


Ordnance Domrtment Document No . 2034





WAR DEPARTMENT,
0 9mm: or THE CHIEF OF O RDNANCE,

March
This work onRailway Artillery is a Report on the Characteristics,

Scope of Utili ty, etc. , of Railway Artillery, presented by H. W .

Miller, lieutenant colonel of Ordnance. It.has likewise beenprepared
for publication by Lieut. 00 1 . Miller. This report is approved for

publication.

0 . C . WILLIAMS,
United States Army, Chief of Ordnance.

( 1 )





CONTENTS.

Historical introduction
SEC . 1 . Clamification of types of railway arti llery

2 . Scope of utility of rai lway arti llery .

3 . Characteristics of existing types of rai lway arti llery
4 . Practical qualifications of rai lway arti llery for land warfare and

coast defense
5 . Procedure inpreparing foraction in land warfare
6 . Preparation6! firing dataand scheme of fire control in land warfare .

7 . Assembly , disposition, andmaintenance of rai lwav artillery in land

8 . Equipment for railway artillery
9 . Summary of recommendations
10. Rai lway clearances and tables of classified information

Qn s xmx I . The German long-range gun and the bombardment of Paris . .

I I . Study of the relative efficiency of different Calibers
I II . The German defenses on the coast of Belgium

(35





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, O ffice of the Chief Ordnance
Officer, AmericanExpeditionary Forces in France. This report was
made up at the close of the World War of 1 9 1 4—1 9 1 8, and was a
rev ision of a similar report prepared by the undersigned in April,
1 9 1 8 . The second report was finished and submitted in August,
1 9 1 9

,
and covered, as fully as available information would permit,

all railway artillery completely or partially designed by ourselves,
our allies ,

and our enemies in that war .

Inpreparing this rev ised report, two factors were kept particularly
inmind with reference to thechange inrailway artillery requirements
of theUnitedStates Army, which had takenplacesince thecompletion
of the first report.
The fils t factor 18 the th e available for the consti'uction of the

artillery
,
throughout the period of activ e 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
facil ities were available and speed was the essence of every problem.

Now that the war is ended conditions are vas tly different ; we are

not in so great a hurry as we were a year ago, andwe may assume
that any , orall,machine facil ities thatmight berequired for any type
of carriage are available.

The second factor is the characteristics required of the mount.
During the activ e period of the war , as noted above, any mount
which had been found satisfactory for land warfare would serve;
now only such mounts as are adaptable also to coas t defense should
be considered fornew designand construction.

I t is the object, therefore, of this revised report : First, to embody
in av ailable form as much as possible of the informationconcerning
railway artillery acquired through experience in the war just ended ;
and second, to indicate the application of this information and the

lessons learned to the present and future problems of the Ordnance
Department, the formation of a new program of construction for
railway artillery .
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The recommendations contained herein should not be considered
official

,
since they have not been so approved by any regularly con

stituted board of the Ordnance Department.
'

They are the final

conclusions of the writer based uponover two years close association
with engineering work on railway artillery both in Europe and

America.

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

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

(6) Examination and study of des igns of railway mounts of
all types ,

and conference with designing engineers of
the O rdnance companies in France and England who
have been responsible for the greater number of the
railway artillery designs .

(0) Examination of captured Germanmateriel and study of

captured documents .

Consultation and cooperation with Stafi of American

Railway Artillery Reserve and Heavy Artillery School
in France.

(e) Study of all bulletins and regulations issued by the

French andEnglish services for railway artillery .

(f O bservation of French and English Railway Artillery in
action and conference with Railway Artillery personnel
of French , English , andAmericanArmies .

(g) 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 inwhich additional informationmay be found .

Much of the material given in the descriptions of the mounts
belonging to our allies in the Europeanwar as well as the tabulated
data onweights, ballistics , etc.

,
is_considered by these allies as being

confidential and, at their request, is printed and issued to our service
as such . For this reasonthe report has beendiv ided and is published
in two parts . The one part contains all information of a general
character, aswell as the descriptions and tabulardataontheAmerican

and German mounts . The other volume contains descriptions and
tabular data on all of the French , British, and Italianmounts and is
issued as a confidential publicationand is not forgeneral distribution;
it is av ailable 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
coas t 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 wi th reference
to railway artillery is so intimately connected with the plans on

coas t artillery .

The undersigned desires to acknowledge his indebtedness to Capt .
W . F. D ietrichsen, who has assisted in the collection of all data and
preparation of the original report , and to Maj . Hugh Pastoriza, who
has ass isted so effectively in preparing this revision. Appendix II
on the

“
Relative efficiency of the different calibers

” was prepared
by Maj . Hugh Pastoriza and Capt . R . H . Kent .

H . W . MILLER ,

Lieutenant Colonel, OrdnanceDepartment. UnitedStates Army.





CHARACTERISTICS, SCOPE OF UTILITY, ETC OF

RAILWAYARTILLERY.

HISTORICAL INTRO DUCTION.

1 . Railway Artillery seems not to have been recognized as an

important and separate subdivision of Artillery before the outbreak
of the World War

,
1 9 1 4- 1 9 1 8 . For this reason the idea and the

material are thought of as new developments , whereas in fact both
appeared almost simultaneously with the wides pread adoption of
railway transportation.

2 . The earlies t railway artillery of which the writer has been able
to find any record was employed in the Confederate Army under
Maj . Gen. J Bankhead Magruder, onJune 29 and 30, 1 862 , atSavage
Station, on the Richmond York River Railway, about 1 0 miles
east of R ichmond, in one of the “

Seven Days ’ Battles .

” A sketch
of this mount according to the best data available is given inplate 1 .

Apparently the credit for the conception of the idea for the construc
tion of such a battery should be given to Gen. Robert E. Lee. Fol

lowing is a copy of the correspondence between Gen. Lee and the

authorities inRichmond responsiblefortheconstructionof themount :

[A.
—Oncial records cl theWarof tho Rebelllon, VolumeX 1 , pan2. page 574

Hsanovamaas
, Jam 6th, 1 862 .

Col . 1 . Gonoas ,

Conox s t : Is there a possibility of constructing an iron-plated battery, mounting
a heavy gun on trucks, the whole covered with i ron, to move along the York River
Railroad? Please see what can be done . See the Navy Department and officers .

If a proper one canbe got up at once, itwill be of 1mmense advantage to us . Have

you got any mortars thatwe could put at some point onthe rai lroad?
Very respectfully,

R . E. LEE
, General .

[B .
—8ame reterence. pages 575

-570

HEADQ UARTERS, NearRichmond, Va.

, June 5th, 1 862 .

Capt. G s onos MINO R,

Chief of Ordnance andHydrography
The Armstrong gun, if mounted on a field carriage with its supply of projectiles,

wi ll be of immense importance to na. Can we not have it in the morning? The

smaller gun (Parrott) I think we have enough at present. I am very anxious to have
a rai lroad battery . I wrote to Colonel Gorgas on the subject this morning and asked
him to get youand Brooke to aid him. fi ll something bettercould be accomplished

(9)
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I propose aDahlgrenorcolumbiad , ona ship ’s carriage, ona railroad flat, and one of

yourNavy ironaprons adjusted to it to protectgunandmen. If I could get it inposi
tion by daylight tomorrow,

I could astonish our neighbors. The enemy cannot get
up his heavy guns except by railroad . Wemust block his program.

Very respectfully and truly,
R . E. Lns

, General .

[C .
—8unereference, page610

Hsanquan'
rsns

, Dubb
’
s Home

, Va.
, June 21 , 1 862 .

Hon. S. R . Mannour
,

Secretary of the Navy, Richmond, Va.

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

struction.

I em
,
very respectfully, yourobedient servant,

R . E. LEE .

[D.
—Samereference

, page 61 5

Om enor O RDNANCE dzHmaoenamr
,

Richmond, Va.
, June 24, 1 862 .

General B . E. LEE
,

Comdg .
, &c.

,
nearRichmond

, Va.

GENERAL : The railroad iron-plated battery designed by Lieut. JohnM. Brooke,
C . S. Navy

, has beencompleted . The gun, arifled and handed 32-pounderof 67 cwt.

,

has beenmounted and equipped by Lieut. R . D . Minor
, 0 . S. Navy, and with 200

rounds of ammunition
,
including 1 5-inch solid bolt shot, is nowready to be transfered

to the Army . I have the honor to be,
Very respectfully, your obedient servant.

GnoaonMwoa
,

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 .
—0mcia1 records of the Warofthe Rebel lion, volumeXI , part 2, page

EXTRACT mom REPO RT or MAJ . GEN . J . BANKHEAD uaconunsn,
c. s . A O PERA

TlO NS JUNE 29—30, 1862 , AT savaos STATIO N .

Taking my positionon the railroad bridge, which commanded a good v iew of the

fight and the enemy ’s line of battle, I directed the railroad . battery , commanded
most efficiently by Lieutenant Barry . to advance to the front, so as to clear in some

degree , the deep cut overwhich the bridge was thrown, and to open fire upon the
enemy ’smasses below. whichwas donewi th terrible effect. The enemy soonbrought
the fire of his arti llery 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 arti llery and turn our right flank.

[ F.
— Samereference, pages 71 7

nx '

raac
'
rmom 3 3 9 0 11 1 or MAJ . 0 1m . LAFAYETTE M’

LAWS, c. s . A . , nu sn JULY 20 ,

1 862 .

Lieutenant Barry of the artillery had been for some days previous placed in charge
of a 32-pound rifled gun, mounted ona rail car and protected from cannon shot by a
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sloping roof in front, through which a porthole had been pierced, and from rifle shots

onthe sides by thickwallsofwood lined wi th iron. His batterymoved downtheroad ,
keeping pace with the advance of the troops, and by his fire annoyed the enemy
whenever the range would allow .

[ Battles and leaders ofthe CivilWar, volume2, page

(Herewi ll be found areportmade by Maj . Gen. Wm. B . Franklin, United States
Army, describing the approach of the railway battery used at Savage Station

[ Samereference, page

(Here wi ll be found a sketch showing the opposing forces atSavage Stationand the
marked locationof the rai lway battery .)

Gen. JosephL . Brent of theConfederateArmymentions inhis book
Mobilizable fortifications first published in 1 865 , and repub

lished in 1 9 1 6 by Williams Wilkins Cc. ,
Baltimore, that a 32

pounder gunwas mounted ona standard fiat car and operated, at a
point called Savage Station on the Richmond andYork River Rail
way . To quote, he says :

However. itwasmy fortune to witnm perhaps the first fire thatwas ever delivered
inactual combat from anarmored rai lway wagon
During the AmericanCiv il War, in 1 862, the Confederate authorities prepared in

Richmond a railway battery armored with railroad iron and carrying a 32-pounder
guninfront of the engine. The ironshield only covered the frontof the battery , and
was pierced by an embrasure, but the sides and rearwere unprotected .

When, inJune, 1 862, Lee made his flank movement againstMcClellan, oneofthe

SevenDays’ Battleswas delivered onthe line of the Richmond and York RiverRail
way , ata pointcalled Savage Station.

The iron railway battery was sent out on this road from Richmond , andMaj . Gen.

MacGruder, commanding the Confederates at Savage Station. ordered this battery to
advance and fire on the enemy .

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

Aboutthe same time the skirmishers of the opposing forces became engaged and the
lines of battlewere deployed , resting onthe right side of the rai lway .

The Union line was a little beyond the cut fromwhich the railway battery fired
,

and at right angles to it. If the battery had advanced it would have completely
enfiladed the Union line at short range, and must have broken it; but owing to the
fact that the sides and rear of the battery were open and exposed to the fire of the

sk irmishers , and to the further fact that the field of fire of the gunwas limited by its
embrasures, the battery could not advance; and as the skirmish fire approached , it,
withdrew. If guns had beenmounted “en barbette” and the gunners andmachin
ery protected by only bullet proofarmor, and if therehad beenhalfadozensuch bat
teries , they could have easily brokenthe Federal line of battle and have cutoff their
reserves . large numbers ofwhichwere stationed on the left of the track .

Particular attention is invited to Gen. Brent ’s book . During the
Civil War he had been particularly impressed with the effectiveness
of the Union gun boats operating on the larger rivers and in the

bayous at the mouths of the smaller rivers, especially in Louisiana,
Alabama, etc. He was thoroughly convinced of the futility of forti
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fying inland cities against siege by means of masonry forts, etc.
,
and

was much impressed by the effectiveness of theUnion 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 1 870, while in France, a discussion
that he had with reference to this scheme of fortifying inland cities
came to the ears of Napoleon III, who called Gen. Brent into a con
ferencewi th 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 ona tour of inspec
tion of the fortifications of Paris . These o fficers were likewise
impressed with the possibil ities of the scheme and submitted to
Napoleon a report recommending its adoption. This report was
forwarded by Napoleon to his army staff and was qui te unfavorably
received ; as a consequence the plan was rejected . Gen. Brent
discusses the Franco-PrussianWar of 1 870, 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 theUnion
Army in their siege of Petersburg in 1 864 . One of these guns, plates
2 and 2A,

was a 1 3-inch muzzle-loading mortar, calibers in length .

This mortar weighed pounds
,
used a spherical shell weighing

220 pounds, and apowdercharge of 20 pounds . Therecords avai lable
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
onwhich themortar is mounted seems to bemade up of two standard
trucks on which an improvised platform has been placed . It is

understood that this carriage failed after the mortar had been fired
several times and that thereafter the practice was to transfer the
mortar and its platform, as shown on plate 2A,

from the railway car
to a more solid foundation. This railway mount was called “The

Dictator” and “ Petersburg Express .

”
On plate 3 is shown another

mount photographed by Brady which in his records is also de
scri bed as having beenused in the siege of Petersburg .

4 . Another reference to what was likely though not certainly the
l3-inch mortar discussed before is given in Professional Papers ,
Corps of Engineers , No. 1 4, Siege Artillery in the CampaignAgainst
Richmond

,
by t . Brig . Gen. Henry L. Abbott

,
United States Army,

1 868 The following is quoted from page 23, referring to the
campaign of 1 864 :

The greatweight of the 1 3-inchmortar pounds) renders it difficult tomove
and some satisfactory experiments were made with a novel platform. An ordinary

railroadplatformcar (eightwheels) was strengthened by addi tional beams tied strongly
by iron rods and was plated on top with iron.
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The mortar was placed upon this car (top of mortar 9 feet above track) . and run

downon the City Point Railroad to a pointnearour lines where acurve in the track
afforded faci lities for changing the plane of fire by advancing the car or drawing it
back. The 1 1 10e firedwith 1 4 pounds of powder. recoiled less than2 feetonthe car,
whichmoved 1 0 or 1 2 feet on the track . The effect of the charge was takenup with
out damage to the axles, evenwhen the full allowance of 20 pounds of powder was
used . This mortar, whose shell would crash and explode any ordinary field maga
zh1 e , excited dread among the Confederate gunners . and was effective in inducing
their enfilading batteries onChesterfieldHeights to discontinue fire upon the right of
our line . Its practice was excellent. At the Battle of theMine, as reported by three
different observers stationed at different points , the explosionoi one of its shells blew
a Confederate field gunand carriage above the parapet atarangaofabout yards .

O i coursewith this platform the plane of thefiremustbe nearly parallel to the track
orthemortarwi ll be dismounted , butby placing the caronacurve avery considera
ble traverse canbe secured without difficulty .

The fact that Gen. Abbott mentions that this mortar which
operated against Richmond was mounted on a standard flat car

seems to indicate that it is not the same mortar that was photo
graphed by Brady at Petersburg . The mortar carriage shown in
plate 2 is apparently improvised , the two trucks being practically
together.

5 . In the Revue d’

Artillerie
,
volume 7 , 1 876, page 8, (6) a

railway mount used by the British service forproof 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
wi th guncarriage, 38 tons ; weight of powder charge, kilograms ;
muzzle velocity

,
meters per second ; recoil length ,

meters
up a per cent grade.

6 . Mention is made of a proof mount employed by the Bri tish for
a 26-ton gun in the proceedings of the Institute of Civil Engineers,
November 22

,
1 88 1 , (7) under the discussionof the effect of recoil on

field carriages. This mount consisted of an ordinary coast type of

gun lift carriage mounted on two four-wheel trucks and is similar in
many respects to some of the Schneider mounts , improvised from
coast defense guns and used in the EuropeanWar. Apparently this
mount was used as a rolling recoil mount and was not anchored to
the track. In the discussion, i t is mentioned that the total recoil of
the gun on the carriage was 3 feet and that the movement of the
railway car beganwhen the gunhad reached its max imum velocity

,

1 . e.

,
after a recoil of about 6 inches .

7 . In the minutes of the proceedings of the Royal Artillery Insti
tute, volume 1 5 of 1 888, (8) there is an article dealing wi th experi

ments made at Delhi, India, January ,
1 886, wi th a 40-pounder

breech-loading gun on a wooden naval carriage. The railway cars

on which this carriage was successively mounted were of 1 meter
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gauge. The naval carriage mentioned above, carried the gun

directly with no recoil mechanism. N o types of cars were em
ployed; the firstwas a light four-wheel car, by feet, and pro
v ided with a wrought—iron underframe. The weight of the car

,

light, was tons and with the gun, 9 tons ; the second was an

eight—wheel car 7 by 25 feet andwas constructed entirely of wroug ht
iron. The weight of this gunwas tons. Wood wedges were put
under the car against the sleepers and props were also employed.

The guns werefired atright 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 carwas loaded with rails to a total weight of 1 9 tons, and
the gunwasp laced over the forward truck with its center line 7 feet
inches above the rail . This appeared to give satisfactory re

sults with the eight-wheel car. The truck springs were deflected
inches , but the wheels were not lifted from the track. The

conclusion stated in this article is that the scheme is suggested as

satisfactory
,
although much would probably be gainedby clamping

the mount to the rails. It is mentioned that the oscillation of the
car is so great that a man could probably not stand on i t during

8 . A description is given of experiments made by the British in
1 896 in the Revue d’ Artillerie,

”
volume 50, page 34, of 1 894,

These
.

experiments were made on the railroad betweenBrighton and
New Havenwith a train of armored cars on which fieldguns were
mounted . Itwas possible to fire these guns in all directions. The

cars were solidly fixed to the rails by special brakes and remained
stationary even when the guns were fired in the direction of the
track. In certain French publications , (1 0) mention was found of
the fact that both the Krupp and Skoda works conducted experi

ments between 1 890 and 1 900 ontheuse of the light fieldguns niount
cd on railway carriages .

9 . Thefirstconcrete results of the interest of the French Technical
Service in railway artillery appeared in the eighties whenGen. (then

Peigne became its advocate. The first papers appeared in
about 1 883, and his work culminated in experiments carried onwith
the 1 55—millimeterHowitzer in 1 888, and the constructionofmaterial
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 coas ts. Carriages of this type mounting 1 20-1nillimeter

guns, plate 8, were furnished the Swiss Government for the defense
of the Rhone Valley .

1 0 . The second actual employment of railway artillery inwarfare,
of which record is available, ~was by the British in the South African
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GUN CARRIAGE O F 1 55 MM . HO W ITZ ER O N RAILWAY MO UNT.
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Pl we 7

GUN CARR IAGE O F THE 1 20 MM . R IFLE O N RAILWAY MOUNT.





https://www.forgottenbooks.com/join






PLATE 1 0A

Frc. 1 .

Fro . 2.

F10 . 3.



27

from the arms, similar to the Schneider 200-millimeter howitzer and
theAmerican original model 1 9 1 8 8-inch mount .
1 4. The character of development of railway artillery is perhaps
bes t illustrated by the following table of mounts already mentioned ,
as well as of mounts developed during the Europeanwar.

Caliber. Make.

Improvised, C iv il War
Schneider-O s
St. Chamond

0 0 0 0 0 0 0 0 0 0

United States Navy
United States Army (designonly)

1 5 . A comparisonof the fourth , fifth,
and sixth items above shows

the enormous increase in power of railway artillery which took place
at the beg inning of the war. The seventh and eighth show the

heavies t p ieces actually constructed and used and the last is the
heavies t mount on which des ign 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.

1 6. The various types of railway artillery may be classified to

advantage by the characteristics of three chief factors in design
traverse, recoil , and anchorage.

1 7 . Before going into the details of these classifications it should
be emphasized that a very large number' of the mounts described in
Volume II and used for illustrations below were des igned and con

structed under the greatest possible pressure, so far as time was
concerned , and from whatever materials happ

‘

ened to be av ailable.

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.

1 8 . Traverse is obtained inrailwaymounts by one of threemethods .

These are : ( 1 ) By moving the mount along a curved track or epi

(nontrav ersing 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 illus trations of these methods see plate 1 1 .

1 9 . Nom avnnsmo MOUNT.

-O n this type of mount no pro

vision is made either on the gun carriage or the railway car bodv

for traversing the gun; it can be pointed i nazimuth only by mov ing
the entiremount along a curved track .

20. The most striking examples of this type are the so-callod

Schneider mounts onwhich the gun is either supported on the side

girders of the caror ona guncarriage that is capable of linearmotion
only

,
and that in a direction parallel to the side girders . The first

arrangement (gunsupported direct]y onside girders) is illustrated on
plates 1 2

,
1 3, 1 4, and 1 5 , and the second (gunonrecoiling top carriage)

on plates 1 6, 1 7 , 1 8 , and 1 9 .
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CLASSIFICATIO N O F RAILWAY ARTILLERY ACCO RDING TO METHO DS O F
TRAVERSE.
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Pu re

CLASSIFICATION O F RAILWAY ARTHJJ ZRY ACCO RDING TO R ECO IL 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.

25 . CRADLE Rscou..
— The characteristic of this type is that the

gunonly recoils , moving backward along the line of fire, in a sleeve
or cradle. The gun is retarded and brought to rest by means of

hydraulic buffers, or dashpots, attached to the cradle, and with
pistons which are rigidly attached to the gun. Return to battery
is obtained by helical steel springs , or by the pressure of air in a

pneumatic recuperator cylinder, in which increased compression is
produced by the recoil. The cradle is provided wi th trunnions and
the cradle andgunare swung in the trunnionbearings of the carriage .

For examples of this type of remil system see plates 33, 34, 35 (spring
counterrecoil) and plates 36, 37 , and 38 (pneumatic counterrecoil)
26 . TO P-CARR IAGE RsoorL .

-The characteristic of this type is
that the gun is carried ina top carriage, supported by wheels onfixed
rails . The gunand carriage recoil togetherm afixed direction along .

these rails . Recoil ls 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 recuperatormight equally well be

used , but no example of such a combination is known. Examples
of this typewith gravity counterrecoil are shownonplates 1 6 and 39 ,
andwith springs or rubber bands on plates 40 and 41 .

27 . Sm o REOO IL .

—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 1n the track . The car body 1s pro
v ided with wooden crossbeams or

“
sleepers” which are jacked down

on the track girders in such a way that about one-half the weigh t
of the mount is transferred to them from the truck . The resulting
frictionthus created absorbs the energy of recoil andbrings themount
to rest . This recoil varies from 1 to 2 meters . All of thesemounts,
with two exceptions— theAmericanArmy 1 4-inch design and Italian
38 1 -mill imeter— are of thenontraversing type andmust befired from
a previously prepared curved firing track or epi . Counter-recoil ,
or the return of the gun to firing position, is obtained by jacking up
the sleepers, thus returning all of theweight to the trucks and rolling
the entiremount 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 adjustmmt of the
mount on the track obtained . In the heav ier mounts an electric
motor drive is employed, and inothercases agasolinewinch has been
used with success . Evenwith the heaviest guns ordinary carpushers ,
applied in sufficient number, have served as an emergency method
of moving the gun back into battery . Examples of this type of

mount may be found in a wide variety of calibers on plates 1 2, 1 3 ,

42
,
43, and 44 .
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28. RO LLING REcorn.

—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 themount to rest . Re

turnto battery is obtained by awinch mounted onthe forward truck ;
thecable is attached to the track some distance ahead. Mounts of
this type recoil a distance of from 30 to 50 feet . Theuse of this type
ofrecoil alone is notpracticable, as thevertical component of the force
ofrecoilwould be too great for the truck springs to stand . Inall cx

isting types the gun is mounted ina cradle, thereby giving a double
recoil system. This type ofmount 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

,
2 1

, and 45 show examples of this type of recoil system in

combinationwi th a cradle as noted above.

29. CouarN A'

rrons .

—These various systems are found in several
combinations, also, inexistingmounts .

Cradle-sliding recoil- is found in the Schneider 520-millimeter how
itzer

, plate 46 .

(hadle-rolling recoil is found in the Bri tish 1 2 and 1 4 inch rifle

mounts and theUnited States Navy 1 4- inch mount,Mark II, plate 45 .

Top—carriage-sliding recoil is found in the Schneider 270-millimeter
howi tzeras shown on plate 47 .

30. Di scussrox .

— Cradle recoil with air recuperation is probably
thehighest development inrecoil systems .

31 . Top-carriage recoil was devised 40 ormore years ago for coast
defense guns operated at low angles of elevation. It is not well
suited to firing at high elevations. This system is found only onrail
road mounts which have been improvised from available coast de
fensemateriel, and there seems no great reasonwhy it should be con
sidered fornew des ign.

32. The sliding recoil system is worthy of considerable considera
tion. Improvised originally to provide for heavy guns, a mount
which could bemanufactured in ami nimum of time, i t has shown a

ruggedness andconvenience inservice that have recommended it very
highly. There are certain limitations on the use of this type of
mount. Time of operation and lack of traversemake i t unsui ted to
small guns . The enormous trunnion forces which must be taken
care of likewisemake itunsui ted for the very largest howitzers firing
athigh ang les .

33. The cradle-rolling recoil combination is, like the sliding system,

unsuited to small guns, because of the lack of traverse and time of
operation, but itrepresents avery satisfactory system for the heaviest
type of guns .
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CLASSIFICATION ACCO RDING TO METHOD OF ANCHORAGE.

34. Railway mounts may be classified according to the character
of the structure required to transmit the force of recoil from the gun

to the earth, as follows :

1 . Mounts requiring no structure whatever.

2 . Mounts requiring a track platform; i . e. , a structure built
above and more or less wi thout disturbing the track .

3 . Mounts requiring a ground platform; 1 . e. ,
a structure

fitting into and under the track .

These schemes of anchorage are illustrated on plate 48 .

35 . Moux '

rs Raoummo NO STRUCTURE .

— The only mounts of
this type are those with the combination of cradle and rolling recoil

mechanism, which fire directly from standard track . They are

provided with car-body traverse, giving a small movement in azi

muth, and must be fired from a curved track or epi to get greater
travers e. The British 1 2-inch and 1 4-inch riflemounts , theAmerican
l4-inch nav al mount, Mark I (for firing at angles under 1 5 degrees )
and Mark II (for elevations as great as 40 degrees) , the 1 6~ inch
howitzer, model 1 9 1 8 MI (American) , and German 38-centimeter
are examples . These are shown on plates 20, 2 1 , 45 , and 364 .

36. MO UNTS REQ UIR ING A TRACK PLATFO RM .

-Tu mounts of
this type a part of the vertical component of the force of recoil is
takenby girders , pads , orfloats placed on the ground or on top of the
ties, and the horizontal component either by friction, or through rail
clamps

,
guys, or struts . TheSchneiderslidingmounts are examples of

the type inwhich the horizontal component is absorbed by friction.

This type can have only very limited car traverse (a max imum of
5 degrees) , since a greater travers e will resul t in an abnormal dis

placement of the track . They are shown on plates 1 2
,
1 3

,
42 , 43,

and 46 . The 1 94 and 240 millimeter Schneider mounts and the

British 1 2-inch howitzers and 92 -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
1 6, 4 1 , 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 . MO UNTS REQ UIR ING A GRO UND PLATFO RM .

—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 1 6-inch mouhts, 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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In almost all cases only a very limited traverse is possible. The

G erman guns give all-round fire. The above noted mounts are

illus trated on plates 51 , 52 , 53, 209 , 54, 24, 55 , 56, and 57 .

38 . Dracussron.

— Two points are intimately cbnnected with the
type of anchorage employed , viz : (l ) The time neces sary to get

into actionandwithdraw themount from position,
and (2) theamount

of traverse allowed . The former is important in effecting a surprise
and in wi thdrawing 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 bes t of the second type, and thenup to three or

four days on the very elaborate mounts of the ground platform type.

As to traverse, the first type permits any des ired amount , limited
only by the extent of the curve, and is suited to the largest calibers ;
the second likewise permi ts 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 ( 1 0 to 1 5 degrees) for the heaviest guns and all
round fire formedium calibers . It might be added that rail clamps
and guys are devices adopted with the lighter guns and are to be con
s idered improvisations ; struts have proved more efficient.
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SECTION 2 .

SCO PE OF UTILITY OF RAILWAY ARTILLERY.

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

40 . In considering the scope of utility of railway artillery in land
warfare, several general limitations should be borne in mind . It is

the heaviest , most powerful, and most costly of all artillery and for
this reason, it should be exposed to aminimum of danger of destruo
tion and capture, and should be used only whenheavy 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

eas ily be maintained closer than from 5 to 1 0 kilometers to the line,
hence heavy railway artillery cannot be

,

operated closer to the line.

Further, experience has taught that it should be kept out of the
range of the field guns and smaller caliber heavy guns . In some
cases , as in theAmericanSt. Mihiel offensive of September, 1 9 1 8 , the
railway artillery was runup to within 3 kilometers of the front lines .

This point is discussed more fully in section 7 .

4 1 . Within the limitations noted above, railway artillery is util
izod for the following purposes :

Des truction.

Counter-battery work .

Interdiction.

Distant bombardment formoral effect .
42 . DESTRUCTIO N .

— Fll'e of destruction as executed by railway
artillery has for objectives in general order of range

(a) Permanently fortified works, as concrete turrets, observ a
tion posts

,
sentry towers or observation posts , concrete

rM part shelters, concrete cantonment shelters , gun
casemates, flanking casemates, and flank trenches, con
crete communication galleries , troop shelters, machine

gun and antitank forts .

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

(c) Balloons and towers used for observation and located at

long range.

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

(81 )
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Except in the case of (c) above, it is obvious that , for the purpose
of destruction the max imum plunging fire is desirable and that the
pieces that should be used are howitzers andmortars , so long as the
necessary range canbe obtained with them. O bjectives of class
are ordinarily located at such ranges that guns must be used , It is

evident that relatively large explosivecharges and perhaps numerous
shots will be required for this purpose and, except in the last case,
very high accuracy of fire is essential .
43 . CO UNTER-BATTERY W 0 1 1 K .

— 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 . O ccasionally it may be imperative that certain batteries be

put out of action inmuch less time thanwould be possiblewith 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 andmounts 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 . INTERDICTIO N .

— The objectives
'

of fire of interdiction are lines
of communication

,
roads, railroads, telegraph , and telephone lines ,

etc. Itmay be very desirable to keep a section of a certain railway
line out of commission. Itmay be desirable likewise to shell certain
sections of very important roads over which supplies and menmust
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 . DISTANT BO MBARDMENT roa MORAL EFFECT.

— The chieo
tiy es of bombardment formoral effect are large centers of populati

'

on
long distances behind the lines . The aim is to destroy any sense of
security which the distance from the front lines may give the civilian,

to undermine the spirit of the army by weakening the morale of the
civil population

,
and to interfere to the max imum with the adminis

tration of the war.

47 . The characteristic of first importance for this kind of fire is
extremely long range, 1 00 to 1 20 kilometers or so. Difficulties of
construction seem to limit the caliber of these long guns to about 240
mi llimeters . Little or no traverse is required. At least one shot per



83

hour is considered neces sary to produce the desired effect, and abso
lute regularity in the bombardment is neces sary for the max imum
effect onmorale.

48. The single example of action from a gun of this sort was the
bombardment of Paris . The writer was inParis for several days at
a time on four occas ions during the bombardment by the long-range

gun. On some days projectiles arrived every 1 5 minutes from about
8 a. m. to 5 p . m. O u other days the bombardment would begin

promptly at noon. O u the first day of the bombardment, on
March 23 , 1 9 1 8 , there was considerable confusion,

more because 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 quiet days . When a projectile would burst the

people in that vicinity would appear startled but not frightened and
always some would hurry in the direction of the explosion to see 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 l ived in Paris was not caused by the steady ap
proach of the C 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 . 1 one burst in a building its effect was not always evident
outside. O ne shell hole seen in the Gardens of the Tuilleries was
about 4 feet deep and from 1 0 to 1 2 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 ex tent 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 efi

'

ect on morale, as an equal investment in bombing
planes and bombs . A published statement of thework of aeroplanes
and of the Iong-range guns is given as an appendix to this report .
50 . ASSIGNMENT or MO UNTS TO VAR IO US DU'

r1 Es .

— The follow
ing rules govern the assignment of types of railway artillery to the

various duties detailed above.

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

Types of pieces (mortar, howitzer, rifle) are assigned ao

cording to range (see later discussion) .

(0) 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.

5 1 . ASSIGNMENT or CALIBERS ACCO RDING TO Rnsrs'rancn or

TARGETS.

— Railway artillery is far too difficult to manufacture and

too valuable to be used except at the neares t possible approach to a
1 00 percent efficiency basis . Itwould bemost unwise to undertake
to destroy certain heavy concrete fortifications with 1 94-millimeter
howitzers, involv ing the expenditure of a great amount of ammu
nition and considerable wear of the guns and perhaps, after all, not
accomplishing satisfactory resul ts, when a few shells from a 320

millimeter howitzer would accomplish the desired results . Further
,

it would be criminal to use 320—millimeter howitzers onmachine—gun
forts , sentry towers, etc. , if smaller howitzers were available.

52 . In the regionnortheas t of Soissons the Germans were using in
1 9 1 7 some old quarries very simi lar 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, andwith their great
weight of projectile, high angle of fire, and consequent nearly vertical
drop of projectile, accomplished very satisfactory results . The shells
penetrated the overlying earth and chalk to a depth of about 50 feet
and onburs ting caused great sections of the roofs of the galleries to
drop, imprisoning or killing the Germans .

53 . ASSIGNMENT or TYPES ACCO RDING TO RANGE .

— As with
resistance of target so with range, no more powerful gun should be
employed than is absolutely necessary. Wear, first cost, and time

of manufacture are all much less on the shorter and less powerful

guns. The following table, which is taken from French experience,
shows clearly the relative rates of wear at the various ranges It is

evident that to use a 300—round gun on objectives that could be de
stroyed as effectively by from to round howitzers would
be nothing short of criminal .

Range.

280-mill imeterhowitzer
24-6 howitzer.

240-millimeterT. R . 1903 .

240-mil limetermodel 1893—6
305 m1111metermodel 1 893-6

In regard to the other two points , cost and time of manufacture,
only about half the time is required to manufacture a howitzer as

to make a gun of the same caliber, lighter machinery may be em

ployed , and the cost is even less thanhalf .



85

54 . RELATIVE WEAR or GUNS.
-The accuracy life

.

of any gun is

greatly increased if it is firedwi th reduced charges and consequently
reduced muzzle velocities . The following British table of equivalent
charges illustrates this point :

Equivalentcharges , showing relativewear of guns with vari ous charges.

[Full charge takenas 100 percentwean]

1 2-1nch
1 5-lnch howitzer,

-mch Much 6-inch 6-1nch -lnch
howitzer.

1 and 1 1 .

howitzer. howitzer. 26 cwt. 30 cwt. howitzer.

55 . In view of these facts it would seem best to use the shortest

gun and the lowest charge and muzzle velocity possible. The

closest point at which it is possible safely to locate the piece deter
mines , of course, the range. Ideal practice, therefore, would be to
use the shortest piece of the required caliber

,
which at its most

favorable elevation can realize this range. If the nearest piece to
the ideal which is available has a rangematerially greater than that
required , then it should be fired with as much of a reduced charge
as possible.

56 . In this connection it is, of course, understood that the designer
and builder and the users of the gun will probably never agree on

the question of their properuse. A prime and proper desire always
in the mind of the user is for greater and greater range. The

des igner and builder dislikes to see his machine abused and wishes
to keep the muzzle velocity as low as possible.

57 ASSIGNMENT or
r
1& 1 ’ 131 3 or MO UNTS ACCO RDING TO TIME

AVAILABLE FO R. 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. Somemounts require no anchor
age, others require a simple arrangement which may be put in

place in an hour or less
,
while others use very elaborate emplace

ments , requiring from two to five days to install . The principle
upon which mounts having various characteristics as to traverse
and extent of anchorage will be selected , is that the least valuable

gun and mount that can be made to satisfactorily accomplish the

des ired 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 . O rdinarily, arrangements for the use of railway artillery may
be made very deliberately . If there is plenty of time, the necessity
for the use of a cumbersome firing platformmay not be a handicap .

There is no objection to having themen do themanual labor of put
ting down a platform since, ordinarily; the battery commandermay
be hard put to find enough work to keep his menbusy and contented .

This should notbe considered anargument for bui lding such artillery,
however, and indeed no battery or group commander with whom
thewriterhas talked would select 340 or 400mi llimeterSt. Chamond
mounts if he had the choice between these and 305 or370millimeter
Schneider mounts . However, if the Army possesses such mounts
and if time is available sufficient to construct the number of emplace
ments required to cover all the objectives, then there is no objection
to the use of mounts having small traverse and elaborate firing plat

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

TABULAR cu ssmci 'rlonorm ar ARTILLERY.

60. For convenient reference, tables classifying railway artillery
in accordance with the preceding are given below. The examples
here given are from practice.
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The platforms for the sliding andFrench andAmerican 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
andslid onthe ties . Insuchcases the operationof the slidingmounts
becomes almost as rapid as that of mounts firing without preparation.

RELATION O F RAILWAY ARTILLERY TO OTHER TYPES.

6 1 . A consideration of the scope of utility of railway artillery
would be incomplete without a presentation of the relation between
this and the less powerful types— field and heavy wheeled artillery .

62 . If a set of rectangular coordinates be set up, with ordinates
repres enting calibers and abscissa 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 giv ing the range, and the character and resistance fix ing
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
canreach . Mortars , for example, with a characteristicmuzzle veloc

ity of approx imately 300 meters per second , would be represented
by the line to the left on the diagram,

joining all points representing
a range and caliber requiring 300 meters per second velocity to
realize them. In the same way the line at the bottom represents
long guns (muzzle velocity about 850 meters per second) . Thus the
entire field of artillery (except trench artillery and long-range guns )
is included between the two ex terior lines .

64 . A given type such as field or heavy artillery is repres ented by
an area including all the points representing objectives for which
the v arious guns of this type of artillery are suitable. On the

diagram, plate 58 , a line has beendrawn,
j oining the points repre

senting theheaviest field artillery guns ,howitzers , andmortars . Thus
the area 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 thewar in 1 9 1 4 . Thearea

between it and the previous line therefore represents the domain of
heavy artillery . And,

by consequence, the area above and to ! the
right of this line is the domain of railway artillery .

66 . For Comparison, a line has been drawn through points repre

senting the lightest railway artillery employed by the French. As

will benoted, i t intersects the heavy artillery line, indicating that rail
way howi tzers were being used where heavy artillery materiel would
have served equally Well .
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67 . Developments during the
'

war have, however, considerably
changed conditions . All along the line it has become possible to
mount heavier artillery on mobile carriages and therefore the line

marking the upper limit of heavy artillery has advanced to the

position shown by the new curve marked 1 9 1 8 . 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 mobilemateriel .
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 canbemounted on a railway mount . The

limitation comes in a vertical direction from the resistance of the
most difficult objective to be destroyed . Certainly no objective
has yet been encountered which the 520-millimeter howitzer or even
the 400-millimeter howitzer could not reduce. The opinion gained
from a general familiarity with the subject is that, in land warfare,
only very exceptional targets will require such calibers and 300 to

350 millimeters is ample for all ordinary purposes .

69 . The upper limit of railway artillery in respect to range is also
fixed by economic rather than by physical limitations

’

. Guns of
ex treme range used in distance bombardment for moral effect can
perfectly well be mounted on railway carriages , but, as previously
pointed out, theirutil ity as compared with bombing planes is amooted

quwtion. 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 1 1 0 kilometers was such that 1 83 of the 303 shots fell inside
Paris (area about 90 square kilometers) . The shell contained not
over 1 0 kilograms of explosive and the gunhad a life of perhaps 50
rounds . Thus the guncould place during its life about 500 kilograms

of explosive somewhere withinan area of 1 00 square kilometers .

7 1 . The same results could be secured through the use of light
bombing planes O perating at a height safe from anti aircraft guns in
daylight, and i t is probable that dispersion would be considerably
less than that noted above (30 bombs were dropped on a single
railway shop in Paris) . Three light bombing planes could carry the
500 kilograms of explosive just noted and release it on a single
raid and even if all the planes were lost, which is not probable, the
cost of so delivering the explosive would be considerably less than if
it were delivered by the long range gun.

72 . The dispersion of the United States 1 4-inch, 50-caliber gun at

the extreme range of about 40 kilometers is about 4 kilometers . l t

fires a shell carrying about 40 kilograms of explosive and has a life of
perhaps 300 rounds . This gives a total of kilograms of explo
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sive placed somewhere in an area of 1 6 square kilometers during the
life of the gun.

73. Twenty-five heavy bombing planes could drop this amount of
explosive ina single raid , and, even at night, ought to be able to put
it inside an area so large as 1 6 square kilometers .

74 . Ou the other hand ,
there might be objectives at this range

which drop bombs could not des troy because of lack of penetrative
power. Further

,
for interdiction,

it frequently is necessary to send
over some shells onvery short notice and oftenat times whena plane
cannot be used at all .

75 . The conclusion of the writer is that at ex treme ranges that is ,
70 to 1 20 kilometers , where the firing is for moral effect alone, this
service should not ordinarily be considered as a proper one for rail
way artillery, the use of drop bombs being much more effective.

76 . At shorter ranges , approx imating 40 kilometers , many cases

would seem to ex ist in fire for destruction and interdiction where
drop bombs might beused to better advantage thanrailway artillery .

Some targets would probably be found , however, for which drop
bombs are ineffective, therefore railway artillery has a perfectly
proper field at these ranges . Further, artillery capable of these
ranges is required for accurate fire of destruction at shorter ranges ,
hence it is available for the longer range work if required .

77 . The experiences of the war seem to indicate that the field of
usefulness of railway artillery lies between the line on the diagram
for heavy artillery

,
marked 1 9 1 8 , and the line above, j oining the

heaviest of the present railway guns . In other words, many of the
smaller of the present railway guns should not be considered in any
new program and there would seem to be little or no advantage in
trying to exceed the largest of the present guns . This confines the

field of railway artillery to calibers between 200 and 520 millimeters
(preferably 250 to 400 millimeters, since there is little need for a

caliber greater than 400 millimeters and the 200-millimeter gun can

probably be mounted on a caterpillar) , and ranges between 1 0 and

40
, or possibly 50 kilometers .

UTILITY IN COAST DEFENSE.

78 . Railway artillery has been exploited chiefly in the past as a

means of coast defense. The outstanding advantage claimed for i t
is great mobili ty, permitting concentration of a large number of guns
at any threatened point, and the effective defense of many places
which would not justify permanent works, as well as enabling the

guns to deliver their fire and retreat before effective counter-battery
fire from the sea canbe commenced .

79 . For this service the work would be primarily the same as that
demanded of the present coast-defense guns, i . e.

,
the destruction of
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battleships, des troyers , and lighter craft . This service calls for

ex treme accuracy and rapid fire, in some for long-range direct fire,
and in others for medium-range plunging fire. These requirements
are qui te similar to some of those for land warfare. The essential
differences, however, are that while in land warfare, the targets are
fix ed, incoast defense they aremoving , and provisions must bemade
for following such amoving target ; volley firing is oftennecessary .

80 . Specifically the requirements of amount for coas t defense are

(a) Wide traverse (60—1 80 degrees) .

(6) Rapid fire.

(c) Q uick emplacement .

(d) Sighting, elevating, and traversing mechanisms which can
be operated until the moment the gun is fired, and
simultaneously for all guns of a battery.
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1 2-inch Batignolles, plate 54 , requiring a firing platform made up of

easily handled sections which are carried in a special platform car

provided with the necessary equipment for installing them ; (4) semi
permanent emplacement mounts of the type of the French 340

millimeter gunmount, plate 5 1 , the 400-millimeter howitzer mount,
plate 52, andAmerican 1 6-inch howi tzermount, plate 53 andAmer
ican l 4-inch naval mount

,
Mark I, plate 23, requiring an elaborate

subtrack platform of timber and steel constructionwhich ordinarily
cannot be installed in less than from two to five days and affords
only limi ted traverse of 1 0 degrees or

‘

less ; (5) semipermanent
emplacement mounts of the type of the American 1 4-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
1 50 tons ormore capaci ty ; (6) semipermanent emplacement mounts
of the type of theGerman2 1 , 24 , and 28—centimetermounts, plate 24,
requiring a firing platform of structural steel, plate 55, which is
cumbersome to transport and requiring crane facilities for instal
lation, or areenforced 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 . Incomparing the last five classes of mounts where one has
a choice of (a) A new curved track of heavy construction, (b) a
special platform carried in a special car, (0) a heavy timber platform
requiring days for installation, (d) a simple steel base ring requiring
unusual facili ties in the shape of a locomotive crane for installation,
or (e) a structural steel platform difficult to transport and requiring
days for ins tallation, or a substitute therefor, in the shape of a re

”

em'

orced concrete platform, apparently any one type has a ques
tionable advantage over another and the various designs described
in this section are not criticized on a bas is of a preference for any of

the types so farmentioned . After careful examinationand consider
ation of all the types of railway mounts in ex istence, it seems possible
to combine in amount forheavy guns, modifications of emplacement
schemes of the above types in such a way as to render the mount
almost universally serviceable. Ou plates 59 and 60 is a suggestion
for a design of acarriage for 1 0-inch, 50-caliber guns . Computation
of the necessary data indicates that this type of emplacement can
be instal led almost as quickly and as eas ily as the simple outrigger
emplacement . It gives all round traverse if des ired and will stand
the strains brought upon i t bv a 50-caliber, lo-inch gun.
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of the piston rod as in the usual railway design, but is attached to
the cylinder. The hydraulic cylinder head serves as a piston head
for the recuperator spring column. The length of recoil is 1 2 inches
90. ELEVATING MECHAN ISM.

—It is possible to elevate the gun

from minus 1 0 degrees, the loading angle, to plus 40 degrees, by
means of the screw hinged to the bottom of the cradle at its forward
end, plate 69 . This screw is driven by the bronze nut in the oscil

lating central bearing . This bearing is supported on the cross shafts
as trunnions. Elevating handwheels are provided on both sides of
the carriage.

9 1 . TRAVERSING MECHAN ISM.
— The gun can be traversed through

360 degrees . The traversing mechanism comprises the handwheel
shaft and bevel gears shown on plate 70, with the worm shaft

,
worm

and bronze wormwheel shown on plate 69 . The lower portion of
this bronze wormwheel serves as a drum for the two halves of the
friction band which are hinged on the stud bolt, passing through
theboss in the rear of the pedestal. The two halves of this friction
band are j oined at the front by a bolt.
92 . T0 ? CABB IAGE .

— The top carriage comprises the cradle carry
ing the hydrospring recoil mechanism and the pivot yoke with the

elevating and travers ing 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 0 1 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 onball thrust bearings at the bottom
of the pedestal. The separate pedestal is provided with an azimuth
circle which is not provided on the pedestal of the railway mount .
Front and rear v iews of the top carriage are shown on plate and

a rightrhand side view on plate 72 .

93 . RAILWAY CAR BO DY.
— The railway car body proper, plate 73,

comprises a central steel casting, of which the pedestal is an in

tegral part, and the two structural steel ends riveted to this casting .

On each side of the car body two side arm castings are riveted, both
to the cast steel center section and the structural steel ends. Ou

each end of the car body are hinged three pieces of 05 -inch armor,
the side pieces having two copper lined loop holes formachine guns,
and the end pieces one copper lined loop hole each . These plates of
armor can be let down to a horizontal posi tion to serve as working
platforms . Two other plates which serve likewise as working plat
forms are hinged to the central cast steel section of the car body .

94 . ANCHO RAGE.
-The mount is let down and clamped to the

track for firing . Addi tional provision is made for stabiliz ing the

mountwhenthe gun is fired atany 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 designare provided onwhich the screws bear. These
foot plates are placed on well tamped earth, rock ballas t or timber.

When firing at a wide angle to the track, i t 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 i t 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 cas ings are fitted and bolted by
four bolts

,
plate 74 . These cas ings , which may be taken out and

turned through 1 80 degrees , and replaced , are so designed that one
arrangement spaces the hooks for the 60-inch gauge track , and the
other for the -inch gauge. Inside of this casing there is a sleeve,
two parts of which project above the top of the cas ing 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 -inch pin
across the bottom of this sleeve, figure 3, passes between the rail
hooks and spreads them when the sleeve is raised , thereby freeing
the hooks from the rails . The two rail hooks are hinged to the

bottom of the clammng screw , which is operated by the two-handled
nutshown at the top

'

of the casing ,figure2 . The sleeve andrailhooks
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 lowes t 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 themount is lowered to the
firing position. These are of sufficient width to be adapted to the
60-inch or the -inch gauge. Each is provided with a pair of
rail st0ps , 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 -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 themount
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-s teel pintle guide rivetted into the car body ,
abronze 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 pinionmeshes 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

firsttworailwaymounts of this typemanufactured were also equipped
with an alternate method of operating the jack screw . The upper
end of the jack screw was slotted and a capstan head provided to
fit into it. Fourmaneuvering 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 efiort

required for raising and lowering the car. Whenratchet wrenches
are used with a lever arm of 32 inches , the force necessary on each
ratchet lever, one being used at a th e on each end of the car, is 65
pounds to raise, and 50 pounds to lower. The th e necessary to
raise the car

,
us ing ratchet wrenches , eight men working in reliefs

of four, is minutes , and to lower ready to fire, approx imately
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 1 50 pounds
to raise and 1 00 pounds to lower. When four maneuvering levers
are used with one man at each lever, eight men in all

,
the car can

be lowered in 1 minute and raised in minutes . When crank
handles are used the force necessary on each of the four handles is
85 pounds to raise the car, and 50 pounds to lower. The time

necessary to raise the car with crank handles , fourmen at each end

of the car
,
is minutes , and to lower, 2 minutes .

97 . ARMO R .

—Each end of the car is fitted with three shields of
-inch armor plate hinged to the floor so that they canbe swung

down to a horizontal pos ition
,
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 p in locks a

side shield to the end. The outsides of the shields are fitted with
shield props which slide through guides on the car body . Collars
on these props limit the movement of the shields . The upper end

of the props ex tend through the shields and prov ide an attachmmt
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 difliculty .
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2.
—7-1NCH GUN O N RAILWAY MO UNT. ( 1 4)

1 00. 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 1 9 1 8 . The railway cars, model 1 9 1 8, were designed
for 6 and 8 inch seacoast guns , as will be explained later, being
modeled to a certain ex tent after the design already completed for

-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 1 9 1 8 to mount Navy 7-inch guns on them for ser

vice agains t submarines along our coas t . A few especially designed
pieces of equipment were added as will be described later.

1 01 . GUNs .

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

1 02 . RECO IL Mnommsm.

—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 oneither
side of the hydraulic cylinder. The hydraulic recoil cylinder is
shown in detail on plate

'

78 and thegeneral arrangement of cylinders
on the bottom of the cradle, on plate 79 . The length of recoil is
2 1 inches . The spring columns , which are double, are divided by
spacing plates into five sections , plate 80.

1 03 . ELEVATINGMECHAN ISM.

