards. 1 gun per 85 vards.
12-inch howltzer......ccvvicieciiinnieicorieaceennnnnns 1 gun per 1,825 yards. | 1 gun per 377 yards

TABLE 9. Raaway and aeaooaat carriages, British 9. 2-inch B. L gtma, Marks

X, XIII, and XIV.

1. The more important data coneerning British 9. 2-inch B. L. guns, Marks X,
X111, and XIV of these guns are contained in tollowing table:

Mark X. Mark xm. '
= . s l
Material........ ececcee sermessescses eesveas fteel wire con- | Bteel (wire -con- | Steel (w!ro oon-
struction). struction). * struction).
Lz:ligt .............................. 442.35 inches. . ....| 335.025 inches..... - 427.025;1nches.
tion of eenur of gravity without breech | 164.5 Inches frOM |..ccccaeaceraacannne _
i face of breech. . ) TR
Woight wlth breech fi (nominal)...... 28tons.......cc... 24tons.....ccce... 27 toms,” .
‘Weight without breech fittings. ............ 27 - tons 19 huD- |.seececccreecanaceane - RUNTT?
dredweight .
Preponderance..........cocoeeeennenanne |1 IR AR D Py TS TR
Calther. ..ccuueunnenieennenenenenaanns 9.21inches. ........ 9.2inches......... 9.2 inches.
Jeongth....cceeeeeennracaccncccnannacas 429.33 inches...... 322inches........ 41,i,l,ncheq,;,_ .
CapACItY. . cviieeecaecaccrecraneconas 32,285 cubicinches. M,&Ncubleinches A i
Dijameter— i 4o, i ;
P S 13 inches.......... 13.6 fnches. .. .... .| 14 triches. :
b:mallest ............................ 10.2 inches........ 10.2 inches........i| 10.:2inches.;: -
Length..eeeeeteroeeneceenccncinccnanas 7 83.ecccccce. 45.23 inches.......| 71 inches,: ! 7' -
Capacitye.ccceenccnccccccccncnennnanns 8.123 cubie inches.| 5,500 cubie inches. . e
Length...ceeueeeinnacnccrcacceannenns 363.8 inches....... 271.3 inches...... -| 838.475 thches:’
Bystom ................................. Polygroove, plain Pt:le);?’oove; plain. | Polygroove, plltn
. section. fon
.................................. Uniform 1 turn...| Uniform 1 tumn...| Jniform 1 tonr.:
Biﬂlng Mark II: . . ( )
Nmnbor Of GrOOVeSs .....ccceecncoccencee| $Beccncencannnaa.. 46...c.cencennnn. ..| 46,
Dept! weee 0.07inch..........| 0.07inch......... .| 0.07-inch.
....| 0.41881inch........ 0.4188inch........ 0.41%8 inch,
....| Driving band.....| Driving band.....| Driving hand.:"
Firing mechanism Percussion........ Percussion........ Percussion.
gystem of obturation.. ....ceeeveccccncecan | Pad (steep coned).| Pad (steep coned). Pad (steep dohéd).

17
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2. The ammunition for the 9.2-inch gun is as summarized on the accompany-
ing table:

Projectiles. Cartridges.
Fuge.
Deseription. Mark. |(Weight. {o“l: Nature. | Weight. | Size.
Shell, breech-load- . ‘
inﬁl:f-_eh;cph gun: Pounds.
losive . IX 380 | G.8.... Fuupercussion ) ) 2 Vil FURN SRS P
Flmpact &A:n‘ D.A. 60 pounds 3
uge percu ; 7
lr?p'gt E&p‘t‘aﬂm Condite, || charge
: o or .
Do......... X | 3% | Hnch...t fyee peroussion M.D. (|30 pounds,| 37
IOIE with No 2 one - fourt
Gaine. charge.
Shrapnel....... VIII 380 | G.8.... F%:A,T and P, No. |cceeeeeeifoeeneannaniac]enn...
Shell, breech-load- 26
tag, 9.2-fnch gun: (53 pounds
8 ounoces
DA | a0l g 6. (ASrMk I || SRS
High-explosive {XII—A 380 | 24noh.. ] 28 Or NBFK R AL COF bl ¥ 2
XII-Z | 380 | 2noh...|| " g4 "with adapter No.1 12” ‘ounces
one-lourt\ﬂ
F‘g;e, T.and P., No. [ceeceeeeifocernancianna]ennnn.
Shrapnel.......[ X-A| 380 | 2dnch... Fusgé, T.and Poy No. {eoeevennedeeneeenencienenss

Some high-explosive shells were fitted with hollow points of aluminum to
increase the point to 8-caliber radius head. When uslng these a special range
table is required.

The shell shrapnel Mark X-A was to be issued as soon as a satisfactory
design.of long-burning fuze had been approved.

Railway truck for breech-loading 9.2-inch Mark II.—The railway
truck used with the 9.2-inch gun is of the type known as “straight
back ” in English railway terminology. It is constructed throughout
of plate and angle steel, and is mounted on standard-gauge bogies
of 4 feet 8 inches. The truck, or car proper, is specially designed
and fitted with hydraulic jacks, so that the central portion of the gun
can be lowered onto or raised from the. permanent way.
The principal dimensions are as follows:

in
Length of headstocks__________________________ 43 3
Length of bearing on sleeper______________ o 18 0
Length over buffers____ . ____________ e e 47 0
Centers of bogies apart__________________ e 30 O
Wheel base of bogie trucks______ 8 O
Width over side girders___________ ___ 8 5
Centers of buffers______ e 5 8%
Buffer projection from headstock___________________ ' ______________ 1 103
Height from rail to center of buffer_________________________ ________ 3 5
Truck capable of being lowered-____________________________________ 1 43

Diameter of wheels on tread__._______________ S 2 9
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Ft. In.
Center to center of journals___________ ____________________________ 4 0
Size of jourmal . e 10 5%
Width over brake wheels.__________ e 8 11

The truck oconsists of two main side girders built up of plate and
angle steel connected by cross girders and stays. The center of the
truck on top carries a seating for the roller path, while the steel
framework bolted to the top of the truck at each end carries a
hydraulic jack by means of which the truck can be lowered onto or
raised from the permanent way, the front and rear of the truck
being shaped to clear the bogies.

For firing, the front and rear ends are raised by the hydrauhc
jacks until clear of the 81d1ng chocks, which support the main
frame when in a traveling position, and these are moved clear and
the jacks eased off so that the main frame of the truck comes down
on to the permanent way. Various devices are provided to hold the
frame in connection with the bogie and to provide for its ready de-
tachment. Furthermore, there is a strut to support the gun in a
traveling position, and four cast-steel spade arms are hinged at their
inner ends to brackets fastened to the truck at the front and rear
and on either side. These spade arms are swung out at right angles
to the truck and are braced by a strengthening stay pinned to the
truck and spade arm, respectively.

In shipping or remounting, the truck is lifted off the bogles, which
are first placed on the truck in position and ready to receive the
truck frame proper. A warping winch is provided to enable the
truck to be moved a short distance to the front or rear, while the
hydraulic jacks are arranged on the top of the truck at either end.

Several additions to the Mark II are provided to enable it to be
used with various mountings, but in most respects the mountings are
interchangeable and the truck requires but few changes.

Approximate weight and dimensions of the various 9.2-inch guns
and mountings of this form are as follows:

Mark X gun. ____ 88.25
Mark XIll gun______ . ___ O 24.25
Mark XIV gun._ e 80.5
Truck and mounting__________ e 48.78
Two bogles.. 22 140

Minimum radius of curve round which the truck can be lowered
for fire is 250 feet, and there is a clearance between the rail and
girders of the {ruck of 8 inches.
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TaBLE 10.—Characteristics of French cannon and projectiles.
‘CHARACTERISTICS OF FRENCH ARMY GUNS AND SHELLS.

Caliter. Weight of shell. W?g:%ﬁr::“b Muzzle velceity. | Maximum range.
Expln- ‘
- = ?lve
PO | Meters | Feet |
Milli- | oy Kilo- Kilo- cent). ;
es. Pounds. Pounds, per per | Meters, | Yards.
melers. ' . grams, grams. . second. | second,
6s....... 2.5 3.740 8.245 0. 450 0.99 11.8 330 1,083 5, 500 ¢, 015
78....... 2 95 5.315 11.72 . 695 1.53 13.0 550 1,805 8,000 8.749
80....... 3.15 5.900 13.00 <800 1.87 14.4 473 1,552 7,500. R,202
90....... 8.54 8. 300 18.30 . 080 2.18 11.8 442 1,450 7,500 8.202
98....... 74| 12.2%0 27.01 2.200 4.8 18.0) - 418} 1,371 | 8.200| 8.¢48
105...... 4.13 15. 450 34.08 1.850 4.08 12.0 570 1.870 | 12 300 | 13.451
12...... 4.72 20. 350 44.84 4.210 9.28 20.7 585 1,019 | 11,000 | . 12.030
1851..... 6.10| 343 94.80 10. 280 22.49 2.7 502 1,844 (] essncsen
188...... €.10] 342 92.50 7.120 18.70 17.0 735 3,411 | 17,000 | 18.591
CHARACTERISTICS OF FRENCH SEACOAST AND NAVY GUNS AND BHELLS.
100...... 3.94 | ¢13.500 29.76 1.800 3.97 | 13.4 760 2,403 | 14,500 | 15.801
l4em... 5.51 30. 500 67.24 5.340 11.77 1 17.8 2,707 | 17,400 | 19,029
145...... 8.7 33.700 74.30 5950 | 13.12( 17.7 810] 2,657 |ecccvrnee]enns eeee
1Pem... 7.48 | 85.330 188.17 | 16 86.27 | 18.7 555 | 1,421 12.000}. 13,123
eeenne 9.45 | 1A2 357.15 33 72.75 | 20.7 526 1,726 | 15.030 | “17.006
274......] 10.79| 216 476.20 33.150 75.07 | 16.0 835 2,740 | 22,500 | 24.608
veeess| 12.01 | 350 771.62 30. 600 67 46 8.5 793 ,608 | 27,400 | 29,985
32cm...| 12.60 S. 500 746. 27 7 154.32 | 21.3 620 | 2,034 | 20300 | 22.200
eees-o| 13.39 (8540 1,190.50 | 22 48.50 | 408 | cceeceonlecerncnss 30 000 | 32 808
eeease| 13.39 |6465.400 | 1,028.25 | 52.530] 115.85| 113 850 ( 2,780 | 381,000 | 33,902
CHARACTERISTIC8 OF FRENCH MORTARS AND HOWITZERS AND SHELLS,
220...... 8.68 98. 400 216.94 28. 450 632.72 20.0 415 1,362 | 10.000 | 10,936
270......] 10.63| 229 504. 84 66 145. 51 28.8 293 958 5.000 5,408
280......| 11.02| 205 451.95 63 138. 89 30.7 418 1,371 | 10930 | 11.975
203......] 1L.54| 276 608. 48 a3 138.89 22.8 468 1,520 | 12.250 | 13 387
870......] 14.57| 505 1,118.33 { 150 330.69 2.7 320 1,050 8.200 8,948
400......! 15.75( 640 1,410.96 | 180 306. 83 2R, 465 1,526 | 15,000 | 16,404
520......] 20.47 [1,400 8,088.47 | 300 661.30 | 214 .ccceiicefoccannnnn 18,000 | 19,485
1 Range not determined as yet for this weight of projectile. 4 Armor piercing shell.
1 Elongated shell with large explosive capacity. s Semisteel shell,
3 Type B (thick-walled shell.) .
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FRENCH ARTILLERY.

The tabulation on the precedmg page and the followmg Yist
indicate the characteristics of the more important French Army and
Navy guns and shells used on the battle front during the war. Nu-
merous discrepancies will be noted in the different lists, due to the
conditions of proof firing and range testing, but the various tabula-
tions are given as forming an interesting basis of comparison, sub-
jeet to further correction when a more accurate catalogue of the
French matériel with detailed ballistic. data is available.

TasrLE II. ——L{at of the French guns, howitzers, and mortars in service at the

front.
) Maximum
Caliber. Class. Model. muzzle | Maximum

velocity range.

Meters.
QUBT. Receerriernianneonnncnnnns 2,500
S ti-l ........................... g,%

. ountain gun..... y

.. Heldgun............. 8,000
.| Fleld gun (Schneider). 7,500
.| Field gun............. . 8,700
Mountain gun....coeeeecennnnna.. 4,100
Field gun ......................... 9,700
.................................. 9, 800
T. R. navalgunonwheels 14, 500
Fleldgun..eceeeraniecnenaennnnns 12, 500

--.| Schneider, St. Chamond....._..... 1015, oo
Qunforturret...ccceeeecuuannn.. e 1907 e
Naval gun on wheels.............. 1891-1803.......... T15 17,300

Gun on rallway carriage........... 1870-1893.......... 675 16, 500
Schneider howitzer on railway
(G LT 428 11,400
Mortar....cceeereeeeaiceeacnnnnnn. 300 7,100
.- Howitzer (Schneider). . . 415 10, 800
gun (Bc;tﬂn.elder) ........ g’{g ?g, i
un on railway carriage.

1 Piber. st . 687 17,400
o Mortar.. e iieeieinaaaas 18R 378 7.880
Const-defense mortar.............. m 420 10,400
CGun on rallway carriage -1896 855 27,000
HowitZer......creenvereaceaannnn. 418 10,950

QGun on railway carriage 740 27,1
Howitzer on rallway carriage...... Schneider 466 12,250
Gun on rallway camage ........... }%—{ggg 811 27,600
R« 1 O PN lg&_*m 550 16,3(”

1

.odo ----------------------------- lm(‘-lsga. .. 650 21’m
..... [ s JORPRRRPPPIPRRPRPRPRRRPRN B £ ) b 850 31,000
Mortaron wheels.........c..cccveefenencncctccacaanannas 875 10, 500
Howi uer on railway carriage......Jeceuieeacinennaaann. 535 16,400
............ S 485 15,110
..... do' 500 118, 000

I Will be increased by using a lighter projectile.
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LIFE AND MUZZLE VELOCITY OF FRENCH GUNS.

Average life of guns.—In connection with extensive studies as to
the probable average life of guns in constant service and the muzzle
velocity developed, the Ordnance Department, in addition to its own
investigations, early had placed at its disposal the results of many
elaborate experiments and the carefully maintained and compre-
hensive records of the ordnance establishments and artillery of the
French and British Armies. In this way it was able to act with fuller
knowledge in preparing its programs and schedules.

French practice.—The French artillerists and ordnance experts
united in stating that it is very difficult to fix definitely the number
of rounds that may be fired before the gun may be considered as
worn out. This is due to many conditions which vary in different
guns, such as the quality of steel, rate of fire, kind of metal, care
taken of the material, good order, etc.

Three years’ expenenoe —Three years’ experience of the French
Army enables the opinion to be expressed as to the average life of the
guns mostly used in somewhat the following manner:

76-mm. gun.—In the case of the 75-mm. field gun, model 1897, the
average number of rounds fired before wear was about 10,000. Some
guns need replacement after 4,000 rounds, while others, on the con-
trary, fire 20,000 rounds before being worn out.

105-mm. field gun.—The average life of the 105-mm. field gun can
be reckoned at 6,000 rounds, as in the case of the 75-mm. gun just
cited, this number being considered as an average, which varies ac-
cording to the conditions.

155-mm howitzer.—The average life of the 155-mm howitzer, ac-
cording to the model, is about 7,000 to 8,000 rounds.

120 and 15656 mm. gun.—The 120-mm. gun, model 1898, and 155-mm.
gun, model 1877-1914, fired with muzzle velocity, has an average life
of about 6,000 to 7,000 rounds.

220-mm. mortar.—Kor the 220-mm. mortar, model 1881-1892, an-
average life of about 10,000 rounds is assumed.

Recent guns and mortars.—French authorities stated early in 1918
that the 155-mm. G. P. Filloux gun, 155-mm. Schneider, model 1917,
and the 220-mm. Schneider howitzer then had been in service at the
front for too short a time to enable them to express an opinion as
to their average possible life. With the more extensive use of these
larger pieces the data accumulated will prove of great interest par-
ticularly as these or similar guns and howitzers figure in the United
States program. '

Maximum muzzle velocity.—In connection with the maximum muzzle
velocity and maximum range of French artillery, attention may be
directed to the accompanying table, on which are listed the various
French guns, howitzers, and mortars in service at the front.
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GERMAN ARTILLERY—ORGANIZATION AND MATERIEL.

Emplaced artillery.—Emplaced artillery is at the disposal of the
divisional commanders and under the orders of the artillery com-
mander, with the exception of a few long-range guns and batteries of
railway artillery. Within the division, the artillery commander has
under his orders artillery survey troops, artillery information sec-
tion, and periscope observing stations, numbering one to two for each
division. He further has the tactical disposition of a balloon and
flying squadron.

Foot artillery.—Foot artillery is attached in variable quantities ac-
cording to tactical necessities to divisional sectors. Formerly a bat-
talion of heavy 15-cm. mortars were assigned to each army corps. |

For an offensive, the assignment of heavy artillery to a division is
usually one battalion comprising from two to three batteries of
15-cm. howitzers and a battery of 10-cm. guns.

Field artillery.—Field Artillery is always under the divisonal com-
mander. The very heavy artillery is under the commander of the
army crops or army and not of the division, but of these pieces
there are relatively few. The artillery staffs of the army corps and
armies are not organs of command but are technical advisers in
organizing the munition supply and in the use of fire.

Composition of batteries and battalions.—At the commencement of the
war, batteries were universally of four pieces. In 1916 the 21-cm.
mortar batteries were reduced to two pieces, though later increased to
three pieces. Batteries of old-style 9-cm. cannon usually had eight
pieces to the battery, but these were being withdrawn. Batteries of
13-cm. guns were reduced to two pieces. This was probably true of -
batteries of 21 and 24 cm. guns and 28-cm. and 30.5 cm. howitzers.

Mixed battalions of two batteries of 15-cm. howitzers supplanting
batteries of 10-cm. guns were formed during 1917.

Munition columns are no longer assigned to battalion but are
organizations of the army divided according to the amount of artil-
lery in a division.

German artillery tendencies.—There was a tendency for the Germans
to replace three batteries of each regiment of model of 1896 field
guns by three batteries of model of 1916 matériel to arrive at the
following:

8 batteries of model of 1896 field guns.
3 batteries of 105-mm. howitzers.
3 batteries of model of 1916 field guns.

Other developments in German artillery practice were the more ex-
tended use of long-range railway artillery; the use of “long” 77
field gun with high-explosive shell with a bursting charge of 2
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pounds;- a corresponding “long™” high-explosive shell for- the 105-
mm, light field howitzer with a bursting charge of 4 pounds Fur-
thermore, to increase the range of prOJectlles by using false caps and
improving the stream line.

Field Artillery.—At the beginning . of the present war, German field
artillery was outfitted with field canngn, 77-mm., model of 1896
n/A, and with a light field how1tzer, 105-mm., model of 1898-1909.
The following were added to these:

Field cannon, 75-mm., model 1916, on light howitzer carriage.
Light fleld howitzer, 105-mm., model 1916.
Light field howitzer, 105-mm., model Krupp. .

These pieces have as their characteristics a notable increase in the
ranges obtained both with the projectiles in service in the old cannon
as well as with the new shell “C.” These ranges are ngen in the

following table:

Elongated | Explosive .
exggdive ell, Shrapnel. | ShellC.

Meters, | Meters. Meters, Meters,
Fleld cannon, model 96n/A .. .c.cueeee verinennnnnnnen.. 7, 500

8,400 _

Field cannon. model 1918. . ... .......c0onvononsonononnss 9,300 9,500 8,200 10,300

Light howitzer, model 1808-1009. ... .20 101701100 7,000 7,000 7,000 |....onr.....

Light howitzer, model 1918. ................0 000000000 8, 400 8400 8,400 16,000
8000 | ¢ 8900

Light howitzer, model Krupp....ccceceeeeeoent caennnnn

PrOJectlles ——The German field matériel ﬁres, normally, three regu-
lation projectiles, namely :

1. An elongated explosive shell, steel, of great capacity and high-
explosive charge (0 9 kilogram in shell for cannon, 2 kilograms for
howitzers).

2. A steel explosive- shell, model 1915, with thick walls and a
smaller explosive charge (0.38 kilogram in shell for cannon, 1.4'kilo-
grams in shell for howitzer).

8. A shrapnel, rear charge, and balls of 10 grams (cannon)-or.of
11 grams (howitzer). These balls are most often of stesl.

" 8hell “C”.—In addition, the new material fires a shell  C,”-whose
shape recalls that of shells with profile Decaleux (chanfer base and
pointed ogive). Shell “C” for cannon contains 0.55 kilogram :of
explosive; shell for howitzer, 1.5 kilograms.

Defects of elongated shell—It will be noticed that the elongated
shell for field cannon did not seem to-have given entire satisfaction.
Its ranges in the two cannon are smaller than that of the shell,
model 1915, and its accuracy in distances greater than 5,000 meters
is faulty enongh, so that it is necessary to examine the question as to
using shell, model of 1915, “ with the safety of friendly troops and
the nature of the ob]ectlve in mind.”
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Other shell.—All the matériel fires besides ‘gas shells of different
kinds. (blue cross, yellow, green.cross, and various other types ‘as
materials were developed), and the cannon 1896 n/A, a semlarmor-
piercing shell intending to attack hostile vehicles.

Detonating fuzes.—The fuzes for 1896 n/A and 1916 cannon, in-
tended to arm explosive shells, are of two types:

1. Detonator fuze, combination originating from fuze KZ 11, which
for armed unit shell, model 1911, no longer is manufactured.

2. Combination detonator fuze, which is divided as follows:

' (a) Long fuze of conical form (LKZ 11 grams), which is only
graduated up to 5,000 meters, while in 191€ its graduation was up t6
7,200 meters. Firing with a time element is now replaced at distances
~ greater than 5,000 meters by percussion firing with surface effects,

obtained with shells armed with instantaneous fuzés.

(b) A short fuze with rounded head for shell, model 1915 (KZ 11
grains), was graduated up to 7,200 meters and reserved principally
for firing against aircraft.

Percussion detonating fuzes.—The percussion detonating fuzes of
type 1916 are relatively simple in construction. They have two
safety devices, which function throagh centrifugal force. The one
holds in position’ the primer bearer during transportation and at
firing; the other consists of a bolt which is interposed between the
detonator and the explosive and prevents premature bursting before

. the projectile has passed over a certain course after leaving the mouth
of the cannon. There are a percussion fuze,long delay (LKZ 16 m V)
which arms the two elongated explosxve shells, and model 1915, and
permits ricochet and firing with mine effects.

A long percussion fuze, instantaneous (EKZ 16), functions when
arriving at the ground by throwing back the percussion pin. The
stem of the percussion pin has the peculiarity of being placed on the
fuzes only at the moment of charging. There is an instantaneous
percussion fuze for shell “ C” (EKZ 16C).

Fuges for light howitzers.—For use with the ammunition employed
with light howitzer, model 1898-1909, light howitzer, model 1916, and
light howitzer Krupp, as listed above there were the following fuzes:

1. A detonator fuze, triple effect, which functions, percussion with
delay and time (HZ 05 gram). ‘This fuze is a simplication of fuze
HZ 05, quadruple effect, which armed unit shell, model 1905, no
longer employ. It is only graduated up to 5,000 after being gradu-
ated up to 7,200 meters in 1916.

2. A detonator percuss1on fuze, with or w1thout delay (HZ 16)

8. A detonator percussion fuze, instantaneous (EHZ 17), analogous
to the instantaneous fuze for cannon.

4. A percussion detonating fuze, instantaneous, for shell C (EKZ
16 C). ' ,
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Summary of use.—Summarizing the explosive shells of cannon and
light field howitzer may be fired by the following fuze systems:

Time system, at distances less than 5,000 meters.

Ricochet, at small and medium distances.

- Percussion, with surface effects at medium and large distances.

Percussion, with or without delay, at all distances, to obtain effects of up-
heaval and destruction. ‘

Fuges for shrapnel.—Shrapnel of field cannon is armed with combi-
nation fuzes Dopp. Z 1896 n/A. This fuze, which at the beginning of
the war was only graduated up to 5,350 meters, has been extended up
to 7,000 meters since 1918. Shrapnel for howitzers, devised in 1916
to replace unit shells, has used a combination fuze HZOR Schr, de-
rived from fuze HZ and also graduated up to 7,000 meters.

Development of the German 77-mm. field gun, model 1896, n/A.—With
the success of the French 75-mm. field gun, the Germans, with the
collaboration of Ehrhardt and Krupp, sought to bring out a gun that
would compete with the French piece and at the same time would
utilize certain parts of the older matériel. The result was the 77-mm.
.model 1896 (neuer art—new type), which resembled the French gun
in that it hasa gun shield and provided certain facilities of operation.
Of the old matériel, the tube, ammunition, carriage wheels, and the
gun itself were retained, while, on the other hand, the breech
mechanism and the carriage were entirely remodeled.

General appearance.—The new German gun was 2.1 meters, or 27.3
calibers, in length. Its bore was composed of a progressive rifling
which started from a smooth portion at the rear and developed with
32 grooves with rectangular profile, turning from left to right. In
appearance the 77-mm. gun was somewhat thicker than the French
75-mm., and in the guns made, at least before the war, there were
various. markings which made it possible to distinguish the Kingdom
or the Empire to which each piece belonged. The arms of the definite
States, surmounted by the motto “ Pro Gloria et Patria ” were etched
on each gun, and above the breech there was an imprint crowned with
the monogram of William IT and the crude inscription “Ultima
Ratio Regis.”

Gun.—The gun consists of an inner tube covered by a jacket shrunk
in place and secured by a screw ring situated halfway between breech
and muzzle. The breechblock is of the usual sliding .wedge type.
The firing device is of the axial percussion system.

