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U.S. FIRST-CLASS BATTLESHIP “KENTUCKY”, 11,500 TONS; 10,500-1.H.P.; SPEED 16 KNOTS.

ARMOR PROTECTION:—Belt H. N. 16.5 inches amidships, 4 inches at bow, 7.5 feet wide, lower
edge 9.5 inches amidships. Upper belt 5.25 inches; battery, 5.5 inches, 2-in. screens in
battery. Turrets, 15 inches (for 13-in.), 9 inches (for 8-in.). Armored deck, 2.5 inches
flat, 4 inches aft.

ARMAMENT:—Four 13-inch; four 8-inch 40 cal., fourteen 5-inch 40 cal.,, twenty 6-pdr., eight
1-pdr., four Colts. Four torpedo tubes, above water.

Copyright. —From “‘The Book of the U. S. Navy"”, by permission of the A. B. Benesch Co., New York.
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CORRECTIONS

Equation (65) should be

, . 1728 f
P= 27.68 a’
Omit the “— 10" in the third term of second
member of equations (74) and (75).
Equation (21'), for 1.54798 read 1.54708.
Equation (565”), for 9.23052 read 7.23052.
Par. (b) Tth line, for pretaining read pertaining.
The quotation from G. O. No. 15, November 1,
1905, Headquarters Artillery District of New
London, should begin with the third paragraph,
page 103.
End of Problem V., should read ;- = .4 = .4 ohms.
In the first expression for N, change

rd —ctoye—d

Line 18, for this read these.
Line 19, for 9.53037 read 6.53037.
2d par. 1st line, for invariable read invariably.
Table V. The figures at top of table, 0, 1, 2, 3,
etc., should be tenths, that is, .0, .1, .2, .3, ete,
3rd line above table, for was read were.
Table, x = 3.0, for 0.27858, read 0.26858.
Table, x = 3.6, for 0.33158, read 0.33159.
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THE NEEDS OF THE COAST ARTILLERY
BY “ COAST ARTILLERIST”

OLONEL James S. Pettit, Eighth U. S. Infantry, has
recently read before the Military Service Institution an
able paper on the organization and discipline of our armies as
affected by democracy and the question as to how its influence
can be most effectually utilized.

It is to be regretted that so excellent an article as this
should be marred by an unsympathetic fling at the Coast Artil-
lery, and that so able and forceful a writer and close reasoner
as Colonel Pettit should have permitted such a lapse as that
evidenced in this reference to the needs of the Coast Artillery
made therein.

He says:. ‘I am not impressed by the great demands of
the Coast Artillery.”” He then proceeds to substitute his own
views as to the needs of the artillery for those submitted from
the office of the Chief of Artillery.

The maincontention of Colonel Pettit throughout his article
‘15, .7 - the military policy of the United States has been erratic
ana . . ical, chiefly because of the ‘‘ bungling’’ interference
of Presidents, Secretaries of War, Congressmen and others,
who, through ignorance, were incompetent to advise or direct.

By his sweeping assertion, in the passage referred to above,

Journal 1



2 NEEDS OF THE COAST ARTILLERY

he places himself, it is thought, in the same category with
those whom he condemns in a general way. It is not in evidence
whereby Colonel Pettit has acquired that special knowledge of
the needs of the Coast Artillery that would entitle his views
and advice to the weight and consideration he himself argues
as proper and necessary in regard to other military affairs. If
confronted with a request to qualify as an adviser according to
his own standard, he would probably judge himself incom-
petent, for he is eminently fair-minded where his attention
has been duly directed to a point like this.

But this off-hand condemnation of the estimates and propo-
sitions that have been presented from time to time by the Coast
Artillery for adequate coast protection and for the organization
of the personnel assigned to coast defense, is not a new thing.
The Coast Artillery has, by long experience, come to look upon
such expressions as a matter of course. Opposition has been
met officially and privately in every step almost that has been
taken or attempted by the artillery in the past, especially since
the early 90’s. Interference was encountered when first it was
attempted to get a Chief of Artillery under the regimental
organization. Opposition was again met when it was desired
to drop the regimental organization and have a corps organiza-
tion. Even in the organization of the present artillery corps,
the ideas of coast artillery officers were not solicited, and the
organizat’on is now defective in consequence thereof. More
recently, the views of artillery officers as to the present urgent
needs of coast defense have been discarded with perhaps more
positiveness than heretofore.

It is such experiences as these that have led many officers
of Coast Artillery almost to despair of ever seeing an adequate
coast defense and a proper organization therefor established
under existing administrative relations. This feeling has come
to be almost a general one among coast artillerymen. It is such
assertions as this of Colonel Pettit, and the general lack of
sympathy of officers of other branches of the service with the
aims of the Coast Artillery, lack of interest in, and ignorance
of, its work, that called forth a recent contribution to the
‘““Army and Navy Journal’’ of December 23, 1905, entitled
“‘Coast Artillery and the Navy.’”” That article presented the
conclusions forced in upon Coast Artillery officers as follows:

‘“ While the suggestion of so radical a measure as with-
drawing control of the Coast Artillery from the War Department
and vesting it in the Navy Department may at first cause
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surprise ; yet, upon consideration, the many valid reasons for the

consolidation under one head of the two elements of coast defense

cause wonder why it has never been accomplished before. By
the very nature of their work the Coast Artillery and the Navy
are required to co-operate ; and the line of distinction between
the functions of the two when co-operating in the defense of a
particular harbor is so faintly drawn that many hindrances to
perfect co-operation must surely arise as long as the common
head is so far removed as the White House. Whereas, if the
Navy Department included both Coast Artillery and Navy, the
common head could be effectively represented on the spot by the
senior officer. Such a union of the two branches of coast de-
fense would simplify the question of ammunition supply, both
at home and at insular naval stations; it would remove the
necessity for differentiation between the use of submarine
boats in the preparation or maintenance of torpedo defense and
in their use in attack ; it would facilitate the work of scout-
boats and of all other floating adjuncts of harbor defense that
are regarded by the Coast Artillery as being within its
province.

‘“In time of peace the incorporation of the Coast Artillery
in the Navy Department would afford the immense advantage
that comes from a combined study of the problems of attack
and defense. The Naval War College, the work of which is
much more appropriate for officers of Coast Artillery than is
the work of the Army War College, would then be open to a
much larger number of officers of Coast Artillery than can ever
be the case as long as the Navy Department has no responsibil-
ity for their education. And the educational value of the ex-
perimental work done at the Naval Proving Ground would be
greatly increased through consideration of the Coast Artillery
problems, and through general dissemination among artillery
officers of the results obtained.