— The elevatingmechanismcomprises
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 mi ter gears, plates 8 1 and 82 ,
sections Z Z andYY . The gun canbe elevated fromminus 5 degrees
to. plus 1 5 degrees . The cradle trunnions are provided with a very
simple type of friction-reducing mechanism; as shown on plate 8 1 .

1 04 . TRAVEBSING MECHANISM.

—The guncanbe traversed through
360 degrees . The traverse wormwheel is attached to the pedestal,
as shown on plate 77 , and is connected with the handwheel on the

right side of the carriage
‘ through a worm, two sets of miter gears ,

sections XX and VV,
plate 82 . The pivot yoke is supported on the

pedestal by means of conical rollers , plate 83 .

1 05 . GUN CARR IAGE .

— The top orguncarriage comprises the cradle,
with recoil, elevating and traversing mechanisms , pivot yoke and

pedestal, plates 8 1 , 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 cas t steel base to elevate
the gunsufficiently to permi t it to be fired at its max imum elevation
of 1 5 degrees when firing in the direction of the track . This cas t
steel base has been bolted to the floor of the car and additional
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cast steel brackets have been added to the side of the car to accomo
date the additional width of the base over the width of the car.

1 06 . CAR BO DY .
-At the beg inning of this discussion it was

mentioned that this car body was originally designed for 6 and

8 inch seacoas t guns . It was found impossible to use them because
the bottom outside angles in the well of the car ex tended beyond
the clearances permissible on European railways . Attention should
be calledo to two othermodifications that weremade in the car body,
model 1 9 1 8 , Mark

’

I . It will be observed onplate 769 , that the out
rigger struts are attached to the car body by means of cast steel
hinges, and from the bottom of the hinge to the end of the strut
there is a torsion rod for the purpose of counteracting certain
tendencies of the car to jump when gun is fired at low eleva
tions . On the modified design, plate 88, one set of four struts is
attached to the car by means of ball joints . Four more struts are

attached in such a way as to swing only in one vertical plane, as
shown on plate 98 . The car under discussion is likewise provided
with hydraulic jacks over the truck center plates and with adjusta
ble side bearings, plate 86 . The pumps for these jacks are installed
on the sides of the car, as shown on plate 76, and connect with the

inside of the hydraulic cylinder through the small hole inthe piston.

Two racks meshing with pinions which in turnmesh 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,

thes e jacks and adjustable side
bearings were omitted and four jackscrews were placed at the four
corners of the lowest part of the flat car.

1 07 . ANCHO RAGE .

— The mount is emplaced for firing by first

injecting sufficient pressure in the hydraulic cylinders to remove the
safety locking pins. It is then dropped to the rails by releasing the
pressure in the cylinders . No special emplacement is required .

The outriggers and floats are placed , as shown on plates 76 and 77 ,
for firing in any direction. It is necessary to put out four outrig
gers since the car whips to such an ex tent as to loosen the outriggers
if only two are used .

1 08 . 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 .

1 09 . AMMUN ITIO N 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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frames, racerand base ring to which thes emechanisms are assembled .

An operating platform of structural steel is attached to the rear of
the side frames and rotates with thegun inazimuth .

1 1 7 . RAILWAY CAR BO DY .

— The railway car body is of structural
steel, drop center type construction, with the barbette carriagemoun
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, andgunfor 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

v ided with air brakes .

1 1 8 . ANCHO RAGE .

—F0r firing, the car body, carriage, and gun

rest upon a firing platform which takes the vertical component of
the shock of fire, while the horizontal component is taken by out

riggers , plates 88, 89 , 30, 95 , and 96 . The firing platform cons ists of
two lines of H-beams placed under the car, along the railroad
ties outside the rails

,
and of six wooden crossties . The car body is

raised by means of the jacks crossties
‘

are then put in place across
the top of the H-beams andunder the car body and the car is lowered
upon them. The outriggers consist of wooden floats about 5 feet
square, cast—steel float plates resting against these and serving as

sockets for the ball ends of the struts, and struts made of pipe and

extending from these plates to suitable attachments on the car body .

These attachments are located , four on each side of the car, in such
a way that the car can be braced in all directions . The eight floats
are placed inasmany holes dug in the adjacent ground and the struts
are tightened up between them and the car. These floats are located
as shown to brace the car horizontally in every direction; details of
this arrangement are shown in plate 30. A speed test by a trained
crew showed that the car could be emplaced and prepared for firing
in 45 minutes and that the emplacement could be taken up and all

material loaded on the car in 25 minutes .

1 1 9 . TRUCKS .

— The trucks are standard 70-tonM. C . B . typehaying
6 by 1 1 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 prov ided . Details areshown in plate 97 .

1 20. In addi tion 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 1 2-wheel trucks which are

substituted for the 70—ton M. C . B . trucks and carry the car body
and gun carriage, and narrow gauge shell cars for the ammunition,
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plates 99 to 1 05 . Powder, spare parts
,
tools

, etc.
,
are carried on

narrow—gauge flat cars .

1 2 1 . AMMUN ITION SUPPLY SYSTEM.

-A standard-gauge, steel box
car with special racks for holding ammuni tion is provided . This is
shown on plate 1 06. 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, em
munition is run out on its trolley and is dropped on to a loading
box located on the after end of the guncar. From there, i t is picked
up by a small j ib crane located on the rear end of the gun operating
platform, transferred directly to a second j ib crane and by means
of the latter swung to the breech of the gun. Thismethod of O per
ation can be employed for angles of fire of 35 degrees or less on

ei ther side of the center line of the car. Beyond that
,
i t is necessary

to transfer the ammuni tion to the ground at one side of the car so
that it can be picked up by the j ib crane. The entire operation of
this arrangement is well illustrated on plate 1 08 .

1 22 . MA INTENANCE .

—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 fiat car, i t
is not felt that this should introduce a serious difficulty .

1 23 . DIFFICULTIES IN
/

VO LVED IN SERVICE .

— Several minor criti

cisms in regard to the O peration 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 i t exists
now,

the design having beenmodified to correct them, and they are
mentione

’

d only to point out what difficulties might have occurred
from previously used designs, and to show the development that
has taken place.

1 24 . When the car is first fired, the floats yield more or less ao

cording to the nature of the ground , and i t 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 approx imately the same direction.

1 25 . The elevating mechanism,
before the addition of the anti

friction device, was comparatively slow in operation. Somewhat
over aminute 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 approx imately three times as great
as the original .
1 26 . 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 onone occasionduring proof it failed to functionproperly .

Ou investigation, it appeared that this failure to functionwas due to
unsatisfactory machine work , and on paying more attention to the
fine machine work of these valves no such difficulty has been ex

perienced on any othermounts .

1 27 . It is difficult to swing the shell away from the breech when
carrying i t to loading position on the second jib crane. The ope

ration is entirely possible
,
however.

1 28 . The speed
'

testof this mountmade by a trained CoastArtillery
crew gave a record of four shots in 1 0 minutes . This is rather slow
for the caliber. Since this time

,
an improved elevating mechanism

has beenins talled , so that i t is felt that this record could be bettered .

1 29 . MER ITS .

— The one feature which makes this mount con

spicuous among railway carriages of all armies and which likely
would have made it of very great value in the present war is its
system of anchorage. There is no other mount in any of the allied
armies which has an anchorage system that compares with this in
effectiveness, nor which can be prepared for action in so short a
time. The system is self—cont

‘

ained ,
if this term mav be used to

state the fact that the anchorage system is a trav eling part of the
carriage and i t is of such a type as to permit the gun to be fired
without any difficulty in any direction. To realize the full effective
ness ~of the efficiency of this anchorage system i t should be compared
with the anchorage used with the several types of -inch British

guns on railway mounts
, the 1 9 and 24-G French howitzers on im

prov ised all
-round traverse plat

forms , and the 240-millimeter French

gun on the railway carriage known as the Colonies type, plate 27.

1 30. DEMER ITS .

— The characteristics of the carriage which appear
to those who have observed the operation of allied railway artillery
as demerits, are as follows : The elevating system includes a rack
bolted to the bottom of the carriage meshing with a Hindley worm.

It seems certain that under the working conditions that prevailed
in the present war considerable difficulty would have been experi

enced inmaintaining this rack and worm in proper working order.

Second , a Worm of the type of the Hindley worm cannot easily be
secured in the field, and inasmuch as such a worm must be worn in
with the rack, i t is possible that some difficulty might have been
experienced in themaintenance .
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8-INCH AMERICAN GUN O N RAILWAY MOUNT.
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4.
—AMERICAN lo-mcn GUN O N SLIDING RAILWAY MOUNT. ( 1 7)

1 32 . Theseguns aremounted onwhat are termed slidingmounts
in the American and English Armies , and

“

glissement mounts
”
in

the French Army. The gun is swung directly by means of its trun
nions, inbearings mounted rigidly on the sidegirders of the carbody ,

and the gun andmount 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 carbody or the trucks, and theymust be operated
on curved tracks to train the gun in azimuth . This is the first

modernmount 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, mentionwas made
of the 1 3-inch mortarmount constructed and operated by theUnion
Army, inwhich case the gun carriage slid on rails on top of the car
and the car rolled back on the track when the gunwas fired.

During the interval between the Civil War and the present war,
several proofmountswereconstructed by various countries, operating
on the same principles, but at the beg inning of the present war no
nation had constructed for itself any railway mounts on which
provisionhad beenmade for dissipating the energy of recoil bymeans

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 andwhich hadnotbeendelivered . The designers of the various
French ordnance companies were hard put to design carriages on

which their heaviest seacoast guns could be mounted and which
could be constructed with the facilities available in a satisfactorily
short period of time. The scheme of mounting the gun rigidly in
the carriage and permitting the mount to slide back on the track in
recoil was developed by the Schneider Ordnance Co .

,
late in 1 9 1 4

,

and the first carriage mounting a 320—millimeter gunwas proved at

their heavy artillery camp in February or March ,
1 9 1 5 . The de

signers had considerablemisgivings 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
carriagewas subjected soon proved that al though it might appear to
be a crudemechanism 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 themost 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.

1 33 . 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 wri ter knows
of only two guns finished andmounted by any of ourallies, onrailway
carriages , since 1 9 1 4 . All other guns mounted were ei ther instorage,
or were removed from battles hips or coast fortifications . On the

entrance of America into the war, i t was discovered that the supply
of guns of some of our allies was running dangerously low and it was
proposed that we supply themwi th some of ourheavy guns . Fifteen
of the 1 0—inch guns of ,

the model that are being mounted on these

carriages , were sent to France in September or October of 1 9 1 7 , 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 1 0-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 thematerial for thesemounts, as well as to construct
them, and plans weremade to have the plates, castings and forgings
supplied, cut to shape androughmachined inAmerica, and assembled
inFrance in the shops that had beenconstructing the 320-millimeter
sliding mounts .

1 34 . The first four sets of these parts arrived in France several
months before the signing of the armistice and were in process of
fabrication at . the time of the signing of the armistice. It was
planned to have most of the mounts finished and ready for service
for thebig ofiensive that was planned for the spring of 1 9 1 9 . Several
months after the armisticewas signed , the four sets of parts that had
arrived in France were shipped back and plans were made for com

pleting the mounts inAmerica. Many of the details of des ign have
since been changed and i t is probable that only a limited number of
the mounts will be constructed . In considering this type of mount
from many standpoints, i t should be understood that it was origi
nally designed under the stres s of themost des perate need andwas
not chosen because i t was the finest possible carriage on which the

guns could be mounted . It proved most commendably sturdy and

served its purpose well in the type of warfare for which it was de
signed . General views of the design that will be des cribed are

shown on plates 1 09 , 1 1 0, and 1 1 1 .

1 35 . GUN .

— '

Phe guns to be used wi th this mount are the 1 0—inch
models of 1 888 , 1 888 M. I .

,
1 888 M. II . and 1 895

,
all of 34 caliber
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length, and eight different models of Navy guns from30 to 34 caliber
leng th . All of these guns are provided with fixed trunnions. All of
the Army guns are provided with interrupted thread breech blocks
and the Navy guns with stepped thread blocks. All of the breech
blocks are fitted with mechanical firing mechanisms . All of the
Army guns are rifledwith 60 grooves and the twist of the rifling is to
the right, progressing inpitch from 1 turn in 50 calibers to 1 turn in
25 calibers .

1 36 . RECO IL MECHAN ISM.

— NO recoil mechanism in the ordinary
sense of the term

,
is provided with this type of mount . The gun is

fixed to the girders as already noted , and the entire mount slides
back along the track as aunit underthe shock of recoil. A des cription
of the mechanisms employed to bring the mount to rest, is given
under the head of “Anchorage. Counter-recoil is accomplished by
the same mechanism that is used in traversing the mount . The

length of recoil averages 1 meter.

1 37 . ELEVATING MECHAN ISM.

— 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 1 9 1 7 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 howi tzer,
and no one can be certain either that within a comparatively short
time we may not find i t profitable to operate all guns , as well as
howitzers

,
at these ex treme elevations . The elevating rack is bolted

to the right side of the gun,
plates 1 1 0 and 1 1 1 . The pinionmeshing

with the rack is connected with thehandwheels provided onboth sides
of the carriage through a slip-friction device, plate 1 1 3

, a worm
wheel

,
worm and bevel gears . O ne revolution of the handwheel

moves the gun through 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 1 1 4 .

.This is a design of antifriction
device

,
that to some ex tent 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.

1 38 . TRAVERSING MECHAN ISM.

— Since the gun is mounted rigidly
inthe carbody and it is not possible to move the carbody with respect
to the trucks, it is necessary to move the entiremount 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 . Themechanism used inmoving the mount along the track is
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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 limi ted by the time required to return the mount
to its firing position and place the jacks . The time required for load
ing the gunwas always the determining factor in the rate of firing .

1 42 . TRUCKS .
—Thesemounts are prov ided with two special 6-axle

trucks with by 1 0 inch journals and 36-inch wheels . The truck
frames are of structural steel and the axles are equalized ingroups of
three. The design of these trucks is shown on plates 1 20 and 1 2 1 .

Spfing-supported conical rollers of a design shown on plate 1 22 are

provided between the trucks and the car body to serve as side
bearings .

1 43 . AMMUN ITIO N SUPPLY SYSTEM.
— Tll e ammunition car that is

to be used wi th this mount is identical with that provided for the
8-inch railway mount, but with modifications in the fixtures to take
the 1 0-inch ammunition. This car is shown on plate 1 23. With
Frenchmounts it was customary to transfer the ammuni tion from
the ammuni tion car to the mount by means of a shuttle car known
as a transbordeur. No shuttle car is provided with this 1 0-inch
mount ; instead, a track is provided ontherear truckwith anex tension
made up of two hinged wings, plate 1 25 , which carries a shot truck
onto which the projectile may be laid from the trolley of the em
muni tioncar. Provisionismade onthe truck just back of themount ,
plate 1 24

, fer storing four projectiles, two on either side of the track .

Two identical j ib cranes are provided on the rear of the mount,
plate 1 24, and of a design shown on plates 1 25 and 1 26, 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 anentirely new designand is collapsible for traveling . The details
of its design are shown on plates 1 27 and 1 28 . 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 1 24 , 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 six teen charges of powder can
be stored with little probability of change in temperature within a

reasonable time or danger of ignition from fire.

1 44 . MAINTENANCE .

—The French and American personnel O per
ating these mounts in the field, found them most satisfactory from
the standpoint of service. Themounts 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 .

1 45 . DIFFICULTIES INVO LVED IN SERVICE .

— The one difficulty that
may be laid to thismount inservice is the time required for the laying
of a new firing track and occasionally the difficulty infinding 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 ratherwell prepared and the track, composed of heavy rails
and ties,must be laid onaheavy bed of good ballast . It is necessary
to level and tamp the track perfectly . It is well nigh impossible to
conceal a curved firing track from the air photographers and the only
recourse that the French hadwas to construct so many curved firing
tracks over the front that whenever they desired to commence an

actionthefiring 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 amount on the track .

1 46 . Mann'

s — 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 .

1 47 . DEMER ITS.

— The demeri t is that it requires a firing track
which cannot be laid under two days andwhich cannot be concealed
from the air photographer. As noted before, it is frequently dif
ficult likewise, to find suitable positions for these firing tracks and

under such circumstances an unusual amount of time may be re

quired for its installation. It cannot be laid onfilledground and, of
course, time is ordinarily not available for excavating a out if this
should seem necessary in a desirable position. From the standpoint
of its use at the present time a very serious demerit is that it is
exceedingly difficult to use it against amoving target . I t 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 wi ll not be impossible to construct a
turntable of such strength to permi t the mount to slide on i t 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
i t is held rigidly to a foundation.
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transmitted through the oil and forces the hollow piston and the gun
forward .

1 52 . The front endof therodof the floating pis tonprojects through
thehollow pistonandbeyond the endof thebracket, which is attached
to the gunsleigh . As oil leaks out of the hollow pis ton the floating
pis tonmoves forward under the air pressure. The forward endof the
floating pistonrodis graduated andwhencertainof these graduations
appear it is an indication that theoil supply must be replenished.

As additional oil is forced in the floating pis tonmoves to the rear
,

againbuilding up the air pressure. The oil pump used in this oper
ation can be seen mounted on the cradle bes ide 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 . O u plate 1 34 an air bottle can be
seenon the working platformof themount . This bottle is connected
by a small pipe with the rear end of the recuperator cylinder and

supplies it with air to increas e the pressure whenever necessary.

1 53 . The cradle is noticeably of a clumsy design. The mortars
used on thes e mounts were originally mounted in their seacoas t
carriage by means of trunnions attached to the gun. To get the
required amount of bearing surface for a recoil of desirable length,

it
was necessary to mount the gun in what is termed a sleigh . This
sleigh is composed of two rings and two runners or splines

,
plates

38 and 1 34 . 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 inthecradle,which is necessarily very wide to accommodate
the large sleigh runners . The cradle is supported in the side frames

of the top carriage by its own trunnions .

1 54 . ELEVATING MECHAN ISM.

— Elevation fromminus 5 degrees to
plus 65 degrees is secured through a segmental circular rack attached
to the bottom of the cradle; a pinion meshing with this , a slip
friction device

,
wormwheel and worm,

and. a set of bevel gears
leading to the handwheel. Any excessive thrust due to fire causes
slipping in the triotion device and cannot impose excessive strain on

the gears . O ne turn of the handwheel moves the mortar through
degrees in elevation. Details of this mechanism are shown

on plate 38 .

1 55 . TRAVERSING MECHANxsm.
- The traversing mechanism pro

v ides for a totalmovement of 360 degrees ,
as with the 8-inch carriage.

Gun and carriage are carried in cas t steel side frames on a racer

casting which is supported by conical traversing rollers
,
plate 1 35 .

A complete circular rack is mounted on the base ring ; a pinion of
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the traversing mechanism which is mounted on the racer meshes
with this rack . This pinionconnects through a v erticalshaft

,
worm,

andwormwheel with the operating handwheel. Any strain from the

pressure of the projectile against the lands of the gun in firing is
taken up as thrust on the worm. An az imuth circle with a pointer
is provided for reading changes in az imuth . O ne turn of the hand
wheel moxies themortar through degrees in az imuth.

1 56 . GUN CARR IAGE .

—The mortar carriage, plates 38 and 1 34
,
is

s imilar in general design to the 8-inch barbette carriage, model of
1 9 1 8 . Certain radical differences have beenmade in the details , of
course. In this carriage the pneumatic recuperator has been sub

s tituted for the spring recuperator used in the 8-inch gun. The

elevating mechanism comprises a segmental spur-gear rack and a

pinion
,
while the 8-inch mount was provided with a Hindley worm

and segmental worm-
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 . O u the

8- inch mount the traversing rack is attached to the base ring inside
the roller track . On the 1 2-inch mortar mount the traversing rack
is attached to the outs ide of the roller track . O n the rear of the
working platform of this mount an ammunition table is prov ided,
s ince the proj ectiles are of such weight and size that they cannotbe
handled by the simple method used on the 8-inch mount.

1 57 . RAILWAY CAR BO DY .

— The railway car body for a number of
these mortars is identical with that of the railway car model 1 9 1 8 ,
Mark I

,
plate 1 33

,
for the 8-inch gun. The mortar carriage proved

sufliciently heavy to cause a deflection of about an inch in the center
of the 8-inch design of car body , hence amodified designwas made
inwhich the depth of the web plates was increased, especially inthe
inclined portions of the car body . Four-fifths of the total number
of mortar car bodies are of this latter design.

1 58 . ANCHO RAGE .

—The scheme employed in anchoring this mount
is shown on plates 1 30

,
1 31

,
and 1 36 . It is identical with that used

with the 8-inch mount .

1 59 . TRUCKS .

— The trucks on this car differ from those used with
the 8-inch mount due to the heavier load carried. They are 6-wheel
type with by 1 0 inch journals and 28-inch wheels . Both hand
and air brakes are provided . Details are shown on plate 1 37 . A
set of equipment for transporting the mount over narrow-

gauge

track is p rovided and is in every wav similar to that fum 13hedwith
the 8- inch mount

,
plates 99—1 05 .

1 60. AMMUN ITIO N SUPPLY Srs'

rmr.

—The ammunition car is the

same as that provided for the 8-inch mount, plate 1 06 . 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 j ib 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. Ih'om here it
is slid into the mortar along a loading tray which canbe 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 1 38 .

1 6 1 . MAINTENANCE .

—The only especially novel feature in this
mount

,
so far as American practice is concerned

,
is the pneumatic

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

charging the recuperator stuck on one occasion. This difficulty was
easily remedied and the recuperatorhas 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 1 7 of these mortars . There
is a possibility of the development of a permanent set or sag in these.

1 62 . DIFFICULTIES INVO LVED IN SERVICE .

—Pl‘oof 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 atelevations below 25 degrees themount is dangerously unstable.

1 63 . The heavy deflection of the 8-inch design of car body may
cause considerable difficulty in emplacing, as the car must be raised
by aux iliary jacks before the standard jacking beams canbe inserted .

This Operates merely to increase the time required for emplacing and
remov ing themounts and it should not constitute a serious difficulty .

1 64 . MER ITS .

—O ne 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.

1 65 . 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 iinpossible to use the jacks pro
v ided 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 aux iliary jacks .
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6 .
—AMERICAN 1 2. l GUNS ON BATIGNO LLES TYPE or RAILWAY

MOUNT. ( 1 9)

1 66 . This mount is built on a design almost identical with the

design of the mounts onwhich 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 Americanmanu
facture and the Americanguns . This type of mount, plates 26 , 1 40,
and 1 4 1 is adevelopment of thiswar. It was designed by the Societe
des Batignolles in France, during the latter part of 1 9 1 4, and the

first mount was tested at the Railway Artillery Camp in Jannary or

February of 1 9 1 5 . All mounts of this type rendered most excellent
service throughout thewar, proving definitely themerit of the design.

The original American plan was to mount a number of 1 0-inch
34-caliber guns, models of 1 888, 1 888 Mark I and 1 888 Mark II , on
the same designof carriage. This has not andlikely will notbe done.

It can be done at any time without great difficulty sh ply by pro
viding a new cradle with decreased inside diameter and a slight
modification of the throttling grooves and the recoil cylinders .

1 67 . GUNS .

— The guns that are being used with these mounts are
1 2-inch, models of 1 895 and 1 895 Mark I , all of 35—caliber length .

These guns are provided with the interrupted thread type of breech
block which is fitted with amechanical 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 gundoes not touch the
cradle except inthe splineways . This is not considered good design,

but the French practice was followed in preference to making any

radical modifications in their designat a time when i t was imperative
that the guns be mounted with the least possible delay. Difficulties

already experienced in proof firing indicate that unusually fine ma
chine work is required on the splines and spline ways to prevent
excessive friction and sticking of the gun before it has returned en

tirely to battery. The inside construction of the cradle with the
spline ways into which the splines fit is shown on plates 1 42, 1 43
and 1 44.

1 68 . Recon. MECHAN ISM.

— Tile 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 , 1 42 , 1 43, and 1 44 . The length of recoil is about 900 milli
meters andno pit is required under themount forfiring at the highest
elevation. The air required for the charging of the pneumatic recu

perator is furnished inbottles . Infield serv ice ex tra bottles are ordi
narily carried on the mount . The des ign of the pneumatic recoil is
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essentially the same as that on the 1 2-inch mortar which has already
been described in detail .
1 69 . ELEVATING MECHAN ISM.

— It is possible to elevate the 1 2-inch

gun fromminus 5 degrees to plus 36 degrees . The elevating mecha
nism is in duplicatewith arack attached to each side of the cradle and
pinions connecting through slip friction dev ices, worm and worm
wheels

,
spur gears, a shaft, miter gears , and chains to the hand

wheels . This mechanism is shown in detail on plate 1 45 . Antifric

tion devices of the lever design are included in themechanism. This
can be seen in the view at the right on plate 1 45 . The slip friction
devices are a part of the wormwheels shown on plate 1 54and in de
sign are practically identical with that used on the 1 0-inch sliding
mount,plate 1 1 3 . Foreasyelevating of thegun, theantifrictiondevice
is kept so adjusted that a thickness gauge canbe inserted under
the main trunnion. It will be observed on plate 1 45 that the two
mechanisms are rigidly connected by across shaft onwhich the chain
sprockets of each are mounted . One turnof the wheelmoves the gun
through 35 minutes in elevation.

1 70. TRAVERSING MECHAN ISM.

—Tlle gun and cradle are swung be
tween the side frames of the structural steel top carriage which is piv
eted on the pintle at its forward end to allow a slight traverse. The

ex tent 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 ahorizontal cross shaft and from this by bevel

gears to a horizontal longitudinal shaft which drives the traverse
pinion through a worm, wormwheel, and shaft . This mechanism is

shown indetail onplate 1 46 . The rack andpinionare shown indetail
on plate 1 47 . The location of the handwheel is shownmore clearly
onplate 1 48 . The greater part of the weight of the gun and top car

riege is carried on the pintle, at which point the friction is reduced
through the use of a column of Belleville springs, shown onplate 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
v iew on plate 1 46 .

1 7 1 . GUN CARR IAGE .

-The gun carriage includes the recoil, ele

y ating 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 1 44, and 1 48 .
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1 75 . Tnc s .

— The trucks, two in number, are eight—wheel loco
motive typewi th inside journals, and the bodies aremade up entirely
of structural steel. The journals are by inches and the

wheels 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 1 58 . This was intended for service
in France. These buffers and couplings have since been replaced
by the standardM. 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 averageAmerican train. This has beenmodified to the heavy
center-plate design typ ical of American standard car equipment .
1 76 . AMMUN ITIO N SUPPLY SrsrnM.

— The ammunition car used
with the Batignolles mounts is identical in design to that employed
with 8-inch railway mounts

,
plates 1 06 and 1 07 In service, this

ammunitioncar is placed directly behind themount, 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 1 59, and trans
ferred to a loading stand at the rear of the gun, plate 1 60, fromwhich
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 1 62 . On the French mount the projectile
is received directly from the ammunition car and drawn up to the
tray at the top of the inclined elevator. When this tray, which is
shown in an approx imately horizontal position, is tipped up at the

rear
, the projectile slides forward onto the ammunition stand which

can be moved back against the elevator. This ammunition stand
is thenrolled forward by means of two handwheels, one of which can
be seen on the right hand side of the stand , bumping the breech of
the gun very hard . The projectile starts to slide into the breech of
the gun and is rammed by a mechanical rammer

,
operated by the

same two handwheels . It is felt that the simple modified design is
decidedly an improvement over the elaborate French design. A
closer view of the ammunition stand, breech of the gun,

removable
tray

,
projectile tray, and powder bag of the Americanmount can be

seenon plate 1 6 1 .

1 77 . MAINTENANCE — No difficult problems of maintenance pre
sented themselves to the French service on similarmounts , and it is

assumed that no serious difficulties will be experienced by the

Americanservice. It will likely benecessary to check up occas ionally
on the adjustment of the anti-friction dev ices to be certain that the

elevating mechanism is working atmax imum efficiency .
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1 78 . DIFFICULTIES INVO LVED m Snnvron.

— 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 incharge of this type of
artillery since it had been placed in the field in 1 9 1 5 . He was a

naval officer and he was operating his artillery with navy personnel.
He was most enthusias tic 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 ei ther the Batignolles or the Glise
ment type mounts was that each had become so thoroughly con

v inced that the type that he was operating was the only type
worth having that he could notconceive of a reasonforconstructing
any other kind . This was especially so of the personnel operating
Batignolles mounts . Although they had to admi t that the sliding
type mounts were giving good service in the field, they could not
bring themselves to behave that it was a type of artillery on which
construction should continue. The personnel operating sliding
artillery held exactly the same point of view regarding theirmounts.

1 79 . Mnu'
rs .
— The merit of this design is that i t is exceedingly

well balanced . It is true that there seems to be an exces s of equip
ment inthe ground platforms andplatform cars, butwith guns of this
caliber it is necessary to have amount that is either provided with a
stable foundation or that can be operated on a curved track . The

difficulties incident to operating railway mounts oncurved tracks are
sometimes very great, and it is felt that what might be termed execs

sive equipment inthe platforms andplatformcars
,
is less objectionable

than the difficulties involved in the laying of curved tracks . This
type of platform canbe installed more rapidly thanany other ex isting
type of platform for so heavy a gun.

1 80. DEMER IT.

— 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 inwhich 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 1 2-inch mortar
mounts. This would likely necessitate the provision of some jacking
equipment for lowering themount, until portions of it were incontact
with the service rails or with auxiliary rails

,
for transmitting the

vertical component of the force of recoil into the track by otherchan
nels than through the trucks, but this would notbe difficult. If such
ades igncanbemade, and preliminary investigation indicates that it
can

,
then the Batignolles design is too elaborate .
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7 .
— AMERICAN 1 2-INCH 50-CALIBER GUN O N RAILWAY MOUNT. (20)

1 81 . Thismount is of the French Glissement or sliding type modi
fled to sui t the Americanwar—time manufacturing conditions . The

gun rests in trunnionbearings rigidly connected to themaingirders of
the mount . . A general v iew and details are shown onplates 1 63 to

1 84 .

1 82 . GUN .

— Ti’le piece used with this mount is a 1 2-inch gun,

model of 1 9 1 8 , Bethlehem, of 50 calibers length,
plate 1 5 . It is

equipped with fixed
‘

trunnions and counterweight on the breech end,

plate 1 65 , to allow mounting the trunnions as near the breech as

possible. The breech block is of the Welin or step thread type
,

plates 1 69 and 1 70 .

1 83 . Recon. MEC llANISM.

-NO recoil mechanism
,
in the ordinary

sense of the term , is used with this mount . The gun is fixed to the

girders , as noted above, and the entire mount slides back along the
track as a unit under the shock of recoil. Descriptionof the arrange
ment by which this is accomplished is given under Anchorage.

”

Counter-recoil is accomplished by the samemechanism as traverse.

1 84 . ELEVATiNG MECHAN ISM .

— 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 p inionmeshing with this rack connects
through aslip-frictiondev ice, aworm andwormwheel and sets of bevel

gears with two handwheels located on top of the two side girders .

Any excessive thrust due to fire is takenup by the slip-friction device
and no dangerous strain can come on the gear. One turn of the
handwheel moves the gun through degrees in elevation.

Details of thismechanism are shownonplate 1 72 .

1 85 . TRAVERSING MECHAN ISM .

—NO prov ision is made on this
mount for traversing the gun: pointing in azimuth is accomplished
by translating the entire carriage along the curved firing track . To
accomplish this . two translating mechanisms are provided

,
one on

each of the two inner eight-wheeled trucks . Each translating mech
anism consists of a train of four gears and two sets of sprockets and
chains connecting the operating handwheel with one ax le of the
truck . plate 1 1 7 . The total ratio is 1 00 turns of the handwheel to
one turn of the truck wheel and on the shop test of the carriage, four
men oneach operating handle moved the mount at the rate of about
3 feet perminute . It is probable that this performance will bemate
rially improved as the apparatus is limbered up by use. A clutch

is prov ided 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 carmoves backward in
recoil. For traveling considerable distances, the chainbetween truck
axle and the rest

“

of the mechanism is removed on all mechanisms .
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of verticalmovementonly , anda secondmovablewedge betweenthese
two, which can be moved horizontally by means of a screw threaded
through its center, bevel gears, and operating lever. As the lever is
turned , the upper wedge is moved along by the screw and the lower
wedge with sleeper is raised or lowered accordingly . Each sleeper
consists of a plate steel carrier into which are bolted three heavy
wooden beams at each end. While the gun is inaction the two ends
of the sleeper are supported onthe lower wedges of the lifting-wedge
mechanism described above. For traveling the sleepers are slid out

sideways with the help of sleeper cranes and are loaded separately .

For firing the special track with hearing stringers as above described
is laid on an l l -degree, 48-minute curve. The mount is pushed
approximately to posi tion on this track by means of a locomotive
and is adjusted exactly by the translating mechanism. The sleepers
are inserted and the weight of the mount is transferred largely to

them by the operation of the lifting wedges . The gun is then fired
and the mount slides backward along the track for a short distance .

The wedges are raised and the mount is run forward to its original
posi tion by the translating mechanism, or by the gasoline winch
alreadymentioned . Except for the spanbolstercenterplate arrange
ment and the character of the wedge mechanism, this anchorage
arrangement does not differmaterially from that employed in the 1 0
inch sliding mount .

1 90. TRUCKS. eight-wheel trucks, plate 1 79 ,
are provided

for this mount . They have structural side frames ,
~

cast-steel bolsters ,

by 1 0 inch journals
,
and 30-inch wheels . The two outermost

trucks are providedwith airbrakes , plate 1 80 , and the two innermost
with translating mechanism

,
as described under Traversing mecha

nism. Semi-elliptic springs are provided over each journal box .

1 9 1 . AMMUN ITIO N SUPPLY SYSTEM.

— The ammuni tioncarused with
this mount, plate 1 8 1 , is the standard Railway Artillery ammuni

tion car. Special fixtures are provided , however, plate 1 82 , for the

1 2-inch ammunition. The car is kept downthe track at somedistance
from the mount itself , and a special shuttle car, plate 1 83, which is
pushed by hand , is employed in transferring ammunition from the

ammunition car to the mount . In use the shuttle car is run up

against the end of the ammunitioncar 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 thenpushed along the track by hand to themount . The ammu

nition is picked up by means of the j ll) crane mounted on the rear

span bolster and is transferred to an ammunition tray which runs

onaninclined track from the back endof themaingirders to thebreach
of the gun. This tray is prov ided with a buffer

,
so that when it is

released it mav run down the track and be stopped at the breech of
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the gun without undue shock. The projectile slides on and seats
itself inthe gun. The loading angle is minus 4 degrees . The general
arrangements for loading, as described above, are shownonplate 1 84 .

1 92 . MAINTENANCE.
—Experience in hauling the mount over the

road has shown that there i s considerable weaving of the two side

girders relative to each other which causes binding of the trunnion
bearings . A complete steel plate decking is being added along the

top of the girders to eliminate this . A similar weaving in French
mounts has resulted in the breaking of trunnion caps . None of the
mounts has yet seen sufficient service to develop serious troubles
except as just noted . It is probable when these difficulties are reme
died that no serious problems of maintenance will present themselves
in field service.

PLATE 1 63

5LID|NG RAILWAYMWNT-MODEL
rem. WElGHT 5509 00 11 33.

LOADO A?RAI

” 3 4 3 2 1 9 1 2 3 4 3 0 2
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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 .

1 96 . ELEVATING MECHAN ISM.

—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 serv ice brake of anautomobile. The drum is a part of the hand
wheel, plate 201 , and the brake grips it tightly except when the

foot pedal, plate 202, is pressed down. This elevating mechanism
comprising spur gears only, follows the design of the elevating
mechanism of the 1 6-inch howitzer mechanism which was found
particularly efficient. An antifriction dev ice, plate 203, is mounted
with each trunnion to reduce the effort required in elevating and

depres sing the gun. The principle of the operation of this dev ice
is the same as that of other devices already described, al though i t
differs in the details of its design. The elevation quadrant used
with this mount is the special elevation quadrant, model - 1 9 1 7

,

plate 1 73, designed for use with railway mounts .

1 97 . h avnnsmo MECHAN ISM.

—The traversing mechanism com

prises a circular rack bolted to the inside of the base ring, plate 1 96 ,

a pinionmeshing with this, and a vertical shaft leading to the worm
wheel, worm and hand wheel, plate 204 , mounted on the left side of
the carriage. The ratio of the gearing is one turn of the handwheel
for degrees of traverse. The panoramic sight used with this
mount is identical with that shown on plates 1 74 and 1 75 .

1 98 . GUN CARRIAGE .

—The top of the gun carriage comprises a

cradle of grid-iron design, plate 1 97 , a top carriage body made up of
two cas t steel side frames and light front and rear transoms connect
ing these, plates 1 86 , 1 87, and 1 96 , a structural steel working plat
form carrying the ammunition table and crane, plates 1 96 , 205, and
206

, all of which are carried on a cas t steel racer, plate 1 96 . Atten
tion is invited to the differences in the details of the desig nof this
racer

,
plate 1 96 , and the racers for the 8-inch gun and 1 2-inch mor

tar
,
plates 33 and 38 .

1 99 . RAILWAY CAR Bonr .

—The railway car body
,
plates 1 96 and

207
, is in its details quite unlike that of the 8-inch gun and 1 2-inch

mortar. The 8-inch gun and 1 2-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 0 1 1 which the base ring
rests was invariably so buckled as to require an undue amount of
lining up, and even after being properly lined,

was not satisfactorily
rigid . In this design the car body is composed of three parts,
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the two ends of structural steel and the center a steel casting .

It will be noted that the casting has sufficient drop at the center
to permit it to rest on the firing beams , sleepers being used only
at the ends . It is likewise satisfactorily rigid , and eliminates
entirely the necessity for lining up already mentioned for other
mounts . The structural steel ends are bolted to the center section.

It is possible that the car bodv of this design cannot be so quickly
manufactured as if it were entirelv of structural steel, but it is be
lieved that the adv antages in hay ing so rigid a base outweigh the

disadvantages in time of construction. Attention is called to the
fact that this cast-steel section is open in the center permitting the

gun to recoil practically to the level of the ties . Comparison of this
mount with the 8-inch railway mount will show that this princip le
of permitting the gun to recoil through the base ring of the top car

riage and center ring of the car bodv has resulted in decreas ing con

siderably the distance from the center line of the trunnions to the
top of the rails . This , of course, decreases the distances between the
trunnions and the point at which the outriggers are attached and

when firing at wide angles to the track‘ the line of recoil is more
nearly in line with the outriggers and themount is much more stable.

The draft gear, plate 208, is so des igned as to reduce the severebuffing
shock when the mount is being made up into a train orwhen it is
traveling .

200 . ANCHO RAGE .

~ -The system of anchorage is essentially like
that of the 8-inch gun and 1 2-inch mortarmounts . The outriggers ,
plates 1 86 , 1 87 , and 209 , are attached to the car body by means of
universal j oints giving a much wider range of action than the ball
joints used on the other mounts . Tension “

rods permanently at

teched to the car are prov ided for each of the struts to counteract
certain tendencies of the car to jump when gun is fired at low eleva
tions . In emplacing themount for action, built-up beams are placed
across the rails, plate 2 1 0, and the car is raised by means of four
screw jacks , plate 21 1 . When the carriage has beenraised 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 res ts on these sleepers and beams . The cast-steel
center section of the car body res ts directly on these structural-steel
firing beams . In transit the firing beams, sleepers, cas t bearing
plates and flosts are arranged on the mount as shown on plate 1 9 1 .

201 . TRUCKs .

-This mount is provided with two 6-wheel trucks
with 28-inch steel wheels and by 1 0-inch outside j ournals, plate
21 2. The trucks are equipped with both hand and air brakes , plates
213 and 21 4 .

202 . AMMUN ITIO N SUPPLY SYSTEM.

— Ammunition tables and trays
are built into each end of the car body, plate 1 86 . A loading stand
is built into the working platform in the center at the rear, plate 21 5 .
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and projectiles are transferred to it from the table on the car body
by hand operated j ib cranes ,

plates 2 1 5 and 2 1 6 . Experience on

railway artillery in France res ulted in the specification that theem
munition supply system for this mount be so designed as to permit
of operation of the gun from either end of the carwith equal facility .

The gun canbe traversed through 360 degrees andno matter how it
may be run inonits emplacement , it canbe operated in any direction.

As long as the gun operates within the scope of either end of the car,
ammunition can be supplied directly from the ammunition car to

the tray at the end and from the tray by means of the cranes to the
ammunition table on the top carriage. When the gun is operated at
wide angles to the track , after each third shot the gun carriagemust
be traversed back within reach of the shell tray on the car. This is
not a disadvantage, however, since the carriage can be traversed
eas ily and quickly and no time will be lost . The tables on either
end of the car, plates 1 89 and 1 90,

will hold seven projectiles each,
and the ammunition stand on the working platform will hold three
projectiles .

203 . MAINTENANCE.

-It is not believed that any difficulty will be
experienced in the service of amount of this design. Q uite 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 meinten
ance.

2 04 . MERrrs .

—For a gun of this caliber and length ,
this is the

best designed inall of its details that thewri terhas seen in any army .

Its recoil mechanism is unusually fine, the elevating and traversing
mechanisms are rapid and efficient ; the car-body des ign,

involving
the use of a centrally cas t-steel section is excellent ; the details of the
anchorage system are very good and the ammunition supply system
equally good . Whenhandled with care and by experienced artillery
men

,
this gun will probably render more efficient service than any

other railway mount possessed by the American Army .

205 . DEMERITS.

— Tll 0 1‘e seems to be no ground for criticism of
any part of the mount except possibly the elaborate design of the
cradle. The objection that is raised to this design is the time re

quired to make patterns, the time required to make the castings, and
the difficulties involved in making perfect castings . Under peace
time manufacturing conditions such a design may not be due for
much cri ticism. Under stress of war-time conditions

,
however, i t

cannot be manufactured with satisfactory speed
,
and is likely to tie

up shop facilities for an undue length of time. Cradles of foreig n
design hav e 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 1 5-inch 45-caliberguns, and
have not developed serious faults .



https://www.forgottenbooks.com/join








https://www.forgottenbooks.com/join








https://www.forgottenbooks.com/join








https://www.forgottenbooks.com/join








https://www.forgottenbooks.com/join








https://www.forgottenbooks.com/join








https://www.forgottenbooks.com/join








https://www.forgottenbooks.com/join


286

9 .
— 1 4~ INCH GUN O N RAILWAY MOUNT, MODEL E. (22)

206 . This is amount the des ign 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 forcoast defense, adapt it likewise forcertain
types of field service. It can be operated either as a sliding or as a

fixed emplacement mount . Only one mount of this des ignhas been
finished, but i t has made so favorable an impression from its per

formance in recent tests against a moving target, at a distance of
6,QOG yards, when the difficulties of following a rapidly moving
target are ex treme, that it is probable that a newmount 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 shownonplates 2 1 7 , 2 1 8 , 2 1 9 , and 220 .

207 GUN .

— The piece used on this mount is a wire—wound 1 4-inch

gun,model 1 9 1 9, of 40 caliber length. It is provided wi th an inter
rupted thread breech, which is fitted with a mechanical firing
mechanism. There are 1 26 grooves and the twist of the rifiing is

to the right, progressing from one turn in 50 calibers to one turn in
25 calibers .

208 . Recon. MECHAN ISM.

— Tlle recoil mechanism is of the hydro
spring type and is composed of one hydraulicrecoil cylinder attached
to the bottom of the cradle in the center, and of the design shownon

plate 221
, and six spring recuperator cylinders arranged about the

cradle and of the design shownon 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 recuperatorwill be
substituted for the spring recuperator on the new design that will
be made up for other 1 4-inch guns . There are no features in the
des ign of either the recoil cylinder or spring recuperator that are

unusual . The max imum length of recoil is 60 inches . A by
-pass

providing an additional oil passage between the end of the buffer and
outlet on the bottom of the cylinder is shown on plate 221 . This is
provided to permit of an adjustment to secure the full recoil of the

gunat low elevationas well as forreduced powder charges .

209 . ELEVATING MECHAN ISM.
— Provision is made for elevating

the gun from its loading angle, zero degrees, to a max imum eleva
tion of 30 degrees The details of the elevating mechanism are

shown on plates 22 1 and 223 . This elevating mechanism is essen

tially the same in design as that provided on the 1 4-inch Navy
mounts

,
Marks I and II . It will be observed on the above noted

plates that the mechanism is made up of one large screw hinged to
the bottom of the cradle by means of a yoke and trunnions and
passing through a large nut in the oscillating housing which is in
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turn supported by its trunnions in bearings attached to the car body.

This nut is provided with a ball thrust hearing as shown on plate 223,
and is drivenbymiter gears which communicate with the handwheel
through the horizontal cross shaft and two more sets of mi ter gears.

The elevating handwheel is mounted on the right side of the car

riage jus t behind the trunnion. Each trunnion is equipped with an

antifriction device of the design shown on
op
la
t
e 224 . This is of the

rolling wedge or knife edge type and again is almost identical in
designwith the antifriction device provided on the Navy 1 4-inch
mounts, plate 270. It i s composed of a fulcrum arm whose rounded
lower end rests in a bearing block which in turn rests on the adjust
ing wedge. The upper end of the fulcrum arm is rounded to a radius
equal to the distance from the center of the lower end

‘

to the center of
the top, and bears directly against the under side of an ex tension of
themaintrunnion. Both the fulcrum arm and the trunnion are fitted
wi th 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 efl

'

ort

required . When the gun is fired the force of recoil is transmi tted,
even at themaximum firing angle of 30 degrees, almost entirely into
themain trunnion bearing. This mechanism is inferior to the type
used in the service of the othermounts already described, in that i t
contains no flexible parts that canbend or be compres sed under the
force of recoil and permit that force to be communicated more easily
and directly to the main trunnion bearings . One turn of the slow

,

operating handwheel elevates the gun through degree and one

turn of the fast-operating crank elevates the. gun through
degree.

2 1 0. TRAVER SING MECHAN ISM.

—Tll ls mount can be traversed
through 360 degrees by means of a mechanism,

the design and

details of which are shown on plates 225, 226, and 227 . The entire
mount rests by means of four conical rollers on a cast-s teel base
plate. To the center of the base plate is bolted a pintlewhich 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
ense 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 mi ter gear, as shown on plate 227, which is in
turndriven through mi ter 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

IBI7GH I— 1 9
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large mi ter gear, loose on
‘

the shaft, but which may be thrown into

gearwith the shaft by the foot—pedal Operated clutch. When the

clutch engages themiter gear, the traversing mechanism is operated
by the handwheel somewhat to the rear of the handle and shown
on plate 21 8 . This gear is used for the final fine adjustment .

2 1 1 . It has beennoted before that the guncanbe 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 O perate themount onacurved track . For fine adjustment ,
a car body traversing mechanism of the designshown on plates 228
and 229 is used . It will be observed here, that cast—steel body bol
sters shown in detail on plate 230, riveted into each end of the car,
carry a traversing beam which is fixed with respect to the truck
when the lifting bolster is down. Between this travers ing beam
and the body bolster are two rollers

,
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 wi th the handwheel onthe left side
of the carriage, plates 2 1 8 and228, bymeans of ascrew andspur gears .

Themount is capable of being traversed degree on each side of
thecenter, ateachend of the car, bymeans of thismechanism

,
thereby

securing a total traverse of 1 degree. One turn of the handwheel
moves one end of the car through degree. As the handwheel
is turned , the traversing screw moves ei ther in or out of the travers
ing beam. As noted before

,
the traversing beam is fixed with respect

to the trucks the car body mus t therefore mov on the traversing
rollers .

21 2 . GUN CARR IAGE .

-In 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 car body .

2 1 3. CAR BO DY .

— The car body is made up of two single-web
structural steel side girders connected by a series of structural and
cast steel transoms , plate 230. The cast-steel body bolsters at the

front and the rear, the cast-steel pintle bearing in the center at the
bottom

,
and the cast—steel jack bolster at the rear serve further to

stifien it. Two cast-steel side frame yokes serve further to stifl
'

en the

car body at the top and one carries the forward end of the I-beam
ammunition trolley, plate 243.

2 1 4 . ANCHO RAGE .

—Tlle mount may be Operated to an elevation
of 22 degrees without the use of aux iliary anchorage equipment, if
desired . To this elevation itmay be operated as asliding typemount .
Ou plates 231 and 232 are shown the cast-steel sliding shoes which
are bolted to the bottom of the lowerchords of the side girders at the
front and the rear. These shoes bear on two aux iliary rails placed on
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2 1 7 . When the lifting bolsters are raised the mount can be trav
erseduntil therearend is over the supports, plate 24 1 This support
ing dev ice with the support beams is shown on plates 242, 243, and
244. The cast steel support beams are made up insegments 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 onthe support beams and serve
to prevent the mount from turning over infiring. Tests have been
made which prove that the mount can be operated wi thout supports
of this kind when the base ring is bolted to a concrete subbase. The

design of the hydraulic support cylinder is shown on plates 244 and

245 . No special mechanism is prov ided 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 whenmoved very
slowly . In preparing for action the supporting beams are leveled
very carefully and the hydraulic jack shoes are lowered until they
bear on the greased top surface of the supports. A small cable is
attached to the top of themovable cylinder and passes over the top
of thepulley to the counterweight which balances its weight . The

cylinder will remain in any position. As the cylinder moves up or

down,
the oil between it and the ram must pass through the valve

shown in the center of the bottom of the ram
,
plate 245 . Any at

tempt to move the cylinder rapidly as is the case when the gun is
fired, simply serves to close this valve and prevent the cylinder from
moving. Thus the cylinder can be brought down until its bearing
plate rests on the support segments, and inasmuch as it exerts no
pressure, no difficulty is caused in traversing ; but the cylinder fur
nishes a positive support infiring, since as noted above, any attempt
tomove it rapidly closes the valve inthe ram. The top surface of the
support beams is kept well greased .

2 1 8 . TBUO K8 .

— Tlle trucks are constructed of structural steel and
steel castings and carry four axles each with 6 by 1 1 inch outside
j ournals and3 1 -inch wheels . Both hand andair 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 .

2 1 9 . AMMUN ITIO N SUPPLY SYSTEM.
—The design of the loading

gear is shownonplates 250 and 25 1 . It will be seenonthefirst plate
that the projectiles canbe picked up from the ground or from a plat
form at the rear of the carriage by means of a chain hoist carried on

an I-beam trolley . The projectile is carried forward and placed on

the shot truck, the wheels of which ride on angle iron rails . The

shot truck is run forward wi th as great a velocity as possible until its
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buffer strikes the breech of the gun, whenthe projectile slides on into
the powder chamber. The projcctile is then rammed by hand . The

powder charge 18 picked up from the rear and placed on the shot
truck by means of the same hoist . The shot truck 1 8 run forward to
the breech of the gunand the charge pushed into the chamber by
hand . A speed of firing of seven shots in 1 4 minutes has been at

tained inrecent tests . In thos e tests itwas necessary to lift the pro

jectiles from the ground . Had the projectiles beenlocated ona plat
form, level with the working platform of the carriage, it is believed
that this timemight have beenreduced to one shot perminute.

220. MAINTENANCE — In the service that this onemount has so far
seen, it has proved very sturdy andpractically nomaintenance except
the ordinary attentionrequired for the various mechanisms has been
necessary . It is believed that no serious difliculty would have been
experienced with mount of this design even under the severe condi
tions prevailing inFrance during the war.

2 2 1 . DIFFICULTIES INVO LVED 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 capaci ty of a 1 60-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
inthe park of the RailwayArtillery Res erve inFrance, 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 railway line and it can be installed in less than a day .