Mechanism.—Instead of the interrupted screw or the eccentric
breechblock rotating in a sleeve, the system of breech closing em-
ployed was the familiar Krupp design with a wedge operated by a
crank. The modifications introduced and the development of the
firing apparatus and the extractor of the cartridge case for its sim-
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plicity and facility of handling could be compared with the French
piece. The recoil system was a combination of hydraulic and spring
mechanism instead of the hydropneumatic system of the French, and
the recoil brake was placed under the cannon, being contained in a
small or upper carriage. This small carriage includes also the cradle
- at the rear and the traversing mechanism. The recoil brake con-
sists of a cylinder in connection with the gun proper. This cylinder
contains glycerin and operates against a piston with a movable stem
fastened to the front part of the cradle. The recuperator consists
of a metallic spring whose compression as well as the pressure upon
the liquid acts to bring back the gun to its firing position and moves
along the gliding surface which carries the cradle. The German gun
has its upper carriage mounted on a vertical axis, which permits the
traversing of the piece, while the lower or large carriage remains
fixed. The German gun carriage has a wheel brake which acts on the
wheels, so they do not have to be placed on slide blocks and the guns
do not have to be lowered when put in battery. In addition to a
center spade which is buried in the earth at the first shot, there is a
range lever which further acts to hold the piece in position.

Carriage.—The upper carriage consists of the cradle, recoil and
counterrecoil systems, and traversing gear. Traversing is accom-
plished through a worm shaft and gear, which rotates the upper
carriage about a pintle located over the axle. The diameter of the
wheels is 53 inches, and the width of track is 60 inches. The lower
carriage supports the upper, ‘and consists of trail, shield, seats for
cannoneers and elevating gear. Elevation of the piece is accom-
plished by an elevating handwheel located on the left side, which
actuates an elevating screw. It may be noted that this carriage,
equipped with low wheels, was being used for close battery work,
their function being for antitank and close Infantry fighting. For
antitank work a special armor-piercing projectile is provided using a
point fuze.

Sight.—The sight consists of a sight shank guide fastened to the
carriage by a bracket, containing a tooth-cupped shank, which, in
turn, carries at its upper end the aiming collimator surmounted by
the panoramic sight seat. .

Vehicles.—The carriage limber has a steel pole. Draft is through
a master bar on the end of the limber pole. Collars are used instead
of breast harness. The limber ammunition chest is of rolled steel
plate, carrying 36 rounds of fixed ammunition, shell, or shrapnel.
When “long ” shells are used, 24 long and 6 short are carried. The
weight behind the team, gun carriage limbered, is 43 hundredweight.
The caisson is of similar construction, and carries 54 rounds of shell
or shrapnel (long shell are never carried in the caisson). Two steel
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wagons accompany the battery. One is limbered and carries ratiens,
medical and veterinary supplies; the other is four-wheeled and carries
the forge, artificer’s tools, spare clothmg, equipment, and officers’
baggage.
Ammunition.—The ammunition employed for the 77-mm. field gun,
was as follows:"
High-explosive shell, model of 1915.
The long high-explosive shell.
A modification of the 1915 shell, made of inferior material and provided
with a reduced bursting charge.
Shrapnel, model 1896,
Modern variation of 1896 shrapnel.
- A modification of 1915 shell fitted with a speclal fuze ‘and armor-piercing
head for antitank work.
A star or {lluminating shell.
- A tracer shell.
A phosgene or diphosgene gas shell. _
Gas shell similar to long high explosive, known as * green cross,” contents,
(a) diphosgene, or (b) diphosgene and chlorpicrin, or (¢) bromketones.
Gas shell of same tyfye as long high explosive, known as * yellow cross;”
contents, dlchlorethylsulphide and diluent (mustard gas). '
Fuzes.—With the above ammunition the following types of fuzes
are employed :
Percussion. Antitank.
Percussion, delay action. Combination.

Cartndge cases and propellants.—This gun employs fixed ammuni-
tion normally. The cartridge cases are of brass in one piece, or with
body and base separate. The second class has body and base of steel
or body of brass and base of steel. Specifications recently captured
bear the manufacturing date “1917” for the first class and “1916”
for the second. The weight of the case varies, 730 to 820 grams.

The body of the propelling charge is of nitrocellulose powder in
the form of tubes, and weighs 488.6 grams. The dimensions of tubes
are:

Length 182 mm.
- Outside diameter 5 mm,
Wall thickness 1.05 mm.

The igniting charge is of nitrocellulose powder. The dimensions

of the grains are:
Length 1.56 mm.
Outside diameter 1.40 mm.

The weight of the igniter, including bag, is 16 grams. In some
cases a reduced propelling charge is used, giving about 1,200 foot-
seconds velocity. .
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Comparative characteristics of ammunition for German 77-mm. guns, models
1896 and 1916.

. For 7!7!;%?1 For 77-1&1:11. '
, m

i Bu i 1916

(German). | (German).

HIGH-EXPLOSIVE SHELL, MODEL 1915.

L 14 U SO SO pounds. . 14.96 14.96
Muzzle velocity with normal ch T foot-seconds.. 1,526 1,571
Muzzle velocity with additional charge®........ ... ..ooiiiiiiiiaaia do..' ... ........ 1,745
Maximum range with additional charge..................... ... yards.. 9,186 . - 9,406
Maximum range with additional charge................o..ooiilen do............... 10,389
“LONG” BIGH EXPLOSIVE SHELL. |
Welght,t.......... teeessesesenseseseeceacesanann e pounds.. ............ ' 16.2
Muzzle velocity with additional charge............................ foot-seconds.. .. .......... 1,745
Maximum range with additional charge..................oooiiiiiiinan. yards. SEETEPRIPPRS 10,171
SHRAPNEL, MODEL OF 1806.
W B e e eeeceececcecaccsecsecssanaseaansesasesteaacntncnatontaaanaen pounds. . 14.96 [............
M UMM PBIZO. « e ovevmeenennonnaecanacncacecssonosasosemsnrronaconaeccs yards 8,749 |............

SHRAPNEL, MODEL OF 1916.
NoTe.—Shraprrel, model 1896, contains 300 balls. Shrggnel model 1918,

contains an increased number of balls. The latter is used in both models of '
field guns. !
STREAM LINE HIGH EXPLOSIVE SHELL. o
WWEEBBE G, .. e oeeeeneennnseesannnoneeessnnncecaennneeaaaannesaaanannns pounds.. ............ 13.5
Muzzle velocity with additional charge............................ foot-seconds.. ............ 1,868
Maximum range with additional charge®. . ... ................. PN vards. .. ... i i

1 Weight of high-explosive bursting charge is .84 pounds.

2 Wﬁt of normal pi charge, includmghx]‘%nlter, 1is 21.65 ounces.

8 Weight of additional propel charge, inclu igniter, is 24.8 ounces.

4 Weight of high-explosive bursting charge is 1.91 pounds.

5 Welight of highu-?:xlosive bursting charge is 1.21 pounds.

¢ Recently capt German document states that the maximum range has been increased to about
10,900 meters (11,815 yards) by improving stream line.

77-mm. field gun, model 1916.—This matériel was designed to give a
greater range and power than thé 1896 matériel. This increase in
range and power was obtained by:

(@) Increasing the length of the gun 7.7 calibers (23.68 inches).

(6) Mounting the new gun on a high-angle carriage (modified
105 mm. light- howitzer carriage.) '

(¢) Increasing the powder chamber, permitting of a larger powder
«charge.

(@) Decreasing the resistance of the air against the projectile in
flight by improving the stream line of the projectile by the tapering
point and base.

Comparison with French gun —It is interesting to note that the new
German gun is not longer than the French 75-mm. gun, model of
1897. The muzzle velocity given the French high-explosive shell
weighing 12 pounds in the ¥ rench gun, model of 1897, is 1,805 foot-
seconds (550 meters per second). The velocity stated as being given
by the new German gun, model of 1916, to the 13.4 pound stream
line high explosive shell is 1,968 foot-seconds (600 meters). This
velocity seemed large to artillerists of the allies. ‘

91485—19——9
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Comparative characteristics of T7-mm. and 75-mm. fleld gun matériel.

; 76-mm,
77-mm, 77-mm, 75-mm. e
model 1806 | model 1916 | model 1807 | T29c 1916
(German). | (German), | (French). tates).
Guns:
Welght with breech...........ccccc.. ..., pounds. .l.e.eccccccecloacnsscannss 1,015 . 765
Lengthoverall.........c.c.covueeeonnninns inches. . 82.67 106.3 10%.13 90. 90
Length of rifled portion...................... do.... 84.57 86.2 87.77 7272
Length of rifled portion................... calibers. . 2 28.4 29.72 24.24
Rﬁht-hxmd ........................................ Yes. Yes. Yes. Yes.
Number of grooves. ... ccecececerescacnocsccecsans 32 32 - 24 24
Characterof twist..........couiineiiniaiaaaoa.L, ) (O] ® Q]
Angle of inclination.................. degrees, minutes. . 47 8-21 T leecaceccacan
elght with gun equipped............... pounds.. 3,080 49 2,560 3,050
Limits of elevation............... degrees, minutes.. _itgg ilﬁ i{g "_'fg
Limit of traverse. .............cecermeeeemeess do....{ T2 heotal, 715 |{ TGS | TR e
Independent ine of sight........cc.vueieiniiiniii]oanniiennen]isnanenaen.. . Yes. Yes.
1 Increasing unifor: 11n 45 calibers to 1 in 21 calibers.
211n 21 calibers. mly
3 Uniform 1 in 25.6 calibers.

¢ Increasing from 1 turn in 119 calibers to 1 in 25.4 at 72 calibers from muzzle.
ured vl T posis i o Beie 3580 talodtsthe Aing adlors, whieh welghs S8 POSLLS-

The new German gun has a uniform twist of rifling instead of in-
creasing ; the powder chamber is 80 mm. (8.15 inches) longer than in
the old model. The counterrecoil system is of the spring type. The
trunnions of the cradle are well to the rear, the muzzle preponder-
ance being overcome by a spring. The length of recoil is from 43.3
to 47.2 inches. : '

A circular platform weighing 145 kilograms (319 pounds) has been
provided. It is placed under the wheels to increase stability under
fire and to provide easy means of traversing beyond the limits pro-
vided by the handwheel. The circular platform is attached to the-
carriage by two stay bolts. '

Sight.—The sight is the same as provided for the light field howit-
zer 1898-1909, except as to graduations. The sight includes:

(@) A support rigidly attached to the left trunnion of the car-
riage. ‘ '

(5) This support carries a range drum, elevation and cross levels,
a movable range drum index, a height of sight and height of burst
corrector device, for correcting for difference in trunnion level.

(¢) A collimator for use in aiming in case the panoramic element
is out of commission. '

Drift is corrected by the construction of the support.

The range drum carries four scales: :

(@) In degrees by 1/16 degrees.

() In meters from 100 to 9,850 for normal charge.

(¢) In meters from 5,000 to 9,400 for additional charge.
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(@) In meters for “ Geschoss C” (stream line high-explosive
shell).

Vehicles.—The limbers and caissons are assumed to be, in general,
similar to the corresponding vehicles of the model 1896, 77-mm
matériel. In the ammunition vehicles used with the model 1916
matériel, the shell baskets are carried vertically instead of hori-
zontally. The limber carries 24 rounds (separately loaded ammuni-
tion). The caisson carries 60 complete rounds and 54 additional
propelling charges, and 20 antiflash charges. :

Cartridge cases and propellants.—This matériel employs separately
loaded ammunition normally. In an emergency, the fixed ammuni-
tion for the model of 1896 field gun may be used (as for repelling at-
tack at less than 1,000 meters). It is stated that use of separately
loaded ammunition permits of hand ramming with consequent im-
provement in uniformity of performance.

The composite cases (brass or steel body with steel base, riveted
or welded together) did not appear to have given entire satisfaction.

GERMAN 13-CM. GUN.

General nature.—The German 13-cm. gun was used by the German
Army before the war and was noted for its long range, great initial
velocity, and rapid fire. These guns were manufactured in consider-
able numbers, and one made by Krupp in 1916 early was captured by
the English. In this gun the recoil is taken up by a recoil chamber
or frame, which can pivot in a U-shaped trunnion cradle resting
on the carriage proper by means of two forward trunnions.

Barrel.—The barrel of the gun consists of an inner tube; upon which
in shrunk a second tube, and a jacket covering the rear two-thirds of
the barrel. On this jacket there are three guide bands to which the
guide shoes are attached by means of nuts. The principal dimensions,
_ weight, and other data of this gun are contained in the accompanymg
table:

Overall length of barrel, 35 calibers_____________________________ 4.74 m.
Length of rifled part, approximate_______________________________ 8.43 m.
Caliber - _— 13.5 cm.
Length of powder chamber_ . _____ . __________________ 91.5 cm.
Diameter of chamber e 14,6 cm
Number of rifling grooves et e e 36

Width of rifling grooves_ 8 mm,
Spacing between grooves. . _________ . 4 mm.
Depth of grooves, approximate . ___________ 1.5 mm.
‘Weight of barrel with breech mechanism____________*__________.‘._ 3,269 kg.
Weight of breechblock _—_ O 132 kg.
Weight of gun, in battery________________ 5, 840 kg.

The breech mechanism is of the customary Krupp wedge type, with

quick opening, and the gun is ﬁred with a center firing pin, being
automatically cocked.
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The recoil apparatus and the apparatus for bringing back the gun
to position are in the frame which is below the barrel. The recoil
apparatus is of the constant recoil type. Total length of frame, 8.40
meters; normal recoil, 1.32 meters (approximate). The traversing
mechanism permits of a movement 2 degrees on either side of the gun
axis, and the maximum elevation of the gun is said to be about 26
degrees. The elevating mechanism comprises a double threaded
SCrew.

Carriage.—The carriage cons18ts of a trail made up of two side
pieces of stamped steel braced with cross pieces, and possesses not
only a small fixed spade, but also a large folding spade, which may
be held rigid, both when let down in the ground and when folded
up into the trail. The diameter of the wheels is 1.40 meters; the
width, 10 cm. the thickness of the tires, 12.5 mm. A caterpillar tread
is used for firing and for advancing in soft earth. The gun shield
is supplied with a hinge and is folded behind the gun. On the march,
the barrel is carried on a special carriage.

Ballistic propert1es —The leading ballistic propertles of the German
13-cm. gun are given in the following table:

Initial velocity — —_——— 695 m.

Weight of projectile (explosive and shrapnel) _________ - 40 kg.

Maximum explosive charge __________________________. 41 kg.

Number of bullets in the shrapnel____________________. 1,170 of 11.1 grams.
Weight of firing charge_______________ e 9 kg. of 800. R. P. 07.
There is only one firing charge. N

‘Maximum range (time fuze). . ____-______ _ ___ ______ -- 14,000 m.

Maximum range (percussion)___________ ______________ 14,400 m.

TABLE 12.—Characteristics of German Artillery.

[From British reports. ]
Weight of | Weight in
Caliber. | projectile. | Fa0RSe
Matériel: Inches, | Pounds. Yards, Pounds.

. 77-mm. fleld gun . ..oienininiiiiiiii e 3.03 | 14.5-16.5 9,186 |............
90-mm., fleld gun, old model........cceeeeea...... 3.46 16.5 7,100 loceennnnnn.a.
105-mm. light ﬂefd howitzer, model of 1898-1909 ... ... . 413 |- Au.5 7,685 | | 2,520

. 100 mm. gun, model of 1904. .. ...ccuemernnnaninnann.. 3.93 30.6 11,264 6,358
120Mm, GUN. oo eeieeiiiiaiiieeii et cie et cieaaan 4.73 36.0 7,984 |..iienann..
130 MM, GUN .. eneceeeneeeceaeaenanacanareeeasannann 5.11 88.0 15,748 |.ooeeneeao..
150 mm. heavy howitzer...... eecteriencaceanaanaas 5.91 86.93 9,208 {............
" 210 ININ. MOItAr . s eecenreonrnciaecsacaroccanvansaas . 8.26 183-262 10,280 {.....ccno- ..
Railway artillery:
150mm DAVAIZUN. e ieieiiinneencnsancnannanccatans 5.9 [..oocunnn... 18,700 |.ecceecnan..
240mm.navalgun......cooooinaiaa.... P, 9.45 |.oeeeaaaaol. 27,500 f............
280 mm. NAVAl gUN. .. .o iiiiiiicieceeacaacaaas ) U O PR (R
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Tasre 13.—3Mazimum range of German guns, howitgefs, and mortars (in

yards).
FIELD ARTILLERY.

FIELD GUNS.
7.7em. ﬂeldgﬁm 1896...... D, ceenettanecatnnnaeacacaaas
7.7em. K. 1. ﬁeldgun.

" LIGHT FIELD HOWITZERS.

10.5-cm. light field howitzer star shell, 1898
10,5-cm. light fleld howitzer, 1916.............
10.5-cm. light fleld howitzer, Krupp

W ifaze. " | perousslon | e Bo
. fuze.
,874 10,186 |............
784 | 18968 |..11111100
4,740 |......... .+o| (1909) 7,655
7,655 9,077
7,856 9,264 |-

15-cm. long
21-cm, gun

HIGH VELOCITY AND LONG RANGE GUNS,

10-cm. gun, 1914; 10-cm. T . 7 AR
10-cm. gun; 10-cm. gun, 1904. ......... e eeemeeesceceeacaeceaaacacane
10-cm. gun, with overhead shield.. ... e teeteineieaeeeereaaaaan
10cm. gun, with turret. ........ccceieoincaencacnan..

io-cm. a, reinrolr:;gsd in turret.. e
0.0, coast Beforiss g 1L LLL 1 I
10-cm. coast-defense gun on wheeled carriage..

Bem.gun................. tesseencscensarenenn
15-cm. gun, with overhead shield..............cooiiiiiiiann,

15-cm. gun, reinforced on wheeled carriage..............c.coiaiiits

15-cm, gun, Q.F,,L/40. ................. eeeeccateacataaaaaaaaan .-

Iem. gun, Q.F., L/45. ..eecnnnaiiieiiairiicenenenaaenencnnnnss

24-cm. naval gun, tapered shell and shell with false eap.............

38-cm. naval gun, tapered shell and shell with falsecap.............
HEAVY FIELD HOWITZER AND MORTARS

15-cm. heavy fleld howitzer.
15-cm. heavy fleld howitzer, 1902.
15-cm. heavy field howitzer, 1913.

15-cm. howitzer in turret........
21-ch. mOortar.......ccceeenne-.

0eeacamornansascaasrocennsnanan
28-cm. howitzer on traveling carriage
28cm coast-defense howitzer. .......ocoeveveeeiineniiiinaanss
42-cm. mortar................. et

CAPTURED RUSSIAN GUNS. )

1.62-cm, field gun................ feeeens reeiaceianseeiraa e
10.67-CI. EUN oo e et i iie e e
20.3-CIL, HOWItZeE. « - oo eeereinec e eieiceeacaaaaecancanaaaaaaaae

1 At least. 2 Ordnance shell. 3 False cap.



184

ORDNANCE DATA.

TABLE 14.—Artillery matériel of Austro-Hungary.

10-cm. light fleld howitzer, M. 99 and 14
(caliber 104 mm.).

lo-%m mountain howitzer, M. 99, 8, 10, and

10-cm. howitzer, in cupola, M. 99, 5, 6,and 9.| M

10.4-cm. hea , M. 14, 15, and]1
(coller, 104 mn. ). 2

10-cm. heavy German gun, K. 04 (caliber
105 mm. ).

12-cm. heavy gun, M. &)(ealiberlmmm.). A M

12-cm. fortress gun, M. 80

and 96, in case-
mate or turret.

12cm. an, M. 61 and 61/85 (mohile reserve

of H.
15-cm. heavy gun, M. 80 (caliber, 140 mm. ).

15-cm. coast-defense
15-cm. fortress gun,
of H. A.

15-cm., mortar, M. 78 (mobile reserve)

15-cm. heavy ﬁeld howitzer, M. 94, 90, 94/4,
99/4, and 15 (caliber 149 mm. ).

M. 99, 10cm. (with gnine)

M9.ooo..... ceerccnancone
M. 99,10cm...cccce......

....................

T
N
g
3

..............

Dogg. Z.92.

» B0 1B.ccvccecanconse

...............
.......................

....................

eseccecsscsccns

.| Powder-filled shell,
..| Percussion sh.rapne\ l[. 66 angd 78.

Piece. Fuze. Projectile.
3.7 trench gun (caliber 37 mm.)........... M.98..ceeuimiiienannnnns lﬂnengrannsh i te; brisantsgranate,
6-cm. gun, M. 98, in casemate mounting,or | M.985b.............c...... Powdor-ﬂlled shell M. 98; shrap-
movable turret (caliber 57 mm.). - M. 98/95; case shot.
6-cm. gun, M, 99, in casemate.......c.c...... - POWder-ﬂlled shell, M. 98,
7-(!71;16m0untain gun, M. 99, 8and 9 (caliber | M. 99, 7 cmn. (with gaine)...| Ekrasit shell, M. 99 and 8.
mm.
) M. 99, 7 cm ............... Shrspnel
7.5-cm. mountain gun .............. cm., M, 15............... Shrapne! am (un!versa.l shell)
8-cm. ﬂ)eld gun, M. § and 5/8 (caliber 76.6 | M. 5, 8, and 8b (withgaines) Amm shell, M. 5 and
mm.).
8-cm. fortressgun, M.5and 5/94-.......... M. 5, 8,and 8b............ Shrapnel, M. § and 8.
8-cm. gunin turret, M. 2.........cccaan... R N Shmpnel M. 2
8-cm. gun, M. 95, in casemate (old fleld gun, | M. 75.....c.ccemeenan..... Begment shell, M. 75
1875 pattern) (caliber 75 mm. ).
M. 75/880..cccninnncnnnn.. Shrapnel, M, 75/85c¢.
8cm. )gun. M. 94, in casemate (old fleld B /- YR Segment shell, M. 75.
gun),
8-cm. old field gun, M. 75 (fixed or movable | M. 75.....ccccuvenennn.... Do.
armament.)
M. 85, . ceinienncranannn Shrapnel, M. 75/85.
Case shot.
. Scmgunllﬂincupola ................ M.75..neeaaaaenn....
s-om.gltms M. 94 and 98, in casemate A Segment shell, M. 94,
mountings.
a-crinal'.glonressgun M. 94, on shielded CAr [.cceccceeecerecennaneaanen. Shmpnou,m%/s&u_ldmps.
O-eb?;gld field guns, M. 75 and_75/96 (calj-| M. 75........ccco.cn....... Case shot.
mm.).
9-cm, g;;)illll. 75/4 and 11, in casemate| M. 9la,91b, 96, 96a,96c....| Shrapnell, M. 75, 91, and 96.
mounting.

Case shot.
Ammonal shell, M. 99 and 5.

Ekrasit shell, M. 99 and 5.
Shrapnel, M. 99,

Star shell, M. 6/09b,
Unlgrsal shell.
0,

Shra) .
Steel shell,
10 cm. gr. 96.

78.
Pow er-ﬂlled shell, M. 61.

Case sh

Powden-ﬁllod shell, M, 80.
Ekrasit shell, M. 80

Ekrasit shell, M. 99, [9

Steel shell and shrapnel, M. 12,
Shrapnel, M. 80/93a.
A{;lilor-pfem shell, M. 80.

.| Shrapnel, M. 61.
.| Shrapnel, M. 66 and 78.

Powder-filled shell, M. 6.
M. 78,

Shrapnel M. 66 and
Shrapnel M. 78/933.

Start shell M. 6
Powder-fillled
Ekrasit shell, M. 80
Ekrasit shell M. 99/9
Steel shell, M. 15/9.
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- TABLE 14.—Artillery matériel of Austro- Hungary—Continued.

. .
Pidce. ‘ Fuze. Projectile.
15-cm. howitzer in cupola, M. 94and 99..... M. 128..cccnreannnccncaes Steel shell and shrapnel.
15-cm. mortar, M. 80, 98, 98/7, and 16......| M. 93a (v)vmx Erganzungs-| Shrapnel, M. 80/83a,
M. 995 ................. Star shell, M. 6/90a.
15-cm. mortar, M. 80, in cupola or on sledge.| 15-cm. M. 14.............. Gss shendl shell, M. 14.
ell
18-cm. heavy gun, M. 80 (caliber 180 mm.)..{ M, 80.....cccccuicrcnncncecn Powder-filled shell, M, 80,
) M 12, . iiciiiniciaccnans Bteelshollandshmpml M. 12,
M. 6, 18em....caccue.....
M. 933 (vjvlth Erganzungs-
zunder
21-cm. coast-defense gun, L. 20............. M.6,2lcm.....acceecnn.. Ekras!t shell, M. 99.
2l-cm. coast-detense mortar, M. 80 and | ..... [ [ TSN
mortar, M. 15 M. 99a.......cocaenn.aal . BtanhollM 99 a.
24-cm. mortar M. 98,98/7 15/10, and 10/15 | M. 9, 24em ... ............ Ekrasitbombe, M. 98/9 and 6.9.
(caliber, 240 mm. ). M.99R....cconnninnnnnn... Star shell, M. 908,
24cm.gun, M. 16.....ccecennnnanaan....
28-cm. howitzer or mortar................. M.9,305cm.............. Ekrasitbombe, M. 11/9 and 15/9
Tmppenbombe.
30.5-om. mortar.
35-em. gun, M. 16.
38-cm. naval gun,
42-cm. mortar
42cm. howitzer

ITALIAN 75-MM. FIELD GUN, MODELS 1906 AND 1911.

When the general rearmament of the field artillery of the Euro-
pean armies was in progress the Italians developed a gun that was
an improvement on the French model of 1897, in that its carriage
permitted of greater elevation and lateral movement or traversing,
but it had less power. It was built in two models, namely, 1906

and 1911.
1. Data relative to guns.

