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PREFACE.

The following treatise on railway artillery was originally sub-
mitted as a part of the final report of the Railway Artillery Unit,
Artillery Section, Engineering Division, Office of the Chief Ordnance
Officer, American Expeditionary Forces in France. This report was
made up at the close of the World War of 1914-1918, and was a
revision of a similar report prepared by the undersigned in April,
1918. The second report was. finished and submitted in August,
1919, and covered, as fully as available information would permit,
all rmlway artlllery completely or partially designed by ourselves,
our allies, and our enemies in that war.

In preparing this revised report, two factors were kept particularly
in mind with reference to the change in railway artillery requirements
of the United States Army, which had taken placesince the completion
of the first report.

The first factor is the time available for the construction of the
artillery, throughout the period of active warfare. The aim was to
mount, in the shortest possible time, the greatest possible number of
available heavy guns on any type of mount that had been found
satisfactory for land warfare in France. Only. limited machine
facilities were available and speed was the essence of every problem.
Now that the war is ended conditions are vastly different; we are
not in so great a hurry as we were a year ago, and we may assume
that any, or all, machine facilities that might be required for any type
of carriage are avallable

The second factor is the characteristics required of the mount.
During the active period of the war, as noted above, any mount
which had been found satisfactory for land warfare would serve;
now only such mounts as are adaptable also to coast defense should
be considered for new design and construction.

It is the object, therefore, of this revised report: First, to embody
in available form as much as possible of the information concerning
railway artillery acquired through experience in the war just ended;
and second, to indicate the application of this information and the
lessons learned to the present and future problems of the Ordnance
Department, the formation of a new program of construction for

railway artillery. ©
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The recommendations contained herein should not be considered
official, since they have not been so approved by any regularly con-

“stituted board of the Ordnance Department.” They are the final

conclusions of the writer based upon over two years close association
with engineering work on railway artillery both in Europe and
America. )

" The material contained herein has been obtained from a large
number of sources which may be summarized as follows:

(a) Examination of French railway artillery in French artil-
lery parks, heavy artillery proving grounds, shops, and
on the front.

(6) Examination and study of designs of railway mounts of
all types, and conference with designing engineers of
the Ordnance companies in France and England who
have been responsible for the greater number of the
railway artillery designs.

(c) Examination of captured German matériel and study of

- captured documents.

(@) Consultation and cooperation with Staff of American
Railway Artillery Reserve and Heavy Artillery School
in France.

(e) Study of all bulletins and regulations issued by the
French and English services for railway artillery.

(f) Observation of French and English Railway Artillery in
action and conference with Railway Artillery personnel
of French, English, and American Armies.

(9) Eighteen months cooperation with the French services
directing the design, manufacture, maintenance, and
field service of railway artillery.

Particular reference is made throughout the text to specific pub-
lications, etc., listed under the bibliography, from which data has
been secured, or in which additional information may be found.
Much of the material given in the descriptions of the mounts
belonging to our allies in the European war as well as the tabulated
data on weights, ballistics, etc., is considered by these allies as being

‘confidential and, at their request, is printed and issued to our service

assuch. For this reason the report has been divided and is published
in two parts. The one part contains all information of a general:
character, as well as the descriptions and tabular data on the American
and German mounts. The other volume contains descriptions and
tabular data on all of the French, British, and Italian mounts and is
issued as a confidential publication and is not for general distribution;
it is available only for official Army use. This, of course, includes
its use as a reference work in regularly constituted Army schools.
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The description of the German long-range gun and of the bom-
bardment of Paris given under, the heading of Appendix I is con-
sidered as going properly in this work, because the guns instrumental
in the bombardment were mounted on a railway carriage. The
““Study of the relative efficiency of different calibers’ given under
the heading of Appendix II is included because it has an important
bearing in the discussion given on the ‘‘Scope of Utility of Railway
Artillery,” and on the conclusions with reference to the types of
guns recommended for future construction. The description of the
coast defenses installed by the Germans in Belgium is given, under
the heading of Appendix III, because these defenses included railway
artilery and because the future problem of America with reference
to railway artillery is so intimately connected with the plans on
coast artillery.

The undersigned desires to acknowledge his indebtedness to Capt.
W. F. Dietrichsen, who has assisted in the collection of all data and
preparation of the original report, and to Maj. Hugh Pastoriza, who
has assisted so effectively in preparing this revision. Appendix II
on the ‘‘Relative efficiency of the different calibers’’ was prepared
by Maj. Hugh Pastoriza and Capt. R. H. Kent.
' H. W. MILLER,
Lieutenant-Colonel, Ordnance Department, United States Army.
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CHARACTERISTICS, SCOPE OF UTILITY, ETC., OF
RAILWAY ARTILLERY.

HISTORICAL INTRODUCTION.

1. Railway Artillery seems not to have been recognized as an
important and separate subdivision of Artillery before the outbreak
of the World War, 1914-1918. For this reason the idea and the
material are thought of as new developments, whereas in fact both
appeared almost simultaneously with the widespread adoption of
railway transportation.

2. The earliest railway artillery of which the writer has been able
to find any record was employed in the Confederate Army under
Maj. Gen. J. Bankhead Magruder, on June 29 and 30, 1862, at Savage
Station, on the Richmond & York River Railway, about 10 miles
east of Richmond, in one of the ‘‘Seven Days’ Battles.” A sketch
of this mount according to the best data available is given in plate 1.
Apparently the credit for the conception of the idea for the construc-
tion of such a battery should be given to Gen. Robert E. Lee. Fol-
lowing is a copy of the correspondence between Gen. Lee and the
authorities in Richmond responsible for the construction of the mount:

[A.—Official records of the War of the Rebellion, Volume X1, part 2, page 574 (1).]
HEADQUARTERS, June 6th, 1862.
Col. J. Goraas,
Chief of Ordnance Dept. .

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

Very respectfully,
i Y R. E. LEE, General.

[B.—8ame reference. pages 575-576 (1).]
HEADQUARTERS, Near Richmond, Va., June 5th, 1862.
Capt. GEORGE MINOR,
Chief of Ordnance and Hydrography:

The Armstrong gun, if mounted on a field carriage with its supply of projectiles,
will be of immense importance to us. Can we not have it in the morning? The
smaller gun (Parrott) I think we have enough at present. I am very anxious to have
a railroad battery. I wrote to Colonel Gorgas on the subject this morning and asked
him to get you and Brooke to aid him. Till something better could be accomplished

9
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I propose a Dahlgren or columbiad, on a ship’s carriage, on a railroad flat, and one of
your Navy iron aprons adjusted to it to protect gun and men. If I could get it in posi-
tion by daylight tomorrow, I could astonish our neighbors. The enemy cannot get
up his heavy guns except by railroad. We must block his progress.
Very respectfully and truly,
R. E. LEE, General.

[C.—8ame reference, page 610 (1).]
HEADQUARTERS, Dubb’s House, Va., June 21, 1862.
Hon. S. R. MALLORY, ‘
Secretary of the Navy, Richmond, Va.

Sir: I have been informed by Colonel Gorgas that the railroad battery will be
ready for service tomorrow. Inasmuch as this battery has been constructed by the
Navy, I would be pleased if you would assign an officer and a requisite number of
men to take charge of and operate it. If you desire to do 8o, I request that you will
designate the officer at once, as I wish to place the battery in position tomorrow. I
am very much obliged to you for your kindness a8 well as promptness in its con-
struction.

I am, very respectfully, your obedient servant,
.R. E. LEE.

[D.—Same reference, page 615 (1).]
OrFICE OF ORDNANCE & HYDROGRAPRHY,

Richmond, Va., June 24, 1862.
General R. E. LEE, .

Comdg., &c., near Richmond, Va.

GENERAL: The railroad iron-plated battery designed by Lieut. John M. Brooke,
C. 8. Navy, has been completed. The gun, a rifled and banded 32-pounder of 57 cwt.,
has been mounted and equipped by Lieut. R. D. Minor, C. S. Navy, and with 200
rounds of ammunition, including 16-inch solid bolt shot, is now ready to be transfered
to the Army. I have the honor to be,

Very respectfully, your obedient servant.
GEORGE MINOR,

Commander, in Charge.

Numerous records are available of the service of this mount in
the battle mentioned. Following are extracts from some of these
records and references to others: ‘

[E.—Official records of the War of the Rebellion, volume XI, part 2, page 664.(1)]

EXTRACT FROM REPORT OF MAJ. GEN. J. BANKHEAD MACGRUDER, C. 8. A., OPERA-
TIONS JUNE 20-30, 1862, AT BAVAGE STATION.

Taking my position on the railroad bridge, which commanded a good view of the
figcht and the enemy’s line of battle, I directed the railroad. battery, commanded
most efficiently by Lieutenant Barry, to advance to the front, so as to clear in some
degree, the deep cut over which the bridge was thrown, and to open fire upon the
enemy’s masses below. which was done with terrible effect. The enemy soon brought
the fire of his artillery and infantry to bear upon the railroad battery and bridge
while he advanced a heavy line of infantry to support the troops already engaged to
capture our artillery and turn our right flank.

[ F.—Samereference, pages 717-718.(1)]

EXTRACT FROM REPORT OF MAJ. GEN. LAFAYETTE M’LAWS, C. 8. A., DATED JULY 20,
1862.

Lieutenant Barry of the artillery had been for some days previous placed in charge
of a 32-pound rifled gun, mounted on a rail car and protected from cannon shot by a
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sloping roof in front, through which a porthole had been pierced, and from rifle shots
on the sides by thick walls of wood lined with iron. His battery moved down the road,
keeping pace with the advance of the troops, and by his fire annoyed the enemy
whenever the range would allow.

[ Battles and leaders of the Civil War, volume 2, page 373.(2)]

(Here will be found a report made by Maj. Gen. Wm. B. Franklin, United States
Army, describing the approach of the railway battery used at Savage Station,)

[Same reference, page 374.(2))

(Hen; will be found a sketch showing the opposing forces at Savage Station and the
marked location of the railway battery.)

Gen. Joseph L. Brent of the Confederate Army mentions in his book
‘“Mobilizable fortifications” (3), first published in 1865, and repub-
lished in 1916 by Williams & Wilkins Co., Baltimore, that a 32-
pounder gun was mounted on a standard flat car and operated at a
point called Savage Station on the Richmond and York River Rail-
way. To quote, he says:

However, it wasmy fortune to witness perhaps the first fire that was ever delivered
in actual combat from an armored railway wagon.

During the American Civil War, in 1862, the Confederate authorities prepared in -
Richmond a railway battery armored with railroad iron and carrying a 32-pounder
gun in front of the engine. The iron shield only covered the front of the battery, and
was pierced by an embrasure, but the sides and rear were unprotected.

When, in June, 1862, Lee made his flank movement against McClellan, one of the
Seven Days’ Battles was delivered on the line of the Richmond and ¥ork River Rail-
way, at a point-called Savage Station.

The iron railway battery was sent out on this road from Richmond, and Maj. Gen.
MacGruder, commanding the Confederates at Savage Station, ordered this battery to
advance and fire on the enemy.

It moved, propelled by steam, down the track, and passed into a deep cut, and
from this cut opened with its 32-pound gun, and burst its shell beyond the first line
of the Federals, and over the heads of their reserves, forcing them to shift their
position. '

About the same time the skirmishers of the opposing forces became engaged and the
lines of battle were deployed, resting on the right side of the railway.

The Union line was a little beyond the cut from which the railway battery fired,
and at right angles to it. If the battery had advanced it would have completely
enfiladed the Union line at short range, and must have broken it; but owing to the
fact that the sides and rear of the battery were open and exposed to the fire of the
ekirmishers, and to the further fact that the field of fire of the gun was limited by its
embrasures, the battery could not advance; and as the skirmish fire approached, it
withdrew, If guns had been mounted “en barbette” and the gunners and machin-
ery protected by only bullet-proof armor, and if there had been half a dozen such bat-
teries, they could have easily broken the Federal line of battle and have cut off their
reserves, large numbers of which were stationed on the left of the track.

Particular attention is invited to Gen. Brent’s book. During the
Civil War he had been particularly impressed with the effectiveness
of the Union gun boats operating on the larger rivers and in the
bayous at the mouths of the smaller rivers, especially in Louisiana,
Alabama, etc. He was thoroughly convinced of the futility of forti-
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fying inland cities against siege by means of masonry forts, etc., and
was much impressed by the effectiveness of the Union gunboats just
noted, with the possibilities of fortifying and protecting any large
railway center by means of artillery of all calibers mounted on rail-
way carriages. Some time before 1870, while in France, a discussion
that he had with reference to this scheme of fortifying inland cities
came to the ears of Napoleon III, who called Gen. Brent into a con-
ference with reference to the practicability of his scheme in fortifying
Paris. Napolean was so much impressed with its possibilities that
he detailed several officers to conduct Gen. Brent on a tour of inspec-
tion of the fortifications of Paris. These -officers were likewise
impressed with the possibilities of the scheme and submitted to
Napoleon a report recommending its adoption. This report was
forwarded by Napoleon to his army staff and was quite unfavorably
received; as a consequence the plan was rejected. Gen. Brent
discusses the Franco-Prussian War of 1870 commenting particularly
on the sieges of Metz and Paris.
3. William P. Brady’s Civil War Pictures contain several excellent
. photographs of two designs of artillery that were used by the Union
"Army in their siege of Petersburg in 1864. - One of these guns, plates
2 and 2A, was a 13-inch muzzle-loading mortar, 2.7 calibers in length.
This mortar weighed 17,000 pounds, used a spherical shell weighing
220 pounds, apd a powder charge of 20 pounds. The records available
indicate that this mortar had a range between 3 and 4 miles and did
effective work in the siege. It will be noted in plate 2 that the car
on which the mortar is mounted seems to be made up of two standard
trucks on which an improvised platform has been placed. It is
understood that this carriage failed after the mortar had been fired
several times and that thereafter the practice was to transfer the
mortar and its platform, as shown on plate 2A, from the railway car
to a more solid foundation. This railway mount was called ‘‘The
Dictator” and ‘‘Petersburg Express.” On plate 3 is shown another
. mount photographed by Brady which in his records is also de-
scribed as having been used in the siege of Petersburg.

4. Another reference to what was likely though not certainly the
13-inch mortar discussed before is given in Professional Papers,
Corps of Engineers, No. 14, Siege Artillery in the Campaign Against
Richmond, by Bvt. Brig. Gen. Henry L. Abbott, United States Army,
1868 (5). The following is quoted from page 23, referring to the
campaign of 1864: .

The great weight of the 13-inch mortar (17,000 pounds) renders it difficult to move
- and some satisfactory experiments were made with a novel platform. An ordinary
railroad platform car (eight wheels) was strengthened by additional beams tied strongly
by iron rods and was plated on top with iron.
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The mortar was placed upon this car (top of mortar 9 feet ahove track). and run
down on the City Point Railroad to a point near our lines where a curve in the track
afforded facilities for changing the plane of fire by advancing the car or drawing it
back. The mortar fired with 14 pounds of powder. recoiled less than 2 feet on the car,
which moved 10 or 12 feet on the track. The effect of the charge was taken up with-
out damage to the axles, even when the full allowance of 20 pounds of powder war
used. This mortar, whose shell would crush and explode any ordinary field maga-
rine, excited dread among the Confederate gunners, and was effective in inducing
their enfilading batteries on Chesterfield Heights to discontinue fire upon the right of
our line. Its practice was excellent. At the Battle of the Mine, as reported by three
different observers stationed at different points, the explosion of one of its shells blew
a Confederate field gun and carriage above the parapet at a range of about 3,600 yards.

Of course with this platform the plane of the fire must be nearly parallel to the track
or the mortar will be dismounted, but by placing the car on a curve a very considera-
ble traverse can be secured without difficulty.

The fact that Gen. Abbott mentions that this mortar which
operated against Richmond was mounted on a standard flat car
seems to indicate that it is not the same mortar that was photo-
graphed by Brady at Petersburg. The mortar carriage shown in
plate 2 is apparently improvised, the two trucks being practically
together.

5. In the ‘“‘Revue d’ Artillerie,” volume 7, 1876, page 8, (6) a
railway mount used by the British service for proof work is described.
This carriage consisted of a rigid body of steel mounted on two six-
wheel trucks; there was no recoil mechanism. The following data is
given with reference to weights and dimensions: Weight of truck
with gun carriage, 38 tons; weight of powder charge, 108.9 kilograms;
muzzle velocity, 472.4 meters per second; recoil length, 11.63 meters
up a 2.5 per cent grade.

6. Mention is made of a proof mount employed by the British for
a 26-ton gun in the proceedings of the Institute of Civil Engincers,
November 22, 1881, (7) under the discussion of the effect of recoil on
field carriages. This mount consisted of an ordinary coast type of
gun lift carriage mounted on two four-wheel trucks and is simiiar in
many respects to some of the Schneider mounts, improvised from
coast defense guns and used in the European War. Apparently this
mount was used as a rolling recoil mount and was not anchored to
the track. In the discussion, it is mentioned that the total recoil of
the gun on the carriage was 3 feet and that the movement of the
railway car began when the gun had reached its maximum velocity,
1. e., after a recoil of about 6 inches.

7. In the minutes of the proceedings of the Royal Artillery Insti-
tute, volume 15 of 1888, (8) there is an article dealing with experi-
ments made at Delhi, India, January, 1886, with a 40-pounder
breech-loading gun on a wooden naval carriage. The railway cars
on which this carriage was successively mounted were of 1 meter
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gauge. The naval carriage mentioned above, carried the gun
directly with no recoil mechanism. Two types of cars were em-
ployed; the first was a light four-wheel car, 6.5 by 13.5 feet, and pro-
vided with a wrought-iron underframe. The weight of the car,
light, was 2.87 tons and with the gun, 9 tons; the second was an
eight-wheel car 7 by 25 feet and was constructed entirely of wrought
iron. The weight of this gun was 5.4 tons. Wood wedges were put
under the car against the sleepers and props were also employed.
The guns were fired at right angles to the track. Firing proved both
of these arrangements to be unstable, although the eight-wheel car
jumped much less than the four-wheel car. In subsequent experi-
ments the car was loaded with rails to a total weight of 19 tons, and
the gun was placed over the forward truck with its center line 7 feet
0.5 inches above the rail. This appeared to give satisfactory re-
sults with the eight-wheel car. The truck springs were deflected
0.437 inches, but the wheels were not lifted from the track. The
conclusion stated in this article is that the scheme is suggested as
satisfactory, although much would probably be gained by clamping
the mount to the rails. It is mentioned that the oscillation of the
car is 8o great that a man could probably not stand on it during
firing.

8. A description is given of experiments made by the British in
1896 in the “Revue d’ Artillerie,”” volume 50, page 34, of 1894, (9).
These experiments were made on the railroad between Brighton and
New Haven with a train of armored cars on which field guns were
mounted. It was possible to fire these guns in all directions. The
cars were solidly fixed to the rails by special brakes and remained
stationary even when the guns were fired in the direction of the
track. In certain French publications, (10) mention was found of
the fact that both the Krupp and Skoda works conducted experi-
monts between 1890 and 1900 on the use of the light field guns mount-
ed on railway carriages. ) '

9. The first concrete results of the interest of the French Technical
Service in railway artillery appearod in the eighties when Gen. (then
Col.) Peigne became its advocate. The first papers appoared in
about 1883, and his work culminated in experiments carried on with
the 155-millimeter Howitzer in 1888, and the construction of material
developed from these experiments for the coast defenses of Denmark,
plates 4 to 7. About the same time the St. Chamond Co. developed a
disappearing carriage on railway wheels for the defense of fortifica-
tions and coasts. Carriages of this type mounting 120-millimeter
guns, plate 8, were furnished the Swiss Government for the defense
of the Rhone Valley.

10. The second actual employment of railway artillery in warfare,
of which record is available,-was by the British in the South African
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GUN CARRIAGE OF THE 120 MM. RIFLE ON RAILWAY MOUNT.
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War in 1899-1900. One reference to the guns used in this war is
found in the lecture given by Capts. Percy Scott and H. A. Limpus
in Hongkong, and published by the Hongkong Daily Press on
June 13, 1900, (11). In this lecture mention was first made of the
4.7-inch gun mounted on a railway carriage and used at Lady-
smith. The mounting for this gun consisted of four pieces of timber
14 feet long by 12 inches square, plate 9, placed in the form of a cross.
The ordinary ship mounting was arranged on the center of this and
held in place by bolts passing through to a steel plate underneath.
The gun carriage was set over the spindle of tlis mounting and
screwed down by its clip plate. The railway car on which this cross
of heavy wood beams was placed was an eight-wheel drop frame flat
car. The lecture further mentioned that while the army was oper-
ating in the Spion Kop direction, Gen. Barton who was active at
Chievely wanted a 4.7-inch gun mounted on a railway carriage to
shell a new position that had been occupied by the Boers. There
was no time to make a new mounting, so one of the platform mount-
ings similar to those sent to Ladysmith was placed on a low truck
and secured down with chains. The ends of the transverse timber
were cut off to allow the carriage to pass through the tunnels.
Very little recoil was transmitted to the track and the gun could be
fired across the track satisfactorily. The mount was arranged for
removal from the car and installation on the ground by the use of
supplementary beams, replacing those partially cut off. Three
more mounts like this were made up and used against the Boers in
the attack at Pieters Hill.

11. The limit of development of this type of artillery prior to 1914
appears to have been the 200-millimeter howitzer mounts, plate 10,
constructed by the Schneider Co. for the Peruvian Government in
1910. These represented really very little advance over the ideas
of Gen. Peigne as worked out by Canet over 20 years previously.

12. The invasion of Belgium in 1914 gave the first intimation of
the great German 42-centimeter mortars. There is evidence to indi-
cate that some of these were mounted on railway carriages. Others
were mounted on wheeled carriages. A little later the French impro-
vised a mount for their 305-millimeter gun.

13. In the Engineer for September 3, 1915, 12 photographs are
given showing 4.7 and 6 inch guns, mounted on platform cars and
with shields over them. A photograph is given also of a 12-pounder
mounted on the car. These mounts were manufactured and used in
South Africa. All of them were improvised from available guns and
locomotive and tender trucks, except in the case of the 12-pounder
mount, for which a standard two-truck car was employed. These
mounts were provided with swinging arms and jack screws extending
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from the arms, similar to the Schneider 200-millimeter howitzer and
the American original model 1918 8-inch mount.

14. The character of development of railway artillery is perhaps
best illustrated by the following table of mounts already mentioned,
as well as of mounts developed during the European war.

No.|  Caliber. Type. i Make. " Date.

o

Improvised, Civil War................ ' 1864 300
8chneider-Cane ..., 18R7-1890 270
St. Chamond 1889 368
Scl der... 1910 920
.| Krupp......... 1914 4,900
8t. Chamond......c..oecvvemninnann. 1915 11,200
Schneider...........c.coeiieiennnn... 1917 17,860
United States Navy.........c.cc.eo... © 1018 19,600
United States Army (design only)....., 1918 37,600

15. A comparison of the fourth, fifth, and sixth items above shows
the enormous increase in power of railway artillery which took place
at the beginning of the war. The seventh and eighth show the
heaviest pieces actually constructed and used and the last is the
heaviest mount on which design had been perfected. Thus the
period of the war has seen a forty-fold development in the power of
railway artillery. It is the high points of this development which
will be traced in the succeeding sections.






SECTION 1.
CLASSIFICATION OF TYPES OF RAILWAY ARTILLERY.

16. The various types of railway artillery may be classified to
advantage by the characteristics of three chief factors in design—
traverse, recoil, and anchorage.

17. Before going into the details of these classifications it should
be emphasized that a very large number, of the mounts described in
Volume II and used for illustrations below were designed and con-
structed under the greatest possible pressure, so far as time was
concerned, and from whatever materials happened to be available.
In consequence, many features found in them were the result of
this pressure, and in many cases were inherently undesirable. In
the following, an attempt is made to point out, as clearly as pos-
sible, these features which were the result of such forced improvisa-
tion.

CLASSIFICATION ACCORDING TO METHOD OF TRAVERSE.

18. Traverse is obtained in railway mounts by one of three methods.
These are: (1) By moving the mount along a curved track or epi
(nontraversing mount); (2) by rotating the railway carriage about
a real or imaginary vertical axis (car traverse); and (3) by rotating a
top carriage rotable with respect to the car (top carriage traverse).
For illustrations of these methods see plate 11.

19. NONTRAVERSING MOUNT.—On this type of mount no pro-
vision is made either on the gun carriage or the railway car body
for traversing the gun; it can be pointed in azimuth only by moving
the entire mount along a curved track.

20. The most striking examples of this type are the so-called
Schneider mounts on which the gun is either supported on the side
girders of the car or on a gun carriage that is capable of linear motion
only, and that in a direction parallel to the side girders. The first
arrangement (gun supported directly on side girders) is illustrated on
plates 12,13, 14, and 15, and the second (gun on recoiling top carriage)
on plates 16, 17, 18, and 19.

(29)
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21. CAR-TRAVERSING MOUNT.—The distinctive feature of this
type is the provision which is made for traversing the entire car
body. The gun is supported in the car body, either directly on rigid
trunnions, or through a cradle or top carriage without traverse, and
it can be moved in azimuth only to the extent that it is possible to
traverse the car body. As a rule this traverse is obtained by a slight
movement of the car body on the trucks, giving a few degrees on
each side of the center line. Other mounts of this type, however,
are provided with an elaborate center plate with traversing rollers
and are capable of large traverse or even of all round fire. The
latter type, and sometimes the former as well, require an elaborate
foundation and are generally provided with a large center pin which
takes the horizontal component of the shock of recoil. Car-traversing
mounts affording limited fire are illustrated on plates 20, 21, 22 and

23, and one allowing large traverse or all round fire is illustrated on

plate 24.

22. Topr CARRIAGE TrAVERSING Mounts.—The distinctive fea-
ture of this type is the provision of a top carriage rotable with
respect to the car body. The amount of traverse varies on the
different designs in use from 10 to 360 degrees. In each of these
designs, with the single exception of the American 16-inch howitzer,
model 1918 MI, either a more or less elaborate firing platform or
some arrangement of outriggers is required. Top carriage traversing
mounts affording limited fire are illustrated on plates 25 and 26,
and those affording all round fire are shown on plates 27, 28, 29, 30,
and 31.

23. DiscussioN.—The nontraversing mounts are all, to a cer-
tain extent, improvisations. The French term them ‘affuts de
circonstance.” It is the concensus of opinion that, where time and
facilities permit, a small amount of traverse at least should be given,
so that the gun may be trained closely in azimuth. The distinction
between the other two types seems to be more essentially on the basis
of caliber and muzzle energy. The top carriage type traverse is
easily applied with the smaller guns while the car-body traverse is
reserved for the heavier and higher powered ones.

CLASSIFICATION ACCORDING TO RECOIL SYSTEM.

24. Recoil is taken up on railway artillery by allowing the displace-
ment of the mount or some portion thereof and retarding this motion.
Characteristic provisions are made for bringing the moving part
back to its original position. Such artillery may be classified in
accordance with the extent of this recoiling portion into the following
well-marked systems: (1) Cradle recoil, top carriage recoil, sliding
mount recoil, and rolling mount recoil. See plate 32 for illustrations
of these types. The means of retardation and of return to battery
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Prate 32

ROLLING RECOIL

CLASSIFICATION OF RAILWAY ARTILLERY ACCORDING TO RECOIL SYSTEMS.
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are various but each is more or less characteristic of one of the above
types and they will be described in detail under the appropriate
heads. ~

26. CeapLE REcoiL.—The characteristic of this type is that the
gun only recoils, moving backward along the line of fire, in a sleeve
or cradle. The gun is retarded and brought to rest by means of
hydraulic buffers, or dashpots, attached to the cradle, and with
pistons which are rigidly attached to the gun. Return to battery
is obtained by helical steel springs, or by the pressure of air in a
pneumatic recuperator cylinder, in which increased compression is
produced by the recoil. The cradle is provided with trunnions and
the cradle and gun are swung in the trunnion bearings of the carriage.
For examples of this type of recoil system see plates 33, 34, 35 (spring
counterrecoil) and plates 36, 37, and 38 (pneumatic counterrecoil).

26. Tor-CARRIAGE REcoIL.—The characteristic of this type is
that the gun is carried in a top carriage, supported by wheels on fixed
rails. The gun and carriage recoil together in a fixed direction along.
these rails. Recoil is restrained by hydraulic buffers and return to
battery is obtained either by gravity, through the use of inclined
rails, up whieh the gun recoils, by springs, or on some improvised
mounts, by rubber bands. An air recuperator might equally well be
used, but no example of such a combination is known. Examples
of this type with gravity counterrecoil are shown on plates 16 and 39,
and with springs or rubber bands on plates 40 and 41.

27. SLmiNe RecoiL.—The characteristics of this type are that the
gun, car body, and trucks recoil together, the car body sliding on a
special set of girders incorporated in the track. The car body is pro-
vided with wooden crossbeams or ‘‘sleepers’” which are jacked down
on the track girders in such a way that about one-half the weight
of the mount is transferred to them from the truck. The resulting
friction thus created absorbs the energy of recoil and brings the mount
to rest. This recoil varies from 1 to 2 meters. All of these mounts,
with two exceptions—the American Army 14-inch design and Italian
381-millimeter—are of the nontraversing type and must be fired from
a previously prepared curved firing track or epi. Counter-recoil,
or the return of the gun to firing position, is obtained by jacking up
the sleepers, thus returning all of the weight to the trucks and rolling
the entire mount forward by the amount of the recoil. This is usually
accomplished by gear trains and handwheels, through which two or
more pairs of wheels may be driven and exact adjustment of the
mount on the track obtained. In the heavier mounts an electric
motor drive is employed, and in other cases a gasoline winch has been
used with success. Even with the heaviest guns ordinary car pushers,
applied in sufficient number, have served as an emergency method
of moving the gun back into battery. Examples of this type of
mount may be found in a wide variety of calibers on plates 12, 13,
42, 43, and 44.
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28. RoLLiNg REcoiL.—The characteristics of this type are that
the gun, car body, and trucks recoil together, rolling backward on
standard track, the brakes being set to bring the mount to rest. Re-
turn to battery is obtained by a winch mounted on the forward truck;
the cable is attached to the track some distance ahead. Mounts of
this type recoil a distance of from 30 to 50 feet. The use of this type
of recoil alone is not practicable, as the vertical component of the force
of recoil would be too great for tho truck springs to stand. Inall ex-
isting types the gun is mounted in a cradle, thereby giving a double
recoill system. This type of mount is usually provided with car trav-
erse, giving a small amount of movement in azimuth, and must, of
course, be fired from a curved track to get a greater movement.
Plates 20, 21, and 45 show examples of this type of recoil system in
combination with a cradle as noted above.

29. ComBINATIONS.—These various systems are found in several
combinations, also, in existing mounts.

Cradle-sliding recoil is found in the Schneider 520-millimeter how-
itzer, plate 46.

Cradle-rolling recoil is found in the British 12 and 14 inch rifle
mounts and the United States Navy 14-inch mount, Mark II, plate 45.

Top-carriage-sliding recoil is found in the Schneider 270-millimeter
howitzer as shown on plate 47.

30. Discussion.—Cradle recoil with air recuperation is probably
the highest development in recoil systems.

31. Top-carriage recoil was devised 40 or more years ago for coast
defense guns operated at low angles of elevation. It is not well
suited to firing at high elevations. This system is found only on rail-
road mounts which have been improvised from available coast de-
fense matériel, and there seems no great reason why it should be con- -
sidered for new design.

32. The sliding recoil system is worthy of consuierable considera-
tion. Improvised originally to provide for heavy guns, a mount
which could be manufactured in a minimum of time, it has shown a
ruggedness and convenience in service that have recommended it very
highly. There are certain limitations on the use of this type of
mount. Time of operation and lack of traverse make it unsuited to
small guns. The enormous trunnion forces which must be taken
care of likewise make it unsuited for the very largest howitzers firing
at high angles.

33. The cradle-rolling recoil combination is, like the sliding system,
unsuited to small guns, because of the lack of traverse and time of
operation, but it represents a very satisfactory system for the heaviest
type of guns.
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CLASSIFICATION ACCORDING TO METHOD OF ANCHORAGE.

34. Railway mounts may be classified according to the character
of the structure required to transmit the force of recoil from the gun
to the earth, as follows:

1. Mounts requiring no structure whatever.

2. Mounts requiring a track platform; i. e., a structure built
above and more or less without disturbing the track.

3. Mounts requiring a ground platform; i. e., a structure
fitting into and under the track.

These schemes of anchorage are illustrated on plate 48.

35. MouxTs REQUIRING NO STRUCTURE.—The only mounts of
this type are those with the combination of cradle and rolling recoil
mechanism, which fire directly from standard track. They are
provided with car-body traverse, giving a small movement in azi-
muth, and must be fired from a curved track or epi to get greater
traverse. The British 12-inch and 14-inch rifle mounts, the American
14-inch naval mount, Mark I (for firing at angles under 15 degrees)
and Mark II (for elevations as great as 40 degrees), the 16-inch
howitzer, model 1918 MI (American), and German 38-centimeter
sre examples. These are shown on plates 20, 21, 45, and 364.

36. Mounts REQUIRING A TrACK PraTFOoRM.—In mounts of
this type a part of the vertical component of the force of recoil is
taken by girders, pads, or floats placed on the ground or on top of the
ties, and the horizontal component either by friction, or through rail
clamps, guys, or struts. The Schneider sliding mounts are examples of
the type in which the horizontal component is absorbed by friction.
This type can have only very limited car traverse (a maximum of
5 degrees), since a greater traverse will result in an abnormal dis-
placement of the track. They are shown on plates 12, 13, 42, 43,
and 46. The 194 and 240 millimeter Schneider mounts and the
British 12-inch howitzers and 9.2-inch guns belong to the class em-
ploying rail clamps or guys. They have top-carriage or cradle recoil
and in some cases afford all-round fire. These are shown on plates
16, 41, 49, and 50. The American 8-inch gun, plate 30, and French
240-millimeter gun, plate 27, belong to the class using struts as well
as track platforms and both permit of all-round fire. ’

37. Mounts REQUIRING A GROUND PraTFORM.—The character-
istics of this type is that an extensive anchorage, the installation
of which involves tearing up the track, must be constructed before
firing can take place. This foundation may consist simply of very
heavy timber pads and floats, as with the St. Chamond 340 and 400
millimeter and the American 16-inch mounts, or it may be a very
elaborate and specially constructed steel or concrete base, as with
the Batignolles, and the German 280 and 380 millimeter mounts.



PLATE 48

TRUCK FPLATFORM ANCHORAGE

CLASSIFICATION OF RAILWAY ARTILLERY ACCORDING TO NETHOD O«

ANCHORAGE.
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In almost all cases only a very limited traverse is possible. The
German guns give all-round fire. The above noted mounts are
illustrated on plates 51, 52, 53, 209, 54, 24, 55, 56, and 57.

38. DiscussioNn.—Two points are intimately connected with the
type of anchorage employed, viz: (1) The time necessary to get
into action and withdraw the mount from position, and (2) the amount
of traverse allowed. The former is important in effecting a surprise
and in withdrawing to avoid enemy counterfire. It varies from
almost nothing on the first type, after the epi is constructed, to per-
haps an hour on the best of the second type, and then up to three or
four days on the very elaborate mounts of the ground platform type.
As to traverse, the first type permits any desired amount, limited
only by the extent of the curve, and is suited to the largest calibers;
the second likewise permits of a traverse limited only by the extent
of the curve for heavy guns with sliding recoil and all-round fire for
the lighter and medium guns. The third type usually permits of
only limited traverse (10 to 15 degrees) for the heaviest guns and all-
round fire for medium calibers. It might be added that rail clamps
and guys are devices adopted with the lighter guns and are to be con-
sidered improvisations; struts have proved more efficient.
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CONCRETE EMPLACEMENTS FOR GERMAN 280-MM. GUN RAILWAY MOUNTS
ON THE COAST OF BELGIUM.



SECTION 2.
SCOPE OF UTILITY OF RAILWAY ARTILLERY.

39. Experience with railway artillery in the present war has been
almost entirely in land warfare, so that the following is written pri-
marily to cover that field. A final paragraph is added, however,
covering its use for coast defense.

40. In considering the scope of utility of railway artillery in land
warfare, several general limitations should be borne in mind. It is
the heaviest, most powerful, and most costly of all artillery and for
this reason, it should be exposed to a minimum of danger of destruc-
tion and capture, and should be used only when heavy mobile artil-
lery will not suffice. It is hence used only for offensive operations
and special service, being organized as a separate reserve and not
attached to any one army. Except in sectors of a front, which have
been quiet for a long while, standard gauge railway lines can not
easily be maintained closer than from 5 to 10 kilometers to the line,
hence heavy railway artillery can not be operated closer to the line.
Further, experience has taught that it should be kept out of the
range of the field guns and smaller caliber heavy guns. In some
cases, as in the American St. Mihiel offensive of September, 1918, the
rallway artillery was run up to within 3 kilometers of the front lines.
This point is discussed more fully in section 7.

41. Within the limitations noted above, railway artillery is util-
ized for the following purposes:

Destruction.

Counter-battery work.

Interdiction.

Distant bombardment for moral effect.

42. DesTtrUCTION.—Fire of destruction as executed by railway
artillery has for objectives in general order of range:

(a) Permanently fortified works, as concrete turrets, observa-
tion posts, sentry towers or observation posts, concrete
rampart shelters, concrete cantonment shelters, gun
casemates, flanking casemates, and flank trenches, con-
crete communication galleries, troop shelters, machine
gun and antitank forts.

(b) Bridges, culverts, cuts, and fills.

(c) Balloons and towers used for observation and located at
long range.

(d) Centers of supply and distribution, as railroad yards, sup-
ply depots, ammunition dumps, industrial centers, etc.

(81)
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Except in the case of (c) above, it is obvious that, for the purpose
of destruction the maximum plunging fire is desirable and that the
pieces that should be used are howitzers and mortars, so long as the
necessary range can be obtained with them. Objectives of class (d)
are ordinarily located at such ranges that guns must be used, It is
evident that relatively large explosive charges and perhaps numerous
shots will be required for this purpose and, except in the last case,
very high accuracy of fire is essential.

43. CouNTER-BATTERY WORK.—Under the heading of counter-
-battery work is ordinarily included the destruction of only such
enemy batteries as are so distant as to be beyond the range, or so well
protected as to be beyond the destructive power of the army artil-
lery. Occasionally it may be imperative that certain batteries be
put out of action in much less time than would be possible with army
artillery that must be moved up from some other locality. In these
cases, obviously, railway artillery capable of all-round fire should be
used.

44. Circumstances demand ordinarily cannon of long range and
medium caliber for this work and mounts provided with facilities for
the most rapid and universal service: This would include mounts
whose firing platform requires a very small time for installation, and
mounts provided with traverse for all-round or nearly all-round fire.

45. InTERDICTION.—The objectives of fire of interdiction are lines
of communication, roads, railroads, telegraph, and telephone lines,
etc. It may be very desirable to keep a section of a certain railway
line out of commission. It may be desirable likewise to shell certain
sections of very important roads over which supplies and men must
be moved. At night a few shells per hour may be sufficient to seri-
ously interrupt traffic. During the day when observation is possible
more active shelling may be carried out. Guns of long range, me-
dium caliber, and large traverse are preferred for this work. The
practice has been to carry out fire of interdiction only when it will be
most effective, i. e., immediately before, during, or immediately after,
an attack.

46. DistTaNT BoMBARDMENT FOR MORAL EFrrect.—The objec-
tives of bombardment for moral effect are large centers of population
long distances behind the lines. The aim is to destroy any sense of
security which the distance from the front lines may give the civilian,
to undermine the spirit of the army by weakening the morale of the
civil population, and to interfere to the maximum with the adminis-
tration of the war. .

47. The characteristic of first importance for this kind of fire is
extremely long range, 100 to 120 kilometers or so. Difficulties of
construction seem to limit the caliber of these long guns to about 240
millimeters. Little or no traverse is required. At least one shot per



83

hour is considered necessary to produce the desired effect, and abso-
lute regularity in the bombardment is necessary for the maximum
effect on morale.

