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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 railway artillery complcte]y or partially designed by oursclves,
our allies, and our enemies in that war.

In preparing this revised report, two factors were kept pa.rtlcula.rly
in mind with reference to the change in railway artillery requirements
of the United States Army, which had taken place since 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 80 great & 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 available.

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 adapteble 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 end 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 epproved by any regularly con-
stituted board of the Ordnance Depsrtment. They are the final
conclusions of the writer based upon over two years close association
with engineering work on railway artlllery 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.

() 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.

(¢) 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 bulletine end regulations issued by the
French ahd 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 cousidered 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 avd 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
artillery and because the future problem of America with reference
to railway artillery is a0 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 originsl 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 Mej. Hugh Pastoriza and Capt. R. H. Kent.

- H. W. MiLLER,
Liewtenant-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 simultanecusly 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
Mayj. 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 hest data available is given in plate 1.
Appsarently 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 iz a copy of the correspondence between Gen. Lee and the
authorities in Richmond responsible for the construction of the mount:

[A.—OMcial records of the War of the Rebelllon, Volame X1, part 2. page 574 (1).]
HeApQUARTERS, June 5th, 1862.
Col. J. Goraas,
Chief of Ordnance Depl.

CoLoNeL: Is there a poasibility of constructing en iron-plated battery, mounting
a heavy gun on trucks, the whole covered with iron, to move along the York River
Railroad? Plesse 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 wa could put at some point on the railroad?

Very respectiully,
R. E. LEE, General.

(B.—Same reference, pages 575576 (1).]
HEeADQUARTERS, Near Richmond, Va., June 5th, 1862,
Capt. GEORGE MINOR,
Chief of Ordnance and Hydrography:

The Armstrong gun, if mounted on 8 field carriage with ita supply of projectiles,
will be of immeunse 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
& railroad battery. I wrote to Colone)l Gorgas on the subject this morning and asked
hiimn to get you and Brocke to aid him. Till something better could be accomplished

o)



10

1 propose a Dahlgren or columbiad, on a ship’a carriage, on a railroad flat, and one of
your Navy iron aprons adjusted to it to protect gun and men. If T could get it in posi-
tion by daylight tomorrow, I could astonish our neighhora. The enemy cannot get
up his heavy guns except by railroad. We must block hia progress.

Very respectfully and truly, R. E. Lex, General

(C.—Same reference, page 610 (1).)
HeapQuarTERrs, Dubb's House, Va., June 21, 1862.
Hon. 8. R. Mariory, ’
Seeretary of the Navy, Richmond, Va.

S8ie: I have been informed by Colonel Gorgas that the railroad battery will be
ready for service lomorrow. Inasmuch as this battery has been constructed by the
Navy, I would be pleased if you would aedign an officer and & requigite number of
men to take charge of and operate it. If you desire to do so, I request that you will
designate the officer at once, aa I wish to place the battery in position tomorrow. I
am very much abliged to you for your kindness as well as promptness in its con-
stniction.

1 am, very respectfully, your obedient servant,
. R. E. Lee.

[D.—Same referance, page 815 (1).]
Ormce or ORDNANCE & HYDROGRAPHY,
Richmond, Va., June 24, 1862.
General R. E, Lk,
Comdy., &c., near Richmond, Va.

GENERAL: The mailroad iron-plated battery designed by Lieut. John M. Brooke,
C. 8. Navy, has been completed. The gun, a rifled and banded 32-pounder of 67 cwt.,
has been mounted and equipped by Lieut. R. D. Minor, C. 8. Navy, and with 200
rounds of ammunition, including 15-inch aolid bolt shot, i8 now ready to be transfered
to the Army. I have the honar to be,

Very respectiully, 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.—O#fcia) records of the War of the Rebelljon, volume X1, part 2, page 884.(1))

EXTRACT FROM REFORT OFf MAJ, GEN. J. BANKHEAD MACQRUDER, C. 8. A.. OPERA-
TIONS JUNE 29-30, 1882, AT BAVAGE STATION.

Taking my position on the railroad bridge, which commanded a good view of the
ficht and the enemy’s line of battle, I directed the railroad battery, commanded
moet efficiently by Lieutenant Barry, to advance to the front, 6o 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.—Same reference, pages 717-718.(1)}

EXTRACT FROM REPORT OF MAJ. GEN. LAFAYETTE M’LAWS, €, 8, A., DATED JULY 20,
1842,

Lioutenant Barry of the artillery had been for some days previous placed in charge
of 8 32-pound rifled guu. mounted on a rail car and protected from cannon shot by a
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sloping reof in front, through which & porthole had heen 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 troope, and by his fire annoyed the cnemy
whenever the range would allow.

[ Battles and leaders of the Civil War, volume 2, page 873.(2)]

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

(8ame refarence, page 374.(2)]

(Here will be found a sketch showing the apposing forcea 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 perhape 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 mides and rear were unprotected.

When, in June, 1862, Les made his flank movement against McClellan, one of the
Seven Days' Battles was delivered on the line of the Richmond and York River Rail-
way, at 8 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, propolled 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
podition,

About the same time the skirmishers of the oppoaing lorces became engaged and the
lines of battle were deployed. resting on the right side of the milway.

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 opan and exposed to the fire of the
akirmishers, and to the further fact that the field of fire of the gun was limited by ita
embrasures, the battery could not advance; and as the skirmish fire approached, it
withdrew. If guns had been mounted ““en barbetta” 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 hook. 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 Frahce, 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; 8s s 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 24, 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, and 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 24, 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 satiefactory experiments were made with a novel platform. An ordinary
railroad platform cur (eight wheels) was strengthened by additional beama tied strongly
by iron rods and was plated on top with iron.
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The mortar waa placed upon thie car (top of mortar 9 {eet above track). and run
down on the City Point Railroad to a point near our lines where a ctrve 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 leas than 2 feet on the car,
which movead 10 or 12 feet on the track. The effect of tha charge was taken up with-
out damage to the axles. even whon the full allowance of 20 pounde of powder was
used. Thie mortar, whose shell would crush and explode any ordinary field maga-
rine. excited dread among the Confederate gunners, and was eflective in inducing
their enfilading batteries on Chesterfield Heighta 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 atationed at different points. the explogion of one of its shells blew
& Confederate field gun and carrisge above the parapet st 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 cau 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 Petershurg. The mortar carriage shown in
plate 2 is apparently improvised, the two irucks 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 Enginecers,
November 22, 1881, (7) undor the discussion of the effect of recoil on
field carriages. This mount consisted of un ordinary coast type of
gun lift carriage mounted on two four-wheel trucks and is simifar 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 i3 mentioned that tho 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 maxiinum velocity,
1. e., nfter a recoil of about 6 inches.