Internal diameters: 75-mm., M.'1908. 75-mm., M. 1911
Caliber. 75 mm., 7% mm.
Mean diameter of powder chamber______. 79 79

Length: :

From forward-end of breechblock to base
of projectile : 456.5 mm. 338. 5 mm.
From base of projectile to muzzle__..._.__. 1,793.5 1,798.5
Total 2, 250 2,182
Calibers i 30 . 28. 43
Rifiing: : ‘
Number of riflings 28 28
Directicn of riflings Right to left. Both.
Pitch of initial—1 turn in 50 calibers.
1 turn in 3,750 mm. Constant.
Final rifling— '
1 turn in 30 calibers. 30 calibers.
1 turn in cmmimmmmieem 2,250 mm. 2,250 mm.
Weight of gun without obturator__________ 318 kg 281. 700 kg.
Weight of obturator—._______________ —— 27 20. 700

Total weight _____________ S 345 kg. 302. 400 kg.
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2. Data on munitions,

- The projectiles used with the Italia.ri field guns consist of high
" explosive shell and shrapnel, details as to the dimensions of which
along with the loadings and weights are given herewith.

(a) Dimensions of projectiles:

Diameter cylindrical part_ . ______________ 74.2 mm. 74.2 mm.
» Diameter rotating band____________________ 74.5 mm. 74.7 mm.
Length :
‘Without fuze - ___ ______ . 266 mm. 234 mm.
With fuze . _______ ——— 283 mm. 283 mm.
Distance from base of projectile to rear of
chamber cone__.______________ . ____ 38 mm. 38 mm,
Round balls: :
Diameter___________ . ________________ 12-14 mm, 14 mm.
Weight_____ e e 0. 012-0. 014 kg.
Number _ e , 236-278
(b) Loading and weight of projectiles:
"Empty case_ e 5.970 kg. 6.135 kg.
Bursting charge__________________________ o _____ *0.400 kg. 0.075 kg.
(Fuzed trotyl.) (Powder.)
Booster charge_.________ 0. 054
Priming charge. . e 0. 022 .
Fuze with primer__.____________________ . 0.114 0.310
Weight of projectile ready to fire_____________________ 6. 298 6, 500
(¢) Fuzes:

For the explosive shell, percussion fuze, model 1910, is used.
while for shrapnel the double-acting fuze, model 1906 (maximum
timing 19”7.83).

(d) Powder.

Two powder charges are used with 75-mm. gun, model 1906 and
1911, The maximum of ballistite in flakes 1 by 210 mm., weight
362 grams, or ballistite in flakes 1.3 by 210 mm., weight 393 grams.
These loads of ballistite may be replaced by American mtrocellulose
powder, weight varying from 250 to 70 grams. The minimum
ballistite charge in pieces, 0.5 by 5 by 5 mm. and weight 150 grams,
is contained in a gauge sack 110 mm. in length and 146 mm. in circum-
ference. The sack is tied with a cord about 20 mm. from the opening

. and is inserted in the casing, tied end up, pushing against the
primer with a cardboard cap having its concave side toward the
primer. '

1The 12-gram balls are packed in lower part of the case, ranging in numbers from
136 to 141. Those of 14 grams are packed above those of 12 and vary in number from

115 to 119. . )
3 This load may also be compose dof 280 grams of compressed Schneiderite and 45
grams of compressed TNT.
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(e) Cartridge with projectile;s:
The following table gives the essential characteristics of the am-
munition used for 75-mm. gun.

Length of cartridge case______ mm__ 278
Length of cartridge with projectile ready for firing______________mm__ 523
Weight of primed cartridge case_ . keg__ 1.235
Weight of primer kg-. 0.085

Total weight of cartridge with projectile ready for firing:
Maximum charge—

BExplosive shell . o kg_ . 7.940
Explosive shell with timing ring__________ kg__ 8.018
Shrapnel - kg._ 8.142
Minimum charge— .
Bxplosive shell . __.___________________ kg - 7.728
Explosive shell with timing ring____ . ________ .. kg__ 7.808

Shrapnel - kg 7.930

3. Data on carriage of 75-mm. gun, models 1906 and 1911.

75-mm., 75-mm.,
) . M.1906. M. 1911,
Tread (outer line of the tires) _______________________ mm.__ 1520 1595

Diameter of wheels___________ mm. 1300 1300
Trunnions:
Helght ____ o ____mm__ 950 851.15
Elevation e om.__ 16° +15°
Maximum sighting angles—depression______________________ 10°—15-50°
Horizontal firing sector____________________________________ 70 52°-9°
Weight of cradle (with brake, springs, without elevation sup-
port and without glycerin)__________________________ kg__ 134 75
Total weight of carriage and accessories, including shields_kg_. 670 1
Weight of shields__________ e kg__ 65 91
Mean recoil of gunon eradle__________________ . _____ kg_. 1.350 1.300

An Ttalian 75-mm. field gun had been sent to the United States
and in 1918 was under study and test at Aberdeen Proving Ground
by American ordnance officers, especially as regards its split trail
mount. With this gun using shell weighing 14.3 pounds, a muzzle
velocity of 1,440 feet per second was secured.

Italian gun cheracteristics.

' Weight of | Muzzle | Maximum | Maximum

Caliber. . Type. ghell velocity. range. | elevation.

Inches. Pmmda Ft. per sec. Yuards. Degrees.
L Howitzer....oceeeeennn.... 984 7,439 44
288, et (€171 « J 14 37 1,660 7,432 | 16

The above data are taken from Ordnance Office drawmgs 27-17-8
to 19, inclusive.
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VI. ARTILLERY AMMUNITION.

General statement.—In this section of the Handbook are to be
found outline descriptions, tables, and diagrams that show the essen-
tials of the more important and established types of American ammu-
nition as developed and manufactured for the European War, and
to a certain extent used in actual service overseas with increased
supplies available and in process of manufacture on a large scale
at the time of the signing of the armistice. Many of these types, it
will be apparent, are adopted from European practice, though with
important modifications in many cases, and the relation established
with the French Army and the decision to employ French matériel
in the early operations of the A. E. F. naturally led to the employ-
ment of many French designs. However, in all cases these had to be
adapted to American conditions of manufacture and American ord-
nance practice, retaining as-far as possible the essential features of
interchangeability. Furthermore, an important consideration to be
taken into account was that prior to the war American manufacturers
had been engaged in the production of munitions for the allies, and
facilities were available in many cases for well-developed types.

F1a. 45.—Assembled round of fixed ammunition showing cartridge case, projectile, and fuze.

Fixed and separate loading ammunition.—Projectiles and their pro-
pelling charges as employed with the various types of guns, how-
itzers, and mortars fall into two main divisions known respectively as
fized ammunition and separate loading ammunition. The distinction
is self-explanatory, and, roughly speaking, depends upon the caliber
of the piece. Fiwed ammunition is used with guns and howitzers of
the smaller sizes. In this type the base of the shell is inserted in and
attached to a brass container, which carries the propelling charge, the
latter being ignited by a primer located in the base of the case. With
separate loading ammunition the shell is inserted in the cannon, and

’ ' 139
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the propellant—usnally in a silken bag—and the primer are placed
separately. An intermediate type, known as semifiwed ammunition
is used for certain calibers. This is similar to fixed ammunition,
except that the cartridge case is not attached to the projectile.

" The projectiles used with modern guns, howitzers, or mortars em-
body many variations, depending upon the pieces from which they
are fired, the ranges employed, the targets against which they are
used, the contents, such as balls in the case of shrapnel, or high ex-
plosives, gas, smoke-producing substances, and illuminants in shell.

Shell.—Ordinarily a shell is a steel cylindrical body with an ogival
_ point and with a fuze at either the nose or base to detonate the burst-
ing charge. Around the base of the shell is clamped a copper band
in which the lands of the rifling of the bore of the gun cut, so that
in its passage from breech to muzzle a twist or rotation is imparted
to the projectile, and accuracy in flight is insured.

‘Material (forgings).—For the manufacture of shell a high quahty
of steel is required, which must possess requisite physical properties
carefully determined and specified to insure against premature burst-
ing or defective firing. The steel is first rolled into billets of cer-
tain dimensions, which at the forge shop are cut into slugs and then
are forged into the rough shell bodies. These operations require ex-
tensive equipment such as furnaces and forging presses.

Machining.—A fter the shell forgings have been tested and passed
as to quality, they are ready for machining. In the case of the
75-mm. shrapnel approximately 40 operations are required. The
operations referred to concern the shell itself and generally are
carried on in a single plant. Simultaneously other plants manu-
facture the fuzes, diaphragms, tubes, adapters, etc.

Production.—Each filled and fuzed 75-mm. shell contains some 68
parts, often representing the work of 35 to 40 contractors. The same
holds true of other calibers also. A factory machining 40,000 shell
per day represents a huge organization. By May, 1918, shell fac-
tories in the United States were not only producing forgings for
75-mm. shell, but production of other sizes was under way and ar-
rangements were being made to establish manufacturing facilities
for practically all the types of shell required by the artillery pro-
gram. All available plants were working from 20 to 24 hours a day
either in two shifts of 10 hours each, or three shifts of 8 hours each.

Filling.—In case of the 75-mm. shrapnel, the steel cases are filled
with shot and resin, and then the bursting charge is inserted and the
fuze, which requires a special loading operation for itself, is placed
on the shell.. There are shells, however, which contain high ex-
plosives, gas, or other materials, the filling of which is carried on
with special facilities and in special loading plants.
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United States types of ammunitio1 .—For the United States mobile
artillery, as distinct from the seacoast guns and mortars in the forti-
fications, the following types of ammunitions were being manufac-
tured at the beginning of the war: :

2.95-Inch shell and shrapnel.

8-inch shell, common shrapnel, and hlgh-explosive shrapnel.
8.8-inch shell and shrapnel.

4.7-inch shell and shrapnel.

6-inch shell and shrapnel.

Developing an ammunition program.—The first step toward a com-
prehensive ammunition program, taken shortly after the declaration
of war, was to place, with the approval of the Council of National
Defense, orders for approximately 9,000,000 rounds of shell and
shrapnel ammunition for the 3-inch field guns. Following the visit
of the French high commission and the conferences at which it was
decided that for the first year of the war, at least, the French would
furnish both guns and munitions to the American Artillery, it was
determined to adopt the principal calibers of French field guns and
howitzers, along with some British matériel then in manufacture in
the United States. Accordingly, orders were placed in France in
July, 1917, for 8,000,000 rounds of 75-mm. ammunition and 1,000,000
rounds of 155-mm. ammunition, and subsequently these calibers were
placed on our project program for procurement in this country. A
number of the American manufacturers having contracts for 3-inch
ammunition were induzed to change part of their contracts to 75-mm.
while the full program was being formulated, and plants and equip-
ment secured to manufacture ammunition as needed.

Semisteel shell.—While for many kinds of shell a high grade of steel
is necessary, one of the developments of the present war has been
the use of semisteel, both for high explosive and gas shell. This
material has been used not only to conserve the supply of steel and
on account of its ease of production, but especially in the case of gas
shell on account of the decreased amount of explosives necessary to
burst the shell. As the war progressed there were increased require-
ments for gas shell, and the economy of semisteel was manifest, while
in action it was found that it caused less dispersion of the gas.
Semisteel gas and high-explosive shell of various calibers have been
designed in the United States Ordnance service, and after experi-
mental orders had been placed for various calibers a large and
comprehensive program for this matériel was developed, as it did
not interfere with the manufacture of steel shell. In addition to giv-
ing better fragmentation, and thus having greater effect, semi-
steel shell are more easily machined and can be produced more
quickly than the forged steel shell.
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Fuse nose piece (brass) ﬂEEEMQL ED
Time fuse rings (braze) SHRAPNEL

Luse cover (#i) Qﬁrapn?/ or 5&// head

Shrapnel bolls

Powder tube (brass) (KIF —Lourrele!
- Yee/ shel/
thalene, fo. & machined)
Gun_cofton Resin
.%M&ei/) Black powa’er‘

-Copper band or
rgé';/hy Enz

Air Space
Obtyrafor (straw board)
e Imokeless powder
é_: |
Cartridge case B AN
(drawn_brass) e

Primer (braoss)

(Screw machine product) = | Lredyction Divesion "'E":: 2 L3t sion
o ) : Lrec?t Orad ® &
S e Drawn by @rlgon] D W XIOF)

F1a. 48.—Section of assembled shrapnel.

Shrapnel.—The earliest departure of importance in the United
States in regard to ammunition was the decision to manufacture
shrapnel for the 75-mm. field gun. - Projectiles of the following sizes
similar to well-established types used by the United States were
designed and put under manufacture in quantity, though the require-
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ments of shrapnel subsequently appeared to be a much smaller
percentage of the total than was first anticipated.

75-mm. ‘

3.8-inch.

4.7-inch.

155-mm. .

All of the above shrapnel used the Frankford type of combination

fuze, described and illustrated on page 167. A typical section of
American shrapnel is illustrated on the opposite page.

. Semi-steel shell, . Steel shell. . Steel shell filled and fuzed with
) Mark III fuze. -
F16. 49.—High explosive shell—cross sections. .
High-explosive shell.—This is the most commonly used and probably
the most important type of projectile. Its use is general throughout
all calibers and all types of guns, howitzers, and mortars, including

91485—19——10
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HIGH EXPLOSIVE BASE FUZE SHELL.
AMERICAN TYPE
!

Steel shel/ body
(forged & machined)

Explosive charge
TNT

Base Detonating Fure
(see defail on X-1/2)

Bose plug (Stee/) Base cover (brass/,

Fuze hole gi’ug

- (forged steel)

Erogvction Division
Sun Seclion

&,

o gr

Dreww by DriopAoe X

F16. 50.—High-explosive base fuze shell, American type.

mobile and seacoast artillery and cannon on railway mounts. At
the beginning of the war the American, British, and German de-
signs called for thick walls and a relatively small charge of high
explosive. The French, on the other hand, used large bursting
charges and thin walls. In order to make these thin-walled shell
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HIGH EXPLOSIVE NOSE FUZE SHELL,
ENGLISH _TYPE

FEEE nose piece.

Percussion fuse (Screw machine product)

r cose. orJacket or Gane g
cold drawn or pressed sfee/- [N}

machined)

Adapler (steel)

Stee/ shell body.
(Torged &-machined)

Lxplosive charge (explosive)
Copper band or
rofoting band.

Hase cove B shell ol
s ase Shell plug
(sfee]) S
067‘ rator
?.s',fmwéwro’)

I "'--C"on‘rm:qe cose.
(drawn _brass)

Imokeless powder

1

L 1
=

Primer (&s_&j

screw mochineproduct, | '
C 4 4 Ztser sy

a-...a,aul...|~,4~r/az
F16. 51.—High-explosive nose fuze shell, English type.

safe for firing, they required that all shell bodies be heat treated
to improve their physical properties.

The experience of the earlier years of the war indicated that
larger bursting charges than had been used in our designs were
desirable. It also demonstrated that point-fuzed shell were more
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HIGH EXPLOSIVE NOSE FUZE SHELL

FRENCH TYPE

Adoapter (steel).
PLercussion fuse.

Detonator Booster case, orJocket
(explosive) or Gaine. (cold drawn or
pressed stee/-machined,
Boyrrelef — 2d)
_Qp/o sive charge
(ZN.T) ‘
—«— Copper bond or
rofating band
Swakokas pavials Cortricge case

(drawn_brass)

Pfimw (brass)

lve s

 pw—y m’[—r‘w ‘i

F16. 52.—High-explosive nose fuze shell, French type.

effective for certain purposes than base-fuzed shell. New designs
were therefore prepared embodying those features shown by experi-
ence to be desirable. In general these designs resemble those of the
French with thin walls and high bursting charges.

Special shel,—An important development of the war was the use
in' large quantities of special shell. including gas shell of various
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Common Steel Gas Shell

Cas Charge

Kotating Band &

D1Qolrra Qrm (SseerBras.

Smokeless FPowaler

F1G. 53.—Common steel gas shell.

kinds, smoke, illuminating, tracer, and incendiary shell. All of
these are similar in outline to the high-explosive shell.

Gas and smoke shell.—Gas and smoke shell require a larger booster
charge than high-explosive shell, and all joints must be gas tight.
To meet these requirements American designs employ a taper thread
in the nose of gas shell, and the opening is made somewhat larger
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than in the high-explosive type to accommodate the larger booster.
Certain gases employed can not be kept in contact with iron or steel.
For these gases, the interior surface of the shell is provided with
an electrolytic lead lining. In addition a number of gas shell
were manufactured in the United States with the inside lined with
. glass to prevent chemical action between the steel shell and the
filler. This idea is taken from the French, who employed such shell
and found them much more satisfactory after having been in store a
reasonable time than those not so prepared.

Iluminating shell.—Illuminating shell are provided with a base
which can be easily blown off, and are loaded with an illuminating
composition contained in small steel cups. The shell is provided with
a time fuze, which, when it functions, ignites the illuminating com-
position and blows out the base of the shell, and the contents now
ignited burn and illuminate the vicinity as they fall. The illumina-
tion lasts for from 5 to 10 seconds.

Tracer shell.—In addition to ordinary shell carrying a tracer com-
position in a tube attached to the base there are special tracer shell
developed for use against aircraft. The shell resembles ordinary
shell and carries a charge of special composition. It has a solid base
and the nose is closed with a flat head, to which is attached a time
fuze. Ii the wall of the shell, just back of the nose, a series of holes
are provided through which the flame and smoke of the burning
composition issue and thus trace the flight of the projectile. These
holes are closed by steel cups inserted from the outside under pressure
and which are blown out when the fuze functions. This shell is also
used as an incendiary shell against balloons and dirigibles.

Weight markings.—In order that allovance may be made for varia-
tions in the weight of loaded shells in computing firing data, vari-
ous marks for quick identification by the gunners in the field are
made. These marks are indented in the body of the shell, so that
they are apparent by sense of touch as well as on sight. In the
United States service it is customary to indicate the weight of shells
by means of a prick punch, but in the case of the 75-mm. ammuni-
tion, the French system of marking is employed, and this is the
only United States ammunition in which the prick punch is not
used.

Marking 75-mm. ammunition, French system.—The weights of mark-
ings of the 75-mm. shell are as follows:

10 pounds 11 ounces to 11 pounls_ _— L
11 pounds to 11 pounds §.-ounces. +
11 pounds 5 ounces to 11 pounds 11 ounces _—— +
+
+

11 pounds 11 ounces to 11 pounds 15 ounces _—
11 pounds 15 ounces to 12 pounds 5 ounces________ . __.____
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These marks are placed about one-half inch in rear of the bourrelet
and spaced one-half inch apart. They are deep enough to be felt
and be counted by sense of touch, enabling artillerymen to recognize
weights of projectiles during night firing. For shell, the weights
indicated by the marks indicate the weight of loaded projectile and
booster, but without fuze. For shrapnel the weight of the fuze is .
included. '

Marking 4.7-inch shells.—+.7-inch shells for the United States Artil-
lery are classified by weight into three zones. These are indicated
by punch marks as follows:

Marks
43 pounds up to and including 43 pounds 11 ounces_____________________ ‘; 1
43 pounds 11 ounces up to and including 44 pounds 6 ounces___________ —_ 2
44 pounds 6 ounces up to and including 45 pounds 1 ounce_____.__________ 3

The marks are placed about five-tenths of an inch in rear.of the
bourrelet, spaced five-tenths inch apart. They should average one-
tenth inch in diameter, and are punched deep enough to be felt and
counted by sense of touch, enabling artillerymen to recognize weight
of projectile during night firing. Each punch mark has a square of
black paint stenciled over it for identifying weight zones by sight.
The weight zones indicated by the marks are for shell containing
bursting charge, adapter and booster charge, but without fuze.
When Mark III fuzes are used there must be added 15 ounces to the
shell’s loaded weight, while for the Mark IV and Mark V fuzes 6
ounces is added. "~ These elements are considered in connection with
the various range tables and setting of the guns. Shrapnel for the
4.7-inch gun varies but 1 per cent in weight and has no weight zones.
The system of marking can be understood by reference to figure 54.

Designating colors and marks for projectiles.—Projectiles of all cali-
_ bers are distinguished by different colored paints, designating their
type. Common steel shells are painted yellow when filled with high’
explosive and gray when filled with gas. Semisteel shells have the top
painted black to the bourrelet, while above the bourrelet they are
painted yellow if filled with high explosive, or gray if filled with gas.
Common shrapnel is painted red. Marks are also stenciled on the pro-
jectile to indicate the caliber and the cannon in which they are to be
used, whether guns, howitzer, or mortar. This is a matter of great
importance and plain distinguishing marks for shell were urged by
the American Expeditionary Forces as a matter of considerable
importance in field service.
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FUZES.

General considerations.—A fuze performs the function of igniting
the bursting charge and initiating the explosion, either upon impact
of the projectile or after a certain time of flight and before the pro-
jectile strikes. Fuzes are usually divided into time, percussion, and
detonating, or combinations of two or more of these types in to one.
With respect to form, they are divided into point and base, accord-
ing to whether they are attached to the point or base of the projec-
tile. Time fuzes are arranged so that they may be set to function at
any time up to the maximum for which the fuze is designed. Percus-
sion fuzes function due to the retardation of the projectile on im-
pact. These fuzes simply ignite the bursting charge. Detonating
fuzes usually function on impact of the projectile and carry a deto-
nator of fulminate of mercury or some material, which initiates a
very rapid explosion (several thousand meters per second), called a
detonation, in the-bursting charge. Combinations of time and per-
cussion elements or time and detonating elements in the same fuze are
very common.

Safety devices.—All fuzes are arranged with safety dev1ces which
restrain the firing pin from coming into contact with the primer
until after the fuze has been subjected to acceleration or rotation
nearly equivalent to that obtained in the bore of the gun. In addi-
tion, some of the detonating fuzes have what are known as bore
safety devices. Such devices usually keep the detonator separated
from the bursting charge in such a way that it would not ignite the
latter, even though prematurely ignited, due to shock or other causes.
The arrangement for bringing the detonator and bursting charge in
such relation to each other that the fuze would function is designed
‘'so that it functions some time after the projectile has left the bore of
the gun. From this the name “ bore safe ” or “bore safety ” feature
originated. The fuze, however, is equally safe in storage or trans-
portation or even in ammunition dumps, should projectiles be stored
fuzed.

American conditions.—In the United States at the outbreak of the
war there was no. satisfactory type of point-detonating fuze. The
Frankford Arsenal design of combination time and percussion fuze
was used for common shrapnel, while an adaptation of the Ehrhardt
type of time detonating fuze was used ,on a few high-explosive
shrapnel then manufactured. The high-explosive shell were fitted
with detonating fuzes of the base type. The decision to employ the
French 75-mm. and 155-mm. ammunition carried with it the adoption
of the French fuzes, which were entirely different from any ever
used in the United States. The French fuzes were carried separately
with an adapter and booster casing carrymg the booster or main
detonating charge. :
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TaBLE 17.—United States Ordnance Department fuzes and projectiles in which

they are used.
Type. Drawing, Projectiles used in—
Base jon:
. Minor caliber, Mark I..... 73-2-42..... P teveseone
Minor caliber, Mark Ii ....| 73-246...... 120001100000 J37-mm. low-explosive cast steel shell.
Medfum and major caliber.| 73-2-29......c.ccccuueeeee.. Low-explostve shell, medfum and major
Base detonating: caliber. |
Minor caliber, Mark IV....| 73-2-87..cccceecunnencnncene .
Minor caliber, Mark VI....| 73-1-1%4................ «.+|$37-mm. high-explosive and A. P. shell.
Moatm callber ... .. .| 78488, .. 1 . | For 22+inch 6 pounder cast-stesl shell
Medium caliber...........[ 78-3-88.c.ccceeennnaaaaaes Mobile, for 2.95 to 7 inch, inclusive.
Medium calfber........ e-of 78-2-22,88..c..ccccinnnnnnn
ﬁgg{uf?lmgel:rié}" R 84 T t, for 3 to 6 inch, inclusive.
ple type)...| 73-3-52,83................ .
G RO £ 7 ee—— bl oy St .
Major caliber \............. ANt , ail calibers above 6-inch.
Point detonating:
Mark X L X RN ) 73-1-&), 51. ®9escscsccasssen Mobue 2.“ md &iuoh hjsh‘xpmive, ’hell
770, « SR T3-243,44,45.............. aond cast stoel shell, = ot and above.
Mark I ......o.o.0llioie 73-2-89,40,41.. ... ... 00 Mob,}: g soacosst 7o-mm., 8.540ch, 4.7
and above. ‘
Matk Iv evsscccscncncvencs 73"1"79. w, 81 .............. Mobﬂﬁ &nd ’mt (a&mch' 4.7’lnc G_mch,
and above) howitzer or mortar, and 14-inch
MarkIV i .coeienenanannne 73-1-79,80,81.............. MobIle. 155-mm. h-explosive shell
Mark Voooeeonennnennnens ~19,80,83............... Mobile and seacoast G}fgm.iniﬂ-mch, 5-inch,
Coin‘l)bimtlm time and percus- i 6-inch, §-inch, 10-inch, 12-inch guns.
sfon:
4.7-inch gun and howlitzer, 3.8-inch howitzer,
. 45-second, model 1907....... 73-3-47,48,95,%............ { -inch gun and howltzer, 3.8-indl o
gun an
45-second, Mark I..... ... 78-3-101,102,and, 103 . .. .. howltzer, shraptiel
21-second, model 1907...... 73-3-93,94,95,96...........
21-second, model 1915....." 73-3-104, 105, 106, and 107...||75-mm. gon, 295-inch mountain g, and
21-second, Mark IV.... .. 73-3-114, 115, 116............ 3-inoh fleld gun, shrapnel.
21.second, I A. F..0 .. 0. % [ RN '
Antiaircraft time fuzes:
Antiatrcraft, Mark I1...... 73-3-109,110...... ecececeas 8-inch antiaircraft ammunition, all types.
Antiaircraft, Mark III..... 73-3-111,113,113. .......... 75-mm antiaircraft ammunition, all types.
4.7-inch antiafrcraft ammunition,
75&90{% mechanical time, }73_7_1’ 2,3,4,and5......... [5 ?:[l.gn 6 inch seacoast gun shell, A, B, gmmuni-
i 155-mm. gun, A, B, shell and shrapnel.