The platform used wi th the Navy 1 4-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 wi th these mounts is not more
than 1 0 degrees . As a consequence, it is felt that no serious dith
cultice would be experienced in the serv ice of this mount for land
warfare. Trials have proved it particularly easy of service and

eflicient for coas t defense.

222 . MEm'

rs .

— The merit of this design is that it embodies most
of the features found desirable inmounts for large guns during the
present war. For a gun of this size, it can be emplaced i na very
reasonable time and it can be trained on a target in any direction
from any position: It can be operated from a curved track as a

sliding mount and has an internal car travers ing mechanism. The
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speed of operation developed in recent tests of 7 shots in 1 4

minutes with probability of its reduction to 1 shot per minute is
excellent .
223 . Bm nm s .

—The only criticism that occurs to the writer in
connectionwith this design is in thematter of the limited elevation
to which the gun can be operated either as a sliding or as a fix ed

emplacement mount . The max imum 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

fix ed emplacement type of mount should be at leas t as high as 45

degrees and preferably 50 degrees .

PLATE 21 6
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1 0.
— AMERICAN 1 4.-INCH GUN; NAVAL RAILWAY MOUNT, MARK 1 . (23)

224 . This mount is of the cradle recoil car traverse type. The

gun is mounted ina cradle having combined hydrospring and hydro
pneumatic recoil mechanism. This cradle is supported in turn by
its trunnions on two cast-s teel deck lugs, similar to those used in the
turret of the battleship , which are attached to the side girders of the
carriage. The structural steel carriage is carried on two structural
steel span bolsters which in turn rest on two 3-axle trucks each .

The mount fires from its trucks
‘

at elevations between 1 0 and

1 5 degrees . Whenfired from its trucks it is possible to traverse the
mount only by operating it onacurved track. At elevations between
1 5 and 45 degrees it is necessary to remove the trucks and operate
the mount on afixed emplacement . When operated onafix ed em

placement the internal car traversing mechanism is used to train the

gun in azimuth . General views are shown on plates 253 to 263.

225 . The guns used on thos emounts are 1 4-inch naval rifles , Mark
IV, Modification 1 , of 50-caliber length . The gun is made up of 1 0
main parts , including a tube jacket, hoops , breech bushing, and
looking rings . The rifling has a right hand twist increas ing in pitch
from one turn in 50 calibers at the origin, to one turn in32 calibers at
a distance of 574 inches from the origin. From this point tothe
muzzle the twist is uniform ; that is , one turn in 32 calibers . Holes
are drilled in the breech recess pointing toward the center of the
powder chamber to admit air for ejecting the gases from the gun.

The gas ejector valve is attached to the breech face of the gun,

plate 256 . The gun is provided with a breechblock of theWolin or

stopped screw type and DeBange system of gas check . The breech
recess is threaded

'

and slotted into 1 6 sectors, one blank and three
thread sectors being included in each of four groups, and only one

six teenth of a revolution of the block is required to release or look it.

The block when rotated falls open by its own weight, dropping at

anangle of 1 6 degrees to the right of avertical 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 admitted into
the combined buffer and closing cylinder. The breechblock is fitted
with amechanical firingmechanism of the designshownonplate 258 .

226 . RECO IL MECHANISM.

— The recoil mechanism consists of one
recoil and four spring cylinders arranged about the cradle and of a
designshownonplate 259 . The recoil cylinder is theusual hydraulic
brake, but uses throttling rods , three innumber, 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 airJ-tight pistons so that compressed aircanbeused
to aid inreturning the piece to battery at high elevations . Whenthe
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ment. I t 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 shownon plate 27 1 .

229 . GUN CARR IAGE.

— The guncarriage is incorporated in the car
body and the two are described together in the nex t paragraph .

230. CAR BODY .

—The car body
,
plate 253, consists of two heavy

single web structural steel girders connected by structural and cas t

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 inch steel is
constructed over the rear of the girders to shelter the personnel
This is the onlymount that thewri terhas 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 .

23 1 . ANoHonaem.

— When the gun is operated at elevations be
tween 1 0 and 1 5 degrees, no anchorage other than wheel friction is
required . For operating at high elevations a pit is dug, a bed of
timbers is prov ided 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 amat or spade and
areconnected to the pintlenear thecenter of thegirders of themount,
by structuralmembers and a trunnionbed plate cas ting so that the
horizontal component of the shock of firing is taken against them.

Onplate 273 the emplacement is showncomplete andready to receive
themount. This firing platform is simi lar in general design to that
required for the 340-millimeter French gun and the 400-mi llimeter
French howitzer railway mounts, and for the American l 6-inch
howitzer when operating at its max imum elevation. The braces
between the cast steel pintle block and the timber mat or spade in
the pit for the threemounts just mentioned, aremade up of L4-inch
square timbers. The braces for this mount are built up of structural
steel.
232 . TRUCKS .

— The four trucks are identical in construction and

are 6-wheel locomotive type with 9 by 1 2-inch j ournals and 36—inch
wheels . Each truck is provided with hand brakes. The details of
construction are shown onplate 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. AMMUN ITIO N SUPPLY Srsrnn.

— For the serv ice of ammunition
anI-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 andmade con
tinuous with a similar track in the ammunitioncar, 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-oi the mount and let
down onto the ammunition tray

,
plate 276 . This tray runs on

wheels along a track to the breech of the gun. I t is provided wi th a
bufferwhich brings i t to a stop when it hits the breech and the shell
continues on into the chamber of the gunand is arranged by hand .

The gun is loaded at 0 degrees elevation.

234 . MAINTENANCE.

— TW O serious defects in the design of this

mount result in considerable difficulties inmaintenance. 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 1 0 miles an hour without
more bearing trouble than is normally expected andcertainly without
more than can be tolerated in amount carrying a gun of this value.

Second, the structural steel members which connect the spade and

the trunnionbed plate are so flex ible as to give trouble in handling.

They are inclined to buckle easily. An additional difficulty was
encountered as a res ult of covering the

'

entire working platform with
armor. A great amount of moisture condenses on all metal surfaces
within the cab and does not evaporate very rapidly because of the
lack of circulation of air. This conditionmakes it necessary to pay
a great amount of attention to all of the unpainted metal surfaces .

235 . DIFFICU’LTIES INVO LVED IN SERVICE .

— The winch that was
supplied on themount as originally designed is not powerful enough
to move themount along the track . I t will be necessary to provide
amore powerful winch for the operation of the mount at elevations
under 1 5 degrees . The trunnion bed plate cas ting is very heavy,
and difficulties were encountered in installing the emplacement with
the special crane that was provided . I t is probable that the casting
is heavier than it need be, and it is likewise probable that the crane
provided was not as powerful as it should be. The type of emplace
ment required for the operation of this gun at high elevation has
always been considered objectionable because of the excessive time

required for its installation. The platforms used by the French

guns re quired from two to five days for installation and usually two
days forremoval . This platform canbe installed a littlemore quick
ly, but from two to three days is a fair average. The use of this type
of emplacement

,
of course,requires a special crane car or locomotive

crane and the total battery equipment is unusually large.

236. MER l 'rs .

— Inspeaking of this carriage fromthebroades t stand
point it cannotbe said to havemanymerits . I t canbefiredwithout
any track preparationup to an angle of 1 5 degrees, but it would be
criminal to fire a gun of this type at any such angle except in an ex
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treme emergency. The loading mechanism is excellent in that it is
simple and is operated entirely by hand .

237 . DEMERITS .

— It should be understood in dealing with this car
riage that it is acarriage produced purely for the emergency andmay
be classed with what the French call

“Afl
'

uts de Circonstance.

Whenfired at an angle.
above 1 5 degrees it requires the same cum

bersome firing platform that is used with the French 340-millimeter

gun and 400-w h et“ howitzer. The carriage is supported on two
six-axle trucks , andthe axle load on the front truck is so great as to
cause considerable trouble with overheated j ournals and bearings .

Cons iderabledifficultywas experienced insecuring permissiontomove
this mount over French railways because the axle loads of the front
truck exceeded by pounds the permissible ax le load for

French railways . I t seems quite certain that nothing but the des
perate need for guns for this range and caliber could have secured

thenecessary permissionto move them about. The axle load on the
front truck is approx imately pounds . Themaxh um permis
sible ax le load on French railways is approx imately pounds .

I t is unders tood that an axle load of pounds is permissible on
mainlines inAmerica. I t seems quitecertain

,
however

,
that serious

difficulty would be experienced inmoving thes e mounts over newly
construetedlines laid over areas that hadbeenbadly shell torn. For

tunately it was notnecessary tomove themounts onany lines except
those that were on fairly settled ground.

238 . Inmoving thefivecarriages of this type, which were operated
by Navy personnel, fromSt. Nazaire to Camp Mailly, all of thembut
one developed serious difficulty with overheated journals , and the one
that es caped this difficulty was run at an average speed of 5 miles
anhour. Inreturning one of themounts from Camp Mailly to Bor
deaux for return to America, it was necessary to putit in the French
shops three times to repair damages to overheated journals andbear
ings . I t would seem possible to limit this difficulty by prov iding
all of the bearings with hard grease cellars such as are used on large
locomotives . This would provide a positive oiling system that prob
ably would make it possible to operate the mounts already con

structed with les s difficulty . The armor-plate cab is probably more
of anuisance than an advantage. While themounts were being op
erated against the railway yards of Montmedy and Longuyon from
the vicinity of Verdun, the Germans located the battery positions.

Some shells burst very close to the mounts . O ne of these bursts
would haveresulted inanumber of casualties had themount notbeen
equipped with armor. This is one of thefewcases onrecord inwhich
the enemy were able to locate the railway positions accurately and

fire on them with any effect. None of the heavy gunmounts in the
French and British Armies were provided with any such armor and
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Pu re 255

14-INCH , 50-CALIB ER AMERICAN NAVY GUN MO UNT,
MARK I .
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PLATE 275

AMMUNITIO N CAR FO R THE 1 4—1NCH , w-CALIBER AMER I
CAN NAVY GUN MO UNTS, MARKS I AND 1 1 .
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" F am e”: 1 4-1NcnGUN onNAVY RAILWAY MOUNT. MARK n. (24)

239 . This mount is of the combined cradle androlling recoil type.

The gun is mounted inacradle having a combined hydrospring and

pneumaticrecoilmechanism. This cradle ismounted inaheavy cast
steel slide which is carried in guides attached to the side girders .

This slide is capable of moving upward at anangle of 45 degrees with
the vertical, through a distance of 86 inches above the traveling pos i
tion. The structural steel girder is supported at each end by a span
bolster on two fiv e—axle trucks . Neither the car body nor the gun is
provided with any traverse, and it is neces sary to operate the mount
on a curved track . When the gun is fired, the entire mount rolls
back onthe track a distance of from30 to 40 feet. General views are

shownon plates 279 , 280, 28 1 , and 282.

240. GUN .

— The gun for which this mount was primarily des igned
is identical with that used on the railwaymount, Mark I— that is , a
1 4-inch naval rifle

,
Mark IV

,
ModificationI, of 50-caliber length . I t

is poss ible, however, tomount a9-inch gunwith its cradle inthe same

slide.

24 1 . Recon. MECHAN ISM.

— The recoil mechanism proper is in

every respect identical with that of the 1 4-inch gunused on the rail

way mount Mark 1 , plate 34 . The difference in respect to recoil,
between the Mark II and Mark I mounts , is that on the Mark II
mount the guncanbe fired without any track preparation whatever
to its max imum elevation of 40 degrees, while on the Mark I mount
it is possible to fire the gunto an elevation of only 1 5 degrees with
out track preparation. The max imum recoil of the 1 4-inch gun is
44 inches when the gun is operated at the max imum 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 MECHAN ISM.

— The elevating mechanism in its

essential details is identical with that of theMark I mount , shown on

plates 268 and 269 . The only difference is inthe 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 aremounted
directly onshafts which carry pinions on the inner ends meshing with
spur gears carried directly on the cross shafts .

243 . TRAVERSING MECHAN ISM.

— It has already been mentioned
that this carriage is notprovided with any internal travers ingmechan
ism. It is necessary to operate it on a curved track to train the gun
inazimuth.

244 . GUN CARR IAGE .

— Tll e 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 railwajr mounts during the present
warwas a practicablemeans of rapidly installing an emplacement or
otherwise preparing for action. With most heavy gun carriages it
was necessary to provide some designof ground platform foroperating
the gun at high elevations . This provision of a heavy ground plat
form was necessitated by two considerations . When operating the

gun at high elevations, the vertical component of the shock of recoil
is ordinarily greater than can safely be transmitted through any

except ex tremely heavy trucks . The second consideration is that
if the gun is to be operated at its max imum 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 gunmay not strike the ties at full recoil.
245 . Itwasunderstood ofcourse, thatanygunmount operatingwith

outa subtrack platformwould have to be eitherof the sliding orroll
ing recoil type. On theArmstrong 1 4-inch mount this problem was
solved bymounting 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 ex treme 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
1 6-inch gun early in 1 9 1 8 , it was proposed to raise the center line of
the trunnions of the gun by means of a slide somewhat similar to
this, but sliding in vertical instead of inclined guides .

246 . The slide of the 1 4- inchMark II mount is shownat its lowest

position
'

onplate280 andat its highes t positiononplate 28 1 . Onplate
283 it is shown in detail with the mechanism used in elevating it.

Two 9-inch pistons connected to the slide enter hydraulic cylinders
attached to the body of the car. By means of these hydraulic
cylinders it is possible to move the slide in the direction of the guides
through a distance of inches , thereby elevating the center line
of the trunnions 6 1 inches . Whenat either its upper or lowerposition
the slide is pinned to the carriage by means of two 1 0-inch pins
which are entered orwithdrawnby a screw operated by ratchet levers
on the outside of themount ,plate 28 1 . These pins, togetherwith the
slides and the hydraulic jack, carry the weight of the gun and cradle
in transit and transmit the force of recoil into the carriage in firing .

The same type of antifrictionmechanism that is used on the Mark I
mount is incorporated in this design. This is shown on plate 283 .
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247 . CAR Bonr .

— The car body consists of two heavy single web
structural steel girders connected by structural steel transoms . One

noticeable difference between this car body and that of the Mark I
mount is the absence of armor. All equipment on the top of the
carriage, hand rail , hand rail standards , and ammuni tion trolley ,
plate 280 is removable for traveling .

248 . Axonoaaon.

— 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. O nfiring , the entire mount rolls back on the track, a

distance of from 30 to 40 feet . O u the front span bolster, plate
280 ,

is mounted a motor—driven winch carrying a cable which is
attached to the track some distance ahead

,
and by means of which

the mount is returned to its firing position.

249 . TRUCKS .

— The trucks are ten-wheel locomotive typewi th 6 by
1 2-inch journals and 36-inchwheels . 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. Aux iliary air tanks are charged from the pump mounted just
behind the winch on the front span bolster.

250 . AMMUN ITIO N SUPPLY SYSTEM .
— O n the rear span bolster is

mounted a track carrying a steel tray . Both track and tray are

practically identical in design with the track and tray prov ided on

Mark I mount and shownonplate 276 . Whenthe shell tray is at the
forward end of the track

,
plate 279 , the shell is picked Up by tongs

suspended from the I-beam trolley
,
shown on plate 280 . By means

of this trolley the projectile is carried forward and placed on the

tray suspended betweenthe stand onthe superplatformandthe breech
of the gun. The gun is loaded at an angle of minus 5 degrees . The

loading tray is shown in position on plate 279 ; it is kept in the alter
nate position shownwhen the gun is being fired. A structural steel
j ib 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 .

— Thesemounts have not seenany field service
and it cannot be estimated with certainty just what the ex tent of the
maintenance will be. They are very sturdy in construction and it
does not seem probable that they will require excessive service in
maintenance. The loads on the ax le are such as to avoid the over
heating that gave so much trouble on the Mark I mount . The con

structionof the slide is simple and sturdy and it is not probable that
it will give any trouble.

252 . DrrrroUe s INVO LVED IN SEe os .

— Thc only difficulty
that will be involved in the service

,
if it may really be termed a dif
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lz—AMERICAN 1 44 1 101 1 GUN O N SLIDING TYPE RAILWAY MOUNT,
MODEL or 1 9 1 8. (25)

255 . This is a mount of the sliding type. The gun is supported
by means of its trunnions directly in bearings attached rigidly to
the side girders of the car body . The gun and mount slide back
together along the track in recoil exactly as the 1 0-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, 1 9 1 8, by a combined force of
French and American engineers. The French Government had
arranged to purchase forty-five 1 4-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 des ign of
carriage. No carriages of this design have beenmanufactured and

it is probable that none will be. The other of the two designs men
tioned above is the nex t mount described . The essential difference
between the two mounts is that on the model 1 9 1 8 it was planned
to use a max imum of structural steel, and on the model 1 9 1 9 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 l 4-inch

naval rifle, Mark IV,
Modification I , of 50-caliber length . It was

to be fitted with a trunnionband screwed and shrunk ou, 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 29 1 , to allow mounting the trunnions as near the

breech end as possible. The breech mechanism has been described
in detail under the 1 4-inch navalmount, Mark I .

257 . REcorLMECHAN ISM .
— NO recoilmechanism, as it is ordinarily

understood , is used in this mount . When the gun is fired, the shock
of recoil is transmi tted by the trunnions directly into the car body
and the entiremount slides back on the track , being stopped by the
frictionbetween the sleepers inthe bottom of the car, and the special
firing beams laid on the ties .

258 . ELEVATING MECHAN ISM.
—The gun can be elevated from 1

degree 30 minutes , the loading angle, to amax imum 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 motorwas to be

supplied from a gasoline-electric generator that was likewise to be

1 81 768—21— 24
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mounted within the car body . This same generator was to furnish
power for elevating the gun and for translating the mount along the
track . To protect the generator from being damaged by excessive
strains infiring ,

itwas intended to mount it ona sliding base equipped
with spring or hydraulic buffers . When operated by hand , one

revolution of the handwheel moves the gun through degree in
elevation. The motor is 74 hors epower 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 o f the des ign shown on plate 294 , is incorporated
in the mechanism. This type of antifriction device is considered
preferable to that employed on the model E and the naval mount ,
Mark I , in that it includes Belleville springs which are compressed
on firing and permit the shock of recoil to be transmitted more
directly through the trunnion bearings . It is the same in des ign
as the mechanism used on the 1 2-inch

, 50
-caliber gunmount, plate

1 78
,
and the 1 6-inch howitzer mount, plate 357 . Its action on the

1 6-inch howitzermount has proved particularly efficient.

259 . TRAVERSING MECHAN ISM.

— Wide traverse can be secured
with a mount of this type only by operating it on a curved track .

The one difference between the operation of this mount and the

1 0-inch mount, under which the operations have been described in
detail, is that the piece is both traversed and returned to the firing
position by electric translating motors mounted in the ex treme
forward and rear trucks. This motor driven translating mechanism
is shownonplate 295 . The electriccurrent is supplied from the gaso
line-electricgeneratormounted inthe car body . O n this plate, itwi ll
be observed that the electricmotor (20 horsepower) , drives bymeans

of a spur gear, a longitudinal shaft , which in turndrives across shaft
by means of mi ter 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 wi th other sprocket wheels on the three nearest ax les . A
solenoid operated clutch is provided to throw the motor out of gear
in the event of an excessive overload . This translating mechanism
on each truck can likewise be driven by hand by means ~ of four
handles , two on each side of the truck . Provision is made likewise
for traversing the entire car body on the span bolsters in a manner

similar to that employed on the 1 4-inch mount , model E. The

details of thismechanism are shownonplates 296 to 302 . A traverse
of degrees 0 1 1 each side of the center line is secured through the
provision of a travers ing table or bolsterwith a pivot casting rigidly
bolted to it, plate 295 , which at the bottom, turns ina 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 ingrooves
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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 j ib cranemounted on the rear of the

of the loading rail and locked in place, the tray projects into the
breech of the gun. The projeotile is rammed by hand . Ammunition
cars of the same designas 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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traversing mechanism for the model 1 9 1 8 mount. Electric- trans
lating mechanisms are mounted on the two outs ide trucks and each

consists of a 25
-horsepowermotor connected through Spur and bevel

gears and two sets of reducing gears to a crank shaft on the outer
end of the truck . From the crank pins on this shaft—connecting rods
ex tend on each side to three of the five axles , plates 325 to 327 .

270. GUN Canaraon.

— The gun carriage is incorporated with the

car body and the two are described together in the nex t paragraph .

27 1 . CAR BO DY .

‘— Th0 carbody consists of two structural-steel box

girders connected by heavy deck plates and a series of structural and
cast steel transoms , plates 328 , 329 , and 330. One of the essential
differences between the design of thes e girders and the girders of the
1 9 1 8 model is that provisionw

'

as made for a max imum of machine
riveting . The 1 9 1 8 model follows more nearly the French desig n
andrequires considerablehand riveting . Anotherapparent difference
is in the scheme of bracing the trunnion bearings . The trunnion
hearings on this mount are braced at the rear by extensions of the
web plates passing through slots in the top cover plates . Special
center-pin castings of large size form the pivots for the span bolsters
at either end.

272 . ANononAos .

— The scheme of anchoring this mount is iden
tical with that described under the previous mount and for the 1 0
inch and 1 2- inch mounts as well. Eight lines of 1 0—inch , 40-pound
I-beam bearing stringers are laid on the ties and the weight of the
mount rests on these through five sleepers . The sleeper under the
rear span bolster receives its main load on the firing of the gun and

prevents excessive stressing of the trucks . To facilitatemanufactur
ing of the girders , the sleepers are carried in castings instead of be
tween ex tensions of theweb of the side girders, as is the case with the
model 1 9 1 8 mount . The designof the jack castings , jacks , andsleep
ers is shown on plates 33 1 and 332 . It will be observed on plate 343
that the rear span bolster sleeper bears directly on the rails through
steel shoes and does not rest on the I-beam stringers .

273 . TRUCKS .

— The trucks are special five-axle locomotive type
with by 1 2 inch inside journals, 28-inch cast-steel wheels, andcast
steel side frames and transoms . Hand and air brakes are installed
onthe ex terior trucks , plate 333. The car body is supported on these
four trucks by means of cast-steel bolsters of a designshownon plate
334. The traversing mechanism already described 18 installed m the

spanbolsters .

274 . AMMUN ITIO N SUPPLY SYSTEM.

— Ammunition is supplied from
the ammunition car to the mount by a shuttle car or transbordeur
identical in design with that described for the model 1 9 1 8 mount .

The same design of j ib crane, shell tray , and track are likewise used.

This gun loads at 0 degree elevation. It will be remembered that
the r

‘

eads at plus 1 degree 30 minutes elevation.
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1 4.
—AMERICAN 1 6-INCH HOWITZ ER O N RAILWAYMOUNT.MODELE. (27)

275 . The designof thismount was begun in 1 9 1 5 at about the time

the design for the - inch howitzerwas being completed . In other
mounts already described it has been clear that the design has been
effected quite largely by French andBritish development in this type
of artillery . The designs for the -inch gun, the l 4-inch gun,

model E carriage, and the 1 6-inch howitzer model E carriage were
all designed before American Ordnance engineers had had the

opportunity to study any Europeandesigns or to learnanything about
their developments . It is very gratifying that these designs , espe
cially the 1 4- inch model E embody features which were considered
quite admirable and indicated considerable progress by Europeande
signers even at the close of thewar.

276 . The design of the 1 6-inch model E carriage was completed
in September, 1 9 1 6, and the work of manufacturing was well under
way before America entered the war. A number of characteristics
in this design point to a lack of comprehension of the possibility of
the railway type of artillery and indicate likewise that the work of
design on railway mounts was at the beginning of its development .

Apparently itwas notrealized that itwas desirable to avoid theneces
sity for digging a pit 90 inches deep for the gun to recoil in. The

trunnions of the gun cradle, which is the same as the cradle used in
the 1 9 1 8 carriage, might have beenmounted at such a height as to
reduce the depth of the pit to 2 feet . The other characteristic in
mind is the use of so clumsy a device as the radial truck frames for
attaching the traversing rollers to the mount . In spite of these
obvious defects the carriage stands in point of possibilities for both
field and coast service as practically equivalent to the most modern
designs in that its emplacement can be installed in a moderate
length of time ; it can be traversed in any direction from any posi
tion, and the howitzer can be operated to amax imum elevation of 65
degrees General views of the howitzer as it arrived from the arsenal

for proving are shown on plates 335 to 339 . The general design of
the carriage is shown on plates 340, 34 1 , and 342 .

277 . G-

UN .

—The gunused with this mount is the 1 6- inch howitzer,
model 1 9 1 8 ,Mark I , of 1 8-caliber length. It is carried on themount
in a cradle containing the hydraulic recoil mechanism and spring
recuperator system. The gun is fitted with splines which slide in
spline ways in the cradle to prevent rotation of the gun. i t is rifled

with 1 44 grooves which twist to the right at.

a pitch increas ing from
one turn in 40 calibers to one turn in 20 calibers . It is provided
with an interrupted thread breech block, which is fitted with a

mechanical firing mechanism.

278 . RECO IL MECHAN ISM.

-The recoil mechanism is of the hydro
spring type and comprises two hydraulic recoil cylinders mounted
at the top and bottom of the cradle in the center, and four spring

'

recuperator cylinders, mounted two above and two below. The
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des ignof the spring recuperator cylinders , as well as the recoil cylin
ders, is shownonplate 343. The recoil andrecuperator systems of the
two carriages , models E and 1 9 1 8 , are identical. On plate 362 , a

byp ass tube canbe seen connecting the front end of the buffer with
the rear of the recuperator cylinder. A similar by-

pass is prov ided
on the lower cylinder. These by—passes are provided for the purpose
of adjusting the length of recoil for various weights of projectiles
and powder charges . The max imum length of recoil is 48 inches.

279 . ELEVATING MECHANISM.

—Elevation is provided from 0 de

grees the loading angle, to plus 65 degrees . The mechanism com

prises two segmental circular worm racks attached to the sides of the
cradle, Hindley worms , miter gears and bevel gears leading to the

cross shaft mounting handwheels on either side of the car. The
designof this mechanism is shownon plate 344 . To reduce the effort
required in elevating and depress ing the gun,

the trunnions of the
cradle are provided with antifriction devices of the rolling wedge or

knife-edge type, plate 345 . This same des ign of antifriction device
has beenused on the 1 4-inch gun carriage,

model E and the two 1 4
inch naval carriag es Marks I and 1 1 . O ne turn of the handwheel
moves the gun through 1 degree in elevation.

280. TRAVERSING MECHANISM.

— The gun and cradle are fixed

with respect to the car body and it is necessary to rotate the entire
mount to train the gun in az imuth . The gun and carriage rest by
means of 1 6 rollers carried inradial truck frames

,
plate 346, oncurved

railway rails attached to the base ring ,
plate 34 1 . O u either side of

the mount
,
plate 342

,
identical traversing mechanisms res t on the

curved rails of the base ring bymeans of four rollers and are attached
to themount by means of tie-rods . In each of these a vertical shaft
carrying a pinion at its lower endmeshing with the traversing rack
is drivenby two handles through bevel gears . As themechanismwas
originally designed, one turn of the crank travers ed the gun through

degrees . This ratiowas sohighas tomake itpractically impossible
forfourmento traverse themount. Themechanismhas beenmodified

and the ratio isnowone turnof thehandwheel to degree ina zimuth
28 1 . GUN CARRIAGE.

— The gun carriage is incorporated with the

car body andwill be described in the nex t paragraph.

282 . CAR BO DY .

— The gun with its cradle is supported directly
by means of the cradle trunnions in cast-steel bearings bolted to the
inside of the side girders of the car. The car body is made up of two
singleweb structural steel girders connected , by cas t-steel transoms at
the ends, andby acast-steel yoke in the center

,
plate 347 . The cast

steel transoms at the ends serve likewise as body bolsters and carry
the body center plate which rests in the center plate of the truck .

Examination of the top view, on plate 345 , gives one the impression
that the g irders are not sufficiently braced with transoms and deck
plates It is probable that some weav ing of the side girders will be
experienced in traveling and consequent difficulty in the operating

O
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of the elevating mechanism
,
similar to that experienced in the 1 2

inch , 50-caliber, mount may be the result.
283 . ANCHO RAGE .

— The scheme of emplacing the mount is shown
on plates 348, 349 , and 34 1 . A conical pit 90 inches deep by 1 92

inches indiameter at the top and 70 inches indiameteratthebottom
must be dug to receive the gun in recoil. A circular trench must
likewise be prepared about this pit to receive the base ring . The base
ring is cas t steel and is made in four parts, plates 350 and 35 1 . This
base ring may be carried in four parts in an ordinary flat car or in

halves inaspecial flatcar, asshownonplate 348 . Seats aremachined
on top of the base ring for two complete circles of standard 80-pound
rails . On the inside of each of the quarter sections are two lugs, the
one which serves as anattachment for the lifting beam and the other
supports one of the I-béam stringers which carry the service rails
used in placing the mount on the emplacement . Timber supports
are placed in the conical pit and two I-beam stringers carrying rail
way rails are placed across the pit, resting on the lugs justmentioned
and on the timber support on the center. The travers ing rack of
each quarter section,

plate 350, is cut in order that short sections of
rail may be laid across the ring . Small sections of traversing rack
are bolted into these openings to complete the rack when themount
has been set in place.

284 . Four radial truck frames of a design shown onplate 346, two
with inclined top surfaces and two with horizontal top surfaces and
each containing fourrollers , are placed on the base ring oneither side
of themount . Key plates are provided on the inclined surfaces of the
lower cords of the side girders forward of the center to receive the
‘

forward truck frames . Themount is raised about an inch by means

of four hydraulic jacks under the ends of two Hbeams placed between
the car body and the trucks as far forward and back as possible and
the trucks removed . The radial trucks are then run under, the .

mount lowered and bolted to them. Cast-s teel transoms connect the
radial trucks in pairs and outside clips on the trucks engagewith the
outside of the traversing rack to prevent overturning of themount in
firing , plate 341 . The trav ersing trucks , which have been placed on

the base ring bymeans of the crane, are now connected to themount
by means of tie-rods . The base ring is placed onwell-tamped earth
or

‘

preferably ona bed of good rock ballast . A minimum of 1 1} days
is probably required for the preparation of the pit and the placing
of the mount ready forfiring .

>85 . TRUCKS .

— The trucksare two innumberandofstandardM. C . B .

design. Eachhas three axles with 6 by 1 1 inch journals and 28-inch
wheels . The trucks are equipped with both hand and air brakes .

286 . AMMUN ITIO N SUPPLY SYSTEM.

— O u the rear of the mount a
structural steel frame has beenconstructed to carry the I-beam track
for the ammunition trolley, plates 336 and 340. This I-beam track
can be slid to the rearso that it overhangs the track for aconsiderable
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it is not a commendable design. In the near future the necessity

for providing so elaborate a piece of accessory equipment as a 1 20

ton locomotive crane for the installationof a base ring may be con

sidered a serious demerit , although this is not certain. At present
one has the choice of using a timber firing platform giving a limi ted
traverse and installed by a Gantry crane of light construction, a

curved firing track which cannot be concealed from airphotographs

and requires at least two days for its installation, or a steel base

ring which canbe installed in about 1 2 hours and which requires a

locomotive crane of 1 00-tons capacity ormore. Since a locomotive

reasonable criticism.
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1 5.
—AMERICAN 1 41-men nowrrznn on 11 11 1q MO UNT. MODEL or

1 9 1 8, MARK 1 . (23)

29 1 . This carriage was des igned as an alternate mounting for the
1 6-inch howitzer, model of 1 9 1 8 ,

Mark I . The howitzer was origi
nally des igned in connection with the 1 6- inch howitzer carriage,

“model E,

”
already described . This mount is of the cradle recoil

mechanism type, model 1 9 1 8 , or combined cradle and rolling recoil
type, model of 1 9 1 8 , Mark I , in each case with limited traverse.

The design is , ingeneral, similar to that of the French 400-millimeter
howitzer carriage, plate 25 , and the des ign of its emplacement is like
wise similar to that of the 400-millimeter howitzer emplacement.

Before the carriage was completed the principle of rolling recoil was
receiving considerable attention and a number of trials were made
with this carriage operating as a rolling recoil carriage. It functioned
very satisfactorily , but it was found that it would be necessary to
replace the original five—ax le trucks with a stronger type of truck
having six ax les . Themount cannowbe used either on the emplace
ment originally designed in connectionwith it, or it canbe operated
as a rolling recoil mount . The max imum elevation obtainable on

the emplacement is 65 degrees and the max imum elevation when
used as a rolling recoil mount is 45 degrees . The top carriage has a
traverse of 5 degrees on either side of the center, which is of course
themax imum traverse that canbe secured when themount is used on
an emplacement . When it is being used as a rolling recoilmount , any
des ired amount of traverse can be secured by operating it on a

curved firing track . General views are given on plates 353 to 36 1
and 35 .

292 . GUN .

— The gun used with this mount is the 1 6-inchhowitzer,
model 1 9 1 8 , Mark I , of 1 8-caliber length. It is carried on themount
in a cradle which is provided with hydraulic recoil mechanismand

spring recuperator system. The gun is fitted with splines which
slide inspline ways in the cradle to prevent rotationof the gun. It is
rifled with 1 44 groov es , which twist to the right at a pitch increas ing
from one turn in 40 calibers to one turn in 20 calibers . It is pro
v idedwith an interrupted thread breechblock , which is fittedwith a

mechanical firingmechanism.

293 . R econ. MECHANISM.

—The recoil mechanism is of the hydro
spring type and comprises two hydraulic recoil cylinders mounted at
the top and bottom of the cradle in the center, and four spring recu

pers tor cylinders mounted two above and two below . The design of
the recoil cylinders is shownon plate 35 and the des ign of the spring
recuperator cylinders , as well as the recoil cylinders , on plate 343 ,
of the model E howitzer carriage. The recoil and recuperator sys

tems of the two carriages are identical. O u plate 362 a by-pass tube
can be seen connecting the front end of the buffer with the rear of
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the recoil cylinder. A similar by—pass is provided on the lower
cylinder. These by-passes are provided for the purpose of adjusting
the length of recoil for various weights of projectiles and powder
charges . Themax imum length of recoil is 48 inches .

294 . ELEVATING MECHAN ISM.

— Elevation is provided from minus
8 degrees , the loading angle, to plus 65 degrees . The mechanism
comprises a segmental circular rack attached to one side of the cradle,
a pinion, and a train of four spur gears leading to the operating hand
wheel. A band brake is provided on the handwheel to prevent undue
stressing of the elevating mechanism from the reaction of firing .

This band brake is substituted for the slip friction device ordinarily
incorporated in the worm wheel of a worm-

gear transmission. O ne

turnof the handwheelmoves the gun through ,

1 .8 degrees inelevation.

The effort required to elevate and depress the gun is reduced by anti
friction devices installed on the trunnions and of a design shown on

plate 356 . This device has prov ed particularly efficient and makes
it possible to operate the elevating mechanism with very small effort .
The details of designof the elevating mechanism proper are shown 0 1 1

plate 357 . This is the first design completed onwhich the elevating
mechanism is composed entirely of spur gears . It has proved so

much more efficient than othermechanisms which include the worm

gears that practically all designs made up since this carriage was
completed have been provided with similar types of elevating mech

anisms .

295 . Taavnasmo MEC IIAN ISM.

—Tl‘le gun can be traversed with
respect to the car body 5 degrees on each side of the center through
rotationof the top carriage about its pintle, bymeans of amechanism
whose design is shown on plate 358 . The rear of the top carriage
rests on the car body by means of two Bellev ille spring-supported
rollers, and the carriage is rotated about its pintle, plate 335 , by
turning the vertical shaft which carries on its lower end a pinion
meshing with the traversing rack . This shaft is operated by a long .

ratchet handle. The upper end of the vertical shaft canbe seen just
in front of the ammunition table onplate 256 . The upper end is held
in a hearing which is attached to the table. O ne rotation of the lever
traverses the carriage degrees in azimuth. When the mount

‘

is

operated as a rolling mount any desired ex tent of traverse canbe
secured through the use of a curved firing track . Under such cir

cumstances only fine adjustments in az imuth are made by means of
the top carriage travers ing mechanism . It is probable that a very

great displacement of the track would result from the operation
of the mount with the gun at either of its ex treme positions . The

personnel operating British 1 2-inch railway mounts hav ing a

max imum traverse of 1 degree on each side of the center reported
slight difficulty in the displacement of their track when the gunwas
operated at even the ex treme position of 1 degree travers e.
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it must be operated on a curved track . Themount is drawnback
‘ to its firing positionbymeans of awinchmounted onthe front truck .

This winch is connected with the track some distance ahead by
means of a cable.

299 . TRUCKS .

— The trucks, two in number, are five axle (model
1 9 1 8) and six axle (model 1 9 1 8 , Mark I ) , locomotive type with inside
j ournals . The body and bolster are made up entirely of structural
steel. The j ournals are inches by 1 2 inches and the wheels 28
inches in diameter. The ax les are equalized throughout, thereby
distributing the load evenly over the entire truck . Each truck is
equipped with both hand and air brakes . French type couplers
and buffers were provided during the active period of the war, but
have since beenreplaced by the standard M. C . B . type.

300. AMMUN ITIO N SUPPLY SYSTEM.

—The ammunition car used
with this mount is identical in design with that employed with the

8- inch railway mounts, plate 1 06 ,
with special racks of course, to

hold the 1 6- inch projectiles and powder cans . N0 special provision
has yet been worked out for transferring the ammunition from the

ammunitioncar to themount . A crane is provided onthe rear of the
mount by means of which the ammunitionmay be lifted from the

ground on either side of the mount
, or from a flat car or from the

track at the rear of the mount. After being lifted by means of the
crane the ammunition is placed on a tipping tray on the top of the
loading stand located on the working platform. When the rear of
this tray is tipped up, the projectile slides forward with slight assist
ance along the removable tray into the breech of the gun and seats

itself. The loading angle is minus 8 degrees This loading appa
ratus is shown on plate 53 .

301 . MAINTENANCE .

—Every mechanism of this mount has func
tioned very well on proof tes ts and no serious difficulty in the nature
of maintenance is anticipated . There is one possibility of trouble
which may be mentioned under this head . When firing with full
charges and at 45 degrees elevation from the emplacement a slight
lifting of the mount from the bed at the forward end

,
and a bending

of the struts under the vertical braces at the rear
,
was noted on two

occas ions . This bending was due to crushing of the wood under
the bearing of the strut and to the fact that the strut had a reduced
section near the vertical brace. I t is probable that the substitution
of another strut with‘

large section and strengthening of the wood
beam along the top of the triangular braces will eliminate any future
trouble of this character.

302 . DIFFICULTIES INVO LVED IN THE SEe on.

—The only difficulty
involved in the servicewith a piece of this type that need receive con
sideration is the time and care required in the preparation of the

emplacement . This has already beendiscussed at some length under
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the 1 4—inch naval mount, Mark I . I t is essential either that the
emplacement bemade in firm soil or that a sufficient bed of cinders ,
grave] or stone be put under it to insure it against undue settling .

I t has beenmentioned that the mount canbe operated as a rolling
recoil mount to a max imum elevation of 45 degrees . Since it is
probable that for themajority of targets anew track would have to be
installed to give the proper direction in azimuth, the difficulty in
v olved in the laying of this track must be considered . Such afiring
track must be well constructed and be made up entirely of very
heavy components . The firing so far conducted from this mount
indicates that a track similar in construction to that employed in
heavy commercial service wi ll be satisfactory. The deduction is ,
then,

that the only point in this connection that canbe raised is the
increase in time required (two days) for placing a special curved
track

,
over that required for anothermount carrying agun of similar

caliber, but using an emplacement, possibly of the type emNoyed
with the 1 4- inch model E mount, which canbe installed in about 1 2
hours . No ammunition-handling system has as yet been carefully
worked out, but it is not felt that any particular difficulties will be
encountered m finding a satisfactory solution.

303 . MER ITS .

— This mount has an elev ating mechanism of excel
lent des ign. As mentioned before, this was the first mount com

pleted on which the elevating mechanism was composed entirely of
spur gears . Tes ts have proved its excellence. The antifriction
device has proved equally excellent and the designhas been followed
onothermounts .

304 . DEMER ITS .

— The necessity for the use of so cumbersome an

emplacement for the operation of the howitzer at high elevation is a
serious demerit. What has been said in this respect under the

1 4- inch naval mount, Mark I , applies equally here. The limi ting of
the max imum elevation to 45 degrees when the mount is used as a

rolling recoil mount is unfortunate. This point is mentioned here
,

however, only incomparing the mount with the ideal type of mount,
for it was originally intended to operate it from the emplacement
only ; the possibility of operating this particular mount at so great
an elevation as 45 degrees without the use of an emplacement is dis
tinctly favorable. I t seems certain now that a carriage can be de
signed onwhich the guncanbe operated to an elevation as great as
65 degrees with themount operating either as acombined sliding and
cradle recoil mount or as a fix ed emplacement mount, the emplace
ment involving no more elaborate components than those employed
with the 8-inch gun and 1 2-inch mortar.

1 81 768— 21— 29
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1 6.
—AMERICAN lG-INCH GUN O N RAILWAY MOUNT. (29)

305 . The description that follows is of what represents perhaps a

study rather than an actual des ign of a railway carriage for the

1 6- inch 50-caliberAmericanArmy gun. It was made up during tht
early summer of 1 9 1 8

,
in anticipation of a need for such equipmene

inFrance, and i t is probable that the actual des ign would have fol
lowed very closely if not ex actly these studies if it had been decided
to construct such a mount. The mount is of the combined cradle
rolling recoil type and is composed of a symmetrical structural steel

girder carrying a unique type of top carriage by which it is possible
to elevate the center line of the trunnions of the gun40 inches above
the traveling position, and the whole is supported on four six-axle

trucks, plate 363. This represents the first known study of amount
inwhich provision is made for elevating the trunnions of the gun in
this particularmanner. The trunnions are mounted so close to the
breech of the gun as to necessitate a counterbalancing arrangement
to compensate for theconsiderablemuzzle preponderance. I t is nec
essary to operate themount on acurved track to secure any consid
crable degree of traverse, but car body traversing mechanisms some
whatsimilar to those incorporated inthe 1 4- inch carriages,models 1 9 1 8
and 1 9 1 9

,
are incorporated in the front and rear of the mount over

each spanbolster. Theguncanbefiredto amax imum elevationof 40
degrees without any other track preparation than the constructionof
a heav ily ballas ted curved track made of the heav ies t rails and ties .

306 . Accessory crane equipment, transporting cars , etc.
,
plate 364,

were to be provided for removing the gun andcradle from the mount
and carrying it on a separate transport car. With the very large
cradle that it was neces sary to provide for this gun it was impossible
to keep the mount

,
with the gun and cradlemounted on it, entirely

within the clearance lines of all railways in France over which the
mount would probably have had to operate. I t would be possible
to transport the mount complete over practically all the main lines
of Americanrailways.

307 . The need for such a mount was very carefully considered in
France and i t was finally decided that such aunit would notbe either
an efficient or economical competitor of the bombing plane. I t was
felt that in consideration of the difficulties involved in transporting
such amount over roads which were not always in the bes t of condi
tion,

and in consideration likewise of the fact that the accuracy of
fire of such agunat its max imum range would notbe such as to make
it poss ible to operate effectively against any targets smaller than a

large railway yard or a city, both of which could be operated against
more effectively both as to accuracy in placing the explosiv e charges
and as to the ex tent of destruction,

by bombing planes , it would not
be wise to divert our limitedmanufacturing facilities fromabsolutely
essential ordnance to this experiment.
308 . In the autumn of 1 9 1 8 the Navy Department, on finding

that the aY les of the 1 4-inch mount, Mark I , were so heavily loaded
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as to give continual trouble from overheated journals , designed and
began the cons tructionof amount whose characteristics were almos t
identical with this 1 6—inch mount . This mount, which is termed the
Navy 1 4-inch MarkIImount,has s incebeenfinished. Its to talweight
is such as to require only 20 axles as against 24 for the 1 6-inchmount .
309 . GUN .

— The gun for which this mount was to be designed
is the 1 6-inch , model E,

of 50-caliber length. I t is fitted with
splines above and below,

which slide in spline ways in the cradle to
prevent rotationof the gun, and a heavy lug or yoke is shrunk on

over the breech, to which lug the four recoil and two recuperator
pistons are attached . The gun is rifledwith 1 44 grooves which twist
to the right at a pitch increasing from one turn in 50 calibers to one
turn in 25 calibers. The breech is of the Welin or stepped thread
type and is equipped with amechanical firing mechanism.

3 1 0. RECO IL MECHAN ISM.

—The recoil mechanism is of the hydro

pneumatic type and comprises four hydraulic recoil cylinders ar

ranged symmetrically about the cradle
,
two above and two below,

and two pneumatic recuperators
,
placed one in the center at the top

of the cradle and the other inthecenter at the bottom. Thenormal
length of recoil is 48 inches and themax imum length of recoil is
inches The mount itself is likewise of the rolling recoil type and

while some of the energy of recoil is dissipated in the recoil mech
anism proper, most of it is absorbed in the friction of the brakes as
the mount rolls back on the track . Most rolling recoil mounts that
have been observed roll back on the track a dis tance of from 30 to
50 feet. I t is assumed that this might repres ent the probable length
of recoil of this mount also . The des ign of the recoil cylinders is
practically the same as that of the recoil cylinders of the mounts
already described . The des ign of the pneumatic recuperators is

practically identical with that of the pneumatic recuperators used
on the 1 2- inch mortar and the 1 2- inch Batignolles mounts .

3 1 1 . ELEVATING MECHAN1 s1 1 .

-Elevation is provided from minus
degrees, the loading angle, to plus 40 degrees , themaximum firing

angle. The mechanism comprises two worm racks , worms meshing
wi th these, and a series of bevel and spur gears leading to the driving
motor and to the handwheels on ei ther side of the mount . The

mechanism is driven by an electric motor under normal conditions,
but provision was made for hand operation in the event that this
should at any time be necessary . Provision is made likewise for
disengaging the worms from the elevating racks when the gun is in
transporting position. An accessory to this mechanism is the com

pensating cylinder shown on plate 364 , directly below the trunnions .

It was necessary to place the trunnions close to the breech . This
resulted in a large muzzle preponderance, which is compensated for
by the balancing cylinder. This compensating arrangement is an

adaptation of the pneumatic recuperator and consists of a cylinder
placed within a larger cylinder, the inner cylinder sliding in and out

as the gun is depressed or elevated . Tie—rods connect the front of
the inner cylinder with the bottom of the cradle. The stroke of the
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inner cylinder or piston is inches , and the maximum pres sure
in the cylinder is pounds .

3 1 2 . Tnav sasmo Mnonamsu .

— It is necessary to operate this
mount on a curved track to secure any considerable traverse. Elec

trically driven translating mechanisms similar indesignto thoseused
on the 1 4-inch mounts, models 1 9 1 8 and 1 9 1 9 , are incorporated in
the trucks , for the purpose of training the gun on the curved track .

It is quite probable, however, that the mount would ordinarily be
returned to battery by a locomotive, inasmuch as the length of recoil
of from 30 to 50 feet is so great as to make the time necessary to
return it by means of the translating mechanisms excessive. An

additional mechanism is incorporated in the mount at either end

over the center of the span bolsters. This mechanism is of a design
similar inprinciple to thosemechanisms used on the 1 4-inch mounts,
models 1 9 1 8 and 1 9 1 9 , and affords a total traverse of degrees .

3 1 3 . GUN CARRIAGE.

— The gun carriage comprises a cradle of

gridiron designwith its four recoil and two recuperator cylinders and
the cast-steel slide, by means of which the gun can be elevated 40
inches for firing . This slide is composed of two cast-steel side mem
bers j oined by transoms , plate 364 , and carries the cradle by means
of trunnions resting in the bearings machined in the top . The car

riage is raised a distance of 40 inches by means of eight hydraulic
jacks . The pressure necessary in these jacks is approximately
pounds per square inch. When either at its upper or lower position
the carriage is fix ed rigidly to the car body by means of four large
pins inserted through the side girders and the carriage castings ,

Additional safety devices are provided at the front and rear of this
carriage on top of the side girders in the shape of screw-operated cast
steel supports, which canbe rununder the ex tensions of the carriage,
thereby relieving the pins from excessive load . The carriage cast
ings have four pin holes, the top ones of which are used when the gun
is transported and the lower ones of which are used when the gun is
in battery position. The carriage slides between the webs of the side

girders on fix ed grooved guides . The slides or supports mentioned
above are provided with stepped surfaces which are intended to
serv e as supports when the carriage is being raised .

3 1 4 . CAR BO DY .

— Tiie car body is composed of two single web
structural steel girders j oined by a series of structural and cas t—steel
transoms and supported at the front and the rear on the trucks by
means of span bolsters . The construction of the girders is sym
metrical about a vertical center line.

3 1 5 . ANCHO RAGE .

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

3 1 6 . TRUCKS .

— Tll e trucks are four innumber, of locomotive type,
and cor

“ “

1 each with by 1 2-inch j ournals and 33-inch
steel w 1cles of each truck are equalized throughout so
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plate 236 . At the center of this circle is a large pin, fastened to the
car, from which swiveled tension rods ex tend back to the trail of
the carriage. The gun carriage wheels bear against the circle of
angles and prevent sidewise movement , while the rods prevent
lengthwise movement, but the carriage is free to roll on its own

wheels about the pivot . The two large wheels of the carriage are

about 6 feet in diameterwith inch face, of which the center
inches is raised 2 inches higher than the remainder. Thes e wheels
are made, both rim and spokes , of structural material, generally of
channel section.

323 . The rear end of the trail of the carriage body rests .on the car

floor and against a circular rail fastened thereto , plate 368 . On the

outside of this rail there is a series of pins, forming a rack, into which
astarwheel fastened to the trail meshes . This starwheel is operated
through a worm

,
horizontal shaft , and bevel gear, from a handwheel

located near the trunnions on the right-hand flask of the trail. The

weight of the trail during traversing is carried upon two spring-sup
ported rollers, which give under the shock of fire and allow the trail
to rest directly on the car floor. Twenty-s ix degrees total traverse
is allowed and the gun is moved degree per turn of handwheel.
324 . GUN CARRIAGE.

— The gun carriage is very much like that
provided for the British and American 6-inch mobile guns and, as
noted before, is quite similar to the German carriages mounting 1 5
centimeter guns . It comprises a cradle of naval design, plate 366,
and a built-up structural steel body, plates 366 and 368 . The cradle

is carried on the body by means of two cast—steel trunnion bearings
without any friction-reducing devices . The cradle is identical in
designwith those used ou

‘ German ships and in their coas t defense
There is apossibility that this is one of the guns removed from their
second navy late in 1 9 1 7 . The body consists of two built-up strue
tural flasks of channel sections with flanges 7 inches wide and a

depth of web tapering, as shown on plate 366 , from 38 inches in front
to inches at the ex treme rear. The ax le on which the wheels
described under Traversing Mechanism are mounted is bolted to the
bottom of the flasks .

325 . RAILWAY CAR. BO DY .

— The railway car is a drop frame fiat
ear of special and very strong construction. The side sills are built
up plate girders of very heavy and varying sections , plates 365 and

366 . The entire body is decked with about -inch steel plate .

Except for the very strong construction, there is nothing of special
note about the car body .

326 . ANononaoe .

—For firing at angles up to 1 3 degrees on each
side of the center line of the track , cas t-steel wedges

‘

are placed on

the ties under corres ponding wedges on the side sills and the mount



465

is moved by a locomotive until it is wedge
'

d up on these. See plate
366 for wedges under the side sills .

327 . For wider traverse and other special service a field platform
and foundation mounted on a special wagon on road wheels are

carried on a flat car, plate 369 .