7. In the minutes of the proceedings of the Royal Artillery Tnsti-
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 n wooden naval carriage. The raiway cars
on which this carriage was successivoly 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 feot 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 slespers 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 feot
0.5 inches above the rail. This appeared to give satisfactory re-
sults with the eight-wheel car. The truck springs were deflectod
0.437 inches, but the whecls were not hifted 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 isa mentioned that the oscillation of the
car is so great that a man could probably not stand on it during
firing.

8. A deseription 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 irade 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 wore solidly fixed to the rails by special brakea 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-
ments 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 appeared in the eighties when Gen. (then
Col.) Peigne bocame itts advocate. The first papers appeared in
about 1883, and his work culminated in experiments carried on with
the 155-millimeter Howitzer in 1888, and the construction of niaterial
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 niounting 120-millimeter
guns, plate 8, were furnished the Swiss Government for the defense
of the Rhone Velley.

10. The second actual employment of railway artillery in warfara,
of which record is available, was by the British in the South African
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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 Seott 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 tho
4.7-inch gun mounted on o ratlway carmage and used at Lady-
smith. The mounting for this gun consistod of four pieces of timber
14 feot 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 underncath,
The gun carriage was set over the spindlo of this mounting and
screwed down by its clip plate. Tho railway car on which this cross
of heavy wood beams was placad was an eight-wheel drop frame flat
car. The locture further mentioned that while the army was oper-
ating in the Spion Kop direction, Gen. Barton who wus active at
Chiovely wanted a 4.7-inch gun mounted on & railway carriago to
shell a new position that had been occupied by the Boers. Thero
was no time to make a new mounting, so ona 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 timbaor
wore cut off to allow the carriage to pass through the tunnels.
Very little recoil was transmitted to the track and the gun could be
firod mcross the track satisfactorily. The mount was arranged for
removal from the car and installation on the ground by the use of
supplomentary 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 thesc 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 Scptember 3, 19135, 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 ear. 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 exiending
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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 devclopment 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.

{
| : Approxi{-
No Caliher Type Make | pote mate
- - . . | “ | muzele
| ! | emergy.
. Ton»-
| rmeterr,
Improvised, Civil War................ ©OIRG4 R
Schneider<Coanet.......c..oveioaeio..s 1R¥7- 1890 270
. .. 1NN ! 368
1910 | 020
1814 4,900
1915 11,200
1917 ‘ 17,860
IR 19, 800
1918 37,800

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 IT 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 sce plate 11.

19. NONTRAVERSING MouNT—On this type of mount no pro-
vision i8 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, 1], 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 ngid
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 s 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, 2%, 22 and
23, and one allowing large traverse or all round fire is illustrated on
plate 24.

22. Tor CARRIAGE TRrAVERSING MouNnTs.—The distinctive fea-
ture of this type is the provision of u 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 & cer-
tain extent, improvisations. The French term them ‘“affuts de
circonstance.” It is the concensus of opinion that, where time and
facilities permit, & small amount of traverse at least should be given,
80 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 carringe 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. Recoll 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, shiding
mount recoil, and rolling mount recoil. See plate 32 for illustiations
of these types. The means of retardation and of return to battery
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LOLLING RECOIL

CLASBBIFICATION 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. CrapLE Recom.—The characteristic of this type is that the
gun only recoils, moving backward aslong 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 sttached to the gun. Return to battery
18 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 beanngs 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).

268. 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 which 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 18 and 39,
and with springs or rubber bands on plates 40 and 41.

27. SumiNe Recomn.—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 2 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 mounta,
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. Counterrecoil,
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 a3 an emergency mathod
of moving the gun back into battory. 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. RorrLine RrcoiL.—-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 vse of this type
of recoil alone is not practicable, as the vertical component of the force
of recoil would be too great for the truck springs to stand. Inallex-
isting types the gun is mounted in a cradle, thereby giving a double
recoil 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 cxnstmg 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 tho 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 wall
suited to firing at high elevations. This system is found only on rail-
road mounts which have been improvised from aveilable 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 considerable 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, beceuse of the lack of traverse and time of
operation, but it represents a very satisfactory system for the heaviest

type of guuns.
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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 8 track platform; i. e., & 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. MounTs 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 & 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 degrecs)
and Mark II (for elevations as great as 40 degrees), the 16-inch
howitzer, model 1918 MI (American), and German 38-centimeter
are examples. These are shown on plates 20, 21, 45, and 364.

36. Mounts ReEquiriné A Track PratForM.—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 (8 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 GrounND PLATFORM.—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.
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*LATE 48

TRUCH PLATFORM ANCHOREAGE

CLASRIFICATION OF RAILWAY ARTILLERY ACCORDING TO METHOD OF
ANCHORAGE,
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In almost a]l 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. Discvasion.—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. Ol'N RAILWAY MOUNTS
ON THE COAST OF BELGIUM



SECTION 2.
SCOPE OF UTILITY OF RAILWAY ARTILLERY.

39. Experience with railway artillery in tho 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. Tt 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, a3 in the American St. Mihiel offensive of September, 1918, the
railway 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 abhove, railway artillery is util-
ized for the following purposes:

Destruction.

Counter-battery work.

Interdiction.

Distant bombardment for moral effect.

42. DestrucTiOoN.—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.

() Bridges, culverts, cuts, and fills.