‘“ As affecting the general efficiency of the two services in
coast defense, and especially as affecting the development of
the Coast Artillery, there should not be forgotten the sympathy
and mutual understanding arising from natural dependencies
of one upon the other that would be nurtured by the union in
one department of the Navy and Coast Artillery. While on
the other hand, it appears to many well informed officers that
a development of the Coast Artillery is, under present condi-
tions, practically impossible, because of lack of sympathy with,
and understanding of, the work of the Coast Artillery on the
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part of the field forces with whom it is only legally related.’’

The author of this article is not known to the writer, but
he does know that it voices a quite general and growing feel-
ing in the Coast Artillery.

The needs of the Coast Artillery have been set forth in the
Annual Reports of the Chiefs of Artillery, particularly in the
last report of General Story (1904) and of General Mills (1905).
Those who desire to know what these needs are should read
with care these two reports, and note the irrefutable facts
therein presented.

Having a knowledge of what the interests of the United
States in the matter of coast defense demand, and realizing an
apparent impossibility of obtaining an adequate defense and
proper organization under the administration of the War De-
partment because of the lack of sympathy of the other arms
and departments, a sense of duty to the interests of the United
States rising above all other considerations suggests a transfer
of the administration of the Coast Artillery to the Navy De-
partment.

In such a transfer coast artillerymen see an escape from
the lukewarmness that now controls in matters pertaining to
coast defense ; they see a severance of a union with forces with
which they have little or no active connection in time of war,
and, at the same time, they note that such a severance would
establish closer relations with a body with which they are, of
necessity, intimately and co-ordinately associated in war in de-
fending the coast line ; they see, particularly, the possibility of
an independence of functions and control that would enable the
coast defenders to determine matters pertaining to fortification,
armament and supplies, in connection with which now they
have no adequate voice or power to act, and which now involves
often the very great difficulty of getting three separate con-
struction and supply departments into synchronous and har-
monious action before material can be installed and made
serviceable for the Coast Artillery.

There ought to be no opposition from the army to this
transfer. It will reduce the appropriations for the army by
several millions, and thereby have a tendency to make Congress
consider the annual army estimates in a kindlier spirit. The
Ordnance Department could, of course, continue to make the
coast defense guns just as well under the proposed as under
existing conditions ; it is now making guns for the Navy. The
Engineer Board could become a mixed board like the Light-
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house Board, and this new Board could attend to construction
of and repairs to fortifications. The present Lighthouse Board
is such a mixed Board. The electrical work now done by the
Signal Corps should, it is thought, be done by experts of the
coast defense corps.

The Commanding Generals of the Alantic and Pacific Div-
isions would lose a large part of their present commands, but,
in case of war, these peace relations would be dissolved any-
way as soon as the field army should be organized. Would it
not be better to have the coast defense troops detached in
peace from all relation to the field troops, so that when war
with a maritime power begins there would be no change in the
administration of the coast defense troops ? As elsewhere
pointed out, these coast defense forces would include both
Coast Artillery and those naval forces manning the auxiliary
floating defenses of the Navy which are associated in a mutually
supporting way with the shore defenses in harbor defense.

The Coast Artillery looks out to sea toward a naval enemy ;
it lines up with the home naval forces in action against this
naval enemy ; its chief professional thought is given to naval
questions, of ships, armor, and naval coast attack tactics. It
may well be asked, is it not logical and reasonable that there
should be a transfer of all such elements of shore defense
against naval attack to the Navy Department ?

Finally, it should be kept in mind that a transfer of Coast
Artillery troops to the Navy Department would not prevent the
use of these troops in case of need as infantry with field troops
in the interior, or for riot duty, as they receive careful instruc-
tion in infantry drill, both close and open order, and castra-
metation.. The marines now under the Navy department have
often been used in case of emergency with field troops, and
even the bluejackets from the ships are armed and drilled to
be so used, and were so used by the British in South Africa.



PRIMERS AND FUZES FOR CANNON*
By MaJor ORMOND M. LISSAK, ORDNANCE DEPARTMENT
Instructor of Ordnance and Gunnery, U. S. M. A.

RIMERS are the means employed to ignite the powder
charges in guns.

They may be divided, according to the method by which
ignition is produced, into three classes :

Friction primers,
Electric primers,
Percussion primers.

Combination primers are those so constructed that they
may be fired by any two of the above methods. Primers that
close the vent against the escape of the powder gases are called
obturating primers.

All primers should be simple in construction, safe in hand-
ling, certain in action and not liable to deterioration in store.
Electric primers in addition should be uniform as to the electric
current required for firing.

The primer known as to the common friction primer, for-
merly used in all cannon, is shown in figure 1.
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Fic. 1.

The body b and the branch d are copper tubes. The tube b
is filled with rifle powder, and is closed at its lower end by a
wax stopper a. The tube d is filled with the friction composi-

* Prepared for the Cadets of the United States Military Acad
©.




PRIMERS AND FUZES FOR CANNON 7

tion, whose ingredients are chlorate of potash, sulphide of

antimony, ground glass and sulphur, mixed with a solution of

gum arabic. Imbedded in the friction composition is the ser-

rated end of the copper wire ¢, the other end of the wire being
formed into a loop for attachment of the hook of the lanyard.
The outer end of the tube d is closed over the flattened end of
of the wire which is bent over into a hook, as shown, and
serves to hold the wire securely in place except when a stout
pull is given to the lanyard. The pull on the lanyard straightens
out the hook, and draws the serrated wire through the friction
composition, igniting it. The fire is communicated to the rifle
powder in the tube b, and thence through the vent to the pow-
der charge in the gun.

For use in axial vents, in order to prevent the primer
being blown to the rear among the men of the gun detachment,
a coiled copper wire e is added to the primer, one end of the
wire being made fast to the top of the primer body, the other
end to the loop for lanyard hook. The coil is extended by the
pull of the lanyard, and the primer when blown to the rear
remains attached to the lanyard.

Obturating primers.-—The primer above described is blown
out of the gun by the explosion of the powder charge, leaving
the vent open for the escape of gas. The disadvantage is
overcome in modern practice by the use of obturating primers.
The breech mechanisms of all guns now made are adapted to
obturating primers, and the primer just described is no longer
used in service cannon.

Serew friction primer.—This primer, figure 2, has a brass
body ¢ bored as shown. A pellet of friction composition d is

. N

Pl v

c & hi

Fic. 2.

moulded around the shank of the serrated wire g just above
the serrations. A paper cylinder e encloses the composition to
prevent disintegration. The priming charge is composed of the
two cylinders of compressed powder, b and ¢, and the loose
rifle powder, which facilitates ignition. The safety block &,
soldered to the wire g, prevents any forward movement of the
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wire through the pellet, which might cause premature firing in
transportation or handling. The conical brass gas check f is
loose on the wire g. A brass cup a, shellacked in place, closes
the mouth of the primer.