1 This fuze had been condemned and will be extracted and replaced by Mark IIJ,
in mobfle artillery ammunition and by Mark V, Semple type, in the seacoast artille:
$ This fuze is no longer being produced

p

and

be replaced as soon as possible by

. Semrle type,
ammunition.
k' V, Semple type.




Drawin,
o € | Bized

IIIA...
mIB...
oIc....

IID...
IE...

IVB...
IvC....

IVD...

73-1-52....| U. 8. ¢

73-1-84.... U.S. ¢
73-1-122.. |..... da
73-1-85....| U. 8.

73-1-105...] U. B. ¢
73-1-104...| U. 8.4
75-1-119. .. Briggt

73-1-120...| Briggs
73-1-121...| Briggl

73-1-54....| Brig
73-1-91....|ce.c.. ‘

73-1-93....|..... M
73-1-111.. | ....d¢

73-1-116...[..... at

73-1-123. . .|....- 4t
73-1-65....| Brigg

73-1-106....|..... 4
73-1-107._.|.....@
73-1-108...[.....d
73-1-66....| Brigd
73-1-90....[.....d
73-1-109....... . .d

73-1-110. ... ..-- g
73-1-113. . .feenn- ‘

.| 73-1-67....| Brigg
.| 73-1-93....|.....d

73-1-112........ d

73-1-114...|....- j
73-1-115. . |onu-- ‘

73-1-73....| U. 8
73-2-51....| U.
73-1-100...| Brigj
73-1-127...]. ... ’

91485—19j










156 ORDNANCE DATA.

LOUNT DEMONATING FUZE. MARK 1
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FiG. 55.—Point detonating fuze, Mark I.

Marks I and II fuzes.—Just previous to the outbreak of the war,
some tests had been conducted with Russian 3 GT point-detonating
fuzes, which had been produced in large quantities in this country,
and which were considered very safe fuzes on account of an effec-
tive bore safety device. This type of fuze was early adopted, and

‘referred to as the Mark I. At the same time, layouts were made and
experiments inaugurated to modify the 4 GT Russian fuze—which is
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Fic. 56.—Point detonating fuze Mark II.

731

similar to the 3 GT except that it is larger—to provide arming by
rotation instead of acceleration, and to provide a delay action feature.
It was proposed to use this modified fuze, called the Mark II. in all

shell above 3-inch.

.The Mark I fuze was ordered in quantity for 3-inch shell ammu-
nition, but many orders were canceled after the adoption of French

types of fuzes.
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French fuzes.—During the visit of the French commission headed
by Marshall Joffre is was decided that we would procure considerable
ordnance matériel, including
guns, carriages, and ammuni-
tion, in France, in order to tide
over the period until we could
develop quantity production of
this matériel. It was, therefore,
decided that we would adopt
certain French calibers, using
the 75-mm. in place of our 3-
inch and the 155-mm. in place
of our 6-inch, and would make
ammunition interchangeable for
these calibers. This decision
led to the quite general adop-
tion of the French fuzing sys-
tem, incorporated in our Marks
II1, IV, and V. These fuzes
" contain no bore safety features,
and the considerable number of
prematures obtained by the

French indicate that they are

not particularly safe, and, fur-

ther, we could obtain no au-

, thentic  information that these

F16. 57.—Mark III point detonating fuze, ex-  fyzes would arm and otherwise

terior view and section.

function satisfactorily in the

larger calibers. We therefore decided to continue the development of

the Mark II fuze, which was bore safe, and to use this fuze for the

8-inch caliber and above. Information obtained at that time indi-

cated that the French did not use the Mark IV or V fuze in any

of their larger calibers, and effort to obtain information as to the

type actually used resulted in the submission of a fuze considerably

larger than the Mark IV and V, called the 30/45 Model 1878~
1881, M. 15.

The French fuze system gives great flexibility to meet tactical re-
quirements. The Mark IIT fuze (French I. A. L.*) is a supersensi-
tive type which bursts the shell above ground. This fuze is generally
. used for high-explosive shell fired agamst personnel, where the ef-
fect of shell fragments is desired. It is also generally used in gas and
smoke shell where burst is desired before the shell buries itself. The
Mark IV and V fuzes are in some degree interchangeable with respect
to their functions. Both types are made up with nondelay, short-delay.

1 Slgniﬂes Instante Allongé Lefevre or lnstantaneous elongated fuze of Lefevre design.
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F16. 58.—Point detonating fuze, Mark III.

and long-delay action. The main difference between the two is that
the Mark V has an additional safety feature which requires some-
what higher acceleration to function than the Mark IV type. The
method of introducing this safety feature, however, so weakens the
fuze at the point that the Mark V is not suitable for the more pow-
erful guns and is therefore generally used with 75-mm. shell.
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Notes on the above fuzes.—The artillery ammunltlon section of the
Engineering Division, after a consideration of the entire fuze pro-
gram in 1918, noted the following conclusions in regard to the above
fuzes: Mark I and Mark II fuzes were considered to be bore safe.
Bore safe designs were needed to replace Mark 111, IV, and V, and
were being worked up at Frankford Arsenal. A bore safe type
which may be used as a substitute for Mark II was also being de-
veloped at the Frankford Arsenal. A bore safe type to replace a
medium and major caliber base-detonating fuze was being tested at
the proving ground. There was also under test a design to replace
the Mark IIT fuze. Studies and designs for Mark III fuze modified
were also put under way, the modified type to be similar to the
French fuze but without a primer, and with an elongated firing pin
to strike directly on the upper detonator.

ﬁ

F16. 59.—Detonating delay fuze, Mark IV, Exterior view and section.

Mark III fuze, safety device—A partial bore safety device has been
added to the Mark IIT fuze. This consists of a plunger operated by
centrifugal force and set at an angle so that linear acceleration tends
to oppose the centrifugal force and holds the plunger in a safe
position. This plunger is located in the fuze body between the front
and rear detonators. While the projectile is being accelerated in
the bore, this plunger remains in a safe position and shuts off any
premature action from the front detonator, or primer, making the
fuze bore safe to that extent. After linear acceleration ceases, the
centrifugal force throws the plunger out and opens the channel be-
tween the two detonators. This device is shown in the diagram of
the Mark III fuze on the preceding page.
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F16. 60.—Point detonating fuze, Mark IV.

Mark IV and V fuzes.—The Mark IV and V fuzes are essentially
copies of French designs. These, together with the Mark III, are
the three types which the French high commission considered es-
sential for the United States to adopt for manufacture in this
country in order to obtain all the advantages of the French fuzing
system, which includes a considerable additional number of types.
These three fuzes fit the same adapter and booster and can be used

91485—19——11
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DETONATING [FUZE NMARK Y
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F16. 61.—Point detonating fuze, Mark V.

interchangeably. The Mark IV fuze is easily armed and is specially
designed for use with howitzer ammunition. The point-detonating
fuze, Mark V, which is illustrated in the diagram'above, like the
Mark IV, is made up with delay and nondelay actions. The
Mark IV is supplied for projectiles of 3.8-inch caliber and above,
and for use in howitzers and mortars, and 14-inch guns.
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|

F16. 62.—Mark V point detonating fuze, exterior view and section.

The Mark IV, Mark IV-A, and Mark V fuzes when made in
nondelay form are distinguished by a painted white head. For short
delay the top only is black, while for long delay a violet var-

F1a. 63.—Base percussion fuze minor caliber,
Mark I, Baldwin type.

nished socket is used. When rein-
forced retard springs are used with
Mark IV and IV-A for the 155-mm.
gun the truncated part of the head
is painted green.

Special fuze for 37-mm. shell.—In
1918, the Engineering Division un-
dertook to develop designs, prepare
drawings and specifications, deter-
mine the necessary gauges, and con-
duct the necessary experiments and
tests for a 87-mm. airplane gun su-
persensitive point fuze. Likewise,
for the same caliber, a balloon fabric
fuze for use with the 37-mm. shell
against balloons was developed ; and
studies for the design and manufac-
ture of a 37-mm shell to be used
with the above fuze were put under
way.

Bdsé percussion fuzes.—Three types of base-percussion fuzes are in-.
cluded in the. American list of fuzes, and are used with 37-mm. low
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F1a. 64.—Base percussion fuze, minor caliber, Mark II (Cartwright model).

explosive common steel shell in the case of the minor caliber fuzes,
and with low explosive shells in the case of the medium and major
caliber types. Figure 63 shows base percussion fuze, minor caliber.
Mark I (Baldwin Type), while base percussion fuze, minor caliber,
Mark IT, Cartwright Model, is illustrated in figure 64. The opera-
tion of these fuzes is apparent in either case from the diagram.
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F1G. 65.—Base detonating fuze medjum caliber (Model 1906).

Base-detonating fuzes.—The Ordnance Department at the beginning
of the war had base-detonating fuzes of minor, medium, and major
caliber. None of these is fitted with a bore safety device, and the
medium and major caliber for mobile ammunition are replaced by
the base-detonating fuze Mark ITI and for seacoast ammunition by
the Mark V, both developed by a private company. This fuze has
an efficient bore safety feature and is used in all base-fuzed shell
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F1G. 66.—Base detonating fuze, Mark II1 (S8ample type).

larger than the 2.24-inch. The main types of shell of this character
are the armor-piercing shell and shot of all calibers using three types
of projectiles and common steel shell for mortars and howitzers 12-
inch and above. The minor caliber base-detonating fuze is very little
used, only being prescribed for 6-pounder ammunition.
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Time fuzes.—Time fuzes are most commonly used on shrapnel
ammunition, where burst above the ground is necessary in order to
secure effective action of the shrapnel balls. They are also used for

Concussion resmafonce

FIa. 67.—Combination time and percussion fuze—before arming.

antiaircraft ammunition, both shrapnel and shell. With the shell,
the time element is combined with a detonator so as to secure detona-
tion of the shell in air in the vicinity of the target. The Ordnance

czﬁa;k:!‘_g . /
Bergiss5:00 ,.w’zmje_r Battom closmw g Serew

Fi‘;}:g!_ elie]
F1a. 68.—Combination time and percussion fuze—after arming,

Department design of time fuze was retained in preference to adopt-
ing the French, due to the fact that the records obtained from
abroad indicated that functioning of this fuze was very satisfactory,
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Fi16. 69.—Anti-aircraft time fuze, Mark II, type “8,”

and also to the fact that there was available in this country all the
manufacturing capacity which was required, while no capacity was
available for manufacturing the French type of fuze. The com-
bination time and percussion fuzes 21 seconds and 45 seconds are most
commonly used on Field Artillery shrapnel. The 21-seconds fuze
is shown in the accompanying diagrams, figures 67 and 68, on the
preceding page.

Time fuzes for antiaircraft shell—The shell and shrapnel used
against aircraft require a somewhate different type of fuze. The per-
cussion element is not desired, inasmuch as direct hits on the target
are rare and with the possible failure of the time mechanism to op-
erate there would be an explosion on the return to the ground pro-
ductive of no advantage and much possible danger. Time fuzes for




F16. 70.—Mechanical time fuze, Mark I. Component parts. 169
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arﬂiaircra’ft high-explosive shell are equipped with detonators which
contain bore safety features.

Some of the special time fuzes employed with antiaircraft ammuni-
tion are of the Frankford Arsenal design, some of the Russian design
adapted to the United States fuze setters, and others are mechanical
time fuzes of the Waltham design, described below.

Waltham mechanical time fuze.—The Waltham mechanical time fuze
is made up of approximately 65 parts and is similar in construction
to a watch. The mechanism is driven by a steel watch spring which is
wound by a special key through a recess in the top plate cover. This
spring is connected by friction to a flat steel set plate on top of the
fuze mechanism, by a flat steel spring washer which is held against
the plate by a knurled nut. :

To set the fuze for any desirable time of burst, the cap attached to
the graduated ring is turned until the desired setting of time in
seconds, on the scale, is opposite an indicator mark on the fuze body.
When this cap is turned a steel hook on the inside of the same and
fixed thereto, which is engaged in a small recess of the steel set plate,
rotates this plate to the proper setting. This set plate makes one
revolution in approximately 75 seconds (in the 75-second fuze) and
therefore is moved through an arc proportionate to the time of burst
desired, as indicated by the markings on the graduated ring on the
outside of the same.

The mechanism is locked by a steel pin which is engaged in a forked
arm attached to the main shaft of the mechanism. This pin has a
small shoulder on it which rests against a spring steel cup, slotted to
make it more elastic. On shock of discharge the pin sets down into
the cup, thereby releasing the forked arm and allowing the mechan-
ism to start.

When the shock of discharge starts the mechanism, the plate is
slowly revolved by the spring until a notch in the periphery of the
same rotates to the position opposite a projection on the trigger-re-
leasing device, which then drops into place, releasing the trigger
which restrains the firing pin. The firing pin is forced into the ful-
minate cap by a spring held in compression by the trigger.

The spring and the trains of gears are controlled by a governor,
similar in construction to the escapement in a watch. This escape-
ment is placed on the center of rotation of the fuze, so that its func-
tioning will not be appreciably affected by centrifugal force.

- This fuze has no percussion mechanism, as it is not desired to have
the shell burst on impact with the ground.

Colored marking for fuzes.—There are special colored markings for
the exterior of all fuzes in current use, to indicate long-delay, short-
delay, nondelay, etc., and to serve for purposes of prompt and unmis-
takable identification. These are shown in detail on Ordnance Office
drawings 75-14-69 and 75-14-70. :
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ADAPTERS AND BOOSTERS.

Definition.—In general, an adapter is a collar or bushing which
adapts the fuze to fit a shell of a certain caliber. A booster is a com-
bination of a booster charge of high explosive and its container,
which is usually a metal tube screwed into or otherwise attached
to the adapter, and extending down to the explosive charge of the
projectile. The fuze, when inserted in the combined adapter and .
booster, has its detonator extended into the booster charge. The
adapter and booster, as already mentioned, represented a new and
radical departure in American artillery ammunition, never having
been used previous to the war. In addition to a booster charge being
required with certain modern high explosive and gas shell, the
adapter and booster casing permits the use of various types of fuzes
in one shell with corresponding tactical advantage.

Action of the fuze.—When the fuze acts, setting off its detonator, the
detonating wave detonates the booster charge, which in turn deto-
nates the explosive charge of the projectile.

Use with gas shells.—Adapters and boosters are also employed in
gas shells, the booster charge used being sufficient to open the neck
of the shell and release the gas. Gas-shell adapters and boosters
differ from those used with other shells, inasmuch as they are taper-
threaded into the shell to make a gas-tight joint; and the method of
attaching booster casing to the adapter is also designed to prevent
leakage of the gas. Furthermore, in gas shells it has been found
necessary to lead-plate or otherwise coat gas boosters, owing to the
chemical action between the iron or steel and certain types of gas.

Adapters and boosters for high-explosive shell—The adapters and
boosters for high-explosive shell, Mark I, II, and III, are described
in the following paragraphs, while on page 155 is given a complete
list of these designed and in service. Other designs than those de-
scribed, do not differ materially from these except the Mark X,
which is a special type for use in antiaircraft shell and which con-
tains a centrifugal bore safe feature and will not be described here.

Adapter and booster casing, Mark I.—The adapter consists of a steel
bushing which screws into the nose of the shell and is threaded on .
its inner circumference at the front to accept the French threading
of the fuzes. The inner circumference at the rear is threaded to
receive the threads on the booster casing. The booster casing con-
sists of a tube containing a fuze-socket holder, and a fuze socket, and
a high explosive charge composed of equal parts of compressed
TNT and tetryl. A threaded plug holds the explosive in the tube
and seals the booster casing from the rear end. Detonation of the
high-explosive detonator of the fuze when inserted in the fuze socket
detonates the booster charge, which in turn detonates the bursting
charge of the projectile. ' ‘
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F16. 71.—Adapter and booster casing, Mark II.

Adapter and booster casing, Mark II.—The adapter consists of a
flanged steel collar threaded on the outside to fit the nose of the shell.
The interior of the collar is threaded at the rear to take the steel
tube of the booster casing, and is threaded at the front to take the
French threadimg on the fuzes. A fuze socket holder, into which is
soldered a fuze socket, is inserted into the front end of the booster
tube, and hel by the pressure of the booster tube when screwed in.
The booster is filled with high explosive under pressure, and sealed
by screwing a plug into the rear end. As shell containing this
adapter are never fuzed until preparatory to firing, the adapter is
stopped with a felt plug which prevents the entrance of dirt or
moisture into the fuze socket.
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Fi1G. 72.—Adapter and booster casing, Mark 1II.

Adapter and booster casing, Mark III.—To adapt the French type
fuzes Mark III and Mark V to the 75-mm. shell, an adapter embody-
ing a high-explosive booster is used, which is shown in Plate V of
" the handbook on adapters and boosters. The adapter consists of a
flanged steel collar, threaded on the outside with a standard thread
to screw into the head of the shell up to the flange. The inner cir-
cumference below the flange is also threaded to receive the steel tube
constituting the booster casing. Through the flanged section, the
collar is threaded to receive the French threading on the fuze stocks.
A tubular fuze socket holder of steel is fitted to the inside of the
booster casing. It has an inner lip which supports the outer lip of
the copper or brass fuze socket, which is passed through it and sol-
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dered fast. Screwing the booster casing into the adapter plug brings
the upper lip of the fuze holder tightly against the upper rim of
the booster casing, holdmg the entire contents of the casing fast.
The adapter and booster are now ready to be screwed into the shell.
As the fuzes are never assembled to the shell until the round is about

Fi1e. 73.—Adapter and booster casing, Mark IV.

to be used, an adapter plug is supplied which acts as a protection
against the entrance of foreign substance or moisture into the socket.
It consists of a compressed felt washer held between an upper washer
of tin and a lower washer of tin or copper, both held together by
a twisted wire link. The link is first passed over the circumference
of a ring which acts as a means of unscrewing the plug.

CARTRIDGE CASES.

Nature and function.—The primary purpose of a cartridge case is to .
help make up ‘an easily handled round by combining the projectile
and powder charge so as to permit loading as a unit. The use of a
cartridge case also insures obturation ; that is, it prevents the escape
of the gases of combustion without resort to obturating devices
inside the breech; and particularly in the casé of fixed ammunition
the cartridge case acts as a protection for the propelling charge
against the action of moisture and dampness. In fixed ammunition
the cartridge case is crimped onto. the projectile below the rotating
band, while in semifixed ammunition the cartridge case is removable.
Semifixed ammunition is used in howitzers where the necessity of
removing powder bags to fire in zones requiring low-muzzle velocities
precludes assembling as a fixed round.

Nature of cartridge cases.—All cartridge cases, whether for fixed or
semifixed ammunition, are of the same general character, and are
manufactured in the same way. They are drawn from solid metal
disks by a series of operations consisting of one cupping and an-
nealing, several cold drawings and annealings after each drawing,
heading, tapering and finishing of the head. A projecting rim or
flange is formed on the head of the cartridge case, which is engaged
by the extractor in the breech of the cannon. The primer hole
through the head of the case is punched or bored, and is then man-
dreled with a taper plug to toughen the surrounding metal. This
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toughening process is necessary as the primer seat tends to expand
under gas pressure, causing primers to fit loosely on repriming the
case after it has been fired.

Diaphragm.—It was formerly the rule to solder a brass diaphragm
down on top of the powder charge. This however is not the prac-
tice with the small caliber ammunition used by the French, and has
been discontinued in United States 75-mm. ammunition.

. Bursting charge.—The bursting charges for various shell vary in
kind and amount, ranging from black powder in the case of some
37-mm. projectiles, to TNT, amatol, or other high explosives for the
medium and larger calibers. (See section on explosives, page 199.)
Full information in regard to the quantity and kind of explosive
used in different projectiles can be obtained from the table of
United States Army cannon and projectiles, Ordnance Pamphlet No.
1676, and in summary will be found on Table 1, “ Principal Char-
acteristics of U. S. Army Cannon and Projectiles,” facing page 26
of this Handbook.

Propelling charge.—The charge contained in the cartridge case, or
in the powder bags in the case of separate loading, consists of smoke-
less powder discussed in a subsequent section, while the qualities of
each individual charge, either fixed or bag, are stated in the table of
United States Army cannon characteristics, facmg page 26.

The powder used by the United States Army is.an ether alcohol
colloid of pyro nitrocellulose containing diphenylamine as a stabilizer.
For guns from .30 caliber to the 2.95-inch mountain gun, it is made
in the form of a single perforated grain whose length is approxi-
mately 2.5 times its diameter. For guns larger than 2.95-inch moun-
tain gun, the grain has seven perforations. The size of grain is
varied to suit the requirements of the different guns. Instances of
typical charges are given herewith. ’

Fixed ammunition, 75-mm. field gun.—The average charge of powder
for the 75-mm. field gun firing shell weighs 21 ounces, and for
shrapnel weighs 25 ounces. The powder is placed in the cartridge
case and a cardboard obturator is placed on top of it, and the pro-
jectile forced in on top of this. This obturator is formed of a card-
board cylinder closed at both ends and is used to insure the powder
being held against the primer. _

Semifixed ammunition, 4.7-inch howitzer.—The average charge of
powder for the 4.7-inch howitzer weighs 1.8 pounds. This charge is
separated into three parts—base and two increments inclosed in silk
bags—and these placed in the brass cartridge case. To obtain maxi-
mum range the full charge is used, and for the inner zones one or
both of the increments are removed.

Separate loading ammunition, 8-inch howitzer—The average charge
of powder for the 8-inch howitzer weighs 10.7 pounds. This charge
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is made up in silk bags in a base and three increments, corresponding
to the four zones of fire. The increments are held to the base by four
lying straps sewed on to the base, 90 degrees apart, so that when the
increments are placed on top of the base charge these straps may be
brought up over the top and tied, holding the charge securely to-
gether. The igniting charge in the base section consists of a pancake
on the base of the charge. A howitzer charge is made up so that its
diameter is that of the chamber. :

8-inch gun railway mount.—The average cha.rge of powder for the
&-inch modified seacoast gun weighs 70 pounds, and is placed in two
bags. The charge is so divided that the base section gives three-
fourths service muzzle velocity and the base and increment give
service velocity. To secure a rigid charge the powder is placed in
the bag and then rolled and wrapped with a strap of cartridge cloth.
The wrapped increment is tied to the base by four straps which run
up from the base section and are tied over the top of the increment
when the two are placed end to end. Ignition is secured by a charge
of black powder located in a pancake-on the base of the base section,
and in a core which extends from this pancake through the center of
the base section and is continued through the increment section.

Gun charges are so made that thelr length is approximately that
of the powder chamber:.

'PRIMERS.

. { Ordnance ‘
Types of primers. Dr%‘;;?' Used with,

drawing.

20-grain ignltipg ....................... .| 74-3-1 For l-?ounder subcaliber seacoast.

m-g ...................... 74-2-1 For 1.7-pound subcaliber mobile.-
.................................. 75-2-167 | For 37-mm, common steel shell.

m-graln percussion, MarkIL............. 74-2-17 | For 155-mm. gun and howitzer, 8-1nch and 240-

mm, howitzer,
........... leeeeieevececaeesees-s] T74-2-18 | For 75-mm.ammunition.

110-grain igniting.......ccoveeeenaian... 74-3-2 For 2.95-inch subcaliber ammunition.

110-grain rcus<ion. . - 74-2-3 For all other mobile service ammunition.
“T’" model friction.. 74-2-26 | For 8inch and 9.2-inch howitzer.
Frictlon model 1914... 74-4-25 | For seacoast cannon.

Obturad.ng frictioN....coenanaiaii.. 74-4-9 For slege carinon with new model—vents used in
5-inch siege gun and 7-inch siege howitzer, mode

1 1 TS © 4411 For siege cannon with old model vents—used in 5-
) inch siege gun, model 1890; 7-inch siege howitzer
earlier t 1898; 3.6-inch and 7-inch mortar.

—_— -
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PRIMERS.

Primers.—The ignition of the propelling charge is accomplished
through the agency of a primer or device in which an explosion is
readily produced. Primers are either
of the percussion or friction type.
For percussion primers used with fixed
ammunition it was first thought that
the standard 110-grain percussion
primer could be employed in the 75-
mm. French gun. Upon the arrival
of this gun at the Sandy Hook Prov-
ing Ground it was found that there
was a difference in the design of the
breechblock and firing mechanism be-
tween the French guns and those
manufactured in the United States.

Charge-

f_z_an‘prlaa oo’ Biacih

Anicit The 49-grain primer was developed
e which could function satisfactorily in
Earteiape Brass) either type of gun and maintain ab-

Zasrer WU solute interchangeability in the field
e between ammunition made in France
and that made in the United States.
Designs of this new primer proved
successful in test and service, and manufacture straightway was
begun. For 3-inch, 3.8-inch, 4.7-inch, and 6-inch mobile artillery the
110-grain primer as shown in '
the diagram is used, while for x
75-mm. ammunition the 49-
grain primer is employed.

F1e. 74.—110-grain percussion primer.