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

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

@1
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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 end 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 i8
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 lhnes,
ctc. 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. DistaANT BoMpARDMENT rOR MoORaL ErrecT.—The objec-
tives of bombardment for moral cfiect are large centers of population
long distances behind the lines. The aim 18 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
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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
8 a. m. to 5 p. m. On other days the bombardment would begin
promptly at 12.40 nbon. On the first day of the bombardment, on
March 23, 1918, there was considerable confusion, more bocause the
people thought 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 quict 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.(ermans 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
plancs and bombs. A published statement of the work of aeroplanes
and of the long-range guns is given as an appendix to this report.

£0. AssIONMENT oF MounTs To Various DuTties.—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).

(c) 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 a discussion of the significance of each of the above
rules.

51. ASSIGNMENT OF CALIBERS ACCORDING TO RESISTANCE OF
TARrGETs.—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 certein 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 resuits. 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 resulta. The shells
penetrated the overlying earth and chalk to a depth of about 50 feet
and on bursting caused great sections of the roofs of the galleries to
drop, imprisoning or killing the Germans.

53. ASSIGNMENT OF TYPES AcCCORDING TO RANGE.—As with
resistance of target so with range, no more powerful gun should be
employed than is absolutely neccssary. Wear, first cost, and time
of manufacture are all much lesa 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 howitzers would
be nothing short of criminal.

! N, ' !
Gun. . length. Range.  ounda
_ I. _ - .
240-millimeter howitzer....... . ....... ... . A L5 11,400 | 4,000
28-G howitrer. .. ............ . 20 13,700 | 3,000
240-millimeter T. R.1903. .. ... ... .. 7! 16, 800 2,400
240-millimeter model 188-6 . ...... . 40, , 200 500
JOS-millimeter model 1883-8 ... . ... (... .iiiiiiiiie eieiaseieiioaen . 40 27,000 | 300

In regard to the other two points, cost and time of manufacture,
only about half the time is required to manufacture & howitzer as
to make a gun of the same caliber, lichter 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:

Eguivalent charges, showing relative wear of guna with varous charges.
[Full eharge taken as 100 par cent wear.}

. —— - |
No. of 12-fuch
1$-inch 9.2-Inch 8inch 8-inch 8-inch | 4.5inc¢h
&md howitsar. 'l“zld“ﬁ" howitzer.| howitzer.! 20 ewe. | 30 cwt. | howitzer,

[ 6] Lo

| 5 .62 D O IO SO 1.00
4 .38 ol 1.00 1.00 i.00 1.00 2
3 m 14 .30 14 15 U 08
2 a7 7 i .06 .05

'1 1 .13 .07 .08 .04

55. In view of these facts it would seem best to use the shorteat
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. Tdeal 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 chargo
28 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 grenter and greater range. The
designer and builder dislikes to sce his machine abused and wishes
to keep the muzzle velocity as low as possible.

57. AssiGNMENT OF Tyres or Mounts AcCCORDING 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-
meunts, 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.
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58. Ordinarily, arrangements for the use of railway artillery may
be made very deliberately. If there is plenty of time, the necessity
for the use of & 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 millimeter
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, thén 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 lass). 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 artillary
in accordance with the preceding are given below. The examples
here given are from practice.



Railway artillery classified accarding to use.

Destruction.

Interdiction.

16-inch Howitzer, American.
12-inch mortar, American.
12-inch hawhmr. American.
124nch gun, American.

10-inch gun, American,
520-mill{meter howitzer, French.
400-millimeter howitear, French,
370-millimeter howitzer, French.
240-mi)limeter howiuer French.
200-m{Jlimetes howltzer, French.
12-{inch howltzer, British,
240-mi|limeter howitzer, German.
420-miljimeter moriat, Uerman.

14-inch gun, Ameritan Navy.
12-tnch , American. vy
12-inch Bm.lgq American, -
340-mitlimeter gun, French.
305-milimeter gun, Froneh.
ﬂt-mll)lmelerg\m Frencb.
240- r gun, French.
Yoinch gun, British.

12-Inch gun, British.

9.24nch gun, Rritish.
380-mi)lImeter gun, 1talian.
210-millimeter gun, German.

| 280-millimeter gun, Gerrana.
380-mil!{meter gun, German.

Bhort ranga.

Gun.

t2inch mortar, American...._....
520-millimeter howitrer, French. .
400-mll)imeter howjtrer, French. ..
370-millimoler howitzer, French. ..,

320-millimeier howiteer, French. ..
203-mlllimeter mortar, French.....
270-millimeter howitzer, French .,
240-millimcter howiser, French. .
200-millimeter howhwr French. .
134-millimeter bowltrer, French. .
12{nch howityer, British..........
420-millimeter mnmu. Gierman. ...

! Counter-battory work.
1

|
6-Lnch howitzer, American.
S-anh un, American.
limater howltser, American.
mmmmem gun A. R. F., French.
190-m{l{meter gun A. R. F., French.
170-mlilmeter gun, German.

Ratlwey artillery classified according lo range.

| Distant bombsrdment.

Zlo-mullmater gun of 100 callber, Brench.
#Inch gun, Britlsh.

Medium range. ' Long rangs.
I 1
Range. Gun. Range. | Gun. Range. - Oun. : Range.
K. Km, Km. Em.
10.0 | \8-lnch howitzer, American........ 20.0 ' 12-Inch gun, American............ 250 i4Inch gup, Ameyican_._.._...... & D
18.0 | ¥2-inch howitzer, American . 20.0 « Lo-Inch gun, Amerlean............ 24.0 ; 12-inech gun, Arnerlnm .......... . 20
150 | Sinch gun, Amencan. ....... . 19.0, 305&millimeter gun, French..._, .. 27.01 16-inch L Amerlcap............ 55.0
16.4 | 340-millimeler howitzer, French...  20.0 \ 280-millimeter gun, French........ 3.0 -Ql;rungel meter gun, Yrench, 100 120.0
18.3 | 320-mi|limeter howitzer, French... 21.8 | 274+-millimeter gun, French. ... ... . 7.0 Mmunmﬂetgun French........ 7.0
0.7 | 305-millimeter gon, French. . . 20,0 ' 12-nch gun, Britlsh........ N 220 1d-inch gun, Briush.........0.000 20
14.0 | 285-millimeter gun, French. 21.9 - 0.2-Inch gun, British. ............. 24.0 | 8-(nch gun, ‘Drl!l.'h ................ 0.0
13.0 ' 274-millimeter gun, French. 20,5 , 280-millimeter gun, German....... © 3.0 380-millimeter gun, Itallan. ... ... 550
11.0 | 240-mi]llmeter gun, French. 2.0 2t0-millimeter gun, Jerman. . ., .. 26,0 'y 380-milimetes gun, German....... 8.0
12.8 | 14-milllmeter gun, French. . 16.5 - {70-miliimeter gun, German....... U0 |
13.0 | 1g4-millieeter ﬁl.ln, French........ 1Q
13. 0 | 240-milllmeter howltser, German. . 180

L Awerican mount projected anly.