The primer is screwed into its seat in the gun. When,
by the pull of the lanyard, the serrated wire is pulled quickly
through the pellet of friction composition, ignition occurs. The
gas check f comes to a bearing in the coned seat in rear and
prevents the escape of gas through the body of the primer.
The primer fits closely in its seat in the gun, and at discharge
the thin walls of its mouth are expanded against the walls of
the primer seat, preventing the escape of gas around the body
of the primer.

This primer was formerly in use in all siege and seacoast
cannon. It has been superseded in seacoast cannon by the
combination primer described later, but its use will be con-
tinued in the 3.6-inch and 7-inch mortars.

To assist in increasing the rapidity of fire of all guns a
primer that can be more readily inserted in the gun is required.
The desired object has been attained by the addition of firing
mechanisms to the breech mechanisms of most guns, the firing
mechanisms being so designed as to permit the use of a smooth-
sided primer that can be readily pushed into its seat. The head
of the primer is firmly held by the firing mechanism, so that the
primer cannot be blown out on the discharge of the piece. The
firing wire is engaged and pulled by a slotted lever actuated by
the pull on the lanyard.

Friction primer, latest pattern.—The primer, figure 3, has
a body h of brass. The brass firing wire i passes loosely

ﬁ

N ———————

through the hole in the serrated cylinder g, the end of the wire
being flush with the end of the cylinder when the nut on the
wire bears against the interior shoulder of the cylinder. The
friction composition, pressed into the brass case ¢, surrounds the
cylinder g above the serrations. The vulcanite washer f holds
the friction composition in place and prevents it from crumbling



PRIMERS AND FUZES FOR CANNON 9

when the pull is applied. The nut d, screwed to a bearing on
the case e, holds the assembled parts in place. Three holes
through the nut permit the passage of the flame from the fric-
tion composition to the priming charge of powder.

When the wire ¢ is pulled, ignition of the friction composi-
tion is effected. The conical end of the cylinder g is pulled to
its seat in the body of the primer, and prevents escape of gas
to the rear. Should the primer for any reason fail to fire, the
wire 1 is now free to move forward without carrying the cylin-
der g and the friction composition with it, and therefore with-
out danger of firing the primer in its reverse movement. In
earlier models the teeth were formed on the wire, and it was
found that when a primer had failed to fire it might be fired by
an accidental reverse movement of the wire forcing the teeth
quickly through the composition. '

All metal parts of this primer are tinned to prevent

5=

Fi1G. 4.

Figure 4 shows the more cheaply constructed drill primer
of this form.

Electric primers.—The electric screw primer, figure 5, is
used in the 3.6-inch and 7-inch mortars, these guns being

= = o)
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F1G. 5.

adapted for screw primers only. The single copper wire j, in-
sulated with silk except at its outer end, passes through the
vulcanite bushing 7 and the body of the primer to the brass ob-
turating plug f into which it is screwed. The plug is insulated
from the primer body by the vulcanite washer h, the leather
washer g, and the vulcanite cylinder e. The platinum wire
bridge d, 0.002 of an inch in diameter, is soldered to the plug
fand to the brass washer ¢. The latter is put in electrical con-
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nection with the walls of the primer by the brass closing screw
b. A small quantity of guncotton surrounds the platinum
wire,

When the primer is inserted in the gun the base end of the
wire j is grasped by the parts of an electric contact piece
through which is passed in firing an electric current insulated
from the gun. The current passes through the wire j, the
platinum bridge and the body of the primer to the walls of the
gun, and thence to the ground.

The passage of the electric current heats the platinum
wire, igniting the guncotton and the priming charge of powder.

Another electric primer for use in a different breech mech-
anism is described after the 110-grain percussion primer.

Combination electric and friction primer.—This primer is
used in all seacoast cannon except those fitted for percussion
firing.

k
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a

FiG. 6.

The primer is shown complete in figure 6. The igniting
elements enlarged are shown in figure 7. (e
The parts of the friction elements of this
primer are similar in construction and
action to the parts of the friction primer [ Ll
shown in figure 3. ; o1

For electric firing the wire kis bc de [ ghk
covered with an msulatmg paper cylin- Fi1G. 7.
der j and enters the primer body through a vulcanite plug 7.
The wire is in electric contact with the serrated cylinder A,
figure 7, but this is insulated from the primer body by the
vulcanite washer g and the pellet of friction composition, a
non-conductor of electricity.

The electrical elements of the primer are assembled in the
metal case f. The head of the forked metal support ¢ is in con-
tact with the headed end of the wire k, but not fastened to it.
The forked end of the support is held in the vulcanite cup c.
The brass contact nut b, screwed into the end of the case f,
presses the assembled parts into intimate electrical contact. A
platinum wire d is soldered to the head of the support e and to
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the contact nut b. An igniting charge of guncotton surrounds
the wire.

The electric current enters the primer by means of the
button on the outer end of the wire k, and passes through the
primer and gun as described for the previous primer.

It will be observed that the friction elements of the com-
bination primer are independent of the electrical elements,
and that when one of these primers fails to fire by electricity it
may still be fired by friction.

If, however, the primer fails in an attempt to fire it by fric-
tion, it will not generally be possible to fire it electrically since
the cylinder 2, which has been pulled into the head of the
primer, is out of contact with the part e and the platinum wire
bridge. The current will then pass directly from % through
the primer body and gun to the ground.

The primer should in this case be at once removed from
the vent, and not be again used.

The outer button and wire k¥ may be turned without
danger of breaking the platinum wire bridge d.

« When an electric or friction primer fails to fire, it should
be removed from the vent, and the wire bent down and around
the primer to prevent attempts to use it again. .

Percussion primers.—The friction and electric primers de-
seribed are used in guns in which the projectiles and powder
charges are loaded separately, the primer being separately in-
serted in the breech block. Percussion primers, and the elec-
tric primer described with them, are, on the other hand,
inserted in cartridge cases, in which are usually assembled both
the projectile and the powder charge.

The essential parts of a simple percussion primer such as
the cap in a small arm cartridge, are the primer cup, the anvil,
and the percussion composition.

Formerly the percussion composition of all service primers
contained a large percentage of fulminate of mercury. On
account of the danger involved in handling mixtures containing
the fulminate of mercury, its use as a primer ingredient in ser-
vice primers manufactured at the Frankford Arsenal has been
abandoned, and a mixture known as the H-48 composition is
now employed.

This mixture contains the same ingredients as the friction
composition, but in different proportions, as follows :

Chlorate of potash, 49.6. Ground glass, 16.6.
Sulphide of antimony, 25.1. Sulphur, 8.7.
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To insure the practically instantaneous ignition .of smoke-
less powder charges, the addition of a small charge of quick-
burning black powder is required. This may be inserted in the
base of the smokeless powder charge, or may be contained in
the primer. It is desirable, on account of the smoke produced
by black powder, and the fouling of the bore, that the quantity
of black powder used be limited to the smallest amount that will
produce prompt and complete ignition of the smokeless powder.
The minimum amounts required for different charges have been
determined and, for fixed ammunition, are contained in the
percussion and igniting primers. These primers are inserted
in the head of the cartridge case, in the position occupied by
the primer in the small arm cartridge.