48. The single example of action from a gun of this sort was the
bombardment of Paris. The writer was in Paris for several days at
a time on four occasions during the bombardment by the long-range
gun. On some days projectiles arrived every 15 minutes from about
8a.m. to5 p. m. On other days the bombardment would begin
promptly at 12.40 noon. On the first day of the bombardment, on
March 23, 1918, there was considerable confusion, more because the
people theught they were being bombed by airplanes from a great
height than from any other apparent reason. From then on the
effect could not be determined with any certainty. There seemed
to be as many people on the streets during the days of most active
bombardment as on quiet days. When a projectile would burst the
people in that vicinity would appear startled but not frightened and
always some would hurry in the direction of the explosion to sce the
damage. All of the trains going west or south from Paris were
crowded in those days, but there was no evidence that the departure
of those people who lived in Paris was not caused by the steady ap-
proach of the Cermans and the possibility of the capture of Paris
rather than through panic or fear of the bombardment.

49. The damage done by the long-range projectiles was never very
great. . f one burst in a building its effect was not always evident
outside. One shell hole seen in the Cardens of the Tuilleries was
about 4 feet deep and from .10 to 12 feet in diameter. Further, the
dispersion of the guns was so great that two projectiles would land
within a kilometer of each other only by chance. Judging from the
small extent of damage and the doubtful effect produced on the civil
population, it would seem extremely doubtful if such bombardment
as this is nearly as effective either from the standpoint of material
damage or effect on morale, as an equal investment in bombing
planes and bombs. A published statement of the work of acroplanes
and of the long-range guns is given as an appendix to this report.

£0. AsSIGNMENT OF MotuNTs To Various Durties.—The follow-
ing rules govern the assignment of types of railway artillery to the
various duties detailed above.

() Calibers of pieces are assigned according to the resistance
of the targets.

(b) Types of pieces (mortar, howitzer, rifle) are assigned ac-
cording to range (see later discussion).

(¢) Types of mounts (as regards provision for traverse, an-
chorage, etc.) are assigned according to the number of
different targets to be fired upon and the time available
for preparation and change of position.
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Following is & discussion of the significance of each of the above
rules.

51. AssIGNMENT OF CALIBERS ACCORDING TO RESISTANCE OF
TarGeTs.—Railway artillery is far too difficult to manufacture and
too valuable to be used except at the nearest possible approach to a
100 per cent efficiency basis. It would be most unwise to undertake
to destroy certain heavy concrete fortifications with 194-millimeter
howitzers, involving the expenditure of a great amount of ammu-
nition and considerable wear of the guns and perhaps, after all, not
accomplishing satisfactory results, when a few shells from a 320-
millimeter howitzer would accomplish the desired results. -Further,
it would be criminal to use 320-millimeter howitzers on machine-gun
forts, sentry towers, etc., if smaller howitzers were available.

52. In the region northeast of Soissons the Germans were using in
1917 some old quarries very similar to a series of mine galleries,
some 90 feet or more under ground, as troop shelters. The French
were aware of this fact, and in preparing for their offensive in this
region, decided to attempt the destruction of these shelters. 400-
millimeter howitzers were assigned to the work, and with their great
weight of projectile, high angle of fire, and consequent nearly vertical
drop of projectile, accomplished very satisfactory results. The shells
penetrated the overlying earth and chalk to a depth of about 50 feet
and on bursting caused great sectionsof the roofs of the galleries to
drop, imprisoning or killing the Germans.

53. AssSIGNMENT OF TYPES ACCORDING TO RANGE.—As with
resistance of target so with range, no more powerful gun should be
employed than is absolutely necessary. Wear, first cost, and time
of manufacture are all much less on the shorter and less powerful
guns. The following table, which is taken from French experience,
shows clearly the relative rates of wear at the various ranges. It is
evident that to use a 300-round gun on objectives that could be de-
stroyed as effectively by from 2,000. to 4,000 round hothzers would
be nothing short of criminal.

Gun, | length Range. * Lounds

: | f

! 1
280-millimeter howitzer..............cioiiiiiiiiiiiiiiie i 15 11,490 : 4,000
24-G howitzer. . ...couuvernnn.. . 20 13,700 . 3,000
240-millimeter T. R. 1903. .. ... . 2 16,800 2,400
240-millimeter model 1893-6. . . . . @] 220 500
40 27,000 300

305-millimeter model 1893-6

In regard to the other two points, cost and time of manufacture,
only about half the time is required to manufacture a howitzer as
to make a gun of the same caliber, lighter machinery may be em-
ployed, and the cost is even less than half.
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54. ReLATIVE WEAR oF GuNs.—The accuracy life of any gun is
greatly increased if it is fired with reduced charges and consequently
reduced muzzle velocities. The following British table of equivalent
charges illustrates this point:

Equivalent charges, showing relative wear of guns with various charges.
[Full charge taken as 100 per cent wear.]

No. of 12-inch
15-inch 9.2-inch | 8-frich 6-inch 6-inch | 4.5-inch
Pc:;g:‘ howitzer|BOWILIer, | poriever | howitzer. 26 cwt. | 30 cwt. | howitzer.

1and 11.
6 1.000 D 1 e P
5 .62 - I T e 1.00-
4 .38 .2 1.00 1.00 1.00 1.00 .22
3 14 .14 .30 .14 .15 24 .08
2 .17 .09 .17 .07 .07 .08 .05
1 .13 .08 .07 .04 .03 .03 .04

55. In view of these facts it would seem best to use the shortest
gun and the lowest charge and muzzle velocity possible. The
closest point at which it is possible safely to locate the piece deter-
mines, of course, the range. Ideal practice, therefore, would be to
use the shortest piece of the required caliber, which at its most
favorable elevation can realize this range. If the nearest piece to
the ideal which is available has a range materially greater than that
required, then it should be fired with as much of a reduced charge
as possible.

56. In this connection it is, of course, understood that the designer
and builder and the users of the gun will probably never agree on
the question of their proper use. A prime and proper desire always
in the mind of the user is for greater and greater range. The
designer and builder dislikes to see his machine abused and wishes
to keep the muzzle velocity as low as possible.

57. AssIGNMENT OF TYPEsS oF MounNTs AccorbpiNg TO TIME
AVAILABLE FOR EMPLACEMENT.—It is to be assumed, of course, that
the caliber and type of gun required has first been determined in
accordance with the resistance and range of the target. With any
given type and caliber of gun there will ordinarily be found a series
of mounts, some of which afford no traverse, others limited traverse,
and still others all-round traverse. Some mounts require no anchor-
age, others require a simple arrangement which may be put in
place in an hour or less, while others use very elaborate emplace-
ments, requiring from two to five days to install. The principle
upon which mounts having various characteristics as to traverse
and extent of anchorage will be selected, is that the least valuable
gun and mount that can be made to satisfactorily accomplish the
desired results shall be used. This will permit the most valuable
mounts and guns to be saved for that special and emergency work
for which only they are adapted.



86

58. Ordinarily, arréngements for the use of railway artillery may
be made very deliberately. If there is plenty of time, the necessity
for the use of a cumbersome firing platform may not be a handicap.
There is no objection to having the men do the manual labor of put-
ting down a platform since, ordinarily, the battery commander may
be hard put to find enough work to keep his men busy and contented.
This should not be considered an argument for building such artillery,
however, and indeed no battery or group commander with whom
the writer has talked would select 340 or 400 millimeter St. Chamond
mounts if he had the choice between these and 305 or 370 millimetex
Schneider mounts. However, if the Army possesses such mounts
and if time is available sufficient to construct the number of emplace-
ments required to cover all the objectives, then there is no objection
to the use of mounts having small traverse and elaborate firing plat-
forms.

59. For counter-battery work it is ordinarily necessary to move the
guns up and prepare them for action in a minimum of time, this
minimum being counted in hours (six or less). It is desirable, like-
wise, that it be possible to remove these mounts within a half hour
or less. In such cases, which are really those emergency cases noted
in the previous paragraph, the mounts affording wide traverse or all-
round fire and requiring not more than an hour for emplacement
will be chosen.

TABULAR CLASSIFICATION OF RAILWAY ARTILLERY.

60. For convenient reference, tables classifying railway artillery
in accordance with the preceding are given below. The examples
here given are from practice. ‘
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The platforms for the sliding and French and American Batignolles
mounts can be installed beforehand, and the gun can be run
up, fired, and brought back in a very short time. In the case of
the sliding type, the platform amounts simply to additional girder

* rails laid on the ties. Successful experiments have been conducted

in which the girder rails were attached to the sleepers of the mount
and slid on the ties. Insuch cases the operation of the sliding mounts
becomes almost as rapid as that of mounts firing without preparation.

'RELATION OF RAILWAY ARTILLERY TO OTHER TYPES.

61. A consideration of the scope of utility of railway artillery
would be incomplete without a presentation of the relation between
this and the less powerful types—field and heavy wheeled artillery.

62. If a set of rectangular coordinates be set up, with ordinates
representing calibers and abscissee representing ranges, then any
possible objective of artillery fire can be located in the field of these
coordinates, its position relative to the nearest available battery
location giving the range, and the character and resistance fixing
the caliber, plate 58.

63. A given type of gun may be represented on the above-noted
ordinates by a line joining the points representing the objectives it
can reach. Mortars, for example, with a characteristic muzzle veloc-
ity of approximately 300 meters per second, would be represented
by the line to the left on the diagram, joining all points representing
a range and caliber requiring 300 meters per second velocity to
realize them. In the same way the line at the bottom represents
long guns (muzzle velocity about 850 meters per second). Thus the
entire field of artillery (except trench artillery and long-range guns)
is included between the two exterior lines.

64. A given type such as field or heavy artillery is represented by
an area including all the points representing objectives for which
the various guns of this type of artillery are suitable. On the
diagram, plate 58, a line has been drawn, joining the points repre-
senting the heaviest field artillery guns, howitzers, and mortars. Thus
the area below this line and between the two limiting lines represents
the province of field artillery. i

65. A second similar line has been drawn representing the upper
limit of heavy artillery at the beginning of the war in 1914. The area
between it and the previous line therefore represents the domain of
heavy artillery. And, by consequence, the area above and to'the
right of this line is the domain of railway artillery.

66. For comparison, a line has been drawn through points repre-
senting the lightest railway artillery employed by the French. As
will be noted, it intersects the heavy artillery line, indicating that rail-
way howitzers were being used where heavy artillery matériel would
have served equally well. '
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67. Developments during the war have, however, considerably
changed conditions. All along the line it has become possible to
mount heavier artillery on mobile carriages and therefore the line
marking the upper limit of heavy artillery has advanced to the
position shown by the new curve marked 1918. This, of course,
restricts the field of railway artillery and means that still others of
the French railway mounts (240 and 270 millimeter howitzers) could
be replaced by mobile matériel.

68. The upper limit of the field of railway artillery is not yet
marked, as in other arms, by the limitations of the type of mount.
Any gun yet constructed can be mounted on a railway mount. The
limitation comes in a vertical direction from the resistance of the
most difficult objective to be destroyed. Certainly no objective
has yet been encountered which the 520-millimeter howitzer or even
the 400-millimeter howitzer could not reduce. The opinion gained
from a general familiarity with the subject is that, in land warfare,
only very exceptional targets will require such calibers and 300 to
350 millimeters is ample for all ordinary purposes.

69. The upper limit of railway artillery in respect to range is also
fixed by economic rather than by physical limitations. Guns of
extreme range used in distance bombardment for moral effect can
perfectly well be mounted on railway carriages, but, as previously
pointed out, their utility as compared with bombing planes is a mooted
question. Indeed it may be questioned if such planes will not sup-
plant artillery even at shorter ranges.

70. The dispersion of the long-range gun firing on Paris at the
range of 110 kilometers was such that 183 of the 303 shots fell inside
Paris (area about 90 square kilometers). The shell contained not
over 10 kilograms of explosive and the gun had a life of perhaps 50
rounds. Thus the gun could place during its life about 500 kilograms
of explosive somewhere within an area of 100 square kilometers.

71. The same results could be secured through the use of light
bombing planes operating at a height safe from anti aircraft guns in
daylight, and it is probable that dispersion would be considerably
less than that noted above (30 bombs were dropped on a single
railway shop in Paris). Three light bombing planes could carry the
500 kilograms of explosive just noted and release it on a single
raid and even if all the planes were lost, which is not probable, the
cost of so delivering the explosive would be considerably less than if
it were delivered by the long range gun.

72. The dispersion of the United States 14-inch, 50-caliber gun at
the extreme range of about 40 kilometers is about 4 kilometers. 1t
fires a shell carrying about 40 kilograms of explosive and has a life of
perhaps 300 rounds. This gives a total of 12,000 kilograms of explo-
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sive placed somewhere in an area of 16 square kilometers during the
life of the gun.
73. Twenty-five heavy bombing planes could drop this amount of

explosive in a single raid, and, even at night, ought to be able to put .

it inside an area so large as 16 square kilometers.

74. On the other hand, there might be objectives at this range
which drop bombs could not destroy because of lack of penetrative
power. Further, for interdiction, it frequently is necessary to send
over some shells on very short notice and often at times when a plane
can not be used at all.

75. The conclusion of the writer is that at extreme ranges, that is,
70 to 120 kilometers, where the firing is for moral effect alone, this
service should not ordinarily be considered as a proper one for rail-
way artillery, the use of drop bombs being much more effective.

76. At shorter ranges, approximating 40 kilometers, many cases
would seem to exist in fire for destruction and interdiction where
drop bombs might be used to better advantage than railway artillery.
Some targets would probably be found, however, for which drop
bombs are ineffective, therefore railway artillery has a perfectly
proper field at these ranges. Further, artillery capable of these
ranges is required for accurate fire of destruction at shorter ranges,
hence it is available for the longer range work if required.

77. The experiences of the war seem to indicate that the field of
usefulness of railway artillery lies between the line on the diagram
for heavy artillery, marked 1918, and the line above, joining the
heaviest of the present railway guns. In other words, many of the
smaller of the present railway guns should not be considered in any
new program and there would seem to be little or no advantage in
trying to exceed the largest of the present guns. This confines the
field of railway artillery to calibers between 200 and 520 millimeters
(preferably 250 to 400 millimeters, since there is little need for a
caliber greater than 400 millimeters and the 200-millimeter gun can
probably be mounted on a caterpillar), and ranges between 10 and
40, or possibly 50 kilometers.

UTILITY IN COAST DEFENSE.

78. Railway artillery has been exploited chiefly in the past as a
means of coast defense. The outstanding advantage claimed for it
is great mobility, permitting concentration of a large number of guns
at any threatened point, and the effective defense of many places
which would not justify permanent works, as well as enabling the
guns to deliver their fire and retreat before effective counter-battery
fire from the sea can be commenced.

79. For this service the work would be primarily the same as that
demanded of the present coast-defense guns, i. e., the destruction of
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battleships, destroyers, and lighter craft. This service calls for
extreme accuracy and rapid fire, in some for long-range direct fire,
and in others for medium-range plunging fire. These requirements
are quite similar to some of those for land warfare. The essential
differences, however, are that while in land warfare, the targets are
fixed, in coast defense they are moving, and provisions must be made
for following such a moving target; volley firing is often necessary.
80. Specifically the requirements of a mount for coast defense are:
(a) Wide traverse (60-180 degrees).
() Rapid fire.
(¢) Quick emplacement.
(d) Sighting, elevating, and traversing mechanisms which can
be operated until the moment the gun is fired, and
simultaneously for all guns of a battery.






SECTION 3.

CHARACTERISTICS OF EXISTING TYPES OF RAILWAY
ARTILLERY.

81. Railway mounts have been constructed and used to our
certain knowledge by the French, British, Italian, German, and
American Governments. Information on mounts constructed by all
of these nations has been collected and tabulated for each type of
which anything could be learned. At the request of the techmical
services of the French and British Governments all descriptions
and tabular data on their mounts are omitted from this volume,
which is intended for general distribution, and are placed in a separate
volume for confidential use only. The tabular data on American
and German mounts is given in section 10 of this volume. The de-
scriptions and tabular data of the French, British, and Italian
mounts are given in continuations of articles 3 and 10 in Volume II.
All of the American and German mounts will be described in detail
in this volume, each mount being designated by the number it bears
in the table. In Volume II all other mounts will be mentioned, but
only those on which special information is available will be dealt
with in detail.

82. The various designs described herein are criticized chiefly
under the head of ‘“Difficulties involved in service.”” Most of the
mounts are criticized under this head on a basis of the type of firing
platform used and the time required for its installation.

83. There are in existence at the present time six types of mounts,
according to the characteristic design or nature of their firing plat-
form. These are: (1) Mounts of the type of the American 8-inch,
plate 30, or French 200-millimeter, plate 10, using some simple type
of outrigger; (2) mounts of the sliding and rolling type, similar to
the French 320-millimeter, plate 42, or the American 10-inch, plate
111, and the British 12 and 14-inch rolling mounts, plates 20 and 21,
or the American Navy 14-inch mount, plate 23, requiring a curved
track of very heavy construction to permit of traversing the mount
and to stand the exceedingly heavy service brought upon it in firing;
(3) semipermanent emplacement mounts of the type of the American

181768—21——17 (95)
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12-inch Batignolles, plate 54, requiring a firing platform made up of
easily handled sections which are carried in a special platform car
provided with the necessary equipment for installing them; (4) semi-
permanent emplacement mounts of the type of the French 340-
millimeter gun mount, plate 51, the 400-millimeter howitzer mount,
plate 52, and American 16-inch howitzer mount, plate 53, and Amer-
ican 14-inch naval mount, Mark I, plate 23, requiring an elaborate
subtrack platform of timber and steel construction which ordinarily
can not be installed in less than from two to five days and affords
only limited traverse of 10 degrees or 'less; (5) semipermangnt
emplacement mounts of the type of the American 14-inch model E
mount, plate 249, requiring a heavy base ring of comparatively
simple design, but which necessitates the use of a locomotive crane of
150 tons or more capacity; (6) semipermanent emplacement mounts
of the type of the German 21, 24, and 28-centimeter mounts, plate 24,
requiring a firing platform of structural steel, plate 55, which is
cumbersome to transport and requiring crane facilities for instal-
lation, or a reenforced concrete emplacement, plate 56, which requires
few facilities but considerable time for its installation.

84. So far, the use of the outriggers which are characteristic of
class 1, have been limited to guns of smaller caliber and, of course, in
criticizing the emplacements for larger guns, they are not being
compared with the outrigger scheme of emplacement of these smaller
mounts. In comparing the last five classes of mounts where one has
‘a choice of: (a) A new curved track of heavy construction, (b) a
special platform carried in a special car, (c) a heavy timber platform
requiring days for installation, (d) a simple steel base ring requiring
unusual facilities in the shape of a locomotive crane for installation,
or (e) a structural steel platform difficult to transport and requiring
days for installation, or a substitute therefor, in the shape of a re-
enforced concrete platform, apparently any one type has a ques-
tionable advantage over another and the various designs described
in this section are not criticized on a basis of a preference for any of
the types so far mentioned. After careful examination and consider-
ation of all the types of railway mounts in existence, it seems possible
to combine in a mount for heavy guns, modifications of emplacement

"schemes of the above types in such a way as to render the mount
almost universally serviceable. On plates 59 and 60 is a suggestion
for a design of a carriage for 10-inch, 50-caliber guns. Computation
of the necessary data indicates that this type of emplacement can
be installed almost as quickly and as easily as the simple outrigger
emplacement. It gives all round traverse if desired and will stand
the strains brought upon it by a 50-caliber, 10-inch gun.
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85. Going a step further, it seems entirely feasible to design a
mount which will embody the features of the sliding type mount in
the shape of steel shoes similar to those used on the 14-inch model E
mount and the features of the mounts of classes 1 and 6 in the shape of
a center pivot and traversing rollers attached to the car body to
secure the necessary traverse, and outriggers on the rear of the car
body to take a large part of the horizontal component of the force
of recoil. In addition, it seems possible to incorporate other features
of the 14-inch model E mount, in the shape of a simple base ring
which will be set on the concrete and on which the mount can be
operated for seacoast service. These simple base rings would be
inexpensive and could be installed in great numbers along our coast
at comparatively little cost. This type of mount would then service
perfectly as a coast defense mount, and for land warfare could be
used as a combined sliding and rolling mount with any desired
traverse, or as a simply and quickly emplaced mount requiring very
few extra facilities and having any desired traverse.

86. The writer has these two types in mind in criticizing thevarious
mounts throughout this section, from the standpoint of time, and
difficulties involved, and facilities necessary in placing, removing,
and maintaining their platforms.

1.—4.7 HOWITZER ON RAILWAY MOUNT. (13)

87. This mount, which is model of 1917, was designed as an al-
ternate mounting for the pivot yoke and other rotating parts of the
4.7-howitzer pedestal mount, model 1915. The railway carriage
resembles very closely the design made up by Col. Peigne for the
155-millimeter French howitzer, 1890. This can be seen by com-
parison of plates 62 and 65 with plate 4. Four of these mounts
were completed for service at Panama, and have functioned satis-
factorily. ‘

88. Guns.—The gun that is used with this mount is a 4.7 howitzer,
model 1913. It is a wire-wound gun of 22.5 caliber length, plate 66,
and is provided with the standard American type interrupted thread
breechblock, which is fitted with a mechanical firing mechanism,
plate 67. The tube is rifled with 42 grooves, the twist of which is
to the right and at a pitch increasing from 1 turn in 40 calibers to
1 turn in 20 calibers. As mentioned before, this same model of gun
is used on the pedestal mounting, model 1915. '

89. Recor. MEcHANISM.—The recoil mechanism is of the hydro-
spring type and as with the light field pieces, the entire recoil mech-
anism is combined in one cylinder, plate 68. Tt will be noted on
this plate that the hydraulic cylinder recoils with the gun while the
piston remains stationary. The counterrecoil buffer is not a part- -
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of the piston rod as in the usual railway design, but is attached to
the cylinder. The hydraulic cylinder head serves as a piston head
for the recuperator spring column. The length of recoil is 12 inches.

90. ELEvATING MECHANISM.—Tt is possible to elevate the gun
from minus 10 degrees, the loading angle, to plus 40 degrees, by
means of the screw hinged to the bottom of the cradle at its forward
end, plate 69. This screw is driven by the bronze nut in the oscil-
lating central bearing. This bearing is supported on the cross shafts

as trunnions. Elevating handwheels are provided on both sides of
the carriage.

91. TravERSING MECHANISM.—The gun can be traversed through
360 degrees. The traversing mechanism comprises the handwheel
shaft and bevel gears shown on plate 70, with the worm shaft, worm
and bronze wormwheel shown on plate 69. The lower portion of
this bronze wormwheel serves as a drum for the two halves of the
friction band which are hinged on the stud bolt, passing through
the boss in the rear of the pedestal. The two halves of this friction
band are joined at the front by a bolt. )

92. Top CarriaGE.—The top carriage comprises the cradle carry-
ing the hydrospring recoil mechanism and the pivot yoke with the
elevating and traversing mechanisms, plate 69. On this plate the
gun is shown on the pedestal for which it was originally designed.
On the railway mount the pedestal is part of the car body, but its
design, as well as the dimensions ot its machined surface are identical.
Any gun of this design with its pivot yoke can be transferred from
the separate pedestal to the railway mount. The weight of the gun,
cradle, and pivot yoke is carried on ball thrust hearings at the bottom
of the pedestal. The separate pedestal is provided with an azimuth
circle which is not provided on the pedestal of the railway mount.
Front and rear views of the top carriage are shown on plate 71, and
a right-hand side view on plate 72.

93. RamLway Car Bopy.—The railway car body proper, plate 73,
comprises a central steel casting, of which the pedestal is an in-
tegral part, and the two structural steel ends riveted to this casting.
On each side of the car body two side arm castings are riveted, both
to the cast steel center section and the structural steel ends. On
each end of the car body are hinged three pieces of 0.5-inch armor,
the side pieces having two copper lined loop holes for machine guns,
and the end pieces one copper lined loop hole each. These plates of
armor can be let down to a horizontal position to serve as working
platforms. Two other plates which serve likewise as working plat-
forms are hinged to the central cast steel section of the car body.
" . 94. ANCHORAGE.—The mount is let down and clamped to the

track for firing. Additional provision is made for stabilizing the
mount when the gun is fired at any considerable angle to the direction
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of the track. Side arms are attached to the car body on each side
by means of the side arm castings shown on plate 73. A jack screw
passes through the end of each of these side arms and cast steel foot
plates of simple design are provided on which the screws bear. These
foot plates are placed on well tamped earth, rock ballast or timber.
When firing at a wide angle to the track, it is necessary to put out
the side arms on both sides of the car, since the return of the gun to
battery has a tendency to tip it in the direction of fire.

95. In the four corners of the central section of the car body there
are openings into which rail hook casings are fitted and bolted by
four bolts, plate 74. These casings, which may be taken out and
turned through 180 degrees, and replaced, are so designed that one
arrangement spaces the hooks for the 60-inch gauge track, and the
other for the 56.6-inch gauge. Inside of this casing there is a sleeve,
two parts of which project above the top of the casing and are fitted
with handles as shown on figure 3, plate 74. By means of these
handles the sleeves can be raised or lowered. A 0.875-inch pin
across the bottom of this sleeve, figure 3, passes between the rail
hooks and spreads them when the sleeve is raised, thereby freeing
the hooks from the rails. The two rail hooks are hinged to the
bottom of the clamping screw, which is operated by the two-handled
nut shown at the top‘of the casing, figure 2. The sleeve and rail hooks
are carried normally at their highest position. When it is desired
to clamp the car body to the rails, the hooks are lowered as far as
they will go As they are lowered, the pin in the sleeve spreads
them and the lugs on the hooks strike the top of the rail when they
are in the proper position. The sleeve is then lowered by its handles,
and as it descends the opening pin permits the hooks to swing
together and close over the rail. The bottom of the sleeve encircles
the rail hooks and when in its lowest position binds them to the
rails. On the under side of the center section of the car body there
are six pads which rest on the rails when the mount is lowered to the
firing position. These are of sufficient width to be adapted to the
60-inch or the 56.5-inch gauge. Each is provided with a pair of
rail stops, one on each side of the rail, which serve to prevent the
mount from sliding across the rails and take the strain off the truck
pintles. One stop is longer than the other and they are inter-
changeable. For the 56.5-inch tracks the long stops are placed out-
side the rails and for the 60-inch tracks they are placed on the inside.

96. In the center of each of the structural steel ends of the car
body there is installed a screw lifting jack used in lowering the mount
on to the track for firing and in raising it to the traveling position.
These jacks are shown in figures 1 and 3, plate 74. This lifting
jack comprises a cast-steel pintle guide rivetted into the car body,
a bronze pintle, a jack screw, bevel gears, spur gears, and two handles,
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figure 1, plate 74. A roller thrust bearing is provided between the
top of the jack screw and the top of the pintle guide. The bottom
of the pintle rests on the center plate of the truck. Into the two
sides of the pintle are machined racks, which mesh with one of the
four pinions. The fourth pinion meshes with a rack in the side of
the moveable side bearing. As the pintle moves up or down, the
side bearing moves in the same direction at the same rate. The
first two railway mounts of this type manufactured were also equipped
with an alternate method of operating the jack screw. The upper
end of the jack screw was slotted and a capstan head provided to
fit into it. Four maneuvering levers were provided for the operation
of this capstan. The crank handles used to operate the lifting jack
may be replaced by ratchet levers. The additional leverage obtained
through the use of these ratchets reduces considerably the effort
required for raising and lowering the car. When ratchet wrenches
are used with a lever arm of 32 inches, the force necessary on each
ratchet lever, one being used at a time on each end of the car, is 65
pounds to raise, and 50 pounds to lower. The time necessary to
raise the car, using ratchet wrenches, eight men working in reliefs
of four, is 5.5 minutes, and to lower ready to fire, approximately
5 minutes. When capstans are used the pull necessary at the end
of one lever to turn the capstan at one end of the car is 150 pounds
to raise and 100 pounds to lower. When four maneuvering levers
are used with one man at each lever, eight men in all, the car can
be lowered in 1 minute and raised in 1.25 minutes. When crank
handles are used the force necessary on each of the four handles is
85 pounds to raise the car, and 50 pounds to lower. The time
necessary to raise the car with crank handles, four men at each end
of the car, is 1.5 minutes, and to lower, 2 minutes.

97. ArmMor.—Each end of the car is fitted with three shields of
0.5-inch armor plate hinged to the floor so that they can be swung
down to a horizontal position, plate 73. When raised, the side
shields are locked to the end shield by angle iron clips and a locking
pin. The two pieces of angle iron are rivetted to the side shield
and straddle the end shield when vertical. A single pin locks a
side shield to the end. The outsides of the shields are fitted with
shield props which slide through guides on the car body. Collars
on these props limit the movement of the shields. The upper end
of the props extend through the shields and provide an attachment
for handle rods on the inside. Three of these handle rods can be
seen at the right end of the car, plate 73, the shield on the near side
in this case being cut away to show the opposite side. Men standing
on the car and clasping hands can let down the side shields by means
of these handles without undue difficulty.
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98, Trucks.—The trucks are commercial four-wheel trucks of
50,000 pounds capacity. The brake mechanism has been modified
slightly to take a special brake bracket in order that the brake
handwheel might be located in the free space beside the lifting jack
toward the center of the car. .

99. AMmUNITION SUPPLY SYSTEM.—No special provisions have been
made for supplying ammunition for this caliber of gun. All the
ammunition components are of such weight as to enable them to be
handled entirely by hand.

" PraTE 61
4.7IN. HOWITZER RALWAY MOUNT-MODEL 1917
TOTAL WEIGHT 45,495188.
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2.—7-INCH GUN ON RAILWAY MOUNT. (14)

100. This combination of Navy gun on Army design of drop-
platform car was made up toward the end of the active period of
the war, in 1918. The railway cars, model 1918, were designed
for 6 and 8 inch seacoast guns, as will be explained later, being
modeled to a certain extent after the design already completed for
4.7-inch howitzers. Twelve of these cars were available, and since
they were equipped with hydraulic jacks over each of the trucks, it
was decided in 1918 to mount Navy 7-inch guns on them for ser-
vice against submarines along our coast. A few especially designed
pieces of equipment were added as will be described later.

101. Guns.—The guns that are used on these mounts are 7-inch,
Mark II Navy guns, of 45 caliber length. They are provided with
an interrupted thread breechblock which is fitted with a mechanical
firing mechanism. ’

102. Recor. MEcrANISM.—The recoil mechanism is of the hydro-
spring type and comprises one hydraulic recoil cylinder attached to
the cradle, in the center of the bottom, and two spring recuperator
cylinders likewise attached to the bottom of the cradle, and on either
side of the hydraulic cylinder. The hydraulic recoil cylinder is
shown in detail on plate 78 and the general arrangement of cylinders
on the bottom of the cradle, on plate 79. The length of recoil is
21 inches. The spring columns, which are double, are divided by
spacing plates into five sections, plate 80.

103. ELevaTiNG MECHANISM.—The elevating mechanism comprises
a rack attached to the left side of the cradle, plate 80, which is con-
nected with the handwheel through a pinion, shaft, slip friction
device, wormwheel, worm, bevel and miter gears, plates 81 and 82,
sections ZZ and YY. The gun can be elevated from minus 5 degrees
to. plus 15 degrees. The cradle trunnions are provided with a very
simple type of friction-reducing mechanism,-as shown on plate 81.

104. TraVERSING MECHANISM.—The gun can be traversed through
360 degrees. The traverse wormwheel is attached to the pedestal,
as shown on plate 77, and is connected with the handwheel on the
right side of the carriage through a worm, two sets of miter gears,
sections XX and VV, plate 82. The pivot yoke is supported on the
pedestal by means of conical rollers, plate 83.

105. GUN CaRr1AGE.—The top or gun carriage comprises the cradle,
with recoil, elevating and traversing mechanisms, pivot yoke and
pedestal, plates 81, 79, 84, and 85: It will be observed on plates
76 and 77 that the original deck mounting of this gun is so low that
it was necessary to provide an additional cast steel base to elevate
the gun sufficiently to permit it to be fired at its maximum elevation
of 15 degrees when firing in the direction of the track. This cast
steel base has been bolted to the floor of the car and additional
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cast steel brackets have been added to the side of the car to accomo-
date the additional width of the base over the width of the car.

106. CaAr Bopy.—At the beginning of this discussion it was
mentioned that this car body was originally designed for 6 and
8 inch seacoast guns. It was found impossible to use them because
the bottom outside angles in the well of the car extended beyond
the clearances permissible on European railways. Attention should
be called-to two other modifications that were made in the car body,
model 1918, Mark I. It will be observed on plate 769, that the out-

. rigger struts are attached to the car body by means of cast steel

hinges, and from the bottom of the hinge to the end of the strut
there is a torsion rod for the purpose of counteracting certain
tendencies of the car to jump when gun is fired at low eleva-
tions. On the modified design, plate 88, one set of four struts is
attached to the car by means of ball joints. Four more struts are
attached in such a way as to swing only in one vertical plane, as
shown on plate 98. The car under discussion is likewise provided
" ‘with hydraulic jacks over the truck center plates and with adjusta-
ble side bearings, plate 86. The pumps for these jacks are installed
on the sides of the car, as shown on plate 76, and connect with the
inside of the hydraulic cylinder through the small hole in the piston.
Two racks meshing with pinions which in turn mesh with racks cut
in the side of the adjustable side bearings are machined into the
side of the cylinder which also serves as a body center plate. As
the car is raised or lowered the side bearing clearance between truck
and body is held constant, due to the action of this compensating
device. In the modified design, these jacks and adjustable side
bearings were omitted and four jackscrews were placed at the four
corners of the lowest part of the flat car. ’

107. ANCHORAGE.—The mount is emplaced for firing by first
injecting sufficient pressure in the hydraulic cylinders to remove the
safety locking pins. It is then dropped to the rails by releasing the
pressure in the cylinders. No special emplacement is required.
The outriggers and floats are placed, as shown on plates 76 and 77,
for firing in any direction. It is necessary to put out four outrig-
gers since the car whips to such an extent as to loosen the outriggers
if only two are used.

108. Trucks.—The trucks used are of standard M. C. B. design
with cast steel side frames. They are provided with both hand and
air brakes.

109. AMMUNITION SUPPLY SYSTEM.—Projectiles are supplied direct-
ly from the ammunition car on to the ammunition table, shown on
the end of the car body in plate 77. On the side of this ammunition
table are two working platforms which are let down to a horizontal
position. The projectiles are transferred from the table into the gun
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over the removable tray which can be seen on the top of the table
on plate 77. This ammunition table is light in design and is merely
bolted to the car; it can be transferred to the other end of the car
without difficulty whenever desired. The ammunition cars used
with this mount are standard 8-inch ammunition cars.

110. MAINTENANCE, MERITS, DEMERITS.—It is believed that there
is no point in discussing the 7-inch mount under these headings,
since they are purely emergency mounts and it is believed that they
do not represent a type that would receive consideration for future

construction.
PLATE 76

7IN. NAVY MOUNT-MARK I-MODEL 3
ON
RAILWAY GAR-MODEL 1918M)
TOTAL WEIGHT 171,000LBS.
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3.—AMERICAN 8-INCH GUN ON RAILWAY MOUNT. MODEL 1918,
M. L (15)

111. This is a combination of seacoast defense gun and barbette
carriage on a special railway car. The mount is shown on plates
88 to 93. ,

112. Gun.—S8even different types of Army and Navy guns may
be used on this mount:

Army guns: Models of 1888, 1888 M.I., 1888 M.II. .

Navy guns: Marks I, II, III, IV, (16).
The Army guns are all 32 caliber in length, are equipped-with uniform
type of breech mechanism and are mounted on model 1918 barbette
carriages, having a standard type of cradle with hydraulic recoil
and spring return system. The Navy guns vary from 30 to 40
calibers in length, are equipped with four different types of breech
mechanism and are mounted in barbette carriages model 1918, M.I1.
of the same general type as model 1918.

113. Recor. MecuaNisM.—The recoil mechanism as noted above
is of the hydro-spring type with one recoil and four spring cylinders
arranged symmetrically about the outside of the cradle. Details of
this mechanism are shown on plate 94.

114. ELevaTiNG MECHANISM.—Elevation from zero to 42 degrees
is secured through a segmental circular rack attached to the bottom
of the cradle. A Hindley worm meshes with this rack. Three sets
of bevel gears on as many shafts lead to the handwheel, plate 94.
Any thrust due to fire is taken by the worm and transmitted from
it to the side frames through the heavy transom casting in which
it is mounted. One turn of the handwheel moves the gun through
approximately 0.333 degrees in elevation. Details of this mechanism
are shown on plate 93. .

115. TRAVERSING MEecHANISM.—The traversing mechanism pro-
vides for a total movement of 360 degrees. The gun and cradle are
carried in side frames on a racer casting which is supported by
conical traversing rollers. A complete circular rack is mounted on
the base ring into which meshes a pinion of the traversing mechanism
mounted upon the racer. This pinion connects, through a slip-
friction device, a wormwheel and worm and two bevel gears, with
the handwheel. The slip friction serves to relieve the gearing from
any undue strain from pressure of projectile against lands of the
gun in firing. An azimuth circle with pointer is provided for reading
changes in azimuth. One turn of the handwheel moves the gun
through a little more than 1 degree in azimuth. Details of this
mechanism are shown on plate 94.

116. GuN CarriaGe.—The gun carriage, plate 33, includes the
cradle, carrying the recoil and spring cylinders, the elevating and
traversing mechanisms, described above, and the cast-steel side
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frames, racer and base ring to which these mechanisms are assembled.
An operating platform of structural steel is attached to the rear of
the side frames and rotates with the gun in azimuth.

117. RaiLway Car Bopy.—The railway car body is of structural
steel, drop center type construction, with the barbette carriage moun-
ted in the well, plate 92. The body is provided with jack transoms
at each end of the well, which mount the four screw jacks used for
lifting,the body, carriage, and gun for emplacing. French couplers,
buffers, etc., were originally provided for service in France, but have
since been replaced by the standard M. C. B. type. All of this is
shown in detail in plate 92. Air-brake equipment is likewise sup-
plied. French, English, and German railway mounts are not pro-
vided with air brakes.

118. ANcHORAGE.—For firing, the car body, carriage, and gun
rest upon a firing platform which takes the vertical component of
the shock of fire, while the horizontal component is taken by out-
riggers, plates 88, 89, 30, 95, and 96. The firing platform consists of
two lines of H-beams placed under the car, along the railroad
ties outside the rails, and of six wooden crossties. The car body .is
raised by means of the jacks; crossties 'are then put in place across
the top of the H-beams and under the car body and the car is lowered
upon them. The outriggers consist of wooden floats about 5 feet
square, cast-steel float plates resting against these and serving as
sockets for the ball ends of the struts, and struts made of pipe and
extending from these plates to suitable attachments on the car body.
These attachments are located, four on each side of the car, in such
a way that the car can be braced in all directions. The eight floats
are placed in as many holes dug in the adjacent ground and the struts
are tightened up between them and the car. These floats are located
as shown to brace the car horizontally in every direction; details of
this arrangement are shown in plate 30. A speed test by a trained
crew showed that the car could be emplaced and prepared for firing
in 45 minutes and that the emplacement could be taken up and all
material loaded on the car in 25 minutes.

119. Trucks.—The trucks are standard 70-ton M. C. B. type having
6 by 11 inch journals and crown cast-steel side frames. The wheels
are 33 inches in diameter and are of rolled steel. Both hand and air
brakes are provided. Details are shown in plate 97. :

120. In addition to the above trucks, a complete set of equipment
is furnished for hauling this material over 60-centimeter gauge
track. This equipment consists of a gun transport car, plate 98,
with loading and unloading rig, a pair of 12-wheel trucks which are
substituted for the 70-ton M. C. B. trucks and carry the car body
and gun carriage, and narrow gauge shell cars for the ammunition,
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plates 99 to 105. Powder, spare parts, tools, etc., are carried on
narrow-gauge flat cars.

121. AMMUNITION SUPPLY SYsTEM.—A standard-gauge, steel box
car with special racks for holding ammunition is provided. This is
shown on plate 106. The car has an I-beam trolley, the track of
which can be pushed out beyond the end of the car when desired.
The ammunition car is located directly -back of the gun car, am-
munition is run out on its trolley and is dropped on to a loading
box located on the after end of the gun car. From there, it is picked
up by a small jib crane located on the rear end of the gun operating
platform, transferred directly to a second jib crane and by means
of the latter swung to the breech of the gun. This method of oper-
ation can be employed for angles of fire of 35 degrees or less on
either side of the center line of the car. Beyond that, it is necessary
to transfer the ammunition to the ground at one side of the car so
that it can be picked up by the jib crane. The entire operation of
this arrangement is well illustrated on plate 108.