Raillway wiillery classified according bo traverse.

Ratlway car uavenilng.

Nontraversing. s-- = - ==

12-inch gun, American. ' l4-lneh . American.

: Allfaund nn

t 386-millimeter gun, Qerman.

Top-carrisge traverzing.

Limited fice.

Aliroond fire.

16-inch howitzer, American.

12-inch mortar, American.

10-inch gun. Amerlcan. | M0-millimeter gun, French. 280-milllmeter Cerman. 12-inch gun, American. 12-inch howitzer, American.
320-millimeter howitzar, French. | 2%5-millimeter gun, French. . Homulllmeter teer, Qarman. | 4i¥kmillimeter howitzer, French, | %inch gun, American.
3:0-millymater howitrer, French. | 27+miilimeter pun, Franch . 210-millimster gun, O&rman. 370-millimeter howitzer, French. 74nch gun, American Navy.
:Ho-nullimetargun French. 144neh gun, BHLigh. 230>mlitmeter gun, Freuch. 2-lf_!-:11tﬁi.mulur un, French.
340-millimecer w\uer French. | 12-Inch gun, British. 274¢-milllmeter gun, 200-millimeter howitzer, French.
320-millimeter ho“-".wr French. 12-Inch howitser BﬂLl.ah lm-mllllmewr guw, Fren
30>-millimeter gun, Frageh. I 924nch gun, Britlsh, , French.
Zi4-millineler French. . oter gun, Qerman. l&-mms.mow awitur. French.
200-milhmeter mdtzer, french. |
184-snillimetor howitzer, ¥rench.
.L«Amjlhmelergun.ll.almn. | |
Ruiluey artillery class\fied according Lo anchorage.
i Track plattorm. ! Ground platiorm.
No anchorage. 1 , (B - T e
. Mount. Time to build. | Mount. Time to
L S I I | bulld.
l4-inch gon, Amerlcan Navy. I 124ach howitzer, American. . ........... PROPIUTR 0 minutes.  * le-lnch howitzer, Ameriean. ... e eee..| 228
18-inch ﬁow(uol Amaerican. ©or 1 2-inch gUN, AMEHACAN . .. ouuit i i I l4-inch gun, Amerlecan Navy.......... carsasaann l-dfjl.:;::
1-inch gun, Britlsh. | 12-lnch mortar, American. ... ..., 12-ineh gun, Batignolles, Amaerican.............. 3-3 hours.
|3.".(-h gun, British. | 10{nch guo, ADBACER . oo e 00-millimeter howitzer, French. . vvennns| 3-8 days.
9.2-in¢h gun, British. | X-inch Amod o A70-millimeter ho\nmr Bumnullc;.rrumh ...| 2-3 hours
3%0-millimeter gun, Gorman. 1 520-mi !membo\rltw, French. . #Hi-millimeter gun, 8t. Chamond, French....... 2-8 days’
2\'0milllmal.er§un German. 370-mlllimeter bowitzer, sliding, French... 305-millimeter Im\wl!.f.'r Batignolles, French....| 2-3 hours.
240-millimetar owluer. U orman. 3M0-mitlimetsr pun, sllding, Frénch......o.o.o... 2@-millimeter mortar, NI\ T T 1 horyr.
210-millimoter gun, G g40-millimetar hpwitzer, sliding, French howrs 240-millimeter gun, 1004, French. ... ... -..| 1 hoar.
170-illimeter gun, Gommn. 320-mllmeter bowitzer, sliding, French.........." 2hours. 305-millimeter gun, 8%. (hamunll French . +evos| 56 hours.
30rmilimeter gun, sliding, French.........ol.. 2 hours. 380-millimeter gun, German......ovven... i e < oo 3 woeln.
274-mSIlimeter gun, sl:dlus French....... seur-..| 2hours. 230-millimeter gun, German. .. ... eeeeeeneen.. . -a| 1 wesk.
2e0-milMmeter gun, French, ....o.vooiiiiiaanaaa. 15 minutes 240-millimeter gun, German.,........ ol eyt .| 1 weak.
270-millimeter howitrer, French..,...... '.'lfLmllliluetormln.(_icrmnn... .......... veeesaas| 1 weak.
, | 240-miimeter gun, French, St .Chamond . .... .0 12 hours.
240-mi\meter Liowitzer, French.......... paeean . minutes,
200-millmater howitzer, Franch...... N .| 10 minutes.
104¢-millimeter gun, French............ 4+ sense.s| 30 minutes
194-millimeter howitzer, Fronch......cva........| 30 minutes.
12-{nch howitser, British.....~, . 0000000000 6 hours.
otor gun, ltallsn. ............. versaras| 8 boure.
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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 thet of mounts firing without preparation.

RELATION OF RAILWAY ARTILLERY TO OTHER TYPES.

61. A consideration of the scope of utility of raillway 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 abscisss 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 8530 meters per second). Thus the
entire field of artillery (except trench artillery and long-range guns)
18 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 arca below this line and between the two limiting lines represents
the province of field artillery.

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 ares above and to the
tight 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 sartillery line, indicating that rail-
way howitzers were being used where heavy artlllerv matériel would
have served equally well.



'SALAL 8N0IMYA 40 AHITIILEY 40 XALITILA A0 34008

AAITIUNY AUV 2O Qv&@ RATTHLYY ANV Iy 4O Qw&n\%/ ASTT VLYY APMTSY 40 Q131!