328. The field platform foundation consists of four box girders of
light steel, each about 20 by 35 inches and perhaps 1 0 feet long . At

one end of each, two l -inch steel plates are attached to the top and
bottom and ex tend a foot or so beyond the end,

plate 368 . A large

hole is formed in these to receive the pivot pin. A rigid equal-legged
cross

,
which when buried in the ground constitutes the anchorage

or foundation for the field platform
,
is formed by placing the girders

radially
,
so that these holes match, inserting the pin, and putting in

place between the girders some special I-beam spacers, plate 37 1 .

329 . The field platform, plate 370, consists of a forward member
containing a hole for the pivot pin above mentioned and having
formed at its sides guides for the carriage wheels similar to that
formed by the circle of angles on the car. This is joined by radial
structuralmembers to a large steel plate onwhich the trail is intended
to rest andwhich is equipped with a circular are, inside of which the
end of the trail rotates, and a chain into which the teeth of the star
wheel can engage for traversing . This platform slips down on

top of the foundation above described , and it can be pulled around
into any desired direction for firing the gun. The gun is rolled onto
this platform and the tiebars secured between the trail and the

center pintle just as on the railway car. It canbe rotated through a
small angle, perhaps 1 0 degrees, upon the platform in any position,

and for wider traverse the platform can be moved around any

desired amount .
330. TRUCKS .

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

wheel has two brake shoes .

331 . AMMUN ITIO N SUPPLY SYSTEM.

—The shells of this gun are

sufi ciently small so that they can be handled by two men with a

tray . The tray employed is provided with eyes, which fasten to
hooks on the breech of the gun. It is hooked in position and the

projectile rammed from it.

332 . MAINTENAN CE .

— Tll e sturdy construction of the car body as

well as of the gun carriage itself, including the cradle and recoil
mechanism,

indicates that comparatively no difficulty would be

experienced in maintaining this mount even under the hardest
service andmost diflicult conditions . The semipermanent emplace
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ment is likewise of such sturdy construction that it is notp robable
that it would be damaged except with most careless handling.

333. DIFFICULTIES INVO LVED m SnavroE .

— The construction of

this mount indicates that when serving as a railway mount it might
be placed for firing in 1 0 or 1 5 minutes. The indications from the

construction of the trucks are that the wholemount canbe rendered
sufliciently stable so that the personnel could remain on the car at

all times and serve the gunwith maximum speed, probably one shot

per minute. From the standpoint of efficiency of service this

improvisation certainly seems to fill the bill.
334 . Mann'

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

335 . DEMER ITS .

—If one considers this mount simply from the

standpoint of an improvisation it could not be said to have any

demerits. Under “Trucks,
” it was mentioned that the wheels are

of exceedingly light construction, but the fact that the carbody rests
on fourwedges when the gun is fired and that when placing the car

on thos e wedges the mount is likely raised considerably from the

trucks would indicate that there would be no likelihood of breaking
the wheels through shock of fire. From the standpoint of the Ger
mans it would appear unfortunate that this mount had no greater
traverse than 26 degrees inany one position on the track. It mus t
be remembered, however, that it was an improvisation, built much
more quickly than any type of all-round fire mount could have been
made, and that probably the limited ex tent of traversehas been jus
tified after all.
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PLATE 368

TRAVERSING GEAR O F THE 1 70 MM. GERMAN GUN MO UNT.
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1 8.
-G-MAN 21 9-m um GUN OH RAILWAY MOUNT. (31 )

336 . This mount is of the cradle recoil type, plate 372 , firing ei ther
from the wheels wi th limited traverse or from a structural steel or
reinforced concrete ground platform with all-round fire. It is
similar ingeneral type to the German240 and280millimetermounts ,

and all of them can be operated on the same ground platform.

337 . GUN .

— The gun is a modern naval piece, model 1 9 1 3, of 31
feet total length , probably 45 calibers . The powder chamber

-

; is

only a very little larger than the bore and semifixed ammuni tion
is used . The tube is rifledwith 64 grooves twisting to the right at a
uniform pitch of 1 centimeter in 1 0 centimeters. The breechblock
is of the ordinary Krupp sliding-wedge type and is fitted with a

mechanical firing mechanism.

338 . RECO IL Mnonamsu.

-The recoil mechanism is of the hydro
spring type and is composed of two hydraulicrecoil cylindersmounted
on the t0p and bottom of the cradle in the center and four spring
recuperatorcylindersmounted two on the top and two onthe bottom
of the cradle and on either side of the recoil cylinders, plates 373 and
374 . Each recoil cylinder is attached to the cradle by aheavy pin,
about which it can swivel in a vertical plane. The forward ends of
the springs are connected to the recoil band by a stirrup and two
tension rods each . The length of recoil is about 24 inches .

339 . ELEVATING MECHANISM.
— Elevation is provided from 0 de

gree, the loading angle, to 45 degrees . The elevating mechanism
comprises two racks with inside teeth bolted to the bottom of the
cradle, two pinions on a com mon shaft meshing with these, worm
wheel, worm,

bevel gears, and a special two-speed gear transmission
leading to a handwheel. The double-speed gear is entirely similar
to that on the 240-millimeter mount , shown in detail on plate 38 1 .

The worm andwheel canbe seenonplate 375 . The ratio of the gear
for slow motion is degree of elevation per turn of handwheel ;
for fast motion it is degrees per turn. A roller-bearing , anti
friction device is provided on the trunnions

,
plate 372 ,

which is simi
lar in every way to that provi ded on the 280-millimetermount and
shown indetail onplate 388.

340. TRAVERSING MECHANISMr
—N O traversing mechanisms are

provided on this mount . The one is for the purpose of rotating the
car body about the pintle of the front truck infiring from the track .

It affords a total traverse of degrees, or degrees oneach side
of the center li ne. The other is for the purpose of rotating themount
around a center pivot which is fastened to a ground platform. This
mechanism affords 360 degrees . The first mechanism is entirely
similar to that employed with the 280-millimetermount and shown
on plates 370 and 39 1 . It comprises a gear case bolted to the side
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front and rear ends of the girder for use in jacking themount off the
trucks and letting i t down on the foundation. The girder rests on

these beams through roller bearings ; adjusting screws are provided
to facili tate exact adjustment of the bolt holes in the pivot flang e
with those in the foundation.

344 . ANCHO RAGE — This mount must be operated on a curved

track to securewide traversewheni t is fired from thewheels . Special
wedges made in identical halves are bolted to the rails behind each
wheel by one bolt each . These wedges are about 1 2 inches long by
6 inches high at the rear and are curved to fit the circumference of
the wheel. The ground platform employed to secure ah—round fire
is identical in design with that shown on plates 397 , 55, and 56 .

Themount is run into place on the platform and the small sectionof
track over the center, as shown in the upper view,

plate 397 . is re

moved in order that the pivot basemay be lowered on to the strue

tural base by means of the lowering screw
,
plate 394 . It is bolted

fast by 2 1 bolts . Four special jacks of a design shown on plate 398,
and attached to .the jecking beams located under the front and rear

of themount and described in the preceding paragraph, are then let
downand themount is raised bymeans of them sufficiently to permit
the trucks to be removed as well as the two sections of track connect
ing the center with the outside. The entire mount is then lowered
until the rear rests on the circular track by means of the rollers and
the forward end rests on the 1 6 steel balls in the central pivot.

345 . TRUCKS .

— The trucks are of structural steel construction
throughout with four axles each, outside journals, semi-elliptical
springs and equalizers between outs ide axles only

,
plate 372 . A

capstan headed screw is provided over each journal bearing and is

so arranged that it can be screwed down on to the spring clip and

relieve the springs of undue strains when themount is fired from the

wheels . Hand brakes only are prov ided.

346 . AMMUN ITION SUPPLY SYSTEM.

— An overhead trolley runs on

an I-beam track secured along the top of the cab. An extens ion
beam is so hinged to the fixed beam that it can swing in a vertical
plane, can be lowered for traveling or raised and braced in place
to allow picking up a shell from acar or from the track some distance
behind the mount . The ex tensible trolley arrangement of the 240
millimetermount

,
plate 378, is identical in design. The shot tray is

provided with two two-man handles , a yoke above with an eye, and

four wheels below,
so that i t can be carried by the trolley hoist, by

hand
,
or rolled on the floor. It canbe booked in place on the breech

as with the l 7-centimetermount, plate 373 .

347 . MA1NTENANCE .

— There are no apparent difficulties in the

maintenance of this des ign of railway mount, which, as mentioned
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before, has been used for 24-centimeter guns and howitzers and 28
centh eter guns . All parts are very sh ple indes ign and substan

tially constructed . The elevating, traversing, and loading mechan
isms had all seenconsiderable service andno apparent difficulties had
developed . The trucks had likewise givenno difficulty . The speed
transmission introduced in the elevating mechanism of this and the
24-centh etermount is very sturdy in cons truction and apparently
did not give any trouble.

348 . DIFFICULTIES INVO LVED IN Seawee — But one difficulty is

apparent in the service of this mount. This difficulty results from
thenecessity forusing aheavy platform, usually of steel, which likely
requires from three to six days for placing . Without this traversing
mechanism it is, of course, necessary to operate the carriage on a

curved track, making the necessary small adjustments in azh uth

by the traversing mechanism on the rear tmck. The use of this
steel platform necessitates the prov iding of a knockdown Gantry
crane, and seven cars are required to carry the crane and platform.

349 . MEBrrs .
—The double speed transmission on the elevating

mechanism is simple indesign and very effective. The designof the
traversing mechanism is good . The mount requires ei ther a struc

tural steel or reenforced concrete platform, both of which require
some th e for installation, but in comparisonwith othermounts now
in ex istence, this designmus t be considered good . This is the first
mount onwhich so simple and effective 9. type of anti-friction device
has beenused and i t deserves consideration for our ownwork of de
sign. The traversing mechanism installed over the rear truck is
sh ple in design and excellent for service in .

firing from the track .

The scheme of attaching the loading tray is simple and excellent and
warrants consideration. It may be well to mention that although
the ground platformof this requires some time for its installation,
it is neverthheless easy to conceal after it is installed

,
since the ap

proach tracks may be removed and the mount completely covered.

350. DEMER ITS .

—The one apparently had feature which has been
mentioned likewiseunderthehead ofMerits, is thefiring platform. At

the beginning of this section i t was mentioned that criticismwould be
made of the firing platform on a basis of the ideal apparently attain
able. The steel platform

,
however, required seven cars for its trans

portationand cannotbe installed inless than from three to five days.

The concrete platform can probably be installed in the same length
of th e and of course

,
with fewer facilities . I t seems possible to

designamount inwhich the same general features may be embodied
but which will not require such elaborate accessory equipment in
the shape of a platform as is used here.
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CRADLE, 11 1 CY LINDER AND spams RECUPERATO RS or THE 21mm.

G IfRMAN GUN MO UNT.



Pu re 375

C ENTER PIVO T, ELEVATING WORM, AND ANTI-FR ICTIO N BEAR ING O F THE
210-MM. GERMAN GUN MO UNT.
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The noticeable difl
’

erencas are that the truck traversing mechanism

gives 2 degrees oneach side of the center or4 degrees to tal as against
2 degrees on the 2 1 0-millimetermount

,
and the rear traversing rollers

are housed in and geared together.

356 . GUN CARRIAGE.

— Tile gun carriage is incorporated with the

car body and is described in the nex t paragraph .

357 . Ramwu ' CAB Bonn— The gun is carried in a cradle of curi
ous boxlike dwign, 45 inches by 52 inches by 1 05 inches ,

bui lt up of

cas tings and planed plates ,
plate 377 . This cradle is suspended by

means of its trunnions in cast-steel bearings mounted on the side

girders of the car. As mentioned before, apparently the mount was
originally des igned fora24-centh etergun. Counterweightsmounted
above andbelow the gunand forward of the trunnions, plate 377 , have
apparently been added recently to compensate for the difference in
the muzzle weight of the gun and howitzer. This cradle carries the

recoil cylinders in its upper corners and the recuperator cylinders in
the center at the bottom. The car body is sh ilar ingeneral des ign
to that of the 2 1 0-millh eter mount, but differs considerably in its
details . Thecarbody ismadeup of two singlewebstructural steel side

girders connected by anumber of structural steel transoms . Jaching
beams are incorporated in the car body at the forward and rear ends ,
plates 377 and 383. These side girders are 39 inches deep over the
front andrear trucks as against 28 inches for the 2 1 -centh eter. This
mount is likewise more liberally supplied with armor than the 2 1

centh etermount .
358 . ANonoaaon.

— See Anchorage under the 2 1 0-millimeter
mount.
359 . Tnocxs .

— See Trucks under the 2 1 0-millimeter mount.

They are identical .

360. AMMUN ITIO N SUPPLY SYSTEM.

— This is practically identical
with that of the 2 1 0-millh etermount, with the exception that the
tray is not supplied with wheels and apparently is notused incarrying
the shell. The shell is carried forward by means of the tongs , plate
392, and placed on the tray which is hooked to the breech of the gun.

361 . MAINTENANCE.

— See
"Maintenance” for the 2 1 0-millimeter

mount . Some additional maintenance probably results from the use

of a pneumatic recuperator.

362 . DIFFICULTIES INVO LVED IN THE Seawee fl Sec the same for

the 2 1 0-millimetermount.
363 . Mann‘

s — See
“Merits for the 2 1 0-millh eter mount. The

one exception is in the case of the antifriction device of the rolling
wedge type, which does not appear to be so admirable a designas the
roller bearing .
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364 . DEMER ITS .

— See Demerits for the 2 1 0-millh eter mount .

Additional criticisms may probably be made on the construction of
the cradle. O u further study it might develop that there are some

advantages in the use of this qui te clumsy looking cradle, but none
are apparent now. It is possible that this cradle

‘

is anh prov isation

andwas so constructed as to avoid the making and
'

machining of a

large cas ting .

365 . Although it possibly has no place here, it may be well to
mention that, in these three mounts , the 2 1 0-millh eter, the 240

millh eter, and the 280-millh eter, there are a great many differences
in the design of details that do not seem to have any logical explana
tion. O u the 240-millh etermount the travers ing rollers are housed
and geared together, the elevating rack meshes on the outs ide, and
antifriction device is of the rolling-wedge type, and the rear truck
traverse is 4 degrees O u the 21 0-mi llh eter mount the traversing
rollers are neither housed nor geared together, the elevating rack
meshes on the inside, the antifrictiondevice is of the roller type, and
the rear truck traverse is degrees O u the 280-millh etermount
the traversing rollers are housed and geared together, the elevating
rack is straight, the antifriction device is of the roller type, and the
rear truck traverse is 2 degrees. Apparently the three mounts can
be operated on the same platform. Justwhy theseminor variations
indesignweremade is not at all evident.
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PLATE 379

sasscu,
CRADLE ,AND LO ADING TRAY orrm: 240-M1 1 . GERMAN nowrrzsa.
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PLATE 380

ELEVATING RACK AND RECUPERATO R O F THE 240-MM. GERMAN HO W ITZ ER .
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ali.4 a 240-m um GUN ON RAILWAY MOUNT. (33)

366 . On plate 384 a 240-millh eter gun is shown on a type of
railway mount resembling more the 38-centh eter mount than the

designused with the 2 1 and 24 centimetermounts already described
in detail. The writer has not had an opportunity to examine a

mount of this type and to the best of his knowledge none of them
were captured . No attempt will be made to describe it in detail.
Attention is called to certain features easily seen on this plate. The

mount is carried on two four-ax le trucks , the axles having inside
j ournals . This is the first Germanmount observed on which inside
journals have been used. Ou the horizontal portion of the lower
cords of the side girders a number of plates which appear to be key
plates can be seen, and it is assumed that this mount was operated
on a turntable type of emplacement somewhat similar in design to
that used with the 38-centimeter railway mount . It is probable
that the key plates mentioned engaged with similar plates on the

racer of the emplacement . It is probable that hydraulic jacks were
placed under the four corners of the car body after it was in position
over the emplacement to raise themount for the purpose of removing
the trucks .





https://www.forgottenbooks.com/join


496

friction device used on the 2 1 -centimeter mount,
already described.

The mechanism used on this mount is shown on plate 388 . Ah

elevation arc, plate 403 , is attached to the cradle on the right side.

37 1 . TRAVERBING MECHANISM.

— See
“Traversing Mechanism”

for

the 2 1 -centh eter railway mount . The design of the car traversing
mechanism over the rear truck is shown on plates 390 and 39 1 , and

the mechanism used in giving the mount all round traverse is shown
on plates 392 to 395 . The traverse rollers on the 2 1 -centh eter

mount are separate and exposed, while on this mount , plate 396 ,

they are housed inand geared together.

372 . GUN CARRIAGE .

—The gun carriage is incorporated with the

car body and is described in the nex t paragraph.

373. RAILWAY CAR BO DY .

— Tlle gun is carried in a cradle of the

design shown on plate 36 . The cradle is provided with a heavy
counterweight just above the trunnions to raise the center of gravity
of the tipping parts suflicientlv to permit of easy elevating and

depressing . This cradle is suspended by means of its trunnions in
cast-steel bearings mounted on the side girders of the car body .

Each of the trunnions is provided wi th an antifriction device of the
design shown on plate 388 . The car body is built up of two single

web structural-steel side girders connected by a series of structural
steel transoms and deck plates and the car platform is covered with
light armor, plate 385 . Both the traversing roller housings and

center pivot trunnion bearings are bolted to the bottom of the side

girders and serv e to stiffen it. Jacking beams
,
which, in the case of

the mount examined , had the jacks attached,
plate 385 , are carri ed

under the forward and rear ends of the car body . The car traversing
mechanism

,
a part of which forms the upper center plate over the

rear truck, can be seen on plate 39 1 .

374 . ANCHO RAGE .

— See
“Anchorage for the 2 1 -centimetermount .

The emplacement shownonplate 397 was used with batteries installed
along the Belgian coast . This battery is only about 1 mile north of
Ostend . The designs of the concrete and structural-steel platforms
and the emplacing jacks are shown on plates 55 , 56 and 398 .

375 . TRUoKs.

—The two trucks on this mount, plate 385 , are

practically identical . The frame is of structural steel and each

carries five axles with outside j ournals . The brakes are operated by
hand only

, and the end and center wheels are provided wi th two
brake shoes each . Above each spring clip there is a capstan head
screw,

identical in design with those used on the 2 1 and 24 centi
meter mounts, which is run down hard on the clip to relieve the
springs of undue strains in firing from the track .

376 . AMMUNITIO N SUPPLY SYSTEM.

-The ammunitioncar captured
with this mount is a wood box car of apparently standard des ign,
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titted with racks to carry 25 projectiles, plate 397 . These projectiles
are carried to the forward end of the car by means of an overhead
trolley and are lifted through the roof of the car by means of a
chain hoist on the end of the ex tension of the trolley track in the
cab of the mount . It is carried forward by this second trolley , and

placed on a tray attached to the breech of the gun, similar to those
used with the 21 and 24 centimetermounts . The projectile is rammed
into the gun from this tray by hand . All of the projectiles in the
car had an ogive of 1 0 calibers radius and all were fitted with false
caps . The caps were placed on the projectiles as they were used .

In the end of the cap there is a tapped hole through which a stick
of wood is passed until it rests against the fuse. Considerable pres
sure is brought on this piece of wood when the small plug is screwed
into the end of the cap . All of the projectiles captured were provided
with time fuses of the 90—second clockwork variety .

377 . MAINTENANCE .

— There are no apparent difficulties in the

maintenance of this railway mount , all parts of which are very simple
and substantially constructed . The elevating, trav ersing, and load
ing mechanisms hadall seenconsiderable service, andyetno apparent
difficulties had developed . The trucks had likewise apparently

given no difficulty . It is not known just what difficulty may have
been experienced with the recoil mechanism,

but probably com

paratively little.

378. DIFFICULTIES INVO LVED IN Seawee — See same for the 2 1

and 24 centimeter mounts .

379 . MERITS .

— See same for the 2 1 and 24 centimetermounts .

380. DEMER ITS .

— See same for the 2 1 and 24 centimeter mounts .
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22.
-GERMAN 380-MILLIMETER GUN O N RAILWAY MO UNT. (35)

38 1 . This mount, plates 400 and 40 1 , is of the cradle recoil type,
firing from the wheels with lh ited traverse to an elevation of about
1 8 degrees, or from a structural-steel turntable type of ground plat
form with all round fire. Themount examined was captured by the
Belgians and is in ser

v iceable condition. Emplacements onwhich it
could have been operated have beenfound inonly two places, the one
in the Forest of St. Gobain, west of Laon, and the other in theBois de
Chatelet , about 5 miles north of OhsteanThierry . All evidence avail
able to-day indicates that while it was being operated from the em
placement in the Forest of St. Gobain it was serv ing as a mount for
the long—range guns, all of which were made from worn-out 38

centimeter, 45-caliber naval guns . The mount bore the date of
February ,

1 9 1 8 , at which time it was probably completed by the

firm of Krupp , and the evidence available to date indicates that it
was the only mount of this design that they had. Gen. Arnoulde,
Chief of Artillery of the BelgianArmy , informed the writer that the
mount had been found on a special track in the Bois de Leugenboom
near the permanently emplaced 38-ccnth eter gun in that same

woods, about 1 0 miles south of Ostend . There was no evidence that
it had ever beenoperated from this position.

382 . GUN .

-The gun found on the carriage inspected was of the
1 9 1 6 model and was number 33L. The total weight is kilo

grams . The total length of the gun is meters and the distance
from the

o

fa
'

ce of the breech block to the muzzle is 1 6 1 3 meters ,
making the gun about 42 calibers long . This is very significant,

considering the fact that the gun is supposed to have a range of 55
kilometers yards) . The breech is of the standard Krupp
sliding wedge type, the wedge being operated by one handle through
a series of spur gears, to one screw .

383 . Apparently the gun,
plates 400 and 402 , is built up of five

main sections ; the tube is reinforced by two hoops which are further
reinforced by one jacket ex tending from the breech forward about
two-thirds of the length, and a breech section attached to the last
named jacket by the recoil lug . In the case observed , the tube has
evidently lengthened to the ex tent of about inches . The

evidence of this is the ex tension of the tube beyond its original
positionwith reference to the end of the forward hoop a distance of

about inches and the parting of the forward h0 0p from the

hoop to the rear to the ex tent of inches . This same condition
was observed on several other guns of this design. The number of

grooves is 1 00. The width of the grooves is approxh ately
inches, and the width of the lands inches . The lands show
slight signs ofwear onthe driv ing side and copperwas v isible both on
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the lands and in the grooves at the muzzle of the gun, although not
to such an ex tent as probably to have much effect . The diameter

of the powder chamber is centimeters . The recoil lug to which
the two pistons of the hydraulic cylinders and the one piston of the
recuperator cylinder are attached likewise serves to prevent rotation
of the gun. It is forked at the bottom and bears on two sides of the
recuperator cylinderwhich serves as a guide, plates 403 and 404 . In

this connection,
it is significant that with every heavy German gun

observed , rotation of the gun was prevented in this same manner,

the breech lug having an extension which either bore on two s ides
of a recuperator cylinder or between two recuperator cylinders . I t

is certain that there were no cases of a spline on the gun sliding in
a way in a cradle. In traveling , the gun is locked in battery by the
very simple device shown on plate 402 .

384 . This gun is identical in des ign with the guns of the Battery
Deutschland and the Battery Pommern, at Leugenboom, described
inAppendix III . The guns of these batteries are accredited with a

max imum range of 55 kilometers . In the reportwhichwas examined
in Gen. Arnoulde

’

s office, the range was given as 42 kilometers .

There is no question but that the Battery Pommern fired on the

city of Dunkirk , requiring a range of 45 kilometers . Whether the
Battery Deutschland , which is 2 kilometers northeast of Ostend

,

likewise fired onDunkirk is a question. The basis for the statement
in the Bulletinde Reseignements ( le l

’

Artillerie of January-February ,

1 9 1 8 , crediting these guns with a range of 55 kilometers is notknown.

W hether the provision for an elevation of 55 degrees has any real

connectionwith the unusual range of a gun 42 calibers in length and

credited with a muzzle v elocity of 800 meters per second ,
is not

known definitely . I t seems certain,
however, that the specification

given the designers for a max imum elevation of 55 degrees resulted
in the type of elevating mechanism described later.

385 . Recon. MECHAN IsM .

—The recoil mechanism is composed of
two recoil cylinders and one spring pneumatic recuperator cylinder,
all located on the bottom of the cradle, plates 403 and 404 . Each of
the recoil cylinders is a separate cylinder carried in brackets cast on
the cradle and each is prov idedwith a buffer approx imately 32 centi
meters long . The filling plugs are on the ends of the buffers . The

max imum length of recoil is meters . This distance is, of course,

approx imate
,
and was arrived at after careful examination of all of

the apparatus . In a report examined in the othee of Lieut . Gen.

Amoulde at Brussels
,
the length of recoil was given as meters .

Ou inquiry, it was found that this was likewise an estimate. Two
rods screwed to the recoil lug and ex tending to the rear, plate 403 ,

carrv a cross head to which the piston of the recuperator cylinder is
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series of spur gears andchains, plate 4 1 2 . There seems agood reason
for providing ahigh and low speed elevatingmechanism,

but just why
the designers provided both high and low speed on this travers ing
mechanism is not known. Incomparing this designwith French and
Americandesigns, it is significant that no rollers are provided between
the body of themount and the spanbolster. Cast-steel shoes narrow
ing down to a wedge are provided on each side, plate 426 . The

designers evidently preferred to count on an ample supply of man

power rather than prov ide the usual rollers . A second traversing
mechanism for all~round firing is installed in the emplacement, plates
4 1 9 and 420 . In this case the racer of the emplacement rests and

rotates on 1 1 2 8-inch steel balls . A complete circular traversing rack
made up of angles and steel pins is bolted to the structural steel base,
plate 4 1 9 . A pinion carried on a vertical shaft on the side of the
racerwhich corresponds to the rear of the carriage engages with this
rack, and the mechanism is driven either from two 2-man handles
on shafts carrying aworm engaging with awormwheel on top of this
vertical shaft or by means of four handles carried ingear cases on

either side of the mount , plate 420 . Motion is communicated to the
vertical shaft from these four handles through two shafts carrying
two universal joints each. These latter handles are apparently the
ones ordinarily used , if one may judge from the scheme of operation
shown on plate 422 .

388 . GUN CARR IAGE.

— The gun carriage is incorporated in the car
body andwill be described in the nex t paragraph .

389 . RAILWAY CAR BO DY .

— The cradle is a cylinder of simple
des ignhaving ribs atlong intervals andof adepth of only about 3 centi
meters . Other cylinders observed for the same design of gun were
without any ribs whatever. The walls of the cylinder have a mini
mum thickness of 1 0 centimeters and a maximum thickness of 1 3
centh eters over the ribs . The design of the antifrictionmechanism
is shown on plate 4 1 4 . As shown on plate 4 1 1 , a counterweight in
two sections is attached to the top of the cradle. Both sections can
be raised and locked together, or, if desired , the rear section raised
and locked in place by the two tie-rods. The railway car body ,

plates 400, 4 1 3 , 4 1 4 , and 4 1 5 , is made up of two single—web side

girders connected in the front and rear by heavy structural-steel
transoms and further reinforced in the front by the heavy cast-steel
housings for the elevating mechanism. The trunnion bearings are

of cast steel and are sh ply bolted to the top chord with single keys to
the rear of them. These single keys have the positive backing of one
top cover plate each . The face of the horizontal section of the lower
chord of the side girders is planed and is provided with akey at each
end, plate 4 1 6 . Eight 2-inch holes are provided ineach lower chord
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at the front end and six at the . rear. The purpose of the hooks
shown on the front is not known.

390. The designers avoided the use of sharply curved angles, plate
4 1 5 . There are only two slight curves on the angles of the lower
chord . The working platforins prov ided on each side to the rear of

the trunnion seat are locked in their traveling positions , as shown on

plate 425 .

39 1 . ANCHO RAGE .

— Tlle gun can be fired to a max imum elevation
of 1 8 degrees 30minutes with themount O perating as a rolling mount .
Above this elevation the trucks must be removed and the mount is
operated from a fixed emplacement .

392 . In August , 1 9 1 8 , when the German Army had retired from
the salient between Soissons andRheims , the emplacement shown on

plates 4 1 7 and 4 1 8 was found in the Bois de Chatelet . All evidence
indicated that this emplacement had not beenused in this position.

It was simply in process of erection when it was abandoned . The

Germans attempted to destroy it, but succeeded only inripping loose
a few plates . At the time that this emplacement was captured , no
descriptions of any kind were available of the carriage for which it
was intended . The writer’s failure to find any emplacement in
Belgium from which themount could be operated led to a search for
emplacements in France, and an examination of the emplacement
shownrevealed the fact that it was the one sought .

393 . The mount is run in on the emplacement in a position shown
approximately on plate 4 1 7 . It is then raised by four jacks, one of
which canbe seen in the left foreground on plate 4 1 9 ,

and the trucks
removed . The rotating section of the emplacement is then turned
90 degrees , and the carriage lowered onto the side girders . In the

right center of plate 4 1 7 is shown one of the key plates, which cor

responds to a similar plate onthebottomchord of thecarriage girders,
plate 426 . The six bolt holes shown in the key plate on plate 4 1 8
correspond to the six holes in the lower chord on plate 426 . O n this
plate only the bolt holes on the outside of the girderweb are visible.

From the fact that the key plates for the forward end must have
eight bolt holes and those for the rear six ,

i t is evident that the
traversing mechanism is located on the part of the emplacement
corres ponding to the rear of the carriage.

394 . It is necessary to install two aux iliary construction tracks on
either side and parallel to the approach track for the service of the
Gantry crane used in installing the emplacement . One of these
tracks is shown on plates 4 1 7 and 4 1 8 and both are shown in both
elevation and plan on plates 41 9 and 420 . The emplacement, as
well as theGantry crane used inthe work of installation, are shownon
plate 42 1 . Germanhandbooks allow a period of three weeks for the
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installation of the structural-steel emplacement . The mount is
shown completely installed and in operation on plate 422 . This
plate is made from a cut contained in a printed publication of the
Krupp Co.

, which manufactured the mount .
395 . CAMOUFLAGE .

—In the case of the emplacement found in the

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

396 . TRUCKs .

— All of the trucks , as well as the span bolsters , are

constructed entirely of structural steel
,
plate 40 1 . The front trucks

contain five axles each and the rear trucks four axles each. The

j ournals are approx imately 1 4 centimeters in diameter by 32 centi
meters in length,

and the wheels are 95 centimeters in diameter.

Ou the front trucks , three wheels have two brake shoes each. O n

the rear trucks , the end wheels hav e two shoes each and the inner
wheels one shoe each. The braking is done by hand only . A por

tion of the circular track on which rubbing plates attached to the

span bolster on each side bear
,
can be seen on the front truck , plate

400 . There are no rollers on any of the trucks or bolsters . The

axles are equal ized in pairs only , the center axles of the front trucks
having no connection with the others , plate 423 . The various di
mensions of the trucks are given on plate 40 1 .

397 . AMMUN ITIO N SUPPLY SYSTEM .

—The prov ision made for sup

plying ammunitionwhen the mount is operated on the emplacement
is shown on plate 424 . This narrow-

gauge ammunition track can be
seen likewise around the pit on plate 422 . The indications are, from
plate 422

,
that the track formed a loop around the pit in this case

and that it was not a complete circle with turntable as was found in
other emplacements inBelgium. A removable plate can be seen be

tween the shot truck rails on the operating platform of the mount ,
plate 425 . Over this plate is a light bridge, in the center of which is
sech a ball on the end of the cable used inhoisting projectiles through
thehole inthe floor. The cable (05 -inch) runs overa series of pulleys
to a small drum in the box on the top of the left-side girder.

398 . The ammunition is supplied from the storehouse over the

narrow-

gauge track already mentioned , the portion of the track
around the pit being under the opening in the working platform.

The projectile is raised by means of tongs attached to the hook
under the ball and when at the top of the bridge the shot truck is
runforward and the projectile placed on it. The shot truck inspected
has no buffers, but four holes can be seen in the flange on the front
which may have been provided for the attaching of a pad of some
sort . The clear space over which the men could get up speed with
the truck is about 5 meters . The gun is loaded at 0 degree ele
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bands are replaced by machi ned rifling on the shell. The rifling in

thegun is made to corres pond. and the shell ismade longerandheavier
than normal. Experiments have been made in 75 and 1 55 milli
meter field guns along this line, in which shells up to calibers in
length and weighing 60 per cent more than the regulation shell

,

were fired and attained ranges up to 35 percent inexcess of the range
for the standard shell.

409 . The turbo-cannon of Lieut. Delemerr-May o. of the French
Army ,

is a gun without rifling , in which the rotational velocity is

given the projectile by the h pact of the powder gases on special
vanes Such tests as were made indicated rotation of the projectile,

butno further conclusions were poss ible.

4 1 0. Muzzle brakes , or gas deflectors , for reducing recoil have been
experh ented onby Lieut . Bory and Capt . Galliot, as well as in the
American Ordnance Department . The bes t results so far attained
in experiments are a reduction of 40—60 per cent in recoil energy on

the 75-millh eter field gun and a reduction of 83 per cent on a 3-inch
seacoas t gun. Measurements taken of the atmospheric pressures in
the case of the seacoast gun indicate that the gun crew is not in any

danger from the outwardly deflected gas stream.

4 1 1 . Recon. MECHAN ISM.

— The various recoil systems were dis
cussed very fully in section 1 , and the following points were brought
out :

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

(b) Top carriage recoil is obsolete, being particularly un

suited to high-angle fire.

(0) Sliding recoil is unsuited to small guns because the th e

of firing can not be reduced below a minimum which

is too great for the efficient service of such guns . With

out the use of a cradle, it is unsuited also for the verv

largest guns , on account of excessive trunnion forces .

It is very satisfactory formedium and large calibers .

Rolling recoil is sh ilar to sliding recoil in regard to the

poi nts mentioned above. A rolling mount requires less
track preparation than any other type. In all known
types of rolling mounts cradles have beenused , maki ng
them more complicated than the sliding mounts .

4 1 2 .
Mounts with rolling or sliding recoil must be pushed back

into battery after firing . This is accomplished on the lighter of the

sliding type mounts by the use of a hand translating mechanism,

consisting of a crank , a train of gears , and some chains leading to

one or more of the axles . In the mounts constructed to date one

translating mechanism is prov ided on one or two of each four to six
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ax les , and the ratio of gearing is from 1 00 to 1 32 turns of the handle
to one revolution of the wheel. The mount can be moved at the

rate of from 3 to 5 feet perminute. With themounts having rolling
recoil, the length of recoil is considerably greater and a gasoline
drivenwinch,

mounted on the front truck or span bolster and taking
up a cable fas tened to the track ahead , is preferred for returning
the mount to its firing position. For this sort of movement , expor
ience has shown that the rolli ng friction is much greater than is

ordinarily assumed for railway work . The tractive etl
'

ort on a level

track with the American 1 6-inch howitzer ran up to 50 pounds per
ton. O u the heaviest sliding mounts electrical translating mechan
ism is provided . This is very convenient , of course, but requires a

power plant and complicates the design and accessory equipment .
Manpower is always available and is reliable. Electrical equipment
has the bad habit of failing when it is needed most .
4 1 3 . ELEVATING MECHAN ISM.

— Elevating mechanisms are so

diverse in ty pe, and the speed of operation of the piece is so largely
dependent on them that a somewhat lengthy consideration is felt
to be justified. First the requirements of the mechanism will be
discussed

, and then their practical embodh ent will be described .

41 4 . The requirements of an elevating mechanism are that it
shall :

(a) Afford proper ex tent of elevation.

(b) Give proper ratio of handwheel to gunmovement .

(0) Be sufficiently strong to withstand shocks of fire.

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

(6) Be sh ple in construction and eas ily maintained .

4 1 5 . In regard to ex tent of elevation, above, ideas have been

modified considerably by the experience of the EuropeanWar. For

howitzers
,
a maxh um elevation of 65 degrees is required to give

the desired plunging fire. For guns there may be objectives at long
ranges of such size that the high dispersion incident to fire at max i
mum range is not disadvantageous . Therefore the mount should
always allow sufficient elevation tor the gun to attain this maxh um

range. Formedium caliber guns atmedium velocities , this approx i

mates the theoretical 45 degrees . For large guns and high muzzle
velocities , however, the decreased air resistance at high altitudes

so far increases the range that the max imum appears to be attained
at from 50 to 55 degrees . The long range 2 1 0

-millimeter German

gun which operated at a muzzle velocity of meters per

second , was fired at an angle of at least 55 degrees . The French
220-millimeter gun will be mounted with provis ion for an elevation

of 55 degrees .
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41 6 . The ratio of handwheel to gun movement, (6) above, will
be expressed as thegunmovement in degrees over the corresponding
handwheel movement in turns , meaning 2 degrees of gunmove
ment per revolution of handwheel. This ratio should be such that
the necessary fine adjustment for laying can be had, on the one

hand, and that the gunmay be depressed and elevated rapidly for
loading . On some of the older mounts ,

the ideal for both require
ments is sought by the use of a slow elevating gear and a quick
loading mechanism together, as on the 1 90, 200, and 240millimeter
French howitzers . Railway artillery , however, is not called upon
for ex treme speed 11 1 firing, and late designs of mounts show that a
satisfactory compromise can be found in a single mechanism. As

an indication of the requirements for accurate laying, it is ,

found that
the adjustment of elevation to a precision corresponding to one

quarter of the probable error in range, requires setting to within
from 1 to minutes , depending upon the accuracy of the particular

gun considered. Such a setting could easily be made wi th a hand
wheel ratio of to The smaller handwheels can be spun at

from 60 to 90 revolutions perminute, which would give a speed of

operation to 45 degrees elevation, of from 1 5 to 45 seconds . This
is amply fas t enough for railway artillery . Practice shows a varia
tion of this value per turn of handwheel between about 0. and

1 . The ratio for the heaviest guns approxh ate a value of
but as one of them which has an efficient elevating gear, has

a value of it is thought the lower value is adopted for the sake
of mechanical advantage, rather than because it is inherently desir
able. The conclusion from the above is that a ratio of ( 1 degree
movement of gun per revolution of handwheel) is amply fine enough
and that the value may be run up to with the less accurate
and smaller guns .

4 1 7 . Inreference to strength (0) above, the chief forces to be with
stood are two . The first is a turning moment due to the powder
pressure. InAmerican ordnance design, the center of gravity of the

recoiling
'

parts is usually put a short distance below the center line
of the gun, so that, as long as the projectile is in the bore, there is a
couple due to the powder pressure against the breech, which tends
to elevate the gun. The elevating mechanismmust be made strong
enough to stand this without movement, so that the accuracy of fire
will not be reduced . The second force is the moment due to the
breech preponderance of the gunwhen in full recoil. If the elevating
mechanism is so constructed that it cannot bemoved by this couple,
then it must bemade strong enough to withs tand this moment as
well,which is usually cons iderably larger than the onefirstmentioned .

O u most heavy mounts (tipping parts weighing over kilo
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inch has a 20—30 horsepower gasoline engine. For the sake of s im

plicity of construction, operation,
and maintenance,

it is highly de
s irable that hand power he usedwhere poss ible, and it is believed that,
if efficientgear trains andgood antifriction devices are employed, this
is possible even with the heaviest gun; and even where power ele

y ating is used, the hand mechanism should always be provided as

an aux iliary .

420. The required efficiency of the gear train canbe approx imated
from the preceding considerations . Manifestly ,

it is a function of the
number and character of the mechanical elements in the train.

These are, usually ,
spur gears , bevel gears , chains , worms , and screws ,

with efficiencies falling off in about the order named . Low pitched
worms and screws are very inefficient. It is

,
of course,

necessary to
make careful calculations on the efficiencies of each individual ele
y ating mechanism but these will always be found to inv olve two con
stents whichmust be assumed, the coefficient of friction in the trun
nion bearings and the efficiency of the gear train The relation of
the former divided by the latter is taken as an indication of the effi

ciency of themechanism. As an indication of values ,
data has been

taken from proof tes ts of a number of seacoast carriages , and the effi
ciency of themechanismshas beencomputed . It is found to vary from

to with an average of about The gear trains of all
thesemounts included aworm or a screw and from one to four pairs
of bevel or spur gears . Assuming for the coefficient of friction,

this would indicate a gear train efficiency of from 40 down to about
6 per cent . By contrast, the American 1 6-inch howitzerwith a train
of three pairs of spur gears , gives a value of approx imately that
is , a gear train efficiency of about 60 per cent , with a coefficient of

friction of about This indicates clearly the superiority of spur

gears from the standpoint of efficiency . Since the gun of thismount .
the tipping parts of which are at least half as heavy as those of the

larges t gun to be considered ,
can be elevated in 25 seconds by one

manwith one hand ,
it is felt that spur gears give a sufficiently efficient

train so that even the larges t gun could be operated through them by
hand power. The best example of this construction is the St. Cha

mond 340-millimeter gun mount, plate 427
,
with a gear ratio of

approx imately and on which the elevating gear is apparently
entirely satisfactory .

42 1 . Inthematter of simplicity , (e) above,manufacture is probably
simples t on chains and spur gears , and becomes progressively more
difficult onbevels ,

screws ,
worms

,
and Hindley worms . As to main

tenance, the difficulties involved are confined largely to the neces sity
for close adjustment. Within limits , practically all that is required
of the chain drive is that the two sprockets be in approx imately the
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sameplane. With spurgears , the dis tancebetweenshai
'

tcenters must
also be fairly closely maintained . Wi th bevel gears the shaft center
lines andplanes of the gears mustboth be exactlymaintained . With
worms, the shaft distances and the plane of the worm shaft mus t
similarly be kept just right, andwith Hindley worms , the posi tion of

the worm along its shaft must be exact as well . Wi th the screw,

screw and nut must be coax ial
, but if they mos h at all

,
this con

dition is assured. This indicates that screws, chains , andspur gears
are the easies t mechanisms to keep in adjus tment, and that bev els,
worms

,
andHindleyworms are more difficult in the order named .

422 . Theway inwhich thes e fiv e requirements are realizedmay be
understood by a study of the various mounts described in section 3 ,
Volumes I and II . The following summary, ex tracted fromsection3 ,
is given, covering some of the points discussed in the preceding
paragraphs

Use of slip-friction dev 1ce: Almost invariable with mounts
whose tipping parts weigh over kilograms . Excep
tions have screw elevating gear.

Use of antifriction device : Almost invariable with mounts
whose tipping parts weighmore than kilograms . The

single exceptionhas a power drive for the elevating gear.

Mechanismat thegun: Forty-one examples classify as follows :

Curved rack and pinion 29

Straightrack and pinion l

3

Screwandnut. 8

Gear; train, exclusive of above :

Spurgears only .

Bevel gears only

Spurs and bevels
Worm and bevel
Chains employed

General type of entiremechanism :

Rack and spurgears
Rack , worm,

and bevels,

The only types of mechanism which occur with almost or iden
tically the same arrangement of components, on anumber of mounts,
are the rack with spur-gear train,

which is found only inAmerican
and French designs, and the rack , pinion,

worm,
wormwheel, and

bevel combination, which is very popular and occurs inAmerican,

French, British, and German designs . The chief objection to this
latter type of gear is low efficiency ,

which has neces sitated a low

ratio of gun to handwheel movement— from to 1 .
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guncradle swings , and transoms connecting the side frames . It will
be more fully discussed later. The components of the traversing
gear should be strong enough to resist the forces tending to rotate the
carriage when the piece is fired at high elevations . The ratio of the

gearing should be such as to allow of fine adjustment— that is, to one
mil. Efficiency is not of as much importance here as in the elevating
gear, except , perhaps , forcoas t defense work . As prev iously pointed
out, this type of traverse finds its bes t application inmounting the
less powerful pieces for all round fire, where carriage weight is small
in proportion to car body weight.
428 . A discussion of the relative advantages of thes e systems of

traverse is narrowed down by the following consideratiéns

(a) Top carriage traverse is so simple for howi tzers and the

smaller guns (8 inches or less) that the other ty pes do
notmeri t consideration.

(6) Nontraversing carriages have so little advantage in sim

plicity over the car traversing type that they need not
be considered .

429 . The questionbecomes
,
therefore, one as to the ty pe of traverse

to be adopted for heavy guns
— specifically between epi curve-car

traverse combination and an emplacement top carriage traverse com
bination. The chief objection to the former is the ease with which
the battery may be located by aerial photography ; in other words,
the difficulty of effective camouflage. The answer to this objection
lies chiefly in two considerations ; first, that the type of target fired
on from an epi is usually such that the gun is placed , delivers the
required number .of shots , and is then returned from the epi to the
base

,
so that, even though the enemy may know where all the epis

are
, he is by no means sure just where the gun is , and i t may qui te

eas ily deliver its fire and retreat before he can be sure of its location
and start counter-battery fire. The second consideration is that
camouflage has proved ineffective against the various means of detec
tionwhich have been developed- aerial photography ,

sound ranging,
flash ranging, earth vibration ranging , etc. The Allies found

,
after

the conclusion of the war, that the vast maj ority of the German bat
teries had been exactly at the points where these various agents had
indicated them to be. In the special cases knownwhere careful and
effective camouflaging was worth while, for instance for fire of de
structionagainst the bridges eas t of Metz

, themounts were inposition
for a long period , but, on the other hand ,

they were firing at practi

cally a sing le target, and needed no epi curve, car traverse being
ample for the service. With top carriage traverse, on the otherhand ,
ordinarily ei thernomore traverse is realized thanwith the other type
or a special foundationhas to be installed , which, with heavy guns, is
a very difficult and time-consuming j ob .
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430. The general conclusions with regard to traversing mecha
nisms are that two types should be considered for services as follows :

(A ) For heaviest cannon ( 1 4-inch 50-caliber guns and 1 6-inch 25
caliber howitzers) : Top carriage or car traverse as wide as stabili ty
will allow, using outriggers to take most of the horizontal component
of the force of recoil . These same mounts should be so des igned as

to be capable of O perationas rollingmounts if des ired andbe equipped
wi th traversing rollers and a base ring of the 1 4-inch model E type
for service in coast defense.

(B ) For medium-powered cannon ( 1 0-inch 50-caliber and 1 2-inch
25-caliber howitzers) : Car traverse with wide angle of fire, plates 59
and 60 .

431 . GUN CARR IAGE .

— Most of the components of the guncarriage
have already been discussed , but there remain to bementioned some
facts regarding the types and cons truction of themain frame and the
types and construction of pintle and travers ing rollers .

432 . The main frame of the carriage cons ists normally of two side
members which support the trunnion bearings, and connecting tran
soms and perhaps a racer. InAmerican and early French practice
these parts are unifom ly steel castings . Later French and English
practice

,
however, is to build these parts up out of structural shapes

and plates .

433. Such practice appears entirely satisfactory , providing pro
v ision is made (by additional clearances ,

etc. ) so that the greater
flexibility of the structural, as compared wi th the cast frames, cannot
cause trouble.

434 . Pintle and roller arrangements are of two types. The first,
or front pintle type, has a large vertical pin under the front of the
carriage, around which the carriage swings . Rollers, usually spring
supported, are provided under the rear end of the carriage, and these
travel on a special track on the base, orrailway car. This type is
exemplified, for instance, in the Batignollesmounts and theAmerican

1 6-inch howitzer. The advantages of such a top carriage are com

paratively small forces on the traversing rollers
,
due to the relatively

long lever arm atwhich they act and great simplicity of construction,

facilitating both original manufacture and field maintenance. The

disadvantage is that the work involved in traversing is large in pro
portion to the distance between the pintle and rollers

,
and because of

the large radius of the roller path the type can be used on railway
mounts for limi ted traverse only . The second

,
or center pintle type,

is provided with cylindrical pintle (either a pin or a large radius sur

face) and a complete circle of conical traversing rollers or balls
,
both

concentric with the carriage. The rollers circulate between conical
paths on the base ring and racer, and constitute a roller bearing ; the
balls

,
varying in diameter from 4 to 8 inches

, circulate between two
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between the webs of the transoms and the webs of the side girders to

produce the desired rigidity . The rivets can not be depended upon.

440. An experimental car body of reinforced concrete, plate 433 ,

for a 30-centimetermortarhas beenmade inFrance. In spite of the

fact that it was successful
,
this type of construction is not thought to

merit considerationwhere steel is available.

44 1 . ANCHORAGE .

— The discussion under section 1 brought out

most of the points regarding the ex isting types of anchorage. They
may be summarized as follows :

(a) Mounts requiring no preparation: Must be of the rolling
recoil type, can have but very limi ted traverse,

and are

ingeneral best suited to the very heavy guns .

(5) Mounts requiring a track platform: Sliding type
,
suited

for heavy guns with limited fire. Strut type, suitable
for light andmedium guns with 60 to 360 degrees trav
erse.

(c) Mounts requiring a ground platform : Suited for medium

guns with all-round hra, and for heaviest guns with lim
ited fire. (All-round hra for heavy guns in exceptional
cases . )

Something remains to be said regarding mechanical details and

relative desirability of the different des igns under the various types
442 . The first type is, of course, ideal from the standpoint of

anchorage. The chief objection, however, is that in all types here
tofore constructed it has been

'

neces sary to include a recoil system
to reduce the max imum pres sure on the trucks, and a counter
balancing system to compensate for the ex treme muzzle prepon
derance resulting from mounting the trunnions close to the breech
to secure great elevation. Further, the length of recoil along the

track (30 to 50 feet) is too great . Improvements now being experi

mented with on sliding mounts, and detailed in paragraph below,

suggest that some means might be adopted to transmit the force
directly to the rail instead of through the truck springs . If the car

girder were sufficiently strong to distribute the pressure along the

track for the length of the mount, pressure on the ties would be
nearly as low as on the sleepers of the present sliding mounts, and
the pressure on the ground would be halved . If this arrangement
did not require too great a weight of girder or too great a complica
tion of jacks i t would seem to consti tute amost excellent system for

guns requiring only very limi ted traverse.

443. The sliding type of track platform mount requires an epi

built wi th special, long, closely spaced ties, and laid wi th I-beams
in addition to the regular rails . The mount is distinctly at a disad
vantage, as compared with the rolling type of mount, in that stand
ard track can ordinarily not be utilized and, indeed, no standard
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track materials, except rails , can be used to advantage in the special
construction required . A modification of the sliding type mount is
now being experimented with

,
in which the I-beams

,
or hearing

stringers, are fas tened to the mount and slide along the top of the
ties instead of having them fastened to the top of the ties and

allowing the mount to slide over them. This involves the use of
dres sed ties of ex tra length in laying the epi, but on the other hand ,
i t avoids the use of a large amount of structural material inmaking
the epi and saves time in its construction. The proving ground
tes ts show that this construction is satisfactory and it offers a dis

tinct improvement over the previous types It would seem that this
schememight be developed by lengthening the beams carried by the
mount, so that enough ties to take the shock would be covered on

standard t
_
rack . With such amodification and the addition, perhaps,

of a set of cutters on the mount for surfacing the ties , it would seem

that this type might be adapted to operate as satisfactorily onstand
ard track as the former type operates onaspurofspecial construction.

This would have the same advantage as the modified type suggested
above, but would , like it, be limited to heavy guns requiring only
limited traverse. The sliding type of anchorage, as at present de
veloped, however, still possesses considerable advantages over other
types of platform. Whi le i t requires the constructionof anelaborate
epi, this canbe built while the mount is sti ll far behind the lines in
safety, and when it is finished the mount can be runup, fired, and

gotten out again in an absoluteminimum of time.