122. MAINTENANCE.—Neither carriage nor car involve any new
or uncertain features which might be expected to require extraor-
dinary maintenance. It is perhaps to be anticipated that the car
body may, after repeated use in trains, develop a permanent set or
sag which would be large enough to necessitate correction. Inas-
much, however, as the mount would probably not be subjected to
service either as continuous or as severe as the standard flat car, it
is not felt that this should introduce a serious difficulty.

123. DrFFicuLTIES INVOLVED IN SERVICE.—Several minor criti-
cisms in regard to the operation of this mount have developed in
connection with experiments made upon it in the United States.
Some of these criticisms no longer apply to the mount as it exists
now, the design having been modified to correct them, and they are
mentioned only to point out what difficulties might have occurred
from previously used designs, and to show the development that
has taken place.

124. When the car is first fired, the floats yield more or less ac-
cording to the nature of the ground, and it is necessary to tighten
them up or repack the earth behind them. This should not be a
serious matter when a large number of shots are fired from the same
emplacement in approximately the same direction.

125. The elevating mechanism, before the addition of the anti-
friction device, was comparatively slow in operation. Somewhat
over a minute was required to move the gun through the full arc in
elevation or depression, even under the best conditions. This no
longer applies, since the antifriction mechanisms have so much
reduced the effort required to elevate and depress the gun as to
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permit of the use of a gear ratio approximately three times as great
as the original.

126. A by-pass pipe is provided from the rear end of the recoil
cylinder to the forward end of the recoil buffer. A check valve in
this pipe is exposed to severe and sudden pressures on the counter-
recoil, and on one occasion during proof it failed to function properly.
On investigation, it appeared that this failure to function was due to
unsatisfactory machine work, and on pgying more attention to the
fine machine work of these valves no such difficulty has been ex-
perienced on any other mounts.

127. It is difficult to swing the shell away from the breech when
carrying it to loading position on the second jib crane. The ope-
ration is entirely possible, however.

128. The speed:-test of this mount made by a trained Coast Artillery
crew gave a record of four shots in 10 minutes. This is rather slow
* for the caliber. Since this time, an improved elevating mechanism
has been installed, so that it is felt that this record could be bettered.

129. MeriTs.—The one feature which makes this mount con-
spicuous among railway carriages of all armies and which likely
would have made it of very great value in the present war is its
system of anchorage. There is no other mount in any of the allied
armies which has an anchorage system that compares with this in
effectiveness, nor which can be prepared for action in so short a
time. The system is self-contained, if this term may be used to
state the fact that the anchorage system is a traveling part of the
carriage and it is of such a type as to permit the gun to be fired
without any difficulty in any direction. To realize the full effective-
ness-of the efficiency of this anchorage system it should be compared
with the anchorage used with the several types of 9.2-inch British
guns on railway mounts, the 19 and 24-G French howitzers on im-
provised all-round traverse platforms, and the 240-millimeter French
gun on the railway carriage known as the Colonies type, plate 27.

130. DEMERITS.—The characteristics of the carriage which appear
to those who have observed the operation of allied railway artillery
as demerits, are as follows: The elevating system includes a rack
bolted to the bottom of the carriage meshing with a Hindley worm.
It seems certain that under the working conditions that prevailed
in the present war considerable difficulty would have been experi-
enced in maintaining this rack and worm in proper working order.
Second, a worm of the type of the Hindley worm can not easily be
secured in the field, and inasmuch as such a worm must be worn in
with the rack, it is possible that some diff.culty might have been
experienced in the maintenance.
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131. A second point which applies perhaps entirely to the mount
as originally designed is the lack of rigidity of the underframe. The
whip of the car body was so great as to make it impossible for the
personnel to remain upon it when the gun was fired. The car body
as at present designed, however, has proved satisfactorily sturdy
and rigid, and it is probable that there is not sufficient vibration
either to injure the barbette carriage, even after long service, or to
injure the personnel if they desire to remain on the mount while it

is in action.
PrLATE 87

8IN. BARBETTE CARRIAGE-MODEL 198
ON

RAILWAY CAR-MODEL 1918M!
TOTAL WEIGHT I4,000LBS.
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8INCH AMERICAN GUN ON RAILWAY MOUNT.
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4.—AMERICAN 10-INCH GUN ON SLIDING RAILWAY MOUNT.(17)

132. These guns are mounted on what are termed ‘ sliding mounts "
in the American and English Armies, and *“glissement mounts’ in
the French Army. The gun is swung directly by means of its trun-
nions, in bearings mounted rigidly on the side girders of the car body,
and the gun and mount slide back together along the track in recoil.
The mount is stopped by the friction between the special jacking
beams or sleepers in the bottom of the mount and special firing
beams or I-beam stringers attached to the ties of the track. Most
mounts of this type have no internal means of traversing the gun
with respect to the car body or the trucks, and they must be operated
on curved tracks to train the gun in azimuth. This is the first
modern mount of this type to be described and it may be of interest
to mention some points with reference to its development. It will

be recalled that in the “ Historical introduction,’’ mention was made

of the 13-inch mortar mount constructed and operated by the Union
Army, in which case the gun carriage slid on rails on top of the car
and the car rolled back on the track when the gun was fired.

During the interval between the Civil War and the present war,
several proof mounts were constructed by various countries, operating
on the same principles, but at the beginning of the present war no
nation had constructed for itself any railway mounts on which
provision had been made for dissipating the energy of recoil by means
of friction between special mechanisms designed as a part of and
constructed into the car body and the railway track. The only
railway mounts that the French Government possessed at the be-
ginning of the war were some 200-millimeter mounts which the
Schneider Ordnance Co., had constructed for the Peruvian Govern-
ment and which had not been delivered. The designers of the various
French ordnance companies were hard put to design carriages on
which their heaviest seacoast guns could be mounted and which
could be constructed with the facilities available in a satisfactorily
short period of time. The scheme of mounting the gun rigidly in
the carriage and permitting the mount to slide back on the track in
recoil was developed by the Schneider Ordnance Co., late in 1914,
and the first carriage mounting a 320-millimeter gun was proved at
their heavy artillery camp in February or March, 1915. The de-
signers had considerable misgivings with reference to the performance
of this carriage, which had not been developed through any slow
process of evolution; but the exhaustive test to which this first
carriage was subjected soon proved that although it might appear to
be a crude mechanism it nevertheless was unusually sturdy and the
gun could be operated as rapidly and as accurately as any other gun
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provided with the most elaborate of recoil mechanisms and accessory
equipment. The French Government then proceeded to mount as
rapidly as possible a great number of their large guns on carriages
of this type.

133. It is very significant that none of the nations engaged in the
present war used any great number of large guns, if any at all, that
were finished after their entrance into the war. The writer knows
of only two guns finished and mounted by any of our allies, on railway
carriages, since 1914. All other guns mounted were either in storage,
or were removed from battleships or coast fortifications. On the
entrance of America into the war, it was discovered that the supply
of guns of some of our allies was running dangerously low and it was
proposed that we supply them with some of our heavy guns. Fifteen
of the 10-inch guns of the model that are being mounted on these
carriages, were sent to France in September or October of 1917, to
serve as a reserve and at about the same time, it was decided to have
the French Government construct 36 new mounts for more 10-inch
guns which would be sent across. Shortly thereafter, the French
Government found that its manufacturing facilities would not permit
it to supply all of the material for these mounts, as well as to construct
them, and plans were made to have the plates, castings and forgings
supplied, cut to shape and rough machined in America, and assembled
in France in the shops that had been constructing the 320-millimeter
sliding mounts. .

134. The first four sets of these parts arrived in France several
months before the signing of the armistice and were in process of
fabrication at.the time of the signing of the armistice. It was
planned to have most of the mounts finished and ready for service
for the big offensive that was planned for the spring of 1919. Several
months after the armistice was signed, the four sets of parts that had
arrived in France were shipped back and plans were made for com-
pleting the mounts in America. Many of the details of design have
since been changed and it is probable that only a limited number of
the mounts will be constructed. In considering this type of mount
from many standpoints, it should be understood that it was origi-
nally designed under the stress of the most desperate need and was
not chosen because it was the finest possible carriage on which the
guns could be mounted. It proved most commendably sturdy and
served its purpose well in the type of warfare for which it was de-
signed. General views of the design that will be described are
shown on plates 109, 110, and 111.

135. GUN.—The guns to be used with this mount are the 10-inch
models of 1888, 1888 M. I., 1888 M. II. and 1895, all of 34 caliber
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length, and eight different models of Navy guns from 30 to 34 caliber
length. All of these guns are provided with fixed trunnions. All of
the Army guns are provided with interrupted thread breech blocks
and the Navy guns with stepped thread blocks. All of the breech
blocks are fitted with mechanical firing mechanisms, All of the
Army guns are rifled with 60 grooves and the twist of the rifling is to
the right, progressing in pitch from 1 turn in 50 calibers to 1 turn in
25 calibers.

136. Recoi. MEcHANISM.—No recoil mechanism in the ordinary
sense of the term, is provided with this type of mount. The gun is
fixed to the girders as already noted, and the entire mount slides
back along the track as a unit under the shock of recoil. A description
of the mechanisms employed to bring the mount to rest, is given
under the head of ‘‘Anchorage.”’” Counter-recoil is accomplished by
the same mechanism that is used in traversing the mount. The
length of recoil averages 1 meter.

137. ELEVATING MECHANISM.—Provision is made for elevating the
gun from minus 7 degrees, the loading angle, to plus 54 degrees.
This provision of so great an elevation, that prior to 1917 would
have been considered entirely unwarranted, has come about through
our experiences in this war. No one is now certain of what con-
stitutes a proper line of demarkation between a gun and howitzer,
and no one can be certain either that within a comparatively short
time we may not find it profitable to operate all guns, as well as
howitzers, at these extreme elevations. The elevating rack is bolted
to the right side of the gun, plates 110 and 111. The pinion meshing
with the rack is connected with the handwheels provided on both sides
of the carriage through a slip-friction device, plate 113, a worm-
wheel, worm and bevel gears. One revolution of the handwheel
moves the gun through 1.37 degrees in elevation. To reduce the
effort required in elevating and depressing the gun, anti friction
devices have been provided on each trunnion. The design of these
devices is shown on plate 114, This is a design of antifriction
device, that to some extent has been taken from French railway
mounts, but has been modified and improved. It has been used
already on several other railway mounts and has proved particularly
efficient.

138. TRAVERSING MEcHANISM.—Since the gun is mounted rigidly
in the car body and it is not possible to move the car body with respect
to the trucks, it is necessary to move the entire mount along a curved
track to train the gun in azimuth. The procedure in preparing
these curved tracks has been described in other portions of the re-
port. The mechanism used in moving the mount along the track is
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termed a translating mechanism and is incorporated in the front
truck. Gear cases and two handles are constructed on both sides of
the front truck as shown on plate 109. Sprocket wheels on' the
cross driving shaft of this mechanism are connected with sprockets
on two axles, as shown on plate 117. A clutch is provided by which
the mechanism can be thrown out of gear for firing, and for traveling
it is necessary to remove the chains. It is possible for four men to
move the mount along the track by means of this mechanism at the
rate of about a meter per minute. The ratio is 117 turns of the
handle for one revolution of the car axle.

139. Gun Carriace.—The gun carriage is incorporated in the car
body and will be described in the next paragraph.

140. Car Bopy.—The car body is made up of two structural
steel box girders connected by deck plates and a series of structural
steel transoms. The jack screws required for the operation of the
jacking beams, the elevating mechanism and the loading mechanism
are all incorporated in this structural steel body. The success of
this type depends upon the car body being given a rigidity approxi-
mating as closely as possible that of a steel casting. As a con-
sequence, it is necessary to have the web plates of all the transoms
come into contact with the web plates of the side girders and to have
the seats for all of the fittings carefully and accurately machined.
The rivetting must likewise be well nigh perfect.

141. ANcHORAGE.—The only ancharage with which this mount is
provided, is the friction between the sliding beams and the I-beam
stringers or firing beams attached to the ties. The I-beam stringers
are placed on the firing track or epis, as shown on plate 118. When
the gun has been properly trained in azimuth by moving the mount
along the track by means of the translating mechanism already
described, the six sleepers shown in their relative position on plate
109, and in detail on plate 119, are forced down on these firing beams
as hard as a man on each of the ratchet leversis able to force them,
The design of the jackscrew and .operating mechanism is shown on
plate 117. The men operating these jacks run the sleepers down by
means of the handles, first giving the handles one full turn at a time
at the call of a sergeant, until the sleepers come into.contact with
the beams. Then they turn the handles through half revolutions in
concert, as long as they are able to turn them. The final tightening
is done by means of the ratchet levers and is likewise. performed in
concert at the call of the sergeant in charge. These jacks normally
take about one-half of the entire dead load of the mount and practi- -
cally all of the firing load. When the gun is fired the entire mount
slides back on the stringers, an average distance of one meter. The

181768—21—11
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jacks are then released, all of the men working in concert as in
tightening, and the mount is returned to its firing position by the
translating mechanism. In the various actions by this type of artil-
lery that the writer has observed, no cases were seen in which the
rate of firing was limited by the time required to return the mount
to its firing position and place the jacks. The time required for load-
ing the gun was always the determining factor in the rate of firing.

142. Trucks.—These mounts are provided with two special 6-axle
trucks with 5.5 by 10 inch journals and 36-inch wheels. The truck
frames are of structural steel and the axles are equalized in groups of
three. The design of these trucks is shown on plates 120 and 121.
Spring-supported conical rollers of a design shown on plate 122 are
provided between the trucks and the car body to serve as side
bearings.

143. AMMUNITION SUPPLY SYSTEM.—The ammunition car that is
to be used with this mount is identical with that provided for the
8-inch railway mount, but with modifications in the fixtures to take
the 10-inch ammunition. This car is shown on plate 123. With
French mounts it was customary to transfer the ammunition from

_the ammunition car to the mount by means of a shuttle car known
as a transbordeur. No shuttle car is provided with this 10-inch
mount; instead, a track is provided on the rear truck with an extension
made up of two hinged wings, plate 125, which carries a shot truck
onto which the projectile may be laid from the trolley of the am-
munition car. Provision is made on the truck just back of the mount,
plate 124, for storing four projectiles, two on either side of the track.
Two identical jib cranes are provided on the rear of the mount,
plate 124, and of a design shown on plates 125 and 126, by means of
which projectiles may be picked up from the rear or from the side
and placed on the tray of the loading stand. This loading stand is
of an entirely new design and is collapsible for traveling. The details
of its design are shown on plates 127 and 128. The loading angle is
minus 7 degrees and when the projectile is given a start down the
greased tray it acquires sufficient veloclty to ram itself. In the top
view, plate 124, there are four doors in the deck of the mount, be-
tween the two crane pedestals. These are doors to four asbestos-
lined powder-storage boxes in which sixteen charges of powder can
be stored with little probability of change in temperature within a
reasonable time or danger of ignition from fire.

144, MAINTENANCE.—The French and American personnel oper-
ating these mounts in the field, found them most satisfactory from
the standpoint of service. The mounts were exceedingly sturdy and
there are few mechanisms requiring much attention. The oiling of




161

the jacks, truck bearings, trunnion bearings, breech mechanism, ete.,
is about the only maintenance that this type requires.

145. DrrricuLTIES INVOLVED 1IN SERVICE.—The one difficulty that
may be laid to this mount in service is the time required for the laying
of a new firing track and occasionally the difficulty in finding satis-
factory positions for these firing tracks. The time required for the
laying of such a track averages from two to three days. The position
must be rather well prepared and the track, composed of heavy rails
and ties, must be laid on a heavy bed of good ballast. It is necessary
to level and tamp the track perfectly. It is well nigh impossible to
conceal a curved firing track from the air photographers and the only
recourse that the French had was to construct so many curved firing
tracks over the front that whenever they desired to commence an
action the firing tracks were already in place and the air photographs
taken by the enemy did not show any new tracks. It is not impos-
sible to conéeal a mount on the track.

146. MERITs.—The merits of this mount are its sturdiness, its
small maintenance and the speed with which it can be placed on a
firing position and removed.

147. DEMERITS.—The demerit is that it requires a firing track
which can not be laid under two days and which can not be concealed
from the air photographer. As noted before, it is frequently dif-
ficult likewise, to find suitable positions for these firing tracks and
under such circumstances an unusual amount of time may be re-
quired for its installation. It can not be laid on filled ground and, of
course, time is ordinarily not available for excavating a cut if this
should seem necessary in a desirable position. From the standpoint
of its use at the present time a very serious demerit is that it is
exceedingly difficult to use it against a moving target. It probably
can be operated on a turntable of exceedingly heavy construction.
In this case the sighting apparatus will have to be constructed as a
part of the turntable, since the mount must be trained in azimuth
until the instant of firing. It will not be impossible to construct a
turntable of such strength to permit the mount to slide on it in
firing. No trials have ever been made to determine whether the
mount is sturdy enough to take the shock of recoil in the event that
it is held rigidly to a foundation. - -
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5.—AMERICAN 12-INCH MORTAR ON RAILWAY MOUNT.(18) .

148. This mount is of the cradle recoil top carriage traverse type
and is similar in design to the mount for the 8-inch gun. The recoil
mechanism is hydropneumatic while that of the 8-inch mount is
hydrospring. It is illustrated on plates 130 to 138.

149. Gun.—The piece used with this mount is the 12-inch coast-
defense mortar, model 1890, Mark I, of 10-caliber length. It is
provided with an interrupted thread breechblock which is fitted
with a mechanical firing mechanism. There are 72 grooves, and the
‘twist of the rifling is to the right, the pitch progressing from one
turn in 40 calibers to one turn in 20 calibers.

150. Recor. MecHANIsM.—The recoil mechanism is of the hydro-
pneumatic type. Two hydraulic cylinders are mpunted on the bottom
of the cradle and one pncumatic recuperator cylinder on the top.
There is nothing unusual in the design of the hydraulic recoil cylinders.
This is the first mount described on which a pneumatic recuperator
is used, and it will perhaps be well to describe the recuperator mechan-
ism in detail. It is shown in section on plate 38, and is in general
typical of the design of the pneumatic recuperator used on the 12-
inch Batlgnolles mount and the 12-inch 20-caliber howitzer. This
recuperator is composed of three main parts, a cylinder which is
attached to the cradle, and whose rear end, plate 38, serves as an
air reservoir, a hollow piston attached to the gun, and a floating
piston, the rod of which can be seen passmg through the hollow
piston, and the head of which fits in the air cylinder.

151. On plate 134 it can be seen that the cross head on the front
end of the hollow recuperator piston is attached by means of two
long tension rods to the recoil lug on the rear of the gun. * The space
in the recuperator to the rear of the floating piston, plate 38, is
filled with air at a fixed initial pressure. The floating piston is
fitted with a series of U-shaped leathers, which serve in part toretain
the air pressure. The space between the floating piston and the hol-
low piston is filled with a heavy oil or light grease. It can thus be
seen that if there is ahy leakage in this cylinder it is a leakage of
the oil which fills the space between the ﬂoatmg and hollow piston,
since the air can not escape except by passing both the floating
piston and the oil piston. When the gun recoils, the tension rods
shown on plate 134 pull the hollow piston back, and the pressure
transmitted through the oil or grease forces the floating piston to
the rear at the same time. The length of recoil is 30 inches and the
position of the floating piston at maximum recoil is shown by dotted
lines. As soon as the gun has ceased to recoil the air pressure
behind the floating piston forces it forward and in turn pressure is
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transmitted through the oil and forces the hollow piston and the gun
forward.

152. The front end of the rod of the floating piston projects through
the hollow piston and beyond the end of the bracket, which is attached
to the gun sleigh. As oil leaks out of the hollow piston the floating
piston moves forward under the air pressure. The forward end of the
floating piston rod is graduated and when certain of these graduations
appear it is an indication that the oil supply must be replenished.
As additional oil is forced in the floating piston moves to the rear,
again building up the air pressure. The oil pump used in this oper-
ation can be seen mounted on the cradle beside the recuperator
cylinder. A supply of oil is carried in the pump casing and the pump
is operated by means of the long lever shown in the space between
the hollow and floating pistons. On plate 134 an air bottle can be
seen on the working platform of the mount. This bottle is connected
by a small pipe with the rear end of the recuperator cylinder and
supplies it with air to increase the pressure whenever necessary.

153. The cradle is noticeably of a clumsy design. The mortars
used on these mounts were originally mounted in their seacoast
carriage by means of trunnions attached to the gun. To get the
required amount of bearing surface for a recoil of desirable length, it
was necessary to mount the gun in what is termed a sleigh. This
sleigh is composed of two rings and two runners or splines, plates
38 and 134. The forward ring fits over the tapered muzzle of the
gun and the rear ring over the breech. They are connected by two
runners which fit over the original trunnions of the gun, thereby
attaching the entire sleigh rigidly to the gun. This sleigh is in turn
mounted in the cradle, which is necessarily very wide to accommodate
the large sleigh runners. The cradle is supported in the side frames
of the top carriage by its own trunnions.

154. ELEVATING MECHANISM.—Elevation from minus 5 degrees to
plus 65 degrees is secured through a segmental circular rack attached
to the bottom of the cradle; a pinion meshing with this, a slip-
friction device, wormwheel and worm, and. a set of bevel gears
leading to the handwheel. Any excessive thrust due to fire causes
slipping in the friction device and can not impose excessive strain on
the gears. One turn of the handwheel moves the mortar through
1.004 degrees in elevation. Details of this mechanism are shown
on plate 38. ,

155. TRAVERsSING MEcHANISM.—The traversing mechanism pro-
vides for a total movement of 360 degrees, as with the 8-inch carriage.
Gun and carriage are carried in cast steel side frames on a racer
casting which is supported by conical traversing rollers, plate 135.
A complete circular rack is mounted on the base ring; a pinion of
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the traversing mechanism which is mounted on the racer meshes
with this rack. This pinion connects through a verticalshaft, worm,
and wormwheel with the operating handwheel. Any strain from the
pressure of the projectile against the lands of the gun in firing is
taken up as thrust on the worm. An azimuth circle with a pointer
is provided for reading changes in azimuth. One turn of the hand-
wheel moves the mortar through 0.837 degrees in azimuth.

156. GUN CARrIAGR.—The mortar carriage, plates 38 and 134, is
similar in general design to the 8-inch barbette carriage, model of
1918. Certain radical differences have been made in the details, of
course. In this carriage the pneumatic recuperator has been sub-
stituted for the spring recuperator used in the 8-inch gun. The
elevating mechanism comprises a segmental spur-gear rack and a
pinion, while the 8-inch mount was provided with a Hindley worm
and segmental worm-gear rack. The base ring of the 8-inch mount
was provided with a pintle at its center, while in this case the pintle
is part of the racer and is of very large diameter, plate 38. On the
8-inch mount the traversing rack is attached to the base ring inside
the roller track. On the 12-inch mortar mount the traversing rack
is attached to the outside of the roller track. On the rear of the
working platform of this mount an ammunition table is provided,
since the projectiles are of such weight and size that they can not be
handled by the simple method used on the 8-inch mount.

157. RaiLway Car Bopy.—The railway car body for a number of
these mortars is identical with that of the railway car model 1918,
Mark I, plate 133, for the 8-inch gun. The mortar carriage proved
sufficiently heavy to cause a deflection of about an inch in the center
of the 8-inch design of car body, hence a modified design was made
in which the depth of the web plates was increased, especially in the
inclined portions of the car body. Four-fifths of the total number
of mortar car bodies are of this latter design.

158. ANCHORAGE.—The scheme employed in anchoring this mount
is shown on plates 130, 131, and 136. It is identical with that used
with the 8-inch mount.

159. Trucks.—The trucks on this car differ from those used with
the 8-inch mount due to the heavier load carried. They are 6-wheel
type with 5.5 by 10 inch journals and 28-inch wheels. Both hand
and air brakes are provided. Details are shown on plate 137. A .
set of equipment for transporting the mount over narrow-gauge
track is provided and is in every way similar to that furnished with
the 8-inch mount, plates 99-105.

160. AMMUNITION SUPPLY SYSTEM.—The ammunition car is the
same as that provided for the 8-inch mount, plate 106. 1t is located
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direetly back of the gun car in firing so that the ammunition can be
let down directly on the truck mounted on the special track built on
the car body. From this truck it is picked up by a jib crane on the
rear of the mortar-operating platform and is swung around and
lowered to a loading stand on the back of the latter. From here it
is slid into the mortar along a loading tray which can be put in place
temporarily between this loading stand and the mortar breech.
The loading angle is minus 5 degrees. This arrangement is illustrated
in detail in plate 138.

161. MAINTENANCE.—The only especially novel feature in this
mount, so far as American practice is concerned, is the pneumatic

recuperator. Early in proof tests the valves on the pump for re-

charging the recuperator stuck on one occasion. This difficulty was
easily remedied and the recuperator has since operated perfectly. No
further difficulty should be experienced in the maintenance of this
mechanism. The mortar and carriage are somewhat heavier than
the 8-inch gun and carriage and cause a very marked deflection in
the 8-inch design of car body used with 17 of these mortars. There
is a possibility of the development of a permanent set or sag in these.

162. DirricurLTIES INVOLVED IN SERVICE.-—Proof of this mount
indicates that it operates satisfactorily in every respect at elevations
between 35 degrees and 65 degrees. At lower elevations some dif-
ficulty has been experienced with the settling of outrigger floats in
the ground and particularly with jumping of the car. It appears
that at elevations below 25 degrees the mount is dangerously unstable.

163. The heavy deflection of the 8-inch design of car body may
cause considerable difficulty in emplacing, as the car must be raised
by auxiliary jacks before the standard jacking beams can be inserted.
This operates merely to increase the time required for emplacing and
removing the mounts and it should not constitute a serious difliculty.

164. MERITS.—One of the merits of this carriage is its system of
anchorage, which is identical with that of the 8-inch railway carriage.
Attention should also be called to the cradle, which is of excellent
design; it is felt that it will give excellent service.

165. DeMERITS.—Some difficulty may be experienced in using a
few of these mounts in the field, inasmuch as the deflection of the
underframe is so great as to make it impossible to use the jacks pro-
vided for lifting the car in order that the firing beams and sleepers
may be placed to form the firing platform. It may be necessary to
use auxiliary jacks.
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PLATE 129

I2INMORTAR CARRIAGE-MODEL I8
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RAILWAY CAR-MODEL 1918MK
TOTAL WEIGHT (77000L8S.

. - LonDs T AL
L ]

U.8. COMPOSITE
CLEARANCE DIAGRAM




188

081 ILvig

"LNAOR AVAMTIVH NO HVLHOW NVOIdEANY HONITI
JIH I TS



189

161 4vid

"LNOON AVMTIIVE NO YVLIYOK NVOIMAWV HONIZI
S Y Se—"T T



188

081 "vig

‘LNNOKR AVAMIIVY NO HVIHOW NVOIHANV HONICI
E BRI ST —



189

181 41vid

‘LNION AVATIIVE NO HVLYOK NVIIHEWNV HONIZI

'~ -



192

¥ET 31vid



193

961 wvid



194

08I 3Lvid

MG N e W e e w w @ W W e e W




195

AarD BV o £ING 2O TS V0 DU SV SIINRY 208 N

TI

181 Wvig




196

pil & DG L/ NOSANOY SYCRV -
AMBIESY SMNRO7 .
S5/ X TORS =
o
.
.9-0./||7
MES
1 4400l _ & & O b 4 o 6 V06 & 4 b & 6 &
= 2 o
4 3
-0, Py
. .
' . .
_ 'S J 3
N J T
P
¢ \ J. 6- .
] *
! - -
—. I\ u
/ \
/,
NN
/,// -
,,/./.

88T AWv1d




197

6.—AMERICAN 12-INCH GUNS ON BATIGNOLLES TYPE OF RAILWAY
MOUNT. (19)

166. This mount is built on a design almost identical with the
design of the mounts on which the French have placed 305 and 340
millimeter guns and 370-millimeter howitzers. Modifications were
made in the French design to adapt the mount to American manu-
facture and the American guns. This type of mount, plates 26, 140,
and 141 is a development of this war. It was designed by the Societé
des Batignolles in France, during the latter part of 1914, and the
first mount was tested at the Railway Artillery Camp in January or
February of 1915. All mounts of this type rendered most excellent
service throughout the war, proving definitely the merit of the design.
The original American plan was to mount a number of 10-inch
34-caliber guns, models of 1888, 1888 Mark I and 1888 Mark II, on
the same design of carriage. This has not and likely will not be done.
It can be done at any time without great difficulty simply by pro-
viding a new cradle with decreased inside diameter and a slight
modification of the throttling grooves and the recoil cylinders.

167. Guns.—The guns that are being used with these mounts are
12-inch, models of 1895 and 1895 Mark I, all of 35-caliber length.
These guns are provided with the interrupted thread type of breech
block which is fitted with a mechanical firing mechanism. The guns
are provided with heavy splines on top and bottom, which not only
prevent rotation of the gun on firing, but likewise carry the entire
weight of the gun in the cradle; that is, the gun does not touch the
cradle except in the spline ways. This is not considered good design,
but the French practice was followed in preference to making any
radical modifications in their design at a time when it was imperative
that the guns be mounted with the least possible delay. Difficulties
already experienced in proof firing indicate that unusually fine ma-
chine work is required on the splines and spline ways to prevent
excessive friction and sticking of the gun before it has returned en-
tirely to battery. The inside construction of the cradle with the
spline ways into which the splines fit is shown on plates 142, 143
and 144. .

168. REcor. MecHANISM.—The recoil system is hydropneumatic
and compriseés two hydraulic recoil cylinders attached to the bottom
of the cradle, and one pneumatic recuperator attached to the top,
plates 37, 142, 143, and 144. The length of recoil is about 900 milli-
meters and no pit is required under the mount for firing at the highest
elevation. The air required for the charging of the pneumatic recu-
perator is furnished in bottles. In field service extra bottles are ordi-
narily carried on the mount. The design of the pneumatic recoil is
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essentially the same as that on the 12-inch mortar which has already
been described in detail. :

169. ELevaTIiNG MECHANISM.—It is possible to elevate the 12-inch
gun from minus 5 degrees to plus 36 degrees. The elevating mecha-
nism is in duplicate with arack attached to each side of the cradle and .
pinions connecting through slip friction devices, worm and worm-
wheels, spur gears, a shaft, miter gears, and chains to the hand-
wheels. This mechanism is shown in detail on plate 145. Antifric-
tion devices of the lever design are included in the mechanism. This
can be seen in the view at the right on plate 145. The slip friction
devices are a part of the wormwheels shown on plate 154 and in de-
sign are practically identical with that used on the 10-inch sliding
mount, plate 113. For easyelevating of the gun, the antifriction device
is kept so adjusted that a 0.002 thickness gauge can be inserted under
the main trunnion. It will be observed on plate 145 that the two
mechanisms are rigidly connected by a cross shaft on which the chain
sprockets of each are mounted. One turn of the wheel moves the gun
through 35 minutes in elevation.

170. TraveRrsING MEcHANISM.—The gun and cradle are swung be-
tween the side frames of the structural steel top carriage which is piv-

"oted on the pintle at its forward end to allow a slight traverse. The

extent of this traverse is 5 degrees on each side of the center line.

Two handwheels mounted on the sides of the top carriage at the rear
‘connect by chains with a horizontal cross shaft and from this by bevel
gears to a horizontal longitudinal shaft which drives the traverse
pinion through a worm, wormwheel, and shaft. This mechanism is
shown in detail on plate 146. The rack and pinion are shown in detail
on plate 147. The location of the handwheel is shown more clearly
on plate 148. The greater part of the weight of the gun and top car-
riage is carried on the pintle, at which point the friction is reduced
through the use of a column of Belleville springs, shown on plate 54.
No provision is made in the design for the reduction of the friction
between the rear of the top carriage and the car body by any special
mechanism. The rubbing surfaces are simply kept well oiled. The
design of this contact at the rear is shown in the lower right hand
view on plate 146.

171. GuN CARrRIAGE.—The gun carriage includes the recoil, ele-
vating and traversing mechanisms described above, and two struc-
tural steel side frames with their connecting transoms to which these
parts are assembled. This carriage is pivoted on the main girder by
a heavy pintle which takes the horizontal component of the shock of
firing, but normally the weight is supported on a smaller spring-
supported pintle to reduce the friction of traversing. The pintle
design is shown on plate 54. The general design of the top carriage
is shown on plates 144, 147, and 148.
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172. Car Bopy.—The car body consists of two plain plate girders
of ordinary design connected by suitable transoms and provided with
an operating platform at the rear. The exterior car body design is

“shown on plate 143. The connecting transoms can be seen in the sec-
tion given on plate 54.

173. ANcHORAGE.—The anchorage consists of a special ground
platform made up in six sections and carried on a special ground
platform car. Each section consists of a large structural steel spade
and three wooden ties across which two running rails and two sup-
porting girders are fastened, plate 150. As noted above, these sec-
tions are carried in the special car, plates 151 and 152, which is pro-
vided with a special mechanism for placing the sections, and taking
them up and loading them. In placing a platform, a section of the
railway line of the required length is removed, pits are dug for the
spades and lined with sand or fine stone. The platform car is then
run up to the end of this space and one section after another is put
down, end to end, and bolted together. After one section is placed,
the platform car is run on to that section for the placing of the next.
On plates 153 and 154 a complete platform is shown installed and
ready for the placing of the mount.

174. When the platform has been bolted up and the sand and
rock well tamped around and under the ties and spades, the mount
is run on and so placed that 12 sets of clips, which can be seen on the
bottom of the lower cords on the side girders, plate 26, are just over
the similar sets of clips on the supporting girders of the platform,
plate 153. The 24 special wedges (12 on each side), which are carried
on the hooks which can be seen on the sides of the girders near the
lower cord, plate 155, are then placed between the car girders and
the platform girder and the mount is well wedged up and later
bolted to the platform. The wedges are each composed of three
triangular wedge-shaped sections, the middle one of which can be
moved with respect to the other two by a screw. The turning of the
screw forces the center wedge up and the other two wedges both out
and down, thereby lifting a portion of the weight of the mount
from the trucks and attaching it rigidly to the platform through
the clips. This type of platform is particularly rigid and no dis-
placement whatever can ordinarily be observed even from very
heavy firing. It was a French practice to provide each mount with
two platforms both of which could be placed near each other in
a curved railway line, thereby giving a total traverse of 20 degrees
on the two platforms. The writer has seen a platform placed in
two hours after the section of track had been opened and pits for
the spades had been prepared. Much less time is required for their
removal. :
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175. Trucks.—The trucks, two in number, are eight-wheel loco-
motive type with inside journals, and the bodies are made up entirely
of structural steel. The journals are 6.693 by 12.2 inches and the
wheels 36.22 inches in diameter. The trucks are equipped with both
hand and air brakes. It will be observed that they are fitted with
the French type of buffer, plate 158. This was intended for service
in France. These buffers and couplings have since been replaced
by the standard M. C. B. type. The original center-pin design, which
can be seen on plate 54, was found to be unsatisfactory for service
on American roads, since it can not stand the strain of bumping of
the average American train. This has been modified to the heavy
center-plate design typical of American standard car equipment.

176. AMmMUNITION SUPPLY SYsTEM.—The ammunition car used
with the Batignolles mounts is identical in design to that employed
with 8-inch railway mounts, plates 106 and 107. In service, this
ammunition car is placed directly behind the mount, plate 54. The
ammunition is placed on the operating platform of the mount by
means of the ammunition trolley. It is then picked up by the jib
crane, the design of which is shown in detail on plate 159, and trans-
ferred to a loading stand at the rear of the gun, plate 160, from which
it is slid down into the gun on a removable tray. The gun is loaded
at 5 degrees depression, the projectile being rammed by hand. The
design of the loading apparatus on the working platform of this
mount is very radically different from that provided on the French
Batignolles mounts, plate 162. On the French mount the projectile
is received directly from the ammunition car and drawn up to the
tray at the top of the inclined elevator. When this tray, which is
shown in an approximately horizontal position, is tipped up at the
rear, the projectile slides forward onto the ammunition stand which
can be moved back against the elevator. This ammunition stand
is then rolled forward by means of two handwheels, one of which can
be seen on the right hand side of the stand, bumping the breech of
the gun very hard. The projectile starts to slide into the breech of
the gun and is rammed by a mechanical rammer, operated by the
same two handwheels. It is felt that the simple modified design is
decidedly an improvement over the elaborate French design. A
closer view of the ammunition stand, breech of the gun, removable
tray, projectile tray, and powder bag of the American mount can be
seen on plate 161.

177. MAINTENANCE.—No difficult problems of maintenance pre-
sented themselves to the French service on similar mounts, and it is
assumed that no serious difficulties will be experienced by the
American service. It will likely be necessary to check up occasionally
on the adjustment of the anti-friction devices to be certain that the
elevating mechanism is working at maximum efficiency.
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178. D1FFicULTIES INVOLVED IN SERVICE.—It can not be said
that there are any particular difficulties involved in the service of
this design of mount. If the special ground platform car is kept in
fine working order the platform sections are not difficult to place,
and the time consumed in placing the platforms can not be said to
be excessive. One group commander with whom the writer was
able to consult a number of times had been in charge of this type of
artillery since it had been placed in the field in 1915. He was a
naval officer and he was operating his artillery with navy personnel.
He was most enthusiastic about the Batignolles design and was
positive that he had never experienced any serious difficulties either
of maintenance or service. A very striking attitude of commanders
who had operated continuously either the Batignolles or the Glise-
ment type mounts was that each had become so thoroughly con-
vinced that the type that he was operating was the only type
worth having that he could not conceive of a reason for constructing
any other kind. This was especially so of the personnel operating
Batignolles mounts. Although they had to admit that the sliding
type mounts were giving good service irr the field, they could not
bring themselves to believe that it was a type of artillery on which
construction should continue. The personnel operating sliding
artillery held exactly the same point of view regarding their mounts.

179. MErrrs.—The merit of this design is that it is exceedingly
well balanced. It is true that there seems to be an excess of equip-
ment in-the ground platforms and platform cars, but with guns of this
caliber it is necessary to have a mount that is either provided with a
stable foundation or that can be operated on a curved track. The
difficulties incident to operating railway mounts on curved tracks are
sometimes very great, and it is felt that what might be termed exces-
sive equipment in the platforms and platform cars, is less objectionable
than the difficulties involved in the laying of curved tracks. This
type of platform can be installed more rapidly than any other existing
type of platform for so heavy a gun.

180. DeMERIT.—The demerit of this mount, if it may be styled
such, is the very elaborate ground platform and platform car. It
seems quite probable that guns of this caliber might be placed on
mounts in which the horizontal component of the force of recoil can
be transmitted to the ground by means of struts at the rear, some-
what similar to those used with 8-inch gun and 12-inch mortar
mounts. This would likely necessitate the provision of some jacking
equipment for lowering the mount, until portions of it were in contact
with the service rails or with auxiliary rails, for transmitting the
vertical component of the force of recoil into the track by other chan-
nels than through the trucks, but this would not be difficult. If such
a design can be made, and preliminary investigation indicates that it
can, then the Batignolles design is too elaborate.
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12-INCH, 35-CALIBER AMERICAN GUN ON BATIGNOLLES MOUNT.
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7.—AMERICAN 12-INCH 50-CALIBER GUN ON RAILWAY MOUNT. (20)

181. This mount is of the French Glissement or sliding type modi-
fied to suit the American war-time manufacturing conditions. The
gun rests in trunnion beanngs rigidly connected to the main girders of
the mount.. A general view and details are shown on plates 163 to
184.

182. GuN.—The piece used with this mount is a 12—1nch gun,
model of 1918, Bethlehem, of 50 calibers length, plate 15. It is
equipped with fixed' trunnions and counterweight on the breech end,
plate 165, to allow mounting the trunnions as near the breech as
possible. The breech block is of the Welin or step thread type,
plates 169 and 170.

183. Recort MecnaNisM.—No recoil mechanism, in the ordinary
sense of the term, is used. with this mount. The gun is fixed to the
girders, as noted above, and the entire mount slides back along the
track as a unit under the shock of recoil. Description of the arrange-
ment by which this is accomplished is given under *‘Anchorage.”
Counter-recoil is accomplished by the same mechanism as traverse.