Two sizes of percussion primers, the 110-grain and the 20-
grain have been adopted for all guns from the 1-pounder to the
6-inch Armstrong inclusive.

110-grain percussion primer.—The body f is of brass, 2.63
inches long. A pocket is formed in the head of the case for
the reception of
the metal cup e
containing the
percussion com-
position d. Pro-
jecting up from
the bottom of FiG. 8.
the pocket is the anvil ¢ against which the percussion composi-
tion is fired. Two vents are drilled through the bottom of the
pocket. The priming charge consists of 110 grains of black
powder inserted under high pressure into the primer body
around a central wire. The withdrawal of the wire after the
compression of the powder leaves a longitudinal hole the full
length of the primer. Six radial holes are drilled through the
walls of the primer and through the compressed powder. The
compression of the powder increases the time of burning of the
priming charge and causes the primer to burn with a torch-like
rather than an explosive effect, making the ignition of the
smokeless powder charge more complete. The holes through
the priming charge increase the surface of combustion and the
mass of flame, and direct the flames to different parts of the
charge of powder, thus facilitating its complete ignition. The
paper wad a, shellacked in the mouth of the primer, and the
tin-foil covering b, serve to keep out moisture and to protect

e m
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the primer from the impact of the powder grains when trans-
ported assembled in cartridge cases.

This primer is used in cartridge cases for guns from the 6-
pounder to the 6-inch Armstrong gun inclusive.

The 20-grain percussion primer, shown
in figure 9, length 1.1 inches, is used in
cartridge cases for l-pounder subcaliber

tubes, 1-pounder machine guns and 1.65- .
FiG. 9. inch Hotchkiss guns.

110-grain electric primer.—This primer, figure 10, is similar
in form to the 110-grain percussion primer
just described, and has the same priming
charge similarly arranged. Ignition is
produced electrically through the brass
cup g to which one end of the platinum
wire ¢ is soldered. The cup is insulated
from the body of the primer by the
cylinder f and bushing d, both of vul- .-
canite. The brass contact bushing ¢, to F16. 10.
which the other end of the platinum wire is soldered, completes

the electrical connection.

20-grain saluting primer.—This primer, figure 11, costing
less to manufacture than the 110-grain primer, is to be used in
place of the latter with blank charges only.
The primer contains a charge of 20 grains of
loose rifle powder. As black powder only is
used in blank charges, a smaller igniting
Fic6. 11. charge answers.

The percussion primers and the electrical primer of the
same form, are so manufactured as to have a driving fit
in their seats in the cartridge cases to which they are
adapted, the diameter of the primer being from one-and-a
half to two thousandths of an inch greater than the diameter
of the seat. Special presses for the insertion of the primers
are provided. The primer must not be hammered into the
cartridge case. The primer seats in all cartridge cases using
these primers are rough bored to a diameter about 20 per cent.
less than the finished size, and then mandrelled to finished
dimensions with a steel taper plug, to toughen the metal of the
cartridge case around the primer seat. The toughening is
necessary to prevent expansion of the primer seats under pres-.
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sure of the powder gases, and consequent loose fitting of the
primers in subsequent firings.

Combination electric and percussion primer.—In figure 12
] is shown a combination electric and

' percussion primer used in rapid-fire
guns in the U. S. Navy. Its con-
struction can be readily understood
L from the figure. The insulation is

Fic. 12. shown by the heavy black lines.
When fired by percussion the percussion cap is not directly
struck by the firing pin, but by the point of a plunger forced
inward by the blow.

Igniting primers.—The igniting primers are for use in
cartridge cases for subcaliber tubes for seacoast cannon not pro-
vided with percussion firing mechanism. They contain no means
of ignition within themselves, but require for their ignition an
auxiliary friction or electric primer which is inserted in the
vent of the piece in the same manner as for service firing. The
flame passes from the service primer through the vent in the
breech block to the igniting primer in the head of the cartridge
case. The flame from the service primer would not be sufficient
to ignite properly the smokeless powder charge in the cartridge
case, and, therefore, the igniting primer is added.

[=—i—

FiG. 13.

The 110-grain and the 20-grain igniting primers, figures 13
and 14, differ from the corresponding percussion primers in the
substitution .of the obturating cup a and obturating valve b,
both of brass, forthe percussion cup and anvil. The obturat-
ing cup a is provided with a central vent to allow passage for
the flame from the auxiliary primer. The obturating valve b is
cup-shaped, and has three sections of metal cut away from its
top and sides to allow passage of the flame. The valve b has a
sliding fit in the cup @, and when the pressure is greater in front
of the valve than behind it, the valve is forced to the rear and
the solid top of the valve closes the vent in the outer cup.

The valve is shown in section in figure 13, in the position it
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assumes after firing; and in elevation in figure 14, in its posi-
tion before firing.

FUZES

Fuzes are the means employed to ignite the bursting
charges of projectiles at any point in the flight of the projectile,
or on impact.

They are of three general classes:

Time fuzes,
Percussion fuzes,
Combination time and percussion fuzes.

All fuzes should be simple in construction, safe in handling,
certain in action, and not liable to deterioration in store. In
addition the rate of burning of the time train of the fuze must
be uniform.

The time fuze alone, that is, without percussion element,
is no longer used in modern ordnance.

Percussion fuzes.—A percussion fuze is one that is prepared
for action by the shock of discharge, and that is caused to act
by the shock of impact.

When ready to act, as after the shock of discharge, the
fuze is said to be armed.

Percussion fuzes are inserted at the point or in the base of
the projectile. In some of the projectiles for guns of minor
caliber, including the 6-pounder, the fuze is inserted at the
point ; in others at the base. The percussion fuzes for field,
siege and seacoast projectiles are base insertion fuzes.

The percussion fuze consists essentially of the case or
‘body of brass, which contains and protects the inner parts
and affords a means of fixing the fuze in the projectile; the
plunger, carrying the firing pin and provided with devices to
render the fuze safe in handling ; the percussion composition,
which is fired by the action of the plunger on impact ; and the
priming charge of black gunpowder.

The percussion composition of all service fuzes manu-
factured at Frankford Arsenal is the same. The ingredients
are chlorate of potash, sulphide of antimony, sulphur, ground
glass and shellac. The thoroughly pulverized ingredients are
mixed dry, and alcohol is added to dissolve the shellac. The
percussion pellets are formed by pressing the mixture while in
a plastic state into the percussion-primer recess. Upon the
evaporation of the alcohol, the shellac causes the pellet to
adhere to the metal of the recess.



16 PRIMERS AND FUZES FOR CANNON

A mercuric fulminate percussion composition was formerly
used in fuze primers, but on account of the danger incident to
handling this compound it has been abandoned as a primer
ingredient.