For separate loading am- A e Primer S7ock
munition, 155-mm., 8-inch, & Cortridpe Brasy)
9.2-inch, and 240-mm., the Charge
21-grain primer is used, ex- Feler (Black Fowder)

- cept for some pieces obtained (#70Gm. [
from the British, which use esitien) WSS v s Wara Brass)
“T?” tube primers. Primers g ;
of this type have been and
are being manufactured in the
United States. For 37_mm F16. 75.—21-grain percussion primer.
mobile guns the 20-grain percussion primer is used.
The friction primer is used for seacoast guns on railway mounts,
the model 1914 friction primer, shown in the diagram and discussed
on page 181, being employed for many calibers.
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The 20-grain percussion primer.—The 20-grain percussion primer
used in the 37-mm. common steel sheel ammunition resembles in shape
a small arms cartridge as may be seen from the accompanying sec-
tional diagram, figure 76. It is made of drawn brass and is counter-
bored at the rear to take the percussion element consisting of a cup,
anvil, and composition pellet. These are so arranged as to admit the
flame from the pellet to the interior of the primer tube while the cup
obturates and prevents the escape -
of gases to the rear. The primer
charge consists of 20 grains of
black powder.

The 21-grain percussion primer,
Mark ITA.—The 21-grain percus-
sion primer, Mark ITA, is drawn
with a heavier head than the pre-
ceding primer. It is held in its
seat by the firing mechanism of
the cannon. It contains 21 grains
of black powder. It is shown dia-
grammatically in figure 75 on
the opposite page. It isused with
155 mm. gun and howitzer, 8-inch
and 240-mm. howitzer separate
loading ammunition. -

The 110-grain percussion
primer.—The 110-grain percus-
sion primer is similar to those al-
ready described, except that it is
larger and the powder charge
consists of 110 grains of small-
arms black powder pressed into
place around a mandrel extending
through the center of the charge.
Six ventholes are drilled through
the tube and charge, as shown on =
the accompanying sketch (figure Fie. 76.—37-mm. ammunition
74 on the preceding page), in or- with 20-graln primer.
der to better distribute the flame from the primer through the pro-
pelling charge. A tin-foil wrapper is shellacked over the vents to
keep out moisture. As already stated the 110-grain percussion
primer is used with ammunition of artillery of the distinctly Ameri-
can types, notably the 3-inch, 3.3-inch, 4.7-inch, and 6-inch.

91485—10——12
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Fi16. 77.—49-grain percussion primer, Mark L.

The 49-grain percussion primer, Mark I.—The 49-grain percussion
primer, Mark I, differs from those previously described in having a
firing plug inserted after the usual anvil and cap. This firing plug
receives the blow of the firing pin of the cannon and transmits it to
the percussion composition firing it. A battery cup retains the firing
plug. The charge consists of 49 grains of black powder.
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F16. 78.—T” model friction primer, Mark IV,

The “T ” model friction primer, Mark IV.—The “ T ” model friction
primer, Mark IV, is for cannon of British manufacture. It consists
of the head, gun-metal brass; the body, solid drawn brass; the ball
soft copper; and the friction bar of half-round copper wire. The lat-
ter is twisted into a round bar with a lanyard loopatoneend. The other
end is roughened. A copper-wire shear pin holds the friction wire in
place. A hole in the side of the head over the friction bar is charged
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with 8 grains of detonating paste laid over the roughened part of the
friction wire, the hole being closed by a brass plug. Thebody ischarged
with 8 grains of black powder and sealed with a shellacked cork and
paper disk. The end of the body is crimped to secure the cork. The
body is prevented from unscrewing by a pin. The upper part of the
body has a cylindrical opening, which is enlarged in its lower part
into a conical recess. This recess receives the copper ball, which is
retained in its seat by a threaded plug pierced with three fire holes.
The tube is inserted in the axial vent of the breech mechanism after
the breech is closed, and acts as follows: When the friction bar is
drawn out by the lanyard hook, the composition is fired, the flash
penetrates through the fire holes in the body plug, ignites the black
powder in the body, blows out the cork, and fires the igniting charge
of the cartridge, while the gas that is thrown back into the body of
the tube drives the copper ball tightly into the coned recess, prevent-
ing any escape of gas rearward through the tube.

Percussion and friction compositions.—Percussion and friction compo-
sitions are subject to variation, provided certain tests are met, in
order to achieve convenience in manufacture. A typical percussion
composition standard for the 110-grain percussion primer is:

Per cent.
Lead sulph-cyanate ______ ______________ _ o _____. 25
Antimony sulphide______________ ________ . o 17
Potassium chlorate _______ e e 53
Trinitro-toluene ___________ ________ _ 5

A typical friction composition stahdard for friction primer, model
1914, is: '

Per cent.
Chlorate of potash_____________ . 51. 62
Antimony sulphate _._______ . . . 26. 88
Sulphur____________ 8.96
Glass . e 12. 54

The friction primer.—The friction primer, model 1914, consists of a
Tobin bronze body resembling a small-arms cartridge case. This is
drilled through the base to receive a wire, to which is assembled a
gas check and a button to engage the firing leaf. A housing contains
the friction composition and is separated from the priming charge
by a perforated brass closing screw.

In assembling, the housing containing the friction pellet is screwed
home, the gas check is inserted and the wire passed through it.
The closing screw is then screwed in and the button screwed on the
wire and riveted. The three tubular pellets of compressed shrapnel
powder are then inserted and the center hole filled with 5 grains of
loose shrapnel powder. The end pellet is then inserted, the closing
"cap is pushed down on top of it, and the end of the primer crimped
and shellacked. In action the gas check is pulled back, igniting the
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F16. 79.—Friction primer, model 1914,

friction pellet. The flame penetrates the holes in the closing strew,,
igniting the loose black powder, which in turn ignites all the powder'
pellets and the priming charge of the cartridge. The obtufatihg'
action is caused by the tube or body expanding and preventing the
escape of gas between the vent channel and the primer. The gas
check is blown back into its seat, preventing the escape of gas through
the base of the primer. -
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FUZE SETTERS.

Use and types.—In connection with fuzes of shell of various types,
it is necessary to employ some form of mechanical device whereby
the time train ring may be turned quickly and accurately, so as to
provide the proper time of burning for the range and corrector or-
dered or demanded under circumstances. The types of fuze setters
used for the various fuzes of the United States artillery ammunition
and those adopted from its allies are indicated in the accompanying
table, and later discussed somewhat more in detail.

Model. Type of fuze. Used with.

rl}l_'ackot fuze setter, model 1916..| For 21-second fuzes.... 75-31_nhx:ln ﬁek%i gun, 2.98-inch mountain gun, and

» c

Hand fuze setter, model 1912. ... For 21-30-second fuzes. 75-“nmm %egl%gun,mz 95-inch mountain gun, and
ch

. Hand fuze setter, model 1913. ...| For 31-45-second fuzes.| 3.8-inch howlf‘;le.; 4.7inch gun, howitzer, and

antiaircraft gun, 155-mm. gun and howu;m

and 156-mm gun( oux).

French bracket fuzesetter.......|.........ccoooeee....... 76-mm
fuzesetter..........|ococeiiemeniienanana.. 75-mm. anat!ialrcu.(t gun, 3-inch (16-pounder)
an
DO.ceenecencccnctnaccacann For 75-second mechan-
fuze.

Bracket fuze setter, model 1916.—The bracket fuze setter, model 1916,
is designed accurately to adjust the movable time-train ring on the
fuze to the proper time of burning for the range and corrector
decided upon, so as to produce the desired explosion at the proper
time. This fuze setter is attached to the lower end of the fuze-setter
bracket at the front of the caisson, and is fitted with a reversible
range ring to comply on one side with the range tables of the Amer-
ican 75-mm. guns, and on the other side with the French 75-mm
guns when using American shrapnel. It is similarly adapted for
use with the 2.95-inch mountain gun and the 3-inch field gun.

There is a bronze housing which is cast in one piece and drilled
and machined to form seats and casings for the range and corrector
- worms, the latter turning the corrector ring which sets over and
rotates around the base of the range-ring worm wheel. The range
ring is graduated and is screwed fast into the ring worm wheel.
The corrector index rotates underneath the dial cover and is turned
by a pin on the pointer arm of the corrector ring. The range worm
is operated by the range-worm crank, meshing with the range-ring
worm wheel to which the range is screwed, while the corrector worm
is operated by a corrector worm knob. It meshes with the corrector
ring and turns the corrector index, which is connected to it by a
steel pin on the pointer arm. To adjust the movable time ring on
the fuze to the proper time of burning for range and correction
decided upon, the corrector ring is slotted so that the rotating ring
on the fuze rests in it, and the range-ring worm wheel is provided
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Fra. 80.—Bracket fuze setter, Model 1916,

with a steel stop which prevents the stop pin on the fuze body from
rotating past the point at which it should remain set for firing.
When the round is inserted in the fuze setter the rotating pin sets
in the corrector-ring notch and holds the movable time-train ring
until stopped by the stop pin of the fuze body striking the top or
the fuze-ring worm wheel. This gives the time of burning required
by the setting as read on the range and corrector indexes.
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Hand fuze setter, model 1912.—The hand fuze setter, model 1912, is
adapted to the different cannon with which it is used by use of re-
versible range dials. It is a rapid means of setting fuzes and may
be used in addition to or as a substitute for the bracket fuze setter.

In this device a slot is cut through the top of the aluminum case to
admijt the projecting segment of the corrector scale support. The
corrector scale is screwed to this segment and covers the slot, which
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F16. 81.—Hand Fuze Setter, Model 1912,

I Yor Worm

extends around half the circumference of the housing. The corrector
scale is graduated with 120 divisions and subdivisions. Division 30
is the normal setting, indicated by an arrow. The range-ring carrier:
rotates in a circular central opening in the upper surface of the case
and is seated in the corrector scale support, which is in turn seated
against the guide plate which screws into the bottom of the case and
secures its contents. This assembly forms a socket for the fuzes to
rest in. Two steel worm cases are inserted in the worm housings
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formed in the case, while the corrector worm meshes with the range-
ring carriers. In the upper right-hand part of the case the corrector
worm meshes with the corrector scale, and in the lower left-hand
part of the case the worms are mounted eccentrically in the worm
cases, which .are locked in position by two worm clamp plugs secured
by screws.

A recent addition to this fuze setter consists of a ratchet device
which takes the place of the range worm knob. There is a locking
device which permits using less tension to prevent accidental turning
and also allows greater speed in making range settings.

Hand fuze setter, model 1913.-—The hand fuze setter, model 1913, is
much the same as the model 1912, but is used for larger fuzes and has
range dials divided into zones for howitzers and for guns using re-
duced charges. These dials are reversible for guns and howitzers of
the same caliber except in the case of the 4.7-inch gun in th1s will
be fired all the remaining 31-second fuzes.

The French bracket fuze setter.—The French fuze setter, or fuze
punching device, is attached to the lower end of the fuze setter
bracket at the front of the caisson. It alternates with the American
bracket fuze setter.

This French type of fuze setter functions by punching through the
- lead tubing of the powder train and into the explosive chamber of
the percussion primer through the thin brass wall of the fuze head,

so that the flame caused by the primer will ignite the powder train at
the point where punctured.

There are shell cups which fit into the ogive with the projectile
and are assembled to the shell cup bushings which are notched to
receive the lug on-the fuze. When the desired range of reading is
indicated and the projectiles inserted, the fuze is punched by pushing
down a punch lever. The blade holder supports, through which the
blade carriers slide at their ends, rest in slides in the arms extended
from the caps. There is also a lever and plunger set with springs.

The dial mechanism consists of the dial and support, the cor- -
rector and corrector scale, the crank, stops, clips, and lugs contained
on the main plate. The distance around the lead tubing of the fuze
at which the fuze setter blade enters decides the length of the time
center train to be burned. As the lug on the fuze holds the fuze tube
in absolute register with the threads on the shell cups, their rotation
governs where the fuze shall be punched. Length of time train to

- be burned governs the time of the burning of the fuze. The time of
flight for the projectile for different ranges decides for what time
the burning of the fuze must be punched to burst the projectile at
the proper distance from the pieces. The dial and train gears adjust
time of burning to time of flight, requiring only that the number of
meters of range be known. The corrector, when moved along its
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scale, merely alters the position of the index by which the range is
read. The graduations of the corrector represent the change of time
of burning which will raise or lower the burst 1/1000 of the range,
at midranges, or 1 mil, as observed from the piece.

Hand fuze setter, Mark I.—The hand fuze setter, Mark I, has no cor-
rector. .It consists of an aluminum case in which is bored a housing
for the range worm, a notched and toothed rotating ring, which fits
the fuze, and a graduated ring which is screwed fast to the case and
retains the rotating ring. The rotating ring has a handle for turn-
ing, and when the approximate range reading is reached, the worm
is slipped back and used to secure accuracy by its slower motion.
The datum line for range readings is engraved on the rotating ring.
In action the lug on the movable time train ring seats in the notch
of the rotating ring; when the fuze setter is turned, the time train
ring is rotated till the steel stop, fixed to the bottom of the fuze setter
case strikes the fixed stop on the fuze body. The distance between
the notch and the fuze setter, as determined by the range set, governs
the length of time train to be burned.

Antiairoraft fuze setter for 75-second mechanical fuzes.—The anti-
aircraft fuze setter for 75-second mechanical fuzes is now under de-
velopment. It is to be similar in design and operation to the Mark
I fuze setter, as the 75-second mechanical time fuze is set by rotating
a movable ring.

SAMPLE MARKING
FOR 75 MM, SHELL
PACKING BOX.

F1a. 82.—Packing case for 75-mm. shell.
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PREPARING ARTILLERY AMMUNITION FOR SHIPMENT.

Packing boxes.—All packing boxes used in shipping artillery am-
munition components must conform to designs prescribed by the
artillery ammunition section of the Engineering Division. All
primers, cartridge cases, empty gas and other special shell, loaded gas
and other special shell, loaded shrapnel, loaded high-explosive shell
which are to be used with brass cartridge cases, loaded shrapnel and
high-explosive shell assembled with cartridge cases, adapter and
booster casing not assembled with their shell, fuzes and fuze parts
are shipped in wooden boxes. The boxes used for shipping loaded
primers and fuzes are provided with hermetically sealed tin linings.
All loaded adapter and booster casings, whether assembled with the
projectile or shipped separately, are required to have the fuze holes
closed with adapter plugs to protect the threads and keep out dirt
and moisture.

Shipping without boxes.—Empty high-explosive shell and shrapnel
cases, and loaded high-explosive shell to be used in separate ammuni-
tion, are shipped unboxed, but carefully packed according to detailed
specifications. Fuze holes are closed with transit plugs or eyebolt
lifting plugs. Projectiles of 5-inch caliber and larger are provided
with rope grommets for the protection of rotating bands.

SPECIFICATIONS FOR PACKING OF AMMUNITION COMPONENTS.

Primers.—All primers will be packed for shipment in boxes of the -
design prescribed by Ordnance Office drawings for the particular
kind of primer.

Cartridge cases.—Cartridge cases shipped from the manufacturing
plant to the assembling plant will be shipped in such a2 manner as to
insure their safe arrival at the point of destination, & manufacturer
being held responsible for the safe arrival and being required to make
such shipping arrangements as he deems desirable and necessary to
accomplish this end.

Boxes.—Boxes for packing complebe rounds of ammunition are in

general designed to permit a number of complete rounds or twice the
 number of projectiles only to be packed therein. This allows, when
projectiles are shipped abroad for assembly at the ordnance assembly
plant, for a supply of packing material equal to 50 per cent of the
needs. The other 50 per cent is expected to be salvaged in the field.

Shell.—(a) High-explosive shell up to 6 inches in caliber will be
shipped to the loading plant so as to insure their arrival in the same
condition as when accepted at the machine plant, the machine con-
tractors being responsible for proper shipping arrangements and for
supplying packing material of his own design. Shell so shipped will
have their fuze seats protected by a suitable transit plug.
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(b) High-explosive shell 6 inches in caliber and above will be
shipped to the loading plant in cars without boxes, a rope grommet
being used to protect the rotating band and the fuze hole being
closed with a suitable transit plug. The method of packing in cars
will be satisfactory to the inspector, and the shell manufacturer will
be relieved of further responsibility for the safety of the shell due
to such packing.

(¢) Empty gas shell are to be packed for shipment to the gas-load-
ing plants in boxes of prescribed design.

(d) Loaded high-explosive shell, assembled into complete rounds
with their brass cartridge cases, shall be packed in boxes of pre-
scribed design. When adapter and booster casings are assembled
with the shell the fuze seats shall be closed with an adapter plug of
specified design. - .

(¢) Loaded high-explosive shell intended for assembly in com-
plete rounds, with brass cartridge cases, but which are being
shipped to Government assembling plants for assembly, shall be
packed in boxes of approved design. Those shells which have
adapter and booster casings shall have the fuze hole in the adapter
closed with an adapter plug of the design specified.

(f) Loaded high-explosive shell for guns using separate loading
ammunition shall be shipped unboxed with the rotating band pro-
rected by. a rope grommet of specified design. Point fuzed shell
shipped unfuzed shall have an eye-bolt lifting plug screwed into the
fuze seat in the shell, or the adapter and booster casing.

(¢9) Loaded gas shell are to be packed in the boxes in which re-
ceived at the gas-loading plant, and shell for guns using brass cart-

- ridge cases are to be shipped to Government assembling plants for
assembling into complete rounds of ammunition.

Shrapnel.—(a) Shrapnel from the machining plant to the loading
plant will be packed so as to insure its arrival at the point of destina-
tion in the same condition as when accepted at the machining plant;
the machining contractor being responsible for the proper shipping
arrangements, supplies packing material of his own design.

(b) Shrapnel, loaded and fuzed, assembled in the complete rounds
with their cartridge cases, are packed in boxes of prescribed design.

(¢) Shrapnel, loaded and fuzed, intended for firing in guns using
cartridge cases, which are to be shipped to Government assembling
plants are packed in boxes of prescribed design.

(d) Shrapnel, loaded and fuzed, to be fired from guns using sepa-
rate loading ammunition, are shipped in boxes of prescribed design.

Adapter and booster.—(a) Metal parts of adapter and booster cas-
ings, shipped from the machining plant to the loading plant, are
packed in such a manner as to insure safe arrival to the point of
destination in the same conditions as when accepted ; the machining
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contractor being responsible for the proper shipping arrangement,
supplies packing material of his own design.

(0) Loaded and assembled adapter and booster casing sent from -
' the loading plant to' the plant where shell are being loaded and
assembled, shall be packed in such manner as to insure their arrival
(without damage) at the point of destination; the loader of the
adapter and booster casing being responsible for the proper packing
arrangements, supplies packing material of his own design. The
fuze seat should be closed with a suitable adapter plug.

Fuzes.—(a) Combination time and percussion fuzes shall be packed
in the manner and in containers as provided by Ordnance Of‘ﬁce
drawings.

(&) Metal parts of point detonatmg fuzes will be packed for ship-
ment to the loading plant 'in the boxes prescribed by the Ordnance
Office drawings. With metal containers or metal linings, the covers
shall not be soldered in place.

(¢) Loaded point detonating fuzes are shipped in boxes of pre-
scribed design.

(d) Basé detonating fuzes are shlpped in containers and boxes of
prescribed design. '

General consideration.—In general, boxes or other packing material
whose design is specified by Ordnance Office drawings, will be fur-
nished by the United States. Whenever purchase orders are placed,
calling for the use of this kind of packing material, they will, in
general, specify whether the United States or the comtractor will
supply the packing material. Whenever specifications for various
components are at variance with these specifications or with the
purchase order, the conditions of the latter will govern.

Marking of ammunition packing boxes.—-For quick and accurate iden-
tification, the ammunition packing box is marked on top, on both
sides, and on each end. The symbol marking identifies the type of
ammunition instantly. The smaller more explicit marking is a check,
and teaches the significance of the symbols, also giving quantities.
Black only is used in the marking of these boxes. The marking fol-
lows a fixed system in all cases. Full details of the markings are
shown in ordnance office drawings 20446, 20447, and 20-4-48.

Marking of fuze packing boxes.—High-explosive shell requiring a
booster can not safely be shipped fuzed. Special packing boxes are
provided for each type of fuze, which are marked on the top, sides,
and both ends. The marking follows’a fixed system similar to that
used on ammunition boxes. The ordnance inspector’s stamp and
place of packing appear on left top corner of the case. The sentence,
“DETONATING FUZES, HANDLE CAREFULLY,” appears
next, to conform with interstate commerce requirements. Full de-
tails of the markings are shown in ordnance office drawing 20—4-51.
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VIl. AMMUNITION LOADING AND SUPPLY.

Loading plants.—For the loading and assembling of high-explosive
shell, the United States Government owns a number of plants, as
listed below. These were operated for the Government under agree-
ment by various corporations, the names of which are indicated in
the accompanying tabulation:

High-emploswe sheu—Loading and assembung plants.

. . Fstimated
Location. Operating company. Capacity daily. plant cost.

Mays Landing, N. J........ Tripartiteagreement. ............. 25,000 %5-mm .............. $6, 000,000
Bethlehem Loading Co............ 12,000 156-mm........... . PO,

Bethlehem Steel Co..and United | 4, 000 8-inch or larger shellsi.......... .

_States (Government.
(tinit fosrilloading adapter and boos-| 50,000 booster casings...... 500,000
- or casings
Penniman, Va.............. Tripartite acreement. :........... 25,000 75-mm, shells....... 6, 350, 000

Du Pont EngineeringCo.......... 12 000 156-mm, shells......|............

E. I. DuPont de Nemours & Co. | 4, 000 84nch or larger shellsy............
and United States (‘overnment. :

(Unit for loading and assembling | 50,000 booster casings ...... 500, 000
of adapter and booster casings.)

Petlh A;x)nboy, N.J. (Morgan Tripartite agreement............... 25,000 75-mm, shells....... 5,950,000

plant).
’l‘ A. Gillespie Loading Co Vikied" 12,000 155-mm, shells.....|............
A. Gillespie Co. and U: 4, ooos-inchorlargershells ............

States Government,

Lakehurst, N. J............ Tripartite acreement. . . ..........| 25,000 75-mm. shells....... 8,000, 000
Atlantic Loading Co..... P 12 000 1565-mm. shells......[............
Electric Bond & Share Co. and [....cccceeveecececeas P

United States Government.
(Unit for loading adapter and boos- | (50,000 booster casings. .

- ter casings and hand and rifle 50 000 hand grenades...... 500, 000
. grenades.) - 50,000 rifie grenades....... |

The Morgan plant figuring in the above list was the scene of a
disastrous explosion on October 4, 1918, but rebuilding was immedi-
ately begun and efforts made to restore the equipment to the same or

greater capacity.

LOADING SMOKELESS AND IGNITION POWDER INTO CHARGES.

Powder charges in bags for cannon.—Powder charges are loaded into
bags for the following cannon:

5-inch seacoast gun and railway mount.
5-inch siege gun.

155-mm. howitzer.

155-inm. gun.

6-inch seacoast gun on railway mount.
7-inch gun. '
8-inch seacoast gun on railway mount.
8-inch howitzer, Mark IV and Mark VII.
9.2-inch howitzer, Mark I and Mark II.
10-inch seacoast gun on railway mount.
12-inch seacoast gun on railway mount.
12-inch mortar.

240-mm. howitzer.

190
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Loading plants.—The three loading plants are situated at Wood-
bury, N. J., Tullytown, Pa., and Seven Pines, Va. The plant at
Woodbury, though not fully completed, was put in operation on
June 21, 1918, while that at Tullytown began operations on August
15, 1918, and that at Seven Pines began operations on September 15,
1918. The daily capacity of these plants at the end of November,
1918, was as follows: Woodbury, 25,000 rounds; Tullytown, 23,000
rounds; Seven Pines, 12,000 rounds. The yearly capacity for loading
smokeless powder in 1919 would have amounted to some 550,000,000

rounds.
Nature of cartridge cloth.—The cloth used in the manufacture of

cartridge bags to contain propelling charges is of three general classes,
of which the first two are subdivided into five grades. Cartridge bag
cloth proper is used in the manufacture of all parts of cartridge bags
except igniting ends and cores, while cartridge igniter cloth is used
for igniting ends and cores and cartridge case cloth for all parts of
cartridge bags for semifixed ammunition. Cartridge bag cloth must
be made of pure silk, wool, or mohair, without the admixture of any
other materials whatever except those necessary for sizing the yarn.
Definite specifications for the material and its test have been prepard.
(See EE 331-0.) Cartridge igniter cloth must be made of pure silk
without the admixture of any other materials whatever except those
necessary for sizing the yarn. Cartridge case cloth must be made of

_cotton without the admixture of any other materials except those
necessary for sizing the yarn.

Substitute for raw silk for cartridge bags.—No satlsfactory substi-
tute for raw silk has yet been ohtained for the manufacture of powder
bags for separate loading ammunition. In view of the scarcity of

~ this material, particular effort should be made to discover a material
that will be satisfactory for this purpose. Experiments have been
made with cotton, paper, wood fiber, etc., in two directions. One to
render them more combustible, so that they will be entirely consumed
and not leave smoldering fragments in the bore of the gun, the
other to render them absolutely fireproof. Neither of these methods
has proved entirely successful and experiments are now being made
with celluloid or pyroxyline containers which give promise of prov-
ing satisfactory after a few minor difficulties are overcome.

Three kinds of cartridge cloth.—The cloth of which cartridge bags
to contain propelling charges for cannon are made must have not
more than a trace of alkalinity under a water extract test with litmus
paper, and must show no acidity due to organic acids or organic
salts. A trace of acidity due to amino acids or other organic com-
pounds, however, is allowed. The material extracted with ether
must not exceed 10 per cent of the original weight of the sample.
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Cartridge bag cloth.—Cartridge-bag cloth is made of pure silk, wool,
or mohair. It is used for all parts of the bags for separate loading
ammunition except the igniting ends and cores. In width it is from
36 to 72 inches, with a firm, close, and uniform weave, basket prefer-
ably, though other weaves are permissible. It must have a mnearly
uniform tensile strength in both directions (warp and fill), meeting
the tests provided in the tensile strength tables. Its weight is not
stipulated, but preferably it should be as light as is consistent with
the requirements for tensile strength and stretch.