184. ELEVATING MEcHANIsSM.—Elevation from the loading posi-
tion, minus 4 degrees to plus 40 degrees, is secured through a seg-
mental circular rack attached to one side of the counterweight on
the breech of the gun. The pinion meshing with this rack connects
through a slip-friction device, a worm and wormwheel and sets of bevel
gears with two handwheels located on top of the two side girders.
Any excessive thrust due to fire is taken up by the slip-friction device
and no dangerous strain can come on the gear. One turn of the
handwheel moves the gun through 0.625 degrees in elevation.
Details of this mechanism are shown on plate 172.

185. TRAVERSING MECHANISM.—No provision is made on this
mount for traversing the gun: pointing in azimuth is accomplished
by translating the entire carriage along the curved firing track. To
accomplish this, twotranslating mechanisms are provided, one on
each of the two inner eight-wheeled trucks. Each translating mech-
anism consists of a train of four gears and two sets of sprockets and
chains connecting the operating handwheel with one axle of the
truck, plate 117. The total ratio is 100 turns of the handwhcel to
one turn of the truck wheel and on the shop test of the carriage, four
men on each operating handle moved the mount at the rate of about
3 feet per minute. 1t is probable that this performance will be mate-
rially improved as the apparatus is limbered up by use. A clutch
is provided between the gear train and the chain so that the gears
can be disconnected when the.piece is fired. This is necessary in
order to avoid excessive speed in them as the car moves backward in
recoil. For traveling considerable distances, the chain between truck
axle and the rest of the mechanism is removed on all mechanisms.
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186. An alternative power translating arrangement is provided on
the front span bolster of the mount. This comprises a 50-horsepower
gasoline engine and winch which are capable of exerting a pull of about
7,000 pounds; cable and sheaves are provided so that this may be
multiplied to the extent necessary to move the mount. It is not
possible to readily move the mount backward with this apparatus,
but if the mount is pulled somewhat too far forward, it can be run
back by the hand translating mechanism. One of the mounts, plate
168, is equipped with electric motors for driving the translating
mechanisms; the power is supplied from a 25-kilowatt gasoline
generator set mounted on a special recoiling base on the rear of the
working platform. It is possible to move the mount either forward
or backward by these motors.

187. GUN CARRIAGE.—In this mount the gun carriage and car
body are incorporated in a single unit and are described in the next
paragraph.

188. RaiLway CArR Bopy.—The railway car body consists of
two large box girders built up of structural steel and connected by
transom plates. These girders are carried on span bolsters, plate
164, each of which, in turn, rests upon two trucks. Cast-steel trunnion
bearings are mounted on top of the girders and are provided with an
antifriction device which supports the gun on small trunnions for
elevating or depressing, but allows strains to be transmitted directly
to the main trunnion bearings during firing. Operating platforms,
loading apparatus, etc., are also provided on the car body. The main
girders rest upon span bolsters through a special center plate and
king bolt arrangement with removable center and side bearings. A
lever is provided on the side of the span bolster, plate 176, by moving
which these bearings can be withdrawn, so that a vertical movement of
5 inches between girder and span bolster is possible. This is provided
so that any possible sinking of the track and consequent lowering
of the main girder can not bring undue strain upon the truck.

189. ANCHORAGE.—As noted above, this carriage is of the sliding
type and is not rigidly braced against the ground. It is fired from a
specially prepared track laid with extra long ties upon which are
set up eight lines of 12-inch, 55-pound steel I beams called bearing
stringers, plate 177. The weight of the mount is transferred from
the trucks to these stringers by means of 10 sleepers, which are special
wooden beams attached crosswise under the main girder. These are
attached to the main girder through lifting wedges, which permit them
to be lowered, so that they press upon the bearing stringers, or raised,
so that they clear and the weight of the mount is taken by the trucks,
plate 178. The lifting wedges, one of which is provided at each end
of each sleeper, consist of a fixed casting fastened to the underside
of the side girder, a movable wedge attached to the sleeper and capable
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of vertical movement only, and a second movable wedge between these
two, which can be moved horizontally by means of a screw threaded
through its center, bevel gears, and operating lever. As the lever is
turned, the upper wedge is moved along by the screw and the lower
wedge with sleeper is raised or lowered accordingly. Each steeper
consists of a plate steel carrier into which are bolted three heavy
wooden beams at each end. While the gun is in action the two ends
of the sleeper are supported on the lower wedges of the lifting-wedge
mechanism described above. For traveling the sleepers are slid out
sideways with the help of sleeper cranes and are loaded separately.
For firing the special track with bearing stringers as above described
is laid on an 11-degree, 48-minute curve. The mount is pushed
approximately to position on this track by means of a locomotive
and is adjusted exactly by the translating mechanism. The sleepers
are inserted and the weight of the mount is transferred largely to
them by the operation of the lifting wedges. The gun is then fired
and the mount slides backward along the track for a short distance.
The wedges are raised and the mount is run forward to its original
position by the translating mechanism, or by the gasoline winch
already mentioned. Except for the span bolster center plate arrange-
ment and the character of the wedge mechanism, this anchorage
arrangement does not differ materially from that employed in the 10-
inch sliding mount.

190. Trucks.—Four eight-wheel trucks, plate 179, are provided
for this mount. They have structural side frames, cast-steel bolsters,
5.5 by 10 inch journals, and 30-inch wheels. The two outermost
trucks are provided with air brakes, plate 180, and the two innermost
with translating mechanism, as described under Traversing mecha-
nism. Semi-elliptic springs are provided over each journal box.

191. AMMUNITION SUPPLY SYSTEM.—The ammunition car used with
this mount, plate 181, is the standard Railway Artillery ammuni-
tion car. Special fixtures are provided, however, plate 182, for the
12-inch ammunition. The car is kept down the track at some distance
from the mount itself, and a special shuttle car, plate 183, which is
pushed by hand, is employed in transferring ammunition from the
ammunition car to the mount. In use the shuttle car is run up
against the end of the ammunition car and the trolley in the latter is
run out over it. Ammunition is picked up from the interior of the
car, run out, and let down directly on the shuttle car. The shuttle
car is then pushed along the track by hand to the mount. The ammu-
nition is picked up by means of the jib crane mounted on the rear
span bolster and is transferred to an ammunition tray which runs
on aninclined track from the back end of the main girders to the breach
of the gun. This tray is provided with a buffer, so that when it is
released it may run down the track and be stopped at the breech of
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the gun without undue shock. The projectile slides on and seats
itself in the gun. The loading angle is minus 4 degrees. The general
arrangements for loading, as described above, are shown on plate 184.

192. MaINTENANCE.—Experience in hauling the mount over the
road has shown that there is considerable weaving of the two side
girders relative to each other which causes binding of the trunnion
bearings. A complete steel plate decking is being added along the
top of the girders to eliminate this. A similar weaving in French
mounts has resulted in the breaking of trunnion caps. None of the
mounts has yet seen sufficient service to develop serious troubles
except as just noted. It is probable when these difficulties are reme-
died that no serious problems of maintenance will present themselves

in field service.
PLATE 163

SLIDING RAILWAY MOUNT-MODEL 1918
TOTAL WEIGHT $50,000LBS.

LOADS AT RAL. LOADS AT RAN.

U.S. COMPOSITE
CLEARANCE DIAGRAM
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8.—AMERICAN 12-INCH HOWITZER ON RAILWAY MOUNT. (21)

193. This entire design was made up in response to a request
from the Expeditionary Forces in France for a long 12-inch mortar
with a range of 20,000 yards, mounted on a carriage that would be
emplaced in & manner similar to the 8-inch gun and 12-inch mortar
carriages, and from which the mortar could be fired over either end,
and with a traverse of from 20 to 30 degrees on each side of the center.
Accordingly a cannon of 20 calibers length and capable of being
operated at a pressure that would give sufficient muzzle velocity
to attain the desired 20,000 vards range was designed and was
mounted on a carriage similar to the carriage used for the 8-inch
gun and 12-inch mortar. The difference between the details of this
and the previous designs will be pointed out later. It is probable
that this represents the limit of the ability of the designer to com-
bine in one unit a gun of so great an elevation as 65 degrees and a
traverse of 360 degrees from a carriage equipped with self-con-
tained emplacing facilities which enable the mount to be emplaced
for action on any existing standard track in less than one hour.
From the standpoint of these characteristics of great muzzle energy,
high elevation, wide traverse, and rapid emplacement it is felt that
this is among the most valuable, if it is not actually the most valuable,
mount now in the possession of the American Army. Recent inves-
tigations indicate that with the addition of a new cradle it will be
possible to operate an 8-inch, 50-caliber gun from the same carriage.
The mount and its details are illustrated on plates 185 to 215 and
125.

194. GuNx.—The gun for this carriage is a 12-inch, 20-caliber
howitzer, model 1919, of built-up design. This howitzer has, at
various times, been termed a ‘“long mortar”’ and a ‘“howitzer’’; in
this treatment, however, it will be known as a howitzer. It is fitted
with a breechblock of the interrupted thread design, which is fitted
with a mechanical firing mechanism. It has 108 grooves and the
rifling twists to the right, the pitch increasing from one turn in 40
calibers to one turn in 20 calibers. Its probable life is 500 rounds.

195. Recor. MEcuaNisM.—The recoil mechanism, plates 196 and
197, comprises two hydraulic recoil cylinders fitted into the cradle
on either side of the center at the bottom, and a pneumatic recuper-
ator attached to the top of the cradle in the center. The maximum
length of recoil is 37.5 inches. The design of the recoil cylinders,
plate 198, is not unlike that of the cylinders used on previously
designed mounts. The design of the recuperator, plate 199, is
essentially the same as the recuperator described in detail under the
12-inch mortar. An air bottle is carried on the left side of the
carriage and is permanently connected by small tubing with the
rear of the recuperator cylinders, plate 197.. Gauges for measuring
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the initial air and liquid pressures are mounted on the left side of the
cradle. A liquid pump, plate 200, for maintaining the floating
piston in the recuperator in its proper relative position is likewise
mounted on the left side of ‘the cradle between the two gauges.

196. ELEvaTING MECnaNisM.—The elevating mechanism com-
prises a circular rack bolted to the right side of the cradle, a pinion
meshing with this, and a train of spur gears leading to the single
handwheel mounted on the right side of the carriage, plate 201.
As a substitute for the usual slip friction device, this mechanism
includes a brake on the handwheel of a design similar to that of
the service brake of an automobile. The drum is a part of the hand-
wheel, plate 201, and the brake grips it tightly except when the
foot pedal, plate 202, is pressed down. This elevating mechanism
comprising spur gears only, follows the design of the elevating
mechanism of the 16-inch howitzer mechanism which was found
particularly efficient. An antifriction device, plate 203, is mounted
with each trunnion to reduce the effort required in elevating and
depressing the gun. The principle of the operation of this device
is the same as that of other devices already described, although it
differs in the details of its design. The elevation quadrant used
with this mount is the special elevation quadrant, model 1917,
plate 173, designed for use with railway mounts.

197. TRAVERSING MEcHANISM.—The traversing mechanism com-
prises a circular rack bolted to the inside of the base ring, plate 196,
a pinion meshing with this, and a vertical shaft leading to the worm
wheel, worm and hand wheel, plate 204, mounted on the left side of
the carriage. The ratio of the gearing is one turn of the handwheel
for 1.028 degrees of traverse. The panoramic sight used with this
mount is identical with that shown on plates 174 and 175.

198. GuN CARRIAGE.—The top of the gun carriage comprises a
cradle of grid-iron design, plate 197, a top carriage body made up of
two cast steel side frames and light front and rear transoms connect-
ing these, plates 186, 187, and 196, a structural steel working plat-
form carrying the ammunition table and crane, plates 196, 205, and
206, all of which are carried on a cast steel racer, plate 196. Atten-
tion is invited to the differences in the details of the design of this
racer, plate 196, and the racers for the 8-inch gun and 12-inch mor-
tar, plates 33 and 38. .

199. RaiLway Car Bopy.—The railway: car body, plates 196 and
207, is in its details quite unlike that of the 8-inch gun and 12-inch
mortar. The 8-inch gun and 12-inch mortar car bodies are built
entirely of structural steel. Even with the best work that it was
possible to secure on these mounts, the bed on which the base ring
rests was invariably so buckled as to require an undue amount of
lining up, and even after being properly lined, was not satisfactorily
rigid. In this design the car body is composed of three: parts,
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the two ends of structural steel and the center a steel casting.
It will be noted that the casting has sufficient drop at the center
to permit it to rest on the firing beams, sleepers being used only
at the ends. It is likewise satisfactorily rigid, and eliminates
entirely the necessity for lining up already mentioned for other
mounts. The structural steel ends are bolted to the center section.
It is possible that the car body of this design can not be so quickly
manufactured as if it were entirely of structural steel, but it is be-
lieved that the advantages in having so rigid a base outweigh the
disadvantages in time of construction. Attention is called to the
fact that this cast-steel section is open in the center permitting the
gun to recoil practically to the level of the ties. Comparison of this
mount with the 8-inch railway mount will show that this principle
of permitting the gun to recoil through the base ring of the top car-
riage and center ring of the car body has resulted in decreasing con-
siderably the distance from the center line of the trunnions to the
top of the rails. This, of course, decreases the distances between the
trunnions and the point at which the outriggers are attached and
when firing at wide angles to the track* the line of recoil is more
nearly in line with the outriggers and the mount is much more stable.
The draft gear, plate 208, is so designed as to reduce the severe buffing
shock when the mount is being made up into a train or when it is
traveling.

200. ANCHORAGE.—The system of anchorage is essentially like
that of the 8-inch gun and 12-inch mortar mounts. The outriggers,
plates 186, 187, and 209, are attached to the car body by means of
universal joints giving a much wider range of action than the ball
joints used on the other mounts. Tension ‘rods permanently at-
tached to the car are provided for each of the struts to counteract
certain tendencies of the car to jump when gun is fired at low eleva-
tions. In emplacing the mount for action, built-up beams are placed
across the rails, plate 210, and the car is raised by means of four
screw jacks, plate 211. When the carriage has been raised a sufficient
amount, the built-up steel firing beams are placed on the ties outside
the rails with two sleepers across each end. The mount is then
lowered until it rests on these sleepers and beams. The cast-steel
center section of the car body rests directly on these structural-steel
firing beams. In transit the firing beams, sleepers, cast bearing
plates and floats are arranged on the mount as shown on plate 191.

201. Trucks.—This mount is provided with two 6-wheel trucks
with 28-inch steel wheels and 5.5 by 10-inch outside journals, plate
212. The trucks are equipped with both hand and air brakes, plates
213 and 214.

202. AMMUNITION SUPPLY SYSTEM.—Ammunition tables and trays
are built into each end of the car body, plate 186. A loading stand
is built into the working platform in the center at the rear, plate 215,
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and projectiles are transferred to it from the table on the car body
by hand operated jib cranes, plates 215 and 216. Experience on
railway artillery in France resulted in the specification thattheam-
munition supply system for this mount be so designed as to permit
of operation of the gun from either end of the car with equal facility.
The gun can be traversed through 360 degrees and no matter how it
may be run in on its emplacement, it can be operated in any direction.
As long as the gun operates within the scope of either end of the car,
ammunition can be supplied directly from the ammunition car to
the tray at the end and from the tray by means of the cranes to the
ammunition table on the top carriage. When the gun is operated at
wide angles to the track, after each third shot the gun carriage must
be traversed back within reach of the shell tray on the car. This is
not a disadvantage, however, since the carriage can be traversed
easily and quickly and no time will be lost. The tables on either
end of the car, plates 189 and 190, will hold seven projectiles each,
and the ammunition stand on the working platform will hold three
projectiles. :

203. MAINTENANCE.—It is not believed that any difficulty will be
experienced in the service of a mount of this design. Quite probably
the attention required on the recoil cylinders and the recuperator;
together with the minor service to keep the elevating and traversing
mechanisms in good shape will constitute the bulk of the mainten-
ance. ~

'204. Merrts.—For a gun of this caliber and length, this is the
best designed in all of its details that the writer has seen in any army.
Its recoil mechanism is unusually fine, the elevating and traversing
mechanisms are rapid and efficient; the car-body design, involving
the use of a centrally cast-steel section is excellent; the details of the
anchorage system are very good and the ammunition supply system
equally good. When handled with care and by experienced artillery-
men, this gun will probably render more efficient service than any
other railway mount possessed by the American Army.

205. DEMERITS.—There seems to be no ground for criticism of
any part of the mount except possibly the elaborate design of the
cradle. The objection that is raised to this design is the time re-
quired to make patterns, the time required to make the castings, and
the difficulties involved in making perfect castings. Under peace-
time manufacturing conditions such a design may not be due for
much criticism. Under stress of war-time conditions, however, it
can not be manufactured with satisfactory speed, and is likely to tie
up shop facilities for an undue length of time. Cradles of foreign
design have been observed which are practically smooth cylinders.
It is quite true that such cylinders are not as rigid as the design under
discussion, but they have been used with 15-inch 45-caliber guns, and
have not developed serious faults.
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PrLATE 185

12 INHOWITZER RAILWAY MOUNT-MODEL 1919
TOTAL WEIGHT 195,243 LBS.
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9.—14-INCH GUN ON RAILWAY MOUNT, MODEL E. (22)

206. This is a mount the design of which was practically finished
prior to our entrance into this war. It was designed primarily for
service in the coast defenses, although a number of special provisions
were made for its service as a field mount apd even those features
which adapt it especially for coast defense, adapt it likewise for certain
types of field service. It can be operated either as a sliding or as a
fixed emplacement mount. Only one mount of this design has been
finished, but it has made so favorable an impression from its per-
formance in recent tests against a moving target, at a distance of
6,000 yards, when the difficulties of following a rapidly moving
target are extreme, that it is probable that a new mount embodying
most of its desirable features, as well as other features found impera-
tive for field service, will be made up very shortly. General views
are shown on plates 217, 218, 219, and 220.

207. Gun.—The piece used on this mount is a wire-wound 14-inch
gun, model 1919, of 40 caliber length. It is provided with an inter-
rupted thread breech, which is fitted with a mechanical firing
mechanism. There are 126 grooves and the twist of the rifling is
to the right, progressing from one turn in 50 calibers to one turn in
25 calibers. ‘

208. RecoiL. MecnaNisM.—The recoil mechanism is of the hydro-
spring type and is composed of one hydraulic recoil cylinder attached
to the bottom of the cradle in the center, and of the design shown on
plate 221, and six spring recuperator cylinders arranged about the
cradle and of the design shown on plate 222. This recoil mechanism
has functioned very satisfactorily in all of the tests so far conducted.
It is quite probable, however, that a pneumatic recuperator will be
substituted for the sprimg recuperator on the new design that will
be made up for other 14-inch guns. There are no features in the
design of either the recoil cylinder or spring recuperator that are
unusual. The maximum length of recoil is 60 inches. A by-pass
providing an additional oil passage between the end of the buffer and
outlet on the bottom of the cylinder is shown on plate 221. This is
provided to permit of an adjustment to secure the full recoil of the
gun at low elevation as well as for reduced powder charges.

209. ELEvATING MECHANISM.—Provision is made for elevating
the gun from its loading angle, zero degrees, to a maximum eleva-
tion of 30 degrees The details of the elevating mechanism are
shown on plates 221 and 223. This elevating mechanism is essen-
tially the same in design as that provided on the 14-inch Navy
mounts, Marks I and II. It will be observed on the above noted
plates that the mechanism is made up of one large screw hinged to
the bottom of the cradle by means of a yoke and trunnions and
passing through a large nut in the oscillating housing which is in
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turn supported by its trunnions in bearings attached to the car body.
This nut is provided with a ball thrust bearing as shown on plate 223,
and is driven by miter gears which communicate with the handwheel
through the horizontal cross shaft and two more sets of miter gears.
"The elevating handwheel is mounted on the right side of the car-
riage just behind the trunnion. Each trunnion is equipped with an
antifriction device of the design shown on plate 224. This is of the
rolling wedge or knife edge type and again is almost identical in
design with the antifriction device provided on the Navy 14-inch
mounts, plate 270. It is composed of a fulcrum arm whose rounded
lower end rests in a bearing block which in turn rests on the adjust-
ing wedge. The upper end of the fulcrum arm is rounded to a radius
equal to the distance from the center of the lower end to the center of
the top, and bears directly against the under side of an extension of
the main trunnion. Both the fulcrum arm and the trunnion are fitted
with gear-toothed segments which mesh with each other and prevent
slipping of the arm. The device is adjusted by means of the wedge
under the bearing block at the bottom of the arm. When properly
adjusted, this device carries the weight of the gun while it is being
elevated and depressed, thereby reducing considerably the effort
required. When the gun is fired the force of recoil is transmitted,
even at the maximum firing angle of 30 degrees, almost entirely into
the main trunnion bearing. This mechanism is inferior to the type
used in the service of the other mounts already described, in that it
contains no flexible parts that can bend or be compressed under the
force of recoil and permit that force to be communicated more easily
and directly to the main trunnion bearings. One turn of the slow,
operating handwheel elevates the gun through 0.33 degree and one
turn of the fast-operating crank elevates the. gun through 0.545
degree.

210. TraversiNG MEcHANISM.—This mount can be traversed
through 360 degrees by means of a mechanism, the design and
details of which are shown on plates 225, 226, and 227. The entire
mount rests by means of four conical rollers on a cast-steel base
plate. To the center of the base plate is bolted a pintle which takes
the horizontal component of the force of the recoil; gears are cut on
the inside of the roller path to serve as a traverse rack. The trav-
erse pinion is cut in the bottom end of a vertical shaft which can be
raised for traveling, or lowered to mesh with the traversing rack for
traversing the mount. This shaft passes through and is driven by
the large horizontal miter gear, as shown on plate 227, which is in
turn driven through miter gears by the two handwheels on the sides
of the carriage. The gear case through which the horizontal driv-
ing shaft passes on the left side of the carriage, plate 227, contains a

181768—21——19
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large miter gear, loose on' the shaft, but which may be thrown into -
gear with the shaft by the foot-pedal operated clutch. When the
clutch engages the miter gear, the traversing mechanism is operated
by the handwheel somewhat to the rear of the handle and shown
on plate 218. This gear is used for the final fine adjustment.

211. It has been noted before that the gun can be fired without the
use of a firing platform to an elevation of 22 degrees. To secure any
great amount of traverse under this elevation, it is of course neces-
sary to operate the mount on a curved track. For fine adjustment,
a car body traversing mechanism of the design shown on plates 228
and 229 is used. It will be observed here, that cast-steel body bol-
sters shown in detail on plate 230, riveted into each end of the car,
carry a traversing beam which is fixed with respect to the truck
when the lifting bolster is down. Between this traversing beam
and the body bolster are two rollers, 5.33 inches in diameter and 23
inches in length, on each end of which are cut spur gears which mesh
with racks attached to the body bolster and the traversing beam.
The traversing beam is connected with the handwheel on the left side
of the carriage, plates 218 and 228, by means of a screw and spur gears.
The mount is capable of being traversed 0.25 degree on each side of
the center, at each end of the car, by means of this mechanism, thereby
securing a total traverse of 1 degree. One turn of the handwheel
moves one end of the car through 0.093 degree. As the handwheel
is turned, the traversing screw moves either in or out of the travers-
ing beam. As noted before, the traversing beam is fixed with respect
to the trucks the car body must therefore mov on the traversing
rollers.

212. GuN CARrIAGE.—In this mount the gun carriage is incorpo-
rated with and is a part of the car body. The gun is earried in a
cast-steel cradle which is swung directly by means of its trunnions,
between the side girders of the car body.

213. Car Bopy.—The car body is made up of two single-web
structural steel side girders connected by a series of structural and -
cast steel transoms, plate 230. The cast-steel body bolsters at the
front and the rear, the cast-steel pintle bearing in the center at the
bottom, and the cast-steel jack bolster at the rear serve further to
stiffen it. Two cast-steel side frame yokes serve further to stiffen the
car body at the top and one carries the forward end of the I-beam
ammunition trolley, plate 243.

214. ANCHORAGE.—The mount may be operated to an elevation
of 22 degrees without the use of auxiliary anchorage equipment, if
desired. To this elevation it may be operated as a sliding type mount.
On plates 231 and 232 are shown the cast-steel sliding shoes which
are bolted to the bottom of the lower chords of the side girders at the
front and the rear. These shoes bear on two auxiliary rails placed on
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the ties one on the outside of each of the service rails. When ready
for firing the mount is let down until the entire weight rests on the
auxiliary rails through these shoes. In a series of trials that have
been made, the length of recoil varied from 11 to 17 feet.

215. For firing above angles of 22 degrees, it is necessary to place
the mount on the cast-steel base ring, the design of one half of which
is shown on plate 233. This base ring may be laid either on a con-
crete sub-base or on rock ballast. When placed on rock ballast, it is
necessary to brace it against lateral movement by means of 64
steel piles, 4 feet long, driven around its circumference. The base
ring is in halves and in traveling is carried on a standard flat car, as
shown in plate 234. The full capacity of a 160-ton locomotive crane
is required to handle it in process of installation. It is first removed
from the car and placed on the ground beside the emplacement, as
shown on plate 235. On plate 234 a lifting eye will be observed at-
tached to the hinge pin between the two sections. After the base
has been placed on the ground, it is picked up first by means of this
eye, as shown on plate 236, after which two chains are attached to
the two half segments. The platform is then spread, plate 237, and
laid in place on the leveled ballast surface of the prepared position,
plate 238. The two segments are then bolted together with eight
bolts on each side of the center and the steel piles driven around the
circumference, plate 239. Four special rail sections are placed over
the conical roller path and are bolted to the rails of the approach
track. After these rail sections are installed, the mount is run into
position over the emplacement and lowered until the traversing
rollers rest on the roller path and the pintle engages with the pintle
bearing, plate 240.

216. The mount is lowered by means of two identical lifting de-
vices installed on the front and rear trucks and of a design shown on
plates 228 and 229. Above the center of the front truck, plate 218,
a capstan mounted on the shaft of the pinion, which drives this lifting
gear, can be seen. This pinion meshes with two large spur gears
which are attached to the ends of identical screws which screw into
the lifting bolster. As the capstan is turned and drives these screws,
the bolster is raised or lowered with respect to the car, thereby lower-
ing the car onto, or raising it from the emplacement. This device
is supplemented by a hydraulic lift, incorporated in the center plate
of the truck. However, when this is used the movable bolster must
be raised or lowered by hand to maintain the side bearing clearance
and prevent the mount from overturning. The lifting bolster is shown
in its traveling position on plate 228. On plate 229 it is shown as
located when the mount is resting on the emplacement and the trucks
are. removed or ready to be removed. The eight conical traversing
rollers, plate 240, are removed in traveling.
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217. When the lifting bolsters are raised the mount can be trav-
ersed until the rear end is over the supports, plate 241. This support-
ing device with the support beams is shown on plates 242, 243, and
244. The cast steel support beams are made up in segments and are
placed on short sections of I-beams which rest directly on stone bal-
last. A cast steel transom carrying two hydraulic jacks and one
screw jack is riveted to the rear of the car body. These hydraulic
jacks have swinging shoes which rest on the support beams and serve
to prevent the mount from turning over in firing. Tests have been
made which prove that the mount can be operated without supports
of this kind when the base ring is bolted to a concrete subbase. The
design of the hydraulic support cylinder is shown on plates 244 and
245. No special mechanism is provided for raising or lowering the
hydraulic cylinders. They can easily be raised or lowered by any
sort of lever, such as a crowbar, and move easily when moved very
slowly. In preparing for action the supporting beams are leveled
very carefully and the hydraulic jack shoes are lowered until they
bear on the greased top surface of the supports. A small cable is
attached to the top of the movable cylinder and passes over the top
of the pulley to the counterweight which balances its weight. The
cylinder will remain in any position. As the cylinder moves up or
down, the oil between it and the ram must pass through the valve
shown in the center of the bottom of the ram, plate 245. Any at-
tempt to move the cylinder rapidly as is the case when the gun is
fired, simply serves to close this valve and prevent the cylinder from
moving. Thus the cylinder can be brought down until its bearing
plate rests on the support segments, and inasmuch as it exerts no
pressure, no difficulty is caused in traversing; but the cylinder fur-
nishes a positive support in firing, since as noted above, any attempt
to move it rapidly closes the valve in the ram. The top surface of the
support beams is kept well greased.

218. Trucks.—The trucks are constructed of structural steel and
steel castings and carry four axles each with 6 by 11 inch outside
journals and 31-inch wheels. Both hand and air brakes are provided.
The two trucks are identical in design. The axles are equalized
throughout, thereby transmitting the load evenly throughout the
entire truck. The design is shown on plates 246, 247, 248, and 249.

219. AMmMUNITION SUPPLY SYSTEM.—The design of the loading
gear is shown on plates 250 and 251. It will be seen on the first plate
that the projectiles can be picked up from the ground or from a plat-
form at the rear of the carriage by means of a chain hoist carried on
an I-beam trolley. The projectile is carried forward and placed on
the shot truck, the wheels of which ride on angle iron rails. The
shot truck is run forward with as great a velocity as possible until its
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buffer strikes the breech of the gun, when the projectile slides on into
the powder chamber. The projectile is then rammed by hand. The
powder charge is picked up from the rear and placed on the shot
truck by means of the same hoist. The shot truck is run forward to
the breech of the gun and the charge pushed into the chamber by
hand. A speed of firing of seven shots in 14 minutes has been at-
tained in recent tests. In these tests it was necessary to lift the pro-
jectiles from the ground. Had the projectiles been located on a plat-
form, level with the working platform of the carriage, it is believed
that this time might have been reduced to one shot per minute.

220. MAINTENANCE.—In the service that this one mount has so far
seen, it has proved very sturdy and practically no maintenance except
the ordinary attention required for the various mechanisms has been
necessary. It is believed that no serious difficulty would have been
experienced with mount of this design even under the severe condi-
tions prevailing in France during the war.

'221. DrrricuLTIES INVOLVED IN SERVICE.—The one feature of this
mount which might cause what may be termed difficulties in service,
is its emplacement for high angle firing. This emplacement required
the full capacity of a 160-ton locomotive crane for installation and
removal. To those acquainted with field service of heavy artillery
in this war, it is not certain, however, that this constitutes a diffi-
culty that is serious. A heavy locomotive crane was to be included
in the equipment of the organization maintaining railway artillery
in the park of the Railway Artillery Reserve in France, and since such
& crane is required for the ordinary service of maintenance, it would
of course, be available for the installation of the equipment of such a
gun as this, of which any army would certainly have only a limited
number. This emplacement permits of operation at 90 degrees to.
any existing railway line and it can be installed in less than a day.
The platform used with the Navy 14-inch mounts Mark I, and with
French 340-millimeter guns and 400-millimeter howitzers required
at least two days for installation and the maximum traverse that
can be secured in any one position with these mounts is not more
than 10 degrees. As a consequence, it is felt that no serious diffi-
culties would be experienced in the service of this mount for land
warfare. Trials have proved it particularly easy of service and
efficient for coast defense.

222. MErrrs.—The merit of this design is that it embodies most
of the features found desirable in mounts for large guns during the
present war. For a gun of this size, it can be emplaced in a very
reasonable time and it can be trained on a target in any direction
from any position: It can be operated from a curved track as a
sliding mount and has an internal car traversing mechanism.. The
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speed of operation developed in recent tests of 7 shots in 14
minutes with probability of its reduction to 1 shot per minute is
excellent. '

223. DemERITs.—The only criticism that occurs to the writer in
connection with this design is in the matter of the limited elevation
to which the gun can be operated either as a sliding or as a fixed
emplacement mount. The maximum elevation for operation as a
sliding mount is 22 degrees, and 30 degrees for operation as a fixed
emplacement mount. The limit for service as either a sliding or
fixed emplacement type of mount should be at least as high as 45

degrees and preferably 50 degrees.
PLATE 216

14 IN.RAILWAY MOUNT-MODELE”
TOTAL WEIGHT 436,700 L8S.
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I’'LaTte 237

BASE RING OF THE I4-INCH, 45-CALIBER AMERICAN GUN MOUNT, MODEL “E”
(THIRD STEP OF INSTALLATION).
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10.—AMERICAN 14-INCH GUN.. NAVAL RAILWAY MOUNT, MARK L (23)

224. This mount is of the cradle recoil car traverse type. The
gun is mounted in a cradle having combined hydrospring and hydro-
pneumatic recoil mechanism. This cradle is supported in turn by
its trunnions on two cast-steel deck lugs, similar to those used in the
turret of the battleship, which are attached to the side girders of the
carriage. The structural steel carriage is carried on two structural
steel span bolsters which in turn rest on two 3-axle trucks each.
The mount fires from its trucks' at elevations between 10 and
15 degrees. When fired from its trucks it is possible to traverse the
mount only by operating it on a curved track. At elevations between
15 and 45 degrees it is necessary to remove the trucks and operate
the mount on a fixed emplacement. When operated on a fixed em-
placement the internal car traversing mechanism is used to train the
gun in azimuth. General views are shown on plates 253 to 263.

225. The guns used on these mounts are 14-inch naval rifles, Mark
IV, Modification 1, of 50-caliber length. The gun is made up of 10
main parts, including a tube jacket, hoops, breech bushing, and
locking rings. The rifling has a right hand twist increasing in pitch
from one turn in 50 calibers at the origin, to one turn in 32 calibers at
a distance of 574 inches from the origin. From this point to the
muzzle the twist is uniform; that is, one turn in 32 calibers. Holes
are drilled in the breech recess pointing toward the center of the
powder chamber to admit air for ejecting the gases from the gun.
The gas ejector valve is attached to the breech face of the gun,
plate 256. The gun is provided with a breechblock of the Welin or
stepped screw type and DeBange system of gas check. The breech
recess is threaded and slotted into 16 sectors, one hlank and three
thread sectors being included in each of four groups, and only one-
sixteenth of a revolution of the block is required to release or lock it.
The block when rotated falls open by its own weight, dropping at
an angle of 16 degrees to the right of a vertical line thrqugh the center
of the bore and is checked by a combined spring and air buffer,
shown at the bottom of the breech lug, plate 256, and shown in detail
on plate 257. The breech is closed by air pressure admitted into
the combined buffer and closing cylinder. The breechblock is fitted-
with a mechanical firing mechanism of the design shown on plate 258.

226. RecorL MecaaNIsM.—The recoil mechanism consists of one
recoil and four spring cylinders arranged about the cradle and of a
design shown on plate 259. The recoil cylinder is the usual hydraulio
brake, but uses throttling rods, three in number, instead of grooves
or bars. The spring tubes each contain double spring columns,
plate 267, divided into six sections and the ends of the spring rods
are provided with air-tight pistons so that compressed air can be used
to aid in returning the piece to battery at high elevations. When the
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gun is being fired at elevations between 10 and 15 degrees, the mount
recoils along the track a distance of from 30 to 40 feet. Under such
circumstances the mount is returned to its firing position by a winch
mounted on the front span bolster. The maximum length of recoil.
at the maximum elevation is 44.5 inches. When operated at ele-
vations between 15 and 45 degrees, it is necessary to place the mount
on a fixed emplacement which includes a pit to receive the breech of
the gun at high elevations and into which the gun may recoil. The
recoil and recuperator pistons are all attached to a yoke which is
slipped over the breech of the gun from the rear and is secured to a
collar on the gun, by means of a bronze locking ring.

227. ELEvATING MECHANISM.—Elevation from 0 to 45 degrees is
secured through a heavy screw hinged to the cradle at the breech
end and working in a nut carried in an oscillating bearing at the center
of the girder. This nut is rotated from a handwheel on the side of
the mount by means of three sets of mite gears and intermediate
shafting, plates 268 and 269. One revolution of the handwheel
moves the gun through about 20 minutes in elevation. The elevating
mechanism includes antifriction devices of the design shown on
plate 270. It was mentioned under the head of Elevating Mechanism
in the description of the 14-inch railway mount, model E, that the
antifriction device of that mount is practically identical with that
used on the Navy mounts. This mechanism works efficiently in
reducing the trunnion friction, but as mentioned before, does not
embody those flexible elements which permit the shock of recoil to
be transmitted directly into the trunnion bearings without excessive
strain on the antifriction mechanism.

228. TRAVERSING MECHANISM.—When the gun is fired at low
elevations from the wheels, traverse is secured by moving the mount
along a curved track by means of a small winch located on the front
bolster. When the gun is to be fired at high elevations from the
emplacement the latter is so placed as to give the gun approximately
the correct azimuth. Small changes in azimuth are effected by
traversing the mount on the jacks and jacking beams which support
it, and around the pintle of the emplacement, by means of a screw
located on the rear beam. A traverse of 2.5 degrees on each side of
the center line can be secured with the jacking beams in any one
position. It will be observed on plate 23 that when the gun is
operated at high elevations, the carriage is supported on four hy-
draulic jacks placed under the ends of the two jacking beams. If
it is desired to secure more than the total of 5 degrees traverse on
one emplacement, the jacks can be lowered and the beams run to the
extreme limit in the direction in which it is desired to traverse each -
end of the mount, and the jacks moved until they are in their proper
position under the ends of the beams. By this procedure it is pos-
sible to secure a total traverse of about 10 degrees on one emplace-
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ment. It would of course be possible to move the jack supports
and secure greater traverse, but the emplacement is not so con-
structed as to take safely the shock of recoil at any very great side
angle. The details of construction of the rear jacking beam with its
traversing screw are shown on plate 271.

229. GuN CARrIAGE.—The gun carriage is incorporated in the car
body and the two are described together in the next paragraph.

230. Car Bopy.—The car body, plate 253, consists of two heavy
single web structural steel girders connected by structural and cast
steel transoms. The cradle is swung by means of its trunnions in
the bearings of the deck lugs attached to the side girders. The
elevating and traversing mechanisms already described, are likewise
assembled to the girders. A bullet proof cab of 0.25 inch steel is
constructed over the rear of the girders to shelter the personnel.
This is the only mount that the writer has observed that is so heavily
protected with armor. The Italian 38-centimeter railway mount
has a shelter of armor plate over the working platform, but no side
plates.

231. ANCHORAGE.—When the gun is operated at elevations be-
tween 10 and 15 degrees, no anchorage other than wheel friction is
required. For operating at high elevations a pit is dug, a bed of
timbers is provided at each end of the car body and the weight of
the car is transferred to these beds by hydraulic jacks placed between
them and special jacking beams incorporated in the car body. The
pit is about 9 feet deep, plate 272, and is lined with timbers. The
timbers at the rear end of the pit are united into a mat or spade and
are connected to the pintle near the center of the girders of the mount,
by structural members and & trunnion bed plate casting so that the
horizontal component of the shock of firing is taken against them.
On plate 273 the emplacement is shown complete and ready to receive
the mount. This firing platform is similar in general design to that
required for the 340-millimeter French gun and the 400-millimeter
French howitzer railway mounts, and for the American 16-inch
howitzer when operating at its maximum elevation. The braces
between the cast steel pintle block and the timber mat or spade in
the pit for the three mounts just mentioned, are made up of 14-inch
square timbers. The braces for this mount are built up of structural
steel.

232. Trucks.—The four trucks are identical in construction and
are 6-wheel locomotive type with 9 by 12-inch journals and 36-inch
wheels. Each truck is provided with hand brakes. The details of
construction are shown on plate 274. These trucks are connected in
pairs by structural steel span bolsters and the ends of the main
girders pivot on these span bolsters.

233. AMMUNITION SUPPLY SYSTEM.—For the service of ammunition
an I-beam trolley track is so arranged along the roof of the cab of the
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mount, plate 253, that it can be pushed to the rear and made con-
tinuous with a similar track in the ammunition car, plate 275, which
is coupled just behind. The shell is picked up in the ammunition
car by a trolley hoist, run along into the cab of the mount and let
down onto the ammunition tray, plate 276. This tray runs on
wheels along a track to the breech of the gun. It is provided with a
buffer which brings it to a stop when it hits the breech and the shell
continues on into the chamber of the gun and is arranged by hand
The gun is loaded at 0 degrees elevation.

234. MAINTENANCE.—Two serious defects in the design. of this
mount result in considerable difficulties in maintenance. First, the
axle loads, especially on the front trucks, are so great as to make
it practically impossible to transport the mounts for any great dis-
tance at a speed greater than from 5 to 10 miles an hour without
more bearing trouble than is normally expected and certainly without
more than can be tolerated in a mount carrying a gun of this value.
Second, the structural steel members whieh connect the spade and
the trunnion bed plate are so flexible as to give trouble in handling.
They are inclined to buckle easily. An additional difficulty was
encountered as a result of covering the entire working platform with
armor. A great amount of moisture condenses on all metal surfaces
within the cab and does not evaporate very rapidly because of the
lack of circulation of air. This condition makes it necessary to pay
a great amount of attention to all of the unpainted metal surfaces.