SFESAL SNOIIVA HD ANITLYY A AL/ O FA0IS

% ac | oz T [ 1
I [ oW} vy | ' e
1 o |
| G
| e A N
| LR -
" + 5N SRR NN NG .
f— /V/;/WW//WWMM ///, BN A
R i ks NN SR NN m—
~r \\Y W“w “\“\ M V\.s b\»\pl/, e, //M YR NI
I OO IO IONIE OIS, SONCEE "7 R
O OIS ODOE OIS G PN PNECE N _
m \\\ ““\\ v\\\\w “&\n\““ \\\“\\w\\ x\xﬂ.ﬂ o i% -
[ xp\rn\ s \\W\&W% TV \\ S/ N I
X777 A 7 T TN N -
TS L2, 0777 7 7 T RS 7 7 T
/
A W A
: rTAT T TRIN 77T T T _
. T _
R L7777

§C¢ ALV1g




91

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 cen be mounted on & railway mount. The
limitation comes in & 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 hombardment 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 plenes 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 8o 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 & 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 8o 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 neceesary 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, whero the firing is for moral effect alone, this
service should not ordinarily be considerad as a proper one for rail-
way artillery, the use of drop bombs being much more effective.

76. At shorter ranges, approximating 40 kilometers, mauny 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 18 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 & caterpillar), and ranges between 10 and
40, or possibly 50 kilometers.

UTILITY IN COAST DEFENSE.

78. Railway artillery has been exploited chicfly in the past as a
means of const defense. The outstanding advantage claimed for it
is great mobility, permitting concentration of a large number of guns
at any thredtened 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 us 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).
(b) Rapid fire.
(&) Quick emplacement.
(d) Sighting, elevating, and traversing mechanisms which can
be operated until the moment the gun is fired, and
simultaneously for ell 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 techuical
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 date 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 bheavy service brought upon it in firing;
(3) semipermanent emplacement mounts of the type of the American

181768—21—7 (85)
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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 platfornr 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 18-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) semipermanent
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; (8) semipermaneunt emplacement mounts
of the type of the German 21, 24, and 28-centimeter mounts, plate 24,
requiring & 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: (a2} A new curved track of heavy construction, (3) 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 fecilities in the shape of a locomotive crane for installation,
or (¢) 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 tvpe has a ques-
tionable advantage over another and the various designs described
in this section are not criticized on a hasis 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 scems possible
to combine in 8 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 scems entirely feasible to design a
mount which will embody the features of the sliding tvpe 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 the varions
mounts throughout this section, from the standpoint of time, and
difficulties involved, and facilities necessary in placing, removing,
and maintaining their platforms.

1.—.7 HOWITZER ON RAILWAY MOUNT. (i3)

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
wore 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. Tt 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 celibers to
1 turn in 20 calibers. As mentioned before, this same model of gun
is used on the pedestal mounting, model 1915.

89. Reoor. MeomaNIsM.—The recoil mechanism is of the hydro-
spring type and as with the light field pieces, the entire recoil mech-
anism s combined in one c¢ylinder, 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 apring column. The length of recoil is 12 inches.
. 90. ELEVATING MECHANISM.—It 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

a3 trunnions. Elevating handwheels are provided on both sides of
the carriage.

91. TraveERrsiNG 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
thiz bronze wormwheel serves as & 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 ut the front by a bolt.

92. Torp CARRIAGE.—The top carriage comprises the cradle carry-
ing the hydrospring recoil mechenism 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 of 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 bearings at the bottom
of the pedestal. The separate pedestal is provided with an szimuth
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. Rar.wAY 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 ecach 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 bedy.

94. ANOHORAGE.—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 slecve, 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
nutshown at the top of the casing, figure2, 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 peair 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,
8 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 vpper
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 2t 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 sll, 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 raisc the car with crank handles, four men at each end
of the ear, is 1.5 minutes, and to lower, 2 minutes,

97. ArMorR.—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 movemont of the shields. The upper end
of the props extend through the shields and provide an attechment
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. T-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
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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 cxplained 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 ageinst 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 IT Navy guns, of 45 caliber length. They are provided with
an interrupted thread breechblock which is fitted with a mechanical
firing mechanism.

102. RecoiL 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. ErLevaTiNG 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 conieal rollers, plate 83.

105. GUN CarrLsGE.—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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caat 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. Car 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 ere 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 strutsis
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 88. 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 adjusteble 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. Tt 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 pletes 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

71N NAVY MOUNT-MARK I-MODEL 3
ON
RAILWAY CAR-MODEL 1918MI
TOTAL WEIGHT I71000LBS.

LOAD AT RAL. LOAD AT RAIL.
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3.—AMERICAN B-INCH GUN ON RAILWAY MOUNT. MODEL 1918,
M. L (15)

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

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

Army guns: Models of 1888, 1883 M.I., 1888 M.II.

Navy guns: Marks I, IT, IIT, IV, (16).
The Army guns are all 32 caliber in length, are equipped with uniform
tvpe of breech mechanism and are mounted on model 1918 barbette
carringes, 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 cquipped with four different types of breech
mechanism and are mounted in barbette carriages model 191&, M.T.
of the same general type as model 1918.

113. RecorL MecHaNIsM.—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 eradle.  Details of
this mechanism are shown on plate 94.

114. ELEvaTING MEcHANISM.—Elevation from zero to 42 degrees
18 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 MEcHANISM.—The traversing mechanism pro-
vides for a tota]l 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 conntcts, 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 clevating 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. RaiLwax Car Boby.—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 98. The firing platform consists of
two lines of H-bcams 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 cach 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 arc 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. Trrcks.—Thetrucks 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. . trucks und carry the car body
and gun carriage, and narrow gauge shell ¢ars 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 108. 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 )ib 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
i3 not felt that this should introduce a serious difficulty.

123. DrFricvLTIES 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 clevating mechanism, before the addition of the anti-
friction device, was comparatively slow in operation. Somewhat
over & minute was required to move the gun through the full are 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 oceasion during proof it failed to function properly.
On investigation, it appeared that this failure to function was due to
unsatisfactory machine work, and on payving more attention to the
fine machine work of these valves no such difficulty has been ex-
perienced on any other mounts.