It is still used abroad, and the percussion composition of
both the Ehrhardt and Krupp combination time and percussion
fuzes contains mercuric fulminate.

Point percussion fuze, for minor caliber shell. —These are
adapted to the projectiles for 1l-pounder, 2-pounder and 6-
pounder guns.

Fu: 2. “F1G 3.

The body a, Fig. 1, is of brass. Into the recess formed in
the head is screwed the cup-shaped primer screw e, Fig. 3, into
which are previously assembled first the brass primer shield g
and then the primer cup d, Fig. 3, containing the percussion
composition f and the charge of black powder ¢. A tin-foil
disk b closes the mouth of the primer cup. The primer screw e
has a central hole through the bottom which permits the firing
pin to reach the percussion composition. The primer shield g
prevents any dislodgment of the composition during trans-
portation, or by shock of discharge, and also restrains the
firing pin during flight of the projectile. The primer cup d has
two chambers separated by a solid partition, through which are
bored two circular vents. The lower chamber, 0.03 inch deep,
holds the percussion composition, and its wall is undercut to
assist in holding the composition in place. The primer cup is
0.03 of an inch longer than therecess in the primer screw e, so
that when the latter is screwed down hard the primer cup bears
against the head of the fuze body.

Contained in the body of the fuze is the plunger, which
consists of the firing pin 7, the firing-pin sleeve k and the spli-t
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ring spring k, all of brass. The firing pin has an enlarged
rear part joined to the forward part by a conical slope, and
provided near the bottom with a groove [ of diameter slightly
larger than the diameter of the forward part of the pin. A
radial hole ¢ through the pin near its forward end, and an axial
hole from this point to the rear end of the pin, provide a pas-
sage for the flame from the priming charge. The rear part of
the bore through the sleeve, k, is of diameter just sufficient to
admit the split ring, which rests against the forward shoulder of
the counterbored recess, and holds the firing so that its point is
wholly within the sleeve. The front part of the sleeve is
counterbored to permit ready entrance of the flame from the
priming charge into the passage through the firing pin. The
plunger thus assembled is placed in the fuze body, which is
closed by the brass closing screw m, provided with a central
vent which is in turn'closed by the brass disk n. To prevent
pressure of the closing screw on the plunger, which might
cause expansion of the split ring and the arming of the fuze,
the plunger is allowed a longitudinal play in the fuze body of
from one_to two hundredths of an inch. With the parts of the
fuze in this position the point of the firing pin is prevented
from coming into contact with the percussion composition,
and, therefore, the fuze cannot be fired.’

If sufficient force is applied rearwardly to the sleeve, h,
the split ring, k, will be forced over the enlarged portion of the
firing pin until it rests in the groove [, near the bottom ; and
the sleeve, moving to the rear, will expose the point of the
firing pin. The fuze is then armed, as shown in Fig. 2.

To insure arming of the fuze when fired the resistance of
the split ring to expansion is made less than the force necessary
to give the sleeve the maximum acceleration of the projectile.
Therefore when the piece is fired and while the projectile is
attaining its maximum acceleration, the pressure of the sleeve
will force the ring over the enlarged part of the firing pin into
the groove at the rear.

The diameter of this groove being greater than the diam-
eter of the front part of the firing pin, the ring is now
expanded into the counterbored recess in the sleeve and locks
the sleeve and firing pin together, with the point of the firing
pin projecting beyond the sleeve. .

As the plunger of the fuze does not encounter the atmos-
pheric resistance which retards the projectile in its flight, it is
Journal 2.
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probable that during the flight of the projectile the plunger
moves slowly forward until the point of the firing pin rests
against the brass primer shield.

At impact of the projectile the combined weight of the
plunger parts acts to force the point of the firing pin through
the primer shield and into the percussion composition, igniting
the composition.

The flame from the primer charge passes through the for-
ward vents, through the passages in the plunger, and through
the vent in the closing screw, blowing out the closing disk and
igniting the bursting charge in the shell.

Base percussion fuze, for minor caliber shell. This fuze,
as well as the point percussion fuze, is adapted to the projectiles
for 1-pounder, 2-pounder, and 6-pounder guns.

The fuze, Fig. 4, is similar in construction and action to the
point percussion fuze. As the primed end of
~—-—a the fuze is toward the interior of the shell
=% the flame from the priming charge passes
31 ~¢ directly to the bursting charge in the shell.
A without passing through the body of the fuze.
The flame passages through the plunger
__J) parts are therefore omitted. The primer
cup b containing the percussion composition
and priming charge is closed at its outer end
by the brass disk a, which is secured in place
by crimping over it a thin wall left on the
brass closing cap screw c.

FiG. 4. There are two classes of ring-resistance
fuzes manufactured, the ‘‘ high resistance’’ and the ‘‘ low re-
sistance,’’ so called because the arming resistance of the ring -
is relatively high or low.

High-resistance fuzes are safe under all ordinary conditions
of handling and transportation, and are transported fixed in
the projectiles in which used.

Low resistance fuzes cannot, on account of the danger of
premature arming, be transported fixed in projectiles.

The low-resistance fuzes are transported packed in hermeti-
cally sealed boxes, and, to prevent premature arming of the
plunger in handling, the firing-pin sleeve and the firing pin are
locked together by means of a.safety wire passing through
them and the body of the fuze. Just before using this wire
must be pulled out, after which the fuze may be screwed into
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the projectile. The only low-resistance fuze at present issued
is the 28-second combination fuze, for 7-inch mortar shrapnel.
The act of arming a ring-resistance percussion fuze short-
ens the plunger and increases materially its longitudinal play
in the fuze body. This fact permits a ready and simple means
of inspecting for premature arming without dismantling the
fuze. If the fuze be held close to the ear and shaken, the
marked difference between the play of the plunger in an
armed fuze and in an unarmed one can be readily discerned.

Percussion fuzes for larger projectiles. Centrifugal fuzes.—
The centrifugal fuze of service pattern is the result of a long
series of experiments made for the purpose of developing a
fuze that would fulfil the requirements of absolute safety
in handling and transportation, and certainty of action.

In the case of ring-resistance fuzes, or any fuze the action
of which depends on the longitudinal stresses developed by the
pressure in the gun, the conditions of safety in handling, and
certainty of action are opposing ones.

It was impossible to meet successfully both sets of condi-
tions in all cases, the stress developed in the direction of the
axis by accidental dropping of a fuze being in many cases
higher than that developed in the gun.

As has been shown, two classes of ring-resistance fuzes
are required, the ‘‘low resistance’’ and the ‘‘ high resistance’’;
the low resistance for use in the 7-inch mortar, in which piece
the low powder pressures impart a low maximum acceleration
to the projectile, and require greater sensitiveness in the fuze.