235. D1FFICULTIES INVOLVED IN SERVICE.—The winch that was
supplied on the mount as originally designed is not powerful enough
to move the mount along the track. It will be necessary to provide
a more powerful winch for the operation of the mount at elevations
under 15 degrees. The trunnion bed plate casting is very heavy,
and difficulties were encountered in installing the emplacement with
the special crane that was provided. It is probable that the casting
is heavier than it need be, and it is likewise probable that the crane
provided was not as powerful as it should be. The type of emplace.
ment required for the operation of this gun at high elevation has
always been considered objectionable because of the excessive time
required for its installation. The platforms used by the French
guns required from two to five days for installation and usually two
days for removal. This platform can be installed a little more quick-
ly, but from two to three days is a fair average. The use of this type
of emplacement,of course,requires a special crane car or locomotive
crane and the total battery equipment is unusually large.

236. MEr1TS.—Inspeaking of this carriage from the broadest stand-
point it can not be said to have many merits. It can be fired without
any track preparation up to an angle of 15 degrees, but it would be
criminal to fire a gun of this type at any such angle except in an ex-
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treme emergency. The loading mechanism is excellent in that it is
simple and is operated entirely by hand.

237. DEMERITS.—It should be understood in dealing with this car-
riage that it is a carriage produced purely for the emergency and may
be classed with what the French call “Affuts de Circonstance.”
When fired at an angle, above 15 degrees it requires the same cum-
bersome firing platform that is used with the French 340-millimeter
gun and 400-millimeter howitzer. The carriage is supported on two
six-axle trucks, and the axle load on the front truck is so great as to
cause considerable trouble with overheated journals and bearings.
Considerable difficulty was experienced in securing permission to move
this mount over French railways because the axle loads of the front
truck exceeded by 13,000 pounds the permissible axle load for
French railways. It seems quite certain that nothing but the des-
perate need for guns for this range and caliber could have secured
the necessary permission to move them about. The axle load on the
front truck is approximately 53,000 pounds. The maximum permis-
sible axle load on French railways is approximately 39,000 pounds.
It is understood that an axle load of 62,000 pounds is permissible on
main lines in America. It seems quite certain, however, that serious
difficulty would be experienced in moving these mounts over newly
constructed lines laid over areas that had been badly shell torn. For-
tunately it was not necessary to move the mounts on any lines except
those that were on fairly settled ground.

238. In moving the five carriages of this type, which were operated
by Navy personnel, from St. Nazaire to Camp Mailly, all of them but
one developed serious difficulty with overheated journals, and the one
that escaped this difficulty was run at an average speed of 5 miles
an hour. Inreturning one of the mounts from Camp Mailly to Bor-
deaux for return to America, it was necessary to put it in the French
shops three times to repair damages to overheated journals and bear-
ings. It would seem possible to limit this difficulty by providing
all of the bearings with hard grease cellars such as are used on large
locomotives. This would provide a positive oiling system that prob-
ably would make it possible to operate the mounts already con-
structed with less difficulty. The armor-plate cab is probably more
of a nuisance than an advantage. While the mounts were being op-
erated against the railway yards of Montmedy and Longuyon from
the vicinity of Verdun, the Germans located the battery positions.
Some shells burst very close to the mounts. One of these bursts
would have resulted in a number of casualties had the mount not been
equipped with armor. This is one of the few cases onrecord in which
the enemy were able to locate the railway positions accurately and
fire on them with any effect. None of the heavy gun mounts in the
French and British Armies were provided with any such armor and
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apparently they never felt the need for them. As noted before, this
steel cab gave considerable difficulty from the condensation of mois-
ture on all metal surfaces within it, and it is felt that the chance case in
which the enemy was able to locate the position does not warrant the
providing of armor. The Italian 38-centimeter railway mount has an
armor-plate roof over the working platform to protect the personnel
from machine gun fire from air planes. The German 28, 24, and 21
centimeter guns were likewise provided with light armor, but it is felt
that excessive use of heavy shelters, concrete as well as steel, by the
Germans indicates rather a tendency toward proved needless and
foolish precautions and should not be considered an example that

is to be followed.
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14 IN. NAVY RAILWAY MOUNT-MARK 1
TOTAL WEIGHT 535,000 LBS.
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Prate 265

14INCH, 50-CALIBER AMERICAN NAVY GUN MOUNT, MARK I.
181768—21—22
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PraTtE 275

AMMUNITION CAR FOR THE 14INCH, 50-CALIBER AMERI.
CAN NAVY GUN MOUNTS, MARKS I AND IIL.
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11.—AMERICAN 14-INCH GUN ON NAVY RAILWAY MOUNT, MARK II. (24)

239. This mount is of the combined cradle and rolling recoil type.
The gun is mounted in a cradle having a combined hydrospring and
pneumatic recoil mechanism. This cradleis mounted in a heavy cast-
steel slide which is carried in guides attached to the side girders.
This slide is capable of moving upward at an angle of 45 degrees with
the vertical, through a distance of 86 inches above the traveling posi-
tion. The structural steel girder is supported at each end by a span
bolster on two five-axle trucks. Neither the car body nor the gun is
provided with any traverse, and it is necessary to operate the mount
on a curved track. When the gun is fired, the entire mount rolls
back on the track a distance of from 30 to 40 feet. General views are
shown on plates 279, 280, 281, and 282. '

240. GoN.—The gun for which this mount was primarily designed
is identical with that used on the railway mount, Mark I—that is, a
14-inch naval rifle, Mark IV, Modification I, of 50-caliber length. It
is possible, however, to mount a 9-inch gun with its cradle in the same
slide.

241. RecoiL MecHANISM.—The recoil mechanism proper is in
every respect identical with that of the 14-inch gun used on the rail-
way mount Mark I, plate 34. The difference in respect to recoil,
between the Mark II and Mark I mounts, is that on the Mark II
mount the gun can be fired without any track preparation whatever
to its maximum elevation of 40 degrees, while on the Mark I mount
it is possible to fire the gun to an elevation of only 15 degrees with-
out track preparation. The maximum recoil of the 14-inch gun is
44 inches when the gun is operated at the maximum elevation of 40
degrees. The recoil of the 9-inch guns at 43 degrees is 36 inches.
The air for recuperator cylinder is supplied from the air pump in-
stalled on the front span bolster, plate 279.

242. ELEVATING MEcHANISM.—The elevating mechanism in its
essential details is identical with that of the Mark I mount, shown on
plates 268 and 269. The only difference is in the connections between
the handwheels and cross shafts which drive the miter gears in the
gear case. This modified connection is shown on plate 284 in the
central figure. It will be observed here that handwheels are mounted
directly on shafts which carry pinions on the inner ends meshing with
spur gears carried directly on the cross shafts.

243. TRAVERSING MecHANIsM.—It has already been mentioned
that this carriage is not provided with any internal traversing mechan-
ism. It is necessary to operate it on a curved track to train the gun
in azimuth. '

244. GuN CARrIAGE.—The cast-steel slide in which the gun and
its cradle are carried will be described under this head. One of the
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qualifications desired of heavy railway mounts during the present
war was & practicable means of rapidly installing an emplacement or
otherwise preparing for action. With most heavy gun carriages it
was necessary to provide some design of ground platform for operating
the gun at high elevations. This provision of a heavy ground plat-
form was necessitated by two considerations. When operating the
gun at high elevations, the vertical component of the shock of recoil
is ordinarily greater than can safely be transmitted through any
except extremely heavy trucks. The second consideration is that
if the gun is to be operated at its maximum elevation without the
use of a subtrack platform and pit under the center of the gun, it is
necessary either to place the trunnions very close to the breech of the
gun or elevate the trunnions above the track by some method in
order that the breech of the gun may not strike the ties at full recoil.

245. Itwasunderstood, of course, that any gun mount operating with-
out a subtrack platform would have to be either of the sliding or roll-
ing recoil type. On the Armstrong 14-inch mount this problem was
solved by mounting the gun in a cradle, whose trunnions are close to
the breech of the gun, and by connecting the rear end of the cradle
with the piston of a large air cylinder by means of . two connecting
rods, in order that the extreme muzzle preponderance of the gun
might be counterbalanced. On the new French 340-millimeter gun
carriage the French designers solve this problem by providing two
sets of trunnion bearings. The low trunnion bearings are to be used
for transportation of the gun which will be transferred to the high
trunnion bearings for firing. In the design made for the Army
16-inch gun early in 1918, it was proposed to raise the center line of
the trunnions of the gun by means of a slide somewhat similar to
this, but sliding in vertical instead of inclined guides.

246. The slide of the 14-inch Mark II mount is shown at its lowest
position’on plate 280 and at its highest position on plate281. On plate
283 it is shown in detail with the mechanism used in elevating it.
Two 9-inch pistons connected to the slide enter hydraulic cylinders
attached to the body of the car. By means of these hydraulic
cylinders it is possible to move the slide in the direction of the guides
through a distance of 86.28.inches, thereby elevating the center line
of the trunnions 61 inches. When at either its upper or lower position
the slide is pinned to the carriage by means of two 10-inch pins
which are entered or withdrawn by a screw operated by ratchet levers
on the outside of the mount, plate 281. These pins, together with the
slides and the hydraulic jack, carry the weight of the gun and cradle
in transit and transmit the force of recoil into the carriage in firing.
The same type of antifriction mechanism that is used on the Mark I
mount is incorporated in this design. This is shown on plate 283.
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247. Car Bopy.—The car body consists of two heavy single web
structural steel girders connected by structural steel transoms. One
noticeable difference between this car body and that of the Mark I
mount is the absence of armor. All equipment on the top of the
carriage, hand rail, hand rail standards, and ammunition trolley,
plate 280, is removable for traveling.

248. ANcHORAGE.—This is a rolling recoil type of mount and
the only means of anchoring it is the friction of the brakes oper-
ated by hand. On firing, the entire mount rolls back on the track, a
distance of from 30 to 40 feet. On the front span bolster, plate
280, is mounted a ‘motor-driven winch carrying a cable which is
attached to the track some distance ahead, and by means of which
the mount is returned to its firing position.

249. Trucks.—The trucks are ten-wheel locomotive type with 6 by
12-inch journals and 36-inch wheels. As noted before, there are four
trucks connected in pairs by structural steel span bolsters. The
brakes provided on all trucks can be operated by hand as well as
by air. Auxiliary air tanks are charged from the pump mounted just
behind the winch on the front span bolster.

250. AMMUNITION SUPPLY SYSTEM.—On the rear span bolster is
mounted a track carrying a steel tray. Both track and tray are
practically identical in design with the track and tray provided on
Mark I mount and shown on plate 276. When the shell tray is at the
forward end of the track, plate 279, the shell is picked up by tongs
suspended from the I-beam trolley, shown on plate 280. By means
of this trolley the projectile is carried forward and placed on the
tray suspended between the stand on the superplatform and the breech
of the gun. The gun is loaded at an angle of minus 5 degrees. The
loading tray is shown in position on plate 279; it is kept in the alter-
nate position shown when the gun is being fired. A structural steel
. jib crane is likewise provided on the side of the mount, plate 279, to
pick up ammunition from the ground or from another car in the
event that it is not practicable to take the ammunition out of the car
directly at the rear of the mount.

251. MaINTENANCE.—These mounts have not seen any field service
and it can not be estimated with certainty-just what the extent of the
maintenance will be. They are very sturdy in construction and it
does not seem probable that they will require txcessive service in
maintenance. The loads on the axle are such as to avoid the over-
heating that gave so much trouble on the Mark I mount. The con-
struction of the slide is simple and sturdy and it is not probable that
it will give any trouble.

252. DrFricuLTIES INVOLVED IN SERVICE.—The only difficulty
that will be involved in the service, if it may really be termed a dif-
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ficulty, will be the construction of the heavy firing positions or epis
that are required for training the gun in azimuth. These firing
positions are always very well prepared and require an unusual
amount of ballast, extra heavy ties and rails, and considerable main-
tenance while the guns are being operated. The labor required in
constructing these epis can not be considered a cause for complaint,
because it is ordinarily difficult to keep the personnel of such a bat-
tery comfortably busy. The time required for the construction of such
epis, however, frequently is a cause for complaint. The time re-
quired to lay a new firing track and prepare it for action may vary
from two to three days.

~ 253. MERITs.—The merit of the carriage is that it can be fired
at the maximum elevation without the installation of firing plat-
forms, which are difficult to install or transport. As just men-
tioned, occasionally the time required for the installation of a firing
track may be a cause for complaint. This is not ordinarily true,
however, since the targets on which such guns operate in land war-
fare, are fixed, and some leisure is available in preparing for action.
They are practically self-contained, in that they require no auxil-
iary equipment for their service. The mount as it is seen on plate
280, practically in traveling order, can be made ready for action in
less than an hour, as shown on plate 282.

254. DEMERITS.—This mount was designed during the active
period of the war and was so designed as to be capable of construction
in a minimum of time with the manufacturing facilities available.
No internal traversing mechanism for fine adjustment of the gun in
azimuth has been provided. Such a mechanism is desirable and if
more time had been available it is probable that it would have been
provided. When considering large gun railway mounts from the
standpoint of their use for coast defense, as well as for land warfare
it is not certain that this is a desirable type. It is probable that a
rolling recoil type of carriage can be operated successfully against
a moving target, but it has not been satisfactorily proved. For
such a valuable gun it seems now that its carriage should be so
designed as to be fitted not only for field service, as this carriage is
fitted, but likewise so designed as to be capable of installation on some
type of rotable platform in order that it may be easily and accurately
traversed and efficiently operated against moving targets.
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PrLaTE 278

14 IN. NAVY RAILWAY MOUNT -MARK I
TOTAL WEIGHT 610.000 LBS.
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12—AMERICAN 14-INCH GUN ON SLIDING TYPE RAILWAY MOUNT,
MODEL OF 1918. (25)

255. This is a mount of the sliding type. The gun is supported
by means of its trunnions directly in bearings attached rigidly to
the side girders of the car body. The gun and mount slide back
together along the track in recoil exactly as the 10-inch and 12-inch
sliding mounts. General views are given on plates 286, 287, 288,
and 289. This is one of the two designs made up in France in
August, September, and October, 1918, by a combined force of
French and American engineers. The French Government had
arranged to purchase forty-five 14-inch, 50-caliber guns from the
United States; hence the decision on the part of the French and
American technical services to combine on a common design of
carriage. No carriages of this design have been manufactured and
it is probable that none will be. The other of the two designs men-
tioned above is the next mount described. The essential difference
between the two mounts is that on the model 1918 it was planned
to use & maximum of structural steel, and on the model 1919 a
maximum of steel castings. This resulted, of course, in radical
differences in the details of design of many mechanisms, as will be
observed in the detailed descriptions.

256. GUN.—The gun employed with this mount is the 14-inch
naval rifle, Mark IV, Modification I, of 50-caliber length. It was
to be fitted with a trunnion band screwed and shrunk on, plate 290,
and it was intended to swing the breechblock to the side instead of
down. The breech was likewise to be equipped with a counter-
weight, plate 291, to allow mounting the trunnions as near the
breech end as possible. The breech mechanism has been described
in detail under the 14-inch naval mount, Mark I.

257. RecorL MecHANISM.—No recoil mechanism, as it is ordinarily
understood, is used in this mount. When the gun is fired, the shock
of recoil is transmitted by the trunnions directly into the car body
and the entire mount slides back on the track, being stopped by the
friction between the sleepers in the bottom of the car, and the special
firing beams laid on the ties.

258. ELEvATING MECHANISM.—The gun can be elevated from 1
degree 30 minutes, the loading angle, to a maximum of 38 degrees,
by a combined hand and electric power operated mechanism, the
design of which is shown on plates 292 and 293. The elevating rack
is bolted to the counterweight on the right-hand side, and as noted
before, the gun can be elevated either by hand power through the
handwheels mounted on the tops of the two side girders, or by means
of the electric motor located some distance forward and between
the girders. The power for operating the elevating motor was to be
supplied from a gasoline-electric generator that was likewise to be

181768—21—24
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mounted within the car body. This same generator was to furnish
power for elevating the gun and for translating the mount along the
track. To protect the generator from being damaged by excessive
strains in firing, it was intended to mount it on a sliding base equipped
with spring or hydraulic buffers. When operated by hand, one
revolution of the handwheel moves the gun through 0.48 degree in
elevation. The motor is 74 horsepower and is connected with the
worm shaft by means of a chain. A clutch is provided so that the
handwheel does not rotate when the motor is being used. An
antifriction device .of the design shown.on plate 294, is incorporated
in the mechanism. This type of antifriction device is considered
preferable to that employed on the model E and the naval mount,
Mark I, in that it includes Belleville springs which are compressed
on firing and permit the shock of recoil to be transmitted more
directly through the trunnion bearings. It is the same in design
as the mechanism used on the 12-inch, 50-caliber gun mount, plate
178, and the 16-inch howitzer mount, plate 357. Its action on the
16-inch howitzer mount has proved particularly efficient.

259. TRAVERSING MEcCHANISM.—Wide traverse can be secured
with a mount of this type only by operating it on a curved track.
The one difference between the operation of this mount and the
10-inch mount, under which the operations have been described in
detail, is that the piece is both traversed and returned to the firing
position by electric translating motors mounted in the extreme
forward and rear trucks. This motor driven translating mechanism
is shown on plate 295. The electric current is supplied from the gaso-
line-electric generator mounted in the car body. On this plate, it will
be observed that the electric motor (20 horsepower), drives by means
of a spur gear, a longitudinal shaft, which in turn drives a cross shaft
by means of miter gears. This cross shaft drives by means of two
sets of spur gears, two other cross shafts on the second of which are
mounted three sprocket wheels. Chains connect these three sprocket
wheels with other sprocket wheels on the three nearest axles. A
solenoid operated clutch is provided to throw the motor out of gear
in the event of an excessive overload. This translating mechanism
on each truck can likewise be driven by hand by means.of four
handles, two on each side of the truck. Provision is made likewise
for traversing the entire car body on the span bolsters in a manner
similar to that employed on the 14-inch mount, model E. The
details of this mechanism are shown on plates 296 to 302. A traverse
of 2.5 degrees on each side of the center line is secured through the
provision of a traversing table or bolster with a pivot casting rigidly
bolted to it, plate 295, which at the bottom, turns in a center casting
bolted rigidly to the main bolster and at the top, turns in a center
casting which has guides machined on two sides, and slides in grooves
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cut in a casting bolted rigidly to the car body. A nut is machined
in the top of the upper center casting, in which the traversing screw
turns. The ends of this screw are turned down, plain on one end
and with rings at the other, plate 296, and are fitted with bearings
which are a part of the casting bolted rigidly to the car body.
When the car body is exactly on the center it may be locked for
traveling, plate 297. On the extreme ends of the screw, are mounted
sprocket wheels which are operated by chains, sprocket, pinion, and
handwheels mounted on both sides of the car body, plates 298 and
299. The car body rests on the traversing table by means of two
sets of rollers, plate 300, and the traversing table rests on rollers
carried in the main bolster, and of a d%lgn shown on plate 302.

260. GUN CarrIAGE.—The gun carriage is incorporated with the
car body and the two are described together in the next paragraph.

261. Car Bopy.—The car body or main frame consists of two heavy
structural steel box girders connected by deck plates and structural
steel transoms. The design is shown in detail on plates 303 to 308.
The cast-steel trunnion bearings equipped with antifriction devices
are mounted on the tops of the side girders. The 50-kilowatt gaso-
line electric generator set is mounted forward between the girders,
and the sleeper jacks and sleepers are assembled in the bottom of the
girders.

262. ANcHORAGE.—The anchorage system is, in general, like that
of the 10-inch and 12-inch mounts and the French sliding mounts.
The bearing stringers on which the mount slides are 10-inch, 40-pound
Ibeams. Eight lines of these are bolted to the ties on the inside and

~outside of the rails. Six sleepers, five under the main body of the
mount and one under the rear span bolster, transfer the weight of the
mount to the stringers and transmit the firing load. Each sleeper is
made up of three heavy timbers bolted together and is supported on
two jacks for vertical movement. The design of the jacks and
sleepers is shown on plates 309 and 310. The sleeper under the rear
span bolster is provided with stecl shoes which bear directly on the
rails. It is ordinarily estimated that about half of the weight of the
mount is transferred to these sleepers in preparation for firing.

263. Trucks.—The trucks are special five-axle locomotive type
with 6 by 11 inch inside journals and 33-inch cast steel wheels and
structural steel side frames, deck plates, and transoms, plates 311 and
312. Hand and air brakes are installed on the exterior trucks,
plate 313.

264. AMMUNITION SUPPLY SYSTEM.—Ammunition is transported
from the ammunition car to the mount by means of a shuttle car, or
transbordeur, of the design shown on plates 314 and 315. This
transbordeur carries five full rounds of ammunition. The two ends
of the top of the transbordeur are made up of hinged wings, which
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are swung around and locked to the main frame in traveling. The
transbordeur is equipped with an ammunition truck, which can be
run forward on the forward wings by means of a hand-translating
mechanism until it is under the jib crane mounted on the rear of the
mount, plate 287. The projectile is transferred by this crane to
another truck on the loading platform. This second truck has a
tray of such length that when the truck is moved to the forward end
of the loading rail and locked in place, the tray projects into the
breech of the gun. The projectile is rammed by hand. Ammunition
cars of the same design as those used with 8-inch guns, plate 106, but
with special fixtures for this size and weight projectile, were to be

used with this mount.
PraTe 285

14 IN.RAILWAY MOUNT- MODEL 1918
TOTAL WEIGHT €16.000 LBS.




Prare 904

371



Kl

RL NS

NOW zzczo._ﬂ NI A

372

o T

182

ILVIJ




373

o AR T T A TR TR T




" PLATE 289

374

N

g
1B
' t]!D

ﬁl'.}'[:}




375

TW S Oewu0] 2 nemwg| W SSVO

ooe Slrwer
TAT] s
FEAd one
= s

AP —l

065 3LVid



376

T > omwan 7 Norowdl 1 evd

e
e
o

e P

o gyl - At

IV M Y200

005 | e TN

AN YY IMATS M |

4 4
e R -
feT s e

SOV LIS SO N

T e T s T owe
P iy

Fhredd

e

see—— =

16% dLVIJ



377

] o | 2
T

SIS

1

T =

ammioT wnimITzL-
) TRAN (&7 WY,
L ANGLY 3 I 70 9/

ATRLICCY

[ e

20T 11V




N T A R
s aﬂm&.“ a L vrvvrrerrm
1 L mm- —
ATBYIOEY — -
SRPIIDS AUMITT | ——
O TR (AT a8 dle——
LN S XIS ¥ o

378

662 wLvid




379

T0] e ewwo] /2 mewa

H—
[~ | ousew
v ATRITECY it
L d =
o |/ TAX (SAIINIS)
» e | LN Y QRATS M —

63 WV1g




380

ni| or resw] & o] wosv
.= [ ]
o poiey -.-“lr\.wuu p = .1u1 I I I Ay
Y Y Ty, .. ST ]
ANB/ I BYNID
WD TNLY KAWL T
087 7200/ (41NN >
LN S Y PETTS NI e ¥
- T T - ~. - -
/ . SN ‘ A
rfoe e N s Y A e
L A Pl _| A, r
,* DESIY] _awi.‘ : i =
e 2 \ _l . st
| ._ - L §
Wl i
l"'l/lnw‘! T T ————_ ——

Q6% aLvid




381

T | P PO | IE nona] /7 St

f Pl maly F

ﬁ gk&t*n
Y TION (& AN,
LMW J Y ST M

llllllllll

063 ALvig




263 3Lv1g




862 ALv1g

181768—21——25



W | o et [ SOV
1 el
AWV NENAIIN
OULVRIIIO
08 12000 BANE -
ANNON ¥y (OO vt Semin _mm_

662 aLvid




Prate 800




386

108 &IVIg




PLATE 302

387

ASSDELY &
-
ovson 2t fomamc 32 [

Al

TRAVERSING TABLE ROLLER

CLASS 1

1] ‘
”’ a1
$5eaf}




PraTE 803



LA A

e R o 2 AT — - -
el sewa] - T QM AT MY SptTT T T s e " w
e — |

1T WY

|
v _
A bl

i 5

,
-
e E——

S ‘uCI‘d.\«Irh‘ Jﬂy#"\!.&.iﬂdﬁ,.ﬂ_ﬂiﬂﬂ& [ REWTA 6 i
- T T 'll“ll - - toosr st e -1
’ g ™
L 1 Bl dedio:d
YW . ﬂ —rrerav v
T - b
T = T
e ¥ey Ty e IO ry
o B e Ll )
. o . o o R o o0 oo
. PRI e R,
fet3o4 . 444 e S .
T [ 3
' — - . —_ D
| an ~ee} . A v
i T 00.08 w0 wacis AR 133 B LV WS S w» T
| e » KRGS ey
s Bt e Sy e =
—. o eemrac) o - h ‘i o el e Wt
b edla H p e o e o
£, 1L | SOXXO -
Tl ™ iS58 (A & . P , b o
Ww. .k-. nomn B R R A S e TSR s S ERORE AN Sl i
‘ofleBmb won osaosee co t tle b 8 S 0 de ¥ b § SOt 6 605520804680 PRI DA PRSI
+ < : 3 R S —
o 0, an ) + - = sy + + Ty -4
vrlc' “nl ‘hm s - M W.l GH\
- e St YN

R E




390

Uinoar)

WY SMMY 0 L3I SNOSHVEL ¥ SWVIHSYIQ

cog ILVIJ




391

PrLaTE 308

79 RCAMID HOLLS FOR TRUNIDS BTARYSS
2

s LR
BT ss v eI s e 0T s sole g 33 'E
.\,.-; ;;; g{: i
\\ E§§ §§ ] g
] o [
Hy BililG
d =
: [l
o L ll
gﬁ x[H
n
b
L,
) ]
4
o
i
o
“
J

Precescosecosseosecee ™
| s :
sssssssisssssossiss .

Seceesssesresserese

LRE
‘

Ny §
RO O OO O]




PraTE 807

392

'. [XEX] m!m]ii
# 555559 83T TSI
= 3

. o
000006006906 060000 0

20$00030
A3

ATTRYY 76

'
MOy A

&

N SLIONG RR (MOUNT
R|MOOEL 198

GAROER SECTIONS

CuasSH [ovson 8 Jomancae Jru ]

v

e

s
~

@0t oI ATLLS ARUII SN O AOITR

conarsT o 8

POEY Oy r AT
BETIS ST DVETIR S 4D

AT 13




393

k




394

e T P LR

53 mos I BRGIHR

!
Lo

T uteer

f

e oz 03— b

n!._‘l!.'c .”.,T w7 WD
| i
Wl

60€ arvig



395

01¢ Wvid




396

T1g avid




PraTe 812

397




398

0¢ wouw ™ o soca v

Tu] e 2eww] sz voswal v

Y Y \u.lwmmww_

NI DY INTS
Vi
RN (& AN
¥ M,

g1 3LvId




PLATE 314

399

d'lgsggh y
3 2 i |s
i i ol P
L .
itk 1554 | | I
2’“::: i ‘I j
SR L
A i
’—h EHII'{

3 |
i ]
bz
HiEd | ]
JONY
W%
JEREE |
1 l N f
|
N

181768—21——26



Jus] o rirvei] a4 v

1 | ]

il ep il Bk
INBIPANY YIVPD
L ek )

TR aa o

L

B e e S S F S TUP R P S

e

QI8 ILVIJ




401

13.—AMERICAN 14-INCH GUN ON SLIDING-TYPE RAILWAY MOUNT,
MODEL 1919.(26)

265. This is the alternate design that was made up in France in
1918 for 14-inch, 50-caliber guns. As noted under the description of
the model 1918 design, this mount was so designed as to contain a
maximum of steel castings. The truck frames, span bolsters, sleeper
housings, etc., are all steel castings. The decision to attempt to
make these very large parts in the form of castings was the result of
difficult manufacturing conditions prevailing in America at that time.
It was felt that time could be saved and better results secured from
the use of steel castings than from similar parts made of structural
steel. Circumstances connected with this mount are mentioned in
the description of the model 1918 mount. General views are given
on plates 317 to 320.

266. GuN.—The gun employed with this mount is the 14-inch naval
rifle, Mark V, Modification I, of 50-caliber length. It is identical in
all of its details with the gun described under the model 1918 design.

267. RecorL MEcHANISM.—No recoil mechanism, as it is ordinarily
understood, is used in this mount. When the gun is fired, the shock
of recoil is transmitted by the trunnions directly into the car body
and the entire mount slides back on the track, being stopped by the
friction between the sleepers in the bottom of the car and the special
firing beams laid on the ties.

268. ELEVATING MECHANISM.—The elevating mechanism provides
for a movement of the gun from the loading angle, 0 degree to
38 degrees. It consists of a circular rack bolted to the counterweight
on the breech end of the gun, plate 321, a pinion meshing with it and
two spur gears, a slip-friction device, a wormwheel and worm, and
miter gears on a cross-shaft mounting handwheels on each side of the
car body. A chain drive extends from the worm shaft to a 74-
horsepower electric motor and a clutch is provided so that the hand-
wheel does not rotate when the motor is being used. When operated
by hand, one revolution of the handwheel moves the gun through
20 minutes in elevation. An antifriction device, of the design shown
on plate 322, is provided on the trunnions to reduce the effort required
in elevating and depressing the gun. This design is the same in
principle but differs slightly in its details from that of the model 1918
mount. -

269. TRAVERSING MECHANISM.—It is necessary to operate this -
mount on a curved track to secure a wide range of traverse. It is
possible to traverse the car body on span bolsters by a mechanism,
the design of which is shown on plates 323 and 324, and the location
and general arrangement of which is shown on plates 319 and 320.
Through this mechanism it is possible to secure a traverse of 2.5
degrees on.each side of the center line. Attention is invited to the
differences in the details of design between this mechanism and the
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traversing mechanism for the model 1918 mount. Electric-trans-
lating mechanisms are mounted on the two outside trucks and each
consists of a 25-horsepower motor connected through spur and bevel
gears and two sets of reducing gears to a crank shaft on the outer
end of the truck. From the crank pins on this shaft-connecting rods
extend on each side to three of the five axles, plates 325 to 327.

270. GoN CArrIAGE.—The gun carriage is incorporated with the
car body and the two are described together in the next paragraph.

271. Car Bopy.—The car body consists of two structural-steel box
girders connected by heavy deck plates and a series of structural and
cast steel transoms, plates 328, 329, and 330. One of the essential
differences between the design of these girders and the girders of the
1918 model is that provision was made for a maximum of machine
riveting. The 1918 model follows more nearly the French design
" and requires considerable hand riveting. Another apparent difference
is in the scheme of bracing the trunnion bearings. The trunnion
bearings on this mount are braced at the rear by extensions of the
web plates passing through slots in the top cover plates. Special
center-pin castings of large size form the pivots for the span bolsters
at either end.

272. ANCHORAGE.—The scheme of anchoring this mount is iden-
tical with that described under the previous mount and for the 10-
inch and 12-inch mounts as well. Eight lines of 10-inch, 40-pound
I-beam bearing stringers are laid on the ties and the weight of the
mount rests on these through five sleepers. The sleeper under the
rear span bolster receives its main load on the firing of the gun and
prevents excessive stressing of the trucks. To facilitate manufactur-
ing of the girders, the sleepers are carried in castings instead of be-
tween extensions of the web of the side girders, asis the case with the
model 1918 mount. The design of the jack castings, jacks, and sleep-
ers is shown on plates 331 and 332. It will be observed on plate 343
that the rear span bolster sleeper bears directly on the rails through
steel shoes and does not rest on the |-beam stringers.

273. Trucks.—The trucks are special five-axle locomotive type
with 6.5 by 12 inch inside journals, 28-inch cast-steel wheels, and cast-
steel side frames and transoms. Hand and air brakes are installed
on the exterior trucks, plate 333. The car body is supported on these
four trucks by means of cast-steel bolsters of a design shown on plate
334. The traversing mechanism already described is installed in the
span bolsters.

274. AMMUNITION SUPPLY SYSTEM.—Ammunition is supplied from
the ammunition car to the mount by a shuttle car or transbordeur
identical in design with that described for the model 1918 mount.
The same design of jib crane, shell tray, and track are likewise used.
This gun loads at 0 degree elevation. It will be remembered that
the r "nads at plus 1 degree 30 minutes elevation.
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4 IN.RAILWAY MOUNT - MOOEL 1919
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14.—~AMERICAN 16-INCH HOWITZER ON RAILWAY MOUNT, MODELE. (27)

275. The design of this mount was begun in 1915 at about the time
the design for the 4.7-inch howitzer was being completed. In other
mounts already described it has been clear that the design has been
effected quite largely by French and British development in this type |
of artillery. The designs for the 4.7-inch gun, the 14-inch gun,
model E carriage, and the 16-inch howitzer model E carriage were
all designed before American Ordnance engineers had had the
opportunity to study any European designs or to learn anything about
their developments. It is very gratifying that these designs, espe-
cially the 14-inch model E embody features which were considered
quite admirable and indicated considerable progress by European de-
signers even at the close of the war.

- 276. The design of the 16-inch model E carriage was completed
in September, 1916, and the work of manufacturing was well under-
way before America entered the war. A number of characteristics
in this design point to a lack of comprehension of the possibility of
the railway type of artillery and indicate likewise that the work of
design on railway mounts was at the beginning of its development.
Apparently it was not realized that it was desirable to avoid the neces-
sity for digging a pit 90 inches deep for the gun to recoil in. The
trunnions of the gun cradle, which is the same as the cradle used in
the 1918 carriage, might have been mounted at such a height as to
reduce the depth of the pit to 2 feet. The other characteristic in
mind is the use of so clumsy a device as the radial truck frames for
attaching the traversing rollers to the mount. In spite of these
obvious defects the carriage stands in point of possibilities for both
field and coast service as practically equivalent to the most modern
designs in that its emplacement can be installed in a moderate
length of time; it can be traversed in any direction from any posi-
tion, and the howitzer can be operated to a maximum elevation of 65
degrees. General views of the howitzer as it arrived from the arsenal
for proving are shown on plates 335 to 339. The general design of
the carriage is shown on plates 340, 341, and 342.

277. GuN.—The gun used with this mount is the 16-inch howitzer,
model 1918, Mark I, of 18-caliber length. It is carried on the mount
in a cradle containing the hydraulic recoil mechanism and spring
recuperator system. The gun is fitted with splines which slide in
spline ways in the cradle to prevent rotation of the gun. 1t is rifled
with 144 grooves which twist to the right at a pitch increasing from
one turn in 40 calibers to one turn in 20 calibers. 1t is provided
with an interrupted thread breech block, which is fitted with a
mechanical firing mechanism.

278. REcoi. MEecHANIsM.—The recoil mechanism is of the hydro-
spring type and comprises two hydraulic recoil cylinders mounted
at the top and bottom of the cradle in the center, and four spring!
recuperator cylinders, mounted two above and two below. The
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design of the spring recuperator cylinders, as well as the recoil cylin-
ders, is shown on plate 343. The recoil and recuperator systems of the
two carriages, models E and 1918, are identical. On plate 362, a
by-pass tube can be seen connecting the front end of the buffer with
the rear of the recuperator cylinder. A similar by-pass is provided
on the lower cylinder. These by-passes are provided for the purpose
of adjusting the length of recoil for various weights of projectiles
and powder charges. The maximum length of recoil is 48 inches.

279. ELEvATING MECHANISM.—Elevation is provided from 0 de-
grees, the loading angle, to plus 65 degrees. The mechanism com-
prises two segmental circular worm racks attached to the sides of the
cradle, Hindley worms, miter gears and bevel gears leading to the
cross shaft mounting handwheels on either side of the car. The
design of this mechanism is shown on plate 344. To reduce the effort
required in elevating and depressing the gun, the trunnions of the
cradle are provided with antifriction devices of the rolling wedge or
knife-edge type, plate 345. This same design of antifriction device
has been used on the 14-inch gun carriage, model E and the two 14-
inch naval carriages Marks I and )I. One turn of the handwheel
moves the gun through 1 degree in elevation.

280. TRAVERSING MEcHANISM.—The gun and cradle are fixed
with respect to the car body and it is necessary to rotate the entire
mount to train the gun in azimuth. The gun and carriage rest by
means of 16 rollers carried in radial truck frames, plate 346, on curved
railway rails attached to the base ring, plate 341. On either side of
the mount, plate 342, identical traversing mechanisms rest on the
curved rails of the base ring by means of four rollers and are attached
to the mount by means of tie-rods. In each of these a vertical shaft
carrying a pinion at its lower end meshing with the traversing rack
is driven by two handles through bevel gears. As the mechanism was
_originally designed, one turn of the crank traversed the gun through
5.75 degrees. This ratiowas sohigh astomakeit practically impossible
for four men to traverse themount. The mechanism has been modified
and the ratio isnow one turn of the handwheel to 0.5 degree in azimuth.

281. GuN CaRRIAGE.—The gun carriage is incorporated with the
car body and will be described in the next paragraph.

282. CAr Bopy.—The gun with its cradle is supported directly
by means of the cradle trunnions in cast-steel bearings bolted to the
inside of the side girders of the car. The car body is made up of two
single web structural steel girders connected, by cast-steel transoms at
the ends, and by a cast-steel yoke in the center, plate 347. The cast-
steel transoms at the ends serve likewise as body bolsters and carry
the body center plate which rests in the center plate of the truck.
Examination of the top view, on plate 345, gives one the impression
that the girders are not sufficiently braced with transoms and deck .
plates. It is probable that some weaving of the side girders will be
experienced in traveling and consequent difficulty in the operating

°
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of the elevating mechanism, simdar to that experienced in the 12-
inch, 50-caliber, mount may be the result.

283. ANCHORAGE.—The scheme of emplacing the mount is shown
on plates 348, 349, and 341. A conical pit 90 inches deep by 192
inches in diameter at the top and 70 inches in diameter at the bottom
must be dug to receive the gun in recoil. A circular trench must
likewise be prepared about this pit to receive the base ring. The base
ring is cast steel and is made in four parts, plates 350 and 351. This
base ring may be carried in four parts in an ordinary flat car or in
halves in a special flat car, as shown on plate 348. Seats are machined
on top of the base ring for two complete circles of standard 80-pound
rails. On the inside of each of the quarter sections are two lugs, the
one which serves as an attachment for the lifting beam and the other
supports one of the I-béam stringers which carry the service rails
used in placing the mount on the emplacement. Timber supports
are placed in the conical pit and two I-beam stringers carrying rail-
way rails are placed across the pit, resting on the lugs just mentioned
and on the timber support on the center. The traversing rack of
each quarter section, plate 350, is cut in order that short sections of
rail may be laid across the ring. Small sections of traversing rack
are bolted into these openings to complete the rack when the mount
has been set in place.

284. Four radial truck frames of a design shown on plate 346, two
with inclined top surfaces and two with horizontal top surfaces and
each containing four rollers, are placed on the base ring on either side
of the mount. Key plates are provided on the inclined surfaces of the
lower cords of the side girders forward of the center to receive the
forward truck frames. The mount is raised about an inch by means
of four hydraulic jacks under the ends of two H beams placed between
the car body and the trucks as far forward and back as possible and
the trucks removed. The radial trucks are then run under, the,
mount lowered and bolted to them. Cast-steel transoms connect the
radial trucks in pairs and outside clips on the trucks engage with the
outside of the traversing rack to prevent overturning of the mount in
firing, plate 341. The traversing trucks, which have been placed on
the base ring by means of the crane, are now connected to the mount
by means of tie-rods. The base ring is placed on well-tamped earth
or preferably on a bed of good rock ballast. A minimum of 1} days
is probably required for the preparation of the pit and the placing
of the mount ready for firing.

285. Trucks.—The trucks are two in number and of standard M. C. B.
design. Each has three axles with 6 by 11 inch journals and 28-inch
wheels. The trucks are equipped with both hand and air brakes.

286. AMMUNITION SUPPLY SYSTEM.—On the rear of the mount a
structural steel frame has been constructed to carry the I-beam track
for the ammunition trolley, plates 336 and 340. This I-beam track
can beslid to the rear so that it overhangs the track for a considerable



425

length and the projectile can be picked up either from the track or
from a flat car at the rear. No special scheme has been worked out
for placing the ammunition at the rear of the- mount, but it is as-
sumed that it would be supplied in the standard 8-inch type of ammu-
nition car, plate 106, with special fixtures for 16-inch projectiles,
and that it would probably be placed from this ammunition car on
a narrow-gauge truck running to the rear of the mount. A special
tray has been provided, plate 341, by means of which the projectiles
can be carried to the breech of the gun and rammed from it. The
powder charge is conveyed to the gun in the same manner.