Cartridge igmiter cloth.—Cartridge igniter cloth is made of pure
silk. It is used for the igniting ends and cores for separate loading
ammunition. It is 36 to 72 inches wide, single or double basket
weave, firm and uniform.

Cartridge case cloth.—Cartridge case cloth is used for cartridge bags
for semifixed ammunition. It is of pure cotton, 36 to 72 inches wide,
close, uniform, and as light as possible.

Accessories.—Twine for lacing the cartridge bags is of heavy,
smooth spun silk. Thread of both silk and cotton is used for sewing.

Duck, sheeting, drill, osnaburg, or a similar cloth is used in mak-
ing primer protector caps. The felt used in these is a standard gray
not less than two-thirds wool. Traces for same are of woven duck
belting or its equivalent, 1 to 2 inches wide, and the twine is four-
strand, smooth hand-finished hemp. ‘

Cartndge bags.—Cartridge bags are made of materials furmshed
by the Ordance Department or approved by it; and they are cut,
sewed, and finished strictly in conformity with its drawings and
specifications or with samples furnished when the order for manu-
facture is issued. They are handled in manufacture so that they are
at all times kept free from moisture or foreign material.

Cartridge bag igniters.—Cartridge bag igniters are made from mate-
rials furnished or approved by the Ordnance Department. The
amount of igniting powder for each end and core is separately and
accurately weighed on scales which are tested daily. It is then in-
serted in each end and core and distributed uniformly therein, and the
filling openings closed by sewing. Even distribution of the powder
is maintained by cross quilting where this is necessary. The igniters
are assembled to the bag bodies by sewing with silk.

Propelling charges for separate loading ammunition.—The cartridge
bags, complete with igniters and the smokeless powder, are furnished
or approved by the Ordnance Department. The prescribed weight of
smokeless power for each section, separately and accurately weighed,
is inserted in the bag, the opening secured closed by sewing with silk,
and the charge laced and sections secured together with the tying
straps where lacing or tying straps are provided, forming a compact
and rigid charge of such diameter that it may readily be inserted into
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the gun chamber. Primer protector caps are placed on the finished
charges, and they are packed in tested air-tight containers. A
All work in connection with igniters and the loading of smokeless
powder is performed in suitable buildings, kept at normal tempera-
ture and free from undue moisture; and conditions imposed at all
times are such that there is no possibility of igniters, bag bodies, or
components being injured or unduly exposed to the atmosphere or
moisture. The highest quality of workmanship is required and each
step of the operation, as well as the finished work, must have the ap-
proval of the ordnance inspectors.

AMMUNITION AND EXPLOSIVE DEPOTS AT ATLANTIC PORTS.

General plan.—The Ordnance Department had more or less com-
pleted at Atlantic ports depots of large capacity for the storage
of explosive components and fixed ammunition for overseas ship-
ment. Ammunition was shipped into the depots as fast as manu-
factured, and held awaiting transportation overseas.

Raritan ordnance depot—The Raritan general supply ordnance de-
pot was established at the Raritan Arsenal near Metuchen, N. J.,
about 3 miles above Perth Amboy, on the Raritan River. This
depot has rail connection with the Lehigh Valley and Pennsylvama
Railroads. It has a dock frontage of 2,000 feet and a channel is
being dredged to a minimum depth of 12 feet of water. Shipments
are made to trans-Atlantic vessels at the anchorage provided at
New York Harbor. At the depot packages are made up in sling
loads at the various magazines, placed on flat cars, and transferred
by locomotive cranes to lighters, whlch are towed to the anchorage
of the steamers.

Sandy Hook.—At Sandy Hook Provmg Grounds magazines for the
storage of high explosives were erected. A large dock was being
built, from which shipments could be lightered direct to trans-
Atlantic vessels. A number of the magazines here were occupied by
storage of picric acid belonging to the French Government.

Kearney depot.—At Kearney, N. J., the ammunition storage plant
of the American Can Co. on the Passalc River, above Newark, was
leased and the ammunition manufactured by this company was
accumulated for shipment by lighters, by rail, or by motor trucks,
direct to ships or to the Raritan depot.

Delaware.—The Delaware ordnance depot for the storage of explo-
sives and ammunition was established on the Delaware River at
'Oldham Station, near Pennsgrove, Pa., and this site is reached
by both the Pennsylvania and the Philadelphia & Reading Rail-
roads. A large dock was to be built and a channel dredged to a mini-

91485—10—13
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mum depth of 15 feet of water, so that shipments by lighter can be
made to the anchorage, which had been approved, in the Delaware
River.

Baltimore—Curtis Bay ordnance depot.—On Courtis Creek, about 6
miles south of Baltimore, a depot for ammunition and explos1ves
was being built at a point reached by the Baltimore & Ohio Railroad.
Shipments were made by lighters through the channel, which was
being dredged to a minimum depth of 18 feet of water at low tide.
This was later to be increased to.a minimum depth of 26 feet, when
by widening the draw in the highway bridge across Curtis Creek
from 55 to 90 feet, the passing of ocean-going ships will be permitted.

Turner ordnance depot.—A depot for the storage of ammunition by
the Bartlett-Hayward Co. was developed at Turner Station, Md.,
on the site of the animal quarantine station of the Agricultural
Department. A channel was dredged to a depth of 12 feet at low
tide to the dock at this point, and shipments were made by lighter
either to vessels or to the Curtis Bay depot. Rail or motor truck
transportation is used on occasions in transporting ammunition to
the Curtis Bay depot.

Hampton Roads—Pig Point depot.—The Pig Point general supply
ordnance depot for the storage of ammunition and explosives was es-
tablished at the mouth of the Nansemond River, having rail connec-
tions with the Atlantic Coast Line Railroad, which in turn connects
with the seven railroads entering Norfolk at Portsmouth. A dock was
being constructed to have a minimum depth of 13 feet of water at
low tide, and shipments were to be made from this depot by lighter to
the anchorage point which had been approved. Small quantities of
high explosives are stored at this depot for the Engineering Corps.

Charleston ordnance depot—On the Cooper River, above Charleston,
S. C., a depot for the storing and handling of ammunition and ex-
" plosives was approved and plans forwarded to the constructing quar-
termaster at Charleston, S. C. This is considered largely as an emer-
gency depot to relieve congestion at the more northern ports. It is
not so well situated in regard to railway facilities and points of
freight origin as the more northern depots; but the site is well located
with regard to the shipment of powder from the Government pow-
der plants under construction at Charleston, W. Va., and Nashville,

Use of these depots.—The general plan of these various depots was'to
provide for a volume of shipments that could be handled flexibly to
meet the varying requirements of the shipping program. It involved
the maintenance of large reserve stores at all depots, and in particu-
lar supplies of all types of ammunition and explosives at each depot.
Thus the requiremnts for overseas could be filled at whichever port
ships were available. :
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MOVING OF AMMUNITION SUPPLIES AT THE FRONT.

General principles.—The principles governing the moving of am-
munition supplies for the French Army are as follows:

Ammunition allowance.—In each army the general in command of
the Army grants to each of his Army Corps or similar groups ac-
cording to their situation—

() An initial ammunition supply for the batteries and depots,
which in the case of the artillery at the beginning of the battle of the
Somme in 1916 consisted of ammunition for the batteries to be stored
near the guns sufficient for three “days of fire” and also for the
depots of three “ days of fire ” supply.

(5) After the daily reports on the consumption of ammunition
_sent by the army corps, the general in command of the Army grants
to each Army Corps an amount of ammunition which varies, in his
opinion, with the tactical necessities and the consumption effected.
In this way the initial ammunition supply either may be kept at the
same level or be decreased according to circumstances.

(¢) From the reports on the consumption of ammunition sent by
the batteries, the general in command of each army grants to each
group of artillery a certain number of rounds, depending on cir-
cumstances, and also gives oders for the transportation of the said
ammunition to the batteries.

Organization depots and delivering ammunition—The organization of
the depots and delivery of ammunition is regulated as follows:

(@) The general in command of each army assigns to each army
group the duty of supplying ammunition to all the batteries in posi-
tion and the army group is thus made responsible for the supplying
of ammunition of its corps.

(b) This decentralization enables the general in command of the
Army corps to unite all the means of transportation provided by the
horse-drawn division of the army corps ammunition trains and cais-
sons of the batteries of his corps, as well as to mobilize all horsed
vehicles or Decauville railways (narrow-gauge portable) which
can be placed by the army at his disposal in addition to his own eorps
means of transportation.

(¢) The daily supply granted by the army corps and obtained
from the various depots is carried to the batteries by means of trans-
portation here indicated.

(d) The ammunition depots that supply the batteries are either
army depots or army corps depots according to tactical and geo-
graphical circumstances or according to the ammunition which is re-
quired, or the quantity stored at each depot. '

(¢) Army depots or army corps depots are supplied with ammuni-
tion by the army either by means of regulation narrow-gauge trains
or by means of motorized convoys belonging to the army.
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Handling of depots..——Ammunition depots should be located on a
good highway and good roads, and loading platforms should be pro-
vided in order to facilitate the heavy handling which has to be done
~ effectively at all hours of the day, irrespective of the conditions of
the weather. To locate ammunition depots next to railway lines, of
course, is impossible, though this main item in transportation must
be considered. The personnel must be adequate and well officered,
including men capable of heavy work, and a proportion of one man
per ton of ammunition, coming daily to the depot, is considered
suitable. The personne] of the depots should include officers of the
technical section or staff fully aware of the relation of the ammuni-
tion to the- general progress of military situation. It is, of course,
necessary to insure the homogeneity of the various lots of ammunition
employed by the batteries in order to secure accuracy and efficiency

of fire.

SUPPLY AND CONSUMPTION OF ARTILLERY AMMUNITION.
[Confidential French gun data furnished Dec. 14, 1917.]

Days of fire.—The initial allowance of ammunition for an Army
in active operation comprises for field and heavy artillery a number
of “ days of fire” which vary according to the importance of the
operation. This number may reach seven “ days of fire ” and during
the operation a daily supply as one half “ day of fire.” In calculat-
ing the supply the theoretical “ day of fire ” is determined as follows:

Caliber 75-mm., 300 rounds per gun. .

"Caliber 155-mm., L-100 rounds per gun.

Caliber 220 mm., 80 rounds for old model howitzer; 100 rounds
for rapid-fire how1tzer

Reserve of ammunition.—In calm sectors the reserve of ammuni-
tion may be only three “ days of fire,” but the supply is determined
in advance for 5 or 10 days according to the circumstances, and
varies with the activity of the sector. The reserve ammunition would
be distributed as follows: )

Active sector—Three days of fire at the battery positions; four
days of fire in the army stores and depots (last station of railroads).

Calm sector—Two days of fire at the battery positions; one- day
of fire in the army stores.

Under certain circumstances the “army group” may have a
reserve of one-half or one day of fire ready on railroad trains.

Trench mortars.—Additional allowance of ammumtlon for trench
mortars are:

58 mm., 500 rounds per mortar (one-sixth of which are D. L. S.
bombs).

240 mm., 350 rounds per mortar.
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This allowance is generally only for an important attack and no
daily supply is prepared for trench mortars. Inasmuch as the
transportation of such bombs requires a considerable number of men
it is necessary to begin the transportation as soon as possible and to
have the stores prepared in the vicinity of the mortars.

Other ammunition.—The consumption of ammunition for the Brandt
howitzer and the 37-mm. has been censtantly variable and it was
considered sufficient to have an initial allowance of 3,000 pounds per
gun, one-half in the army stores and the other in the front line.

Daily consumption of ammunition.—The mean daily consumption per
gun along the whole French front from April 1 to September 1, 1917,
was as follows:

QGaliber 75-mm. (field gun)_______________ e 40
Caliber 75-mm. (antiaircraft) 25
Caliber 155-mm____ 20
15

5

4

4

4

Caliber 220-mm. mortars_________________ s
Caliber 58-mm. trench mortar. -
Caliber 240-mm_____ -
Caliber 37-mm_______ -

Brandt howitzer.. .. __ . ____ __ ____________

It was stated that it was posmble to determine the initial allowance
of the whole of the artillery only by considering the possible output
of the ammunition factories.

Instruction.—For the instruction course of the “army group
(field and heavy artillery) the followmg was reported as a mean
consumption for training purposes in the camps:

) Rounds.
Caliber 75-mm_..___.._____...________..__..______..._______.._____..______~ 12, 000
Caliber 155-mm _ __ e 2, 000
Caliber 90-mm. or 95-mm._ _____ _________ 6, 000

In the instruction course of French artillery of one army the
following is a mean consumption of trench mortar ammunition:

Rounds.
58-mm_____7 _________________________________________________________ 1, 500
240-mm______.___ _— — e 200

Distribution of various models of ammunition.—The distribution of
various models of ammunition for the purpose of replemshment 18
reported as follows:

Per cent.

(@) 75-mm. high-explosive shells_________________ . ___ ______ ___________ 8
Shrapnel . __ ______ . o 10

Gas shells _______________ e 5

(b) 155-mm. high-explosive shells______________________ . _____ 95
Shrapnel . ____ _______ e 5

The gas shells are delivered generally upon special request of the
armies. The supply of ammunition prepared for various attacks and
the per cent of gas shells is varied between 15 and 20 per cent.
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(¢) 220-mm. high-explosive shells. Per cent.
(e) 37-mm, armor-piercing shells_______ ———— 10
Cast-ironshells __________ _____ e 45

Steel high-explosiveshells _ ________ ________ e 45

The above figures vary in the different armies.

In the ammunition for trench mortars, gas bombs are only a small
per cent of the supply, and the consumption of gas bombs has never
reachéd 10 per cent of the total expenditure of ammunition.

Fuzes for trench mortars.—The following distribution of types of
fuzes for trench mortars is indicated:

Caliber 58mm__________ . ___ . _______. 20 per cent instantaneous type.
’ 50 per cent fuzes without delay.
80 per cent fuzes with delay.
Caliber 240mm___________________________.. Only fuzes with delay.

Hand grenades and rifie grenades.—The mean supply of hand gre-
nades and rifle grenades to be prepared for the army is:

(a) 12,000 hand grenades (per 1,000 soldiers).
65 per cent Fl. or CF.
30 per cent OF.
5 per cent lachrymatory or incendiary. ,
In calm sectors the daily consumption of rifle grenades depends on
the distance of the enemy’s front line.
(b) For an attack it would mean a daily supply approximately as follows
(per 1,000 soldiers) : :
16,000 hand grenades.
500 rifle grenades. _
Signal rockets.—The signal rockets required for one division were
as follows:
Calm Active

Signal rockets with big stars: . sector. wector.
White_ 500 800
Red oo 500 800
Green_________ —_— _— - 500 800

Serpentine (chenille) ________-_________ _______ . 500 1, 000

Yellow smoke _— ———— -— - 200 400

Flags _ e e _— — 100 200

Light rocket 34 __ . ___ e 1, 000 1, 200

Cartridges viven bessieres. '

Parachute:

White_ e 600 2, 000
Red oo e 500 1, 500
Green___._____ - — 500 1, 500

lstarc..o _— —_——— 600 1, 500

8stars e 600 1, 500

6 stars_____ _— e . 600 1, 500

Serpentine (chenille) ___________________ 300 800

400

Yellow smoKe. e 250




VIII. EXPLOSIVES.

The explosives approved by the Engineering Division, Ordnance
Department, for use in high-explosive shell, drop bombs, grenades,
and mortar shell are listed in the following table:

High-explosive shell ____________ -TNT cast.
50-60 amatol.
80-20 amatol.
Explosive “D.”
60—40 sodatol.:
Drop bombs (high-capacity) -—-80-20 amatol.
Drop bombs (fragmentation)._______________________ 50-50 amatol.
80-20 amatol.
Grenades (hand and rifle) ____ o _________. Trojan grenade powder.
Grenite.
- TNT.
3-inch Stakes mortar shell_._ _Trojan mortar powder.
6-inch trench-mortar shell 80-20 amatol. '
240-mm. trench-mortar shell ----80-20 amatol.

Explosives under investigation.—In addition to the approved explo-
sives already tabulated, the following are considered promising for
purposes indicated, but have not been approved pending complete
investigation.

High-explosive shell___________ X Anilite,
Cresylite (trinitrocreasol

and picric acid).
Dinitrobenzol plus TNT.

Dinitrobenzol plus TNA.
Drop bombs (high-capaeity) . __________ _Nitrostarch explosive.
_ 80-20 amatol. ,
Grenades (hand and rifle) ._____ - —-.Chlorate or perehlorate ,
explosives.

Suitability of service explosives.—In considering the suitability of
service explosives attention must be given to the following questions:

1. Availability of raw materials.

2. Cost.

3. Ease of loading.

4. Toxic properties.

The disadvantages in these four respects may outweigh other ap-

" parent advantages
199
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F16. 83.—Filling high-explosive shells with TNT at Rock Island Arsenal.
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Picric acid and explosive “ D” have the advantage of being pro-
duced from benzene, which is available in large quantities at a low
cost. -

Picric acid.—Picric acid is suitable as a substitute explosive for
use in high-explosive shell, but its use has never been authorized.
Attention is invited to the following points in regard to this ex-
plosive:

1. Entirely new loading plant would be necessary

2. The large consumption of nitric and sulphuric acids in its
manufacture. _

3. It would require a protective lining in the shell to prevent action
on the metal parts. '

Amatol.—Amatol used as a shell filler for the greater portion of high
explosive shell produced in this country during the war had the
advantage of reducing the TNT shortage. Its cost was relatively
low, and the strength developed on explosion was comparable with
TNT.

Sodatol.—Sodatol, while having been authorized for use as a filler
for high-explosive shell, was to be used only as a reserve on account
of its requiring a larger proportion of TNT than amatol. Also the
products of combustion are partly solid, hence the strength is not
quite so great.

EXPLOSIVES UNDER TEST.

Anilite.—Anilite is a mixture of liquid NO, and a hydrocarbon or
nitrohydrocarbon such as benzene or nitrobenzene in equal parts.
These materials may be intimately mixed and loaded, or loaded
separately ; if the latter, they are separated by a diaphragm until ex-
plosion takes place. Benzene, one of the ingredients, is obtainable
in unlimited quantities, and liquid NO, can be produced in sufficient
quantities by the nitrate division of the War Department at their
new hitrogen fixation plants. Anilite of the above composition has
two distinct disadvantages.

1. High vapor tension.

2. Sensitiveness. ,

Experimental work on anilite to overcome the above-mentioned
difficulties and also obviate the necessity of a compartment bomb or
shell was in progress under direction of the Explosive Section, En-
gineering Division, with promising results.

Methyl tetryl.—This material is produced from the waste sulphite
wash water used in the purification of trinitrotoluol. Batches of 50
pounds have been prepared in the experimental plant at Picatinny
Arsenal, and tests carried on to date indicate this to be a powerful
and relatlvely cheap high explos1ve Complete information, how-
ever, is not yet available.
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Nitrated ivory nut.—The scrap waste produced in the manufacture
of buttons from ivory nut is nitrated in a manner similar to cellulose
or starch, and has been successfully used in the commercial manu-
. facture of caps and detonators. Experimental work carried on at
Picatinny Arsenal, Dover, N. J., has demonstrated that this material
is suitable for use in military detonators, and specifications are in
preparation governing its manufacture and use.

MANUFACTURE AND SUPPLY OF HIGH EXPLOSIVES.

Trinitrotoluol (TNT).—Trinitrotoluol is a high explosive used as
a shell filler, either alone or in different proportions with other ma-
terials such as ammonium nitrate. It can be produced by four dif-
ferent processes, known respectively as:

One-stage process,

Two-stage process,

Three-stage process, and

The continuous process.

The first three were used in the United States and the fourth only in
England. The three-stage process is the only one now employed in
this country.

TNT is manufactured by nitrating toluene, complying with Ord-
nance Department specifications under the process as above stated,
namely, the three-stage. The toluene is first .nitrated to mononi-
trotoluene in a special nitrating machine equipped with cooling coils.
using a mixed acid produced by fortifying the spent acid from the
denitration. The mononitrotoluene so produced is separated from
the acid and stored until used in the next step. The spent acid from
this nitration is denitrated and the separate acids concentrated for
re-use. . '

Dinitrotoluene is produced by nitrating the mononitrotoluene with
with a mixed acid produced by fortifying spent acid from the trini- -
tration in a similar nitrating machine. The spent acid from this
nitration is drawn off, leaving the dinitrotoluene in the nitrating
machine. ‘A strong nitrating acid is then added, producing trini-
trotoluol.
~ The trinitrotuluol is separated from the spent acid and washed

first in warm water, and then with a sodium sulphite liquor or with
alcohol or solvent naphtha depending on what grade of the finished
material is desired.

Three grades of purity are given in the Ordnance Department
specifications, and are as follows:

Grade 1—Setting point, not less than 805° C., used for booster
charges alone.

Grade 2—Setting point, not less than 79.5° C., used for shell filling
or for 50-50 amatol ‘
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Grade 3—Setting point, ‘'not less than 76° C., used for 80-20
amatol. ,

All grades of TNT must pass certain stability and chemical tests
as given in specifications, said tests to be performed in accordance
with methods there outlined.

Employees engaged in the manufacture and loading of TNT are
usually kept on this work only about two weeks and then given a
brief turn at outdoor work in order to overcome any toxic effects.
Any such effects noted are not necessarily permanent.

Toluol.—The toluol supply from which TNT is made was ordi-
narily obtained, at the beginning of the war, from by-product coke
ovens. The projected program, however, required an increased out-
put and after experimental work this was accomplished in the fol-
lowing manner:

1. The installation of gas stripping plants throughout the United -
States.

2. By cracking solvent naphtha or crude oils obtained from the
gas stripping plants.

3. By cracking crude petroleum- or distillates obtained from the
manufacture of kerosene from crude petroleum, preferably of an as-

- phalt base.

Discussing the sources of supply, the following may be noted:

Toluol from by-product coke ovens.—To increase the production of
toluol from the by-product coke ovens by 3,000,000 gallons per annum
necessitated the construction of approximately 1,500 additional ovens,
which is more than double the number of three years ago, at a cost
.of from $50,000,000 to $70,000,000. Plans were prepared for such
ovens at plants able to handle the project, but at the time of the
signing of the armistice these had not been completed. Their con- .
struction required approximately 75,000 tcns of steel and 28,000 tons
‘of pig iron, in addition to brick and other materials.

The by-product ovens under construction would have had a produc-
tion of some 8,500,000 gallons of toluol per year, which would have
been sufficient for approximately 49,000,000 pounds of TNT, and also
would have produced approximately 62,000,000 pounds of ammonia,

or an amount sufficient for 249,000,000 pounds of ammonium nitrate.
 @as stripping plants,—This plan involved the installation of addi- -
tional gas stripping plants in the gas works of a number of cities,
each of which was capable of producing 40,000 gallons or more of
toluol per annum. The cost of the installation of the necessary plants
at these works was approximately $2,000,000, and the general plan
provided for the erection of the necessary appliances by various firms
experienced in by-product recovery construction, and then turning
over the operation to the gas companies'concerned.” The crude toluol
thus obtained would have approximately 70 per cent toluol content
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and would have been forwarded in tank cars to the refining center,
from which the refined toluol resulting from fractional distillation
‘would be transported to the TNT plants.

Cracked crude petroleum or fractions thereof.—It was found that by
cracking a distillate produced in working California petroleum into
its various fractions, there would be produced sufficient distillate to

furnish some 5,000,000 gallons of toluol per year. A plant was

erected at the works of the General Petroleum Co. at Los Angeles,
Cal., to operate under patents held by that company. The toluol so
obtained had the disadvantage of containing a small percentage of
- paraffines, but experiments perfected the method of operation and
the toluol later produced met Ordnance Department specifications.
From July, 1917, to January, 1919, the TNT production in the
United States was 111,940,000 pounds, and it was steadily increasing
*in amount.

Ammonium nitrate.—Two proccesses are used in the manufacture of
ammonium nitrate, which are as follows:

1. Neutralization of weak nitric acid by ammonia liquor, aqua -

ammonia, or ammonia gas.

2. Fractional crystallization of a solution of proper strength of
ammonium sulphate and sodium nitrate.

Ordnance Department specifications GE 312-1 were drawn to gov-
ern the manufacture and inspection of this material. Instructionshave
been issued that all ammonium mnitrate produced by the neutrali-
zation process shall be made at a crystallizing temperature of not
less than 290° F. This has been found necessary in order to get an
ammonium nitrate of suitable crystalline formation to produce a
satisfactory amatol for shell filling. The supply of ammonium ni-
trate is at the present time sufficient to meet all requirements and
will probably be sufficient to meet any new estimated requirements
on the completion of the new nitrogen fixation plant still in process
of construction.

Shell filling.—Shells are filled in one of the following manners:

TNT fuzed.

50-50 amatol, cold or hot pressed.

80-20 amatol, cold pressed or hot mixed, using horizontal extrudmg machine,
Densities of loading are as follows:

TNT, not less than 1.55.
50-50 amatol, 1.45 to 1.5.
80-20 amatol, 1.4 to 1.45. .

In loading it is essential to have equal densities throughout.
Methods of loading are given in detail in specifications EE-313-3.

Amatol.—Amatol is a mixture.of ammonium nitrate and TNT in
proportion of 50-50 or 80-20. The 50-50 mixture is used for 10-
inch shell or larger, the 8020 from 10-inch down to 4.7 inch.
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Sodatol.—Sodatol is a name used to designate a mixture of sodium
nitrate and TNT for.use as a bursting charge in high-explosive shell.
The only sodatol mixture authorized for use is the 60-40 mixture,
which is comparable in strength to TNT.