444 . The other types of track platform anchorage also employ
stringers of beams laid over the ties, to take the vertical component
of fire, but they employ guys, rail clamps, struts, spades, and floats
to take the horizontal component and prevent overturning . No

difficulty is experienced with taking care of the vertical component
of fire, but serious limitations have developed with the devices em

ployed to take care of the horizontal component and the overturn
ing tendency . This limitation is of course most marked in an all

round fire carriage operating at right angles to the track, and i t will
be discussed from that point of view . Rai l clamps alone sufficed

on the early 1 55-millimeter howitzer mount, when used on standard

gauge track . Horizontal floats, just outside the rails, with jacks

attached to the side of the car and screwed down on them,
sufficed

for the and 1 94 millimeter guns . O u
‘

the 200 millimetex

howitzer i t was necessary to place these horizontal floats further out

andmount the jacks on the end of swinging arms . This same scheme

was tried and found inadequate for the Ama ican 6-inch seacoast

gun. With the addition of a vertical spade to the float i t was tried
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equalizers , mounting the centerpin ofi
’

center of trucks , etc.

,
are.

h prov isations , and are not to be considered des irable for this
type of service.

448 . Axle loads , during the present war, have been lh ited by
French railways to 1 7 metric tons . The American Navy 1 4-inch
mount

,
which exceeded this by about 35 per cent, gave a great deal

of trouble, es pecially from the overheating and scoring of j ournals
and bearing brasses Mounts with rolling recoil take the firing load
d irectly through the trucks , and this force must be reckoned with
in the design. This force is about 35 long tons on English mounts
and 27 long tons on the American 1 6- inch howitzer.

449 . AMMUN ITION SUPPLY SYSTEM.

— The ammunition supply sys

tem consists of two essential parts , as arule, ahoisting and translating
mechanism for bringing the shell near the gun and a tray or truck for

guiding it into the breech. The hoisting and translating mechanism
is usually aTriplex block suspended either from a j ib crane oranover
head trolley, The j ib crane appears to be the favorite for small cal
ibere, and for large calibers where the gunhas a fair amount of
traverse. The overhead trolley ,

however
,
is used inmost of the heavy

mounts where there is very little traverse, and where the shells can

be taken directly out of the ammunitioncar, or off the transbordeur.

450 . The guiding mechanism is a tray onto which the shell is

lowered , and which ex tends into the breech of the gun. O n some

mounts , as the Amu ioan 8- inch gun, this is very small and is carried
by a second j ib crane. Usually

,
however, a part of it constitutes

the top of a stationary shell stand , while another portion can be

pushed into the breech when the latter is opened . The shell is then
slid along it into the gun, plate 1 6 1 . Another type consists of a tray
provided with wheels , which rolls along a track and part way into
the breech of the gun. The tray then brings up against a buffer,
while the shell continues to move of its own inertia and comes up to
a full or partial seating against the forcing cone. Here the same

line of demarkation occurs as in the lifting mechanisms— the plain
tray appears to be the favorite for all light shells , and for heavy
mounts with considerable traverse. Inmany cases anegative loading
angle is given to assist inmov ing the shell into the gun. Therolling
tray or shot truck is more used with the heavier calibers andmounts
having small traverse, plate 1 62 .

45 1 . I t is felt that the above indicates the best use of the various
arrangements discussed , i . e . ,

‘

the crane and tray arrangement for
practically all small guns and the overhead or trolley cranes and

shot truck arrangement for heavier caliber guns having very small

traverse.

452 . SPEC IAL ARRANGElu-m'

rs FO R CO AST DEFENSE .

-A8 1 1 0 tcd at

the end of section 2 , the use of railway mounts for coas t defense calls
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forspecial characteristics not demanded in land serv ice, v iz .
,
prov is ion

for operating the s ighting , elevating ,
and travers ing mechanisms up

to the moment the piece is fired,
so that amoving target can be fol

lowed and also for operating them sh ultaneously for the entire
battery for volley hring . It is proposed here to discuss the merits
of the several possible arrangements for accomplishing this end.

453 . The difficulty encountered in the' ev ident solution of leaving
men on themount to carry on these operations is that, inrolling and
sliding mounts , and quite probably in all mounts with any but the.

heaviest anchorag e, the shock of fire is so great that this has never
been felt to be safe.

454 . For the purposes of this discussion,
mounts may be divided

into three classes

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

(6) Light mounts with top carriage traverse and operatirg

0

fixed to the anchorage.

(c) Sliding and rolling mounts travers ing by movement along
curved epis .

455 . W ith heavy mounts fixed to an anchorage, it is felt that the
evident solution mentioned above, of leaving the personnel on the

mount
,
is feas ible. This same conditionmay be realized with heavy

guns with small traverse, bymounting them ona turntable, plate 428 ,
W hich would be electrically operated . The latterarrangement has the
disadvantage that turntables mus t be provided wherever hring is to
take place, and the former would seem to be feas ible only when an

elaborate anchorage is employed . With either of these arrange

ments , however, the guns can be controlled and fired
'

just as if they
were installed in a fort in the ordinary way .

456 . W ith light mounts fixed to an anchorage, the vibration of
the structure from the shock of fire would probably be too great to
permit the personnel to remainupon it. Three arrangements suggest
themselves as poss ible solutions for this case.

(a) Remote control of elevating and traversing mechanism
either mechanical or electrical

,
and observation of

azimuth circle and elevation indicator through tele

scopes . In this case the azimuth circle should be

rotatable
,
so that correction of zero could be made

after each shot . For the case where the target is oh

served directly prism telescopes would have to be

employed and arranged as shown in the sketch, plate
434

,
so that their eyepieces , rotatable around the center

of carriage rotation
,
would be so connected with the

traversing mechanism as always to point in the same

direction.





https://www.forgottenbooks.com/join




73

or electrical synchroniz ing from a central observation point
, so

that the angle as equals the required deflection of the gun from the

base line. The pointer sets his prism directly over the center of
the platform (in mid-position) , and by operating the controllers
of the electric translating motors on the mount he brings it up until
he sees the reflection of the prism (or a pointer arranged on it) in

the mirror of the mount and registering with the vertical cross hair
of his telescope. This would mean that both angles B and C are

right angles , and therefore that angle 6 equals angle a the required
deflection.

460 . Due to the irregularities of the track and the following of
the mount upon it

,
the lineAB may not always pass exactly through

the center point . In such cases the prism may be slid back and

forth until this line passes through it.

46 1 . This scheme may be greatly simplified if the observer of the
targets is placed ina tower just aboveA, and arrangements aremade
so that his telescope and the telescope and platform shown here
rotate together. The services of theman setting the azh uth circle
at A would then be unnecessary . In actual practice, however, it
will likely be found more desirable to place the observer’s tower on

high ground at some distance from
.

the center of the epi , which will
be in low positions not vi sible from the sea.

462 . Case (B ) is illustrated on plate 435B . A horizontal azh uth

circle and a rod marking its vertical center line are mounted on the

gun, so that the rod and the zero of the circle are both in the vertical
plane through the axis of the gun. At any point whatever, as A ,

the

pointer is located on a rotable platform with a telescope. Attached
to this telescope

,
and so arranged that it occupies half of the field of

view of the latter, is an independently rotable azh uth circle, which
can be read against the cross hair through the telescope, and also
against the base line at b. The operation of training is then as

follows : The circleA is rotated eitherby anassistant from telephoned
instructions, from the observation tower, or automatically through
mechanical or electrical sychronizing , from a central observation
point . The pointer keeps his telescope trained on the central rod of
the azimuth circle on the mount . He then traverses the mount,
through remote electrical control, until the reading of the azimuth
circle 0 1 1 the mount against the telescope cross hair is the same as

the reading of the azh uth circle at A against the same cross hair.

Each of these circles occupies half of the field of the telescope, so

that his task is sh ple to bring like graduations opposite. Now
, if

the circle at A is always kept with the required angle reading at b,

then the reading on the circle by the telescope will be required
angle a . If B is made equal to this, then by constructing 6 will

equal the required angle.
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shaft which carried the observation telescope through which the

target was being followed . Plate 436 gives a rough sketch of such a

scheme.

466 . DISCUSSIO N .

—The various design details just discussed are so

closely interrelated that it is seldom possible to realize an advantage
in res pect to one of themwi thout a corresponding sacrifice inrespect
to another. The following tabulation is given of examples drawn
from practice to illustrate this interrelation:

Point gained . Pointsacrificed. Example.

Cradle recoil (easy anchorage; St. Chamond and Batignolles
ra 1d flre) . mounts .

811 recoil (sh pleconstruction, Schneidermounts .

littlemaintenance) .
Rolling recoil (noanchorage) Armstrong 12 and 1 4 inch and 1 4

and 16 inch Americanmounts.

High elevation (long range) Armstrong 1 44mm, American 1 2

and 1 4 inch.

Ra
d
imelevation (mpid fire) Sr. Chamond 400-millimeter.

E
to
tem:elevating gear (easy oper St. Chamond 400-millimeter.

a on
Nc
g
itr

a
verslng (simple construc Schneidermounts .

on
Cartraversing (accuracy otlaylng ) . Armstrong 1 4-1nch; Ger

millimeter.

T e traverse (accuracy of American8-1nchmount.
laying a mty to shift targets) .

No an
c
horage (rapid emplace AmericanlG-lnch.

ment
Track platform (fairly rapid em American8-inch .

fig
m ent; all round fire; rapid

Ground platform (wide traverse St. Chamond 400-millimeter.

onheavy guns; rapid fire) .

467 . For every class of service, therefore, those characteristics
must be chosen which possess the maxh um number of points ad

vantageous for the particular serv ice and the minh um number of
points which are disadvantageous .

SERVICE REQ UIRED O F RAILWAY ARTILLERY.

I
468 . GUNS .

— In a broad way , the service required of railway
artillery may be defined in terms of caliber and range. Referring
to plate 58 and the discussion of it at the end of section 2 , it appears
that the field here discussed lies between calibers of 200 and 500

millimeters and ranges of 1 0 to 50 kilometers . A single type of gun,
of the larges t caliber and longes t range required would, of course,
cover the entire field, but this would manifestly be uneconomical.
The subdivisions which should be made in range and in caliber will
be considered in the nex t section.

469 . SUBDIVISIO N BY RANGE .
— AS noted above, the range to be

covered by railway guns ex tends from 1 0 to 50 kilometers . The

distances atwhich the guns will be located behind the lines will vary

Simplicity andrapidity ofmanu
facture; smallmaintenance.

Rapid construction of emplace
ment; rapidfire. (Small guns . )

Same as cradle recoil ; rapid fire;
minimumnumberaxles .

Balanced gun without
counterwe ght or counterbal
ance.

Simpletrunnions:easy Operation
Compactness of gear; selt-locklng
gear.

Rapid construction of emplace
ment; accuracy of lay

ing .

Wide traverse; rapi emplace
ment.

Simpleconstruction

Ra
f
id fire; simple construction

0 mount.

Utmostrapidity ofemplacement;
simpleconstructionofmount.

Rapidlty otemplacement; simple
constructionormount.
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greatly ; approxh ates from practice are given in the table below .

The question to be investigated is how many different caliber
lengths of guns should be provided for each caliber. The theoretical
points covering this will first be brought out and they will then be
compared with experience.

470. The ideal ah ed at in this subdivision is , of course, to hit
each of the individual targets which may be presented at any point
in the field above, with a minh um average cost per shot . At a

givencaliber the cost of charge does not vary greatly with the range.

The cost of gun wear varies enormously and it is this factor alone
which will be considered .

Characten
'

aticaof heavy and rai lway artillery .

Life of

47 1 . Consideration of a large number of actual cases shows that
the cost per shot for gun wear varies with the max imum range at

which the gun can shoot . These cases as well as theoretical calcu
lations show that the variation in cost per shot is directly as about
the cube of the range. O n the basis of the above it can be shown
that two guns, one .having 1 00 per cent and the other from 70 to 80

per cent of the max imum required range, constitute probably the

most advantageous subdivision to cover the above field. A study
of the caliber length of the entire ex isting line of the Uni ted States
Army cannon indicates a decided grouping around averagecaliber
lengths of 1 2, 32, and 50. This corresponds approx imately to ranges

of 1 00, 75 , and 45 per cent . This may be taken as a rough check
on the above

,
because the variation in range covered by these guns is

greater than that in questionhere.

472. SUBDIVISIO N BY CALIBERS.

—AS noted before, calibers of
pieces are determined by resistance of targets ; but there are targets
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of two kinds as regards resistance, and these require separate con

sideration. They are:

(a) Targets which
'

require only a certain amount of explosive
to destroy them ; i . e. ,

which may be demolished by a

few large ormany small shells .

(b) Targets requiring at least a given caliber shell onwhich a
larger caliber represents a waste and a smaller is in

effective.

473 . A detailed investigation of the ranges, weights, and rounds
life of ex isting guns indicates that for targets of type (a) the cost in

gunwear of placing agivenweight of projectiles is nearly independent
of caliber for ranges above 20 kilometers. (Details of these calcula

tions are given inAppendix II ; in such cases hence, subdivision of
calibers is otrelatively smallh portance.) Forranges of 20 kilometers
or less it becomes progressively more economical to use the smallest
possible caliber

,
sending over the required larger number of shells to

accomplish the demolition.

474 . For targets of type (b) the above investigation indicates
that the cost per shot in gunwear varies as about the caliber cubed ,
and the laws governing themost advantageous subdivisionwould be
sh ilar to those deduced in the case of range.

475 . In land warfare it may be said that the targets of type (a)
occur at ranges (over 20 kilometers total ormore than 1 0 kilometers
behind the lines) and under circumstances for which guns are em

ployed (interdiction,
long—range destruction of buildings, railroad

yards, store yards, while targets of type (b) (fortified works,
troop shelters

,
etc. ) are generally fairly close and often demand a

plunging fire, thus requiring Howitzers . Hence it may be concluded
that :

(a) Great subdivision as to calibers is not called for theo
retically for guns . Here such subdivision would
probably be decided wholly on the basis of other con
siderations

,
such as strength of given types of mounts ,

relative range, etc.

(b) Howi tzers, however, should be well subdivided , probably
with three sizes between the lh its given. A subdivision
of 400 millimeters or 1 6 inches

,
305 millh eters or 1 2

inches , 240 millimeters or inches , checks well with
theoretical requirements . The latter Howitzer will
probably be mounted upon a caterpillar and need not

be considered here.

476 . In coast defense, targets are practically all of class para

graph 472 . O i necessity , plunging fire will be conducted at shorter
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ranges than»direct fire ; those targets requiring the larges t calibers,
however

,
will generally also be at the greatest ranges.

477 . SUB DIVISION BASED O N REQ UIREMENTS or Seavrcn.

— In the

spring of 1 9 1 8 the allied armies were planning a great offensive for
the year following and elaborate consideration was given to heavy
artillery requirements . The following condensed tabulation is based
on the report of the allied conference on this subject .

FO B DESTRUCTIO N .

Caliberrequired .

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

FO R COUNTERBATTERY WORK.

FO R INTERDICTIO N .

The railway guns in other armies also give some information along
this line. Some of these are as follows :

Caliber. Range. Traverse. Time (orpreparation.

Dec.

360 Fairly small .
360 Do.

2
2

No reparatirn.

4

0 .

Do.

The Germanrailway mounts were :

Caliber. Range. Traverse. Timeforpreparation.

26 1 0minutes.

95 a2-4 days .

40 1 0minutes.

40 3—6 days .

Ep i . No preparation.

360 3weeks.

I A . 30433 1e howitzerlsalsomounted onthissamecarriage.
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Judging from the above
,
i t would seem that almost anything

sui table for land warfare would also hnd a useful place in the coast
defense armament.
480. CO NCLUSIO NS as TO GUN S .

—The conclusion as to the caliber
and length of guns which should be adopted for a railway artillery
program should be based upon the foregoing considerations and also

upon a comparison with the pieces of heavy mobile artillery which
cover the field immediately below.

48 1 . Inmaking this last comparison,
account must be takenof the

fact that mobile artillery ,
especially the pieces mounted on caterpil

lars, canbe takenmuch nearer the front line thanrailway artillery to

bring this out, a tabulationof pharacteristics for some heavy wheeled ,
caterpillar-mounted and railroad guns, is givenon page 602. On the

bas is of this data
,
another curve similar to plate 58 has been drawn,

but this time with abscissa representing the distance of the target
from the front lines . On this

,
the field covered by each of the

guns , also trench artillery and bombing planes ,
is indicated , plate 437 .

482 . In view of all of the foregoing, the following is felt to be a

logical selectionof guns 1orarailway artillery program :

1 2-inch 20 to 25 caliber howitzer for destruction and counter
battery work .

1 6-inch 1 8 to 25 caliberHowitzer for destruction.

1 0-inch 50-caliber gun for destruction and interdiction.

1 4-inch 50-caliber gun for distant destruction.

The fields of these guns have been plotted on the curve, plate 437 .

It will be noted that the subdivision,
in general , follows the require

ments of the theory before outlined, except for guns of intermediate
range between the 1 4- inch 50-caliber and the 1 6-inch howi tzer, and
the 1 0-inch 50-caliber gun and the 1 2-inch howi tzer. In these cases,
i t is felt that most targets , ex isting at ranges of more than 1 0 kilo
meters from the lines, will be of the type which can perfectly well
be handled by a sufficient number of smaller shells ( 1 0- inch instead
of 1 4- inch and 1 94-millimeter instead of 1 0- inch) , so that occasions
for using the 1 0- inch and 1 4- inch guns at short ranges ought to be
rare. I t is felt that these guns are also well suited to coas t defense.

483. MO UNTS .

— In section 2 i t was brought out that types of
mounts (considered on the bas is of traverse and anchorage) were
assigned according to the number of different targets to be fired
upon (amount of traverse required) and the time available for the
preparation of emplacement. Other characteristics, as ex tent of

elevation
,
are determined by the type and size of gun to bemounted.

A consideration of the report of the allied conference and of general





586

practice in the French and British armies shows these requirements
to be as follows (these points have already been partially brought
out in section 2)

(a) For heavy destruction at short rang e
Traverse: It is seldom that more than one target

need be covered at a th e and limited traverse,
10—1 2 degrees, appears to be satisfactory .

Time for emplacements : These guns oftenmust work
close to the front line. It is highly h portant that
they advance, deliver theirfire, andretireas quickly
as possible. Th eforemplacement should therefore
be as small as is practicable.

(b) For destructionat long range

Traverse: As above, but 2 degrees is sufficient.

Th e for emplacement : Abundant leisure is usually
available for construction of emplacement of this

Forcounter—battery work
Traverse : 360 degrees if possible ; 60 degrees as a

minh um.

Time for emplacement : These pieces must be even

more mobile than those for destruction at short
range. Time for emplacement should be the mini
mum consistent with the above traverse (one or

two hours)
For interdiction

Traverse: Practice in the armies indicates that
limited fire with a fair amount of traverse (60
degrees) is sufficient for railway mounts. This is
further justified by the probabili ty that smaller
mobile guns on caterpillar mounts will cover the
field for which all round fire railway mounts would
be required .

Time for emplacement : This should be theminimum
consistent with obtaining the traverse required.

For seacoast defense:
Traverse: Field of fire 60- 1 80

° perpendicular to track .

Must be possible to sight, traverse, and elevate the

mount up to themoment of fire. It must be possi
ble to do this for a battery simultaneously. This
wi ll probably involvemuch aux iliary equipment.

Time for emplacement : Should be fairly short.
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Recoil mechanism or shock absorbers for seats of personnel
and air brakes set by the recoilmight well be added , so that
the mount might be used ei ther as an emplacement (base
ring) or as a rolling recoil mount for coast defense, if the
lattermethod were found necessary .

487 . TEN-INCH
, 50

-CALIBER GUN .

-This mount must supplement
the long guns on caterpillars on interdiction and long—range destruo
tion work . It must be capable of quick emplacement , should have
awide field of fire and should be able to deliver anumber of shots in
aminimum of th e. A consideration of these points leads to the

following recommendations on desirable characteristics :
Recoil : Cradle, with pneumaticrecuperator.

Spur gearing with anti-friction dev ice on the trunnions.

Elevation:
Ratio

,
1 degree elevation per turn of handwheel.

Elevation to 45 degrees .

Traverse: Car traverse
O u trucks for limi ted fire of 1 1 degrees .

Oncenter pintle for lh ited fire of 60 degrees .

Railway car: Girder type.

Anchorage :
Rolling for 1 1 degrees fire.

Track platformandstruts for60 degrees fire.

Ammunition supply : Crane and shot truck .

Piates 59 , 60, and 438 to 448 show how this designmight beworked
up . While details havenotbeen investigated, enough has been done
on each important feature to demonstrate that nothing is required
of i t beyond that required of a sh ilar feature on an ex isting suc

cessfulmount . It is believed that this type of mount would bewell
adapted to emergency coast defense.

488 . FO URTEEN-INCH
, 50

-CALIBER GUN .
-This mount will be used

for the lbngest range destruction work . I t will , in general, be

employed some distance back of the lines , ample time will be avail
able for placing i t and its field of fire at any time is apt to benarrow .

It is recommended that the carriage suggested for the 1 6—inch, 25
caliber howitzer be used likewise for this gun. An elevation of at
least 50 degrees and an elevating gear ratio of degrees per turn
of the handwheel is recommended .
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SECTION 5 .

PROCEDURE IN PREPARING FOR ACTION IN LAND WARFARE.

489 . In brief and in effect the procedure in preparing batteries or

groups of railway artillery for action is as follows
490. The commander of the heavy artillery receives instructions

to operate ona certaingroup of targets inany of the sectors covered
by the various armies . (This of course is based on the assumption
that all the heavy artillery is available for use in any of the armies . )

Inthe event that theheavy artillery be divided into units auni t being
allowed to each army

,
then the commander of the heavy artillery

assigned to any given army will receive his instructions from the

commander of that army.

49 1 . The targets in the group assigned may be any of the great
variety noted under the heading ,

“ Scope of utility of railway
artillery .

” The significant point is that they are always of the type
that may be termed

“fixed
,

”
in the sense that they can not be

moved , or are not likely to be moved, in a short time. This makes
i t possible to prepare foranactionina thoroughandaccuratemanner,
and with comparative deliberation. As given in the instructions
to the heavy-artillery commander, the targets are in terms of coordi
nates with reference to the adopted system of quadrillage. When

given in such coordinates they may be readily located on any

mili tarymap and thenecessary hring posi tions selected and prepared .

492 . The orders mentioned above are transmi tted to the artillery
officer, likely a colonel, directly in charge in the sector concerned ,
who

,
after consideration of the characteristics of the targets and the

probable operating conditions
,
decides upon the type of artillery

required , and places a request with headquarters that a certain
number of groups of railway artillery of the desired caliberbe
ordered to report in that sector for service. The staff of this officer
further carries out the work of reconnaissance, selecting the hring
position, terrestrial observation posts, and parking stations for the
troop trains . The orienteur officer in charge attached to the staff

proceeds with the work of preparing the necessary data for laying
out the epi curves, etc.

493. Upon receipt of orders from the railway artillery head
quarters the group commanders proceed with their troop trains to
the sector designated and report to the officer incharge. The troop

(601 )
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trains are parked in prearranged places and the personnel of the
various batteries at once proceed with the work of laying all nec

essary telephone lines , constructing epis, dugouts, etc. When all

preparations to the minutest details have been completed, the

group commander orders the portion of his personnel still at the
artillery camp to proceed to the front wi th the guns . Each gun,

wi th its attendant ammuni tion cars
,
is provided with its own loco

motive. It is desirable always to have the guns arrive during the
night and placed on the firing posi tions so that hring may begin as
soonas i t is light enough for satisfactory observation. This observa
tion may be ei ther from terrestrial posts or from the air; if ter
restrial, i t is desired to have three posts. It is desired to have the
observation handled by airplanes , if at all possible

,
inasmuch as

they are able to make their observations approx imately over the
targets .

494 . If necessary or desirable, the guns may remain inone position
for several days, since i t may take the enemy four or five days or

even longer to locate them and place artillery of sufficient range to
return fire. Generally it is not necessary to remain in one posi tion
very long . In one of the engag ements in which the Americans,
operating 320-millimeter howi tzers , were engaged , one battery fired
1 1 shots and the other 45 shots . The targets were demolished and

the battery moved out atnight and returned to camp about 30 miles
behind the hues .

‘

They remained in camp until needed at the front
again for similar service.

495 . The understanding that at first prevailed in the Ordnance
Department that the various units of railway artillery would be
kept in the held , as the term is used wi th reference to light artillery ,
proved erroneous. This artillerymay occasionally be idle formonths
and when needed it may be for only a few days

,
after which it is

moved back to the permanent camp . Incidentally, the shops for
the maintenance of this artillery are likewise located in the . per

manent camp .

496 . CO NSTRUCTIO N .
—AS indicated in the preceding , considerable

construction of various kinds is necessary in preparation for the use
of railway artillery . This is described and specified very completely
in the instructions for “ Trackwork for Heavy Artillery

,

” issued by
the French Army . This manual is so good a treatise on the subject
that i t is quoted entire at the close of this section.

497 . CAMO UFLAGE .

—The subject of camouflage is too broad to be
more than touched upon here, but i t will be outlined by indicating
first the means developed for locating batteries, and on the other
hand

,
the steps taken to defeat these means and hidethe positions .

In general, camouflage is of less importance, relatively, on railway
artillery than on the lighter pieces .
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PLATE 454

ENTRANCE TO CO NCRETE SHELTER TO 340-MM. FRENCH GUN (CO N
STRUCTED BY AMERICANS ) .

PLATE 455

INTERIO R O F CO NCRETE EMPLACEMENT FO R 340-MM. FRENCH GUN (CON
STRUCTED BY AMERICANS ) .
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PLATE

INTERIO R O F CO NCRETE EMPLACEMENT FO R 340-MM. FRENCH GUN
(LOOKING TO WARD THE ENTRANCE) .
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TRACK WORK FO R HEAVY ARTILLERY.

503 . The material which follows on The study
.

and locating of

track,
” “Track construction,

” “ Placing of hring track,
”
etc.

,
has

been ex tracted almost verbatim from a translation of a French
pamphlet entitled “Manual of the Course for Student
This manual was prepared by the French Service for the instruction
of officers assigned to theirRailway Artillery Camp atMailly, France.

The translation was made by Capts . C . L . Nelson and A . N . Clark,
Engineers, U. S. R .

,
and was edited by Maj . Orville Benson.

504 . STUDY AND LOCATING or TRACK .

— The studies and the locat
ing of railway tracks are made by topographic parties of certain
regh ents of the Corps of Engineers, or of the Standard Track Con
struction Batteries, who are part of the Railway Artillery Res erve.

505 . The beginning and end of a line are always indicated approxi
mately by the authority that orders the studies . After making a

study on the topographicmap ,
the chief of the party makes a recon

naissance on the ground , covering the zone of the eventual construc
tion. This reconnaissance will reveal to hh the points of necessary

passage, the points favorable for the departure A , and of arrival B ,

the obstacles to be avoided , the parts defiladed from the view of the
enemy , the camouflage which will be necessary , and permits the

determination of the strip of land onwhich the location is possible.

506 . In default of a good topographicmap, it is necessary to run

a grade line on the ground , to make sure that the max imum grade
is not exceeded . The topographic, party then proceeds to survey
the aforesaid strip of land . An experienced operator runs a pre

liminary traverse line there, formed by a series of straight align
ments

,
of which the ex tremi ties are indicated on the ground by

stakes . These stakes and alignments are chained (Ao ,
ab

, bc, 0B )

and angles A ,
a
,
b
,
0
,
figure 1 , plate 457 , are measured with a transit,

beginning withA of the traverse. These measures allow themaking
of amap of the traversewhich is plotted onascale of or

O n this traverse numbered stakes are also placed at all points ( 1 , 2)
where there is a break in the slope. A level line is then run over all
thepoints, A ,

1
,
2
,
a
,
b
,
c
,
B . At all these stakes a cross profile is

surveyed reaching 30 to 40 meters to each side,
in the same manner

that the longitudinal profile was made.

507 . All of the lines of the traverse and the traverse profiles (cross
sections ) are drawn 0 1 1 a plate. In this way one has the position
and elevation of all of the essential points of the strip of terrain; it
is easy to draw the contours on the plate. Another more rapid
method is to take stadia shots directly to the essential points of the
terrain from instrument stations placed successively at stations A ,

a, b, etc. , of the traverse. O n this contour map i t becomes possible
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to study a line answering all the technical conditions imposed , which
will be discussed in detail later. This line, drawn in a heavy or red

line on the map , permits the plotting of the longitudinal profile, in
which the distances between different points of the terrain appear as
abscissa; and their elevationas ordinates

,
figure 2, plate 457 . On this

longitudinal profile onemay draw the red line or profile of the track
by a series of grades j oining the track of departure with the objec
tive without ever exceeding the maxh um grade.

508 . When the red line passes underneath the black line repre

senting the terrain the track is in out; when the red line is above
the black line the track is onfill, figure 3, plate 457 . The difference
in elevation between each point of these two lines of the prohle

gives the height of the road bed above or its depth below the natural
surface.

509 . In taking account of the width of the road bed and its em

placement one may , in utilizing only the longitudinal profile, com
pute the volume of cut and fill necessary, and accordingly determine
the number of days’ work . When the projact is approved the line
is located on the ground ; that is, it is staked out.

5 1 0. STAKING .

— The numbered stakes of the prelh inary survey
are useful in laying out on the ground the line adopted , the distances
from the line to these stakes being scaled from the map .

5 1 1 . CENTER SrAKEs .

— The stakes are placed at the points of
tangency of the curve with the tangents . In the French Railway
Artillery Engineers

’ Service
,
these stakes are painted whi te and

carry the letter “ T with a number in order; intermediate red

stakes, of which the numbers are of the same series as the preceding
ones , are placed every 50 meters, on tangents, and every 25 meters
on curves . A tack is driven in the stake at the center of the track .

5 1 2 . ELEVATIO N STAKES .

— Tllese stakes are set in such amanner

that the head has the elevationof the top of rail. They are placed
at the side of the track , about 2} meters ( from the rail. Breaks in

grade are painted in yellow andmarked C . P. , with a serial num
ber on stakes . Intermediate stakes of the same color every 50

meters are numbered in a series distinct from that of the line stakes .

5 1 3 . SPEC IFICATIO NS or STANDARD TRACK .

—Minh um radius of
curves

,
1 50 meters ; tangents to be inserted between reverse curves ,

25 meters ; maxh um grade on tangents and on curves above 1 50
meters radius , 20 millh eters per meter, or 2 per cent . Reverse

grades should be j oined by a vertical curve of meters radius .

Gauge, distance between the inside of the heads of the rails . The

gauge used for artillery is slightly wider than for standard track
work

, e. g .
,
tangents and curves over 1 50meters radius (4 feet ,

inches) , meters ; curves of less than 1 50 meters radius (4 feet,
inches) , meters . Spacing, C to C, of ties , meters ;
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width of subgrade,
4 to 5 meters . The clearance required for rolling

stock is given by sketch, figure 5 , plate 457 . The rails ought to be
at least 1 meter from any obstacle, and it is necessary to increase
this distance on curves to allow for leaning and the cutting in of long
cars . A detailed discussion of clearances for American railways as

well as French is given in paragraphs 664 to 688 .

51 4 . EARTHWO RK .

—The study of projects ought to be conducted
in such amanner as to make necessary the least possible amount of
earthwork . The execution of earthwork may be done, either by
the method of borrow and deposit

,

”
in which necessary earth is

taken from borrow pits along the side and excess material is thrown
back over the sides of the cuts ; or by the method of “ transports ,

”

inwhich the earth is carried from the cuts tomakeup thefills . While
the earthwork is in progress care is necessary that the grade stakes
be not disturbed .

5 1 5 . The depth to which it is necessary to go to reach the subgrade
may be indicated to the excavators in a striking manner as follows :

(a) In cut, a hole, half a meter square, is made at the side of each
stake with the bottom at the level at the subgrade ; or, the depth to
which it is necessary to descend is written on the head of the stake .

(b) Infill , the red line of the fills is represented inprofile with pickets
of the proper length. In fills the height is increased 1 0 per cent to
allow forsettling . The earthwork is controlled with aset of nivellets

eu bois .

”

5 1 6 . SIDE Snorns or CUT AND F1 LL .

— In ordinary soil the slope
of a cut varies between 1 to 2 in height to 1 on the base. In chalk
onemay adopt 5 in height to 1 on the base. The slope of fill is 2 in
height to 3 on the base ; someth es this is reduced to 1 to 1 to reduce
the base

,
figure 1 , plate

'

478 .

5 1 7 . AMO UNT or Emmwoax PER Excavaroa PER. DAY .

— A

man ought to dig and load into awheelbarrow , ordig and throwwi th
one toss of the shovel

,
from 2 to 4 cubicmeters of earth in cut in a

lo-hour day . In firm soil
,
e. g .

,
chalk

,
or moist soil

,
i . e.

,
clay

,
the

productionmay fall to from 1 to 3 cubicmeters . With a shovel a
man can load or unload from 8 to 1 0 cubicmeters of soil,

‘

gravel, or
ballas t per day .

TRACK CO NSTRUCTIO N .

5 1 8 . MATER IAL .

— InFrance two types of track have been adopted ;
they are distinguished by the form of the rail and the method of
attachment to the ties . These are : ( 1 ) Voie Vignole or T rail ; the
tie is notched to provide a Seat inwhich the flange of the rail rests ;
the rail is fas tened to the tie by two or three screw spikes

,
figure 2,

plate 478 . (2) Voie Coussinets (chair track) ; the rail has anearly
symmetrical section and is held by a wedge in the chair

,
which is

fastened to the tie by screw spikes
,
figure 3, plate 458 . The rails
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PLATE 458

PROFILES, RAIL SECTIO NS, AND SWITCHES.



https://www.forgottenbooks.com/join


61 6

(This necessitates starting with half a rail length at the point of

tangency . ) (c) On crooked lines or wherever tangents are not

predominant
,
staggered joints should be used throughout the entire

length .

TRACK LAYING .

524 . Before beginning the track laying it is necessary to check for
the stakes that may have been disturbed during the excavating .

These stakeswill serve as guides for distributing the ties and the rails ,
and after the ballas ting has been completed they will serve as guides
for the exact placing of the track . Following are brief rules for the
laying and assembling of the track components :
(a) Ties : The ties are properly spaced by means of a gauge and

are aligned approx imately through the use of the rail notches as

guides .

(6) Rails : As noted in the preceding paragraphs, spaces should be
left at the joints for expansion

,
and care should be exercised to avoid

any considerable displacing of the ties .

(c) Joining of the rails : . The connecting or fish plates are placed
at the rail joints and bolted tight .

(d) Adjustment of ties : After the rails are bolted together the
exact positions of the ties may be marked off on them with chalk,

d the ties adjusted to this marking by hand orwi th bars .

(8 ) Spiking or wedging : As soon as the ties are adjusted the

rails may be spiked to them
,
using a gauge to keep the rails the

proper distance from each other, if T rails are being used . If
rail chairs are provided

,
these chairs will have been previously spiked

to the ties at
‘

proper distances apart and the rails need only bewedged
into them.

(f) Firing track : For this section of a track T rails of a heavy
weight and from 1 1 to 1 2 meters in length are always used . No

particular attentionneed be paid to the locating of the joints . Par

ticular attention must be paid
,
however

,
to the locating of the ties

with respect to the holes in the structural steel sliding bean
‘

m.

525 . TURN O UT8 .

— A turnout is composed of three parts . These
are ( 1 ) A switch

,
which is the operating section; (2) a junction,

which carries two ordinary tracks ; and (3) a crossing with a frog or

guard rails . A crossing may be defined in two ways— that is, either
by the angle between the two

,
tracks which it cuts

,
for example, 5

degrees and 30 minutes, 7 degrees and 30 minutes, which are angles
in use on the Est Railway

,
or by the tangent of the angle between

the two axes .

526 . STUDY or TURNO UTS .

— Tupreparing forthe placing of aswitch,
the type having been determined, it is necessary to know the follow:
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ing : ( 1 ) The total length of the turnout , L,
and (2) the position of

the tangent of the turnout , TT, which is defined by the position of
the point B

,
with intersection of the axes ; with reference to one end

of the switch
,
and by the angle between the two axes , figure 5, plate

478 . Figure 6, plate 458, illustrates the standard 5-degree 30-minute,
model 1 909, 45-kilogram rail swi tches in use on the Est Railway .

527 . BALLASTING AND ADJU8T1N0 .

— Before ballasting, grade stakes
are set regularly at intervals of 25 meters as well as along or inside
the track at changes ingrade. The top of a stake gives the elevation
of the rail (inside rail on curves) . The quantities of ballast per
meter of track are : 1 ) Through tracks, cubicmeters to
cubicmeters

,
according to the nature of the terrain; (2) hring tracks,

cubicmeters .

528 . The straightening, adjusting and tamping is handled succes

sively , andwith repeated corrections until the desired regularity both
in plan and profile is obtained . The raising of the track includes :

( 1 ) The raising and bringing to grade of points at the grade stakes ,
and (2) the raising and bringing to grade of all points between the

grade stakes . In this second raising three little blocks of equal
heights may be placed at the points first raised and the point being
raised for convenience in sighting . The track having been raised
bymeans of screw jacks or levers

,
the ballast is gradually filled inand

tw ped under the ties with tamping picks or bars. The tamping.
should be energeticunder the rails and to a distance of from 30 to 35
centimeters on either side under the middle of the tie it should be
very gentle. The straightening is handled ordinarily by a gang of
about a dozenmen using large bars . The track is lined up with the
line stakes by measurement and for final and fine adjustment by
sighting with the eye.

529 . EO LMER Swrron.

— The installation of the standard type of
swi tch generally requires two days with a gang of 20 trained menand
necessitates the complete cutting of the main line for a distance of
about 30 meters for several hours . The Eolmer is a removable
swi tchwhich canbe placed m a few hours at any point whatsoever of
a track m service andwithout taking up the rails . To clear themain
line for traffic

,
it is necessary to takeup only three pieces of the switch ,

which canbe done in about 1 0minutes .

530. Thewhole of the Eolmer switch is represented in figure 1
,

plate 459 . It is shown here turned to the left . The switch points,
5 andD

,
fit to themain line rails on the top instead of along the side.

The tops of the switch points are shaped to a gentle grade and raise
the wheels gradually until the flanges are aboVe the rails of themain
track . At this point the wheels may follow the switch and they
definitely leave the main line when the one wheel crosses the frog at
0
, figure 3, plate 459 . Figure 2 shows how the points are attached
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CROSSINGS, TRACK ENDS, AND FIRING TRACKS
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SLIDING MOUNTS (MATERIELS a GLISEMENT) .

535 . Guns mounted on sliding carriages are fired from a track
called a firing track or epi, laid on the arc of a circle so as to permit
the orientation of the piece to cover the field of fire selected . For

firing, beams (poutrelles) are placed parallel to the rails and screwed
to the ties ; the jacks which relieve the wheel trucks of their load bear
on these beams and provide friction for absorbing the shock of recoil .

536 . FIR ING BEAMS .

—Tlle above platforms or beams are about
meters long . This length permits 8 grads degrees) held of

fire for a curve of 200 meters radius and 1 0 grads (9 degrees) for a
90-meters curve. They should not be fastened to the ties before the

gun is ready to occupy the position to fire. They are then fastened
with screws in the holes that will be mentioned in the next para

graph
537 . Frame Err CO N STRUCTIO N .

— Tlle hring epi for each piece is
acurve constructed with special Trails (45 kilograms) and chamfered
ties by by 3 meters) . Firing tracks have no super-eleva
tion. The gauge is from meters (4 feet inches) for a curve
of 1 50 meters radius to meters (4 feet , inches) for the
smallest radius (90 meters) . The special ties are not shod

,
but are

delivered bored for track screws . They should be spaced 0 .54

meters, 0 to 0 ,
on center line of track . Holes are provided in the

ties to receive the screws for both rails and beams . To prevent
ballast from getting into these holes it is well to plug them with
straw or hard grease. The ends of the tie in which the distance
between the holes for the rail and the beam is the greatermust be
laid on the inside of the curve. After the ties are laid , their proper
position should be verified by running the eyes over these holes

,

figure 4 , plate 460 . Track screws of a standard type and size only
should be used in these ties ; nothing else that might change them
or prevent their being used agai nshould be used . At rail ends

,
the

screws must be carefully screwed down and not driven downwith
a hammer.

538 . BALLAST.

-Tile ties should be laid on a bed of excellent
ballast

,
meters (6 inches) thick , extending meters beyond

each end of the ties . The tie should be completely buried in the

ballast throughout its length. The resulting bed of ballast will be 4
meters wide at the top and meters at the bottom ; this will re
quire about cubic meters per meter of track . The ballasting
should be done with special care

,
the tamping being done preferably

wi th bars .

539 . ErrLmr
'

rs .

— An epi is usually defined by its point of begin
ning and the direction of its two ends

,
but to avoid confusion it
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should always be made plainwhether extreme directions refer to the
desired field of fire, or to the construction of the track itself . Suffi

cient trackage must be provided for the auxiliary equipment , either
ahead or to the rear, depending on its relation to the working of the

gun; the length of the curve must exceed that corresponding to the
field of fire prescribed in order to provide for corrections in aiming ,

usually an equivalent of 1 0 degrees are added to each end, making
a total increase of 20 degrees inthe curve.

540 . EPI SPEC IFICATIO NS .

— Ill general the hring epi has a uniform
curvature ; but in a very exceptional case the terrainmay make i t
necessary to adopt an irregular curve ; in such case the radius must
never be less than 90 meters (approx imately 300 feet ) , and the ex

treme directionmust be maintained in such a manner that the tan

gents to the curve will sweep the entire field of fire progressively as

the gun advances along the epi . In general also , the epi should be
level, but to facilitate its adaptationto the terrain,

agrade notexceed
ing 5 millimeters permeter (5 per cent) may be used . In every case
the epi should be constructed in out

,
so as to assure a solid platform

forfiring ; exceptionmay be made for those sections of the epi occu
pied only by the end trucks in ex treme hra since they would never
receive the shock of recoil . If fill is unavoidable, as for instance in
crossing a ditch or depressed road

,
the hll must be made with good

ballast well rammed , with no voids whatever that could cause settle
ment . When the cutting becomes deep it is well to have its sides
made in steps to facilitate the get-away of personnel at the moment
of hring .

54 1 . BATTERY Eri s .

— In whatever way the epis of a battery are

arranged , sufficient space (at least 50 meters ) must be allowed that
there shall be no danger that one shall suffer from the blast of the
other. When the two epis are near each other, they should be
concentric so as to insure a common direction of fire. Usually two
epis are constructed together with a common center, having res

pective radii of 90 and 1 40 meters .

542 . GR O UP EPIS .

-With a group consisting of four pieces, the

group epi
”may cons ist of four epis togethermade up of two

“
bat

tery epis in some form, bearing inmind the
“ blast ” mentioned in

connection with “ battery epis . Parallelism of four pieces may be
secured by arranging the epis in a forceps form,

figure 5 , plate 460 .

This form may be approx imated by separating the curve centers ,
figures 6 , 7 and 8 . Other forms necessitated by the terrain are,

the
“ palm, consisting of four epis with a common center, figure 9 ,

or of four epis curving the same way ,
but having different centers ,

figure 1 0. A gunmust always be at least 50 meters from the field

of fire of neighboring pieces .
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laid along the edge of woods to conceal at least partially the new
earthwork , or on beaten roads , thereby avoiding earthwork which
easily attracts attention. The rails and ties may be masked under
ballast or cloth and deceptive road ends may be made at a notice
able point such as quarry, awood , a farm, or another road by a false
branch made up entirely of painted cloth . The true entrance should
be concealed under cover of the woods ,making a turnout anda false
entrance further along .

548 . Frame Eri s .

—Experience has shown that one need not

consider the masking in a group of curved epis of any but the direct
ing gun .by concealing the switches and completing
the curves by false track . Complete camouflage of the whole work
would be long and of little use. It will be well to make false epis
in the neighborhood by means of a sh ple turning over of the earth
with a plow

,
by simulating pieces covered with tarpaulin, and by

placing on the true epis false shell holes to make i t appear that the
access to or the use of them is impossible.

549 . Single epis
, curved or straight , are much easier to camou

flage. First
,
one can often place them in woods or ravines ; when

they are very short, as in the case of the howitzers , it is evenpossible
to cover them completely with cloth or rafiia. It is desirable to

avoid the use of geometrical curves in the access tracks . In O pen
country these epis can be prolonged by a false road or a false track
to a natural point of attraction, as another track or road , or to a

quarry or a town if one doesn’ t succeed in concealing the railroad ,
one has at least a chance for hiding the epi itself, and that is what is
most important .

GARAGES.

550. CommNnNrs .

— Dach garage for heavy railway artillery
comprises chicfly, a line track, a passing track paralleling the line
track throughout the length of the garage, and which serves as a

maneuvering track , some storage tracks reserved either for firing
trains or for personnel trains

,
and branches on the maneuvering

track, plate 46 1 . At some place in the complete system theremust
be a Y track for turning . In certain garages , the tracks for person
nel trains are not ballasted . This economical plan presents no dith
cultice provided the personnel trains only are admitted to them. As

far as possible, no tracks for hring trains should have dead ends, in
order that they may not be blocked in. Garages are established at
suitable points where the ground is level, near a road to facilitate
supply renewals and where watermay be had. Usually twoor four

groups canbe united .

551 . LENGTH or Tnacxs .

— The lengths adopted for the storage
tracks vary according to the equipment . For a group of four 32

centimeter guns there is generally allowed 350 meters for the firing
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trains and 350 meters for the personnel trains . The radius of 1 50
meters has been adopted ‘as the most suitable for curves on garage
tracks ; for sharper curves over which guns are to bemoved super

elevationmust be given.

552 . WATER .

— If the water supply points be near, the locomo

tives go there, separately according to a rotation regiilated by the
commanding officer of the camp . If there is a place to fill water
cars

,
or if the source of water supply is distant, provision is made

for one or several water trains, which circulate as conditions require,
to supply all groups which occupy the garage. In case the source
is distant

,
locomotives supply themselves at the water cars of the

group .

553 . FUEL DEPO TS .

— It will be convenient to arrange, at asui table
storage point , a small depot, independent of the fuel supply which
the groups maintain in the supply cars , where all the groups may
replenish their supply .

554 . MISCELLANEOUS INSTALLATIO Ns .

-It is advisable to build
a ballasted road to accommodate automobile trucks , for supply
replenishment

,
between the nearest main road and the garage. In

each garage, there should be built a hut or switchman’
s shanty for

the yardmaster and a but to serve as a telephone central for con

necting the units stationed at the garage. The telephone lines will
connect the yardmaster with the “

chef de la gare
” of the junction

of the railway artillery line with the main line and with the post of
the switchman stationed at the ex its of the garage. It is necessary,
moreover, to provide for each garage such operating equipment as
red and greenhags , green, red andwhite lanterns,lights for the yard
mas ter’s hut, andmaterials formaintenance of switches} The main
tenance of the garage trackage is the duty of the permanent personnel
of the garage, aided if necessary by aux iliaries furnished by the various

groups . A small supply depot should be established for this purpose.

MAINTENANCE OF TRACKS.

555 . REQ UIREMENTS or Goon Tm oxs .

— A good track must be
regular in alignment and profile without kinks or sharp bends . The

inspector satisfies himself on these points by going over the line and

verifying theregularity of alignment
,
straight orcurved . To verify the

profile by a glance of the eye, place the eye from time to th e close
to the rails , looking along the track as far as possible . The ends of
the rails must not touch each other, a space between them sufficient

for expansion being required . Each joint must be formed with two
splice-plates

_
fastened with four bolts (for heavy work six bolts are

used) . Flange rails must be fas tened to each tie with at leas t two
screws double-headed rails must all be wedged into the bearings
by the wedges of wood or iron. Every bent or broken rail makes
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ramming the soil in layers at the same time that the trackmen are

removing the twisted rails and the ties onwhich they rest . As soon

as the
,
shell hole is hlled the ballast can be restored and the ties and

rails replaced , spliced , and ,

spiked or wedged . The work will be
finished by dressing the track for alignment and profile, and com

plete tamping .

560. TRACK DRAINAGE .

—N6W drainage ditches should be made
deep and old ditches kept clean. They should always be provided
in cuts and on level ground to assure a flow of the water. If neces
sary, drains of tile, stones, or of bundles of boughs should be installed
beneath the track and j oining the two ditches .

56 1 . I'IANDLING or TRACK MATERIAL .

—TW O men can carry an

ordinary tie (weight 80 kilograms) . It requires three men to carry
a tie with cradles attached (weight 1 25 kilograms) . Four men are

needed for hring track ties (3 meters long, 1 60 kilograms) . Rails
ordinarily weigh, double headed , 38 kilograms permeter, andflanged,

45 kilograms per meter. For the carrying of rails , an allowance of

one man for each meter of length is made. Small supply depots
of rails , ties , splices , etc.

, for possible repair work
,
are generally

established at intervals of about 1 kilometer along mili tary railroads .

It is necessary that all officers of railway artillery be able to direct
a small j ob of construction or repair work .

DEPLO YMENT O F RAILWAY ARTILLERY O N THE ATTACKING FRO NT.

562 . Railway artillery
,
being difiicult to conceal, is ordinarily

employed in the mass . In the region of attack , there are united as

many positions as possible with a view to meeting various tactical
situations ; positions in the rear for demolition fire, advanced pos i
tions to be occupied on the days of attack, and contingent positions
for pursuit, whence to support the infantry as long as possible.

563. There is constructed , parallel to the front , a supply line (voie
de recede) , plate 46 1 , connected with two operating lines . This
track is generally constructed by the S. C . F. (service de Cheminde
Fer— equivalent to our railway engineers) . From this line, which
the Army uses for rationing and the transportation of muni tions

,

there ex tend various branches which lead to position 1
,
2
, 3, etc.

Near the supply line there are distributed the garages for hring
trains and personnel trains, the water-supply points, etc. A single
supply line may ex tend over 40 to 50 kilometers length along the
front .

Norn.

—The fi ench use the expression “
voie de recede, here translated “

supply
line,

”
to apply to the track system approximately paralleling the entire western

frontfromDunkirk toBelfort, andstyle the trainthattraverses itdaily
“The Recade.

564 . The access tracks that lead to the position are someth es

4 or 5 kilometers long ; with an average of 2 kilometers to a position,
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the four curved epis of a group represent a total length of from 600

to 800 meters . The equipment of an attacking front generally
calls for the laying of 200 kilometers of track , taking into considera
tion the retention of existing trackage. The amount of earthwork
involved in the construction of the access tracks and hring tracks
of a group someth es reached to cubic meters per
position,

the average being to cubicmeters per position.

The ex tent of trackage for railway artillery garages and ammunition
dumps on the front of any army is from 1 5 to 20 kilometers .

565 . A military laborer, who costs 5 francs per day , excavates 2
cubic meters per day and lays 4 meters of track on an average.

Ordinary ties cost 1 5 francs each, firing track ties 25 francs, and rails
60 francs per 1 00 kilograms . This gives an idea of the expense of
railway artillery trackage. I t is necessary that the entire personnel
of the railway artillery be entirely familiarwith their duties, to make
the best use possible of the powerful and expensive equipment that
is entrusted to them.

SUPPLEMENT TO TRACK LAYING .

566 . To STAKE O UT A STRAIGHT LINE BETWEEN TWO FIXED
Pom s .

—The chief of the party places himself 20 meters behind
one of the points and sends the rodman 50 meters ahead . The

rodman places and drives a stake so that its foot is in line with both
fixed points. (Lining i t in by eye. ) He continues to place stakes
at desired intervals which the chief of the party lines in from his

original position as long as he can effectively do so. If the line

goes through a depression, the chief may go forward and line up
stakes with those already set.