The greater liability to accident in handling fuzed projec-
tiles due to the rapidity of fire required from modern guns, has
caused the retirement of fuzes that depend for their action
upon the acceleration of the projectile in the gun, except in
some of the smaller guns where the acceleration is so great
that a very high arming resistance can be given. A fuze which
is armed by the centrifugal force developed by the rotation of
the projectile, and which is safe until the maximum velocity of
rotation is nearly attained, has been developed at the Frankford
Arsenal, and is now applied to all projectiles above the 6-pounder
in caliber.

As already stated, ring-resistance fuzes are used in
1-pounder, 2-pounder, and 6-pounder shell. The limited fuze

dimensions render the construction of a satisfactory centrifugal
fuze for these shell mechanically very difficult ; but, by reason
of the high maximum acceleration of these projectiles in the
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gun, the sensitiveness of the ring-resistance fuzes need not
be so great as to interfere with the safe handling of the
projectiles. ‘

The centrifugal fuze, before arming, is shown in Fig. 5.
Figure 6 is a view of the plunger after arming.

FiG. 5.

The fuze body, or stock, and the primer parts of the cen-
trifugal fuze do not differ materially from the corresponding
parts of the ring-resistance fuzes. To protect better the prim-
ing charge, the closing cap screw b is lengthened and the
vented primer-closing screw a is added.

The body of the centrifugal plunger is in two parts, nearly
semi-cylindrical in shape, which, when the fuze is at rest, are
held together by the pressure of a spiral spring g contained in
the cylindrical bushing e which is secured to one of the plunger
halves. The spring exerts its pressure on the other half of the
plunger through the bolt f. Pivoted in a recess in one half of
the plunger is the firing pin d, which when the fuze is at rest
is held with its point below the front surface of the plunger by
the lever action of the link ¢ which is pivoted in the other half.
Under the action of the centrifugal force developed by the
rapid rotation of the projectile the two halves of the plunger
separate. The separating movement causes the rotation of the
firing pin d, the point of which is now held in advance of the
front surface of the plunger, Fig. 6, ready, on impact of the
projectile, to pierce the brass primer shield and ignite the per-
cussion composition. When the fuze is armed the end of the
link ¢ rests on the axis of the firing pin, thus affording support
to the firing pin when it strikes the percussion primer. The
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separation of the plunger parts is limited by the nut ¢ coming
to a bearing on a shoulder in the bushing e, so as not to permit
the diameter of the expanded plunger to equal the interior
diameter of fuze stock, see Fig. 8, below.

A rotating piece, h, Fig. 7, screwed into head of fuze stock,
engages in a corresponding slot cut through the bottom of both
plunger-halves and insures rotation of the plunger with the
shell.

The strength of the spring g is so adjusted that the fuze
will not arm until its rapidity of revolution is a certain percent-
age of that expected in the shell in which it is to be used, and
that it will certainly arm when the rapidity of revolution
approximates that expected in the shell. Should the parts of
the plunger be accidentally separated and the fuze armed by a
sudden jolt or jar in transportation or handling, the reaction of
the spring will immediately bring the plunger to the unarmed
condition.

The fuze just described, called the ‘‘ F'’’ fuze, is used in
siege detonating fuzes for 5 and 7-inch shell .charged with high
explosive. )

The fuze shown in Fig. 8, the ‘S’ fuze, is for use with 3.6
and 7-inch mortar shell, powder-charged, and with the detonat-

ing fuzes in 8, 10 and 12-inch armor-
piercing projectiles. The additional
priming charge in end of fuze gives
a greater body of flame than is
emitted from the ‘“F’’ fuze.
, A similar fuze of larger size is
04 used in powder-charged shell of 8-
inch caliber and over.
g A fuze, called the ‘12 M’ fuze,
is provided for use in detonating
fuzes for the 12-inch mortar and tor-
pedo shell. This fuze is similar in
construction to the other centrifugal
- fuzes, but on account of the low
velocity of rotation of mortar pro-
jectiles and their low striking velocity
a much heavier plunger is needed to
Fic. 8. provide the force necessary for arm-
ing the fuze, and for puncturing the primer-shield on impact.
In addition, the plunger carries on its front surface a swivelled
piece which when the fuze is armed falls into the aperture

d
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between the plunger-halves, so that when once armed the two
parts of the plunger are automatically locked apart in the
armed position. This prevents the closing together of the
plunger-halves, and the consequent withdrawal of the firing
pin, if the shell should strike upon its side, as it does sometimes
when fired at low velocities.

Combination fuzes.—All combination fuzes used in the
service are point insertion and combine the elements of time
and percussion arranged to act independently in one fuze body.

Combination fuzes contain two plungers and two primers,
arming and firing by concussion and percussion respectively.

The concussion plunger arms and fires the concussion
primer by shock of discharge in the bore of the piece and
ignites the time element. The percussion plunger is armed by
the shock of discharge and fires its primer on impact.

There are at present two general classes of combination
fuzes in service, differing principally in the details of the time-
train elements. In the first class this element consists of a
wire-drawn lead tube filled with mealed powder, wound in a
spiral groove around a lead cone. In the second class the time
element consists of two superposed trains of mealed powder
compressed under heavy pressure into annular grooves in disks
of brass.

The first class is represented by the following Frankford
Arsenal combination fuzes: The 15-second, the 28-second
high-resistance, and the 28-second low-resistance combination
fuzes. No more fuzes of this class are to be manufactured,
and the fuze will become obsolete when the supply now on
hand is exhausted.

The second class is represented by the Frankford Arsenal
21-second combination fuze. The method of preparing the
time train of this fuze insures much greater uniformity of
action than was obtained in the fuze with lead-cased time train.
This fuze has, therefore, been adopted for use in service
shrapnel. .

Combination fuze, latest pattern. Fig. 9.—The upper pa
of the fuze contains the time elements, the lower part the
percussion elements. The time elements consist of the con-
cussion or time plunger b, the firing pin ¢, and the time train.
The firing pin is fixed in the body of the fuze, and the plunger
carries the percussion composition and a small igniting charge
of black powder. The plunger is held out of contact with the
firing pin by the split resistance ring a. On the shock of dis-
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charge, the inertia of the plunger acting through the conical
surface in contact with the split ring expands the ring so that
the plunger can pass through it and carry the percussion com-
position to the firing pin.

Fic 9.

The time train of the fuze is composed of two rings of
powder f and k contained in grooves cut in the two time-train
rings m and n. The grooves are not cut completely around the
rings, but a solid portion is left between the ends of the groove
in each ring. Mealed powder is compressed into the grooves
under a pressure of 70,000 pounds per square inch, form-
ing a train 7 inches long, the combined length of the two

grooves.
The flame from the percussion composition passes through
the vent d igniting the compressed tubular powder pellet e which
in turn ignites one end of the upper time train f. When the
fuze is set at zero the flame passes immediately from the upper
time train through the powder pellet g to one end of the lower
time train & ; thence through the pellet < and vent j to the
powder k in the annular magazine at the base of the fuze.