287. MAINTENANCE.—It is not anticipated that any difficulties
would be experienced in the maintenance of this mount. All of its
parts are certainly sufficiently sturdy to stand the service for which
it was intended. If any difficulty will be experienced it will be in
the service rather than in the maintenance of the mount.

288. DrFricuLTiES INVOLVED IN SERVICE.—The necessity for pre-
-paring so deep a pit to receive the gun in 1ecoil can be classed as a
difficulty involved in service of a railway mount. In the event that
it is not found possible to operate with the base ring on tamped earth
or ballast it becomes necessary to use concrete. This will also be
classed as a difficulty in service, because in the European war it was
found exceedingly difficult to secure a supply of cement for such uses
on the front. It has not been determined whether the noticeable
lack of bracing between the side girders will result in difficulties in
the operation of the elevating mechanism. This is entirely possi-
ble, since the construction is somewhat similar to that of the 12-inch,
50-caliber gun mount on which serious difficulties have been expe-
rienced with the elevating mechanism.

289. MERITS.—The possibilities of operating this mount at an
elevation as great as 65 degrees and in any direction from any po-
sition on the emplacement may be classed as merits. It will be
remembered that the necessity for constructing a long curved track
to secure sufficient traverse of the gun has been classed as a difficulty
involved in service. Such an emplacement as this can be concealed
perfectly while the curved track can not. The ammunition supply
system may likewise be considered satisfactory in that it is quite sim-
_ ple in design and operates entirely by hand without any difficulty.

290. DEMERITS.—The necessity for having a pit as deep as 90
inches, when this might have been avoided, is a demerit. The clumsy
traversing mechanism is likewise a demerit. This mechanism in-
volves the use of four extremely heavy radial truck frames which
are separate pieces of equipment in transit and require a heavy crane
for their installation. The elevating mechanism includes Hindley
worms which it is felt will give serious difficulty in field service.
. This type of mechanism is not efficient in comparison with
mechanism composed entirely of spur gears, and when compared
with the mechanism used on the alternate 16-jnch howitzer carriage,

~
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it is not a commendable design. In the near future the necessity
for providing so elaborate a piece of accessory equipment as a 120-
" ton locomotive crane for the installation of a base ring may be con-
sidered a serious demerit, although this is not certain. At present
one has the choice of using a timber firing platform giving a limited
traverse and installed by a Gantry crane of light construction, a
curved firing track which can not be concealed from air photographs
and requires at least two days for its installation, or a steel base
ring which can be installed in about 12 hours and which requires a
locomotive crane of 100-tons capacity or more. Since a locomotive
crane will in general be included with the equipment of railway
artillery parks the necessity for its use on the front may not be a

reasonable criticism.
PLATE 335

16.INNHOWITZER RALWAY MOUNT-MODEL “E”
TOTAL WEIGHT 248,000 LBS.
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15.—AMERICAN 16-INCH HOWITZER ON RAILWAY MOUNT, MODEL OF
1918, MARK I (28)

291. This carriage was designed as an alternate mounting for the
16-inch howitzer, model of 1918, Mark I. The howitzer was origi-
nally designed in connection with the 16-inch howitzer carriage,
‘“model E,” already described. This mount is of the cradle recoil
mechanism type, model 1918, or combined cradle and rolling recoil
type, model of 1918, Mark I, in each case with limited traverse.
The design is, in general, similar to that of the French 400-millimeter
howitzer carriage, plate 25, and the design of its emplacement is like-
wise similar to that of the 400-millimeter howitzer emplacement.
Before the carriage was completed the principle of rolling recoil was
receiving considerable attention and a number of trials were made
with this carriage operating as a rolling recoil carriage. It functioned
very satisfactorily, but it was found that it would be necessary to
replace the original five-axle trucks with a stronger type of truck
having six axles. The mount can now be used either on the emplace-
ment originally designed in connection with it, or it can be operated
as a rolling recoil mount. The maximum elevation obtainable on
the emplacement is 65 degrees and the maximum elevation when
used as a rolling recoil mount is 45 degrees. The top carriage has a
traverse of 5 degrees on either side of the center, which is of course
the maximum traverse that can be secured when the mount is used on
an emplacement. When it is being used as a rolling recoil mount, any
desired amount of traverse can be secured by operating it on a
curved firing track. General views are given on plates 353 to 361
and 35.

292. GuN.—The gun used with this mount is the 16-inch howitzer,
model 1918, Mark I, of 18-caliber length. It is carried on the mount
in a cradle which is provided with hydraulic recoil mechanism and
spring recuperator system. The gun is fitted with splines which
slide in spline ways in the cradle to prevent rotation of the gun. Itis
rifled with 144 grooves, which twist to the right at a pitch increasing
from one turn in 40 calibers to one turn in 20 calibers. It is pro-
vided with an interrupted thread breechblock, which is fitted with a
mechanical firing mechanism.

203. RecoiL MEcHANIsM.—The recoil mechanism is of the hydro-
spring type and comprises two hydraulic recoil cylinders mounted at
the top and bottom of the cradle in the center, and four spring recu-
perator cylinders mounted two above and two below. The design of
the recoil cylinders is shown on plate 35 and the design of the spring
recuperator cylinders, as well as the recoil cylinders, on plate 343,
of the model E howitzer carriage. The recoil and recuperator sys-
tems of the two carriages are identical. On plate 362 a by-pass tube
can be seen connecting the front end of the buffer with the rear of
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the recoil cylinder. A similar by-pass is provided on the lower
cylinder. , These by-passes are provided for the purpose of adjusting
the length of recoil for various weights of projectiles and powder
charges. The maximum length of recoil is 48 inches.

294. ELEvATING MECHANIsM.—Elevation is provided from minus
8 degrees, the loading angle, to plus 65 degrees. The mechanism
comprises a segmental circular rack attached to one side of the cradle,
a pinion, and a train of four spur gears leading to the operating hand-
wheel. A band brake is provided on the handwheel to prevent undue
stressing of the elevating mechanism from the reaction of firing.
This band brake is substituted for the slip friction device ordinarily
incorporated in the worm wheel of a worm-gear transmission. One
turn of the handwheel moves the gun through 1.8 degrees in elevation.
The effort required to elevate and depress the gun is reduced by anti-
friction devices installed on the trunnions and of a design shown on
plate 356. This device has proved particularly efficient and makes
it possible to operate the elevating mechanism with very small effort.
The details of design of the elevating mechanism proper are shown on
plate 357. This is the first design completed on which the elevating
mechanism is composed entirely of spur gears. It has proved so
much more efficient than other mechanisms which include the worm
gears that practically all designs made up since this carriage was
completed have been provided with similar types of elevating mech-
anisms.

295. TRAVERSING MEcHANIsSM.—The gun can be traversed with
respect to the car body 5 degrees on each side of the center through
rotation of the top carriage about its pintle, by means of a mechanism
whose design is shown on plate 358. The rear of the top carriage
rests on the car body by means of two Belleville spring-supported
rollers, and the carriage is rotated about its pintle, plate 335, by
turning the vertical shaft which carries on its lower end a pinion
meshing with the traversing rack. Thisshaft is operated by a long
ratchet handle. The upper end of the vertical shaft can be seen just
in front of the ammunition table on plate 256. The upper end is held
in a bearing which is attached to the table. One rotation of the lever
traverses the carriage 4.14 degrees in azimuth. When the mount is
operated as a rolling mount any desired extent of traverse can be
secured through the use of a curved firing track. Under such cir-
cumstances only fine adjustments in azimuth are made by means of
the top carriage traversing mechanism. It is probable that a very
great displacement of the track would result from the operation
of the mount with the gun at either of its extreme positions. The
personnel operating British 12-inch railway mounts having a
maximum traverse of 1 degree on each side of the center reported
slight difficulty in the displacement of their track when the gun was
operated at even the extreme position of 1 degree traverse.
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296. GuN CarriaGE.—The gun carriage, plates 256 and 53, com-
prises the cradle carrying the recoil mechanism, and the elevating and
traversing mechanisms already described, all mounted, or carried
on a structure of cast-steel side frames and transoms. The carriage
is provided with a heavy pintle at its forward end, which fits into a
bearing machined in a cast-steel transom of the car body. The rear
of the carriage rests on the car body by means of spring-supported
Tollers already described under Traversing mechanism. A structural-
steel working platform carrying the ammunition table and crane is
bolted to the rear of the cast-steel top carriage. Between the cradle
trunnions and side frames antifriction devices already described
under elevating mechanism are incorporated to reduce the effort
required to elevate and depress the gun.

297. Car Bopy.—The car body, plates 35 and 53, is made up

of two single web structural steel side girders connected by structural
- and cast steel transoms. Toward the forward end a cast steel tran-
som, machined at its center to serve as a bearing for the pintle
of the top carriage, is bolted to the side girders. Center plates and
side bearings are provided at either end of the car through which it
is supported on two trucks. Outrigger struts, jack supports and ties
are attached to the lower cord of the side girders for use in anchoring
the mount to its emplacement.

298. ANCHORAGE.—When the mount was designed it was intended
to operate it on a timber platform of the design shown on plate
53. The platform is in two principal parts. The one comprises a
horizontal bed of timbers on which the mount rests through four
jack screws and which takes the dead-weight of the car and vertical
component of the shock of recoil. The other is composed of two
triangular braces resting against a timber pad. These braces are
connected with the mount by means of ball end struts hinged to the
mount and resting in foot plates on the ends of the braces, plate 359.
This part of the platform takes the horizontal component of the shock
of recoil. When the gun is being operated above elevations of 45
degrees, it is necessary to have a pit about 2 feet deep between the
two heavy horizontal timber beds, into which the gun may recoil.
The rails which bridge this pit and on which the mount is run, are
carried on I-beam stringers, plate 53. They are removed for firing-
The time required for the installation of platforms for similar French
340 millimeter gun and 400 millimeter howitzer carriages, varies be-
tween two and five days according to the nature of the ground and
weather. When the gun is fired at angles of 45 degrees or less, the
mount may be operated on a track of heavy construction without the
use of any firing platform. The brakes are set at a pressure to barely
permit rolling of the wheels and the entire mount rolls back a dis-
tance of from 30 to 40 feet. To secure any large degree of traverse

.
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it must be operated on a curved track. The mount is drawn back
“to its firing position by means of a winch mounted on the front truck.
This winch is connected with the track some distance ahead by
means of a cable.

299. Trucks.—The trucks, two in number, are five axle (model
1918) and six axle (model 1918, Mark 1), locomotive type with inside
journals. The body and bolster are made up entirely of structural
steel. The journals are 6.5 inches by 12 inches and the whetls 28
inches in diameter. The axles are equalized throughout, thereby
distributing the load evenly over the entire truck. Each truck is
equipped with both hand and air brakes. French type couplers
and buffers were provided during the active period of the war, but
have since been replaced by the standard M. C. B. type.

300. AMmMUNITION SUPPLY SYSTEM.—The ammunition car used
with this mount is identical in design with that employed with the
8-inch railway mounts, plate 106, with special racks of course, to
hold the 16-inch projectiles and powder cans. No special provision
has yet been worked out for transferring the ammunition from the
ammunition car to the mount. A crane is provided on the rear of the
mount by means of which the ammunition may be lifted from the
ground on either side of the mount, or from a flat car or from the
track at the rear of the mount. After being lifted by means of the
crane the ammunition is placed on a tipping tray on the top of the
loading stand located on the working platform. When the rear of
this tray is tipped up, the projectile slides forward with slight assist-
ance along the removable tray into the breech of the gun and seats
itself. The loading angle is minus 8 degrees. This loading appa-
ratus is shown on plate 53.

301. MAINTENANCE.—Every mechanism of this mount has func-
tioned very well on proof tests and no serious difficulty in the nature
of maintenance is anticipated. There is one possibility of trouble
which may be mentioned under this head. When firing with full
charges and at 45 degrees elevation from the emplacement a slight
lifting of the mount from the bed at the forward end, and a bending
of the struts under the vertical braces at the rear, was noted on two
occasions. This bending was due to crushing of the wood under
the bearing of the strut and to the fact that the strut had a reduced
section near the vertical brace. It is probable that the substitution
of another strut with large section and strengthening of the wood
beam along the top of the triangular braces will eliminate any future
trouble of this character.

+ 302. D1FFICcULTIES INVOLVED IN THE SERVICE.—The only difficulty
involved in the service with a piece of this type that need receive con-
sideration is the time and care required in the preparation of the
emplacement. This has already been discussed at some length under
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the 14-inch naval mount, Mark I. It is essential either that the
emplacement be made in firm soil or that a sufficient bed of cinders,
gravel or stone be put under it to insure it against undue settling.
It has been mentioned that the mount can be operated as a rolling
recoil mount to a maximum elevation of 45 degrees. Since it is
probable that for the majority of targets a new track would have to be
installed to give the proper direction in azimuth, the difficulty in-
volved in the laying of this track must be considered. Such a firing
track must be well constructed and be made up entirely of very
heavy components. The firing so far conducted from this mount
indicates that a track similar in construction to that employed in
heavy commercial service will be satisfactory. The deduction is,
then, that the only point in this connection that can be raised is the
increase in time required (two days) for placing a special curved
track, over that required for another mount carrying a gun of similar
caliber, but using an emplacement, possibly of the type employed .
with the 14-inch model E mount, which can be installed in about 12
hours. No ammunition-handling system has as yet been carefully
worked out, but it is not felt that any particular difficulties will be
encountered in finding a satisfactory solution. .

303. MErITs.—This mount has an elevating mechanism of excel-
lent design. As mentioned before, this was the first mount com-
pleted on which the elevating mechanism was composed entirely of
spur gears. Tests have proved its excellence. The antifriction
device has proved equally excellent and the design has been followed
on other mounts.

304. DEMERITS.—The necessity for the use of so cumbersome an
emplacement for the operation of the howitzer at high elevation is a
serious demerit. What has been said in this respect under the
14-inch naval mount, Mark I, applies equally here. The limiting of
the maximum elevation to 45 degrees when the mount is used as a
rolling recoil mount is unfortunate. This point is mentioned here,
however, only in comparing the mount with the ideal type of mount,
for it was originally intended to operate it from the emplacement
only; the possibility of operating this particular mount at so great
an elevation as 45 degrees without the use of an emplacement is dis-
tinctly favorable. It seems certain now that a carriage can be de-
signed on which the gun can be operated to an elevation as great as
65 degrees with the mount operating either as a combined sliding and
cradle recoil mount or as a fixed emplacement mount, the emplace-
ment involving no more elaborate components than those employed
with the 8-inch gun and 12-inch mortar.

181768—21——29



PLATE 352

I6IN. HOMTZER RAILWAY MOUNT
TOTAL WEIGHT 312750 LBS.

LOAD AT RALS LOAD AT RAILS
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16.—AMERICAN 16-INCH GUN ON RAILWAY MOUNT. (29)

305. The description that follows is of what represents perhaps a
study rather than an actual design of a railway carriage for the
16-inch 50-caliber American Army gun. It was made up during tht
early summer of 1918, in anticipation of a need for such equipmene
in France, and it is probable that the actual design would have fol-
lowed very closely if not exactly these studies if it had been decided
.to construct such a mount. The mount is of the combined cradle
rolling recoil type and is composed of a symmetrical structural steel
girder carrying a unique type of top carriage by which it is possible
to elevate the center line of the trunnions of the gun 40 inches above
the traveling position, and the whole is supported on four six-axle
trucks, plate 363. This represents the first known study of a mount
in which provision is made for elevating the trunnions of the gun in
this particular manner. The trunnions are mounted so close to the
breech of the gun as to necessitate a counterbalancing arrangement
to compensate for the considerable muzzle preponderance. It is nec-
essary to operate the mount on a curved track to secure any consid-
erable degree of traverse, but car body traversing mechanisms some-
whatsimilar to those incorporated in the 14-inch carriages, models 1918
and 1919, are incorporated in the front and rear of the mount over
eachspanbolster. Theguncanbefired to a maximum elevation of 40
degrees without any other track preparation than the construction of
a heavily ballasted curved track made of the heaviest rails and ties.

306. Accessory crane equipment, transporting cars, etc., plate 364,
were to be provided for removing the gun and cradle from the mount
and carrying it on a separate transport car. With the very large
cradle that it was necessary to provide for this gun it was impossible
to keep the mount, with the gun and cradle mounted on it, entirely
within the clearance lines of all railways in France over which the
mount would probably have had to operate. It would be possible
to transport the mount complete over practically all the main lines
of American railways.

307. The need for such a mount was very carefully considered in
France and it was finally decided that such a unit would not be either
an efficient or economical competitor of the bombing plane. It was
felt that in consideration of the difficulties involved in transporting
such a mount over roads which were not always in the best of condi-
tion, and in consideration likewise of the fact that the accuracy of
fire of such a gun at its maximum range would not be such as to make
it possible to operate effectively against any targets smaller than a
large railway yard or a city, both of which could be operated against
more effectively both as to accuracy in placing the explosive charges
and as to the extent of destruction, by bombing planes, it would not
be wise to divert our limited manufacturing facilities from absolutely
essential ordnance to this experiment.

308. In the autumn of 1918 the Navy Department, on finding
that the axles of the 14-inch mount, Mark I, were so heavily loaded
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as to give continual trouble from overheated journals, designed and
began the construction of a mount whose characteristics were almost
identical with this 16-inch mount. This mount, which is termed the
Navy 14-inch Mark IT mount, hassince been finished. Its total weight
is such as to require only 20 axles as against 24 for the 16-inch mount.

309. GuNn.—The gun for which this mount was to be designed
is the 16-inch, model E, of 50-caliber length. It is fitted with
splines above and below, which slide in spline ways in the cradle to
prevent rotation of the gun, and a heavy lug or yoke is shrunk on
over the breech, to which lug the four recoil and two recuperator
pistons are attached. The gun is rifled with 144 grooves which twist
to the right at a pitch increasing from one turn in 50 calibers to one
turn in 25 calibers. The breech is of the Welin or stepped thread
type and is equipped with a mechanical firing mechanism.

310. RecoriL MecHANIBM.—The recoil mechanism is of the hydro-
pneumatic type and comprises four hydraulic recoil cylinders ar-
ranged symmetrically about the cradle, two above and two below,
and two pneumatic recuperators, placed one in the center at the top
of the cradle and the other in the center at the bottom. The normal
length of recoil is 48 inches and the maximum length of recoil is 49.67
inches. The mount itself is likewise of the rolling recoil type and
while some of the energy of recoil is dissipated in the recoil mech-
anism proper, most of it is absorbed in the friction of the brakes as
the mount rolls back on the track. Most rolling recoil mounts that
have been observed roll back on the track a distance of from 30 to
50 feet. It is assumed that this might represent the probable length
of recoil of this mount also. The design of the recoil cylinders is
practically the same as that of the recoil cylinders of the mounts
already described. The design of the pneumatic recuperators is
practically identical with that of the pneumatic recuperators used
on the 12-inch mortar and the 12-inch Bntlgnolles mounts.

311. ELEvaTiNG MECHANISM.—Elevation is provided from minus
3.3 degrees, the loading angle, to plus 40 degrees, the maximum firing
angle. The mechanism comprises two worm racks, worms meshing
with these, and a series of bevel and spur gears leading to the driving
motor and to the handwheels on either side of the mount. The
mechanism is driven by an electric motor under normal conditions,
but provision was made for hand operation in the event that this
should at any time be necessary. Provision is made likewise for
disengaging the worms from the elevating racks when the gun is in
transporting position. An accessory to this mechanism is the com-
pensating cylinder shown on plate 364, directly below the trunnions.
It was necessary to place the trunnions close to the breech. This
resulted in a large muzzle preponderance, which is compensated for
by the balancing cylinder. This compensating arrangement is an
adaptation of the pneumatic recuperator and consists of a cylinder
placed within a larger cylinder, the inner cylinder sliding in and out
as the gun is depressed or elevated. Tie-rods connect the front of
the inner cylinder with the bottom of the cradle. The stroke of the
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inner cylinder or piston is 75.52 inches, and the maximum pressure
in the cylinder is 1,950 pounds.

312. TRAVERSING MEcHANISM.—It is necessary to operate this
mount on a curved track to secure any considerable traverse. Elec-
trically driven translating mechanisms similar in design to those used
on the 14-inch mounts, models 1918 and 1919, are incorporated in
the trucks, for the purpose of training the gun on the curved track.
It is quite probable, however, that the mount would ordinarily be
returned to battery by a locomotive, inasmuch as the length of recoil
of from 30 to 50 feet is so great as to make the time necessary to
return it by means of the translating mechanisms excessive. An
additional mechanism is incorporated in the mount at either end
over the center of the span bolsters. This mechanism is of a design
similar in principle to those mechanisms used on the 14-inch mounts,
models 1918 and 1919, and affords a total traverse of 1.3 degrees.

313. Gun CarrIAGE.—The gun carriage comprises a cradle of
gridiron design with its four recoil and two recuperator cylinders and
the cast-steel slide, by means of which the gun can be elevated 40
inches for firing. This slide is composed of two cast-steel side mem-
bers joined by transoms, plate 364, and carries the cradle by means
of trunnions resting in the bearings machined in the top. The car-
riage is raised a distance of 40 inches by means of eight hydraulic
jacks. The pressure necessary in these jacks is approximately 2,100
pounds per square inch. When either at its upper or lower position
the carriage is fixed rigidly to the car body by means of four large
pins inserted through the side girders and the carriage castings.
Additional safety devices are provided at the front and rear of this
carriage on top of the side girders in the shape of screw-operated cast-
steel supports, which can be run under the extensions of the carriage,
thereby relieving the pins from excessive load. The carriage cast-
ings have four pin holes, the top ones of which are used when the gun
is transported and the lower ones of which are used when the gun is
in battery position. The carriage slides between the webs of the side
girders on fixed grooved guides. The slides or supports mentioned
above are provided with stepped surfaces which are intended to
serve as supports when the carriage is being raised.

314. Car Bopy.—THe car body is composed of two single web
structural steel girders joined by a series of structural and cast-steel
transoms and supported at the front and the rear on the trucks by
means of span bolsters. The construction of the girders is sym-
metrical about a vertical center line.

315. ANCHORAGE.—The only anchorage that this mount has in
firing is the friction of the brakes. It rolls back a distance of approxi-
mately 40 feet on the track. The brakes must then be released and
the mount is returned to its firing position by the translating mech-
anism or by a locomotive.

316. Trucks.—The trucks are four in number, of locomotive type,
and cor’ 1 each with 6.5 by 12-inch journsls and 33-inch
steel w xles of each truck are equalized throughout so
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that the load is distributed as perfectly as possible. They are
equipped with semielliptical springs of sufficient capacity to stand
both the transporting and the firing load. The mount is supported
on these trucks in pairs by means of structural steel span bolsters.
The center bearings of these bolsters are of the roller type.

317. AMMUNITION SUPPLY SYsTEM.—It is not certain whether the
standard railway artillery ammunition car could have been used
with this mount. If not, a car of similar design but of heavier con-
struction would have been provided. The loading mechanism is of
a design similar to that provided on the 14-inch mounts, models 1918
and 1919. The loading position of the gun is minus 3.3 degrees, and
the loaded tray acquires sufficient velocity on the inclined track to
cause the projectile to slide into the powder chamber. The projectile

is rammed by hand.
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17—~GERMAN 170-MILLIMETER GUN, MODEL 1915, ON RAILWAY
’ MOUNT. (30)

318. This mount is a combination arranged for use as a railway -
mount firing from the wheels with small traverse or as an emplace-
ment mount firing from a platform with all-round traverse. It is
made up of a heavy type of mobile gun carriage set on a special drop
frame flat car. The gun carriage is quite similar in design to the
German field carriage mounting 15-centimeter 40-caliber guns and
may be operated from the same type of platform. The mount is
Shown on plates 365 to 371. The car trucks of the mount examined
bear the date 1917.

319. GuN.—The gun is a modern Navy piece, model 1915, of 40
calibers length. It is rifled with 52 grooves twisting to the right at
uniform pitch of 1 centimeter in 10 centimeters. It is provided
with the ordinary type of Krupp sliding wedge breechblock and
uses semifixed ammunition.

320. Recor. MecrANIsM.—The recoil mechanism is of the hydro-
spring type and comprises one hydraulio brake cylinder attached to
the cradle in the center at the bottom and two spring recuperator
oylinders attached to the cradle on either side of the brake cylinder,
plates 366 to 368. The length of recoil is 15 inches. Two round
rods screwed into the recoil lug on either side of the brake piston rod
extend to the rear and ocarry the yoke which is attached to the two
spring piston rods. '

321. ELEvaTING MEcHANISM.—The elevating mechanism com-
prises a rack bolted to the left side of the cradle and a pinion with a
worm wheel, worm and bevel gears leading to a handwheel. Another
handwheel, or rather a crank of 12-inch radius for high speed elevat-
ing, is connected to the first through a sprocket and chain. Sudden
shocks of fire appear to be taken care of by Belleville washers on the
worm shaft, which allow it a slight motion in an axial direction.
This entire mechanism is disposed along the left side of the carriage
and can be traced out in plate 366. A total elevation of 45 degrees
is indicated on the elevation scale, although a publication at hand
states that 47.5 degrees is possible. The first,’or adjusting hand-
wheel, gives a ratio of 0.4 degree per turn of handwheel, while the
second at the end of the chain, for rapid movement, gives 1.25 de-
grees per turn. No antifriction trunnions are provided and the
operation of the second handwheel even at slow speed is hard work
for two men. ’

322. TRAVERSING MECHANISM.—As noted above, traverse is ob-
tained by moving the field carriage upon the railway car. The car-
riage is kept in place by means of an angle-iron circle fastened to
the flat car floor and around which the wheels of the mount can roll,

181768—21—30 )
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plate 236. At the center of this circle is a large pin, fastened to the
car, from which swiveled tension rods extend back to the trail of
the carriage. The gun carriage wheels bear against the circle of
angles and prevent sidewise movement, while the rods prevent
lengthwise movement, but the carriage is free to roll on its own
wheels about the pivot. The two large wheels of the carriage are
about 6 feet in diameter with 19.5 inoh face, of which the center 7.75
inches is raised 2 inches higher than the remainder. These wheels
are made, both rim and spokes, of structural material, generally of
channel section.

323. The rear end of the trail of the carriage body rests.on the car
floor and against a circular rail fastened thereto, plate 368. On the
outside of this rail there is a series of pins, forming a rack, into which
a star wheel fastened to the trail meshes. This star wheel is operated
through a worm, horizontal shaft, and bevel gear, from a handwheel
located near the trunnions-on the right-hand flask of the trail. The
weight of the trail during traversing is carried upon two spring-sup-
ported rollers, which give under the shock of fire and allow the trail
to rest directly on the car floor. Twenty-six degrees total traverse
is allowed and the gun is moved 0.167 degree per turn of handwheel.

324. GoN CarriaGe.—The gun carriage is very much like that
provided for the British and American 6-inch mobile guns and, as
noted before, is quite similar to the German carriages mounting 15-
centimeter guns. It comprises a cradle of naval design, plate 366,
and a built-up structural steel body, plates 366 and 368. The cradle
is carried on the body by means of two cast-steel trunnion bearings
without any friction-reducing devices. The cradle is identical in
design with those used on German ships and in their coast defense-
There is & possibility that this is one of the guns removed from their
second navy late in 1917. The body consists of two built-up struc-
tural flasks of channel sections with flanges 7 inches wide and a
depth of web tapering, as shown on plate 366, from 38 inches in front
to 13.5 inches at the extreme rear. The axle on which the wheels
described under Traversing Mechanism are mounted is bolted to the
bottom of the flasks.

325. RarLway Car Bopoy.—The railway car is a drop frame flat
car of special and very strong construction. The side sills are built-
up plate girders of very heavy and varying sections, plates 365 and
366. The entire body is decked with about 0.625-inch steel plate.
Except for the very strong construction, there is nothing of special
note about the car body.

326. ANcHORAGE.—For firing at angles up to 13 degrees on each
side of the center line of the track, cast-steel wedges are placed on
the ties under corresponding wedges on the side sills and the mount
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is moved by a locomotive until it is wedged up on these. See plate
366 for wedges under the side sills.

327. For wider traverse and other special service a field platform
and foundation mounted on a special wagon on road wheels are
carried on a flat car, plate 369.

328. The field platform foundation consists of four box girders of
light steel, each about 20 by 35 inches and perhaps 10 feet long. At
one end of each, two 1-inch steel plates are attached to the top and
bottom and extend a foot or so beyond the end, plate 368. A large
hole is formed in these to receive the pivot pin. A rigid equal-legged
cross, which when buried in the ground constitutes the anchorage
or foundation for the field platform, is formed by placing the girders
radially, so that these holes match, inserting the pin, and putting in
place between the girders some special I-beam spacers, plate 371.

329. The field platform, plate 370, consists of a forward member
containing a hole for the pivot pin above mentioned and having
formed at its sides guides for the carriage wheels similar to that
formed by the circle of angles on the car. This is joined by radial
structural members to a large steel plate on which the trail is intended
to rest and which is equipped with a circular arc, inside of which the
end of the trail rotates, and a chain into which the teeth of the star
wheel can engage for traversing. This platform slips down on
top of the foundation above described, and it can be pulled around
into any desired direction for firing the gun. The gun is rolled onto
this platform and the tiebars secured between the trail and the
center pintle just as on the railway car. It can be rotated through a
small angle, perhaps 10 degrees, upon the platform in any position,
and for wider traverse the platform can be moved around any
desired amount.

330. Trucks.—The trucks are of structural construction, two
axles each, with semielliptic springs and no equalizers. The wheels
are nearly a meter in diameter and have very light spokes. Each
wheel has two brake shoes.

331. AMMoNITION SUPPLY SYSTEM.—The shells of this gun are
sufficiently small so that they can be handled by two men with a
tray. The tray employed is provided with eyes, which fasten to
hooks on the breech of the gun. It is hooked in position and the
projectile rammed from it.

332. MAINTENANCE.—The sturdy constructmn of the car body as
well as of the gun carriage itself, including the cradle and recoil
mechanism, indicates that comparatively no difficulty would be
experienced in maintaining this mount even under the hardest
service and most difficult conditions. The semipermanent emplace-
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ment is likewise of such sturdy construction that it is not -probable
that it would be damaged except with most careless handling.

333. DrrricuLTiES INVOLVED IN SERVICE.—The construction of
this mount indicates that when serving as a railway mount it might
be placed for firing in 10 or 15 minutes. The indications from the

_construction of the trucks are that the whole mount can be rendered
sufficiently stable so that the personnel could remain on the car at
all times and serve the gun with maximum speed, probably one shot
per minute. From the standpoint of efficiency of service this
improvisation certainly seems to fill the bill.

334. MERrITS.—The merits of this improvisation are its sturdy and
simple construction. resulting in & minimum of maintenance, its
exceedingly simple method of emplacement for firing from the rails,
and the excellent and simple scheme of attaching the ammunition
tray to the breech of the gun.

335. DEMERITS.—If one considers this mount simply from the
standpoint of an improvisation it could not be said to have any
demerits. Under “Trucks,” it was mentioned that the wheels are
of exceedingly light construction, but the fact that the car body rests
on four wedges when the gun is fired and that when placing the car
on these wedges the mount is likely raised considerably from the
trucks would indicate that there would be no likelihood of breaking
the wheels through shock of fire. From the standpoint of the Ger-
mans it would appear unfortunate that this mount had no greater
traverse than 26 degrees in any one position on the track. It must
be remembered, however, that it was an improvisation, built much
more quickly than any type of all-round fire mount could have been
made, and that probably the limited extent of traverse has been jus-
tified after all.
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TRAVERSING GEAR OF THE 170 MM. GERMAN GUN MOUNT.
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18.—GERMAN 219-MILLIMETER GUN ON RAILWAY MOUNT.(31)

336. This mount is of the cradle recoil type, plate 372, firing either
from the wheels with limited traverse or from a structural steel or
reinforced concrete ground platform with all-round fire. It is
similar in general type to the German 240 and 280 millimeter mounts,
and all of them can be operated on the same ground platform.

337. Gun.—The gun is a modern naval piece, model 1913, of 31
feet total length, probably 45 calibers. The powder chamber s
only a very little larger than the bore and semifixed ammunition
is used. The tube is rifled with 64 grooves twisting to the right at a
uniform pitch of 1 centimeter in 10 centimeters. The breechblock
is of the ordinary Krupp sliding-wedge type and is fitted with a
mechanical firing mechanism.

338. Recori. MEcHANISM.—The recoil mechanism is of the hydro-
spring type and is composed of two hydraulic recoil cylinders mounted
on the top and bottom of the cradle in the center and four spring
recuperator cylinders mounted two on the top and two on the bottom
of the cradle and on either side of the recoil cylinders, plates 373 and
374. Each recoil cylinder is attached to the cradle by a heavy pin,
about which it can swivel in a vertical plane. The forward ends of
the springs are connected to the recoil band by a stirrup and two
tension rods each. The length of recoil is about 24 inches.

339. ELEvATING MECHANISM.—Elevation is provided from 0 de-
gree, the loading angle, to 45 degrees. The elevating mechanism
comprises two racks with inside teeth bolted to the bottom of the
cradle, two pinions on a common shaft meshing with these, worm
wheel, worm, bevel gears, and a special two-speed goar transmission
leading to a handwheel. The double-speed gear is entirely similar
to that on the 240-millimeter mount, shown in detail on plate 381.
The worm and wheel can be seen on plate 375. The ratio of the gear
for slow motion is 0.125 degree of elevation per turn of handwheel;
for fast motion it is 1.50 degrees per turn. A roller-bearing, anti-
friction device is provided on the trunnions, plate 372, which is simi-
lar in every way to that provided on the 280-millimeter mount and
shown in detail on plate 388.

340. TRAVERSING MECHANISM.-—Two traversing mechanisms are
provided on this mount. The one is for the purpose of rotating the
car body about the pintle of the front truck in firing from the track.
It affords a total traverse of 2.25 degrees, or 1.12 degrees on each side
of the center line. The other is for the purpose of rotating the mount
around a center pivot which is fastened to a ground platform. This
mechanism affords 360 degrees. The first mechanism is entirely
similar to that employed with the 280-millimeter mount and shown
on plates 370 and 391. It comprises a gear case bolted to the side
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of the mount, a traversing beam housing bolted into the side girders
over the center of the rear truck, and a traversing heam, which is
likewise the upper center plate of the rear truck, sliding in guides in
the housing. The traversing beam is moved with respect to the hous-
ing by a screw, plate 390, which in turn is driven by the handwheel
through the gears in the case on the side of the mount. Since the
beam is fixed with respect to the truck, any motion of the screw
forces the housing and the rear of the mount to the right or left. An
indicator is provided in the top of the gear case to show the extent
of the traverse, and there is a lock for securing the mount in traveling.

341. The second mechanism comprises a center pivot and two
rear support rollers, plate 376. The center pivot comprises a base, 70
inches in diameter, which bolts to the ground platform by twenty
2.5-inch bolts. This base contains a pintle about which the mount
rotates and supports a ball bearing with sixteen 5-inch balls on which
the swiveled racer carrying the mount rests. This pivot is identical
in design with that of the 280-millimeter mount, plate 394. The
racer is carried by means of its trunnions in steel bearings bolted to
the bottoms of the side girders. Thus the car body can rock in a
vertical plane as well as rotate in a horizontal plane about the base.
The rear end of the mount is supported on a track in the foundation
by two rollers, 24 inches in diameter by 4 inches on the face, the
housings of which are bolted to the side girders just forward of the
rear truck. These are set on a radius of 14 feet 9 inches from the
center pivot. One of these rollers is provided with gearing, plate 376,
through which it may be driven by one two-man handle. Twenty-
four turns of the handle give one revolution of the roller. This is
equivalent to about 1 degree of traverse per turn of the handle.

342. GuN CARRIAGE.—The gun carriage and car body are one in
this mount and will be jointly discussed in the next paragraph.

343. RaiLway Car Booy.—The gun is carried in a cylindrical
cast-steel cradle, about 9 feet long, which is supported in cast-steel
bearings on the side girders of the car body by means of trunnions
about 10 inches in diameter by 7 inches long. The railway car body
consists of two single web plate girders, built up of about 0.625-inch
plate, and 5 by 5 inch angles with cover plates. The depth of these
girders is about 52 inches at the center, 28 inches over the front
trucks, and 34 inches over the rear trucks. Structural steel transoms
are employed throughout and the bracing against skew consists of
a decking of about 0.625-inch plate over the two trucks and against
the underside of the girder. As shown on plate 372, a number of
folding platforms are provided along the sides of the mount. and a cab
of 0.5-inch armor plate is provided around the breech of the gun to
protect the personnel. Special I beams are supported under the
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front and rear ends of the girder for use in jacking the mount off the
trucks and letting it down on the foundation. The girder rests on
these beams through roller bearings; adjusting screws are provided
to facilitato exact adjustment of the bolt holes in the pivot flange
with those in the foundation.

344. ANCHORAGE.—This mount must be operated on a curved
track to secure wide traverse when it is fired from the wheels. Special
wedges made in identical halves are bolted to the rails behind each
wheel by one bolt each. These wedges are about 12 inches long by
6 inches high at the rear and are curved to fit the circumference of
the wheel. The ground platform employed to secure ali-round fire
is identical in design with that shown on plates 397, 55, and 56.
The mount is run into place on the platform and the small section of
track over the center, as shown in the upper view, plate 397. is re-
noved in order that the pivot base may be lowered on to the struc-
tural base by means of the lowering screw, plate 394. It is bolted
fast by 21 bolts. Four special jacks of a design shown on plate 398,
and attached to.the jacking beams located under the front and rear
of the mount and described in the preceding paragraph, are then let
down and the mount is raised by means of them sufficiently to permit
the trucks to be removed as well as the two sections of track connect-
ing the center with the outside. The entire mount is then lowered
until the rear rests on the circular track by means of the rollers and
the forward end rests on the 16 steel balls in the central pivot.

345. Trucks.—The trucks are of structural steel construction
throughout with four axles each, outside journals, semi-elliptical
springs and equalizers between outside axles only, plate 372. A
capstan headed screw is provided over each journal bearing and is
so arranged that it can be screwed down on to the spring clip and
relieve the springs of undue strains when the mount is fired from the
wheels. Hand brakes only are provided.

346. AMMUNITION SUPPLY SYSTEM.—An overhead trolley runs on
an I-beam track secured along the top of the cab. An extension
beam is so hinged to the fixed beam that it can swing in a vertical
plane, can be lowered for traveling or raised and braced in place
to allow picking up a shell from a car or from the track some distance
behind the mount. The extensible trolley arrangement of the 240-
millimeter mount, plate 378, is identical in design. The shot tray is
provided with two two-man handles, a yoke above with an eye, and
four wheels below, so that it can be carried by the trolley hoist, by
hand, or rolled on the floor. It can be hooked in place on the breech
as with the 17-centimeter mount, plate 373. ]

347. MAINTENANCE.—There are no apparent difficulties in the
maintenance of this design of railway mount, which, as mentioned
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before, has been used for 24-centimeter guns and howitzers and 28-
centimeter guns. All parts are very simple in design and substan-
tially constructed. The elevating, traversing, and loading mechan-
isms had all seen considerable service and no apparent difficulties had
developed. The trucks had likewise given no difficulty. The speed
transmission introduced in the elevating mechanism of this and the
24-centimeter mount is very sturdy in construction and apparently
did not give any trouble.

. 348. DrrricurTIES INVOLVED IN SERVICE.—But one difficulty is
apparent in the service of this mount. This difficulty results from
the necessity for using a heavy platform, usually of steel, which likely
requires from three to six days for placing. Without this traversing
mechanism it is, of course, necedsary to operate the carriage on a
curved track, making the necessary small adjustments in azimuth
by the traversing mechanism on the rear truck. The use of this
steel platform necessitates the providing of a knockdown Gantry
crane, and seven cars are required to carry the crane and platform.