127, It i difficult to swing the shell away from the brecch 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 clevating mechanism
has been installed, so that it is felt that this record could be bettered.

129. MErIT8.—The onc feature which makes this mount con-
spicuous among railway carriages of sl 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
armiecs 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 sclf-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 efliciency 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 platorms, and the 240-millimeter French
gun on the rallway carriage known as the Colonies tyype, 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 rrek
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
gecured in the field, and inasmuch as such &« worm must be worn in
with the rack. it is possible that some diff eulty 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.

PLaTE 87

8IN.BARBETTE CARRIAGE-MODEL 1948
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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 & 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 mos¢t 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 sigming 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. Tt proved most commendably sturdy and
served its purpose well in the type of warfare for which it was de-
gigned. 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 guna 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 bresch 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 celibers to 1 turn in
25 calibers.

136. REcoiL MEciiaNisM.—No recoill 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 2 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 meehanism that is used in traversing the mount. The
length of recoil averages 1 meter.

137. ELEVATING MECTIANISM.—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 conneacted 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 mechaniam 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 mechaniam are connected with sprackets
on two axles, as shown on plate 117. A clutch i8 provided by which
the mechaniam can be thrown out of gear for firing, and for traveling
it is pecessary to remove the cheins, It is possible for four men to
move the mount along the track by means of this mechaniam at the
rate of about a meter per minute. Tho ratio is 117 turns of the
handle for one revolution of the car axle.

139, GoN 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 & eries 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 es possible that of a steel casting. As a con-
sequence, it i8 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 anchorage 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 mechsnism 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 & time
at the call of a sergeant, until the slespers 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. Thess 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 distence 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 8-axle
trucks with 5.5 by 10 inch journals and 38-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 transhordeur. No shuttle car is provided with this 10-inch
mount; instead, a track is provided on therear truck with an extension
made up of two hinged wings, plate 125, which carries & 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 velocity 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 mounta 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
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the jacks, truck bearings, trunnion bearings, breech mechanism, etc.,
is about the only maintenance that this type requires.

145. DrrricuLmEs INVOLVED IN 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 & heavy bed of good ballast. It is necessary
to level and tamp the track perfectly. It is well nigh impoasible 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 conceal 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. Demerrrs.—The demerit is that it requires a firing track
which can not be laid under two days and which can not be concenled
from the sir photographer. As noted before, it is frequently dif-
ficult likewise, to find suitable positions for these firing tracks and
under such circumstances an ucusual 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 fer excavating a cut if this
should seem nacessary 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 I'cate 108

305MM RAILWAY MOUNT-MODEL 1949
TOTAL WEIGHT APPROX 4034401BS.
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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 s 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 lvngth It is
provided with an mterruptod 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. MecnaNisMm.—The recoil mechanism is of the hydro-
pneumatic type. Two hydraulic cylinders are mounted on the bottom
of the cradle and one pneumatic 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
i8 used, and it will perliaps be well to describe therecuperator mechan-
tsm in detail. It is shown in section on plate 38, and is in general
typical of the design of the pnecumatic recuperator used on the 12-
inch Batignolles mount and the 12-inch 20-caliber hewitzer. 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 passing 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, ie
“filled with air at s 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 & heavy oil or light grease. It can thus be
seen that if there is any leakage in this cylinder it is a lenkage of
the oil which fills the space between the floating 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 meximum 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. Thefront 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 red is graduated and when certain of these graduations
appear it 18 an indication that the oil supply must be replenished.
As additionnl oil is forced in the floating piston moves to the rear,
agein 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 ob 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 originslly mounted in their seacoast
carriage by means of trunnions attached to the gun. To get the
required emount 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 und 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 accommaodate
the large sleigh runners.  The cradle is supported in the side frames
of the top carriage by its own trunnions.

154. ELEvaTIiNG MEcHANISM.—Elevation from minus 5 degrees to
plus 65 degrees is secured through a segmental cireular 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 geers
leading to the handwheel. Any excessive thrust due to fire causes
slippingin the friction device and can not impose excessive strein on
the gears. One turn of the handwheel moves the mortar through
1.004 degrees in elevation. Detaila of this mechanism are shown
on plate 38.

155. TravERrsiNG MEcHANISM.—The traversing mechanism pro-
vides for a total movement of 360 degrees, as with the 8-inch carriage.
Gun and curriage 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



185

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 handwhecl. 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 rcading 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 heen sub-
stituted for the spring recuperator used in the 8-inch gun. The
elevating mechanism comprises a scgmental spur-gear rack and a
pinion, while the 8-inch mount was provided with a Hindley worm
and scgmental worm-gearrack. 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. RamLway Car Boby.—The railway ear 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 & modified design was made
in which the depth of the web plates was increased, especially in the
inclined portions of the car body. Four-fiftha of the total number
of mortar car bodies are of this latter design.

158. ANCRORAGE.—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 trucke 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 furrushed with
the 8-inch mount, plates 99-105.

160. AMMUNITION SUuppLY SysTEM.—The ammunition car is the
same as that provided for the 8-inch mount, plate 106. It is located
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directly 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,

181. MaiNTENANCE.—The only especially novel festure 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
18 a poasibility of the development of a permancnt set or sag in these.

162. DrFFicuLTiES 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
causc 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 difficulty.

164. MERrrTs.—Oue 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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Prate 129

IZINMORTAR CARRIAGE-MODEL IN8
ON

RALWAY CAR-MODEL 1918MI
TOTAL WEIGHT |77,000LBS.
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6.—AMERICAN 12.INCH GUNS ON BATIGNOLLES TYPE OF RAILWAY
MOUNT. (19)

168. This mount is built on a design almost identica! 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 end likely will not be done.
It can be done at sny time without great difficulty simply by pro-
viding & 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 wes 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 comstruction of the cradle with the
spline ways into which the splines fit is shown on plates 142, 143
and 144.