TNA.—Tetranitroaniline is used for booster charges. It is manu-
factured from benzene by passing it in successive stages to mono and
dinitrobenzene, to metanitroaniline, to metanitroaniline sulphate and
then, by the nitration of the latter, to tetranitroaniline. The manu-
facture is a patented process df English origin, invented by Dr.
Florscheim, with whom the Ordnance Department.has entered into
a contract. TNA is manufactured in the United States by the Calco .
Chemical Co., in a plant newly built at Bound Brook, N. J. This
plant will produce 200,000 pounds per month. Requirements of
booster explosives at the signing of the armistice were approximately
2,500,000 pounds. TNA and tetryl can be used interchangeably.

Tetryl.—Tetryl, or tetranitromethylaniline is used for booster
charges and is the same as the English explosive known as C. E. It
is manufactured from benzene by a secret process, by passing it in-
successive stages to nitrobenzene, aniline, dimethylaniline, dimethyl-
aniline sulphate, and by nitration of the latter to tetryl. It is manu-
factured in the United States by the Bethlehem Loading Co. and the
E. I du Pont Powder Co., who, while maintaining the process of
manufacture secret, meet rigid specifications as regards stability,
setting point, etc. The requirements of tetryl to September 1, 1918,
were estimated at 1,500,000 pounds. Contracts'had been made by
the Production D1v1s10n for 1,432,000 pounds of tetryl to be delivered
by December 31, 1918,

Picric acid. -——Plcrlc acid is used as a shell filler, in boosters, as a basis
~ for ammonium picrate, and in the production of poisonous gases, the
. last two being the only way in which it is used by this Government. It
ismade from phenol or carbolic acid by nitration. It isyellow in color,
has a pungent odor, and is poisonous. It has an action on metal
surfaces, so that shell filled with it must be coated to prevent the -
formation of metallic picrates which are very sensitive and dangerous.
All of the picric acid made in the United States and to be used as
such was for the French and Italian Governments and was subject
to joint inspection. :

- Picric acid reqmrements —The requirements by the Ordnance De-
partment of picric acid for our own consumption were less than
10,000,000 pounds per annum. Probably not over 5,000,000 pounds
in the form of ammonium picrate or picric acid were required—with
the exception of toxic gases schedule requirements. Indications were
that an increase in the picric acid capacity in thé United States dur-
ing 1919 to 340,000,000 pounds per annum was probable. The
production frem November, 1917, to the end of 1918 amounted to
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41,358,317 pounds, and the 1918 capacity of the country was approxi-
mately 200,000,000 pounds per annum.

Explosive “D.”—Explosive “ D,” or ammonium picrate, is used
as a shell filler in all armor-piercing projectiles. It is produced by
the neutralization of picric acid and ammonia.

Mercury fulminate.—Mercury fulminate is used in fuzes and deto-
nators. It is a very sensitive compound made by dissolving mercury
in nitric acid of 42° B.strength. This solution is then poured into
grain alcohol, and the mercury fulminate that forms settles down as
grayish-white crystalline powder. It is purified by washing with
. water and is kept under water at all times until ready to dry for
loading, as it is very sensitive to shock and friction. Some mixtures
are made wet and formed into caps and denotators, which are then
dried, after which they are shellacked to render them waterproof.
Mercury fulminate is very hygroscopic. There is adequate supply
of fulminate, as it is made by mest munition plants in the United
States, especially those with loading facilities.

Nitrostarch.—Nitrostarch is an explosive which is applicable for
bursting charges where the charges can be pressed in place, or where
volume loading giving low densities can be used. For instance, a
grenade powder has been developed which is a dry mixture of sodium
nitrate, nitrostarch, and ammonium nitrate. Such an explosive may
also be applicable as a drop-bomb charge under certain conditions.

Preparation.—Nitrostarch is prepared by nitrating purified starch
with a mixture of nitric and sulphuric acids, the process and chemi-
cal reactions being similar to the nitration of glycerine. The sepa-
ration from waste acids, the purlﬁcatmn and drying are dlﬁicult and
great care must be exercised to insure a stable product.

Characteristics.—The resulting product, nitrostarch, is a nearly
white, finely divided and rather dusty explosive, more sensitive than
TNT, though not as sensitive as dry guncotton or pure nitroglycerine.
Its manufacture and use as an ingredient in explosives requires con-
- stant care to avoid the accumulation of the fine dust, which is un-
avoidably developed and is likely to settle in the packing and mixing
rooms, and which must be carefully and frequently removed.

Commercial.—The development of nitrostarch was attended by a
great deal of experimental work to insure its stability. It is used in
commercial explosives to a limited extent as a substitute for nitro-
glycerine. .

Trojan grenade powder.—Trojan grenade powder is a dry explosive
which must be pressed as its nature is such that it can not be melted
or cast. This powder and other nitrostarch powders may be taken
as having an average nitrostarch -content of 40 per cent, the balance
being ammonium nitrate,sodium nitrate,etc.. ‘Such an explosive is
very similar to the commercial nitrostarch powder produced by the
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Trojan Powder Co., and the Arctic powder produced by the E. I.
du Pont Powder Co. :

Résources and capacity.—The Trojan Powder Co..and the E. 1. du
Pont Powder Co. both have suiﬁclent capacity to insure against any
shortage of nitrostarch.

Black powder.—Black powder is used as a shell filler in 37-mm. am-
munition, in shrapnel, in fuzes and in the ignition of smokeless powder
charges. It is manufactured by mechanically mixing potassium ni-
trate, sulphur, and charcoal. A shortage was indicated during the
war because of difficulty in securing sufficient potassium nitrate.

SMOKELESS POWDER FOR CANNON.

Use.—Smokeless powder is used as the propelling charge in guns
of all sizes. The United States Government employs pure nitro-
cellulose powder in preference to powders containing nitroglycerine,
because of its lower temperature of burning and consequent reduced
" erosive action on the gun.

Manufacture.—Smokeless powder is manufactured by digesting pu-
rified cellulose in a mixed acid of approximately 1 part nitric and 2}
parts sulphuric acids. The resulting nitrocellulose is purified by
boiling in water. The pulp is dehydrated with alcohol, and colloidéd:
by mixing with ether. This colloid is forced by hydraulic pressure
through suitable dies, depending upon ‘the size of the grain, this
is turn depending upon the caliber of the gun. It is then either air-
dried or water-dried. The water drying, which was not practiced
before the war, has been developed to a point where it is satisfactory,
and all powders up to a web thickness of 0.1 inch made at the present
time are water-dried. All service powders made for the United
States Army and Navy contain 0.4 per cent diphenylamine as a

stabilizer. It prolongs the life of the powder about 10 years and
arrests decomposition.

The use of wood pulp paper prepared as a substitute for cotton
cellulose, has been investigated and authorized. One hundred thou-
sand pounds of nitrocellulose from woods have already been pre-
pared by the E. I. du Pont Powder Co., and its manufacture into
smokeless powder put under way.

Speclﬁcatlons —The specifications Nos. 450 and 451 under which
powder is made or purchased provide for a nitrogen content of
12.60 per cent=-0.1 per cent. The prescribed volatile content de-
pends on the required web thickness, and varies from approximately
2 to 7 per cent. From 0.3 to 1.3 per cent of the volatile content is
water ; the remainder is residual solvent (ether and alcohol).

Granulation.—The size of the grains of smokeless powder depends
upon the size of the gun in which the powder is to be used. The rate



208 ORDNANCE DATA.

of burning, and consequently the pressure generated, depends pri-
marily on web thickness. Genera.lly the length of grain is 24 times
the diameter. The outer surface is cylindrical or fluted. Larger
longitudinal perforations increase the burning surface and thereby
regulate pressure during combustion.

Deterioration.—Samples of each lot of powder in service are kept
under surveillance at Picatinny Arsenal, and if at any time they show |
deterioration, a sample is called for from service and the balance
segregated pending receipt of report as to its disposition. This
practice was followed with regard to the powder in Europe, and
especially that in such tropical regions as Panama, Hawaii, and the
Philippines.

Production capacity.—From the beginning of the war to December 1,
1918, there was manufactured in the United States a total of 209,747,-
701 pounds of smokeless cannon powder, of which 44,953,396 pounds
was allotted to France and 2,128,000 to Belgium. Picatinny Ar-
senal produced 2,970,010 pounds; the Carney’s Point plant of the -
E. I. du Pont de Nemours & Co. produced 103,871,211 pounds; the
Parlin plant of the E. I. du Pont de Nemours & Co. produced 69,069,-
591 pounds; the Emporium plant of the Aetna Explosives Co. sup-
plied 3,044,185 pounds; the Silverford plant of the Aetna Explosives
Co. supplied 3,796,678 pounds; the Drummondville plant of the
Canadian Explosives Co. produced 1,000,600 pounds; the Kenvil
plant of the Hercules Powder Co. supplied 6,565,789 pounds; the
Old Hickory plant supplied 17,864,081 pounds; the Nitro plant sup-
plied 1,250,000 pounds; and Picatinny Arsenal supplied 2,970,010
pounds.

The production of smokeless small arms powder from the begin-
ning of the war to December 1, 1918, amounted to 30,048,524 pounds,
of which the Carney’s Point plant of the E. I. du Pont de Nemours
& Co. supplied 25,907,021 pounds; the Haskell plant of the same
company supplied 409,786 pounds; the Kenvil plant of the Her-
cules Powder Co. supplied 1,215,808 pounds; the Western Cartridge
Co. 1,640,090 pounds; and Picatinny Arsenal 875,819 pounds.
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trate plant No. trate from svn- pounds per day, cok
1.8heffield,Ala.| thetic ammonia | equal to 120, cau

(Genernl Chem- pounds ammo- ton
ical Co.’s proc- nium bitrate per 000,
ess) consists of day. stes
1 laggs: ho
' 1. Producer gas. v
2. Synthetic am- B?l(
monia. : 750
3. Nitriec acid '
absorption
and concen- !
tration. :
4. Ammonium nf-
trate.

United States [Cyanamid process [Ammonium nitrate, | Coal
nitrate plant |  (American Cy- | 110,000 tons per | cok
No. 2, Muscle anamid Co.), ni- year by produc- lim
Shoals, Ala. trogen fixation | tion of nitric acid { ton

by carbides. from ammonia ter
Consists of: produced from cy- gali
; 1. Lime burning. anamid. Cyana- ,6C
' 2. Carbide. mid i{s produced pov
3. Liquid air. from calcium car- of |
4. Cyanamid. bide, the first prod- ity}
5. Ammonia gas. uet formed in the wat
6. Ammoniumox-| plant. Carbideis 3,6C
idation and ni- | made by fusing a
tric acid absorp- mixture of coke
tion. snd lime. Car-
7. Ammonium ni- bide fixes atmos-
trate. heric nitrogen,
! orming cyan-
! amid.

United States ni- | Cyanamid process | 110,000 tons of am- | Lime:
trate plant No. of American monium nitrate coal
3, at Cincin- Cyanamid Co. Per year—capac- play
nati, and No. 4, game as plant ty of two plants. aﬁ;

. P

at Toledo,
Ohio.s

| Later experience indicated the total cost of the plant Would be
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tates nitrate plants— Nitrate division, Ordnance Department.
Col. J. W. Joyes, and submitted hy Lieut. Col. A. H. White, July 5, 1918.]

v materials Value of Power y Allottments
'4 hours). product. | Costofplant. | goceiopment. |Bulltand operated by. authorized.

100 tons; | $6,600,000 | Tolalcost of con-| Electric; steam- | Built and operated | From appropriation
e, 50 tons; struction a?- wer plant of directly by the “Nitrate plants”
stic soda, 1 roximately ,000-kllowatt | United States Army | July 25 1917, -
; water, 5,- . 13,083, 000. capacity. Ordnance Depart- 600,000; Dec. 1, mi,
1000 gallons: i First estl-| Plant will| ment; J. G. White | $2,000,000; from ap-
m, 3,000 mates in- consume 3,000 E ngineering Corpor- propr{stlon “Na-
rsepower; creased, due kilowatts per poration,  general tional security and
ver, 3,000 to rising war 24 hours. engineeringand con- defense,” Mar. 18,
ywatts; labor, prices of labor struction, including | 1918, $3,500,000; from
men. materials, an: machine shops an appropriation “Ar-

special ma- 5,000-kilowatt power | mament of fortifi-
c) ry. lant; General cations B” July 2,
“hemical Construc- 1918, $3,000,000; in
tion Co., nitric acid |  all, $12,100,000.
and absorpiion
plant.

400 toms; [$36,600,000 | Total cost of con-| Plant will con- | Air Nitrates Corpora- | From appropriation
e, 325 tons; struction, 8 sume 81,000 tion, general con- “Nitrate piants,”
estone, 1,000 roximately kilowatts per tractors and opera- Nov. 28, 1017, 3206,-
3; process wa- 36,000,000! hour; steam tors of plant, both 000; Mar. 20, 1917,
50,000,000 (not including electric plant on cost plus basis $150,000; from appro-
ons; steam $4,000,000,| of 60,000 kilo- with limit of profit; priation “Armament
0 B. H. P, being expend- watts install- Westing house, of fortifications C,”
ver (in terms ed for addi- ed; Alabama Chureh, Xerr & Co., Nov. 28, 1017, $30,-
plant capac- tionai and re- Power Co. to erection contractors; 300,000;: funds avail-
1, 90,000 kilo- serve power furnish 30,000 J. G. White Engl- abl’e, $30,650,000.

;i:s; labor supply). Kkilowatts (§ neering  Corpora-

0 men. totalreq tion, 60,000-kilowatt

90,000 kilo-| steam electric power

watts). lant; Chemical

onstruction Co., ni-

tric acid and ab-

sorption system.

stone, coke, |$36,600,000 $40, 000,000 | Electric ener Same as plant No. 2, | From appropriation
|, water (each 50,000 Ki10. | by Alr Nitrates Cor. | = «Nitrate plants,”
1t; about half watts each gomtiom, New York Mar. 20, 1018, 8256,-
unt used by fromlocal ity. 000; from appropria-
at No. 2). steam plants. tion ‘“Armament of

fortifications
C,” TFeb. 7, 1918,
$40,000,000; funds
available, $40,250,000.
(Of above amoun
$3,000,000 diver
temporarilyfor
United States nitrate
plant No. 1.)

about $60,000,000.

8 Construction of these plants was discontinued soon after the signing of the armistice.




IX. UNITED STATES NITRATE PLANTS.

General statement.—In order to supply nitrates for use in the manu- -
facture of explosives, $20,000,000 was appropriated for nitrate sup-
ply by the national defense act of 1917, and a nitrate board was
formed to canvass the entire situation, and to make recommendations
to the Secretary of War regarding the construction of large manu-
facturing plants, where nitrogen fixation would be accomplished.
A number of sites at various locations throughout the United States
were considered for the first of these plants, which, though of an
experimental nature, would have a large capacity and would be
available for commercial products after the war.

Nitrate Plant No. 1, Sheflield, Ala.—A fter thorough examination of
sites, the Chief of Ordnance submitted three to the Secretary of
War for consideration. The President on September 28, 1917, de-
cided on Sheffield, Ala., as the site upon which plant No. 1 should
be built. This plant makes use of the General Chemical Co.’s syn-
thetic ammonia process. Though designed for making nitrates for
munitions, its primary product (ammonia) may be converted into
ammonium sulphate or ammonium phosphate and used directly as a
constituent of commercial fertilizer. The latter has advantages of
being the most popular form of fertilizing material, and is easy to
transport.

Nitrate plant No. 2, Muscle Shoals, Ala. —Th1s project was approved
by the War Industries Board, November 16, 1917, and on the same
day contractors went to work.

At this plant, the process used is that of the American Cyanamld
Co. for the fixation of nitrogen by carbides. The product is ammo-
nium nitrate, of which 110,000 tons per year were to be produced.

The advantages of the Muscle Shoals site are water power avail-
able from the Tennessee River, for the development of which Gov-
ernment provision has been made; steam power plants already there
which constitute a valuable auxiliary to a water power plant; prox-
imity to the Tennessee phosphate beds, which makes for ready pro-
duction of the fertilizer material; and proximity to the great agri-
cultural development of the South and Southwest for convenient
distribution of the same.

91485—19— 14 . ‘ 209
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Nitrate plants Nos. 3 and 4, Cincinnati and Toledo, Ohio.—In consider-
ing the establishment of nitrate project No. 3, the importance of
using power already available was urged by the priority committee
of the War Industries Board. Cincinnati and Toledo each offered
power sufficient for half the proposed plant (110,000 tons per year),
hence two units were to have been established, with capacity of 55,000
- tons of ammonium nitrate each per year. Construction at both these
plants, where a large amount of work had been completed, was dis-

continued soon after the signing of the armistice.

" Research section.—Almost from its organization in July, 1917, the
nitrate division has maintained a research section in charge of Lieut.
Col. A. H. White, a distinguished chemist from Michigan Univer-
sity. In January, 1918, the personnel of this section consisted of 22
technically trained men, distributed in Washington, Sheffield,
(Massachusetts) Institute of Technology, Bureau of Soils, the Laurel
- Hill plant of the General Chemical Co., Watertown Arsenal, and on
foreign service. On June 1, 1918, the stafl consisted of 16 commis-
sioned officers, 12 enlisted men, and 14 civilians. There were also a
number employed by institutions in cooperative work who were not
listed as employees of the nitrate division. In addition six commis-
sioned officers formerly carried as members of the research section
had been transferred to-the operating staff of plant No. 1. The
reports showed 85 investigations of sufficient importance to merit
record.

Housing.—The site of plant No. 1 comprises 1,923 acres; plant No. 2,
2,300 acres. There being no community adequate to house employees,
a cantonment to care for 7,000 men at work on plants 1 and 2 was
first constructed. In the summer of 1918 there were 12,000 living on
the reservation and about 14,000 employed on the work.

Features of the plants.—The essential characteristics of these vari-
ous plants are summarized in the accompanying table, and also in the
various sections which deal with the plants separately.

NITRATE PLANT NO. 1.

Approval of project.—This project was approved by the Secretary of
War July 13, 1917, following the report of the nitrate supply com-
mittee, and the site was decided upon by the President September
28, 1917. The location of this plant is at Sheffield, Ala., on the Ten-
nessee River, just below the Muscle Shoals, and near.the phosphate
beds of central Tennessee. The plant site comprises 1,923 acres.

Construction and operation—The plant was constructed by the
United States Army, Ordnance Department, and the first material
for it was delivered at the site October 22, 1917. The J. G. White
Engineering Corporation, New York City, were contractors for
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construction ‘only. The cost of the plant will be mainly paid by
funds from the $20,000,000 appropriated by Congress for nitrate
plants, national defense act of 1916. This plant is operated by the
Government, as provided in section 124, national defense act, 1916,
and not by contract with any private parties or corporation.

Manufacturing process..—The formal tender to the Government by
the General Chemical Co., June 5, 1917, of the right to its synthetic
ammonia processes was accepted by the Secretary of War on behalf
of the President on July 14. On July 21 a nitrate division of the
Ordnance Department, with Col. J. W. Joyes chief, was created to
take charge of nitrogen fixation problems, and at once started active
consideration of the construction of plants.

Products.—The products of United States nitrate plant No. 1 are
ammonium nitrate from synthetic ammonia, produced by three am-
monia process units. Two of these units have each a capacity of
15,000 pounds of ammonia per day; the third unit produces 30,000
pounds pér day—60,000 in all—sufficient for the manufacture of
120,000 pounds of ammonium nitrate per day.

Buildings, water supply, and power.—A specially designed brlck-and-
steel structure accommodates the apparatus for the production of
the foregoing materials. A supply of 5,250,000 gallons of water per
day is pumped by centrifugal pumps for a distance of 4,000 feet from
a spring creek, through a rapid sand filter, and distributed by booster
pumps to the various departments of the plant. A steam-power
plant of 5,000 kilowatt capacity is located on the reservation for the
operation of the plant, pending development of water power from
the Tennessee River.

Railroads—A system of reservation railroad tracks for taklng care
of the classification and handling of 80 cars of freight per day was
built and connected . Wlth the Southern and Louisville & Nashville
yards.

Cost and appropriations.—The approximate estimate for the total
cost of the construction work was $13,082,000. The appropriations
are from the appropriation ¢ Nitrate Plants,” July 21, 1917,
$3,600,000, December 1, 1917, $2,000,000; from the appropriation
“National Security and Defense,” March 18, 1918, $3,500,000—in all,
$9,100,000; and from the appropriation Armament of Fortlﬁca-
tions, C,” J uly 2, 1918, $3,000,000. , .

Completlon of plant ——Some of the processes began operation in
June and a complete trial run of the first unit of the plant was made
during the month of September. The other two units were later
owing to delays in delivery of apparatus. These delays were caused
especially by difficulty in getting certain large forgings, but these
units it was hoped would be in operation well before the close of the
calendar year 1918. |
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' NITRATE PLANT NO. 2.

Nature of project.—This project, located at Muscle Shoals, Ala., in-
cludes:

(a) United States nitrate plant No. 2.

(5) Warrior-Muscle Shoals transmission line.

(¢) Warrior steam-power plant extension.

Approval—Nitrate plant No. 2 was approved by contract dated
November 16, 1917, between the Air Nitrates Corporation and the
United States of America by J. W. Joyes, colonel, Ordnance Depart-
ment, United States Army, acting by authority of the Chief of Ord-
nance United States Army, and under the direction of the Secretary
of War.

Construction.—Owing to the fact that the American Cyanamid Co.
was the only organization in America familiar with the details of
the cyanamid process of nitrogen fixation, the Ordnance Department
engaged it to plan, build, equip, and operate plant No. 2. . A subsidi-
ary corporation, to be known as the Air Nitrates Corporation was
organized to do this, as agent of the United States, by contract dated
November 16, 1917, fixing a fee for plant construction, and for its
operation up to June 1, 1921, and thereafter for so long as the United
States should remain in the war. The construction fee in no event
was to exceed $1,000,000. The subcontractors were: Westinghouse,
Church, Kerr & Co., general erection contractors; J. G. White En-
gineering Corporation, construction of steam electric plant; and
Chemical Construction Co., erecting nitric absorption plant.

Contract.—The contract of November 16, 1917, referred to above,
was superseded by one dated June 8, 1918, for building and operat-
ing all three plants (No. 8 at Cincinnati and No. 4 at Toledo, as well
as No. 2 at Muscle Shoals). This later contract changed the maxi-
mum construction fee from $1,000,000 (fixed by contract of November
16, 1917, for plant No. 2) to $1,500,000 for the three plants. As these
three plants were to cost an aggregate of about $75,000,000, it was
evident that this change of contract reduced the construction fee to
about 2 per cent of the cost of the work, or less than is frequently paid
by private corporations, even for nonengineering construction.

Operation.—Under the contract of June 8, 1918, the operating fee of
one-fourth of a cent a pound for all ammonium nitrate produced
was also rediiced, in consideration of the larger volume of business
offered, to one-eighth of a cent a pound, after the production in any
one year of 110,000 tons, which is an amount equivalent to the
capacity of the Muscle Shoals plant (No. 2). Operating all three
plants at capacity, as expected, the operating fee each year would
thus amount to about $825,000, or less than 2 per cent of the value
of the product.
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Manufacturing process and capacity.—Plant No. 2 uses the cyanamid
method, first producing calcium carbide, then combining with nitro-
gen from the air to form calcium cyanamid; from this ammonia is
formed, part of which is converted into nitric acid, and then all
combined to make ammonium nitrate. The cyanamid process was
also to be used at plants 3 and 4. The capacity of plant No. 2 is
110,000 tons of ammonium nitrate per annum,

Buildings.—The buildings constitute a completely fireproof plant.
The main buildings are of steel frame, hollow-tide walls, with cement-
tile roof; floors are of vitrified paving brick and cement; windows
of steel-sash construction. The necessary temporary buildings and
equipment for construction employees are included, as well as certain
permanent frame houses, together with hospitals, stores, commis-
saries, roads, sewerage, water and lighting systems, and local steam
power plant—20 acres under roof—all upon a tract of land belong-
ing to the United States, comprising about 2,300 acres, near the
western edge of Sheffield, Ala.

Water supply.—The water supply is obtained from the Tennessee
River. This system and the sewerage system within the plant and
throughout the village are to be according to approved plans, which
include organization for protection against fire.

Power plant.—The power plant is located on the reservation near the
Tennessee River. It is built of concrete, steel, and brick, and de-
signed to supply 60,000 kilowatts of the 90,000 kilowatts necessary
to the operation of the plant. The balance is to be furnished by the
Alabama Power Co. from its Warrior River steam-power plant ex-
tension, 88.03 miles distant. .

Railroad.—A feature of the design was a classification yard of 16
tracks, amounting to a total approximate length of about 10 miles,
giving railroad service to all necessary portions of the plant.

Cost and appropriations.—The estimated total cost of construc-
tion was $40,000,000, including the steam-power plant extension to
Black Warrior steam-power station and the erection of a transmis-
sion line to tap the system of the Alabama Power Co. The funds
in 1918 available amounted to $30,650.000. These were: From the
appropriation “ Nitrate plants,” November 28, 1917, $200,000; from
the appropriation “ Nitrate plants,” March 20, 1917, $150,000; from
the appropriation “Armament of fortifications, C,” November 28,
1917, $30,300,000.

Completion of plant.—This plant was approximately 50 per cent
completed in the summer of 1918. While delays were anticipated in
the delivery of some of the special machinery, it was confidently ex-
- pected that the plant would commence operations early in the winter-
of 1918 and reach full-rated capacity in the spring of 1919.
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. MUSCLE SHOALS TRANSMISSION LINE FOR PLANT NO. 2.