349. MErrrs.—The double speed transmission on the elevating
mechanism is simple in design and very effective. The design of the
traversing mechanism is good. The mount requires either a struc-
tural steel or reenforced concrete platform, both of which require
some time for installation, but in comparison with other mounts now
in existence, this design must be considered good. This is the first
mount on which so simple and effective a type of anti-friction device
has been used and it deserves consideration for our own work of de-
sign. The traversing mechanism installed over the rear truck is
simple in design and excellent for service in firing from the track.
The scheme of attaching the loading tray is simple and excellent and
warrants consideration. It may be well to mention that although
the ground platform of this requires some time for its installation,
it is neverthheless easy to conceal after it isinstalled, since the ap-
proach tracks may be removed and the mount completely covered.

350. DEMERITS.—The one apparently bad feature which has been
mentioned likewise under the head of Merits, is the firing platform. At
the beginning of this section it was mentioned that criticism would be
made of the firing platform on a basis of the ideal apparently attain-
able. The steel platform, however, required seven cars for its trans-
portation and can not be installed in less than from three to five days.
The concrete platform can probably be installed in the same length
of time and of course, with fewer facilities. It seems possible to
design a mount in which the same general features may be embodied
but which will not require such elaborate accessory equipment in
the shape of a platform as is used here.
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PrLaTE 373

BREECH MECHANISM AND LOADI);{%[?I!"'I;ARATUS OF THE 210-MM. GERMAN
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PLATE 374

CRADLE, RECOIL CYLINDER, AND SPRING RECUPERATORS OF THE 210-MM.
GERMAN GUN MOUNT.
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PraTE 375

CENTER PIVOT, ELEVATING WORM, AND ANTI-FRICTION BEARING OF THE
210-MM. GERMAN GUN MOUNT.
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19.—GERMAN 240-MILLIMETER HOWITZER ON RAILWAY MOUNT.(32)

351. This mount is of the cradle recoil type, firing either from the
wheels with limited traverse or from a structural steel or reenforced
concrete platform with all round fire. It is of the same general type as
the 210-millimeter mount just described and only the differences be-
tween the two mounts will be described in detail. The mount exam-
ined bears the date ‘‘Essen 1918.” It isillustrated on plates 377 to
383. Apparently, the mount was designed for a 240-millimeter gun,
since the counterweight provided on the top of the cradle gives evi-
dence of being arecent improvisation placed there to compensate for
the difference in weight forward of the trunnions, between the gun
and howitzer now mounted on it. :

352. GurN.—The howitzer is a naval piece of 30 calibers over-all
length and uses semi-fixed ammunition. The tube is rifled with 52
grooves twisting to the right at a uniform pitch of 1 centimeter in 10
centimeters. The breech block is of the Krupp sliding wedge type
and is provided with a high-pitch screw for closing and a low-pitch
screw for locking. The breech block is fitted with a mechanical
firing mechanism.

353. RecoiL MeEcnaNisM.—The recoil mechanism is of the hydro-
pneumatic type and comprises two hydraulic recoil cylinders set into
the cradle in the upper corners, and a pneumatic recuperator attached
to the cradle in the center at the bottom. The pistons of the recoil
cylinders are attached to the recoil band as shown on plate 379 and
the forward end of the recuperator piston is connected with the
bottom of the recoil band by means of a cross head and two tension
rods, plate 380. The length of recoil is about 1 meter. The striking
feature of this mechanism is the recuperator. The piston is a hollow
plunger of uniform diameter facing the air directly and the packing
which holds the air in, consists of four U-shaped leathers only. When
the recuperator was disassembled, it had been standing for months
without recharging but it still contained a very high pressure of air-
The indicator was broken and it is not known ecxactly what the
pressure was. The recoil band of this howitzer is made in halves
and is bolted on, as shown in plates 379 and 380.

354. ELEvaTiNG MECHANISM.—This mechanism is similar in gen-
eral design to that on the 210-millimeter mount. The differences
are that the main racks, plate 380, have outside instead of inside
teeth and are of much wider face. An antifriction device of the
rolling wedge type, plate 382, is employed. The double-speed trans-
mission on the elevating gear, plate 381, is identical in design with
that used on the 210-millimeter mount.

355. TRAVERSING MECHANISM.—Two systems of a design almost
identical with those used on the 210-millimeter mount are provided.
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The noticeable differences are that the truck traversing mechanism
gives 2 degrees on each side of the center or 4 degrees total as against
2 degrees on the 210-millimeter mount, and the rear traversing rollers
are housed in and geared together.

356. GUN CARRIAGE.—The gun carriage is incorporated with the
car body and is described in the next paragraph.

357. RarLway Car Bopy.—The gun is carried in a cradle of curi-
ous boxlike design, 45 inches by 52 inches by 105 inches, built up of
castings and planed plates, plate 377. This cradle is suspended by
means of its trunnions in cast-steel bearings mounted on the side
girders of the car. As mentioned before, apparently the mount was
originally designed for a 24-centimeter gun. Counterweights mounted
above and below the gun and forward of the trunnions, plate 377, have
apparently been added recently to compensate for the difference in
the muzzle weight of the gun and howitzer. This cradle carries the
recoil cylinders in its upper corners and the recuperator cylinders in
the center at the bottom. The car body is similar in general design
to that of the 210-millimeter mount, but differs considerably in its
details. The car body is made up of two single web structural steel side
girders connected by a number of structural steel transoms. Jacking
beams are incorporated in the car body at the forward and rear ends,
plates 377 and 383. These side girders are 39 inches deep over the
front and rear trucks as against 28 inches for the 21-centimeter. This
mount is likewise more liberally supplied with armor than the 21-
centimeter mount.

358. ANCHORAGE.—See ‘‘Anchorage’’ under the 210-millimeter
mount. : :

359. Trucks.—See ‘‘Trucks” under the 210-millimeter mount.
They are identical.

360. AMMUNITION SupPLY SYSTEM.—This is practically identical
with that of the 210-millimeter mount, with the exception that tha
tray is not supplied with wheels and apparently is not used in carrying
the shell. The shell is carried forward by means of the tongs, plate
392, and placed on the tray which is hooked to the breech of the gun.

361. MAINTENANCE.—See ‘‘Maintenance’’ for the 210-millimeter
mount. Some additional maintenance probably results from the use
of a pneumatic recuperator.

362. DIFFICULTIES INVOLVED IN THE SERVICE.—See the same for
the 210-millimeter mount.

363. MERITS.—See ‘‘Merits”’ for the 210-millimeter mount. The
one exception is in the case of the antifriction device of the rolling
wedge type, which does not appear to be so admirable a design as the
roller bearing.
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364. DEMERITS.—See ‘‘Demerits’’ for the 210-millimeter mount.
Additional criticisms may probably be made on the construction of
the cradle. On further study it might develop that there are some
advantages in the use of this quite clumsy looking cradle, but none
are apparent now. It is possible that this cradle is an improvisation
and was so constructed as to avoid the making and machining of a
large casting.

365. Although it possibly has no place here, it may be well to
mention that, in these three mounts, the 210-millimeter, the 240-
. millimeter, and the 280-millimeter, there are a great many differences
in the design of details that do not seem to have any logical explana-
tion. On the 240-millimeter mount the traversing rollers are housed
and geared together, the elevating rack meshes on the outside, and
antifriction device is of the rolling-wedge type, and the rear truck
traverse is 4 degrees. On the 210-millimeter mount the traversing
rollers are neither housed nor geared together, the elevating rack
meshes on the inside, the antifriction device is of the roller type, and
the rear truck traverse is 2.25 degrees. On the 280-millimeter mount
the traversing rollers are housed and geared together, the elevating
rack is straight, the antifriction device is of the roller type, and the
rear truck traverse is 2 degrees. Apparently the three mounts can
be operated on the same platform. Just why these minor variations
in design were made is not at all evident.
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PraTE 378

240-MM. GERMAN HOWITZER ON RAILWAY MOUNT (REAR VIEW).



PLATE 379

BREECH,CRADLE,AND LOADING TRAY OF THE 240);“ GERMAN HOWITZER.
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PLaTE 380

_ELEVATING RACK AND RECUPERATOR OF THE 240-MM.GERMAN HOWITZER.



490

"LNNON HAZLIMOH NVRYAD "KN-0t2 FHL 0 VAD NOISSINSNVHL AFAJS-ATENOA ‘KSINVHIAN ONILVARTH

I8¢ aLvig



491

o8 dLVL ]

‘INQOK HJZLIMOH NVREYO "RNK0Z HHL 40 ONIYVIE NOILOIHA-ILNY
C______________________________________________________________]



492

‘LNNOW HAZLIMOH NVR
I———

£98 AULV1d

YAD "WR-OVE THL A0 WVAT MNTUAVE 4413 gl peerrvnmen ncommem  oeoe
E—— —_—



493
20.—GERMAN 240-MILLIMETER GUN ON RAILWAY MOUNT. (33)

366. On plate 384 a 240-millimeter gun is shown on a type of
railway mount resembling more the 38-centimeter mount than the
design used with the 21 and 24 centimeter mounts already described
in detail. The writer has not had an opportunity to examine a
mount of this type and to the best of his knowledge none of them
were captured. No attempt will be made to describe it in detail.
Attention is called to certain features easily seen on this plate. The
mount is carried on two four-axle trucks, the axles having inside
journals. This is the first German mount observed on which inside
journals have been used. On the horizontal portion of the lower
cords of the side girders a number of plates which appear to be key
plates can be seen, and it is assumed that this mount was operated
on a turntable type of emplacement somewhat similar in design to
that used with the 38-centimeter railway mount. It is probable
that the key plates mentioned engaged with similar plates on the
racer of the emplacement. It is probable that hydraulic jacks were
placed under the four corners of the car body after it was in position
over the emplacement to raise the mount for the purpose of removing
the trucks. . )
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21.—GERMAN 280-MILLIMETER GUN ON RAILWAY MOUNT. (34)

367. This mount is of the cradle recoil car traverse type, firing
either from the wheels with limited traverse or from a structural
steel or reinforced concrete ground platform with- all round fire. It
18 similar in type to the 210-millimeter gun and 240-millimeter how-
itzer mounts already described and operates from the same ground
platform. Three batteries of these mounts operated from concrete
platforms were included in the German defenses on the coast of
Belgium. (See Appendix III for description of these.) The mount
examined and illustrated herein was captured by the British Fourth
Army before Amiens, on August 8, 1918, in the great offensive being
waged by the Allies at that time. It was exhibited for a time in a
railway yard in Paris and later was taken to England. To the best
of our knowledge this was the only mount carrying a gun of this cali-
ber that was captured. The Belgian Army captured several 17-
centimeter mounts and one 38-centimeter mount, and the Americans
have two 17-centimeter one 21-centimeter, and one 24-centimeter
mount. These mounts are illustrated on plates 385 to 399, 36, 55
and 56. ‘ ) .

368. GuN.—The gun on the mount examined is a 40-caliber naval
piece of model 1914 of 42 calibers total length. The tube is rifled
with 80 grooves having a uniform twist to the right of 1 centimeter
m 10 centimeters. The breechblock is of the ordinary Krupp
sliding wedge type and is fitted with a mechanical firing mechanism.
As with all other large guns having this type of breech, this gun
uses semifixed ammunition. )

369. RecorL MEcHANISM.—The recoil mechanism is of the hydro-
pneumatic type and comprises one pneumatic recuperator cylinder
mounted at the bottom of the cradle in the center and two hydraulic
cylinders likewise mounted on the bottom of the cradle and on either
side of the recuperator cylinder, plate 36.

370. ELEvaTING MEcHANISM.—The elevating mechanism com-
prises two straight racks, plate 387, engaging with two pinions
inclosed in floating housings and attached to one shaft. This shaft
is connected by means of a worm, wheel, and shaft and on the right
side of the gun with elevating handwheel shown near the elevation
quadrant., This is the only railway mount so far observed in any
of the armies in which the attempt has been made to use this straight
rack, which is much more easily machined than any of the usual
curved elevating racks. On the under side of the floating housings
two rollers are carried on which the back of the rack rides and which
hold the rack in perfect mesh with the pinions. These two racks
are attached by means of heavy pins to the rear of a cradle. The
cradle trunnions are provided with the same roller type of anti-

181768—21——32
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friction device used on the 21-centimeter mount. already described.
The mechanism used on this mount is shown on plate 388. An
elevation arc, plate 403, is attached to the cradle on the right side.

371. TRAVERSING MECHANIsM.—See “‘ Traversing Mechanism’’ for
the 21-centimeter railway mount. The design of the car traversing
mechanism over the rear truck is shown on plates 390 and 391, and
the mechanism used in giving the mount all round traverse is shown
on plates 392 to 395. The traverse rollers on the 21-centimeter
mount are separate and exposed, while on this mount, plate 396,
they are housed in and geared together.

372. GuN CARrIAGE.—The gun carriage is incorporated with the
car body and is described in the next paragraph. :

373. RaiLway Car Bopy.—The gun is carried in a cradle of the
design shown on plate 36. The cradle is provided with a heavy
counterweight just above the trunnions to raise the center of gravity
of the tipping parts sufficiently to permit of easy elevating and
depressing. This cradle is suspended by means of its trunnions in
cast-steel bearings mounted on the side girders of the car body.
Each of the trunnions is provided with an antifriction device of the
design shown on plate 388. The car body is built up of two single
web structural-steel side girders connected by a series of structural-
steel transoms and deck plates and the car platform is covered with
light armor, plate 385. Both the traversing roller housings and
center pivot trunnion bearings are bolted to the bottom of the side
girders and serve to stiffen it. Jacking beams, which, in the case of
the mount examined, had the jacks attached, plate 385, are carried
under the forward and rear ends of the car body. The car traversing
mechanism, a part of which forms the upper center plate over the
rear truck, can be seen on plate 391.

374. ANCHORAGE.—See “Anchorage’’ for the 21-centimeter mount.
The emplacement shown on plate 397 was used with batteries installed
along the Belgian coast. This battery is only about 1 mile north of
Ostend. The designs of the concrete and structural-steel platforms
and the emplacing jacks are shown on plates 55, 56 and 398.

375. TrRucks.—The two trucks on this mount, plate 385, are
practically identical. The frame is of structural steel and each
carries five axles with outside journals. The brakes are operated by
hand only, and the end and center wheels are provided with two
brake shoes each. Above each spring clip there is a capstan head
screw, identical in design with those used on the 21 and 24 centi-
meter mounts, which is run down hard on the clip to relieve the
springs of undue strains in firing from the track.

376. AMMUNITION SUPPLY SYSTEM.—The ammunition car captured
with this mount is a wood box car of apparently standard design,
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titted with racks to carry 25 projectiles, plate 397. These projectiles
are carried to the forward end of the car by means of an overhcad
trolley and are lifted through the roof of the car by means of a
chain hoist on the end of the extension of the trolley track in the
cab of the mount. It is carried forward by this seeond trolley, and
placed on a tray attached to the breech of the gun, similar to those
used with the 21 and 24 centimeter mounts. The projectile is rammed
into the gun from this tray by hand. All of the projectiles in the
car had an ogive of 10 calibers radius and all were fitted with false
caps. The caps were placed on the projectiles as they were used.
In the end of the cap there is a tapped hole through which a stick
of wood is passed until it rests against the fuse. Considerable pres-
sure is brought on this piece of wood when the small plug is screwed °
into the end of the cap. All of the projectiles captured were provided
with time fuses of the 90-second clockwork variety.

377. MAINTENANCE.—There are no apparent difficulties in the
maintenance of this railway mount, all parts of which are very simple
and substantially constructed. The elevating, traversing, and load-
ing mechanisms had all seen considerable service, and yet no apparent
difficulties had deVeloped The trucks had likewise apparently
given no difficulty. It is not known just what difficulty may have
been experienced with the recoil mechanism, but probably com-
paratively little.

378. DIFFICULTIES INVOLVED IN SERVICE.—See same for the 21
and 24 centimeter mounts.

379. MERriTs.—See same for the 21 and 24 centimeter mounts.

380. DEMERITS.—See same for the 21 and 24 centimeter mounts.
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PraTe 388

ANTI-FRICTION BEARING OF THE 2%0-MM. GERMAN GUN MOUNT.



PLATE 389

ELEVATING ARC OF THE 280-MM. GERMAN GUN MOUNT.
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CAR TRAVERSING MECHANISM OF THE 280-MM. GERMAN
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Prate 391

CAR TRAVERSING MECHANISM OF THE 2380-MM. CERMAN GUN MOUNT (GEAR -
CASE ON LEFT SIDE OF MOUNT).
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PLATE 394
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CENTER PIVOT OF THE 280-MM. GERMAN GUN MOUNT.
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TRAVERSING MECHANISM OF THE 280-MM. GERMAN GUN MOUNT.
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PPLATE 39N

EMPLACING JACK OF THE 280-MM. GERMAN GUN MOUNT.
181768—21 33




PLATE 399

PROJECTILES AND AMMUNITION CAR FOR THE 280-MM. GERMAN GUN MOUNT.
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22.—GERMAN 380-MILLIMETER GUN ON RAILWAY MOUNT. (35)

381. This mount, plates 400 and 401, is of the cradle recoil type,
firing from the wheels with limited traverse to an elevation of about
18 degrees, or from a structural-steel turntable type of ground plat-
form with all round fire. The mount examined was captured by the
Belgians and is in serviceable condition. Emplacements on which it
could have been operated have been found in only two places, the one
in the Forest of St. Gobain, west of Laon, and the other in the Bois de
Chatelet, about 5 miles north of Chateau Thierry. All evidence avail-
able to-day indicates that while it was being operated from the em-
placement in the Forest of St. Gobain it was serving as a mount for
the long-range guns, all of which were made from worn-out 38-
centimeter, 45-caliber naval guns. The mount bore the date of
February, 1918, at which time it was probably completed by the
firm of Krupp, and the evidence available to date indicates that it
was the only mount of this design that they had. Gen. Arnoulde,
Chief of Artillery of the Belgian Army, informed the writer that the
mount had been found on a special track in the Bois de Leugenboom
near the permanently emplaced 38-centimeter gun in that same
woods, about 10 miles south of Ostend. There was no evidence that
it had ever been operated from this position.

382. GuN.—The gun found on the carriage inspected was of the
1916 model and was number 33L. The total weight is 77,552 kilo-
grams. The total length of the gun is 17.13 meters and the distance
from the face of the breech block to the muzzle is 16.13 meters,
making the gun about 42 calibers long. This is very significant,
considering the fact that the gun is supposed to have a range of 55
kilometers (50,095 yards). The breech is of the standard Krupp
sliding wedge type, the wedge being operated by one handle through
a series of spur gears, to one screw.

383. Apparently the gun, plates 400 and 402, is built up of five
main sections; the tube is reinforced by two hoops which are further
reinforced by one jacket extending from the breech forward about
two-thirds of the length, and a breech section attached to the last
named jacket by the recoil lug. In the case observed, the tube has
evidently lengthened to the extent of about 0.562 inches. The
evidence of this is the extension of the tube beyond its original
position with reference to the end of the forward hoop a distance of
gbout 0.187 inches and the parting of the forward hoop from the
hoop to the rear to the extent of 0.375 inches. This same condition
was observed on several other guns of this design. The number of
grooves is 100. The width of the grooves is approximately 0.219
inches, and the width of the lands 0.236 inches. The lands show
slight signs of wear on the driving side and copper was visible both on
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the lands and in the grooves at the muzzle of the gun, although not
to such an extent as probably to have much effect. The diameter
of the powder chamber is 42.5 centimeters. The recoil lug to which
the two pistons of the hydraulic cylinders and the one piston of the
recuperator cylinder are attached likewise serves to prevent rotation
of the gun. It is forked at the bottom and bears on two sides of the
recuperator cylinder which serves as a guide, plates 403 and 404. In
this connection, it is significant that with every heavy German gun
observed, rotation of the gun was prevented in this same manner,
the breech lug having an extension which either bore on two sides
of a recuperator cylinder or between two recuperator cylinders. It
is certain that there were no cases of a spline on the gun sliding in
a way in a cradle. In traveling, the gun is locked in battery by the
very simple device shown on plate 402.

384. This gun is identical in design with the guns of the Battery
Deutschland and the Battery Pommern, at Leugenboom, described
in Appendix III. The guns of these batteries are accredited with a
maximum range of 55 kilometers. In the report which was examined
in Gen. Arnoulde’s office, the range was given as 42 kilometers.
There is no question but that the Battery Pommern fired on the
city of Dunkirk, requiring a range of 45 kilometers. Whether the
Battery Deutschland, which is 2 kilometers northeast of Ostend,
likewise fired on Dunkirk is a question. The basis for the statement
in the Bulletin de Reseignements de 1’ Artillerie of January-February,
1918, crediting these guns with a range of 55 kilometers is not known.
Whether the provision for an elevation of 55 degrees has any real
connection with the unusual range of a gun 42 calibers in length and
credited with a muzzle velocity of 800 meters per second, is not
known definitely. It seems certain, however, that the specification
given the designers for a maximum elevation of 55 degrees resulted
in the type of elevating mechanism described later.

385. RecoiL MEcuaNisM.—The recoil mechanism is composed of
two recoil cylinders and one spring pneumatic recuperator cylinder,
all located on the bottom of the cradle, plates 403 and 404. Each of
the recoil cylinders is a separate cylinder carried in brackets cast on
the cradle and each is provided with a buffer approximately 32 centi-
meters long. The filling plugs are on the ends of the buffers. The
maximum length of recoil is 1.3 meters. This distance is, of course,
approximate, and was arrived at after careful examination of all of
the apparatus. In a report examined in the office of Lieut. Gen.
Arnoulde at Brussels, the length of recoil was given as 1.15 meters.
On inquiry, it was found that this was likewise an estimate. Two
rods screwed to the recoil lug and extending to the rear, plate 403,
carry a cross head to which the piston of the recuperator cylinder is
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attached. The recuperator cylinder, plates 405 and 406, is likewise
a separate cylinder carried in brackets cast on the cradle, and at the
rear on both sides it is planed to serve as a guide for the recoil lug, to
prevent rotation of the gun.

. 386. ELEvaTING MECHANISM.—The elevating mechanism of this
mount is unique in several respects. Provision is made for elevating
the gun from 0 degrees, the loading angle, to 55 degrees. It is com-
posed of two straight racks, plate 407, driven through pinions, a
wormwheel, worm, a double speed transmission, sprockets and
chains, by four two-man handles, plates 408 and 409. The straight
racks slide in ways which are parallel to the inclined lower face of the
forward end of the side girders. It was necessary to put them in
this position to secure sufficient movement to elevate the gun to 55
degrees. At the lower end, they are connected with each other by
a heavy shaft, plate 407, to which are attached the two connecting
rods running up to the bottom of the cradle. It will be observed,
plate 409, that provision is made for two handles on each side of the
car, each for two men. A double speed ‘transmission, similar in
design to those used on the 21 and 24 centimeter mounts is incor-
porated in this mechanism. The ratio on the low gear is 4.125
turns of the handle for one degree of movement of the gun. One
man can operate the elevating mechanism with some difficulty at
low gear. It seems probable that eight men could operate the high
‘gear without serious difficulty. The gun and cradle were identical
with five others observed in the coast defenses of Belgium. On all
of the other guns, however, the elevating mechanism included
double telescoping screws. It is probable that this gun when used
on a ship or in the coast defenses was likewise so elevated, and that
it was impossible to accommodate this mechanism. on a railway
mount and seture the elevation desired. It is likely that under the
specification of such an extreme elevation no other type of mecha-
nism could have been adapted to this cradle and mount without
serious difficulty. Judging from the diagram, plate 404, which was
made up from measurements of the gun and cradle and the estimated
length of recoil of 1.30 meters, it seems probable that the gun can
be fired from the track, the mount operating as a rolling mount, to
an elevation of 18 degrees, 30 minutes. If the length of recoil is
1.15 meters, as given in Gen. Arnoulde’s report, it is probable that
an elevation of as much as 20 degrees can be secured. The gun can
be fired above 18 degrees only from a special emplacement.

387. TRaAVERSING MEcHANISM.—This mount is provided with a
car traversing mechanism installed on the front span bolster, giving
a maximum traverse of 1 degree on each side of center. This mecha-
nism, which incjJudes the usual screw, plate 411, is operated through a
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series of spur gears and chains, plate 412. There seems a good reason
for providing a high and low speed elevating mechanism, but just why
the designers provided both high and low speed on this traversing
mechanism is not known. In comparing this design with French and
American designs, it is significant that no rollers are provided between
the body of the mount and the span bolster. Cast-steel shoes narrow-
ing down to a wedge are provided on each side, plate 426. The
designers evidently preferred to count on an ample supply of man
power rather than provide the usual rollers. A sécond traversing
mechanism for all-round firing is installed in the emplacement, plates
419 and 420. In this case the racer of the emplacement rests and
rotates on 112 8-inch steel balls. A complete circular traversing rack
made up of angles and steel pins is bolted to the structural steel base,
plate 419. A pinion carried on a vertical shaft on the side of the
racer which corresponds to the rear of the carriage engages with this
rack, and the mechanism is driven either from two 2-man handles
on shafts carrying a worm engaging with a wormwheel on top of this
vertical shaft or by means of four handles carried in gear cases on
either side of the mount, plate 420. Motion is communicated to the
vertical shaft from these four handles through two shafts carrying
twa universal joints each. These latter handles are apparently the
ones ordinarily used, if one may judge from the scheme of operation
shown on plate 422. -

388. GuN CarriaGE.—The gun carriage is incorporated in the car
body and will be described in the next paragraph.

389. RaiLway Car Boby.—The cradle is a cylinder of simple
design having ribs at long intervals and of a depth of only about 3 centi-
meters. Other cylinders observed for the same design of gun were
without any ribs whatever. The walls of the cylinder have a mini-
mum thickness of 10 centimeters and a maximum thickness of 13
centimeters over the ribs. The design of the antifriction mechanism
is shown on plate 414. As shown on plate 411, a counterweight in
two sections is attached to the top of the cradle. Both sections can
be raised and locked together, or, if desired, the rear section raised
and locked in place by the two tie-rods. The railway car body,
plates 400, 413, 414, and 415, is made up of two single-web side
girders connected in the front and rear by heavy structural-steel
trangoms and further reinforced in the front by the heavy cast-steel
housings for the elevating mechanism. The trunnion bearings are
of cast steel and are simply bolted to the top chord with single keys to
the rear of them. These single keys have the positive backing of one
top cover plate each. The face of the horizontal section of the lower
chord of the side girders is planed and is provided with a key at each
end, plate 416. Eight 2-inch holes are provided in each lower chord
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at the front end and six at the.rear. The purpose of the hooks
shown on the front is not known.

390. The designers avoided the use of sharply curved angles, plate
415. There are only two slight curves on the angles of the lower
chord. The working platforms provided on each side to the rear of
the trunnion seat are locked in their traveling positions, as shown on
plate 425.

391. ANcHORAGE.—The gun can be fired to & maximum elevation
of 18 degrees 30 minutes with the mount operating as a rolling mount.
Above this elevation the trucks must be removed and the mount is
operated from a fixed emplacement.

392. In August, 1918, when the German Army had retired from
the salient between Soissons and Rheims, the emplacement shown on
plates 417 and 418 was found in the Bois de Chatelet. All evidence
indicated that this emplacement had not been used in this position.
It was simply in process of erection when it was abandoned. The
Germans attempted to destroy it, but succeeded only in ripping loose
a few plates. At the time that this emplacement was captured, no
descriptions of any kind were available of the carriage for which it
was intended. The writer’s failure to find any emplacement in

_ Belgium from which the mount could be operated led to a search for
emplacements in France, and an examination of the emplacement
shown revealed the fact that it was the one sought.

393. The mount is run in on the emplacement in a position shown
approximately on plate 417. It is then raised by four jacks, one of
which can be seen in the left foreground on plate 419, and the trucks
removed. The rotating section of the emplacement is then turned
90 degrees, and the carriage lowered onto the side girders. In the
right center of plate 417 is shown one of the key plates, which cor-
responds to a similar plate on the bottom chord of the carriage girders,
plate 426. The six bolt holes shown in the key plate on plate 418
correspond to the six holes in the lower chord on plate 426. On this
plate only the bolt holes on the outside of the girder web are visible.
From the fact that the key plates for the forward end must have
eight bolt holes and those for the rear six, it is evident that the

- traversing mechanism is located on the part of the emplacement
corresponding to the rear of the carriage. '

394. It is necessary to install two auxiliary construction tracks on
either side and parallel to the approach track for the service of the
Gantry crane used in installing the emplacement. Ope of these
tracks is shown on plates 417 and 418 and both are shown in both
elevation and plan on plates 419 and 420. The emplacement, as
well as the Gantry crane used in the work of installation, are shown on
plate 421. German handbooks allow a period of three weeks for the
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installation of the structural-steel emplacement. The mount is
shown completely installed and in operation on plate 422. This
plate is made from a cut contained in a printed publication of the
Krupp Co., which manufactured the mount.

395. CaMOUFLAGE.—In the case of the emplacement found in the
Bois de Chatelet, sockets were placed in the center of the approach
track at intervals of about 30 feet, into which trees with trunks up
to about 6 inches could be placed for the purpose of concealing these
tracks.

396. Trucks.—All of the trucks, as well as the span bolsters, are
constructed entirely of structural steel, plate 401. The front trucks
contain five axles each and the rear trucks four axles each. The
journals are approximately 14 centimeters in diameter by 32 centi-
meters in length, and the wheels are 95 centimeters in diameter.
On the front trucks, three wheels have two brake shoes each. On
the rear trucks, the end wheels have two shoes each and the inner
wheels one shoe each. The braking is done by hand only. A por-
tion of the circular track on which rubbing plates attached to the
span bolster on each side bear, can be seen on the front truck, plate
400. There are no rollers on any of the trucks or bolsters. The
axles are equalized in pairs only, the center axles of the front trucks
having no connection with the others, plate 423. The various di-
mensions of the trucks are given on plate 401.

397. AmmunITION SUPPLY SYSTEM.—The provision made for sup-
plying ammunition when the mount is operated on the emplacement
is shown on plate 424. This narrow-gauge ammunition track can be
seen likewise around the pit on plate 422. 2 The indications are, from
plate 422, that the track formed a loop around the pit in this case
and that it was not a complete circle with turntable as was found in
other emplacements in Belgium. A removable plate can be seen be-
tween the shot truck rails on the operating platform of the mount,
plate 425. Over this plate is a light bridge, in the center of which is
seen a ball on the end of the cable used in hoisting projectiles through
the hole in the floor. The cable (0.5-inch) runs over a series of pulleys
to a small drum in the box on the top of the left-side girder.

398. The ammunition is supplied from the storehouse over the
narrow-gauge track already mentioned, the portion of the track
around the pit being under the opening in the working platform.
The projectile is raised by means of tongs attached to the hook
under the hall and when at the top of the bridge the shot truck is
run forward and the projectile placed on it. The shot truck inspected
has no buffers, but four holes can be seen in the flange on the front
which may have been provided for the attaching of a pad of some
sort. The clear space over which the men could get up speed with
the truck is about 5 meters. The gun is loaded at 0 degree ele-



519

vation. It is understood that the projectiles of the 38-centimeter
gun of the same design at Leugenboom were rammed by 12 men.
It is probable that the same number of men were used on the railway
mount.

399. When the mount is operated as a rolling mount, the ammu-
nition is supplied directly from the ammunition car. This necessi-
tates the use of the extension to the car body, which extension, by
the way, gives one the impression of having been an afterthought.
This extension is pinned to the rear of the car body and is likewise
connected by means of the two tie rods shown on plate 426. These
tie rods do not seem_absolutely necessary since the weight of the
extension is carried by the rear truck. When the shot truck is at
the end of the extension, the projectile can be placed upon it from
the trolley that extends a short distance from the end of the ammu-
nition car. When operated as an emplacement mount the extension
of the car body was removed.

" 400. MAINTENANCE.—There seems to be no evidence that this
mount involved any difficult problems of maintenance. The design
13 simple throughout and quite sturdy. It is not known how much
difficulty they may have had in maintaining the desired air pressure
in their recuperator cylinder. It will be observed on plate 413 that a
small pump is provided on the left side of the mount, which presuma-
bly was provided for charging the recuperator. A gauge at the rear
of the recuperator cylinder gave evidence of the existence of a floating
piston. The gauge on the top of the cradle, plate 402, is capable
of registering a pressure of 250 kilograms per square centimeter. If
the pressure maintained in the recuperator was even half the pressure
which the gauge was capable of registering, it is possible that they
may have had some difficulty in maintaining their recuperator.

401. DrrricuLTIES INVOLVED IN SERVICE.—The mount is operated
above 18 degrees 30 minutes from an emplacement of the type
shown on plates 417 and 418. Any such contrivance as this is con-
sidered a decided nuisance and would not be tolerated in our own
designs; neither would it be tolerated by any of our allies. It is
significant that in German handbooks the time allowed for installing
gun emplacements is usually from three to five times as great as that
permitted in the American Army. It is probable that the full three
weeks allowed was required for the installation of this emplacement.
No other difficulties are apparent in the service of this mount

402. MEriTs.—The simple design of cradle, generally simple de-
sign of the mount throughout, convenient ammunition supply system
and high elevation, may be classed as merits.

403. DeMERIT.—The necessity for the use of an emplacement of
this type for the operation of the mount at high angles is a decided
demerit.
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SECTION 4.

PRACTICAL QUALIFICATIONS OF RAILWAY ARTILLERY FOR
LAND WARFARE AND COAST DEFENSES.

404. To arrive at a proper conclusion with reference to the quali-
fications desirable in railway artillery, the relative merits of various
details of design, as brought out in sections 1 and 3, will be con-
sidered first. Next, the various services required of the pieces will
be given as discussed in section 2, and the general characteristics
necessary in a mount to satisfy each service will be determined.
Finally, on the basis of the above discussions, the best combination
-of design details to satisfy the requirements of each mount will be
-recommended.

\

RELATIVE MERITS OF DESIGN DETAILS.

405. Design details will be considered under the same headings
used in describing them in section 3. In addition, attention will be
given to special requirements for coast defense.

408. GuN.—Practically all of the guns used on railway mounts are
of old or obsolete design. None of the novelties of design brought
out by the war were developed to a point of actual utilization on
railway mounts. A few of these new ideas are briefly described
below, however, as they may develop to some importance in relation
to railway artillery.

407. Autofrettage is a system of gun-tube construction in which
the distribution of initial stresses (which is ordinarily obtained by
the shrinkage of concentric rings, one upon the other) is attained in a
single homogeneous tube, or better, in one tube and one jacket,
through the application of internal hydraulic pressure. This system
has not yet_been applied to the manufacture of anything largér than
field guns. It has been used, however, in the making of the French
long-range gun. The 33-meter tube of 21 centimeter hore, used in
converting a 34-centimeter, 45-caliber naval gun into a long-range
gun, was placed in the gun cold and expanded by hydraulic pressure.
The hoop placed over the projecting portion of the tube was likewise
put on cold and the tube expanded into it by hydraulic pressure.

408. ““Artillery " is a term used by the French to designate an
experimental system of M. Charbonnier, in which copper rotating

(547)
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bands are replaced by machined rifling on the shell. The rifling in
the gun is made to correspond, and the shell is made longer and heavier
than normal. Experiments have heen made in 75 and 155 milli-
meter field guns along this line, in which shells up to 9.5 calibers in
length and weighing 60 per cent more than the regulation shell,
were fired and attaincd ranges up to 35 per cent in excess of the range
for the standard shell.

409. The turbo-cannon of Lieut. Delemerr-Mayo, of the Freach
Army, is a gun without rifling, in which the rotational velocity is
given the projectile by the impact of the powder gases on special
vanes. Such tests as were made indicated rotation of the projectile,
but no further conclusions were possible.

410. Muzzle brakes, or gas deflectors, for reducing recoil have been
experimented on by Lieut. Bory and Capt. Galliot, as well as in the
American Ordnance Department. The best results so far attained
in experiments are a reduction of 40-60 per cent in recoil energy on
the 75-millimeter field gun and a reduction of 83 per cent on a 3-inch
seacoast gun. Measurements taken of the atmospheric pressures in
the case of the seacoast gun indicate that the gun crew is not in any
danger from the outwardly deflected gas stream.

411. RecoiL MEecHANIsM.—The various recoil systems were dis-
cussed very fully in section 1, and the following points were hrought
out:

(a) Cradle recoil with air recuperator is the highest develop-
ment of recoil systems.

(b) Top carriage recoil is obsolete, being particularly un-
suited to high-angle fire.

(c) Sliding recoil is unsuited to small guns because the time
of firing can not be reduced below a minimum which
is too great for the efficient service of such guns. With-
out the use of a cradle, it is unsuited also for the very
largest guns, on acoount of excessive trunnion forces.
It is very satisfactory for medium and large calibers.

(d) Rolling recoil is similar to sliding recoil in regard to the
points mentioned above. A rolling mount requires less
track preparation than any other type. In all known
types of rolling mounts cradles have been used, making
them more complicated than the sliding mounts.

412. Mounts with rolling or sliding recoil must be pushed back
into battery after firing. This is accomplished on the lighter of the
sliding type mounts by the use of a hand translating mechanism,
consisting of a crank, a train of gears, and some chains leading to
one or more of the axles. In the mounts constructed to date one
translating mechanism is provided on one or two of each four to six



549

axles, and the ratio of gearing is from 100 to 132 turns of the handle
to one revolution of the wheel. The mount can be moved at the
rate of from 3 to 5 feet per minute. With the mounts having rolling
recoil, the length of recoil is considerably greater and a gasoline-
driven winch, mounted on the front truck or span bolster and taking
up a cable fastened to the track ahead, is preferred for returning
the mount to its firing position. For this sort of movement, exper-
ience has shown that the rolling friction is much greater than is
ordinarily ‘assumed for railway work. The tractive effort on a level
track with the American 16-inch howitzer ran up to 50 pounds per
ton. On the heaviest sliding mounts electrical translating mechan-
ism is provided. This is very convenient, of course, but requires a
power plant and complicates the design and accessory equipment.
Manpower is always available and is reliable. Electrical equipment
has the bad habit of failing when it is needed most.

413. ELEvATING MECHANISM.—Elevating mechanisms are so
diverse in type, and the speed of operation of the piece is so largely
dependent on them that a somewhat lengthy consideration is felt
to be justified. First the requirements of the mechanism will be
discussed, and then their practical embodiment will be described.
414. The requirements of an elevating mechanism are that it
shall: :

(a) Afford proper extent of elevation.

(d) Give proper ratio of handwheel to gun movement.

(c) Be sufficiently strong to withstand shocks of fire. _

(d) Be efficient enough to allow operation at the required
speed with the power available.

(¢) Be simple in construction and easily maintained.