Under each of the time rings is a felt washer, oand p, that
closes the joint under the ring against the passage of flame,
except through the hole in the washer directly over the vent
in the part below. The upper washer o is glued to the upper
corrugated surface of the lower time ring » and moves with
that ring, the lower washer p is glued to the fuze body and is
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stationary. The upper time ring m is fixed in position by two
pins ! halved into the fuze body and the ring, The lower time
ring is movable, and any of the graduations on its exterior, see
Fig. 10, which correspond to seconds and fifths of seconds of
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burning, may be brought to the datum line marked on body of
fuze below the ring. The ring is moved, in setting, by means
of a wrench applied to the projecting stud w.

To set the fuze for any time of burning, say 20 seconds,
move the lower time ring n until the mark 20 is over the datum
line. On ignition of the primer the flame ignites the upper
time train f, which burns clock-wise, looking from base to point
of fuze, until the hole through the washer over the zero mark
of the lower ring n is encountered. The flame then passes
through the vent g to the lower time train n, which burns anti-
clockwise until the 20 is reached. This mark being over the
vent ¢ in the body of fuze, the flame now passes to the maga-
zine k. The setting of the fuze consists in fixing the position
of the passage from the upper to the lower time train, so as to
include a greater or less length of each train between the vent
e and the vent 1.

In each time ring a vent opens from the initial end of the
powder train to the exterior. The vent contains a pellet of
powder and is covered by a thin brass cup. The vent in lower
time ring is seen at x in figure 9. The caps, x, x’, of both
vents are shown in figure 10. The blowing out of the cap
affords a passage to the open air for the flame from the burning
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time train, thus preventing the bursting of the fuze by the
pressure of the contained gases.

When the fuze is set at safety, indicated by the letter S
stamped on the lower time ring, the position shown in figure
10, the solid metal between the ends of the upper time train is
over the vent g to the lower train, and the solid metal between
the ends of the lower train is over the vent ¢ leading to the
magazine. In case of accidental firing by the time plunger, the
upper train will be completely consumed without communicat-
ing fire to the lower train and to the magazine. The fuze is
habitually carried at this setting, which serves also when it is
desired to explode the shell by impact only.

For percussion firing the fuze is provided with a centrifugal
plunger r, as described in the base percussion fuze. To insure
rotation of the plunger with the shell the bottom of the plunger
is cut away on the sides to fit in a slot in the rotating ring gq,
which is held firmly against the walls of the plunger-recess by
the pressure of the closing screw u, screwed down hard. A
vent 8 leads from the percussion primer to the annular maga-
zine k. A thin brass cap ¢ separates the lower plunger-recess
from the powder in the four radial chambers v cut in the bot-
tom closing screw. The central vent in the closing screw is
closed by a piece of shellacked linen, held in place by a brass
washer.

These fuzes are issued fixed in the loaded projectiles. For
protection in transportation the fuze is covered by a spun brass
cap, soldered on to the head of the projectile. The soldering
strip is torn off and the cover removed before using the
projectile.

Combination fuze, old pattern.—The time train b, encased
in a lead tube, is wound spirally around the lead cone ¢. To set
the fuze for any time of burning the time train and lead cone
are punctured, by means of a tool provided for the purpose, at
the point on the scale marked on the cover of fuze correspond-
ing to the time of burning desired. The puncture passes com-
pletely through the time train and the lead cone behind it,
forming a channel from the annular space in which the letter b
appears to the powder in the time train. When the projectile
is fired the percussion flame ignites the compressed powder
ring d, and the flame from this ring ignites the time train at
the point at which it has been punctured. The safety pin a re-
tains the time pluger in its unarmed position, and must be with-

drawn before placing the projectile in the gun. (See Fig. 11.)
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FiG. 11.

Ehrhardt combination fuze.—This fuze is similar in con-
struction to the Frankford Arsenal fuze, latest pattern, de-
scribed above and differs only in details.
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The arming of the time plunger of the Ehrhardt fuze, Fig.
12, is resisted by the U-shaped spring a, the upper ends of
which are sprung out into a counterbored recess in the closing
cap, and by the slender brass pin b, which passes through the
plunger and both sides of the closing cap. At discharge of the
piece the inertia of the plunger shears the pin b and straightens
the U-shaped spring a, permitting the plunger to strike the
firing pin.

In the percussion mechanism the composition is carried in
the plunger and the firing pin is fixed in the diaphragm d in
body of fuze. The plunger is held away from the firing pin
before firing, by the brass restraining pin¢. The pin islet in to
a hole in the diaphragm d, the head of the pin abutting against
a shoulder near the bottom of the hole. The restraining pel-
let of powder e is pressed in to fill the recess above the pin. A
perforated brass disk and a piece of linen close the hole at its
upper end and prevent the powder pellet from being jarred out
of place. The burning of this pellet on ignition from the time
plunger leaves the restraining pin and percussion plunger free
to move forward at impact.

A compressed charge of black powder, g, is inserted into
the extension of the closing screw f to re-enforce the magazine
charge and effectually to carry the flame to the base charge in
the shrapnel.

The Krupp combination fuze does not differ essentially from
the Ehrhardt fuze. The shear pin through time plunger is
omitted, the U-shaped spring being made strong enough to
offer sufficient resistance against accidental arming. The per-
cussion plunger, carrying the percussion compeosition, is held
away from the firing pin, before firing, by a sleeve and an in-
verted U-shaped resistance spring. A spiral spring between
plunger and firing pin prevents the creeping forward of the

plunger during the flight of the projectile.

Detonating fuzes.—These fuzes are for use in shell con-
taining high explosives.

FiG. 13.



28 PRIMERS AND FUZES FOR CANNON

Fig. 14 shows the form of detonating fuze for point inser-
tion in field shell. Fig. 13 shows the form of fuze for base in-
sertion in siege and seacoast projectiles.

e ————————

1-4.2.9

Fic. 14

In order to prevent the unscrewing of the fuze during
flight of the projectile, all point insertion fuzes are provided
with right-handed screw threads, and base insertion fuzes with
left-handed threads.