"'Construction and operatlon —Under contract with the nitrate di-
vision, Ordnance Department, after approval by the Acting Chief
of Ordnance, the Alabama Power Co. built (on cost-plus basis) a
110,000-volt transmission line 88.03 miles long, from Warrior steam-
power plant to United States nitrate plant No. 2, Muscle Shoals, Ala.,
with “step-up” and “ step-down” transformer substations at each
end (60,000 kva. at sending station and 40,000 kva. at receiving sta-
tion). The construction work involved clearing the right of way,
erecting modern H towers, and stringing thereon copper cable and
installing line. ' The operation of this transmission line is carried on
by the Alabama Power Co. under the direction of the United States
Army, Ordnance Department.
~ Cost and appropriations.—The cost was included in the estimate of
$40,000,000 for United States nitrate plant No. 2, and the appropri-
ations were likewise included in the appropriations for this plant.

WARRIOR STEAM-POWER PLANT EXTENSION FOR PLANT NO. 2.

" Construction and operation.—Under contract with the nitrate divi-
sion, Ordnance Department, approved by the Acting Chief of Ord-
nance, the Alabama Power Co. made a 30,000 kilowatt extension of
its existing power plant on Warrior River, at the mouth of Bakers
Creek, including all necessary equipment and auxiliary apparatus,
such as railroad tracks and housing facilities. The plant extension
proper consists of one 30,000-kilowatt turbine and twelve 1,200-
horsepower boilers. This will effect an increase of 150 per cént in the
production of electric power at this station of the Alabama Power
Co. The installation was made at Government expense, and will re-
main Government property until otherwise disposed of. The main
building for this power plant is steel frame and brick, with steel sash
-and permanent type of roof. The operation is by the Alabama Power
Co:. as agent of the nitrate division of the Ordnance Department, at
the cost of the United States.

Water supply and railroads.—The water supply is secured from the
Warrior River, and the layout of water and sewerage systems are ac-
cording to approved plans. Railroad facilities consist of sidetracks
from Warrior River Shp to the plant, for handling construction ma-
terials.

Cost and appropriations.—The cost is 1nc1uded in the estimate of
$40,000,000 for United States nitrate plant No. 2, the construction

- work on power-plant extension and transmission lme bemg estimated
at about $4,000,000.

The funds to meet this were included with the approprlatlons for
United States nitrate plant No. 2.
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UNITED STATES NITRATE PLANTS NOS. 3 AND 4.

Approval—This project was approved by the Secretary of War.
February 5, 1918, on the recommendation of the chief of the nitrate
division and the nitrate committee appointed by the Secretary of
War, March 26, 1918. Their recommendation was based on the
opinion that the cyanamid process of the American Cyanamid Co.
was the only one whose commercial development in this country had
reached a stage where it afforded a certainty that ammonia could be
produced’ without delay.

Location.—It beipg important to provide further nitrate plants
with power from existing power systems as far as possible, without
drawing upon the limited supply of generation equipment in course
of manufacture, the nitrates committee recommended a location
where existing power or power equipment was available. The proj-
ect was accordingly split into two parts, to be known as plants Nos.
3 and 4, of combined capacity equal to the original project for plant
No. 2. These plants were to be located at Ancor, Ohio (near Cincin-
nati), and at Toledo, Ohio.

Construction, operation, and process.—The Air Nitrates Corporation,
New York City, engaged to plan, build, equip, and operate plants
Nos. 3 and 4 under the same contract as applied to.plant No. 2
at Muscle Shoals. Construction was at once begun. The cyanamid
process will be used at plants Nos. 3 and 4 as at plant No. 2. Each
of the two plants was to have a capacity of 55,000 tons ammonium,
nitrate per year, or a total production of 110.000 tons per year for
the two.

Buildings.—The bulldmgs are the same character of specially de-
signed struetures as have been erected for plant No. 2. The complete
plant program includes the layout and construction of housing facil-
ities, etc. The electric energy demands of Nos. 3 and 4 will be 40,000
to 45,000 kilowatts each. Local existing steam power stations furnish
this. The completion of the plants and full operation was anticipated
by the summer of 1919.

Cost and appropriations.—The a.pprox1mate estimate of the total
cost was $40,000,000. The funds available in the summer of 1918
were $40,250,000, as follows: From the appropriation “ Armament of
fortifications C,” February 7, 1918, $40,000,000; from the appropria-
tion “ Nitrate plants,” March 20, 1918, $250,000. Of this, there was
necessarily diverted to United States nitrate plant No. 1, $3,000,000.

Work discontinued.—Soon after the signing of the armistice on No-
vember 11, 1918, construction work on plants Nos. 3 and 4 was dis-
continued, since it was evident that their product would not be
required. Work upon these plants was progressing satisfactorily
and according to schedule at the time.
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Bstimated output of ammonium nitrate from synthetic planis in year 1919.

Full operation, 20,000 tons, NH, NO;

B0 per cent for first quarter.__.

NITRATE PLANT NO. 1.

NITRATE PLANT NO. 2.

Pounds.

____________ 40, 000, 000

100 per cent for balance___.._ _—

Nothing for first quarter.

50 per cent for second guarter
100 per cent for third and fourth quarters.

NITRATE PLANT NO. 8.




X. TRENCH WARFARE MATERIAL.

HAND . GRENADES.

Nature and use.—Although hand grenades had been employed since
the fifteenth century, and in the seventeenth century were favorite
weapons, their use declined during the eighteenth and nineteenth -
centuries until they became practically obsolete. The special condi-
tions at Port Arthur during the Russo-Japanese War, however, re-
vealed their posmblhtles for fighting at close range. They were
adopted by both armies and used with great effect.

That they were not taken up subsequently by other armies, and se-
riously considered as weapons of major importance, was probably
due to the belief that such conditions as prevailed in the Far East
were unlikely to arise again. At all events, when the combatants
of the European war settled down to trench fighting after the first
battle of the Marne they were unprovided with grenades, but soon
discovered the use of them. They improvised at first, as the Russians
and Japanese had done. Before long, however, they developed well-
designed grenades of various types, to suit various ends, and these
were improved and standardized.

The United States Army had the experience of the allies to guide
it when, in 1917, it took up the design of hand grenades for the use
of our troops. The problem was to choose and to adapt the manufac-
turing conditions in this country to the types that had proved most
useful in trench warfare. After a year’s effort, grenades were devel-
oped to meet the needs of the Army in any contingency, and produc-
tion on an extensive scale was established.

Classification.—Hand grenades may be d.1v1ded into several types
according to their usage: '

1. Defensive grenade.
2. Offensive grenade.
3. Gas grenade.
4. Phosphorus grenade.
5. Incendiary grenade.
217
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TABLE 20.—Grenades.

Total l Material Automatic bou-
Type. weight,  Charge. of body. chon assembly. Characteristics.
Ounces.
Defensive hand gren- 22 | 2-ounce Trojan | Cast iron...| Primer—5-second | Thrown from cover,
ade, Mark I1. grenade  ex- fuze No. 6 de- value depends
plosive. tonator. upon {ragmenta-
tion of body.
Offensive hand gren- 12 | 4ounce Trojan | Laminated | Primer—5-second Thrown in open ef-
ade, Mark III. grenade  ex- paper. fuze No. 8 de- fect from detonsa-
plosive. tonator. tion of the high-
; :é)losive charge,
Gas grenade, Mark II. 22 | 5-ounce chem- | Sheet steel.| Primer—5-second Us to clean out
ical filler. : {uze ul;lo 8 de- dugouts, etc.
onator.
Phosphorus grenade, 20 | 4-ounce phos- |..... do......|..... do............. i Used to create smoke .
Mark II. phorus. A clouds for screen.
V. B. rifle grenade, 17 | 1.76-ounce Tro- | Malleable | 8-second fuze...... , Thrown from V. B.
- Mark 1. jan  grenade iron. discharger to
. explosive. range 200 yards.
In:sndiarvkhand gren- 124 | Thermit and oil.| Paper...... 5-second fuze...... T% ﬂre amtxgmnition
umps, e
Thermit hand gren- 130 | Thermit......... Tin.......f..... do.....o.o..l.l To fuze breechblocks
ade, Mark in cannon (cap-
tured).
|
1 Approximately.
Defensive hand grenade,

Mark IT.—This was mod-
eled on the lines of the
Le Blanc and is similar
in type to the well-
known Mills grenade.
The body is made of
gray cast iron, and is of
about the size and shape
of a large lemon. It is
scored - Jongitudinally
and transversely with
deep grooves which pro-
vide for proper frag-
mentation.

Into the upper end,of
the body is screwed the
bouchon assembly, con-
‘sisting of the bouchon,
the operating lever, and
a sheet - metal sealer.
The bouchon is a die
casting composed of a
tube which holds a
standard Bickfaord fuze

and. & fletonator, an‘% & F16. 85.—Defensive hand grenade, Mark I, leaving the
projecting head which ' hand—handle released.
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Defensive ana QR Qr.

Spli? Prrn Fing
(Harad Sree/ Wire)

Drck rfo

ENS/

Fi1a. 86.—Sectional view of defensive hand grenade, Mark II.

holds the priming cap, the firing spring, and the striker. The
operating lever fits over the head of the bouchon and is held in place
by a safety pin with a ring attached to it. When this safety pin is
pulled out, and the lever released from the hand of the thrower, the
firing pin at once throws off the lever and drives the striker against
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the priming cap. In other words, the grenade can not function as
long as the lever is held in position against the body of the grenade.

After release, there is a delay of about 5 seconds before the fuze
explodes the detonator, with the consequent explosion of the charge
of 23 ounces of Trojan powder which fills the body of the grenade.
The effective radius of dispersion is about 80 feet, although frag-
ments may be thrown a much greater distance. The defensive gren-
ade must therefore always be thrown from cover. It weighs, when
. loaded, approximately 22 ounces, and, following the French practice,
is painted battleship gray.

Change of design.—In the first United States defensive grenades, an
attempt was made to overcome the dangerous features of the Mills
type of grenade in fixing the lever upon a pivot. The sideways thrust
of the thumb, as the grenade left the hand, threw the lever to one side
and allowed the functioning of the release mechanism. This device
was abandoned. .

Dummy hand grenade, Mark I.—The duminy grenade is made of cast
iron, and resembles the defensive hand grenade, Mark II, in size,
weight, and contour. It is used for practice and is painted bright
red.

Method of marking.—The method of marking live and practice gre-
nades has been taken from the French practice in order that no con-
fusion will arise from our troops using grenades of American and
French manufacture interchangeably. In general the bodies of all
live grenades are painted gray while the bodies of practice grenades
are painted red. :

Packing for shipment and subsequent assembly.—Note should be made
of the method of packing hand grenades and components for ship-
ment, and the subsequent assembly of these components. Hand
grenade bodies are packed 24 to a box. These bodies are loaded with
high explosive and have in the bouchon hole a wooden plug.
Packed in a separate box are 384 complete bouchon assemblies. These
two boxes go forward to the place of assembly, ordinarily the regi-
mental dump, where the wooden plug is removed from the body and
the bouchon assembly secured into place. The completely assembled
grenade is then replaced in the box in which the bodies were received
and sent forward to the front-line trenches for issue to the various
troops stationed there.

Testing grenades.—For grenades, no special facilities for testing are
necessary, but experimental tests were conducted at Aberdeen, where
perfectly adequate arrangements for this purpose are available.
Regular practice drills with different types of hand grenades under
instructors who had seen service in the trenches were held at a
number of the large encampments in the United States before the
troops were ordered overseas.
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F1c. 87.—Sectional view of offensive hand grenade, Mark III,
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Offensive hand grenade, Mark ITI.—A cylinder of laminated cartridge
paper has a conical die-cast top, threaded to receive the bouchon
assembly. The fuze and detonator are like those used in the defen-
sive grenade, except for a slightly heavier charge. This grenade pro-
duces a violent concussion, but can be used in the open more safely
than the defensive grenade, since there is no marked fragmentation.
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F16. 88.—Sectional view of phosphorus hand grenade, Mark II.

Phosphorus hand grenade, Mark II.—The phosphorus grenade has a
barrel-shaped steel container of about 3% inches long and 2} inches
in diameter. Into the center is screwed a steel thimble, tapped to
receive the standard bouchon assembly, and keeping the phosphorus
charge from contact with the detonator and fuze. The explosion:
bursts the container and sets free the charge of phosphorus.
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F1a. 89.—Sectional view of gas hand grenade, Mark II.
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The phosphorus ignites on coming into contact with the air and is

dispersed to a radius of about 30 feet.

Gas hand grenade, Mark II.—The gas grenade is similar in form to
the phosphorus grenade, save for two annular corrugations on the
body, near the bottom, to serve as a distinguishing mark. The nor-

mal charge is 12} ounces of stannic tetrachlorid.
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F1a. 90.—Sectional view of thermit hand grenade, Mark I.

Thermit hand grenade, Mark I.—This grenade, copied from the
French, has a cylindrical metal body. To operate, its bouchon cover
is removed and the percussion element is struck to explode the primer,
which ignites the fuze; after five seconds this ignites the thermit
igniter, which in turn ignites the thermit charge. The grenade is
designed to seal breechblocks of eaptured cannon or to fire captured
stores.

91486—18——1b



226 ORDNANCE DATA.

cenalar ‘ L.

it B o Solr Prn Kir
(&Erect) (Hara Stee!/ Werg

Itrrker
(CR _Sreer)

o) Cw—Souchorn Sealer
Lot X O N~ (Skee? Srteel)

Boosler Cbrmpositran

Therm:? lgniter —F 77" - 2 B i
Therm/t Caoke——mw
LDiawphrggrm
(Wa,/te Cora/doarda)
Sofra Or/ f -Hoo
[ (Cara boarda)
Jea/rng Coliar
Co r'::l"baqr-ﬂ"

i
L )

Asphors

Predects. Divigie
Ad/mingtration Section

» by » | Dioy A/ 49
F1a. 91.—Bectional view of incendiary hand grenade, Mark I.

Incendiary hand grenade, Mark I.—This is made up of the standard
offensive grenade paper body and standard bouchon assembly, ex-
cept that the detonator is filled with thermit and solidified oil half
and half. The thermit Mark I, however, having proven its value in
France, was adopted and early manufactured here for the use of our
troops, though an experimental quantity of incendiary hand grenades,
Mark I, was sent overseas for test. - '
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RIFLE GRENADES.

Use.—Rifle grenades are used to fill in the gap between the hand
grenade and the light trench mortar. The type used by our Army
originally was designed by two Frenchmen, Viven and Bessiéres,
and in their honor is called the V. B. rifle grenade. It is about 2}
inches long, 2 inches in diameter, and is fired from the discharger,
‘which fits over and is attached to the muzzle of the rifle in the same
rhanner as a bayonet. .

|

VB RIFLE GRENADE MARK I

7

¥ ?""jxﬂpgﬁrz
: 5 Charas
RV

7
a7

)

,
N

Fragdver gy Lrwr Jrgnp
/’ gg': Jsr.l'dfg
M‘M i /i X% Lo
] [Prawn oy AR,

F16, 92.—Detailed sectional view of the V. B. rifle grenade, Mark I.
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V. B. rifle grenade, Mark I.—This grenade is copied from the French
V. B. grenade. It is cylindrical, of malleable instead of cast iron—
the French is cast—with rounded top and flat base, grooved on the

inside to secure proper
fragmentation. Itis
pierced longitudinally by
a central tube through
which the bullet from the
rifle cartridge passes. The
fuze container carries the
primer at its upper end,
with the striker projecting
obliquely over the end of
this bullet tube. When the
bullet from the rifle car-
tridge has passed through
the tube it hits the striker
and thus fires the primer;
from the primer the flash
is transmitted to the fuze,
which runs longitudinally
through the center of the
fuze container into the in-
terior of the grenade, and
is timed to burn 8 seconds.
The fuze in turn fires the
detonator attached to its
lower end, which bursts
the walls of the detonator
tube and detonates the
main charge. The gre-
nade is fired from a dis-
charger by the gases be-
hind the bullet from the
rifle cartridge, which exert
their pressure on the flat
base of the grenade. The
normal range when the
rifle is aimed at 45 degrees
is about 200 yards. The
weight of the grenade when
loaded is about 17 ounces.
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F16. 94.—Rifle grenade discharger, Mark IV

The V. B. rifle grenade discharger, Mark IV.—This consists of two
parts—the discharger proper and the shim. The former is a steel
cylinder tapering below the middle to less than half of its largest
diameter. This portion of the discharger has two slots, running its



230 ' ORDNANCE DATA.

entire length, and it is fastened securely over the rifle barrel by means
of the shim. The United States rifle model of 1917 requires a dis-
charger of slightly -different design from the one used with the model
of 1903. ' . ‘ v

Adaptation to United States rifie ammunition.—The V. B. grenade
fired from the discharger has apparently been very satisfactory for
use in the trenches. Considerable difficulty, however, was experi-
enced in adapting this article for use with the United States rifle.
The American rifle ammunition is more powerful than the French,
the result being that the pressure exerted in the discharger was ex-
cessive, thereby causing the rifle stocks to split as a result of con-
tinuous firing of the grenades. - The American V. B. grenade has a
larger bullet than the French grenade, and this excessive pressure is
vented through the bullet tube of the American grenade. In view of
the fact that the supply of rifle grenades of the French and Americans
are pooled for issue, it was found necessary to drill two ventholes in
the American discharger to permit venting of the excess pressure in
the discharges when French grenades are fired. The net result of this
practice is that 80 yards less range is obtained with the American
grenade than with the French. It was directed that all dischargers
manufactured in the United States have the two ventholes referred
to above drilled in them.

The dummy rifie grenade.—This grenade resembles the V. B. rifle
grenade, Mark I, in contour and weight, but contains no ignition
device or explosive charge.

TRENCH MORTARS AND AMMUNITION.

Nature and use.—Although the trench mortar was a weapon com-
paratively unknown before the present war began, it has proved to
be of the first importance. None had been used by our Army except
in an experimental way before we engaged in the conflict, and the
entire field had to be developed by the Ordnance Department. The
only weapen of the sort in existence in the United States Army was
the 3.2-inch, which had never been in active service. None of the
mortars designed by the allies, moreover, had been manufactured in
this country before the declaration of war. It was, therefore, neces-
sary for the military authorities to decide what type of mortars the
American troops should use before the Ordnance Department could
develop a source of supply. It was August, 1917, before the first
definite decision was received from abroad, which was to adopt the
British type of 8-inch Stokes mortar. Sixty of these mortars were
thereupon imported from England for training purposes and were
distributed among the camps. Subsequently other types were
adopted, until now the five designs mentioned in the table were
in regular production and others were being developed experi-
mentally. :
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TaBLE 21.—Trench mortars and trench-mortar bombs. -

Maxi-
Weight | Weight and kind
Type and caliber. Fuze. mum Characteristics.
) of shell. | of charge in shell. range.
Lbs. oz. Yards.
3-inch Stokes T. M., 1 11 an shell explo- | Mark VI.......... 750 | An infan weapon;
Mark I. sive 2 pounds : tota.l welght of mor-
6 ounces. about 150
. muzzlo-load-
i Bf shel'l and propel-
4-inch Stokes T. M., | 115 QGas, smoke, incen- | Mark VI and fuze 9560 Aweaponused only by
Mark 1. , high-ex- to be developed. troo of chemical
plosive. service; muz-
zlo-loedmg shell and
. . pro
6-inch T. M., Mark I.| 52 Trojan shell ex- | Mark VII, delay | 1,800 ery weapon; muz-
) plo gi ve 11 andnondelsy. zle-loadmg shell
. s Pro;
240-mm. T. M., Mark | 156 an shell ex- | Mark VII, delay...| 2,400 { Artillery weapon; muz-
. plosive 76 . zle-losdingshell
s. breech-loading car-
tridge case.
11-inch Sutton....... 205 100 pounds...... ..| Mark VII, delay...| 4,500 | E tal; loading
same as for 240 mm.
1 Approximately.
Trench mortar bombs (European manufacture). .
Bomb, - Propellant. Fuze, Packing. Remarks,
3-inch Stokes | One,95 gmg: ballis- [ Pistol head or No. | Three rounds com- | Note carefully if
E manu- | tite cartridge, four 146 (The All-| plete or three| cartridges and
uft ). - l_lo-graln cordite ways). rolixﬁ:lls with g;o- rings present.
pe
58 -mm, (French | Bags with igniters | 10 ercerntrailway, Two-L. 8. bombsin "Furnish 110
manufacture), base charge 60 Per crate, one-P. L. 8 cent simplified
grams, ( 1016 nondela crate, chatges and obturating prim-
com y z, 30per cent P. accessorles 6x0e) t ers.
and two “a&- 19 6 delsy, 40 fuzes50,57,and
points” of ] er cent f899- box.
gmms weakened 916.
allistite, “ATT.”
6-lnch N ewton | Four1 oz. bags gun- lmgxer cent No. Bomblncrate
manu- | -cotton yarn, two 110. | char, i)ox,
acture) | 1i-ounce bags 20se accessories
flaked cordite. one box.
240-mm, - (Frenoh In 155-mm, brass | 100 per cent P. R. {| Bomb in crate, 10
manufacture). cases; charge I 1916, delay. charges in box, 30
1,300 gm ballis- i ‘fuzes in box.
. tite; charge IT 900
grams badlistite, -
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F16. 97.—Detail of 3-inch Stokes trench mortar shell.

3-inch Stokes trench mortar.—The 3-inch Stokes trench mortar is an
adaptation of a British device with the same name. It consists essen-
tially of a barrel weighing 43 pounds, a mounting weighing 37
pounds, and a base plate weighing 28 pounds. These three parts,
which can easily be transported to the front line by hand, are as-
sembled when the gun is put in position. In spite of its light weight,
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the mortar has a range of from 100 to 800 yards. Its mechanism is
simple. The shell, which has a blank cartridge attached to one end,

1s dropped into the muzzle of the piece, cartridge end first. It slides

easily downward to the breech, where the percussion cap of the car-
- tridge strikes a firing pin or anvil pillar fixed in the base of the barrel.
This fires the cartridge, which propels the shell from the gun. The
cartridge case, being attached to the shell, leaves the barrel along with
it. To obtain a range of more than 300 yards one, two, or three bal-
listite rings are placed around the cartridge as a supplementary pro-
pellant. When the shell strikes.the ground a percussion fuze ex-
plodes the detonator, by means of which the booster charge and the
burstmg charge are in turn set off. The normal rate of firing of the
gun is 10 rounds per minute.

4-inch Stokes trench mortar.—This mortar is adopted from the Eng-
lish and is the same as the 3-inch Stokes trench mortar in general
design, with the exception of the size and weight of the barrel and

the weight of the legs. It is used to fire gas, incendiary, and smoke -

shells, and, on account of the rapidity with which it can be handled,
it is considered the best trench mortar for these particular shells.
The rate of firing is 25 per minute. This makes it possible to spread
175 pounds of gas per minute. Like the 3-inch Stokes trench mortar,
the 4-inch mortar consists of a barrel, a mounting, and a base, with

a total weight of 132 pounds. The"propelling charge consists of a

12-gauge cartridge containing 150 grains of cordite and three rings
containing 250 grains of cordite each. The mortar is fired in the
same manner as the 8-inch Stokes trench mortar; that is, the shell
is dropped into the barrel, and the cartridge is fired by strlkmg an
anvil, which is screwed in the bottom of the barrel, the rings bemg
fired by the flash of the bursting charge of the cartridge passmg
through holes in the cartridge container. On the gas shell an in-
stantaneous fuze is used, while on the incendiary and smoke shells

~ time fuzes are used. The maximum range, which is obtained by

using the three cordite rings, is 1,160 yards.

6-inch trench mortar.—The 6-inch trench mortar, adopted from the
English 6-inch Newton trench mortar, is a medium-weight mortar
firing a 52-pound cast-iron shell loaded with high-explosive to a
. range of about 1,800 yards. It conmsists of a steel base mounted
upon a wooden platform and a barrel which rests in a spherical re-
cess and is supported and adjusted by guys with adjusting screws.

The shell is of the vaned type. The propellant charge, ignited by a

special cartridge, consists of bags of cordite or ballistite and gun-
cotton yarn, the bags being held between the vanes by means of wire.
This mortar, like the 3-inch and 4-inch Stokes trench mortar, is fired
by dropping the shells into the barrel. It is used with an instan-
taneous fuze, primarily for breaking up wire entanglements.
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F1a. 100.—Detail of 6-inch trench mortar shell, Mark 1.

6-inch trench mortar shell, Mark I.—The shell or bomb is made of
gray iron with its front end threaded for an adapter, and the rear
end fitted with steel vanes which serve to keep the bombs steady in
flight. - Steel wire is wrapped around the vanes to hold the powder
bags in position. The rear ends of the vanes are strengthened by
connecting vane braces of forged steel. The bomb weighs 394 pounds
and the explosive charge is about 13 pounds of TNT.
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F16. 101,—Three eraters formed by explosion of 6-inch Newton projectiles fired at same angle with delay fuze.

Propelling charge.—The propelling charge consists of 1-ounce bags
of guncotton yarn and similar bags of ballistite tucked -between
the vanes in the wire wrapping according to the number used with
the range desired. Four guncotton bags and two ballistite bags con-
stitute the maximum charge and the range varies from 100 to 1,600
yards. The propelling charge is ignited by an igniting cartridge
which contains 12} grains of guncotton yarn dusted with as much
meal and black powder as it will hold.

Operation.—In firing this mortar a fuze of the Mark VII type
shown on page 243 is screwed into the adapter, powder bags pushed
between the wire vanes of the cartridge clip, and cartridge put into
place after proper laying of the mortar, in which process a clinom-
eter of special form is employed, and the shell is dropped into the
‘muzzle of the barrel, fuze first, sliding down until it strikes the anvil,
which is kept tight by a long-handled socket wrench. Contact with
the anvil sets off the percussion element in the cartridge, which in
turn ignites th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>