567 . To FIND m e INTERSECTIO N or Two ALIGNMENTS .
—A rod or

stake X figure 1 , plate 46° may be set at the intersection of align
ments AB and CD

, by placing observers atA and C’ or at stakes on
AH and CD, respectively, who line in the rodman’

s pole or stake
alternately until i t coincides wi th both lines . If the rodman is

using a stake, he carefully drops it and drives i t in where its point

568 . If the operator is alone, he stations hh self at the approxi

mate intersection and marks the spot wi th a stake, figure 2 . He

then places a second stake on AH about 1 0 meters from the inter
section, lining i t up with thefirststake andA orB , as the casemay be.

Nex t a third stake is placed onAH and about 1 0 meters on the other
side of the first stake. He then disregards the intersection stake
and begins to line up the stakes a. and bwi th A and B . From a he

lines in b with B ,
mov ing 6 (not a) until i t is in line. Then he

sights from 6 and lines in a wi th A,
moving a (not 6) until i t is in

line. Itmay be necessary to go from a to b a number of times in
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AP
,
whichmay be calledX the ordinate PM or Y is found approx i

mately by the formula Y = X /2R . Thus
,
for example, if R = 1 50

meters, a table of ordinates and abscissa can be quickly computed.

X Y

20m. .66 m.

40m. m.

60m. m.

The distances X are then measured from A along AS and the

corresponding distance Y perpendicular to AS
,
thereby locating

points on -the curve. It will be bes t not to attempt to locate more
than half the curve from AS. The same values may be used in
locating the other half of the curve from BS.

Table of coordinates on (he tangentfor laying a] runes.

(Equal distances every 10meters onthearc. )

Radius of thecurve (meters) .

9. N18 0. 41 6

1 . 993 1 9. 8N 1 . 81 3 1 9.“17 1 . 663
4. 466 29. 629 4. 066 29. 688 3. 730
1 89 1 1 39 1 24 7. 1K!
1 2. 242

1 7. 467 57. 069 1 4. 685

23 . 51 6 65. 470 1 9. 844

37. 839 $1 289 34. 810
47. 970 86. 784 42. 409

'
88. 821

Radius of thecurve (meters) .

‘

6
-3 s s.
83 w na
Eo z a 2
83 2 .s5
7 5 o

o s g o

5 .3 .o

a <
5 5 <

5

A!
10 9. 991 9. 993 9. 993 9. 994 0. 285

1 9.m 1 . 426 1 9. 941 1 . 331 1 9. 948 l . 248 1 9. 956
30 2 9W
40 39. 457 5. 674 39. 528 5. 302 39. 585 4. 974 39. 653 4. 552
50 48. 943 8. $14 49. 079 8. 257 49. 1 90 7. 749 49. 322 7. 094

58. 1 2. 661 58. 413 1 1 . 841 58. 604 58. $1 1 1 0. 1 85
70 67. 1 1 8 1 7. 1 38 67. 487 1 6. (B9 67. 788 1 5. 070 68. 1 48 13. 81 4
80 75. 71 6 22. 241 76. 261 20. 833 76. 868 1 9. 587 77. 242 1 7. 969
90
100

9. 995
1 9. 963
29.W2
39. 715
49. 424

0

3
3

3
5

w

P
P
P
P
N
P
P

2
5

1 5. 788
1 9. 91 1
24. 484
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PL ATE 464

STANDARD ELEVATIO N Q UADRANT USED WITH ALL RAILWAY MOUNTS.
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PLATE 466A

GO N IOMETER (FRENCH ) FO R TRAIN ING GUNS IN AZ IMUTH .
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GO NIOMETER (FRENCH) FO R TRAINING GUNS IN AZ IHUTH .



STANDARD PANO RAMIC SIGHT USED WITH ALL RAILWAY MOUNTS.
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to compute the gisement of the gun-target line. (The gisement of
a line is its angular direction, measured clockwise, with reference to
a north and south line through the zero point of the system of quad
rillage. Azimuth is a somewhat analogous term,

but is not exactly
the same, since it is the angular direction of a line also measured
clockwise, but with reference to a north and south line through the
point at which the line is being considered. Since north and south

lines are not parallel, obviously the azimuth of a line running, e. g .
,

north 45° east, is not the same at points 5 miles or even 1 mile apart. )
577 . FIN ITE AmmoPO INT.

— If the sighting apparatus is directed
on a visible and fixed reference point, either improvised or natural,
at a finite distance, this point is called a finite aiming point Under

such circumstances the goniometer, or panoramic sight, is always
attached to the gun and is set at the calculated angle. This scheme

of laying is most generally applied to field mounts and to railway
artillery having fix ed emplacements .

578 . INFIN ITE Ammo PO INT.

—If instead of a visible and fixed

reference point an aiming rule is used, we have what is called an

infinite aiming point . Ah aiming rule is a bar of iron L-shaped in

cross section about a meter and a half in length, which is mounted
on two heavy iron stakes set about ameter apart (pl . Provi
sion is made in the mechanism on the heads of the stakes

o

for adjus t
ing the bar both vertically and horizontally. In the outside of one
leg of the bar there is a V groove in which two of the legs of the
small iron tripod holding the goniometer, or panoramic sight, slide.

When mounted on this rule a sight may be moved through a dis

tance of nearly a meter and a half
,
all positions of the line of sight

being parallel to each other. The use of an aiming rule, of course,
always involves the use of either another sight or a mirror, adjust
able for horizontal angles, mounted on the gun. The use of the
aiming rule will be described in detail later.

APPLICATIO N OF FINITE AND INFINITE AIMING-PO INT METHO DS TO

RAILWAY ARTILLERY.

579 . On the basis of methods of traversing and schemes of fire
control railway artillery may be divided into three classes :

Class 1 : Guns provided wi th traverse and firing from fix ed or

semifixed emplacements on a straight track .

Class 2 : Guns provided with limited traverse and firing from
a curved track .

Class 3 : Guns having no traverse and firing from a curved
track .

580. OPERATIO N O F CLASS l— The emplacements of such mounts
are so designed as to have satisfactory stability throughout the range
of traverse provided . It is obvious that nothing can be secured in
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the way of traverse by moving the mount along a straight track .

Since the emplacement is assumed to have satisfactory stability ,

there is no objection to the use of a finite aiming point . If 0T
,

figure 1 , plate 470, is the plane of fire, and the aiming point is P ,

and the deflection angle a is known, either from calculation ormeas

urement, the gun is laid in direction by setting off on the sight an
angle equal to a and traversing the gun until the vertical cross line
of the sight is on P . If it is desired to change the direction of the
plane of fire to OT’

,
it is only necessary to set the sight at a new

angle equal to a. minus 5 and to bring the sight again on the aiming
point P . The method of infinite aiming point is likewise applicable
to this class of artillery, and the writer recommends its use if time

permi ts . When the guns are operating at ex treme ranges, and it is
not possible to observe the fire for accuracy, evenslight displacements
of the emplacement may throw the plane of fire off the target . Dis

placement of the emplacement does not have this effect when an

infinite aiming point is used .

58 1 . OPERATIO N O F CLASSES 2 AND 3 .

-Guns which are provided
with car traverse usually have so little traverse that it is necessary
to operate thornon curved tracks to cover a large target or to enable
them to operate on several targets . Guns which have no traverse
must of course always operate on curved tracks . Any mount which
must be operated on a curved track cannot be operated with entire
satisfaction through the use of a finite aiming point . First, it is
inevitable that the track will' be displaced from firing, and, second ,
it is quite probable that it will be necessary to operate onmore than
one target from the same track . When a finite aiming point is used ,

a displacement of the track involves a correction in the deflection

angle, and the calculation of this correction is laborious . Further
, a

change of target with a finite aiming pointj figure 2 , plate 470, in
volves acalculation in the determination of the new deflection angle

far more laborious than is required when an infinite aiming point is
used

,
figure 3, plate 470. Although angle e equals angle 5, figure 2 ,

there is no simple relation between angles a,
b
,
and c

,
and the com

putation of angle c becomes an entirely new trigonometric problem.

Infigure 3 it will be seen that the determination of the newdeflection
angle

-c involves only the determination of the angle 6 . For
,
angle e

equals angle 5 ; assuming M
’
N

’ parallel to MN
,
angle c then equals

angle d, since angles 6 and d are equal. (6 plus c— a— c plus d. l

The new deflectionangle c therefore equals the old deflection angle a

minus the angle e.

582 . PRO CEDURE IN DETAIL FO R SLIDING MO UNT ox CURVED
EPL— Under the head of “Procedure in preparing for action

,

section 5 , it was mentioned that in the instructions received by the
commander of heavy artillery to O perate onacertaingroup of targets,
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the coordinates of these targets were given. From .these coordinates
the target may be located on a military map . On plate 47 1 , T is
one of the targets that has been so located . The artillery officer in

charge of that sector decides that a position in the vicinity of G is to
be the firing position and the orienteur officer

,
having the location

of Tand the approximate position of G
,
proceeds with the prepara

tion of the data required for the construction of the epi curve as

follows
583. In general, one can

'

see from any spot in France sev eral

prominent objects
,
church spires

,
monuments

, etc. ,
the exact loca

tions of which are given in coordinates on the military maps M
,

plate 47 1 , is one of the points which the orienteur finds within v iew
of G . Assuming that the artillery to be used is of the sliding type,
class 3

,
the center and radius of the desired curve

,
the firing positions

on the curve for the various targets and the ex tent of the curve
must be determined .

584 . From the approx imate position of G
,
the center 0 is located,

the radius being given, and if possible a stake is placed at G. The

exact position of G is then determined from M and possibly other
known points in sight by triangulation. The position of 0 is located
in terms of the same system of coordinates as Mand T. When the
position of G is known, the gisement of the line 0 T is determined
either from the map or by computation. With the length and gise

ment of the line 0 T determined, the epi is constructed and the

various positions of G at which the gunwill be placed for operation
on the various targets are located , and the gisement of the various

gun target lines G Tdetermined .

585 . After G is located (ou the outer rail ) , two other points 3 1
meters in front and 4 to the rear are located . Through these two
points a line is run which is ex tended to the rear a distance of 80
meters . At the end of this line the aiming rule is placed on two
iron stakes A and R . This rule is about ameter and a half long and
is normal to the G 0 line. Prov ision is made on the two ironstakes
for any necessary adjustments of the rule. The nex t step is to
determine the gisement of the normal to the aiming rule by means of
a goniometer mounted on the rule. After the gisement of this
normal is determined the value of the deflection angle 0 G Tcan be

computed . It is possible to compute this deflection angle inanother
way , as follows : Knowing the gisement of the line 0 Tand G 0 and

the value of the parallax angle 0 TG,
it is possible to compute the

‘

deflection angle, corrected for wind and drift, by the use of Wilson
’

s

correction board .

586 . With the sliding type mounts it is not possible to operate
with satisfaction

,
using a panoramic sight and a distant aiming point.
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In theevent of lateral displacement of the track, which is inevitable,
the continued use of the same deflection angle and finite aiming
point does not by any means place the gunon the target . When the
aiming rule 1 8 used

,
the only effect produced by lateral displacement

of the track is themovement of the line of departure of the projectile
to a new path

,
parallel to the former path and a dis tance from it

equal to the ex tent of displacement
,
which may be only a few inches

587 . Inaction
,
the goniometer on the aiming rule is set normal to

the rule. A mirror may be substituted for this goniometer. The

goniometer on the mount is set at the corrected deflection angle .

The mount is moved along the epi by means of the translating
mechanism until the operators at the two goniometers G and 0 are

each able to see the shank of the other goniometer at the same time .

When this is possible
,
the gun is properly laid .

588 . In the rapid determination of both the corrected deflection
and range, Wilson

’
s correction board

,
plates 472 to 475 , is an invalu

able instrument . By its use a computation that may require as

much as an hour with possibility of error may be made with li ttle
mental effort and little chance of error in less than five minutes .

This instrument determines the deflection
,
corrected for wind , drift ,

and parallax . It likewise determines the range corrected for atmos

phere, wind, powder velocity variation
,
variation in projectile

weight, and height of site.

589 . Comments concerning certain of the above factors entering
into the correction of the range and deflection may be of interes t .

With reference to the atmosphere, a certain degree of saturation is
assumed by the French as a standard. The thermometer andbarom
eter readings then enable one to determine the density .

590. The air service of the Engineer Corps sends out every few
hours, by wireless, data on the ballistic wind . Their method of de
termining the ballisticwind is as follows : Small balloons of a standard
size, about ameter indiameter, are inflated withhydrogenuntil their
lifting capacity is a certain amount . A balloon is released from a

certain spot which becomes an origin for later computations and the
position of the balloon is observed at regular intervals . From all of
these observed readingsmeandirections andmeanveloci ties are com

puted in terms of various elevations . The informationthat is sent out
is then: Elevation, X velocity, Y direction,

Z Y being the mean

direction of the wind for a max imum ordinate of X This mean
effective wind for elevationX is called the ballisticwind . This data
is givenforvarious elevations, so that the various battery commanders
firing guns with trajectories of different max imum ordinates will all
have the data they need .

59 1 . The correction board already mentioned may also be used to
analyze certain results in the field. For example, if the range is X
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equipment and personnel is given below. The equipment should
include besides a full line of suitable hand tools :

(a) At least two , and better, three or four parallel and adja
cent tracks at least 700 feet long for unloading and

erection.

(b) Compres sed-air plant and distribution system.

(0) A locomotive crane of suitable capacity .

(d) Overhead cranes of suitable capacity .

(e) Three tool houses .

(f) Field shop and office.

(g) O ffice for Superintendent of Construction.

(h) Barracks .

The personnel recommended for this work includes :
(a) Commanding officer— maj or.

(b) Constructioncflicer— captain.

(c) Adjutant , camp administration— lieutenant .
(d) Accounting and purchas ing officer— lieutenant .
(e) 1 50men, subdivided as follows :

1 9 checkers.

1 0 laborers, yard and camp .

3 laborers , warehouse .

1 chauffeur.

3 office force.

26 guards .

2 tool keepers .

3 orderlies .

3 mess .

I latrine man.

1 5 expert mechanics .

58 railroad men— car and locomotive builders, track
men, etc.

3 ex tramen.

This arrangement was contemplated for the erection of a program
of six months . With an actual organization about the same; a 1 4
inohmount was erected in 1 0 days .

600. DISPO SITIO N .

— In the British Army
,
the railway artillery is

classed as corps artillery and distributed as such . The planfollowed
in the American and French armies is the one which would be
inferred from section 2, The Scope of Utility of Railway Artillery

,

and section 5 ,
“Procedure in Preparing for Action. This artillery

is too valuable, too expensive, and too slow in building to be used
except as necessity requires . It is felt that there is no merit in
keeping the pieces located invarious positions along the front onthe
theory that they would probably be needed in those localities .
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Railway companies do not purchase anumber of locomotive cranes

and place them at short intervals along the line for chance emer

gencies The cranes, as well as the railway artillery, are so mobile
that they can be quickly transferred wherever needed

, and, when
not needed, are kept where they are both out of the way , well pro
tooted , and eas ily maintained . The British scheme of corps railwav

artillery is felt to have res ulted in very poor economy in the utiliza
tion of this materiel.
601 . In the case of the French and American Armies ,

a certain
camp , about 30 miles behind the lines , was es tablished for both the
materiel and personnel of the railway artillery . In the yards of
this camp were found the mounts and all rolling-stock equipment .

At this distance behind the lines i t is comparatively easy to main
tain the personnel of the groups and not in any way to draw upon
the facil ities required to maintain the personnel at the immediate
front . This camp was likewise on a well-established railway line
and all supplies could easily be secured. This plan worked out

well in both Armies .

602 . INSPEc'
rIO N .

— Inspection of railway artillery is carried out

in different ways by the different armies . In the French Army
the inspection service is under the Commiss ion A . L . V. F. (heavy
railway artillery) . Regular inspections are made at considerable
intervals and routine notes are taken on condition of materiel .

Upon the occurrence of any accident a member of the inspection
service is at once sent for to render an opinion as to what should be
done. Such records as were seen of the French guns were qui te

general in character.

603 . In the British Army the inspection service is under the

Ordnance Corps . I t makes regular and special inspections
,
in

‘

the

same manner as the French
,
but more frequently and in greater

detail .
604 . In the AmericanArmy the inspector was detailed from the

Ordnance Department, but his line of authority was not clearly
defined, and efforts were made to bring him under the authority ,

respectively, of theRailway Artillery Res erve (the operatingbranch) ,
the Ordnance Repair Shop (the maintenance branch) and the

Engineering Division of the Ordnance Department (the technical
and des igning branch) . A final arrangement was nev er worked out.

605 . As a result of observation and experience, however, i t is
felt that the inspector should , of necessity, be free from the authority
of the artillery commander, whose use of the guns the inspector

’

s

work is expected to keep within proper bounds, and likewise free
from that of the officer in charge of maintenance, whose work the
inspections should constitute a check on.
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606 . I t is felt that the arrangement employed in the French and

British Armies
,
where the inspector is responsible solely to the

Technical and Des ign Service, is the proper one. Inspections
should be frequent and thorough and adequate records of each
piece of materiel should be kept . As an illustration of what it is
felt is required in this connection, an abbreviated copy of the Rail
way Mount Service Book, as made up for the use of the American
Army

,
is given on the following pages .

607 . TEXT AND OUTLINE or RAILWAY GUN AND MO UNT SERVICE
RECO RD .

RAILWAY GUN 1WOUNT SERVICE RECORD .

MOUNT .

PBEFACE

Railway artillery is comparati vely newto all armies, and esp ecially so to the Army
of the United States . Inconse quence,

many difficulties have been experienced in

the manufacture of railway artillery materiel , and considerable delay has been en

tailed by the necessary study of many unfamiliar details .

Si milar difficulties and delays in the future can be minimized by studies based
uponcurrent experience . Tomake this study complete . it is necessary to check the

theoretical knowledge of the designer by the practical experience of fiell personnel ;
to knowwhetherthe various parts functionproperly ; and if not, why not.

While the records desired are more elaborate than those hereto fore re quested or

battery commanders, the arrangementof the book is such as to make it aconvenient

means of recording the desired information. Ample spares , under descriptive head
ings , are prov ided for information concerning practical ly every principal part ol

'

the

carriage: difficulties experienced, observations, recommendations
,
and explanatory

sketches .

Only the conscientious cooperationofthe battery commanderinfurnishing complete
data wi ll enable the designers to produce the near]y perfect machine that the field
personnel would like to have .

TABLE O l
‘
CO NTENTS.

Instructions

Record ofassignment 0 1 mount
Dally gunrecord

Informationlndetail

INSTRUCTIO NS.

This book is always to remainwith themount, and is never to be removed except
for the purpose ofmaking entries, afterwhich it is immediately to be returned to its
proper place on the mount.
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Iwrosmmox m DETAIL.

Onthe pages following this table there will be entered full data concerning faulty
functioning,weaknesses developed ,undue wear, etc. ,with recommendations and ex

'

planatory sketches . The table indicates the nature of the desired information con
cerning the principal parts of groups. andwi ll serve as an index to the entries. Make
entries as soonas a fault becomes apparent, and index them in the designated spaces
below.

Index .

Part orgroup . Informationconcerning

Wearofbore, shifting ofhoops.and all otherih
formationconcerning tube, hoops, or jacket.

Givemodel ,modificationandnumberof gun,

and date ofentry .

Condition of obturstpr, replacement of parts,
wear action, etc. Give mode] , modification
andnumberofthe g un, and date ofentry .

Firingmechanism Difficultiesexperienced , observationsand os

tlons. Givemodel,modificationandn
of gun, and date ofentry .

Cradle Condition and operation of 8 1 1 parts of cradle.

G ivedate ofentry .

Elevatingmechanism. Di
g
iw
i
tles , slowness, jamming, etc. G ivedate

0 en ry .

v ersingmechanism Details orany difficulties,notesas tokeeping on
targets, etc. Givedateofentry .

Recoil Inthecaseof spri recoll,renewa1 of springs,of
0 11 ,etc. : case0s dingmounts,actionofrecoil,
troubles,mggestlonsmtc. G ive date ofant

O peration, leak e, renewal of oil and r
,

troubles, etc. ive date ofentry.

Traverslngrollers, trunnions, bearings, antifric
tlondence, etc. l odate ofentry .

Sights Ac
y
ustments, troubles, causes, suggestions.

xiyedateofentry .

Maingirders and Alldetails ofinterest. Givedateofentry
Truck and All details ofInterest. Givedateofentry
Translatingmechanism Actionand condition. G ivedate ofentr
Jacks Acti

o
n, rapidity, troubles, etc. Give ate of

on r

A11 de ai ls 0 1 interest. G ive date ofentry
Action,

wear, and general condition. G ivedate
ofentry .

Outrigger. R igidity ofmount, rapidity ofmount, rapidity
ofsetting, bending, etc. Give dateofentry .

Detai lsas towear etc. G ivedateofentry .

Rapidity, em 0 handling, and suggested im
provements . Give date ofentry .

Powerunit Reliability , power, and other points of note.

Give dateofentry .

All detai ls of interest. Givedate ofentry
Poin

t

ts pertaining to Operation. Give date of
en ry .

Condition of mutants, ease of handling , etc.

Givedateofentrv .

Ground platformcar Detai lsas toeaseofhandlingcontents,etc. Give
date ofentry .

Ground platforms Rigidity, time to set wear, suggested [mmove
ments

,
etc. Givedate ofentry .

Narrow-gauge equipment. All detai ls of interest. Givedateofentry
All detailsof interest. G ive date ofentry

O therequipment A1 1 detai ls 0 1 interest. Give date ofentry

[Faint ruled ,
both sides, with horozontal and vertical lines 5 millimeters apart

,

for entry of information in detai l, 81 pages ]
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l

BAm nr Com uxmm’s a nr or Pasua'
runns wrrn Guns, Howrrznas , AND

Monmas
, 137-mt. Cam us AND Aaovn.

O rganization Date of report.

Gun, howitzer, ormortar. .

Date of premature . 1 9 . Rounds fired to date . Rate of

fire . Rounds permin. .mins. before accident. Did projecti le

burst inside oroutside the bore?" Distance frommuzzle

Colorof smoke observed : Black .

TYPES AND EARRINGS O P Al lHUNITIO N .

Taken from round fired, ornext of same lot?

Fuse: Type

Colorhead

Projectile : Type

Reduced Z one No

EXAMINATIO N O P FRAGMENTS O P PRO JECTILE AND FUSE .

s

Did explosive adhere to fragments? How?

Edges : Sharp, square, ormelted Smoke blackened orheat blued?

Fragments : Large or small?

[Pages 1 37 to 1 44 will be duplicates of this copy ,
butwill not bear folio No. ; they

will be perforated inch from the hinge ]

INSTRUCTIO NS

Original and twocarboncopies ofthis reportwill bemade by the battery commander
as soonas practicable afterthe premature occurs

,
and will be sent direct to the Chief

Ordnance O fficerof theArmy . Details concerning abnormal orshortrounds should be
noted under “Remarks

(Signed)
Battery Cmnmander.

608 . MAINTENANCE.

—The discussion of railway artillery must, of
necessity, be very incomplete, but aneffort will bemade to enumerate
the chiefmatters which have come to thewriter

’
s attention inconnec

tionwith it. First
,
cannon and thenmounts will be considered and

the types of wear and breakage and the methods of repair will be
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discussed . Then shop equipment and organizationfor taking care of
maintenance will be set forth .

609 . CANNO N .
-The chief difficulties requiring maintenance incon

nection with cannon are derangement of breech
'
and firing mechan

isms, coppering of bore, bursting and swelling of tubes, and wear.

The derangements of breech and firing mechanisms are merely small
mechanical difficulties , the caring for which requires only a supply of

spare parts and small sizemachine-tool equipment .
6 1 0. Coppering of the bore from rotating bands is a very serious

difficulty . Ou the 1 4-inch Navy guns, after about 200 shots, this
deposit of copper had reduced the range yards . A most satis
factory .method of remedying and of preventing this coppering, has
been devised and used successfully in the French Army . This con
sists in introducing into the powder chamber a tin-lead alloy

,
which

melts on firing and combines with the copper on the gun to form a

brass , which no longer adheres as before to the interior of the bore.

This process may be carried out best by attaching the alloy to the
base of the projectile, by dipping, spraying

‘

wi th ametalizing pistol,
or soldering on a disk of themetal . The introductionof foil of alloy
into the powder bags appears to be satisfactory for small calibers, but
does not give satisfactory results in large calibers .

6 1 1 . Bursting and swelling of the tube are due to premature ex

plosions of H. E. shells . French records show that such accidents
occurred on an average of once in every rounds with the 7s’e
and once in every rounds with the 1 55 Filloux guns . Such

guns are usually discarded, but a process devised by 00 1 . Canonica, of
the ItalianArmy, is inuse inItalv for reclaiming suchmaterial. This
process consists of selecting two ruptured guns, inwhich the break is
at different ends, cutting them in two and screwing the two good
halves together. The threads are obtained by turning down theend
of one .part and boring out that of the other, each for about half the
thickness of the metal .and for 8 inches of length. Threads are cut

very carefully so that the rifiing matches when the two pieces are

screwed home. Finally a ring is shrunk on outside” the junction.

This scheme has been used successfully on aconsiderable number of
1 49-millimeter cannon.

6 1 2 . Wear, however, is the great and important problem in the

maintenance of cannon. Care in cleaning of projectiles, faithful use
of anticoppering methods, etc.

,
may assist, but every gunwill sooner

or laterwear so much that its range and accuracy are reduced below
the economical limit . This wear occurs at the breech and muzzle

ends principally, and consists in a gradual eating away of the rifiing.

At the breech end, this occurs more or less evenly around the cirbum
ference and is thought to be due to the intense heat of the burning
powder gases which are projected against the forcing cone, as they
follow the projectile. This wear causes the so-called advance of the
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disadvantages are the fact that it adds only fractionally to the life of
the gun, that it is inapplicable to short pieces, and that it requires a

special powder charge for such guns as are repaired by it.

6 1 5 . Reboring consists of turning out the entire interiorof the bore
to a large diameter and rerifling. This necessitates the use of a dif
ferent caliber of ammunition, and of a lower powder pressure and

muzzle velocity, reducing the range, in some cases, materially . The

life should be almost asmany rounds at thenewcaliber as at the old.

The advantages of this method are that no forging equipment or
shrinking arrangements are necessary, and that the life of the

'

gun

is doubled . The disadvantages are the reduction in range and the

necessity for using a different caliber of ammunition.

6 1 6. Relining consists of turning out the interior of the bore to a
larger diameter and inserting a liner, inwhich the rifling of the origi
nal caliber is cut. This liner is usually inserted by shrinking the gun
over it, but themethod of autofrettage or expanding the liner into the

gun by hydraulic pressure is also being developed. This method is
probably inapplicable to small calibers on account of the thinness of
the liner that would have to beused . The advantages of thismethod
are that it requires a fairly light forging and that it gives a gunprac
tically as good as new andusing the same ammunitionas the old one.

The disadvantages are the forging facilities required, the length of the
process, estimated as nearly 900 hours on the United States 1 2-inch

gun, and the fact that there is considerable doubt about the possibility
of rechambering relined guns .

6 1 7 . Retubing consists of disassembling the gunand building it up
again around a new tube, just as i t was built up at first. This, of
course, gives a gun inevery way as good as new. The disadvantages
are, of course, the great amount of forging and shrinking equipment
required , and the length of the process .

6 1 8 . MOUNTs.
— Wear and tear on railway mounts are of the same

character as take place on railway rolling stock and seacoast gun
carriages . Breakages and derangements are of a purely mechanical
character, and generally of fairly minormagnitude. Repairs require,
principally, awell-equipped machine shop , andno detailed discussion
of them is called for.

6 1 9 . ORGAN IZ ATIO N AND ARRANGEMENTS FO R MAINTENANCE .
-In

the British Army the maintenance shops for railway artillery were
under the command of the ordnance officer at the base at Calais . In

the French Army they were under the chief inspector of artillery, for
fairly light repairs . Major repairs were made at the works of the
Schneider and other private corporations . In the American Army
the exact arrangement was never finally fixed, but to all intents and
purposes , the repair shops for railway artillery were under the com
manding general of the railway artillery reserve. It is felt , as a

result of observations of the workings of these various systems . that
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the shops should be directly under the control of the engineeri ng
div ision of the office of the chief ordnance officer. They should
not, of course, be under the inspection service, but should be coordi
nate with it and under the same authority .

620 . In the French Army most of the enlisted personnel required
for the operation of the shops was assigned permanently and was

not drawn from the various groups of artillery stationed near them.

There were about 80 workmen permanently attached to the shops .

These, with the four artificers attached to each battery, are easily

able to handle themaintenance of not only all of the railway artillery
of the French Army but likewise of a great amount of field artillery .

62 1 . O ne feature which strikes one most forcibly in both the

French and British repair shops is the evident skill of all the men.

O ne does not see in any American shop the type of menused in these
shops . The captains found in charge of all the shops were of the
type of the highest caliber shop manager in America. These men

are not only men of a great deal of shop experience, but high-grade

graduate engineers . It is estimated that their average age is about
45 years . The use of such men as these in these positions is in the
highest degree necessary .

622 . LO CATIO N AND EQ UIPMENT or Snors .

— The scheme of dis
position of inactive artillery just discussed makes the problem of
maintenance a very easy one to solve in a very satisfactory fashion.

In the yards of the camp where the railway artillery is mobilized ,
shops of the desired degree of permanency are built and equipped to
handle all except the serious andmost ex tensive of the maintenance
work . Cars damaged very seriously by shell fire, or guns which must
be relined or retubedmust of course besent back to themanufacturer
or to the biggest base shop . In the French camp, the shops arewell
built brick structures of the type that one ordinarily finds used for
medium heavy manufacturing . In the American camp the shop
was similarly constructed , but was a steel frame building covered
with corrugated iron.

623 . The equipment of the French shops is about as follows :
2 24-inch lathes with 1 0-foot bed.

8 smaller lathes , about 1 2 by 72 inches .

2 horizontal milling machines .

4 shapers .

1 high-pressure air compressor for filling recuperator air

bottles .

1 vertical boring mill.
Oxyacetylene welding and cutting outfits .

3 large forges .

Portable forges .

1 drop hammer.
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1 portable air compressor for use with air tools .

1 circular saw.

2 band saws .

1 50-ton shop crane.

A good vise and bench for every man in the shop .

624 . The equipment of the American shop was about as follows :
8 lathes, 8 by 1 2 inch swing .

1 lathe, watchmaker
’

s .

6 grinders .

2 shapers.

5 drill presses, up to 20-inch radius .

3 screw machines .

1 planer, 8 to 1 2 foot bed.

1 power hacksaw .

1 power cold saw.

2 band saws .

1 Landis bolt machine.

2 300-foot air compressors .

1 welding and cutting outfit.

2 1 0-tonbridge cranes .

625 . Experiencewith the Americanshop leads to the recommends
tion, slightlymodified from that submitted by the commanding officer
of the shop that an equipment about as follows is neces sary

1 0 lathes, sizes from toolmaker
’

s to 26- inch by 1 6-foot .
2 turret lathes .

l planer, 48-inch bv 1 6-foot .
2 shapers .

7 grinders, tool, cylinder and surface.

5 drill presses , 5-foot to high speed ,

4 power saws, hack , cold and wood .

2 milling machines .

1 power hammer, 6-inch stroke.

1 heavy straightening press .

1 planer and j oiner.

1 boring andmortising machine.

1 48-inch wood lathe.

1 brass cupola.

4 oxyacetylene cutting andwelding outfits .

1 air compressor, 300 cubic feet, air tools .

1 1 50-tonbridge crane with lo-ton aux iliary .

1 lo-tonhigh-speed crane.

l 1 50-ton locomotiv e crane.

l 1 5-ton locomotive crane.

l 4-foot bulldozer.

1 screw punch , l -inch hole in Q-inch plate .

2 j ib cranes, 21 tons capacity .
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It includes, likewise, the heavy semipermanent railway artillery
repair shop

, general equipment , ammunition and spare parts depots,
and a proving ground for the calibration of ammunition and proving
of guns . The ammunition used by this artillery is not used by any

other type of artillery
,
and it requires, in general, special facilities

to handle it.

63 1 . From the above brief explanation
,
it will be seen that the

functions of the railway artillery ordnance officer are
,
as far as they

concern the general equipment depots, quite analogous to those of a
camp ordnance ofiicer. The functions, with reference to the admin
istration of anammunitionand spare part depot, ammunition inspec
tion service

,
and artillery inspection service, are analogous to the

functions of the Army ordnance officer. The functions with refer
ence to the artillery maintenance service are peculiar to this type of
service.

632 . The railway artillery ordnance officer will be qualified as an

adviser onall technical ordnancematters
,
including the effects of the

various calibers and types of artillery forany specifiedwork . Acting
under the supervision of the proper staff sections, he is responsible for
the efficient service of ordnance supply and maintenance, including
inspection and repair work in the Railway Reserve, and supervises
and coordinates this work . He exercises general supervision and

control of all ordnance supply
,
repair

,
inspection and maintenance

work
,
and facilities within the Railway Artillery Reserve in so far

as technical matters are concerned
,
and is in direct control of supply

,

repair
,
inspection,

and maintenance of the artillery . He makes, or
causes to be made

,
such inspection of ordnance materiel and repair

andmaintenance facilities as he may consider necessary and permits
no alterations in ordnance equipment without the authority of the
chief ordnance officer, excepting in emergencies . He causes periodic
inspection to be made of all storage facilities under his jurisdiction
and sees that proper practice is observed in storage, particularly that
ammunition is properly cared for andmaintained

,
and that the nec

essary technical information is available.

633 . He maintains such records as enable him to keep the com

manding officer of the Railway Artillery Reserve fully informed as

to the condition and sufficiency of ordnance matériel, all repair and
maintenance facilities under his jurisdiction, and the condition of all
ammunition. He makes such technical reports and keeps such rec

ords as are required of him by the commanding general of the Rail
way Artillery Reserve, by the chief ordnance officer, and by higher
authorities . He is authorized to correspond directly with the chief
ordnance officer on questions in which the policy of the Railway
Artillery Reserve is not involved . He causes to be carried out such
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technical instructions for repair
,
maintenance, and alteration of

ordnancematériel as may be prescribed by the chief ordnance officer.

634 . There are assigned to the railway artillery ordnance officer as

assistants the following officers with their necessary commissioned
and enlisted assistants for the operation of the services mentioned :
Supply oflicer and artillery armament officer. The accompanying
table shows the organization of railway artillery center for approx i
mately 300 guns :

Ordnancepa somwlfor rai lway arti llery centerfor approximately 800 gum.

Supply warehouses. Armament.

mm"

Second lieutenants

Totalcommls loned

Totalonlisted

5 90mm cars.

motorcycleswith side
tontrucks .

tontrucks.

anw u n a FO B PRI CI DINO TABLE.

!
a

rt
i
ll
ery
i
armarnent

l
oflieer,Supply omeer.

a i ery mpector, smmn toninspector.

c Administrationassistant.
4 1 field inspector. l proof emeer, l assistant to armamentameer.

e Incharge ofsections.

I Technically trainedm istant.
aClerks .

4 (
‘

hiefclerk.

1 Stenographer.

I Permanent personnel , clerks.

3 Headquarters sectionand two platoons 0 1 anordnance de tcompany .

3 Two platoons ofanordnance ammunttioncompany . Tab 0 242.

rTo be armed with rifles or pistols only whendeemed necessary by commanding officers .

635 . The administrative assistant in the office of the railway
artillery ordnance officer is a captain. He is charged with the duties
of maintaining the records of the entire ordnance personnel

,
both

commissioned and enlisted
,
and with the proper keeping of office
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records . He i s authorized to make all emergency purchases , being
appointed an agent officer for this purpose.

636 . The supply branch is incharge of a lieutenant colonel, who is
the supply officer of the Railway Artilleryy Reserve. He is charged
with supplying equipment to troops and ammunition and spares for
artillery . He requisitions for equipment , spares

,
and stock direct

to the Chief of Ordnance of theArmy if in the zone of the interior
,
or

to the chief ordnance officer if in the theater of operations . He

requisitions for equipment both regular and special inanticipationof
demands to bemade onhisdepot . Hemay requisition by telegraph
when stores are urgently needed for the equipment of any troops , or
the replacement of lost equipment

,
or for instruction purposes .

637 . When an automatic supply of stores has been ordered in
anticipation of the needs of the troops in the camp of the Railway
Artillery Reserve

,
the supply officer keeps in touch with the supply

and requests its expeditionwhennecessity arises .

638 . Supply officers of the various organizations located at the

camp of the Railway Artillery Reserve requisition for items of
ordnance property needed by the troops of their units , these requisi
tions having the approval of the organization commanders. These
requests will be sent directly to the railway ordnance ofiicer.

639 . The supply officer has commissioned assistants in charge of

administrative
, general supplies ,

artillery and artillery parts , and
ammunition sections .

640. The administrative assistant is charged with the account, and
record work necessary in the office of the supply officer.

641 . The officer in charge of the General Supply Section is charged
with the receipt

,
storage, and issue of all ordnance stores except

artillery and ammunition.

642 . The officer in charge of the Artillery and Artillery Parts Sec
tion is charged with the receipt , storage, and issue of all material
classed as railway artillery and spare parts thereof .

643 . The officer in charge of the Ammunition Sect ion is charged
with the receipt

,
storage, and issue of all ammunition, including the

loading of the special amm unition cars .

644 . The assistants to the supply officer shallmaintainsuch records
as are necessary to keep the supply officer informed as to the stock
on hand , the receipt , issue, and probable needs of general supplies ,
artillery and artillery spares , and ammunition. Similar blanks
specified for the ammunition parks of the Army are to be used by the
Ammunition Section.

645 . The artillery armament officer is res ponsible for the inspection,
repair

,
and maintenance duties in so far as they pertain to artillery

and ammunition used by and in charge of the Railway Artillery
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inspection instruments . He will be provided with the following
miscellaneous equipment

Star gauges suitable for the various calibers of guns .

Plug gauges .

Bore sights .

Gutta percha impressionoutfits .

Alidade.

Planimeter.

Steel tapes .

Micrometers .

O ne complete set of drawing instruments, including
Universal drawing instruments .

Flex ible curve.

Complete set of Universal curves .

650. The ammunition inspector is responsible for the inspection
of all ammunition, storage and handling facili ties, and will see that
safety instructions are complied with. He will make periodic ex

aminations of the condition of ammunitionboth by visual inspection
in the storage house and by trial on the proving ground . He is

responsible for the furnishing of all technical information on am
munition, both to the troops and to the artillery armament officer.

Hewill inves tigate and report uponall accidents thatmay be charge
able to ammunition, and will keep the artillery armament officer
informed as to the behavior of ammunition and any defects dis
covered . He is responsible for the calibration of all ammunition as

called for by the commanding officer, Railway Artillery Reserve.

He is res ponsible for the collection, examination, and report on

specimens of captured or unexploded enemy ammunition. He shall
maintain such records as will be of maximum service to those or

ganizations responsible forthe designandmanufacture of ammunition
and he will conduct such investigations as may be called for by the
chief ordnance officer. He will be provided with a full set of drawing
equipment

,
Ideal drawing instruments, flex ible curve and Universal

curves and beam compass .

65 1 . The railway artillery maintenance officer is in charge of the
special railway repair shop and handles all necessary repairs and

general maintenance on all artillery and motor vehicles He super
vises the making of all modifications in artillery as specified by the
chief ordnance officer or required by field emergencies . He is te

sponsible for the maintenance of such records as enable him to keep
the artillery armament oflicer informed as to the condition and

adequacy of all his facilities and the supply officer as to his needs for
spare parts and rawmaterials . He is res ponsible for the making up
of any necessary des igns for emergency equipment or replacements .

He
'

shall maintain such records as will be of max imum assistance to
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the various ordnance design services with reference to the perform
ance of the various designs of mechanisms and the materials used
therein.

652. Since the pers onnel of the railway artillery repair shop is
responsible for the maintenance of all artillery , i t is the duty of the
maintenance ofiicer to take under his charge the special mechanics
assigned to each battery while the artillery organizations are in the

park . These men will be used in the general maintenance service
and will be givensuch training as will enable them to properly main
tain their artillery in the field.
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automatic supply . For this reason, and in order that an ample
initial supply might be furnished , the arbitrary amount of one com

plete battery equipment for each three batteries was requested for
the initial depot supply . It was intended that after sufficient

knowledge had been gained with reference to rate of consumption,
certain items could be put on an automatic supply list. It was
feared that an arbitrary assumption of figures for automatic supply
would lead either to an excessive accumulation of certainarticles ,
or to the supplying of insufficient quantities of other items . To

date no further knowledge has of course been gained on this subject,
so it is impossible to give any figures covering either the number of
parts to be kept onhand in a depot, or to be supplied automatically.

A close study of each particularmount in the design office will lead
to fairly reasonable assumptions for requirements of spare parts .

In determining numbers of spare parts , it is certain that destruction
of parts by shell fire need not be considered.

656. SPARE Pam'

s, Toms ,
AND Acos ssonms CARR IED wrrnm s

BAm nY .

— Assuming that the railway artillery is operated from
one or more large camps or centers which are equipped to handle
all repairs except relining or reboring of guns , and ex tensive re

building of damaged carriages , and assuming also that the radius
of operation is such that for any medium repair work not nocessi
tating thewithdrawal of themounts to the shop , they canbe reached
by amobile repair truck within a reasonable time, i t is evident that
only a very limited supply of spare parts need be carried with the
battery . It is also evident that only a limited number of ordi
nary repair tools would be required .

657 . The system of operating railway artillery from one large

center is well established and highly recommended . The scheme

of handling medium repair work with repair trucks , while not tried
out to any great ex tent in connection with railway artillery , never
theless seems to hav e many advantages . First

,
as mentioned abov e,

the quantity of repair tools and spares carried in the field with the
mounts can be considerably reduced ; second , the number of skilled
mechanics can be limi ted to a great ex tent and utilized to much
better advantage on repair trucks and in the repair shops than they
would be if permanently assigned to a battery . The tables of or

ganization for railway artillery provide 28 enlisted ordnance men

per regiment of 24 guns . As railway artillery never operates in
units of regiments , these men, if kept with the guns , must be di
v ided between the six batteries . This of course results in anuneven
distribution of skilled and unskilled men. Ii

,
instead , the men are

kept at the shop which is provided with a sufficient number of re
pair trucks, supply trucks, good automobiles and motor cycles , it is
obv ious that any S. O . S. call from the front for repairs and spare
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parts can be answered by picked men for the particular kind of
repairs required,

and the bes t results obtained in the same or less

time. It is thought that one repair truck per group of eight guns
would be required on an active front . This discussion is largely
on maintenance, but it is evident that the quantity of equipment
which should be carried is a direct function of the scheme of main
tenance employed . Assuming that the repair-truck scheme is

adopted , the following recommendations for equipment to be carried
inthe field aremade. As the equipment will of course vary with the

type of mounts, the recommendations must be considered very

general.

658 . Toons AND accsssomss ascouunnnsn

A . Tools andmaterial required tomake emergency track repairs :
1 . Standard track tools.

2 . A fewpieces ofrail, bolts, spikes, and fishplates.

3. A few standard ties .

1 . Lantern, lamps, flags, etc.

2. Car pusherand replacer.

C . Tools, acces ories, andmaterial foremplacement.

This will, of course, vary with the difierent types of mounts and can very

easily be determined . The material and items constituting platforms, out

riggers, etc.

,
should be ample inregard to spares iteasily brokenor damaged.

D . Tools, accessories, and parts forgunand breech.

In determining the spare parts to be carried with the gun in the field, it

should be kept inmind that only such parts as can be easily replaced should
be considered ; as, for instance, firing mechanism and firing pins, a few extra

bolts and nuts, washers, packing, springs, cotterpins, etc. It should also be

kept in mind that, besides adding to the weight which is hauled around
unnecessarily, a good deal of time is consumed in taking care of parts which
seldomwill be required , and could better be cared for in the depot.

E. Tools, accomofies, and spare parts forcarriage andmount.

The statementmade underD applies to this section. Such articles as journal
bearings , brake shoes, air-brake hose, brake pins, and cotter pins should be

carried in small quantities . It does not seem necessary to carry spare couplers
and buffers

,
however, itmay be adv isable to carry a limited number of emer

gency knuckles .

F. Jacks, cordage, blocks, etc.

Only such jacks should be carried as demanded by anticipated difficulties,
as, for instance, the need of aux iliary jacks for raising the car for the 1 2-inch

mortar. A good supply ,
about 200 feet per gun,

of l i -inch rope and about
200 feet of i -inch rope should be kept on hand , and two sets of double tackle
blocks for l i -inch rope . One spare triplex block with chain of capacity used
for loading cranes. Twine packing and whipping and tarred hemp yarn, i -inch,

should be carried inample quantities .

G . Carpenters ’ tools:
Axe

Augurs

Screw,
solid, wing-eyed ,

l g-inch .

Screw,
solid , wing-eyed,

l -inc‘h .

Per battery .
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G . Carpenters
’

tooIs

Bits , twist
l -inch

i -inch

Q-inch

i-inch

Chest, tool, carpenter’s
Chisel, wood

Drift, steel, round , l-inch
Gimlet

f inch.

i -inch .

Hammer, claw.

Handles

Saw, crosscut

O il stone, 4by 2 by 8 inches.

Pencils, carpenter’

Resp, wood

Hand , rip, 36-inch
Hand , crosscut, 26-inch .

Blade, 5-foot, with handles .

Square, combination, 8-inch blade .

II . Machinists ’ tools

Chisel

Cape, steel .

Cold .

Di viders
,
spring nut, 6-inch,

pair.

Drill
, breast, with chuck .

Drill
, twist, straight shank, Morse original , for breast drill
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J Tinner
’
s tools and supplies :

Blowtorch
Iron, soldering, with handle, pounds .

Sal ammoniac, lump , pounds .

Snips, tinners ’

Solder, soft, pounds .

Z inc, alloy , forbrazing, pounds
K. Miscellaneous tools and accessories :

Buckets, water As required .

Emery wheel, hand 1

Extinguisher, fire 1 foreach box carandmount.

Machine spike, steel, l l -inch 1

Needles sail " 4

Palms , sewing, leather. . 1

Wrench, Sti llson pipe, 1 4-inch 1

L. Miscellaneousmaterial forrepair:
Bolts andnuts

, assorted .

Round iron

Rivets

4by 1 inch

i by 1 } inch

Q by 2 inch

i by 2} inch

Screws

Machine, assorted .

Steel angles, bar, plates, etc.
,
should be carried in small quantities and as

required .

M. Fire-control equipment:
Pmtmctors indecigrades

Double decimeter scale

Drawing boards
Pocket compass
Battery telescope and tripod
Siege telescopewith tripod
Surveyor

’
s chainwithmarkers 20meters

Steel tape 1 0meters withmerkens
Logarithmic tables indegrees and grade.
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M. Fire-control equipment— Continued .

Drawing board 28 by 28 inches

Alidadewith telescope

Large board (28 by 28 inches) squared
Z inc sheets, squared

Paper, drawing, rolls

India ink, bottles

Compass declinator.

Thermometer (Centigrad
fi eld glasses, prismatic, type E. E. , Signal Corps

Sighting rod
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necessary, i t is recommended that the shop be of the semiportable
type.

B . That shop equipment be prov ided in accordance with the

recommendations of section 7 .

C . That special attention be given to the obtaining of officers of
long experience and special ability in shop practice for the super

visionand operation of these shops .

D . That special attentionbe given to obtammg several officers and
a number of men who are thoroughly familiar with the commercial
railway companies methods of maintaining standard rolling stock .

Further, that some of these officers and men be retained for peace
time service. In the event that this isnotpossible, it is recommended
that several C . A . C . officersand a number of men be detailed for a
tirne to themaintenance serv ice of some railroad company in order
that they may become familiar with the difficulties experienced and

the routine and emergencymeasures applied .



SECTION 1 0.

RAILWAY CLEARANCES AND TABLES OF CLASSIFIED

INFO RMATION.

664 . RAILWAY CLEARANCES —In order that the material
contained in this report may be complete from the standpoint of all
who are interested in any phase of railway artillery , it seems wise to
include a discussion on railway clearances . The discussion given in
the following paragraphs is based on a handbook on clearances, pre

pared in the Railway and Seacoast Carriage Section of the Ordnance
Department

,
and with which the writer has had some connection.

In the handbook referred to
,
individualmaps and clearance diagrams

are given for each of the roads listed on plate 48 1 . A key map is

given likewise of all those main lines represented by these roads and
over which the railway artillery would be transported , east

,
west

,

north, and south, and along the coas ts and borders, in the event of an
emergency. There are too many individual maps and clearance

diagrams to include in this work and it seems best to omit the key
map,

since this volume is for general distribution.

665 . COMPO SITE DIAGRAM FO R AMERICAN RAILWAYS .

— The com

posite clearance diagram of railwaysmay be termed anoutline or dia

gram of such shape and dimensions that when the transverse section
of the various railway vehicles remainwithin its limits , these vehicles
can be transported over all sections of the roads concerned with a

predetermined clearance from obstructions
,
so long as the distance

between the truck centers of these vehicles is kept within certain
specified limits . Such a composite clearance diagram of railroads
is perhaps an indefinite outline unles s full explanation is given as to
what it covers . The diagram shownon plate 48 1 covers all American
railroads listed thereon. These roads include all coastal lines ,Mex ican
border lines, some transcontinental lines , and a few central, north,
and south lines .

666 . The information from which the clearances were drawn was
obtained direct from the chief engineer

’

s office of eachrailroad . From
this information a composite diagrani was then drawn for indiv idual
railroads . These composites were then compiled into amaster com

posite diagram. The clearance information obtained showed either
actual obstructions or clearance limits with an allowance of 4 inches
between the clearance line and actual obstructions . The composite
clearance diagrams allow 4 inches clearance between actual obstruc

tions and the outline.
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672 . METHO D or USING AMERICAN COMPO SITE D1AGRAM.

—’l
‘

hc

mas ter composite clearance diagram shown on plate 48 1 is complete
for all the railroads listed thereon. As previously stated , the clear
ance outline shown is 4 inches within the actual obstructionline. In

using this diagram the matter given later under the headings of
“
Railroad curves

,

” “
Ofi

'

set of middle ordinate
,

”
and

“Elevation of

outer rail on curves must be carefully considered . In other words ,

the outline of the railway mount or equipment considered must not
only come within the diagram,

but if the truck centers are greater
than 40 feet , allowance must be made for the three items just men
tioned. The method of computing these allowances is given under
the proper heading , and these dimensions must be deducted from
the clearance outline shown on this American clearance diagram.

All of this is true only in the event that the truck center distance of
the equipment is greater than30 feet . It is impossible to state abso
lutely the degree of curvature of all lines covered by this diagram.

I t is a safe assumption to state that the maximum cur
'

ve over any
road onwhich railway mounts are liable to be run is approx imately
1 7 degrees . The radius of this curve is 337 feet .

673 . The middle ordinate or overhang at the center of equipment
whose truck centers are 30 feet on the l 7-degree curve is 4 inches , as

determined by the formula givenunder paragraph 682 onmiddle or

dinate of curves . It is readily seen that this offset enters into the
calculations in determining the extreme width of the railway mount .
674 . The elevation of the outer rail on curves does not present

such limitation to the width of railway artillery as might be supposed ,
for the reason that the ex treme width of railway artillery mounts at
or near the max imum height is generally less than the clearance

diagram. Since the elevation of the outer rail affects the width a

perceptible amount only at its ex treme height, it is evident that there
is ample room between the outlines of the mount and the upper
portionof the clearance diagram. The contour of the railway mount
will, however, determine this feature.