168. Recor. MrcHANISM.—The recoil system is hydropneumatic
and comprises 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. ELEVATING MECHAN1S8M.—Tt 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 easyclevating 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 e 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. TraversiNG 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 eross 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 groater 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 CarriAGe.—The gun carriage includes the recoil, ele-
vating and traversing mechanisms described above, and two strue-
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. Can Bopy.—The cer body consists of two plan plate girders
of ordinary design connected by suitable transoms and provided with
an operating platform at the rear. The exterior car hody 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 specisl ground
platform made up in six sections and carried on a special ground
platform car. Each section consista 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
spudes 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 28, 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 hoth out
nnd 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
8 curved railway line, thereby giving a total traverse of 20 degrees
on the two platforms. The writer has seen & 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. AMMuUNITION SUPPLY SY8TEM.—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
i3 received directly from the ammunition car and drewn 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
i 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 mechanicel 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 bs.g of the American mount can be
seen on plate 161.

177. MainTENANCE.—No difficult problems of meintenance 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 occesionally
on the adjustment of the antifriction devices to be certain that the
elevating mechanism is working at maximum efficienicy.
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178. DrrricorTies INvoLvep IN Seevice.—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 in 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 exectly the same point of view regarding their mounts.

179. Mee1Ts.—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 &
stable foundation or that can be operated on a curved track. The
difficuities incident to operating railway mounts on curved tracks are
sometimes very great, and it is folt 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
2 design can be made, and preliminary investigation indicates that it
can, then the Batignolles design is too elaborate.
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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 bearings rigidly connected to the main girders of
the mount. A general view and details are shown on plates 163 to
184.

182, GuNx.—The piece used with this mount is a 12-inch 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. REcoiL MecHaNIsM.—No recoil mechanism, in the ordinary
sense of the term, is used with this mount. The gun i3 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 MECHANISM.—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, 8 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 degrces in elevation.
Details of this mechanism are shown on plate 172,

185. TRAVERSING MEcCHANISM.—No provision is made on thjs
mount for traversing the gun; pointing in azimuth is accomplished
by translating the entire carriage along the curved firing track. To
accomplish this, two translating mechanisms are provided, one on
each of the two inner cight-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 handwheel to
one turn of the truck wheel and on the shop test of the carriage, four
men on cach 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 he
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 cen 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 gesoline
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. Gux Carriace.—In this mount the gun carriage and car
body are incorporated in & single unit and are described in the next
paragraph.

188. RaiLwAY Car Bopv.—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
50 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
tvpe 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 serew threaded
through its center, bevel geam, 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 sleeper
consists of a plate steol 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 ¢ranes and are loaded separately.
For firing the special track with bearing stringers as above described
18 laid on an ll-degree, 48-minute curve. The mount is pushed
approximately to position on this track by means of & locomotive
and is adjusted exactly by the translating mechanism. The slecpers
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 originel
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 whgels. 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, 1s the standard Railway Artillery ammuni-
tion ¢ar. Special fixtures are provided, however, plate 182, for the
12-inch ammunition. The car is kept down the track at some distence
from the mount itself, and a special shuttle car, plate 183, which is
pushed by hand, is employed in transferring emmunition 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 an inclined 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 bhe 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.
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8 —AMERICAN 12-INCH HOWITZER ON RAILWAY MOUNT. (21)

193. This entire design was made up in response to & request
from the Expeditionary Forces in France for & 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 & 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 yards range was designed and was
mounted on a carriage similar to the carriage used for the %-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 tho ability of the designer to com-
bine in one unit & 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 cnable 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. Gurx.—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. Itis fitted
with a breechblock of the interrupted thread design, which is fitted
with 2 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. Recoit. MEcHaN18M.—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 evlinders, 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. ELevatiNng MEciuaNism.—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 geers 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 cffort required in elevating and
depressing the gun. The principle of the operation of this device
i8 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 1017,
plate 173, designed for use with railway mounts.

197. TraveErsiNG MEcnaNIaM.—The traversing mechanism com-
prises n circular rack bolted to the inside of the base ring, plate 196,
& pinion meshing with this, and & 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 handwhecel
for 1.028 degrees of traverse. The panoramic sight used with this
mount is identical with that shown on plates 174 and 175.

198. Guxn 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 steol racer, plate 196. Atten-
tion is invited to the differences in the details of the design of this
Tacer, 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-ineh 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 inveriably 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 hody is composed of three parts,
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the two ends of structural ateel 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. 1Tt 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 oenter section.
It is possible that the car body of this design can not be 3o quickly
manufactured as if it were entirely of structural steel, but it is be-
lieved that the advantages in having so rigid & base outweigh the
disadvantages in time of construction. Attention is celled to the
fact that this cast-steel section is open in the eenter 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-
rigage and center ring of the car hody 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 m 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 188, 187, and 209, are attached to the car body by means of
universal joints giving & 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 eounteract
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 ear 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 heams. 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 SyYSTEM.—Ammunition tables and trays
aro 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 crancs, plates 215 and 216. Experience on
railway artillery in France resulted in the specification thatthe am-
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 oporated 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 cerriage must
be traversed back within reach of the shell tray on the car. Thia js
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.—I¢t 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. Merrrs.—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 clevating 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 hy 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 meking perfect castings. Under peace-
time manufacturing conditions such a design may not be due for
much eriticism. 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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PLAaTE 185

12 INHOWITZER RAILWAY MOUNT-MOOEL 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 and 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 a8 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. Tt 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. Recoi. MecnaNismM.—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 spring 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 80 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. ErevaTing Mecuanism.—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 T 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 i8 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 & 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 fulerum 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 besring. 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 meain 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. TraversiNée MecuaNisM.—This mount can be traversed
through 360 degreces by means of a mechanism, the design and
details of which are shown on plates 226, 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-—-10
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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 ohserved here, that cast-steel body bol-
sters shown in detail on plate 230, riveted into cach 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 cach end of the car, by means of this mechanism, thereby
securing n 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 serew moves cither 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. -1h this mount the gun carriage is incorpo-
rated with and is a part of the car body. The gun is carried in a
cast-steel cradle which is swung directly by means of its trunnions,
between the side girders of the c¢ar body.