415. In regard to extent of elevation, (a) above, ideas have been
modified considerably by the experience of the European War. For
howitzers, a maximum elevation of 65 degrees is required to give
the desired plunging fire. For guns there may be objectives at long
ranges of such size that the high dispersion incident to fire at maxi-
mum range is not disadvantageous. Therefore the mount should
always allow sufficient elevation for the gun to attain this maximum
range. For medium caliber guns at medium velocities, this approxi-
mates the theoretical 45 degrees. For large guns and high muzzle
velocities, however, the decreased air resistance at high altitudes
so far increases the range that the maximum appears to be attained
at from 50 to 55 degrees. The long range 210-millimeter German
gun which operated at a muzzle velooity of 1,500-1,600 meters per
second, was fired at an angle of at least 55 degreés. The French
220-millimeter gun will be mounted with provision for an elevation
of 55 degrees.
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416. The ratio of handwheel to gun movement, (b) above, will
be expressed as the gun movement in degrees over the corresponding
handwheel movement in turns, 2/1 meaning 2 degrees of gun move-
ment per revolution of handwheel. This ratio should be such that
‘the necessary fine adjustment for laying can be had, on the one
hand, and that the gun may be depressed and elevated rapidly for
loading. On some of the older mounts, the ideal for both require-
ments is sought by the use of a slow elevating gear and a quick
loading mechanism together, as on the 190, 200, and 240 millimeter
French howitzers. Railway artillery, however, is not called upon
for extreme speed in ﬁrmg, and late deslgns of mounts show that a
satisfactory compromise can be found in a single mechanism. As
an indication of the requirements for accurate laying, it is found that
the adjustment of elevation to a precision corresponding to one
quarter of the probable error in range, requires setting to within
“from 1 to 2.5 minutes, depending upon the accuracy of the particular
gun considered. Such a setting could easily be made with a hand-
wheel ratio of 1/1 to 2/1. The smaller handwheels can be spun at
from 60 to 90 revolutions per minute, which would give a speed of
operatlon to 45 degrees elevation, of from 15 to 45 seconds. This
is amply fast enough for railway artillery. Practice shows a varia-
tion of this value per turn of handwheel between about 0.33/1 and
1.80/1. The ratio for the heaviest guns approximate a value of
0.5/1, but as qne of them which has an efficient elevating gear, has
a value of 1/1, it is thought the lower value is adopted for the sake
of mechanical advantage, rather than because it is inherently desir-
able. The conclusion from the above is that a ratio of 1/1 (1 degree
movement of gun per revolution of handwheel) is amply fine enough
and that the value may be run up to 2/1 with the less acourate
and smaller guns. ’

417. In reference to strength (¢) above, the chief forces to be with-
stood are two. The first is a turning moment due to the powder
pressure. In American ordnance design, the center of gravity of the
recoiling parts is usually put a short distance below the center line
of the gun, so that, as long as the projectile is in the bore, there is a

- couple due to the powder pressure against the breech, which tends
to elevate the gun. The elevating mechanism must be made strong
enough to stand this without movement, so that the accuracy of fire
will not be reduced. The second force is the moment due to the
breech preponderance of the gun when in full recoil. If the elevating
mechanism is so constructed that it can not be moved by this couple,
then it must be made strong enough to withstand this moment as
well, which is usually considerably larger than the one first mentioned.
On most heavy mounts (tipping parts weighing over 25,000 kilo-
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grams) the elevating mechanism is arranged so that it can slip slightly
under the action of this couple, the slip-friction device being inserted
ahead of any worm or screw which, of course, are irreversible. The
movement takes place only after the projectile has left the bore and
does not affect the accuracy of fire. Even in these cases, the gearing
seems to be made strong enough to stand this moment, with a
safety factor of perhaps two. On the sliding mounts, with fixed
trunnions, neither of the above stresses occur, but if the center of
gravity of the gun is not exactly coincident with the axis of the trun-
nions, a turning moment develops as the mount recoils. A turning
moment is developed in a similar way with a rolling mount where the
trunnions are very likely to be behind the center of gravity, as on the
British 14-inch mount,

418. Under the above analysis the turning moment to be resisted
is calculated or assumed. With the heavier guns the moment be-
comes more and more difficult to provide for. Ordinarily, one tooth
of a pinion must take it. Next, a second pinion with another rack
may be added. After these, plain worms, Hindley worms, and
screws, give possibilities of progressively increasing strength within
the practicable limits of the mechanism.

419. The efficiency (d) above, required of the gear, depends upon
the work to be done in elevating the gun and the power available.
The work is, in general, that of overcoming the friction of the trun-
nions in their bearings. With the small guns of light weight and sup-
ported by trunnions of small radius this is comparatively insignificant,
but with heavy guns and large diameter trunnions, particularly with
the sliding mounts, where particularly large trunnions are required,
this friction may be considerable. When the work of overcoming
this becomes too large, recourse is had to various antifriction de-
vices, which support the gun during elevation but give under the
shock of fire and allow the main trunnions to take that shock.
These devices operate either by reducing the coefficient of friction,
as with the roller bearings, or by reducing the relative move-
ment, i. e., using a very small radius auxiliary trunnion (St. Chamond
type). Some devices combine these two ideas, and the arrangement
on the 280-millimeter German mount, plate 388, is perhaps the best
which has been seen. In practice these devices seem to be adopted
almost universally for mounts with tipping weights exceeding 25,000
kilograms. The second factor concerned, as noted above, is the
power available. This is preferably hand power and may be approxi-
mated as varying from one-tenth horsepower, for a man spinning a
handwheel for a short time, to perhaps 1 horsepower for four men
working at top speed on long radius cranks. Some French mounts
have 73 horsepower electric motors for elevating and the British 14-
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inch has a 20-30 horsepower gasoline engine. For the sake of sim-
plicity of construction, operation, and maintenance, it is highly de-
sirable that hand power be used where possible, and it is believed that,
if efficient gear trains and good antifriction devices are employed, this
is possible even with the heaviest gun; and even where power ele-
vating is used, the hand mechanism should always be provided as
an auxiliary.

420. The required efficiency of the gear train can be approximated
from the preceding considerations. Manifestly, it is a function of the
number and character of the mechanical elements in the train.
These are, usually, spur gears, bevel gears, chains, worms, and screws,
with efficiencies falling off in about the order named. Low pitched
worms and screws are very inefficient. It is, of course, necessary to
make careful calculations on the efficiencies of each individual ele-
vating mechanism but these will always be found to involve two con-
stants which must he assumed, the coefficient of friction in the trun-
nion bhearings and the efficiency of the gear train, The relation of
the former divided by the latter is taken as an indication of the effi-
ciency of the mechanism. As an indication of values, data has been
taken from proof tests of a number of seacoast carriages, and the effi-
ciency of the mechanisms has been computed. Itisfound to varyfrom
0.372 to 2.67 with an average of about 1.14. The gear trains of all
these mounts included a worm or a screw and from one to four pairs
of bevel or spur gears. Assuming 0.15 for the coefficient of friction,
this would indicate a gear train efficiency of from 40 down to about
6 per cent. By contrast, the American 16-inch howitzer with a train
of three pairs of spur gears, gives a value of approximately 0.15; that
is, a gear train efficiency of about 60 per cent, with a coefficient of
friction of about 0.10. This indicates clearly the superiority of spur
gears from the standpoint of efficiency. Since the gun of this mount,
the tipping parts of which are at least half as heavy as those of the
largest gun to be considered, can be elevated in 25 seconds by one
man with one hand, it is felt that spur gears give a sufficiently efficient
train so that even the largest gun could be operated through them by
hand power. The best example of this construction is the St. Cha-
mond 340-millimeter gun mount, plate 427, with a gear ratio of
approximately 1/1 and on which the elevating gear is apparently
entirely satisfactory.

421. In the matter of simplicity, (¢) above, manufacture is probably
simplest on chains and spur gears, and becomes progressively more
difficult on bevels, screws, worms, and Hindley worms. As to main-
tenance, the difficulties involved are confined largely to the necessity
for close adjustment. Within limits, practically all that is required
of the chain drive is that the two sprockets be in approximately the
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same plane. With spur gears, the distance betweenshaft centers must
also be fairly closely maintained. With bevel gears the shaft center
lines and planes of the gears must both be exactly maintained. With
worms, the shaft distances and the plane of the worm shaft must
similarly be kept just right, and with Hindley worms, the position of
the worm along its shaft must be exact as well. With the screw,
screw and nut must be coaxial, but if they mesh at all, this con-
dition is assured. This indicates that screws, chains, and spur gears
are the easiest mechanisms to keep in adjustment, and that bevels,
worms, and Hindley worms are more difficult in the order named.

422. The way in which these five requirements are realized may be
understood by a study of the various mounts described in section 3,
Volumes I and II. The following summary, extracted fromsection3,
is given, covering some of the points discussed in the preceding
paragraphs: ‘ ’

Use of slipfriction device: Almest invariable with mounts
whose tipping parts weigh over 25,000 kilograms. Excep-
tions have screw elevating gear.

Use of antifriction device: Almost invariable with mounts
whose tipping parts weigh more than 25,000 kilograms. The
single exception has a power drive for the elevating gear.

Mechanism at the gun: Forty-one examples classify as follows:

Curved rack and pinion. ....... ... .. ..o..o.i.l.. 29
Straight rack and pinion.........................l.L 1
Worm and wheel.............. .. . il 3
Screwand nut. ... . ..iiiiiiiiiiiiiiiaa.. 8
. . 41
Geay train, exclusive of above:
Spurgearsonly........... .. ...l 5
Bevelgearsonly.... ... . ..o iiiii... 6
Spursand bevels....I....._... eeemeeeeeeeeneeaaan, 2
Wormand bevel......... ... ... ... iii..i.. 17
Chains employed. ... .. ... ... ... .iiiiiiiiaiiil. 4
General type of entire mechanism:
Rack and spurgears................. e 5
Rack, worm, and bevels, ete.......................... 19

The only types of mechanism which occur with almost or iden-
tically the same arrangement of components, on a number of mounts,
" are the rack with spur-gear train, which is found only in American -
and French designs, and the rack, pinion, worm, wormwheel, and
bevel combination, which is very popular and occurs in American,
French, British, and German designs. The chief objection to -this
latter type of gear is low efficiency, which has necessitated a low
ratio of gun to handwheel movement—from 0.33/1 to 0.67/1.
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423. The conclusions with regard to elevating mechanism are:

(a) Extent of elevation: To 4555 degrees for guns; 65 degrees
for howitzers.

() Ratio of handwheel to gun movement: One to 2 degrees
of gun movement per turn of handwheel.

(c) Strength: Usually safeguarded by a slip-friction device.
In exceptional cases great strength may be obtained by
the use of a screw.

(d) Efficiency: Spur gears most efficient. Screws and worms
may reduce efficiency to very low values.

(e) Simplicity: Spur gears, chains, and screws are simplest
mechanisms. Bevels and worms to be avoided when
possible.

424. TRAVERSING MECHANISM.—Traversing mechanisms are dis-
cussed in a general way in section 1. A detailed discussion of the
mechanical features of the different schemes follows.

425. Nontraversing mounts must be pointed in azimuth by some
extraneous means, as & curved epi or a turntable. These mounts
are usually of the rolling or sliding recoil type and have some sort of
translating device to bring them back again into firing position. See
description of recoil mechanisms above. This same mechanism can
be used, of course, to move the gun along the epi for training in
azimuth. In the case of a turntable a special rotating mechanism,
usually motor driven, is, of course, provided in the turntable itself,
plate 428. :

426. Railway car traverse, as explained in section 1, allows usually
only a very limited movement on the trucks, perhaps 4 degrees. Car
traverse in connection with an emplacement is best worked out
through the use of a center-plate arrangement built into or attached
to the car body; it usually includes roller or ball bearings on which
a part or all of the weight of the car body is supported. All round
fire mounts of the car traversing type, as at present developed (Amer-
ican 14-inch model E, German 380, 280, 240, and 210 millimeter
mounts), require elaborate foundations. Car traverse may be supe-
rior to top carriage traverse for a wider range of fire than can be
obtained from the trucks, with guns which are not so powerful but
that a rapidly built emplacement is possible, yet which are so large
that top carriage weight is comparable with car body weight. So far
as is indicated by present practice, however, this type of traverse is
best applicable to high-powered guns requiring only limited traverse
in the mount and firing usually from an epi.

427. Top carriage traverse, as noted before, is suited to a8 maximum
traverse of from 10 to 360 degrees. The top carriage consists usually
of cast-steel side frames carryving the trunnion bearings in which the
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gun cradle swings, and transoms connecting the side frames. It will
be more fully discussed later. The components of the traversing
gear should be strong enough to resist the forces tending to rotate the
carriage when the piece is fired at high elevations. The ratio of the
gearing should be such as to allow of fine adjustment—that is, to one
mil. Efficiency is not of as much importance here as in the elevating
gear, except, perhaps, for coast defense work. As previously pointed
out, this type of traverse finds its best application in mounting the
less powerful pieces for all round fire, where carriage weight is small
in proportion to car body weight.

428. A discussion of the relative advantages of these systems of
traverse is narrowed down by the following considerations:

(a) Top carriage traverse is so simple for howitzers and the
smaller guns (8 inches or less) that the other types do
not merit consideration.

(b) Nontraversing carriages have so little advantage in sim-
plicity over the car traversing type that they need not
be considered.

429. The question becomes, therefore, one as to the type of traverse
to be adopted for heavy guns—specifically between epi curve-car
traverse combination and an emplacement top carriage traverse com-
bination. The chief objection to the former is the ease with which
the battery may be located by aerial photography; in other words,
the difficulty of effective camouflage. The answer to this objection
lies chiefly in two considerations; first, that the type of target fired
on from an epi is usually such that the gun is placed, delivers the
required number .of shots, and is then returned from the epi to the
base, so that, even though the enemy may know where all the epis
are, he is by no means sure just where the gun is, and it may quite
easily deliver its fire and retreat before he can be sure of its location
and start counter-battery fire. The second consideration is that
camouflage has proved ineffective against the various means of detec-
tion which have been developed—aerial photography, sound ranging,
flash ranging, earth vibration ranging, etc. The Allies found, after
the conclusion of the war, that the vast majority of the German bat-.
teries had been exactly at the points where these various agents had
indicated them to be. In the special cases known where careful and
effective camouflaging was worth while, for instance for fire of de-
struction against the bridges east of Metz, the mounts were in position
for a long period, but, on the other hand, they were firing at practi-
cally a single target, and needed no epi curve, car traverse being
ample for the service. With top carriage traverse, on the other hand,
ordinarily either no more traverse is realized than with the other type
or a special foundation has to be installed, which, with heavy guns, is
a very difficult and time-consuming job.
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430. The general conclusions with regard to traversing mecha-
nisms are that two types should be considered for services as follows:

(4) For heaviest cannon (14-inch 50-caliber guns and 16-inch 25-
caliber howitzers): Top carriage or car traverse as wide as stability
will allow, using outriggers to take most of the horizontal component
of the force of recoil. These same mounts should be so designed as
to be capable of operation as rolling mounts if desired and be equipped
with traversing rollers and a base ring of the 14-inch model E type
for service in coast defense.

(B) For medium-powered cannon (10-inch 50-caliber and 12-inch
- 25-caliber howitzers): Car traverse with wide angle of fire, plates 59
and 60.

431. Gun CarrIAGE.—Most of the components of the gun carriage
have already been discussed, but there remain to be mentioned some
facts regarding the types and construction of the main frame and the
types and construction of pintle and traversing rollers.

432. The main frame of the carriage consists normally of two side
members which support the trunnion bearings; and connecting tran-
soms and perhaps a racer. In American aud early French practice
these parts are uniformly steel castings. Later French and English
practice, however, is to build these parts up out of structural shapes
and plates. 5

433. Such practice appears entirely satisfactory, providing pro-
vision is made (by additional clearances, etc.) so that the greater
flexibility of the structural, as compared with the cast frames, can not
cause trouble. '

434. Pintle and roller arrangements are of two types. The first,
or front pintle type, has a large vertical pin under the front of the
carriage, around which the carriage swings. Rollers, usually spring
supported, are provided under the rear end of the carriage, and these
travel on a special track on the base, or railway car. This type is
exemplified, for instance, in the Batignolles mounts and the American
16-inch howitzer. The advantages of such a top carriage are com-
paratively small forces on the traversing rollers, due to the relatively
long lever arm at which they act and great simplicity of construction,
facilitating both original manufacture and field maintenance. The
disadvantage is that the work involved in traversing is large in pro-
portion to the distance between the pintle and rollers, and because of
the large radius of the roller path the type can be used on railway
mounts for limited traverse only. The second, or center pintle type,
is provided with cylindrical pintle (either a pin or a large radius sur-
face) and a complete circle of conical traversing rollers or balls, both
concentric with the carriage. The rollers circulate between conical
paths on the base ring and racer, and constitute a roller bearing; the
balls, varying in diameter from 4 to 8 inches, circulate between two
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grooved paths of circular cross section on the base ring and racer.
Both rollers and balls take the entire shock of fire directly. The
radius of the roller or ball path is made as small as possible to reduce
the work of traversing. The advantages of this type are that a mini-
mum traversing force is required and that the apparatus is sufficiently
compact to allow all-round fire in the limits of railway clearance. The
disadvantages are the heavy loads which must be carried by the travers-
ing rollers, or balls, and the comparative complexity and exactness
required in fabrication, especially in the case of the rollers.

435. The conclusion from the above is that the center pintle type
would be most usually employed on railway mounts for medium
howitzers and light guns, and for heavy guns and howitzers in con-
nection with some type of separate base ring. The other type will
be employed for heavy howitzers and medium and light guns when a
greater carriage traverse (10 degrees) than can be secured in car
traverse (4 degrees) is desired.

436. RaiLway Car Bopoy.—Railway car bodies are, with the ex-
ception of certain improvised French mounts, always of structural
steel and are of two types, flat car and girder.

437. The car bodies of the first type may be merely flat cars of the
ordinary freight pattern with the carriage mounted on top of them, as
in the case of the 155-millimeter howitzer, plate 429, the 240-millimeter
gun, plate 237, or the 194-millimeter gun, plate 431. This type is
simple, sturdy, and satisfactory for these mounts.

438. In most cases, however, the height of the gun carriage is such
that headroom demands a drop frame type of flat car body. This
type is illustrated by the 200-millimeter howitzer, plate 10, the British
12-inch howitzer, plate 432, and the American 8-inch gun, plate 88.
Experience has shown two defects with this type of flat car body, -
one the difficulty of making it stiff enough to prevent undue deflection
under the load of the gun, thus perhaps causing deflection of the gun
carriage base ring and cramping or jamming of the traversing mecha-
nism; and the other is the same as that experienced with commercial
drop frame flat cars, viz, their inability to stand under the severe
buffing strains to which they are subjected in coupling, and being
hauled over the road, with heavy trains,

439. The girder type of car body is employed when the weights
become too great to be carried on the ordinary flat type. Practically
all of the larger caliber mounts furnish examples of this type. This can,
of course, be made as strong and as stiff as occasion demands. Only
one point needs to be mentioned, and that is the necessity for rigid
cross bracing between the two side girders. The lack of such suffi-
cient bracing results in racking or weaving of the side girders relative
to each other and the binding of the gun trunnions in their supports
breakage of trunnion caps, and the like. There must be actual contact
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between the webs of the transoms and the webs of the side girdersto
produce the desired rigidity. The rivets can not be depended upon.

440. An experimental car body of reinforced concrete, plate 433,
for a 30-centimeter mortar has been made in France. In spite of the
fact that it was successful, this type of construction is not thought to
merit consideration where steel is available.

441. ANCHORAGE.—The discussion under section 1 brought out
most of the points regarding the existing types of anchorage. They
may be summarized as follows:

(a) Mounts requiring no preparation: Must be of the rolling
recoil type, can have but very limited traverse, and are
in general best suited to the very heavy guns.

(b) Mounts requiring a track platform: Sliding type, suited
for heavy guns with limited fire. Strut type, suitable
for light and medium guns with 60 to 360 degrees trav-
erse.

(¢) Mounts requiring a ground platform: Suited for medium
guns with all-round fire, and for heaviest guns with lim-
ited fire. (All-round fire for heavy guns in exceptional
cases.)

Something remains to be said regarding mechanical details and
relative desirability of the different designs under the various types.

442. The first type is, of course, ideal from the standpoint of
anchorage. The chief objection, however, is that in all types here-
tofore constructed it has been ‘necessary to include @ recoil system
to reduce the maximum pressure on the trucks, and a counter-
balancing system to compensate for the extreme muzzle prepon-
derance resulting from mounting the trunnions close to the breech
to secure great elevation. Further, the length of recoil along the
track (30 to 50 feet) is too great. Improvements now being experi-
mented with on sliding mounts, and detailed in paragraph below,
suggest that some means might be adopted to transmit the force
directly to the rail instead of through the truck springs. If the car
girder were sufficiently strong to distribute the pressure along the
track for the length of the mount, pressure on the ties would be
nearly as low as on the sleepers of the present sliding mounts, and
the pressure on the ground would be halved. If this arrangement
did not require too great a weight of girder or too great a complica-
tion of jacks it would seem to constitute a most excellent system for
guns requiring only very limited traverse.

443. The sliding type of track platform mount requires an epi
built with special, long, closely spaced ties, and laid with I-beams
in addition to the regular rails. The mount is distinctly at a disad-
vantage, as compared with the rolling type of mount, in that stand-
ard track can ordinarily not be utilized and, indeed, no standard
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track materials, except rails, can be used to advantage in the special
construction required. A modification of the sliding type mount is
now being experimented with, in which the I-beams, or bearing
stringers, are fastened to the mount and slide along the top of the
ties instead of having them fastened to the top of the ties and
allowing the mount to slide over them. This involves the use of
dressed ties of extra length in laying the epi, but on the other hand,
it avoids the use of a large amount of structural material in making
the epi and saves time in its construction. , The proving ground
tests show that this construction is satisfactory and it offers a dis-
tinct improvement over the previous types. It would seem that this
scheme might be developed by lengthening the beams carried by the
mount, so that enough ties to take the shock would be covered on
standard track. With such a modification and the addition, perhaps,
of a set of cutters on the mount for surfacing the ties, it would seem
that this type might be adapted to operate as satisfactorily on stand-
ard track as the former type operates on a spur of special construction.
This would have the same advantage as the modified type suggested
above, but would, like it, be limited to heavy guns requiring only
limited traverse. The sliding type of anchorage, as at present de-
veloped, however, still possesses considerable advantages over other
types of platform. While it requires the construction of an elaborate
epi, this can be built while the mount is still far behind the lines i
safety, and when it is finished the mount can be run up, fired, and
gotten out again in an absolute minimum of time.

444. The other types of track platform anchorage also employ
stringers of beams laid over the ties, to take the vertical component
- of fire, but they employ guys, rail clamps, struts, spades, and floats
to take the horizontal component and prevent overturning. No
difficulty is experienced with taking care of the vertical component
of fire, but serious limitations have developed with the devices em.
ployed to take care of the horizontal component and the overturn-
ing tendency. This limitation is of course most marked in an all-
round fire carriage operating at right angles to the track, and it will
be discusséd from that point of view. Rail clamps alone sufficed
on the early 155-millimeter howitzer mount, when used on standard -
gauge track. Horizontal floats, just outside the rails, with jacks
attached to the side of the car and screwed down on them, sufficed
for the 164.7 and 194 millimeter guns. On ‘the 200 millimeter
howitzer it was necessary to place these horizontal floats further out
and mount the jacks on the end of swinging arms. This same scheme
was tried and found inadequate for the American 6-inch seacoast
gun. With the addition of a vertical spade to the float it was tried
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on the British 9.2-inch mount and cables attached to deadmen had
to be used as a supplement. The next step is the use of struts,
with floats arranged at their ends perpendicular to them and bearing
against a prepared and properly sloped surface on the ground. This
is employed on the American 8-inch gun and 12-inch mortar mounts
and the St. Chamond 240-millimeter mount. These seem to mark
almost the upper limit of the possibilities of track platform anchor-
age for all round fire. It is felt that the American 8-inch scheme is
a better design than the St. Chamond. It is more effective and can
be put in place in one third of the time.

445. Ground platforms, requiring removal of the track and the plac-
ng of special work underit, are of two distinct types—the steel or
concrete emplacement type and the wooden float and strut type.
The former is exemplified in the Batignolles platform, plate 54, for
limited traverse carriages, and in the 280-millimeter German plat-
form of steel or concrete, plates 55 and 66, and American 14-inch
model E, steel platform, plate 239, for all-round fire. Under this
head come also the turntable emplacements used with the German
380-millimeter, plates 417 to 422, and suggested for United States
coast defenses, plate 428. The latter type noted above, i. e., wooden
float and strut, is merely an extension of the track platform and
strut type of mount. It is illustrated by the St. Chamond mounts,
plates 51 and 52, and the American Navy 14-inch mount M. I,
plate 23. This type allows only of limited traverse. Relative
speed and simplicity of installation give a decided advantage to the
Batignolles type of ground platform for limited traverse carriages,
but the manufacture is, of course, relatively costly and elaborate.

446. A general study of the various types of platforms shows that
the permissible load figured on is approximately two tons per square
foot, or 20,000 kilograms per square meter. General Peigne’s early
researches led him to recommend a pressure just half this, i. e.,
10,000 kilograms per square meter, and it is undoubtedly true that
for horizontal thrusts near the surface of the ground, as in the track
platform and strut type of mount, the use of a figure less than
20,000 kilograms is advisable. For vertical stresses or in case of
floats deeply buried, the figure is probably perfectly good.

. 447. Trucks.—The trucks used for railway mounts do not differ
from those required for other types of heavy railroad work and no
detailed discussion of merit need be entered into. It may be said,
in brief, that the outside type of journal should be used if at all
possible, for the sake of simplicity, and that both hand and air brakes
should be provided. It should also be added that a number of
peculiarities which will be noticed on French trucks—such as lack of
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equalizers, mounting the centerpin off center of trucks, etc., are
improvisations, and are not to be considered desirable for this
type of service.

448. Axle loads, during the present war, have been limited by
French railways to 17 metric tons. The American Navy 14-inch
mount, which exceeded this by about 35 per cent, gave a great deal
of trouble, especially from the overheating and scoring of journals
and bearing brasses. Mounts with rolling recoil take the firing load
directly through the trucks, and this force must be reckoned with
in the design. This force is about 35 long tons on English mounts
and 27 long tons on the American 16-inch howitzer.

449. AMMUNITION SUPPLY SYsTEM.—The ammunition supply sys-
tem consists of two essential parts, as a rule, a hoisting and translating
mechanism for bringing the shell near the gun and a tray or truck for
guiding it into the breech. The hoisting and translating mechanism
is usually a Triplex block suspended either from a jib crane or an over-
head trolley. The jib crane appears to be the favorite for small cal-
ibers, and for large calibers where the gun has a fair amount of
traverse. The overhead trolley, however, is used in most of the heavy
mounts where there is very little traverse, and where the shells can
be taken directly out of the ammunition car, or off the transbordeur.

450. The guiding mechanism is a tray onto which the shell is
lowered, and which extends into the breech of the gun. On some
mounts, as the American 8-inch gun, this is very small and is carried
by a second jib crane. Usually, however, a part of it constitutes
the top of a stationary shell stand, while another portion can be
pushed into the breech when the latter is opened. The shell is then
slid along it into the gun, plate 161. Another type consists of a tray
provided with wheels, which rolls along a track and part way into
the breech of the gun. The tray then brings up against a buffer,
while the shell continues to move of its own inertia and comes up to
a full or partial seating against the forcing cone. Here.the same
line of demarkation occurs as in the lifting mechanisms—the plain
tray appears to be the favorite for all light shells, and for heavy
mounts with considerable traverse. In many cases a negative loading
angle is given to assist in moving the shell into the gun. The rolling
tray or shot truck is more used with the heavier calibers and mounts
having small traverse, plate 162.

451. It is felt that the above indicates the best use of the various
arrangements discussed, i. ¢., ‘the crane and tray arrangement for
practically all small guns and the overhead or trolley cranes and
shot truck arrangement for heavier caliber guns having very small
traverse. .

452. SPECIAL ARRANGEMENTS FOR CoAST DEFENSE.—As noted at
the end of section 2, the use of railway mounts for coast defense calls
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for special characteristics not demanded in land service, viz., provision
for operating the sighting, elevating, and traversing mechanisms up
to the moment the piece is fired, so that a moving target can be fol-
lowed and also for operating them simultaneously for the entire
battery for volley firing. It is proposed here to discuss the merits
of the several possible arrangements for accomplishing this end.

453. The difficulty encountered in the evident solution of leaving
men on the mount to carry on these operations is that, in rolling and
sliding mounts, and quite probably in all mounts with any but the
heaviest anchorage, the shock of fire is so great that this has never
been felt to be safe.

454. For the purposes of this discussion, mounts may be divided
into three classes:

() Heavy mounts with top carriage traverse and operating
fixed to the anchorage.

(d) Light mounts with top carriage traverse and operatirg

~ fixed to the anchorage. '

(¢) Sliding and rolling mounts traversing by movement alorg
curved epis.

455. With heavy mounts fixed to an anchorage, it is felt that the
evident solution mentioned above, of leaving the personnel on the
mount, is feasible. This same condition may be realized with heavy
guns with small traverse, by mounting them on a turntable, plate 428,
which would be electrically operated. The latter arrangement has the
disadvantage that turntables must be provided wherever firing is to
take place, and the former would seem to be feasible only when an
elaborate anchorage is employed. With either of these arrange-
ments, however, the guns can be controlled and fired just as if they
were installed in a fort in the ordinary way.

456. With light mounts fixed to an anchorage, the vibration of
the structure from the shock of fire would probably be too great to
permit the personnel to remain upon it. Three arrangements suggest
themselves as possible solutions for this case.

(a) Remote control of elevating and traversing mechanism
either mechanical or electrical, and observation of
azimuth circle and elevation indicator through tele-
scopes. In this case the azimuth circle should be
rotatable, so that correction of zero could be made
after each shot. For the case where the target is ob-
served directly prism telescopes would have to be
employed and arranged as shown in the sketch, plate
434, so that their eyepieces, rotatable around the center
of carriage rotation, would be so connected with the
traversing mechanism as always to point in the same
direction.
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(b) Provision of a simple recoil mechanism on all seats occu-
pied by personnel during firing. The shock and vibra-
tion in these mounts is very sudden but not of great

- amplitude, so that this cushioning mechanism would be
very simple. It would, of course, be essential that all
optical instruments be arranged so that the eyepiece
recoiled away from the observer.

() Provision of concrete foundations to which the car can
be firmly fixed. This is the Luellen idea and would, of
course, be equivalent to a gun mounted on a permanent
emplacement.

457. The first scheme (a) above is quite feasible but somewhat
complicated, the third has the disadvantage that fire can only take
place at prearranged points, and the second seems best if it can be
worked out satisfactorily.

458. With sliding or rolling mounts operating on curved epis, two
alternatives are possible:

(A) The pointer may be located on the ground, with remote

control arrangements for elevation and traverse.

(B) The pointer may be located on the mount and his seat

provided with a long recoil mechanism, such that the
. shock of fire will not injure him.

In either case somewhat elaborate apparatus for laying the piece
is required. The aiming point may be located at the center of the
epi or at some other point. In order to show what may be done,
the following four cases will be discussed.

(a) Pointer on ground, reference point at center of epi.

(b) Pointer on ground, reference point anywhere.

(¢) Pointer on mount, reference point at center of epi.

(d) Pointer on mount, reference point anywhere.

459. Case (A) is illustrated in plate 435A. A mirror is so fixed
on the mount that its plane is always parallel to the vertical plane
through the center line of the gun. (If the mirror is tilted up to
raise the line of sight, so that it moves in a cone instead of a plane,
the following reasoning still holds. This may be necessary with a
group of mounts controlled from a tower.) At the center of the
epi the pointer is located on a platform rotatable about that center.
He looks through a telescope A, whose angle & with the baseline
can be varied by rotating the platform and can be read on an azi-
muth circle. His line of sight is turned at right angles by means
of the prism P, which can be moved back_and forth for a distance
of perhaps 10 inches each side of the center along the line of sight
of the telescope. The operation of training then is as follows:
The telescope and rotatable platform are set, either by an assistant

‘from telephone instructions or automatically through mechanical
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or electrical synchronizing from a central observation point, so
that the angle a equals the required deflection of the gun from the
base line. The pointer sets his prism directly over the center of
the platform (in mid-position), and by operating the controllers
of the electric translating motors on the mount he brings it up until
he sees the reflection of the prism (or a pointer arranged on it) in
the mirror of the mount and registering with the vertical cross hair
of his telescope. This would mean that both angles B and C are
right angles, and therefore that angle  equals angle « the required
deflection. )

460. Due to the irregularities of the track and the following of
the mount upon it, the line AB may not always pass exactly through
the center point. In such cases the prism may be slid back and
forth until this line passes through it. ‘

461. This scheme may be greatly simplified if the observer of the
targets is placed in a tower just above A, and arrangements are made
so that his telescope and the telescope and platform shown here
rotate together. The services of the man setting the azimuth circle
at A would then be unnecessary. In actual practice, however, it
will likely be found more desirable to place the observer’s tower on
high ground at some distance from the center of the epi, which will
be in low positions not visible from the sea.

462. Case (B) is illustrated on plate 435B. A horizontal azimuth
circle and a rod marking its vertical center line are mounted on the
gun, so that the rod and the zero of the circle are both in the vertical
plane through the axis of the gun. At any point whatever, as 4, the
pointer is located on a rotable platform with a telescope. Attached
to this telescope, and so arranged that it occupies half of the field of
view of the latter, is an independently rotable azimuth circle, which
can be read against the cross hair through the telescope, and also
against the base line at b. The operation of training is then as
follows: The circle A is rotated either by an assistant from telephoned
instructions, from the observation tower, or automatically through
mechanical or electrical sychronizing, from a central opservation
point. The pointer keeps his telescope trained on the central rod of
the azimuth circle on the mount. He then traverses the mount,
through remote electrical control, until the reading of the azimuth
circle on the mount against the telescope cross hair is the same as
the reading of the azimuth circle at A against the same cross hair.
Each of these circles occupies half of the field of the telescope, so
that his task is simple to bring like graduations opposite. Now, if
the circle at A is always kept with the required angle reading at b,
then the reading on the circle by the telescope will be required
angle + a«. If B is made equal to this, then by constructing & will
equal the required angle.
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463. Case (O) is illustrated on plate 435C. A telescope with a
movable prism, similar to that described under case (4), is mounted
on the mount so that it is always parallel to the vertical plane through
the gun center line. At A, the center of the epi, a rod and azimuth
circle are mounted. The 90-degree graduation of the azimuth circle
is placed at b on the base line with the graduations decreasing in a
clockwise direction. The operation of training is then as follows: The
pointer is given the required angle by telephone, or an index on the
azimuth circle is moved to it, by an assistant or by automatic
mechanical or electrical synchronizing arrangements from a central
observation point. The pointer, looking through his telescope, moves
his prism to bring the central rod of the azimuth circle on the vertical
cross hair. He then traverses the mount until his cross hair inter-
sects the desired graduation or the index on the azimuth circle.
The required angle, as set off, is that between AC and AB. This is
evidently equal to angle § by geometry.

464. Case (D) is illustrated on plate 435D. On the mount are
located an azimuth circle and rod, similar to that described for
case (B), and a telescope, rotable about the vertical axis of this circle.
At any point, A, there is located another telescope and azimuth circle,
similar to that used at A, in case (B), except that it reads the gradua-
tion on its own azimuth circle corresponding to the intersection with
base line, as @ b, rather than that corresponding with intersection
with telescope line of sight, as in the previous case. This azimuth
circle is rotable independently of the telescope and its graduations
rise in a counterclockwise direction. The operation is then as
follows: An index is set on the graduation of the azimuth circle 4
at the graduation corresponding to the desired deflection from the
base line. This may be done automatically as before, or the deflec-
tion may be telephoned to the pointer instead. The assistant at the
A telescope trains this instrument on the rod on the mount and gets
the reading on the azimuth circle B. He then turns the azimuth
circle A until this same reading appears at a. The pointer at B
trains his telescope on the azimuth circle 4 and translates his mount
till his cross hair intersects the index or the required angular gradua-
tion on azimuth circle A. From the geometrical construction it is
seen that § equals B —a or the required angle of deflection.

465. Of these various schemes, it is felt that (C) is probably the
best and (D) the most complicated in operation. (C) would allow
mounting a battery of guns on concentric epis and training them
from a single point, which might be in the base of a high observa-
tion tower, and which would lend itself admirably to the arrangement
for mechanical synchronizing of indices, as suggested. This would
be accomplished by having these indices rotated by the same vertical
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shaft which carried the observation telescope through which the
target was being followed. Plate 436 gives a rough sketch of such a
scheme.

466. DiscussioN.—The various design details just discussed are so
closely interrelated that it is seldom possible to realize an advantage
in respect to one of them without a corresponding sacrifice in respect

to another.

from practice to illustrate this interrelation:

The following tabulation is given of examples drawn

Point gained. I Polnt sacrificed. Example.
Cradle recoil (easy anchorage; Simpnclty and rapidity of manu- | St. Ch d and Batignolles
rapid fire). fac ; small tenance. mounts.
Slld.&gtecoil (simple construction, | Rapid construction of emplace— Schneider mounts.

little maintenance).
Rolling recoil (no anchorage)

High elevation (long range)
&lmm hl(gl-apxd fire) -
gear (easy oper:

Nontmversln; (simple construc-
Gntli' mversing (accuracy of laying).
traverse (accuracy of ,

No anc'hmué:y ?::[:’lgt tgxﬁ;;lt;):&

Tmck 1))latforxn (fairly rapid em-
lacement; all round fire; rapid

ment; rapid fire. (Small%u
Same as cradle recoil; rapi ﬂre,

um number axles.
Balanced + gun without
welght or bal-

ance.
Simple trunnions; easy oyeratlon .
Compactness of gear; self-locking

gear.

Rapid construction of emplace-
ment; accuracy of la

IWlde traverse; rapie emplace-

Simple construction

Ra?id ﬂre, simple construction

Utmost rapidlty ofemplacement;
simple construction of mount.

Armstrong 12 and 14 inch and 14
and 16 inch American mounts.
Armstrong 14-inch, American 12

and 14 inch.

8t. Chamond 400-millimeter.
St. Chamond 400-millimeter.

Schneider mounts.

Armstmng ll-lnch German 280-
Ametlcan 8~inch mount.
American 16-inch.

American 8-inch.

Rapidity of emplacement; simple | St. Chamond 400-millimeter.

).
QGround platform (wide traverse
construction of mount.

on heavy guns; rapid fire).

467. For every class of service, therefore, those characteristics .
must be chosen which possess the maximum number of points ad-
vantageous for the particular service and the minimum number of
points which are disadvantageous.

SERVICE REQUIRED OF RAILWAY ARTILLERY.

468. Guns.—In a broad way, the service required of railway
artillery may be defined in terms of caliber and range. Referring
to plate 58 and the discussion of it at the end of section 2, it appears
that the field here discussed lies between calibers of 200 and 500
millimeters and ranges of 10 to 50 kilometers. A single type of gun,
of the largest caliber and longest range required would, of courss,
cover the entire field, but this would manifestly be uneconomical.
The subdivisions which should be made in range and in caliber will:
be considered in the next section. ‘

469. SuBnIVISION BY RANGE.—As noted above, the range to be
covered by railway guns extends from 10 to 50 kilometers. The
distances at which the guns will be located behind the lines will vary
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greatly; approximates from practice are given in the table below.
The question to be investigated is how many different caliber
lengths of guns should be provided for each caliber. The theoretical
points covering this will first be brought out and they will then be
compared with experience.

470. The ideal aimed at in this subdivision is, of course, to hit
each of the individual targets which may be presented at any point
in the field above, with a minimum average cost per shot. At a
given caliber the cost of charge does not vary greatly with the range.
The cost of gun wear varies enormously and it is this factor alone
which will be considered.

Characteristics of heavy and railway artillery.

' l
l ey Effec- Life of

it tive Weight
Type of | "o | ince | mmwam | 7859 | projee-| ®XPIo- | riunds
® \desired.; behind | range. | gromo | tile. fopore, | full
gnogt lines. charge.
. ]
HOWITZER. !
. Deg. Km. Km Km. | Lbe. Lbs.
8{nch British MK. 6.......... e 360 4 10 6| 200 29| 6,500
9.2-inch Mk. 2 d 4 12 8| 20| 34| 3,70
240mm. ......... 4 15 | 36| .49} 32,80
124nch, 20-cal 10| 2 10| 70| ‘109 1,000
16inch, 18<cal........ 10| 2 10| 1,600 235| 850
GUN.
185G P.Foivl, 5 17 12 2| 4,50
194G. P. F 5| 25| 20| 16| 33| 2,000
104nch, 50-cal 10| 35| 25| S0 651 e
14-inch, 50-cal 10 45) 35/ 1,200 181 350
|

471. Consideration of a large number of actual cases shows that
the cost per shot for gun wear varies with the maximum range at
which the gun can shoot. These cases as well as theoretical calcu-
lations show that the variation in cost per shot is directly as about
the cube of the range. On the basis of the above it can be shown
that two guns, one having 100 per cent and: the other from 70 to 80
per cent of the maximum required range, constitute probably the
most advantageous subdivision to cover the above field. A study
of the caliber length of the entire existing line of the United States
Army cannon indicates a decided grouping around average caliber
lengths of 12, 32, and 50. This corresponds approximately to ranges
of 100, 75, and 45 per cent. This may be taken as a rough check
on the above, because the variation in range covered by these guns is
greater than that in question here.

472. SuBpivisioN BY CALIBERS.—As noted before, calibers of
pieces are determined by resistance of targets; but there are targets
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of two kinds as regards resistance, and these require separate con-
sideration. They are:

(@) Targets which require only a certain amount of explosive
to destroy them; i. e., which may be demolished by a
few large or many small shells.

(b) Targets requiring at least a given caliber shell on which a
larger caliber represents a waste and a smaller is in-
effective.

473. A detailed investigation of the ranges, weights, and rounds
life of existing guns indicates that for targets of type (a) the cost in
gun wear of placing a given weight of projectiles is nea