675 . On such equipment as the ammunition cars this elevation of
the outer rail is of ex treme importance

,
since the car has its extreme

width at the height of the eaves of the roof.
676 . COMPO SITE DIAGRAMS A AND B .

—For readv reference in look
ing up limiting features of the American composite clearance dia

gram, diagrams A and B are given as covered on plates 503 and 504 ,

respectively . The limiting features and the railroads onwhich these
occur are shown on these diagrams together with actual dimens ions
above the rail. The two diagrams are,

of course , covered by the

master clearance diagram,
and are only included for the detailed

information which they contain. These two diagrams are. to be
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used in the same manner as the master composite diagram and the

full line on each one indicates 4 inches actual clearance inside of the
obstruction line.

677 . FRENCH RAILWAY DIAGRAMS.

—AS the Ordnance Department
was shipping railway mounts to France, it was vitally interested in
the clearances of railroads in that country . Accordingly, information
was secured which enabled the section to draw the French composite
clearance diagram. This was placed on the same tracing as the

American composite, for it was of v ital interest . It is practically
the same diagram as was being used by the officer of the Director
General of Military Railways in des igning railway equipmentfor use
inFrance. This diagram was.

based on proceedings of the Interna
tional Conference at Beme in the year 1 9 1 3. No map was prepared
for this Europeanclearance diagram.

678 . The railroads inFrance do not report exactly the same clear.

ances as shown on the Berne conference diagram. It was , therefore,
decided to Split the European composite diagram in two (pl.
That part of the diagram on the left of the center line represents the
Passe-Partout or Berne conference clearance diagram, and the

part on the right of the center line represents a composite of nine
French railroads . A table of clearance for European railways is

given on plate 485 .

679 . CURVES— MIDDLE ORDINATE .

— All of the American diagrams
wereworked out onthe basis of having 4 inches betweenthe clearance
line and the actual obstruction. O n straight-line tracks and on

curves of large radii , this is sufficient formounts whose truck centers
do not exceed 40 feet . When the truck centers exceed this distance
additional side clearance is neces sary . The two components of the
element of side clearance inrounding curves are the overhang of the
mount and the elevation of the outer rail. Before taking up these
two features

,
it may be profitable to fix in one

’

s mind the meaning
of the accepted manner of expressing the amount of curvature of a
railroad track. Curves ona railroad are usually expressed in degrees
and minutes . This degree in this country means the central angle
subtended by a chord 1 00 feet long . Approx imately 1 degree of

curvature is equivalent to a radius of feet . Thus :

X 2 X 360X 1 00

Hence
,
to obtain the radius of a curve in feet

,
divide by the

number of degrees of curvature.

680 . In the metric system,
instead of the chord being 1 00 feet,

it is 20 meters or feet . 80 with the central angle remaining
the same, the radius will necessarily be less . This canbe represented
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bv for a 1 degree curve, or approx imately i English
measurement . Thus

U 0 o o

1 0 degree curves
5

3 573 feet rad1us , Amer1can, fig . 1 .

1
1 0 degree curves

G

iogX
5

I?! feet rad1us, French, figure 2,
plate 487 .

68 1 . The middle ordinate distance must be subtracted from the

width when it is sufficiently large to come within clearance limits .

In other words, the diagrams allow clearance only for equipment
having truck centers less than 30 feet,and when this is exceeded , the
width of the mount must be decreased by the number of inches of
overhang .

682 . OVERHANG .

—The overhang at the center of a car will be the
same as themiddle ordinate of the chord whose length is the distance
between truck centers , figure 3 , plate 487 . This distance may be
obtained by laying out the truck centers 0 1 1 a curve of given radius
or from the approx imate formula

d
g%-

used, where

R radius to center of track
c truck center distance
d middle ordinate.

In the event that the mount is equipped with span bolsters an

additional (d) will have to be figured , fig . 4, plate 487 . Thus

683 . SUPER-ELEVATIO N .

— The super-elevation of the outer rail
on curves will, of course, decrease the clearance. The amount of
this super-elevation is a function of the train speed and the degree
of curvature. Ah empirical formula for finding the elevationwhich

gives results sufficiently close. is

E where

E Elev ation of outer rail in inches .

S Speed inmiles per hour.

I) = Degrees of curvature .

Examplefor 1 0 degree curve.

E .000685 x 302 x 1 0

E = inches .

(Taken from American Locomotive ( ‘ofs Handbook . )
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Pu rl : 487

RAILWAY CURVES.
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684 . SPREAD O F RAIL8 .

—In 1 9 1 0, the A . R . M. M. Association
recommended thewidening of the gauge of track atcurves as follows :

Curves 8 degrees and lem should be standard gauge . Gauge should be widened
4inch foreach 2 degrees or fractionthereofover8 degrees, to amaximumof 4 feet 9}
inches for tracks of standard gauge. Gauge, includingwidening due to wear, should
neverexceed 4 feet 94 inches.

685 . WEIGHT.

— The weight of the railway mount is just as

important as clearance indetermining where andhow itmay be trans
ported . Each type of mount , of course, weighs differently, and no
attempt has beenmade in this clearance data to state what weights
canbe handled over the lines shown.

686 . Inquiries were instituted as to what loads American railroads
could handle when the. clearance data was being obtained . The

majority of railroads reported that they could handle loads of
pounds safely . On weights above this amount, most of the

answers were eithernegative or ambiguous. The railroads, therefore,
indicate that no general statement will bemade as to what load they
can handle. It was necessary to take up each type of mount with
the roads in question giving full information as to wheel loads ,
wheel bases, total length of equipment with an outline or silhouette
of themount . The route contemplated was also given. Only by this
procedure cana definite statement be secured from the railroads .

687 . The axle loads for all railway mounts for use in France were
fix ed under the direction of Gen. Pershing . This was a limit of 1 7
metric tons per axle or approximately pounds . TheM. C . B .

Associationstandard capacity for anaxlewith 6 by 1 l -inch journals is
pounds . So the wheel loads on all railway mounts were

comparatively low. This decision required the ex tremely heavy
mounts to havemany wheels. The 1 2—inch, 50-caliberAmericangun
sliding railway mount has 32 wheels . The 1 0-inch French Schneider
sliding railway mount has two trucks of 1 2 wheels each . Ih'om the

foregoing , it will be noted that while the total weight of some of the
mounts (the American 1 2-inch gun sliding mount weighs
pounds) , is exceedingly high, the loads perwheel are low.

688 . Those dimensions with which the Service would be concerned
in routing railway artillery over theUnited States are givenwith the
various ex isting railway mounts on the following data and profile

sheets . In each case the transverse section givenwithin the United
States composite clearance diagram is acomposite of the obstructions
throughout the length of the car that figure in the clearance. In the

event that the clearance of any particular mount over certain roads
is found so close as to be doubtful, it will be best to look up the draw
ings of that particularmount inthe handbook to determine just where
the limiting features on themount are located .

689 . TABLES O F CLASSIFIED INFO RMATIO N .

- It was mentioned in
the preface that at the request of the French and~ British Technical
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Services ,
sections 3 and 1 0 were being divided and all descriptions

and tabular data on French , British, and Italian mounts would be

given in a second volume which would be available for official use

only . The result is that less thanone—third of the descriptivematter of
section 3 and the tabular data of section 1 0 can be given in this
volume. The Americanmounts onwhich data is given herein rept e

sent the highest points in the development of railway artillery so that
an accurate conception of its present status can be gained . All of

the data on the German mounts has been gained from study of

captured handbooks and examination of the mounts themselves .
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APPENDIX 1 .

THE GERMAN LONG RANGE GUN

FIRST DAY’S BOMBARDMENT—FIRST IMPRESSIO NS.

690 . At on the morning of March 23, 1 9 1 8, just two days
after the Germans opened their offensive against the British Fifth

'

Army before Amiens , the people of Paris were startled by an explo

sion of something that had fallen on the Q uai de Seine. The explo

sionwas of such magnitude that it could be heard over practically
the whole of Paris . Fifteen minutes later there occurred another
explosion of the same magnitude, but this time closer to the Seine
on the Rue Charles V ; 1 5 minutes later another explosion occurred
on the Boulevard de Strasbourg near the Gare de l

’
Est. Until that

time Paris had never been bombarded except from airplanes and

Z eppelins, and the first thought of the people was that they were
being bombarded from some new type of aircraft that was being
operated at such a height that it was practically invisible.

69 1 . The explosions continued to occur throughout the morning
at very uniform intervals of 1 5 minutes, and by evening 2 1 explo

sions had occurred at the places shown onplate 509 . These aremen

tioned by their exact location under March 23 in the table given
as plate 5 1 0 . After the first few explosions between 7 and 8 o ’clock
in the morning , business in Paris practically ceased . Stores were
closed and part of the Metro system ceased to operate ; ticket offices

in some of the railway stations were closed , and great numbers of
people could be seen walking the streets looking skyward trying to

locate the planes that were dropping the supposed bombs .

692 . Information of the ex traordinary bombardment was tele
phoned and telegraphed over practically the whole of France within
a few hours and was received everywhere in amazement . After a

few hours on the first day a sufficient number of the fragments of
the exploding agent were collected by officials in Paris to identify
it as a projectile being fired from a gun,

rather than a bomb being
dropped from an airplane. By noon representatives of the Heavy
Artillery Section of the Ordnance Department, located at Tours,
had made preliminary calculations in response to telephone instruc
tions from Paris

, giving the probable muzzle velocity at which a

(723)
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projectile would have to start in order that it might travel from a

few kilometers within a point of the German lines nearest Paris to
the center of Paris . Inquiries were made likewise of the section as

to the possibility that these projectiles could actually be coming
from agunwithintheGermanlines . The replywas that the probable
muzzle yelocity of the projectile, if it was actually being firedwithin
the German lines , was not less than feet per second . No such
muzzle velocity had, to their knowledge, ever been realized , butwith
a gun of sufficient length and with a powder burning at a satisfac

torily low speed , it was considered quite possible that the projectiles
were being fired from within the German lines . By the end of the
first day , officers of the French as well as the AmericanArmies were
quite certain that the projectiles were being fired from a newly
designed long range gun, located within the German lines , and

operating at a probable range of 1 1 0 kilometers miles) .

693 . During the nex t few days some interesting theories were
advanced in the various newspapers . In one case it was maintained
that the projectiles which arrived in Paris were being fired from
another much larger projectile, which actually served as a gun.

This larger projectile was said to have beenfired from a gun within
the German lines and upon attaining a certain height , a charge of
powder within the larger projectile was automatically igni ted , firing
the smaller one to amuch greater distance. The theory that the pro

jectiles were being fired from guns concealed in abandoned quarries
or inheavily wooded regions nearParis received considerable credence
and diligent search was made of all such places to be certain that it
was not true. A third theory was that the projectiles were being
fired from a pneumatic gun located within Paris .

694 . A plotting of all the bursts for the first day showed results
that were very puzzling . If the guns were being operated at com

paratively short distances , the only way to account for the tremen

dous dispersionwas on a bas is of actual laying of the gun for differ
ent objectives . This theory did not seem plausible, however, because
if the gunwas actually laid on given objectives , these objectives were
of relatively small importance. If

, on the other hand , the projec
tiles were being fired from a gun at a great distance, it was seen at

once that the dispersionwas so great as to make it practically impos
sible to hit with any certainty any objective much smaller than that
portion of Paris within the walls . It was noticed that the disper
sion in direction,

that is , to the right or left of the theoretical line
on which the projectiles were arriv ing, was comparatively small,
while the dispersion in range, that is, ov er or under the probable
point at which the projectiles were supposed to arrive, was very

great . Examination of the map ,
plate 488 , shows that on this
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first day , when the gun was new, the average dispersion in range

was very small compared with the dispersion on later days when the

gun became worn.

695 . Evidence received later indicates that at the end of this first
day ’s bombardment thefirstgunwas about half wornout. Eighteen
projectiles had fallenwithin the walls of Paris and 3 outside; 1 5
people had been killed and 36 had beenwounded . The destruction
of property had been comparatively small . By

“
comparatively ” it

is meant that the destruction was small in comparison with that
wrought by the 1 00 and 300 kilogram airplane bombs . Whenever the
projectiles landed in the street or in an open plot of ground , the hole
madewas seldommore than from 1 2 to 1 5 feet indiameter and from
4 to 6 feet indepth . When the projectiles struck buildings i twas not
unusual to have them explode in the interior without showing any

considerable signs of damage on the outside.

696 . On the 24th of March 1 3 projectiles fell W ithin the walls of
Paris and 9 without, killing 1 1 people andwounding 34 . Onthe 25th

4 proiectiles fell within the city and 2 without . This was the end of
thefirstgun. Itwas wornout

,
andnomore firing was done until the

29th, when the second gun began its work .

697 . Search of the files of the French War C ihoe revealed the fact
that full drawings and plans had been on hand for quite a long time

for just such agunas theGermans were probably using . These speci
fications had been submitted several years before and had been dis
carded because of the excessive eXpense and the tremendous difficul
ties involved inmanufacturing such a gun. It was considered like
wise by thosewho had turned down the specifications that the value
of such a gunwas ex tremely questionable. It was realized that its
dispersionwould be excessive and that with the powders with which
the service was then familiar i t would be exceedingly difficult to
secure amuzzle velocity sufficiently uniform to do effective work .

DETAILS OF THE BOMBARDMENT.

698 . Whenthebombardmentwas over,anexaminationof the period
over which it had ex tended indicated that it had been divided into
three distinct series . The first ex tended fromMarch 23 toMay 1 , the
second fromMay 27 toJune 1 1 ,and the third fromJuly 1 5 toAugust 9 .

It seems certain that this division into series was a part of the plan
of the large ofi

'

ensives being waged during that time. The table,
pages 75 1 and 752, gives the bombardment by days during this entire
period and shows thenumber of projectiles falling withinandwi thout
thewalls of Paris each day ,

thenumber of peoplekilled andwounded,
and the exact places where the projectiles fell. During the first few
days of the bombardment thefirst proiectiles arrived between7 and 8
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o’clock in themorning and continued to fall at intervals of 1 5minutes
through aportionof theday . Onlater days the bombardment would
begin at noon.

699 . Much has been said with reference to the effect of this bom
bardment on the people of the city of

.

Paris . Thewriter’s firstdirect
acquaintance with the bombardmw twas during the third and fifth

days . With considerable surprise i t was observed that already the
peoplewere taking it quite philosophically ; infact i t could notbe seen
that they were paying much attention to i t at all . At intervals of
about 1 5minutesmuffled explosions would be heard indifferent parts
of the city, seldom two consecutive explosions in the same vicinity.

Many people would stop for an instant and attempt to decide from
what direction the sound had come, afterwhich theywould go on their
way apparently unconcerned . It was

,
of course, still sufficiently

novel to be of considerable interest, and peoplewere talking about i t
everywhere. It is quite probable that the regularity with which the

projectiles werearriving gotonthenerves of some people, and that the
bombardmentwas responsible for the departure of some of the people
who were crowding the trains west and south from Paris. It seems
more certain, however, that by the l et of June the close prox imity of
theGermans to the city of Paris, togetherwith the anx iety caused by
another drive impending , added to the effect of the heavy bombard
ments from airplanes on every clear night, had farmore effect than
the gun. The visible destruction of property was so slight as to

give little evidence to anybody traveling about the city that the
explosions they were hearing from time to time amounted to any

thing . The newspapers were very careful to avoid any discussion
or even a lengthy reference to the bombardment from day to day,
andneither gave the locations of the places where the proj ectiles had
fallennor the number of killed Or wounded .

700. The Germans must certainly have known that their gunwas
not a profitable investment for the destruction of property ; hence
they mus t have continued the bombardment purely for its destruc
tive effect on themorale of the Parisians and its beneficial effect on
the morale of the Germans . This is likely the purpose which
prompted the construction of the guns . Inhis book,

“My Thoughts
and Actions,

”
Gen. Ludendorf says : “During the battle we had

commenced bombarding Paris from near Leon with a gun having a

range of 75 miles . This gunwas a marvelous product of technical
skill and science, amasterpiece of the firm of Krupp and its director,
Rausenberger. The bombardment made a great impression on

Paris and on all France. Part of the population left the capital ,
and so increased the alarm caused by our succes ses .

” He is right ;
the bombardment did make a great impression it made everyone
more angry and alarmed very few. It is certain now that they



728

could ill afford to use their manufacturing facilities for the making
of such guns as these at a timewhen they were so desperately inneed
of heavy field guns to assist their armies in their big drives
701 . Long

-range or super guns received consideration from the

Allies for a very short period . There was a tendency for a few

weeks to favor the construction of a great number of them, but a

saner view soonprevailed , and actual steps were taken for the con
struction of only a very few. Both the British and the French
Governments began the construction of a few,

some of which have
now been finished. They built them,

however, with a clear under
standing that they could hope for but little more from them than
the Germans were getting from their own. American Ordnance
ofiicers feel that it would not profit us to construct more than two
or three such guns atmost and probably none at all .
702 . Within a very few days from the beginning of the bombard

ment it was possible through careful examination of the direction
of the passage of the projectiles through various buildings, to deter
mine quite accurately the direction of their arri val and the probable
place from which they were coming . This place was in the Forest
of Gobain,

west of Laon. Very soon thereafter the French AirServ
ice was able to locate in this same forest three positions, from any

one of which, or possibly from all of which, the guns were being
operated . Only one of these were sufficiently close to the German
and allied lines to permit of any possibility of operating against it
with the heavy guns then in service. The gun selected was a

centimeter inches) , 45-caliber French gun on a railway mount.

This mount was run up to a point verv close to the lines and behind
a hi ll of such size as to effectively conceal it from German line ob

servers . It was well camouflaged by nets against the air observer
and against German sound ranging apparatus by placing two smaller

guns at the right and left and several hundred yards behind it. These
smaller guns were fired at intervals of one and two seconds before the
larger gun, and ev idently had the effect of so disturbing the German
sound ranging apparatus as to make it impossible to locate the heavy

gun. After a half day ’

s firing from the 134-centimeter gun, air photo

graphs indicated that the emplacement had been destroyed . The

airmenundertook to demolish the other two emplacements and their
photographs indicated that they had inflicted considerable damage.

Apparently they did not secure any direct hits for the gunor guns
continued to fire without any long intervals .

703 . After the advance of the Allies it was impossible to determine
from examination of the emplacement which had been nearest the
allied lines whether a gun had actually been on this position or not.

A German artillery officerwho worke dwith the Americans for some

time in the forward area after the armistice andwho spoke with such
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PLATE 489

SHELL HO LE IN THE GARDEN O F THE TUILLERIES.
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Thebombardmentof Pan
'

aby theGermah long-range gim,
Mar. 28 toAug . 9, 1 91 8

—Con.

Numberof projectiles .

Dates. Killed. Wounded.

Within O utside
thewalls. thewalls .

705 . Even during the active peri ods of the three series noted
above there were many days on which the gun did not fire. It is
quite certain that between the 25th and 29th of March the first gun
was being removed and a new one placed on the carriage. By the

end of the 25th of March 49 projectiles had arrived, and the probable
life of the guns is not more than 50 rounds. It is likely that the

guns were changed again between the 7th and 1 1 th of April and
between the 2 l st and 24th of April .
706 . After the armistice it was learned that the Germans had

constructed a total of sevenguns . These guns were first constructed
to a diameter of 2 1 centimeters inches) and after being worn
out as 2 1 -centimeter guns were being rebored to 24 centimeters

inches) . All of the projectiles of the first two series were 2 1
centimeters in diameter, but during the last days of the third series
the projectiles were 24 centimeters in diameter, indicating that the
entire seven guns had been worn out, and that probably the gun

that had commenced firing on Paris onMarch 23 as a 2 1 -centimeter

gun had been rebored and was fired again as a 24-centimeter gun.

It was learned also that the Germans were reboring the remainder
of the seven guns and were constructing additional guns at Essen.

Representatives of the Ordnance Department found in the Skoda
Works at Pilsen three more guns which the engineer at these works
said were under construction as long—range guns at the time of the
armistice. In July, 1 9 1 8, the Intelligence Serv ice transmitted
information to the effect that one gun had been destroyed by a

premature explosion. No confirmation of this report has ever been
found and it cannot be considered a certainty .

707 . Thethird seriesbeganonJuly 1 5 with 1 0 projectiles, followedby
4 projectiles on the 1 6th . The bombardment then ceased for three
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weeks, beginning againon
‘

August 5 andcontinuing daily untilthe9th.

Ou this day 1 2 projectiles arrived, only two of which fell within the

walls of Paris . The famous bombardment was finished. A compari
son of the distribution of the bursts on this last day ,

plate 490, with
the locations on the first day , plate 488 , is very interesting. O n the

first day a considerable portion of the projectiles fell within a very
small area in the northeastern section of Paris . O n this last day i t
will be observed that they are scattered over the eastern section of
Paris and no two are very close together. The last projectiles of the
entire bombardment fell between 1 and 2 o'clock on August 9 .

Already the Allies in their successful drive north of the Marne and

between Soissons and Rheims were driving the Germans back so

rapidly and hadmade such progress as to put the long-range guns in
serious danger.

708 . Plate 49 1 shows the location of all of the bursts within the

walls of the city , a total of 1 83 1 20more fell outside the city, making
a total of 303 fired from seven 2 1 -centimeter guns and probably one

gunrebored to 24 centimeters . The bombardment included 44 active
days . Evenbefore the last day of the bombardmentAmerican forces
operating north of theMarne had captured anemplacement 9 kilome

ters (5 miles ) north of Chateau-Thierry . This emplacement will be
described indetail later. It was 86 kilometers mi les) from Paris
and it is understood that it was a new emplacement from which the
Germans hadhoped to operate the super guns more effectively .

DESIGN O F THE GUN, CARRIAGE, AND EMPLACEMENT.

709 . INTRO DUCTIO N .

— It has been mentioned before that the

Germans used sevenguns of a caliber of 2 1 centimeters inches ) ,
that they had rebored at leas t one of them to 24 centimeters
inches) , and that at the time of the armistice three more guns were
underconstructionat the SkodaOrdnanceWorks atPilseninAustria.

During the period of active warfare many reports were received with
reference to the design of the gun,

but never any information with
reference to the carriage. The various reports on the gun agreed
quite closely in the essential details .

7 1 0. InMay ,
1 9 1 9

,
a commission of Ordnance officers was sent to

the Skoda Works in Austria for the purpose of investigating their
methods of constructing large and small ordnance. While there
they secured additional data from the chief engineer of the plant wi th
reference to the design of the gun,

and saw the three guns which had
been in pro1 of construction on November This chief
engineer stated that when the firstGerman gunbev an to fire onParis
i t was as mu1 h a surprise to the Austrians as it was to the Allies .

Shortlv thereafterhewent to F1 am e to examine the gunand observ ed
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i t in action. It was not until a few months before the armistice
that the three guns were sent to Pilsenfor conversion into long-range

guns . Evidently the Germans had considered the bombardment a
success , or sufficiently so to warrant the use of manufacturing facili
ties for the construction of a greater number of guns than they were
able to handle at the Krupp Works atEssen.

7 1 1 . The details of the design of the carriage for the gunwere not
learned until April, 1 9 1 9, although it had been quite certain since
August, 1 9 1 8, that the emplacement found north of Chateau-Thierry
was intended for the carriage of the long range gun. Until July 1 ,

1 9 1 9, no direct information had been received from the Germans
with reference to the design of any part of the entire mechanism
except the gun onwhich, as mentioned before, informationhad been
received at various times before the armistice ; the guns themselves

were examined at the SkodaWorks atPilsen. Justwhy theGermans
refused to talk about this gun is not known. InDecember, January ,

and February, 1 9 1 8 and 1 9 1 9 , a German engineer who was working
with the American forces in the regionnortheast of Verdun helping
identify long delay fuses and assisting on other technical matters
said that he was acquainted with the des ign of the gun and had seen

i t in operation. Very curiously, however, he refused to give any

information with reference to the details of the design; was quite
positive in his assertions that the Allies would never see any of the

guns , and certainly not any of the carriages . This was difficult to
understand in view of his perfect willingness to talk about the details
of design of any other piece of ordnance that he was at any time

asked about, and it was more curious in view of the fact that there
is really nothing wonderful about the des ign of the long-range. gun,

its carriage, or its emplacement .

7 1 2 . GUN .

— All of the long-range guns were constructed from
worn-out 38-centimeter ( l 5- inch) , 45-caliber guns meters or 56
feet in length) . The converted gunwas in two parts, the main sec

tion 30 meters feet) in length and the forward section 6 meters
feet) in length . The 38—centimeter gun was bored out and a

very heavy tube with inside diameter of 2 1 centimeters was inserted ;
meters feet) projected beyond the end of the original

gun and over this projecting portion another hoop was shrunk and

locked to the forward hoop of the old gun. This 2 1 -centimeter
tube was rifled at a uniform twist throughout its length. The other

section,
6 meters in length,

was attached by means of an interrupted
thread and heavy outside collars or flanges . This sectionwas unri
fled andwas of an inside diameter equal to 2 1 centimeters plus twice

the depth of the groov es in the rifled section. I t was assembled to
the gun in the field and not removed until the gun had beenworn

out. The total weight of the original 3 18-centimeter gunwas

1 81 768— 21 47
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thereby reducing the dispersion both in range and in direction. I t
is not improbable that the German gunwas first constructed with
out the smoothbore section and that its shooting was found to be.

so erratic as to require the addition of this feature.

7 1 6 . This gun was O perated at a muzzle velocity of from
meters feet ) to meters feet) per second and at an

elevation of 55 degrees . This 55 degrees is worthy oi
’

comment
inasmuch as i t has ordinarily been supposed that nothing could be

gained in range by elevating a gun above 45 degrees . It is known
,

of course, that if a projectile-is fired in a vacuum itsmax imum range

is attained when it starts at an elevation of 45 degrees When fired
in the air

, however, the initial angle which permits i t to attain its
max imum range depends both on the caliber and weight of the

projectile, and the velocity at which it leaves the gun. With rea

sonably large and well—designed projectiles it may be said that for
eachmuzzle velocity (A ) there 1 s a density of air (b) into which the

projectile should enter at an approx imate angle of 45 degrees For

this projectile and themuzzle velocity of meters per second the
ini tial angle is 55 degrees . It is very doubtful whether any addi
tional range canbe secured with any projectile at any muzzle velocity
atanangle above 55 degrees .

7 1 7 . Attention was cal led in the discussion of the first day
’
s

bombardment to the tremendous dispersion in range. Some of the
projectiles fell just within the wall at the northeas t side of Paris, and
some within the walls at the southwest side. This is accounted for
by the fact just mentioned , that the muzzle velocity of the projectile
varied as much as 1 00 meters per second . It was impossible with
the powder that the Germans were using to secure amuzzle velocity
with a variation of less than 1 00 meters per second .

7 1 8 . CRADLE .

— The cradle is a cylinder of simple design having
ribs at long intervals and of a depth of only about 3 centimeters

,

plate 4 1 0. The walls of the cylinder have a minimum thicknes s of
1 0 centimeters and amax imum thickness of 1 3 centimeters over the
ribs. The diameter of the main trunnion is 46 centimeters, and the
length centimeters . A collapsible counterweight is attached
to the top of the cradle. In firing , the two sections of this counter
weight are raised and locked together for the purpose of raising the
center of gravity to such an ex tent that the gun may be elevated
and depressed more easily . This cradle is of anaval design, the front
section being so shaped as to close the O pening in a turret. It is not
improbable that the cradle as well as most of the 38-ce1 1 timeter guns

were removed from German ships or coast fortifications .

7 1 9 . RECO IL MECHAN ISM.

-The recoil mechanism is composed of
two hydraulic recoil cylinders and one spring-pneumatic recuperator
cylinder, all attached to the bottom of the cradle, plate 403. Each of
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the recoil cylinders is a separate cylinder carried in brackets cast on
the cradle, and each is provided wi th a buffer approx imately 32

centimeters long. The plugs through which the cylinders are filled
are on the ends of the buffers . The approx imate length of recoil is
meters inches ) . This distance is of course approx imate and

was arrived at after careful examination of the cradle. A report
examined in the office of the Chief of Artillery of the BelgianArmy at
Brussels gives the length of recoil as meters . Inquiry disclosed
the fact that this length of recoil was approx imate also .

720. Two rods screwed to the recoil lug of the gun, plates 403 and

405 , and ex tending to the rear, carry a heavy crosshead to which the

piston of the recuperator cylinder is attached. The recuperator
cylinder is likewise a separate cylinder carried inbrackets cast onthe
cradle. At the rear on both sides i t is planed to serve as a guide
for the recoil lug to prevent rotationof the gun.

72 1 . ELEVATI NG MECHAN ISM.

-The elevating mechanism of this
mount is ex tremely heavy and unique in design. The cradle was
evidently originally provided with the screw type of elevating
mechanism,

the screw being hinged to the cradle at the rear end.

722 . The specification that the gun be provided with an elevation
of 55 degrees necessarily led to the discarding of the screw mecha
nism. The straight racks shown on plates 400, 407 , 408, 409 slide
inwayswhich are parallel to the inclined forward ends of lowerchords
of the side girders . I t was neces sary to put them in this position to
secure sufficientmovement to attain 55 degrees . At the lower end

they are connected with each other by aheavy shaft to which are at
tached the two connecting rods running up to the bottom of the
cradle, plate 409 . Provision is made for two handles on each side of
the car

,
each for two men

,
plate 409 , and a two-speed transmission

is provided
,
permi tting themechanism to be operated at low or high

Speed . The ratio of the gearing at low speed is 4 1 turns of the handle
for 1 degree of movement of the gun. It was not possible to deter
mine the ratio of high speed since the two menmaking the exam
ination could not O perate it. I t seems probable

,
however

,
that

eight men could O perate themechanism at high speedwi thout undue
difficulty .

723 . TRAVERSING MECHAN ISM .

— (See
“AncnonAGn.

724 . RAILWAY CAR BO DY .

—
.The railway car body shown on plates

400
,
4 1 3, 4 1 5 , 4 1 6 is made up

.

of two single-web side girders connected
at the front and rear by heavy structural steel transoms . They are
further reenforced in the front by the heavy cast-steel housing for the
elevating gear. The trunnion seats are of cast steel and are simply
bolted to the top chord with single-key plates at their rear. This
single-key plate has the positive backing of one top-cover plate. The

face of the horizontal section of the lower chord of the side girders is
planed and is provided with key plates at each end

,
plate 4 1 6 . Eight



2-inch holes are provided ineach lower chord at the front end and six

at the rear for bolting the mount to the emplacement.
725 . Axcnoaaon.

— When the German army had retired from the

salient between Soissons and Rheims inAugust, 1 9 1 8, the emplace
ment shownonplates 4 1 7 and 4 1 8 was found inthe Bois duChatelet,
9 kilometem directly north of Chateau Thierry . This emplacement
was in process of installation and had not been completely erected .

The Germans attempted to destroy it
’

,
but succeeded only in ripping

loose a few plates . At the time the emplacement was captured no
description of any kind was available of the carriage forwhich it was
intended . The writer’s failure to find any emplacement in Belgium
from which the mount examined there could be operated

,
led to fur

ther examination of the emplacement in fi ance, and it was found
that they fitted perfectly .

726 . The emplacement is in two main sections
,
one a base and the

other a rotating section. The rotating section
,
plates 4 1 9 and 420,

is about 28 feet 6 inches in diameter and is supported on 1 1 2 8-inch
steel balls . The base is about 35 feet indiameter and 6 feet indepth .

O u plate 4 1 7 there canbe seen at right angles to the direction of the
track of the rotating section two girders, on the ends of which are key
plates or pads . The plate which is labeled has six holes in it and the
plate on the opposite end of the girder has eight .
727 . The mount is run onto the emplacement with the rotating

section in the position shown in plate 420. It is then raised by the
four jacks which can be seen at the left of plate 4 1 7

,
and are shown

in their exact positions in plate 420. When the mount is raised the
trucks are removed and the rotating section of the emplacement
turned through 90 degrees . Onlowering themount onto the emplace
ment

,
the key plates on the bottom chords of the carriage are fitted

to the corresponding key plates on the emplacement . The emplace
ment is shown in process of installation

,
with the Gantry crane still

in place
,
plate 42 1 .

728 . The carriage onwhich the gun is so mounted as to be capable
of movement ina vertical plane only, is traversed by rotating the top
section of the

’

emplacement . A complete circular traversing rack

made up of angles andsteel pins is bolted to the structural base, plate
422 . A pinion carried 5n a vertical shaft on the side of the rotating
section which corresponds to the rear of the carriage engages with
this rack and the mechanism is driven by two-man handles on a

horizontal shaft carrying a worm engaging with a worm wheel on
the top of the vertical shaft , as shown at the right of the top view ,

figure 420. This shaft may likewise be driven by means of the four
handles mounted on the two cases in the center of the rotating section
and connected with the worm wheel and shaft through two shafts
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mately inches. To this is attached a false ogive or cap,
the

exact length of which is not known; it is probably as long ,
if not

slightly longer than the main portion of the projectile. The radius
of the curve of this ogive is about 7 calibers or 58 inches . I t will be
noted that the charge is separated into two parts by a diaphragm
which has a number of holes in it. Two fuses are used , the one in

the diaphragm and the other in the base. All of thes e projectiles
aremost carefully machined to elaborate specifications in order that
the weight and dimensions might be practically exact and the center
of gravity perfectly located ; even after they are thus machined
they are sorted out into lots according to their characteristics by
weight, dinlensions, and location of the center of gravity and the

various lots of projectiles marked with center punch marks . The

necessary corrections in elevation and deflection are calculated for
the projectiles of thes e various lots . The projectiles which fell in
Paris were successively marked with three center punch marks in a

triangle or four center punch marks ina square, etc. projectiles of
the samemarking arrived consecutively.

733. The outs ide of the projectile is provided with two copper
bands which served as gas checks and in front of each of thos e copper
bands the projectile is enlarged andrifled fora length of 70millimeters

inches ) . The shear from the ex treme accelerationneces sary to
produce the required muzzle velocity is such that the ordinary
copper bands could not bemade to serve as rotating bands . The

shearing strength of copper is not sufficient to stand the strain
that would have beenput on the bands with so great an acceleration.

The frictionbetween the lands of the gunand the projectile is so great
as to wear the gunappreciably oneach round fired. Thiswas evident
from examination of the copper bands of successive projectiles . As

a result of the necessity for providing rifled projectiles, it is neces sary
inplacing the projectiles in the bore of the gun to fit the forward rifled
section of the projectile into the beginning of the rifling of the gun,

plate 5 1 4 . The exact details of the design of the portion of the tube
between the beginning of the rifling and the powder chamber are not
known. I t seems quite probable, howev er, that there is a smooth
section of about inches into which the portion of the projectile
back of the first copper band fits

,
bringing the base of the projectile

to the end of the powder chamber. The fact that the forward rifled

section of the projectile is already fitted into the groov es of the gun
makes it certain that the rifled section at the rear would likewise fit
as the projectile begins to move up the gun.

734 . I t has been noted before that this projectile departed at a

muzzle velocity of from to meters per second . The

v elocity remaining on its arrival inPariswas approx imately 700meters

per second and the time of flight about threeminutes .
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735 . The analysesmade of the various parts of the shell showed

0 43-0 85
fl . 49 27 . 36 41 . 97

l Practically acasting . Fm :

736 . Not a single one of the 303 projectiles that fell in or about
Paris failed to detonate. Evidently the two fuses were responsible
for this excellent record . The practice of separating the charges
into two parts by a diaphragm is notnew. The diaphragmhad been
used before in French heavy projectiles as a guarantee against the
effects of inertia which might either provoke a premature explos ion
in consequence of the friction of the molecules of the charge against
each other or might bring the charge beyond the critical density
point after which it would probably not detonate. At one time a

theory was advanced to the effect that this diaphragm separated two
liquids which mixed and detonated upon the fall of the projectile.

There seems no good reason to believe that this could have been so.

737 . PREVIOUS DESIGNS AND L mrrs IN DESIGN .

— Ithas already
beenmentioned that investigation disclosed shortly after the begin
ning of the bombardment that an almost identical design had been
proposed to the French Government notmany years before. Further
search of French and English records has brought to light the fact
that the rifled projectile is quite old and seems to antedate the copper
band considerably . In 1 892 Sir Alfred Noble made a 1 00-caliber
6-inch gun which gave a muzzle velocity of feet per second ;
inthe same year the FrenchGovernment constructed a 1 0-centimeter
80-caliber gun from which they attained almost the same muzzle
velocity . It is not known what range was secured in either case.

The forms of most standard projectiles’

at that time was not such,

however, as to make it possible to secure the max imum range from
the above noted velocity .

738 . In taking up the design of such guns again the French and

English services found that with guns of practicable length and

muzzle velocities attainable with guns of such length, and with
available powders , the projectile that would permit the greater range
to be realized would be approximately 8 inches in diameter and

weigh from 225 to 250 pounds . An appreciable change up or down
in the diameter or the weight of the projectile would result in a loss
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APPENDIX II .

STUDY OFTHE RELATIVE EFFICIENCY DIFFERENT

CALIBERS.

740. Prior to the Europeanwar guns were not constructed above
50 or at most 55 calibers length, and, in general, for greater range,

larger and larger calibers were employed . The German long-range

gun emphas ized the fact that such practice did not rest on any fun

demental theoretical difficulty inmaking a smaller caliber shell carry
to the greater range. The French , in their program for new guns of

greater than the previous ranges , planned on fairly small calibers,
and the question at once arises as to whether this is not a more
economical plan than the old one of using a. larger caliber.

74 1 . The following calculations are based on the assumption that
it is desired to shoot a certain total weight of projectiles across a

certain range into enemy territory, and that for this purpose, on

account of the nature of the target, the number and caliber is imma
terial (within limits ) , provided the total weight is the same. This
is the condi tion that is believed to ex ist for fire upon industrial
es tablishments, railway yards , ammunition dumps, and the like— in
fact , for most of the targets that are presented for destruction at

long range.

742 . For this purpose,
' the three ranges of and

meters were taken,
and data were obtained on French and

American guns shooting, atmax imum elevation,
to these ranges .

743 . First , the relation between caliber and weight of piece was
studied . This relation is shown by the curves of plate 494 , one

curve being given for each range. As practically no guns were found
which had a max imum range exactly that considered , a correction
had to bemade in each case, as indicated on the curve, the weight of

gun was increased or decreased proportionately as its max imum
range was below or above the range in question or

meters) .

744 . Nex t
,
the relation of life in rounds and caliber was studied .

L ifewas computed from the Jones formula, using acorrected velocity,
obtained similarly to the corrected weight . That these values of
life are near to the absolute correct life may be seriously questioned .

B ut for comparison between the different guns at the larger calibers,
they are probably quite close, plate 495 .

(747)
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745 . A standard of kilograms is taken as the weight of pro

jectile to be delivered on the target . The number of shots neces sary
to accomplish this delivery for difl

'

erent calibers is approximately a

cube curve, and is plotted from actual values onplate 496 .

746 . From the preceding data, it is now possible to calculate the
weight of projectiles which each gun can deliver before it is wornout.

This is shown on plate 497 , the points representing computations
from the actual values for the preceding guns and the curves, com

putations from values read off the previous curves .

747 . It is now assumed that the entire weight of metal in the guns
is used up when it is wornout, or that it becomes ineffective. Hence,

if we compute the total weight of projectiles which can be delivered
by each caliber per kilograms of gunwear (computed as above
noted) , we have a direct measure of the relative efficiency and econ
omy of the different calibers of guns at different ranges This has
been computed and plotted onplate 498 . O u this diagram there are
shown also similar curves derived from purely theoretical consider
etions on a line of similar guns .

748 . The conclusions from this are as follows

(a) At meters, it is much more economical to deliver agiven
total weight of projectile with the smallest practicable caliber. A

given weight of 75
’
s will deliver during their life three times the

'

weight of projectiles to this range that the same weight of 4oo
’

s

would deliver during their life.

(b) At meters, the same tendency is eyident but to a some
what smaller degree. The theoretical curves indicate about 1 50
millimeter caliber is most economical.

(0) At meters, the tendency has disappeared so far as the

points from actual guns indicate, and the curve derived from pre

vions curves indicates only a very small advantage in favor of the
smaller calibers . The theoretical curve also shows little difference,
but indicates maximum efficiency around 300 millimeters.

749 . For the ranges and calibers considered for powerful railway
artillery the above would indicate that there is amost efficient caliber
from the standpoint of gun wear for each range. At the shorter
ranges (20 kilometers) the smaller guns are most economical, but at
the longer range (30 kilometers) economy does not vary greatly with
caliber and therefore does not determine it. Very long guns of small
caliber would seem to have about the same economy as shorter and
more normal guns of larger caliber carrying to the same maximum
range.

750. In order, possibly, to make clearer the steps by which the

preceding curves were derived , the table below is givenof the various
values computed for the -meter curve, from a theoretical
standpoint .
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Calculatiomj or meterrange.

.

Column 1 is assumed to give a good point distribution. Column
2 is assumed from standard projectiles . Column 3 is taken from
ballistic curves prepared by Capt . Kent . Column 4 is merely a

translation of column 3 to English units .

75 1 . Column 5 is found by assuming that the same max imum
pressure, pounds per square inch, and the same type of
expansion, giving the same average pressure, will be used onall guns .

A consideration of the mechanics of the problems will show that
,

under these circumstances , the travel is equal to

The value of the constant is found from a study of existing guns
using the max imum pressure in question and the travel is computed
from the formula and recorded as shown.

752 . Column 6 : It is assumed that the weight of any of a line of
similar guns wi ll vary as the travel of the projectile multiplied by
the square of the caliber. A constant derived from practice is used
to get the actual weight in each case.

753. Column 7 : The life of the gun is computed in each case from
Jones ’s formula, elsewhere mentioned . In this case, however, a
correction has been applied

,
based on recorded lives of French guns,

so that the tendency is to lengthenthe life onlarge calibers andshorten
i t on small as compared with the values givenby Jones

’
s formula. It

is thought these revised figures are more nearly correct than those

gotten directly from the formula.

754 . Column 8 is the product of columns 2 and 7 and the factor
for converting pounds to kilograms .

755 . Column 9 is column 8 div ided by the weight of the gun in
thousands of kilograms (derived from column This figure is a

direct measure of the efficiency of the gun in delivering projectiles
to the range in question.



APPENDIX III.

A REPORT ON THE GERMAN DEFENSES O N THE COAST OF

BELGIUM

PURPOSES O F INVESTIGATION AND SOURCES OF INFO RMATIO N.

756 . The investigation onwhich the following report is made was
made primarily for the purpose of determining whether the Germans
had followed fixed policies in the des igns of the various mechanisms
of their heavy gun carriages . With ordnance designers, there have
beenanumber of questions onwhich therehas beena sharp difference
of opinion. Some believe that the cradles of heavy guns should be
heavily braced by ribs, while others feel that there is no reasonwhy
they should not be simple smooth cylinders . Some designers are in
favor of a front pintle type of carriage with simple frictionbearings,
or at best , roller bearings with racers of small diameter andmore or

less crude wheels or large rollers at the rear of the carriage onwhich
it may be traversed . Others believe in a central pintle type of

carriage with large roller paths. It is seen at once that there is a
vast difference in the difficulties involved in the manufacture of car
riages designed under these different principles. Cradles with heavy
ribs on the outside are difficult to cast, and do not lend themselves to
rapidmanufacture. If smooth cylinders will answer just as well

,
i t

does not seemwise to hamper themanufacturerwith the otherdesign.

Front pintle carriages are in general easier to manufacture than the
center pintle type, hence unless there is something very vital to be

gained in the central pintle type of carriage with its large and

difficult to manufacture roller paths, it would seem that the first
design should have preference.

757 . In this investigation, the methods of reducing the friction of
the trunnions, the designs of the elevating and traversing mechan
isms, the ammuni tion supply system, as well as the design of the

guns, were studied .

758 . A report has beenmade on these same coast defenses from the

standpoint of the problems of the coast artilleryman by Majors
Armstrong and Norton. This report is dated December, 1 9 1 8, and
was published in the Artillery Journal in three parts , the last appear
ing inAugust , 1 9 1 9 .
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759 . Information contained herein was secured through study
of reports in the offices of Gen. Arnoulde in Brussels, through con

versationwi th Gen. Arnoulde, through inspection of all of the guns
and carriages discussed , from discussion wi th French officers who

have inspected the same material, and from the
“Renseignements de

l
’

Artillerie
” of January and February, 1 9 1 9 .

760. The wri ter wishes to acknowledge his indebtedness to Lieut.

Gen. Arnoulde, Chief of Artillery of the BelgianArmy, for the cour
tesy ex tended by him for this inspection. Acknowledgment is
made likewi se of the excellent service of Sergt . J P. Ferris , who

assisted on this inspection.

HISTO RY O F THE INSTALLATIO N.

76 1 . The coast of Belgium was occupied by the Germans during
themonth of October, 1 9 1 4 . They occupied Ostend on October 1 5 .

It is probable that they at once installed some minor caliber guns
for its defense against landing parties , but the evidence available
indicates that the maj or caliber guns described in this report were
installed during the years of 1 9 1 6 and 1 9 1 7 , in preparation for and
support of theirmaj or submarine campaign.

762 . When the writerwas with the British Fourth Army at Ypres
inFebruary, 1 9 1 8 , hewas told by the British ordnance officers of that
army that they had received very authentic reports to the effect that
theGermans hadbeenrapidly dismantling theirsecond navy andwere
mounting theguns onrailway carriages forboth coast defenseandland
service. The 28-centimeter guns on railway mounts that were oper
ated in the Batteries Preussen, Hanover, and one other battery not
indicated on themap , were probably some of the guns removed from
the second navy . The emplacements for these railway mounts did
notmake their appearance in the air photographs until the year 1 9 1 8 .

763. It is likely that the 38-centimeter gun, Battery Pommern,
nearLeugenboom, was placed primarily for the purpose of bombard
ing Dunkirk and Ypres . Both of these places were heavily shelled
by a gun of this caliber during the years 1 9 1 6 and 1 9 1 7 . Battery
Goeben, at Z eebrugge, was made up of four complete turrets . In

this battery the original turret equipment was complete even to the
inclusion of the ammunition hoists , electrical traversing mechanism,

etc.

764 . During the spring of 1 9 1 8 , April 23, an attempt was made to
block the harbors of Z eebrugge andOstend . Themole at Z eebrugge
was pierced and the boat , Vindictive, loaded with concrete, was

placed across the entrance of the Ostend harbor. The boats engaged
in these undertakings received terrific punishment, but apparently
accomplished their mission. It seems probable that had the Allies
cared to make the sacrifice, it would have beenpossible to force either
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fact, that it is inclined to be swampy unless well drained . The guns

on the dunes ranged from to 1 7 centimeters, the centimeter

guns being for serv ice against aircraft . For the heavy batteries
located behind the dunes, there were heavily constructed concrete
observation stations in the dunes . The stations for the batteries
centered about Ostend were located one in front of the Royal Palace
Hotel (near the Palace Hotel Battery) and the other in the dune
near the Battery “ Petite Irene.

769 . All of the batteries shown on plate 499 by solid dots were
located on top of the dunes and were visible from the sea. Those
batteri es indicated by solid dots inclosed in rings were behind the
dunes and had to depend upon the stations located in the dunes for
their observation. The Palace Hotel Battery of 1 7-centimeter guns

was installed on the broad promenade just in front of the Royal
Palace Hotel . This battery was particularly conspicuous . Battery
Tirpitz just south of the city of Ostend was located in very swampy
land, and it is understood that a great number of piles had to be

driven to render the concrete emplacement stable. Considerable
attentionwas paid to the drainage of the region around this battery
and Battery Oldenburg . All of the other inland batteries were
installed on comparatively dry and solid ground . The Battery
Pommern,

southeas t of Ostend, was located on the eastern edge of

a small wood known as the Bois de Leugenboom. There is no evi

dence that this battery was everused against any except land targets .

770. DAMAGE momSHELL FIRE AND Bouns .

—In spite of the fact
that amaj ority of the batteries were located on top of the dunes and
in plain sight of the sea

, there is no evidence that any of them were
damaged by shell fire. It is probable that no firing was done against
the Palace Hotel Battery because of the damage that would be done
the large buildings roundabout . It is understood ongood authority
that the allied ships paid constant attention to both those batteries
installed on the dunes, as well as those located behind the dunes .

As early as 1 9 1 6 the exact locations of practically every battery
behind the dunes were determined from airplanes . Some of the
pictures taken of some of these batteries are shown on plates 5 1 0,
5 1 8, and 528 . Other photographs are available of the remaining
inland batteries . It 1s understood that the monitors came inwithin

a few kilometers of the coas t at night , camouflaging their gunfire
by blinding flares . It is reported that on practically all occasions
when the ships shelled the coast fortifications during the day heavy
smoke screens were at once set up by the Germans which evidently
afforded effective protection. Just back of the Battery Irene,
between the dune and road , the writer found a large number of steel
pots or cylinders 1 8 inches in diameter by 24 inches in height, which
had been used by the Germans in setting up their smoke screens.
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walls of the cylinderhave aminimum thickness of 1 0 centimeters and
amaximum thickness of 1 3 centimeters over the ribs . The diameter

of themain trunnion,
plate 503, is 46 centimeters and the length

centimeters ; the diameter of the small trunnion20 and the length 1 9
centimeters . It will be observed that the antifriction mechanism
is of therollingwedge type. This cradlewas providedwi th acounter
weight identical with that shown on plate 506, and its front is so de
signed as to close the O pening in the turret . Its total length is 3
meters, and i t is prov ided wi th brackets for the recoil andrecuperator
cylinders on the bottom as shown in plate 403. The cradle is lined
with a bronze liner, approx imately 6 millimeters thick and 1 meter
in length both at the front and rear. A portion of this linermay be
seenonplate 506.

775 . REcorL MECHAN ISM.

— FO I’ the description of the recoilmech
anism

,
see

“
Recoil mechanism of the 38-centimeter gun on the rail

way mount . The two recoil cylinders , plate 403, are carried inbrack
ets on either side and the filling plugs are on the ends of the bufiels .

The recuperator cylinder is carried in the center in similar brackets
and likewise has afilling plug on its forward end. As mentioned be
fore, its rear end, which is planed on both sides

,
serves as a guide for

the breech lug to prevent rotation of the gun.

776 . ELEVATING MECHAN ISM.

— See the same for the 38-centimeter

guns of the Battery Deutschland . The only difference between the
two is that in this battery therewas no prov ision for hand O peration.

The report found in Gen. Arnoulde
’
s othee stated that this gun had

been originally prov ided for hand O peration only , but that within the
last year i t had been equipped with motors for electrical O peration.

Themax imum elevation obtainable is 45 degrees .

777 . TRAVERSING MECHAN ISM .

— See des cription of the traversing
mechanism of the Battery Deutschland. There is provision for both
hand and power Operation of this mechanism. The wheel for hand
O peration

,
however

,
is located on the left of the carriage very close to

and on a level with the traversing rack . I t is 1 meter in diameter.

Themax imum traverse provided for is about 1 57 degrees The center
line of this field of fire passes approx imately through Dunkirk .

778 . CARR IAGE .

— See detailed descriptionof the carriage for the 38
centimeter guns of the Battery Deutschland . The only difference
between these carriages is in the armor provided on the guns of the
Battery Pommern. This wi ll be described later under the head
ing of

“ Protection.

779 . EMfLACEMENT.