213. Car Booy.—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 east-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 clevation
of 22 degrees without the use of auxiliary anchorage equipment, if
desired. To this elevation it may be operated s a sliding type mount.
On plates 231 and 232 arc 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 nuxiliary rails placed on
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the ties one ou 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 ere 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 lowerad 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 conerete 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
glowly. 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 cylirider 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 poeitive 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. AsmuNiTIoN 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 & 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 elides 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 beliaved
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. DirricurTiEs 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
a 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 raillway 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, MerITS.—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
gliding 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 writet 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.
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BASE RING OF THE 14-INCH, 45CALIBER 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-
pueumatic 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 turm 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 am-
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 perts, 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 sir 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
atepped screw type and DeBange system of gas check. The breech
recess is threaded and slotted into 16 sectors, one blank 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 through 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 edmitted 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 MEcnanisM.—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 et high elevations, When the



329

gun 18 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 necassary 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 bresch of the gun from the rear and is secured to a
collar on the gun, by means of a bronze locking ring.

227. ELEvAaTING 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 befors, 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. TrRAVERSING 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 amall 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 clevations, 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 tofal 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, counsists 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 a 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. Trocks.—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. AMMUNTTION 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 aslong a track to the breech of the gun. It is provided with a
buffer which brings it to a stop wheh 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 which 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 condensaes 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
& great amount of attention to all of the unpainted metal surfaces.

235. DrrricuLTies 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
i3 heavier than it nced 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 i3 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
eny 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. DeMeRrITS.—It should be understood in dealing with this car-
riage that it i 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 #sed 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. In returning one of the mounts from Camp Mailly to Bor-
deaux for return to Ama-ica, it was necessary to put it in the French
ahops 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 meke 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 Germens 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 on record 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

i8 to be followed.
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14 IN. NAVY RAILWAY MOUNT-MARK I
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PraTte 255

14INCH, 50-CALIBER AMERICAN NAVY GUN MOUNT, MARK 1.
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14-TNCH, 50-CALIBER AMERICAN NAVY GUN MOUNT, MARK I, PARTIALLY ERECTED IN THE CHANTIERS DE LA LOIRE,
ST. NAZAIRE FRANCE.
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1+INCH, 5-CALIBER AMERICAN NAVY QUN MOUNT, MARK I, IN OPERATION NEAR VERDUN,
AGAINST GERMAN RAILWAY YARDS AT MUNT MEDY, NOVEMBER, 1918,



14INCH, 50-CALIBER AMERICAN NAVY OUN MOUNT, MARK ], IN OPERATION NEAR VERDUN, AQAINST
GERMAN RAILWAY YARDS AT LONGUYON, NOVEMBER, 1918.
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14INCH, 60-CALIBER AMERICAN NAVY GUN MOUNT, MARK I, LOCATED NEAR VERDUN, NOVEMBER, 1018
(BEING CAMOUFLAGED WITH CANVAB).
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14+INCRB, 35-CALIBER AMERICAN NAVY OUN MOUNT, MARK I (JUST ARRIVED CHANTIERS DE LA
GIRONDE, BORDEAUX, FRANCE, JANUARY, 1918, FOR DISASSEMBLY).
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AMMUNITION CAR FOR THE 14+INCH, 50-CALIBER AMERI-
CAN NAVY GUN MOUNTS, MARKS [ AND 1II.
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INTERIOR OF PERSONNEL CAR FUOR AMERICAN NAVY RAILWAY ARTILLERY.
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LL.—AMERICAN 14-INCH GUN ON NAVY RAILWAY MOUNT, MARK 1T, (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 2 span
_ bolster on two five-exle trucks. Neither the car body nor the gun is
provided with any traverse, and it is nccessary 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. GuN.—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. Recor. MecnaNisM.—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 recolil,
between the Mark II and Merk I mounts, is that on the Mark 11
mount the gun can be fired without any track prepsration 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.—Tho elevating mechanism in its
essentinl details is identical with that of the Mark I mount, shown on
plates 268 and 269. The only difference is in tho 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. TravErsiING 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 a 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
i3 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. Theslide of the 14-inch Mark II mount is shown at its lowest
position on plate 280 and at its highest position on plate 281. On plate
283 it i3 shown in detail with the mechanism used in elevating it.
Two 9-inch pistons connected to the slide enter hydraulic eylinders
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 eradle
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 i8 incorporated in this design. This is shown on plate 283.
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247. Car Boboy.—The car body. consists of two heavy single web
structural steel girders connected by structural stoel 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 shead, 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 mountod just
behind the winch on the front span bolster.

250. AMMUNITION SUPPLY SYSTEM.—On the rear span bolster is
mounted & track carrying a steel tray. DBoth track and tray are
praciically identical in design with the track and tray provided on
Mark I mount and shown on plato 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 suspendod between the stand on the suporplatform and the breech
of the gun. The gun is loaded at anangle 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 secn any field service
and it can not be estimated with certainty just what the extent of the
maintonance will be. They are very sturdy in construction and it
does not seern probable that they will require excessive 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. DirFicULTIES INVOLVED IN SERVICE.—The only difficulty
that will be involved in the service, if it may really bo 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, DEmMERITS.—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 & 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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PraTE 278

14 IN. NAVY RAILWAY MOUNT -MARY 1T
TOTAL WEIGHT 6i0.000 LBS.
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12—AMERICAN 14INCH GUN ON SLIDING TYPE RAILWAY MOUNT,
MODEL OF 1918. (25) -

255. This i3 a mount of the sliding type. The gun is supported
by means of its trunnions directly in besrings 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 13 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 a 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 hes been described
in detail under the 14-inch naval mount, Mark I.

257. RecoiL MEcHANISM.—No recoil mechanism, as it is ordinanily
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 MECHAN1aM.—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
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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 maotor 13 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 ], 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 MEchaNIsM.—Wide traverse can be secured
with a mount of this type only by operating it on & 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 i3 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 turp 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
golenoid 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 cmployed 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 cach 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 & 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 downm, 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 design 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 Tear
span bolster is provided with steel 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 sir 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.
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