— The emplacement for this carriage is of ex
ceedingly massive concrete construction. The diameter of the cen
tral pit or well in which the carriage is placed is approx imately

meters . The form of the pit is not a complete circle, but is
so shaped as to allow the carriage to traverse 1 57 degrees . The
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depth to the level of the traversing rack is 3 meters and the addi
tienel depth to the floor onwhich the center pintle rests meters ,
making a total depth of meters. Ou either side are practically
identical concrete structures for the housing of ammunition and per
sonnel . The structure on the right is for projectiles and tools . Be

tween these two structures at the front, plate 502 , there is a con

crete parapet 2 meters high and 3 meters thick . The earth sIOpee

gradually away from the tO p of the parapet at the front, drop
ping about to the level of the main floor of the emplacement on

which men are seen standing . The thickness of the roof of the struc
tures on the right and lett is 3 meters, the total height above the
floor being meters .

780 . AMMUN ITIO N AND AununrrroN SUPPLY Srsrnu.

— As just
noted under the heading of

“Emplacement” the projectiles were
stored in the concrete storehouse on the right and the powder in the
storehouse on the left . Three weights of projectiles were used, one

of which is shown on plate 504 . This projectile has a false ogive.

The ammunitionwas supplied entirely by hand , the shot truck being
of the design shown on plate 505 . The arrangement of the store
house is in general similar to that for the 305-millimeter gun of the
Battery Kaiser Wilhelm II

,
plate 5 1 7 , the projectiles being piled

two high . Gen. Arnoulde
’

s report states that the projectiles were
rammed by 1 2 men and that the rate of fire was one shot in five
minutes with electrical operation of the elevating mechanism, and

one shot in 1 0 minutes with hand operation of the elevating mecha
nism. Gen.Arnoulde

’
s report furtherstates that according to reports

of people living at Leugenboom,
the personnel originally provided

for operation of the mount when it was operated by hand was 1

captain
,
2 lieutenants , 1 0 noncommissioned officers, and 1 60 men.

After provision was made for electrical operation of the various
mechanisms , the personnel was reduced to 1 captain, 2 lieutenants,
5 or 6 noncommissioned officers , and 70 men.

78 1 . The shells fired by the 38-centimeter gun are :

Name. Weight.

1 1 . E . 38 cm. Sp . Gr. L/4. l d .
,
withbase fuse . 750 kg . Sp . Grm. K 42 km.

H . E . 38 01 1 1 . Sp. Gr. 695 kg . (600 without (also 8p . Om . K
with false og1ve and base fuse. ogtve) .

H . E . 38 cm. Sp . Gr. L/4 d . A . K: 342 kg . (without falseoglve) . 8p . Gun. X 48 km.

(mHaube) ,with double (use at head and
base falseogive.

The charges are three innumber:

(a) Hutzenkartasch,
cartridge containing 87 kg .

(b) Vorkartasche, charge containing 96 kg .

(0) Vorkartasche, charge containing 1 1 8 kg .
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tween the cradles of three of these guns and the cradle of the gun on

the Battery Pommern is in the lack of any provisionfor the reduction
of the frictionof the trunnions . Onplate 506 i t will be observed that
there are no aux iliary trunnions andno friction reducino mechanism.

There was no friction reducing mechanism onguns Nos . 2
, 3, and 4

,

but gunNo . 1 had a friction reducing mechanism identical wi th that
of Battery Pommern, plate 503. This omission of anti-friction de
vices on guns Nos . 2

,
3 , and 4 ,

which
,
by the way ,

are model 1 9 1 6

guns, canhardly be attributed to the lack of time for the installation,
since the small amount of machine work necessary in the shop might
have been handled without difficulty ,

and the work finished in the

field if desired. Apparently they preferred to rely on a
°

surplus of
man power in elevating their guns .

787 . RECO IL MECHAN ISM — The recoil mechanism is composed of
two recoil cy linders and one spring pneumatic recuperator cylinder
all located at the bottom of the cradle. I t is identical indesignwith
the recoil mechanisms of the Battery Pommern gun and the 38

centimeter railwaymount
,
plate 404 .

788 . ELEVATING MECHANISMu
—The elevating mechanism on all

of these guns, as well as on the 352-centimeter gun of the Battery
Pommern, is composed of two large telescoping screws , the larger
screw passing through a nut carried in the crosshead at the bottom
of the cradle, plate 506 . O u this plate the larger of the elevating
screws canbe seenabout inlinewith one of the elevating and traversing
handles at the bottom of the carriage. The larger of thsee two screws
is about 24 centimeters in diameter and the smaller about 1 5 centi
meters . The large nut in the crosshead is driven ei ther from the

motor, or by the hand mechanism which is used likewise for the
traversing mechanism.

789 . The max imum elevation at which the gun is operated is not
known. Therewere no elevating arcs remaining onany of the cradles
that would indicate to what ex tent i t could be elevated. I t is
assumed

,
however, that the max imum elevation obtainable is the

same as that in the Battery Pommerngun,
which is 45 degrees . O n

plate 506 themotor driving the elevating and traversing mechanisms

is hidden by the wire camouflage which has fallen. The box just to
the rear of the camouflage is the housing for the clutch connecting
the elevating mechanism wi th either the motor or the hand driv e.

All of this mechanism is duplicated on the left side. of the carriage.

790. TRAVERSING MEcHAN 1 s1 1 .

—The various details of the trav
arsing mechanism are shown on plates

'

507 and 508 . Prov ision is
made for its operation by hand as well as by motor. This hand
mechanism is operated by eight men.

'

79 1 . The rear of the carriage is supported on two heavy rollers
96 centimeters in diameter by 23 centimeters on the face, which are

carried on 2 1 -centimeter spindles . A complete circular steel bearing
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plate is hoi ted to the first shelf of the pit . This plate is 1 2 centi
meters thick by 1 meter inwidth and to its outer edge, plate 509 , is
bolted a traversing are made of 3 angles and a series of 5-centimeter

steel pins . The star traversing pinion, 2 1 centimeters outside diam
eter, meshes with this rack and is driven by ei ther the motor or the
hand mechanism. The radius to the center of the traversing rack
is meters?
792 . CARR IAGE.

—The carriage is entirely of structural steel, plate
506 . It is of the front pintle type

,
the front being carried on steel

balls . The ball path is 2 meters in diameter and the balls 1 5 centi
meters in diameter. It is assumed that some provision is made for
direct contact between the racer and base to transmi t the horizontal
component of the force of recoil into the foundation. It was not
possible to see the detai1 s of construction to confirm this suppos ition.

Examination of some other carriages of similar design indicated that
at least in some cases the racer was simply permi tted to climb the

balls when the gun was fired,
no provision being made for posi tive

contact . As noted under “Traversing mechanism,

”
the rear of the

carriage is supported on two rollers 96 centimeters in diameter.

These rollers have a face of 23 centimeters and are carried on steel
spindles 2 1 centimeters in diameter. The distance between the cen
ters of these journals is approx imately meters . The rollers
appeared to be perfectly cylindrical

,
with rounded edges . The con

struction of this carriage for one of their heav iest guns is exceedingly
simple. The only heavy castings are those for the pintle, the elevating
cross head , and the trunnion hearing . The only parts of the entire
mechanism which obviously require fine machine work are the

trunnion bearings , the heavy steel balls . and the ball paths .

793 . EMPLACEMENT.

—With the onussmn of the heavy concrete
structures described under Battery Pommern for ammuni tion and

personnel, the emplacements for the Batteries PommernandDeutsch
land are nearly identical . Battery Pommern was finally fitted up

for electrical operation only
,
and most of the mechanism for hand

operations is remov ed. Inthe lowerpart of the Battery Deutschland
pit awood floormade up in sectors raised the floor to such an ex tent
that the men operating the trav ersing and elevating mechanisms
would be on the proper lev el . As seen in plate 506 the pit was filled
with water at the time of the inspection to such anex tent that thes e
sectors hadcome loose andwere floating . The emplacement prov ided
for 360 degrees traverse of the carriage as against 1 57 degrees for the
Battery Pommern.

794 . AMMUN ITIO N SUPPLY SYSTEM.
— See descriptionof theammuni

tionsupply system for theBattery Pommern. Therewas no evidence
of any prov ision of any mechanical handling of the projectiles except
in the lifting of them from the floor to the storehouse and placing
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them on the shot trucks. Between guns Nos. 2 and 3 of this battery ,

there was found a practice shell ramming tray somewhat similar to
that show non plate 5 1 7 for the Battery Kaiser Wilhelm II . This
tray was made of a steel trough about 1 0 feet long wi th an ordinary
railway car buffer at the end. In the tray there was a rather blunt
nosed projectile with its rotating band removed . This projectile
had evidently been used for practice in ramming .

795 . PRO TECTIO N .

— It is significant to note with reference to the
three of the newest of these guns, that is , Nos . 2

,
3, and 4 , that there

was absolutely no protection prov ided either for the gun carriage or

personnel . Ev idence of their scheme of camouflage can still be seen

onplate 506 . This camouflage was unable to hide the guns from the

air photographers since photographs taken onAugust 9 , 1 9 1 6, plate
5 1 0, showed the emplacements quite plainly . In spite of this fact

,

there was no evidence to the effect that any of the guns or emplace
ments had ever been damaged by either shell fire from sea or bv

bombs from the air. Several holes that had been made, either by
bombs or by shells, were visible in the fields in front of the guns .

GunNo. 1 was protected with 6-centimeter armor inthe same fashion
as the gun of Battery Pommern. GunNo. 1 of this battery and the
28-centimeter gun of the Battery Pommern are identical in design
throughout . Both are model 1 9 1 4 guns, and it is probable that the
hand elevating and traversing mechanism of the Pommern gun was
identical with those of the Deutschland guns before the electrical
equipment was provided .

796 . DISCUSSIO N .

— Sigr1ificant points with reference to this battery
are that guns Nos . 2

,
3
,
and 4 are not provided with either trunnion

antifriction device or positive protection in the form of steel armor.

305-MILLIMETER GUN , BATTERY KAISER WILHELM II.

797 . GUN .

— With each of these four guns, plate 5 1 1 , the scheme
of destructionwas so effective that it was impossible to find a breech
after a half day ’

s search . It is assumed that they were of amodel at
least as late as 1 9 1 6 . The Bulletinde Renseignements de l ’Artillerie
states that they were 50 calibers in length. O ne breech block was
found ; this was of the usual Krupp sliding wedge type. There were
88 grooves and the twist of the rifling is to the right 1 centimeter in
1 0 centimeters . Projectiles found in the storehouse and shown on

plate 574 have two rotating bands from which it may be assumed
that the pitch of the rifling is uniform.

798 . CRADLE.

— The cradles for all of these guns are smooth cylin

ders, thewalls of which are 1 0 centimeters thick . The brackets at the
bottom of the cradle provided for the recoil andrecuperatorcylinders,
are quite similar to those shown on plate 4 1 9 of the 38-centimeter

gun. The front of the cradle is provided with shield , plate 552,
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which closes the opemng inthe armor; it is not improbable that these
were likewise some of the guns removed from the second nav y .

The cradle is likewise provided wi th a heavy counterweight which
can also be seen on plate 403 . The antifriction device, plate 5 1 2 ,

is
‘

oi the rolling wedge type. It is significant that in this case the

aux iliary trunnion is very little less in diameter than the main
trunnion. In practically all other cases observ ed , the diameter of
the small trunnion was approx imately one—half of the diameter of
the large trunnion.

799 . REcon. MECHAN ISM.

— The recoil mechanism for this gun is
ingeneral a duplicate of that shownonplate 403 for the 38-centimeter

gun. The breech lug with themethod of attaching the recoil pistons ,
and the bearing of the lug on the recuperator cy linder to prevent
rotation of the gun are shown on plate 5 1 5 . In contrast to the

38-centimeter gun in which the recoil pistons pass through holes in
the recoil lug and the recoil lug bears 0 11 two planed sides of the
recuperator cylinder, it will be observ ed in this case that the lug is
slotted on the sides to receive the recoil pistons and the bearing on

the recuperator cylinder is circular instead of fiat.

800. The outside diameter of the recoil cylinder is 38 centimeters
and the length is meters . The diameter of the piston is 1 5

centimeters and the length of recoil meters . These cy linders
are both smooth forgings with flanges at the front bearing agains t
the cast bracket on the cradle. There was no evidence of a counter
recoil buffer. O n the front end of the cylinders , there are filling
plugs similar to those found on the 38-centimeter cradles The

single recuperator cylinder is likewise a smooth forging with one

large flange on its forward end. It is of the combine dair-spring type
and is approx imately centimeters in diameter by meters in

Length . This cylinder likewise has afilling plug at the front end.

801 . This is a timely opportunity to mention a fact that seems to
the writer quite striking . Although the Germans follow, in general,

fixed policies in their designs, theirmethods of application differ v ery
widely . Apparently general specifications are given to the manu

facturers who are permitted to modify them in details to suit their
conv enience. It does not seem probable that anv designer or groups
of designers would make such radical differences in the design of the
details of theirmechanisms as is ev ident on these guns andcarriages .

This is evenmore striking on their 2 1 , 24 and 28-centimeter railway
mounts .

802 . ELEVATING MECHAN ISM .

— The elevating mechanism for

these guns is in principle the same as the elevating mechanism for

the 38-centimeter railway mount. The design of its details are,
how

ever, quite different , plates 5 1 3 and 5 1 4 . Apparently it was oper
ated entirely by hand . There are two two-man handles below the
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deck of the carriage for rapid elevation and above the deck a single
handwheel of large diameter for final and careful setting . The clutch
forshifting from the lowgear to thehigh is located below deck . Motion
is transmitted from the handwheels to the horizontal shaft at the
bottom and through the bevel and helical gears to the two pinions
on the main horizontal elevating shaft . The two straight racks ,
which in this case are horizontal

,
plate 5 1 3

,
are connected to the cross

head which slides ona single round shaft as a guide. This crosshead
in turn transmits motion to the gun through the two connecting rods .

The two racks have guides on the top which slide inways in the for
ward support of the main horizontal guide shaft, plate 554 . It was
not possible to elevate the gun, and the ratio of the gearing is not
known. This mechanism, together with its companionmechanism
on the 38-centimeter railway mount, are quite unique among the

mechanisms observed on all German artillery . The reasons for the
design seenon the railway mount seem obvious

,
but the same reasons

do nothold for this carriage . Certainly
,
a simplermechanism of equal

efficiency could have been provided . The max imum elevation ob

tainable is 45 degrees .

803 . TRAVERSING MECHAN ISM.

—The traversing mechanism,
fig

ures 1 and 2
,
plate 5 1 5 , is

‘

operated both by hand and motor. The

roller track set in the concrete emplacement is shown in figure 1 .

In this case
,
contrary to the design of the same mechanism for the

Battery Pommern and Deutschland , there is no traversing rack pro
v ided in connection with the roller track . Motion is transmitted
through chains and gears from themotor orhandwheel to the travers
in'g pinionwhichmeshes with the two gears bolted to the faces of the
traversing rollers, figure 2 . The simplicity of this mechanism 1s very
striking , es pecially for guns of this size. Apparently, it worked satis
factorily ,

or it would not have been retained in a gun of such value .

It is certainly worthy of serious consideration for similar carriages
for our ownservice. An azimuth circle is embedded in the vertical
walls of the concrete emplacement about 2 feet from the top

,
plate

5 1 2 . An indicator is provided on the rear of the carriage, with a

vertical wire quite close to this azimuth circle. The switchboard
and seat for the traversing operator are located beside this indicator.

804 . CARR IAGE .

— The carriages are constructed entirely of strue
tural steel . The side girders are in three main sections

,
comprising

a central section of uniform depth
,
a top brace for the trunnion sup

port
,
and a bottom section for the pintle

,
plate 5 1 1 . The pintle

des ign is shown in figure 1 of plate 5 1 5 . It is ball bearing, the balls
being about 1 5 centimeters in diameter. In this case the racer serves
as a pintle

,
having a positive bearing agains t the base ring for the

transmission of the horizontal component of the force of recoil i nto
the foundation.

1 81 768 — 21
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PLATE

AMMUN ITIO N STO REHO USE O F THE 28—CM. RAILWAY BATTERY PREUSSEN .
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The length of the tube from the face of the breechblock to themuzzle
is meters , and the over-all length of the gun is meters .

There are 80 grooves , and the twist of the rifling is to the right 1 cen
timeter in 1 0 centimeters. The diameter of the powder chamber is
30 centimeters . The breech is of the usual Krupp sliding wedge
type. As with the 38-centimeter gun found on the railway mount,
the tube of this gun has lengthened from firing , thereby separating
the forward hoop a noticeable distance from the hoop to the rear,

plate 524 . Apparently, these h0 0ps are not locked to each other.

The lower extension of the breech lug, plate 525 , is machined to bear
against the planed inner surfaces of the lower recuperator cylinders ,
thereby preventing rotation of the gun. The gun did not show
signs of very great wear, both the lands and the grooves being quite
sharp .

8 1 8 . CBADLE .
— The cradlei s a smooth cylinder, the walls of which

are 1 0 centimeters thick . It is lined with bronze liners about 6
millimeters thick by 1 meter in length , at both the forward and rear

ends. The trunnions are located noticeably close to the forward
end. The antifriction device is of the rolling wedge type illustrated
on plate 51 1 . There were no unusual features in this design, and

no sketch has beenmade.

8 1 9 . RECO IL MECHANISM.
— The recoil mechanism,

plate 525 ,

comprises two recoil cylinders located on the top and bottom of the
cradle and four recuperator cylinders . The two recoil cylinders are
smooth (forgings carried in the cast brackets on the top and bottom
of the cradle. Their length , not including the buffer, is meters,
and the length of the buffer is 24 centimeters . The piston rods ,

centimeters in diameter, pass through holes in the ex tensions of
the breech lug . The length of recoil is approx imately 76 centimeters .

The four recuperator cylinders are placed symmetrically above and

below ; the upper cylinders are combined spring and air recuperators ,
while the lower are spring only . A common air line is connected to
the valves on the forward ends of the upper two cylinders . I t is
believed that the air is supplied from bottles since there was no
evidence of an air pump about the carriage. Both above and

below ,
two rods connect the ex tensions of the breech lug with the

crossheads attachedto the piston rods of the recuperator cylinders .

These rods taper from 4 centimeters at the crosshead to 5 centimeters
at the breech lug,

and are turned down to 4 centimeters through the
breech lug. This design strikes one as being close to the limit of

safety as it placed these rods
,
which are not of very great diameter,

always under compression.

820. ELEVATING MECHAN ISM.

— The general design of the elevat

ing mechanism is shown on plate 526 . I t is operated by hand power
only and the ratio of the gearing, as indicated,

is five turns of the
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handwheel for four degrees of elevation. The elevating rack is

double, although cast in one piece. Identical pinions on the same

shaft and of the dimensions shown mesh with these racks . The

range of elevation is from zero to 45 degrees .

821 . Tanvsasme Msons xrsn.

— The traversing mechanism is

qui te similar to that found on the guns of the Battery Kaiser Wi l

helm II . Details of this traversing mechanism are shown on plate
527 . As with the 305-millimeter battery, there is no traversing rack
attached to the roller path . The operation is by hand only from a

large handwheel located on the left side of the carriage and about on
a level with the roller path . In the case of the 305-millimeter car
riages the single pinionmes hed with spur gears attached to the face
of the two large rollers . In this case, the motion from the large

handwheel is transmitted directly to only one of the four rollers on

which the rear of thecarriage is supported . Although themechanism
was seriously damaged , it was possible to traverse the carriage just
far enough to indicate that one man could O perate the mechanism
without difficulty .

822 . CARR IAGE .
— 1 t was not possible to secure such a photograph

of thes e mounts as would show satisfactorily the construction of the
carriage. In general, the design is not unlike that of the carriages
for the 305-millimeter guns . There are two main girders, each of
which is in three sections, a central section of uniform depth , a top
section for the trunnion support, and a bottom section carrying the
pivot . I t is made of standard structural plates and angles through
out. The racer is attached to a heavy

‘

yoke which is supported by
its trunnions in heavy trunnion bearings attached to the carriage.

The des ign of the racer connection with the carriage is not at all
unlike that found on the 28, 24, and 2 1 centimeter railway mounts .

823 . EMPLACEMENT.

— The emplacement is quite similar to that
already described for the 305-millimeter guns . The traversing
roller path is practically identical and the general dimensions of the
pit are nearly the same. Again there is a raised section of concrete
in front of the gun,

the purpose oi , or necessity for, which is not
clearly understood . It

o

is understood that unusual difficulties were
encountered in constructing these emplacements, inasmuch as the

ground is quite swampy
, and it was necessary to drive numerous

piles in order that theemplacement might be sufficiently stable.

824 . AMMUN ITIO N SUPPLY SYSTEM .

— The ammunition supply sys

tem for this battery is quite similar to that shown and described for
the 305-millimeter gun. The shot trucks are of the same design.

825 . PRO TECTIO N .
— Each of these four guns is armored with 6

centimeter flat armor. In spite of the camouflage, the remains of
which canbe seen onplate 524 , legible air photographs were secured
onAugust 9 , 1 9 1 6 , plate 528 . The camouflage is carried on a frame
work attached to the carriage and rotates with it. Most of the con
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crete work about the guns is completely demolished , but there is no
evidence that would indicate to thewriter that any of the destruction
had been effected by shell fire from the sea.

.

It is certain at leas t
that none of the carriages had been so struck or damaged . There
are numerous holes to the front and rear of the batteries that were
probably made by air bombs .

28-CENTIMETER MO RTAR BATTERY GRO DEN.

826 . TO P CARR IAGE .

— These mortars are supported directly by
means of trunnions on a structural steel top carriage of the design
shown on plate 529 . This carriage was supported on the inclined
sides of themain carriage by means of four rollers , two oneach side.

827 . RECO IL MECHAN ISM.

— The recoil mechanism,
which does not

show very clearly on plate 529 , comprises two recoil cylinders , the.

pistons of which were attached to the forward ends of the main
carriage body ; the cylinders are carried in the sides of the top car

riege. The length of recoil is estimated as 1 meter
,
the gunreturning

to battery by force of grav ity . On the front of the main carriage,
there are four buffers

,
each made up of seven pairs of Belleville

washers , 1 5 centimeters in diameter by 5 millimeters in thickness .

828 . ELEVATINGMECHAN ISM.

— The elevatingmechanismcomprises
a single circular rack bolted to the gun and meshing wi th a single
pinion on a horizontal shaft in the top carriage . The handwheel
operating the elevating mechanism is located on the right side of the
carriage on a platform rotating wi th the carriage. O n the end of
the horizontal shaft inthe top carriage, there is awormwheelmeshing
with the worm carried on a long shaft parallel to the inclined rails
on which the top carriage rolls . The worm is simply keyed to the
shaft , moving with the top carriage as it recoils . This is the only
elevating mechanism observed in which a slip friction device is pro
v ided. This slip frictiondevice provides for the slipping of the worm
on the end of the horizontal shaft through the top carriage. It
includes two sets of Belleville washers .

829 . TRAVERSINGMECIIAN ISM.

— The traversingmechanism ismade
up of one rack attached to the base ring , a traversing pinion, vertical
shaft

,
and simple spur gear mechanism leading to the handwheel .

There is nothing unusual in the designand from the condition of the
carriage,

it was impossible to traverse it to learn the ratio of the

gearing . The ex tent of traverse is 360 degrees .

830 . CARRIAGE .

— It is believed that the carriage is shown in such

detail on plate 529 as to make any lengthy description unnecessary .

The diameter of the ball path is meters
,
and the balls are about

1 0 centimeters in diameter. The carriage is constructed throughout
of standard structural steel .
83 1 . EMPLACEMENT.

— The pit is 6 meters in diameter, and
meters in depth. In front of eachmortar there is a concrete parapet
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spring being 1 7 centh eters, diameter of wire centixneters, and

the pitch 5 centimeters . The mean diameter of the ins ide spring
is 1 1 centimeters, the diameter of the wire centimeters, and the

pitch 3 centh eters . Tension rods connect the crosshead at the

front of each spring columnwith the recoil lug .

837 . ELEVATING Macnsmsm.

— The elevating mechanism includes
a circular rack bolted to the side of the gun near the breech . The

pinionmeshing with this rack is driven by an electricmotor carried
on the part of the carriage below the floor.

838 . Tnavsnsmo Mscnamsm— A complete circular rack is

attached to the base ring. The traversing motor is carried on the

sectionof the top carriagewhich ex tends below the deck andconnects
with the traversing rack through two sets of bevel gears and one spur

gear. The entire original gun and turret mechanism,
without any

modifications
,
were installed on the concrete emplacement as shown

on plate 530.

839 . CARRIAGE.

— The one detail of the carriage which seems of
interes t to describe is the traversing ball hearing. A portion of the
light shield protecting the hearing has been torn away approx inmtely
at the center of the turret and allnost above the long-exposed anchor
bolt. I t was found on removing this shield that the carriage is
provided with a double ball path

,
the diameter of the outer path

being meters and the inner path meters. The balls in the

outside bearing are about 5 centimeters in diameter and in the inside
bearing centh eters.

840. EMPLACEMENT.

— These guns, all placed in the shore dunes at
Z eebrugge, are easily visible from the sea. The concrete emplace
ment shownon plate 530 is about level with the top of the dune. A
railway line

, evidently constructed by the Germans, runs along the
top of the dune just infront of the gun. The thickness of theconcrete
wall at the rear is about meters . This wall increased in thickness
on the sides to severalmeters , flaring off to the right and left at the
front . There was a door leading into the operating room under the
turret just under the two short anchor bolts seen in the center of
the picture.

84 1 . AMMUN ITIO N SUPPLY SYSTEM.

— Ammunition was supplied
to the gun through the door just mentioned in the emplacement
andwas hoisted by the usual type of electrical turret hoist. Appar
ently there was no provision for supplying ammunition in any other
way .

842 . PRO TEc'rIom— All of the guns were protected as shown in
plate 530. This turret was made up of lo-centixneter armor.

843 . DESTRUCTIO N .

—Apparently the usual scheme of destroying
the gunwas not employed in these cases . Instead, by some method
they detonated a number of projectiles inside the turret and in the
operating room below . All but one of the emplacements was de
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are no guns older than 1 904 . Q uite a.number of the guns are as late
as 1 9 1 6 . If the datagiven inthe Bulletinde Renseignement d

’
Artil

lerie of January—February, 1 9 1 9 ,canbe accepted , it is certain that the
Germans were securing ranges from these guns at ordinary muzzle
velocity far inexcess of the ranges that we are securing from our guns .

This is probably through the improvement in their projectile design.

850. CRADLES .

—AII cradles constructed may be termed smooth
cylinders, and themax imum thickness of the walls is 1 0 centimeters .

The cradles of the larger guns are provided with bronze liners about
6 millimeters thick and 1 meter long, at both forward and rear ends .

In all cases, the cradles are provided with the simplest types of
brackets for. the attaching of the recuperatorandrecoil cylinders .

85 1 . PnovxsmN TO PREVENT ROTATIO N or THE GUN .
— All breech

lugs are fastened to the gun by the interrupted ring method . All

lugs are so shaped as to bear eitherbetween two recuperatorcylinders
or on two sides of a single recuperator cylinder to prevent rotation of
the gun. There is no evidence in any case of the use of the spline

,

typical inAmerican design, for the prevention of rotation of the gun.

852 . HYDRAULIC BUFFERS .

— Inmost cases, two hydraulic buffers
are provided . Apparently, there is no fixed policy of balancing these
since

,
inmany case

‘

s
,
the two cylinders are located on the bottom of

the cradle. In some cases
, the hydrauliccylinders are provided with

ex tensions on the forward end which are evidently counterrecoil
buffers . In a number of other cases

,
no such extensions are visible.

853. RECUPERATO RS .

— The designers seem to have favored the

combined air-spring recuperators for the heayy guns . There is no
attempt at balancing them,

and the number of cylinders varies from
one to four. All of the 380 and 305 millimeter guns are provided
with only one recuperatorcylindereach . Asnoted under the heading
of “Rotation of gun,

”
inevery case the recuperatorcylinders are used

as guides for the ex tension of the breech lug to prevent rotation of
the gun.

854 . GUN CARRIAGE— TRAVERSING MECHAN ISM .

-In all cases
,
the

heavy gun carriages are constructed entirely of structural steel, and
with the exception of the 28-centimetermortar carriages, are of the
front pintle type. The pintle bearings in all cases are ball bearing
and there is only one case of actual provision for direct contact
between the racer and base ring for transmission of the horizontal
force of recoil into the emplacement. The rear of the carriages is
carried onheavy rollers (two to four innumber, 1 0 to 20 centh eters

across the face and to 1 meter in diameter) running on circular

tracks set in the concrete emplacement . In some cases (38-centi
meter guns) the traversing pinionmeshes with a rack attached to the
roller path . In other cases (380 and 305 millimeter guns) the

traversing pinionmeshes with gears bolted to the face of the rollers

1 81 768 —21 -52
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855 . ELEVATINGMECHANISM.

— The variations in the design of the

elevating mechanism found on German coast carriages as well as
railway carriages is very striking . On the 38-centimaer railway
mount found at Brussels

,
and the 305—millimeter carriages of the

Battery Kaiser Wilhelm II
,
there are double straight racks, but

the dimensions and designs differ quite radically . With the 38

centimeter guns of the Batteries Pommern and Deutschland, there
are double—teles coping screws . O n the Battery Tirpitz there is a

double—curved rack attached to the bottom of the cradle. On the

Battery Groden,
28-centimetermortars and the guns of several other

batteries, there are single—curved racks attached to the bottom of
the cradle. O u the Battery Coeben,

1 7-centimeter guns, circular
racks are attached to the sides of the cradles .

856 . AMMUNITIO N SUPPLY SYSTEM .

—In all cases, the ammunition
is conveyed from the storehouses into the gun by hand . The shot
trucks are all of ex tremely simple design,

and the projectiles in all

cases are rammed by hand .

857 . AMMUN ITIO N STO RAGE .

— With all of the heavier batteries , the
layout of the ammunition storehouses is as shown on plates 557 and
558 . ineach case, the storehouses are designed to house projectiles
and powder for the main guns as well as ammunition for the anti
aircraft guns provided for the protection of each of the big batteries .

858 . PROTECTIO Nr
— I t is very significant that there is no evidence

of a policy of providing heavy protection for these large caliber and
valuable guns . Apparently, all of the guns which are provided with
the 6-centi1neter flat plate armor have been removed from other
coas t fortifications where they

’

had been prev iously provided with
the same armor. Nearly all of the guns were elaborately camou
flaged,

but air photographs taken in 1 9 1 6, 1 9 1 7 , and 1 9 1 8 show quite
clearly the positions of all of the guns, ammunition storehouses ,

approach tracks, etc.

859 . Inspite of the lack of protectionand the clear evidence of the
position of the batteries from air photographs, there is no ev i

dence that any of the guns was ever damaged , or even hit, by shell
fire or by bombs from airplanes. It is understood that the coast
fortifications were shelled constantly by the heavy guns of the

Allies ’ monitors . The positions of the guns were known,
but either

the smoke screens that were at once put up by the Germans were

unusually effective, or the systems of fire control that were employed
were defective. The reas ons for the failure of the aviators to obtain

any satisfactory results are not certain. They dropped many
bombs in the v icinity of the various batteries . .

I t is probable that
the accuracy of the antiaircraft guns provided with all of the large

batteries was such as to compel the aviators to operate at a very

great height .
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28 . Howitzerand carriage drawings, O ffice Chief of Ordnance.

29 . Study only , Preliminary Studies, Calculations, etc. , O ffice Chief of Ordnance.

30. OnemountatAberdeenand one at FortMonroe ; no drawings available;
“
Super

Heavy FlatTrajectory Guns (S. S. translationby General Staff,A. E. F. ,

Library, WarCollege; Library, FortMonroe ; A . E. F. , G . H . Q .
,
files.

31 OnemountatFortMonroe ; no drawings available; Super-Heavy FlatTrajectory
Guns .

”

32. One mount at Aberdeen; no drawings available; Super-Heavy Flat Trajectory
Guns.

”

33. No mounts captured by any army ; photograph secured from the Krupp Co. ; no

drawings available; Super-Heavy FlatTrajectory Guns.

34 . One mount and ammunition car captured by British Army ,
now in England ;

“
Super-Heavy FlatTrajectory Guns .

”

35 . One mount captured by Belgian Army , now in Belgium, probably Antwerp ;
“
Super-Heavy FlatTrajectory Guns .

"

36 . Manual of the Course for Student O fficers, original and translation; Library,
FortMonroe ; alsoA . E. F. , G . B . Q . files.

37 . See also
“
Camouflage for Railway Mounts, Journal of the United States

Arti llery , May , 1 91 9 .

38 . O riginal recommendationwith reference to shop equipment submitted by Maj .
Ralph Plumb , commanding officer of the R . A . R . repair shop, Haussimont,
France.

39 . WarDepartmentDocumentNo. 967 .

40. See also Report of Heavy Arti llery Board , A . E. F. , dated Aug . 1 6, 1 91 8, on
“
Equipment forthe 1 2-inch Batignolles RailwayMount, signed H . S. Miller,
Lt. Col . 0 . A . C . ; Library , FortMonroe.

41 . A more complete treatment on Clearance Diagrams, with maps and diagrams of
all of the principal Americanrailways has beenmade up by the Railway and

Seacoast Carriage Section, Artillery Division of the O rdnance Department;
copies onfile, Library, FortMonroe; O flice Chief of CoastArti llery .

42. See
“Table ofUnited StatesArmy CannonandProjectiles, O rdnancePamphlet
No. 1 676 ;

“
Elements ofUnited StatesNaval Guns,”Navy Bureauof Ordnance

“
Super-Heavy FlatTrajectory Guns” (German; see reference 30 above.

43. See also “
L

’
Illustration

”
(French) forJan. 4, 1 91 9 . See

“
Genie Civil

”
(French)

forApr. 20, 1 91 8, for reconstitutionandmeasurementof projecti les. Analyses

of projectile made in laboratory of Andre Citroen, Paris . Fragments of pro

jectiles inMuseum ofMunicipal Laboratory inParis.

44 . See also “Journal of the United States Artillery ,

” June, July , August and De
cember, 1 91 9 .

45 . See also
“
L

’
Illustration (French) forJan. 4, 1 91 9 .
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1 2-inch, 35-caliberAmericangunmount
1 2-inch, 50-caliberAmericangunmount.

1 4-inch, 45-caliberAmericangunmount, model E
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Emplacement—Continued .

1 4-inch, 50-caliberAmericangunmount, model 1 91 8
1 4-inch, 50-caliberAmericangunmount, model 1 91 9 .

1 4-inch, 50-caliberAmericanNavy gunmount, Mark I
1 6-ineh Americanhowitzermount, model E .

1 6-inch Americanhowitzermount, model 1 91 8
1 5-centimetergun, battery Irene .

l 7o-millimeterGermangunmount.

1 7-centimetergun,
battery Goshen.

210-millimeterGermangunmount.

240 millimeterGermanhowitzermount
28-centimeterGermangun, battery Preussen.

280-millimeterGermangunmount
28-centimetergun, battery Tirpitz
28-centimetermortar, battery Groden
305-millimetergun, battery KaiserWilhelm II

380-millimeterGermangunmount
38-centimetergun, battery Deutschland
38-centimetergun, battery Pommern.

Amignments ofmounts according to time oi .

Germanlong-range gun
Emplacing jacks :

-inch Americanhowitzermount

8-ineh Americangunmount.

1 0~ ineh Americangunmount.

1 2-inch,
20-caliberAmericanhowitzermount

l 4-inch,
45-1nliberAmericangunmount, model E

l 4-inch, 50-caliberAmericangunmount, model 1 91 8 .

1 4-inch, 50-caliberAmericangunmount, model 1 91 9 .

l 4-inch,
50-caliberAmericanNavy gunmount, Mark I

1 6-inch Americanhowitzermount, model 1 91 8
21 0-millimeterGermangunmount.

240-millimeterGermanhowitzermount.

280-millimeterGermangunmount .

Emplacing wedges
1 2-inch, 351 -caliberAmericangunmount .

1 70-millimeterGermangunmount.

21 0-millimeterGermangunmount.

240-millimeterGermangunmount .

280-millimeterGermangunmount .

Erosion.

Epis :
Epis .

Battery .

Construction.

Curve,
firstuse with railway mount .

Group .

Limit
Specifications .
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Equipment:

Depot supply

Forassembly of railway artillery
Shop , American
Fire control

Shop, French
Shop , recommended .

Summary of conclusions on

Table of
Equivalent charges, table of
Expansionand joints .

Explosives :
Delivering capacity of 1 4—inch, 50-calibergun
Weight of, inGerman long-range shell

Field artillery ,
province of.

Field of usefulness of railway artillery , graphicrepresentationof

Fill
, side slopes .

Finite aiming point
Finiteandinfiniteaiming point, applicationtorailway artillery
Fire control data, preparation oi .

Fire control equipment
Firing beams
Firing

Fi ring epi , construction

Firing platform :

8-inch American gunmount .

lo-inch Americangunmount .

1 2-inch Americanmortarmount
1 2-inch 20—caliberAmericanhowitzermount
1 2-inch 135-caliberAmericangunmount.

1 2-inch 50-caliberAmericangunmount.

1 4-inch 45-caliberAmerican gunmount, model E
1 4—inch 50-caliberAmericangunmount, model 1 91 8
1 4-inch 50-caliberAmerican gunmount, model 1 91 9
1 4-inch 50-caliberAmerican Navy gunmount, Mark I
1 6-inch Americanhowitzermount, model 1 91 8
1 6-inch Americanhowitzermount, model E .

1 70-mi llimeterGerman gunmount

21 0-millimeter German gunmount

240-mi llimeterGermanhowitzermount

280-millimeterGerman gunmount

380-mi llimeterGermangunmount

Basis of criticism ofmounts .

Classificationofmounts according to
Forheavy mounts .

German long range gun

Suggestion formedium heavy caliberguns
Types of

Forcing cone, advance of
French rai lway diagrams .

Fuel, depots of
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7-inch Americannaval gunmount
8—inch Americangunmount

1 2-inch Americanmortar.

1 2-inch 20-caliberAmericanhowitzermount
1 2-inch 35-caliberAmericangunmount
1 2-inch 50-caliberAmericangunmount
l4-inch 45-caliberAmericangunmount, model E
1 4-inch 50-caliberAmericangunmount, model 1 91 8
1 4-inch 50-caliberAmericangunmount, model 1 91 9
1 4-inch 50-caliberAmericanNavy gunmount,Mark I
1 4-inch 50-caliberAmericanNavy gunmount, Mark II
1 6-inch Americanhowitzermount, model E
l 6-inch Americanhowitzermount,model 1 91 8
1 6-inch Americangunmount
1 70-millimeterGermangunmount
21 0-mi llimeterGermangunmount
240-mi llimeterGermanhowitzermount
280-mi llimeterGermangunmount

380-millimeterGermangunmount
Belgiancoast guns, conclusions on

Gunner
’

s quadrant, use of .

Handling of trackmateriel
Heavy arti llery :

Development of, du1 ing theWorld War
Province of

History of installationof Belgiancoast defenses
Howitzers

,
-inch American

Infini te aiming point

Inspector:
Ammunition
Railway artillery

Installationof Belgiancoast defenses, history of
Interdiction:

Classificationofartillery according to
Guns for

Use of drop bombs andheavy shells for

Jacks
,
emplacing :
-inch Americanhowitzermount

7-inch AmericanNavy gunmount

8-inch Americangunmount

10-inch Americangunmount
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Jacks, emplacing~ Continued.

1 2-inch 20-caliberAmericanhowitzermount
1 4-inch45'caliberAmericangunmount, model E
1 4-inch50-caliberAmericangunmount, model 1 91 8
1 4-inch 50-caliberAmericangunmount, model 1 91 9
l 4-inch 50-caliberAmericanNavy gunmount,Mark I
1 6-inch Americanhowitzermount, model 1 91 8
21 0-millimeterGermangunmount .

240-millimeterGermanhowitzer mount
280-millimeterGermangunmount .

380-millimeterGermangunmount.

Jacking beams :
lo-inch Americangunmount

1 2-inch 50-caliberAmericangunmount
1 4-inch 50-caliberAmericanNavy gunmount,Mark I
1 4-inch 50-caliberAmericangunmount,model 1 91 8
1 4-inch 50-caliberAmericangunmount, model 1 91 9
21 0-millimeterGermangunmount.

240-mi llimeterGermangunmount .

280l 1nillimeterGermangunmount .

Joints, rail

Land warfare :
Procedure inpreparing foraction.

Q ualifications of railway artillery for

Use of railway artillery for

Lateral displacement oftrack , effect onaccuracy offire

Lee, Gen. RobertE .

Length of tracks
Life ofGerman long-range gun
Limitations of railway artillery for land warfare
Long range gun:

Comparisonof serv icewith that of planes

Powder

MacGruder,Maj . Gen. , Confederate Army .

Maintenance :
7-inch AmericanNavy gun

1 0-inch Americangun.

1 2-inch Americanmortar

l 2-inch 20-caliberAmericanhowitzer
1 2-inch 35-caliberAmericangun
1 2-inch 50-caliberAmericangun
1 4-inch 45—caliberAmericangun, model E
1 4-inch 50-caliberAmericanNavy gun, Mark I
1 81 768—21 —53
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Maintenance—Continued.

1 4-inch 50-caliberAmericanNavy gun, Mark II
1 6-inch Americanhowitzer, model E. .

1 6-inch Americanhowi tzer, model 1 91 8 .

1 70-mi llimeterGermangun
21 0-millimeterGermangun.

240-millimeterGermanhowitzer
280-mi llimeterGermangun
380-millimeterGermangun
O flicer, railway artillery
O i cannon.

O i railway artillery .

0 1 tracks
Responsibility for
Summary of conclusions on

Mallory, Honorable, Secretary of Navy, Confederate Union
Material, track .

Mechanics, special, railway artillery .

Merits :
7-inch AmericanNavy gunmount .

8-inch Americangunmount .

1 0-inch Americangunmount .

1 2-inchAmericanmortarmount
1 2-ihch,

20-caliberAmericanhowitzermount
l2-inch

,
35-caliberAmericangunmount.

1 4-inch, 45-caliberAmericangunmount, model E .

1 4-inch, 50-caliberAmericanNavy gunmount,Mark I
1 4-inch, 50-caliberAmericanNavy gunmount Mark II
1 6-inch Americanhowitzermount, model E
1 6-inch Americanhowitzermount, model 1 91 8

1 70mi llimeterGermangunmount .

21 0-mi llimeterGermangunmount .

240-mi llimeterGermanhowitzermount .

280-mi llimeterGermangunmount .

380-mi llimeterGerman gunmount .

Middle ordinate of curves .

Minor, Capt. George, Confederate Army
Mobilizable fortifications, by Gen. Brent .

Moral effect, bombardment for
Mortar, 1 2-inch American.

Mortar, 1 3-inch, Civi l War.

Mounts :
Railway , conclusions as to types .

Subdivisions, according to service
Summary of conclusions on

Muzzle brakes

Napoleon III, Gen. Brent
’
s conferencewith

Narrow-

gauge equipment, 8-inch Americanrai lway mount
Navy 1 4

-inch gun, dispersionof
Nontraversing mounts .

Characteristics of
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Railway artillery Paragraph .

All round fire.

Armament officer
Assembly of

Characterand extent of development to present date
Clamificationaccording to chief factors indesign
Coast defenses inDenmark

Deployment of

Economiccalibers of
(Engineer, 1 91 5) -inch and 6-inch guns

Experiments by Krupp and Skoda
First general use

For defense ofRhone Valley
For extreme ranges
French 305-millimetergun.

German42-centimeterrailway mortars
Graphic representation-of field service of

Inspectionof

Inspector
Limit of

Maintenance of .

Maintenance officer

(Proceedings Institute Civ il Engineers, 1 881 )
(Proceedings Royal Artillery Institute, 1 888)
Province of.

Relationto other types
Reserve, O rdnance personnel
(Revue d

’
Artillerie,

(Revue d
’

Artillerie,

St. Chamond company
Scheme of fortifying inland cities, Paris, etc.

Serv ice record for gun book
South Africanwar
Special mechanics
Upper limit

Railway battery, Civi l War (caliber of gununknown)
Railway battery, Confederate .

Railway car body
-inch Americanhowitzermount

7-inch AmericanNavy gunmount

8-inch Americangunmount .

lo—inch Americangunmount
1 2-inch Americanmortar.

1 2-inch,
20-caliberAmericanhowitzermount

1 2-inch, 35-caliberAmericangunmount
1 2-inch, 50-caliberAmericangunmount. .

1 4-inch,
45-caliberAmericangunmount, 1hodelE

1 4-inch,
50-caliberAmerican gunmount, model 1 91 8
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Railway car body— Continued .

1 4-inch 50-caliberAmericangunmount, model 1 91 9
1 4—inch 50-caliberAmericanNavy gunmount, Mark I
1 4-inch 50-caliberAmericanNavy gunmount, Mark II
1 6-inch Americanhowitzermount, model E
1 6-inch Americanhowitzermount model 1 91 8
1 6—inch Americangunmount
1 70-millimeterGermangunmount
21 0-millimeterGermangunmount
240-mi llimeterGermanhowi tzermount
280-millimeterGermangunmount
380-mi llimeterGermangunmount

German long-range gun

Relativemerits of design.

Railway clearances

Railway guns, service required of
Railway mounts :

-inch Americanhowitzer

7-inch AmericanNavy gun.

8-inch Americangun

lo-inch Americangun
l 2-inch Americanmortar.

l 2-inch 20-caliberAmericanhowitzer
1 2-inch 35-caliberAmericangun.

1 2-inch 50-caliberAmericang un
1 4—inch 45-cali berAmericangunmount, model E
1 4-inch (10-caliberAmerican sliding type gunmount, model 1 91 8
l 4-inch 50-caliber American sliding type gunmount, model 1 91 9 .

1 4-inch AmericanNavy gun, Mark I
1 4-inch AmericanNavy gun,

Mark II
1 6—inch Americanhowitzer. model E
1 63-inch Americanhowitzer

,
model 1 91 8

1 6-inch Americangun

1 70-mi llimeter, 40-caliberGermangun
21 0-millimeter

,
45-caliberGermangun

240-mi llimeterGermanhowitzer.

280-mi llimeterGermangun
380-millimeterGermangun
Batignolles type for 1 2

-inch Americangun

Sliding type, development of.

Wearand breakage oi .

Raising the track
Range, assignment of railway mounts according to
Range, quadrant, use of.

Rechambering .

Recoil :

Cradle, classificationaccording to
Cradle, rolling
Cradle, rolling, merits oi . .

Cradle,
sliding

Combinations of
Discussion of relative ments of different systems
1 81 768 —2l — 54
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Recoil— Continued .

Sliding , classification
o

according to

Sliding, merits of
Systems, classificationaccording to
Top carriage,

classificationaccording to
Top carriage,

merits of

Recoil mechanisms :
-inch Americanhowitzermount

7-inch AmericanNavy gunmount

8-inch Americangunmount
1 0-inch Americangunmount

1 2-inch Americanmortarmount.

1 2-inch 20-caliberAmericanhowitzermount
1 2-inch 135-caliberAmericangunmount.

1 2-inch 50-caliberAmericangunmount.

1 4-inch 45-caliberAmericangunmount, model
1 41-inch 50-caliberAmericangunmount, model 1 91 8
1 4-inch 50-caliberAmericangunmount, model 1 91 9
1 4-inch 150-caliberAmericanNav y gunmount, Mark I
1 4-inch,

50 caliberAmericanNavy gunmount,Mark II
1 6—inch Americanhowitzermount, model E
1 6-inch Americanhowitzermount. model 1 91 8
1 6-inch, 50-caliberAmericangunmount .

1 5-centimetergun. Battery Irene. .

1 70-millimeterGermangunmount .

1 7-centimetergun, Battery Goeben.

21 0-millimeterGermangunmount

240-millimeterGermanhowitzermount.

280-millimeterGermangunmount .

28-centimetermortar. Battery Groden.

28-centi1netergun,
Battery Preussen

28-centimetergun. Battery Tirpitz
305-millimetergun,

Battery KaiserWilhelm II

380-millimeterGermangunmount .

38-centimetergun,
Battery Deutschland

38-centimetergun,
Battery Pommern

Belgiancoast guns , conclusions on

German long-range gun

Relativemerits of design.

Requirements forcoast defense
Requirements of good tracks .

Resistance of targets assignments of calibers according to
Retubing .

Reversing triangles .

Richmond ,
cunpaignagainst use of railway artillery .

Rifled projectiles .

Rolling recoil railway mount. first use

Rolling recoil railway mount, second use
Recuperators, Belgiancoast guns , conclusions on
Relative efficiency of different calibers
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Supply system,
ammunition— Continued .

l4-inch 451-caliberAmericangun, model E
l4-inch 50-caliberAmericangunmount, model 1 91 8
1 4-inch 50-caliberAmericangunmount, model 1 91 9
1 4-inch 50-caliberAmericanNavy gunmount,Mark I
1 4-inch 50-caliberAmericanNewgunmount, Mark II
1 6-inch Americanhowitzermount, model E
1 6-inchAmericanhowitzermount model 1 91 8
1 6-inchAmericangunmount
1 5—centimetergun,

Battery Irene .

1 70-mi llimeterGermangunmount
1 7-centimetergun, Battery Goshen
21 0millimeterGermangunmount
240-millimeterGermanhowitzermount .

280mi llimeterGermangun r.

28-centimetermortar, Battery Groden

28-centimetergun,
Battery Tirpitz

305-millimetergun, Battery KaiserWilhelm II

380-mi llimeterGermangunmount"

38-centimetergun, Battery Deutschland
"

38-centimetergun, Battery Pommern

Survey , preliminary

Swi tch, Eolmer

Tables of clas ified data
Table of equipment

Temperature , corrections for

Thermometer readings, corrections for
Ties , planof laying

Tin-lead alloy

Tinner
’

s tools

Tools and accessories

Tools :

Carpenter
Machinist
Tinners

'

Track
Top carriage recoi l , merits

Top carriages :

-inch Americanhowitzermount

7-inch AmericanNavy gunmount .



839

Top carriages
—Continued .

1 2-inch,
50-caliberAmericangunmount

1 4-inch
,
45-caliberAmericangunmount, model E

1 4-inch,
50-caliberAmermangunmount, model 1 91 8 .

1 4-inch,
50-caliberAmericangunmount, model 1 91 9

1 4-inch, (10-caliberAmericanNavy gunmount,Mark I
1 4-inch

,
50-caliberAmericanNavy gunmount,Mark II

1 6-inch Americanhowitzermount, model E
1 6-inch Americanhowitzermount model 1 91 8
1 6—inchAmericangunmount
1 70-mi llimeterGermangunmount
21 0-millimeterGermangunmount .

28-centimetermortar, Battery Groden.

280-millimeterGermangun mount

Top carriage recoil classificationaccording to

Tracks
Acces .

Adjustment .

Construction

Materiel
,
handling of

Requirements of

Track work :

Specifications of

Classificationof arti llery according to
Clamificationofmounts according to

h aversingmechanisms :
-inch Ameri canhowitzermount

7-inch AmericanNavy gunmount .

8-inch Americangunmount .

lo-inch Americangunmount .

1 2-inch Americanmortarmount
1 2-inch,

20-caliberAmericanhowitzermount
1 2-inch

,
35-caliberAmericangunmount

1 2-inch, 50-caliberAmericangunmount .

1 4-inch,
45-caliberAmeri cangunmount, model E

1 4-inch
,
50-caliberAmericangunmount, model 1 91 8 .

1 4-inch, 50
-caliberAmericangunmount, model 1 91 9

1 4-inch,
50-caliberAmericanNavy gunmount,Mark I

l4-inch. 50-caliberAmericanNavy gunmount,Mark II