A CONTRIBUTION TO INTERIOR BALLISTICS
BY CoLONEL JAMES M. INGALLS, U. S. A., RETIRED

CHAPTER IL
COMBUSTION OF A CHARGE OF POWDER IN THE BORE OF A GUN

T has been established by experiment that the velocity of
combustion of a grain of powder (black or smokeless) is
constant when the surrounding pressure is constant,—as when
it burns under atmospheric pressure. Therefore if 1, is one-
half the least dimension of the grain and r the time of burning
of the entire grain under the constant pressure of the atmos-
phere, we have, since the grain burns on all sides in concentric
layers, and is generally consumed when its least dimension
disappears,

_l:_ = velocity of burning = constant = V, (say),

In the bore of a gun, however, the pressure surrounding
the grain is very far from being constant and greatly exceeds
the atmospheric pressure. That the rate of burning has an
intimate relation to the surrounding pressure has been recog-
nized from the earliest times. For example, it was long ago
observed that time fuzes burned at a slower rate on high moun-
tains; and that in a vacuum grains of black powder could be
fuzed without explosion. All writers agree that the velocity
of combustion of smokeless powders is, at each instant, propor-
tional to some power of the pressure; but they differ widely
among themselves as to what this power is. Sarrau makes it
one-half. Saint-Robert, Vieille, Gossot and Liouville give
reasons (based, however, upon observations made with a small
quantity of powder exploded in an eprouvette of a few cubic
inches capacity), for adopting the exponent §. Centervall
makes the exponent 5 for ‘‘Nobel NK,”’ powder. Lastly Sebert
and Hugoniot, from observations of the recoil of a 10-cm gun
mounted on a free-recoil carriage, deduced a law of burning
directly proportional to the pressure. This law is the most
simple of all and allows an easy and complete integration of the

(29)
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equations entering into the problem.* But simple as this law
of Sebert and Hugoniot is, we prefer to make use of Sarrau’s
law of the square root of the pressure, because the resulting
formulas are not only simple and easily worked but the results
they give agree remarkably well with experiment, as has been
repeatedly shown by the writer.t The solution of the problems
of interior ballistics requires the adoption of several hypotheses
and simplifications that are only approximately true, and the
practical value of the formulas deduced can be established only
by a comparison of predicted results with experiment. And
ballistic formulas (whether exterior or interior) which have not
been thus tested are looked upon with little favor by artillerists
who are invited to adopt them.

Many of the formulas given in this chapter have been
already published; but the works in which they appeared are
mostly out of print and difficult to be procured. For this
reason, and also because new formulas, which are believed to
be of practical value, and have never been published, have
since been deduced, they are here submitted for the consider-
ation of our artillery officers.

Sarrau’s law of the velocity of combustion of a grain of
powder burning under a variable pressure p leads directly to
the equation

_L(p):
v=-=2(2) @)
in which p, is the constant atmospheric pressure.

Substituting for V its general time value, (22) becomes

dl _ 1L (p\i
a = =) @
in which 1 is the thickness of layer burned in time t.

It will be assumed that the variable pressure p in the bore
of a gun is measured by the energy of translation imparted to
the projectile, and we shall take for granted that all the other
work done by the expansion of the powder gas may be
accounted for by suitably increasing the weight of the projec-
tile; or, better still, by diminishing the value of the factor
expressing the ‘‘force of the powder’’ so as to satisfy the firing
data by means of which the constants are determined. This
procedure will be fully illustrated in the next chapter.

* See JOURNAL U. S. ARTILLERY, Vol. 7, pages 62-82.

t First in the author’s “Interior Ballistics,” (18%4), page %0. Also JOURNAL U. S. ARTIL-
LERY, Vol. 2, pages 85-94 ; Vol. 6, pages 148-149 ; and Vol. 20, N ber-D: ber, 1903,
259-286.
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If p is the pressure per unit of surface upon the base of
the projectile at any instant, « the area of the base and u the
distance travelled by the projectile from its firing seat, we have
from the principle of energy and work -

=w du
p gw dat’
But from mechaniecs and calculus

du _dv _dv du _ %d(v’)
dt® ~ dt ~ du "dt du

Therefore
== i (24)

In this equation w is the weight of projectile in pounds;
and as we shall also adopt the foot as the linear unit, p in (24)
will be in pounds per square foot.

Assuming that the ‘“p”’ in (23) is equal to that in (24),

we have

d_ L w \idOv) )i
dt T (2gwp°) ( du ) (25)

Since z, is the reduced length of the initial air-space and

u the distance travelled by the projectile from its firing seat,

we may say very approximately, by the principle of the co-

volume, that u/z, is the number of volumes of expansion of the

gas during the travel u. If we make u/z, = x, and therefore
du/dx = z,, (24) and (25) become

— w dv)
T 2gwz, dx (26)
and
Al L wo \Bd)
dt T (2gwp.z.,) ( dx ) @7

It will be seen that (27) connects the velocity of burning
of the grain with the velocity of travel of the projectile in the
bore. It is better to make x the independent variable in the
first member as well as the second.

We have from calculus
di _dl dx du _ v dl

dt dx " du " dt z, dx

Therefore
dl _ 2z

d

<
2e:
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Substituting in this last equation for dl/dt its value from (27)
it becomes
da _ L (wz, \(dv) i1
dx ~ -° (2gwp.,) (dx ) v

Integrating between the limits 0 and x we have

L %(zgf’p)j’/‘ D)L g 28)

In order to integrate this expression we must know the
relation existing between v’ and x, that is, between the
velocity of the projectile in the bore at any instant and the
corresponding volumes of expansion of the gas.

From a consideration of the work done by an adiabatic
expansion of a weight of gas y at temperature of combustion,
(taking the ratio of the specific heats as 1}) we have the well-
known equation

v—6gf X f1— 2o (29)
A+x)®
in which f is the so called ‘‘force of the powder.”’

Writing for convenience

A=¢6gf %
(29) becomes
. A
vV=A— i ;
14x)
whence
1
T
donyi. A
dx 1/73 (1+ x)x
and
1 __ a+x
o=
v oAb+t 11
Therefore
(doy L - 1
dx v

v 8 Aot a+ob -1
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Substituting this in (28) we have

1, wm) / x
280/ J | vEa+olarot-

LL. — 1_( W2z, )’I[/‘ dx —

K= +(ggon)’ 0

e w
. a+ohjatoi-1

we have the very simple equation

1 _
L =KX (32)

To integrate (31) put
1+x=Q0Q+y”
from which we readily find
X=6 fvitydy
Therefore, from calculus,

X =3y + v + 3log. {y + 1 + )t}

or

But
y=\nl(1+x)‘}—1 and 14+y =10+ x)*
Therefore __(3__3_)
X.= 3 + ota+nt—1+310g. {(1+x)*+\/(1+x3' —1}
This expression for X,, and other functions that will be

derived from it, can be much simplified by means of circular
functions. Thus, if we make

sece =1 + x)% 34

Journal 3.
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and, therefore,
sin'g =1 — —--1-&-
A+x)

tan ¢ = \[a+x0¥-1
and
de _ 1
dx = 6sec’¢tan¢
(81) and (88) become, respectively,
Xo=6ﬁ sec’vde (35)
and »
X, =3 sec ¢ tan¢ + 3log. (sec ¥ + tan¢) (36)

The definite integral in (85) is a well known function of ¢
and has been extensively used.in Exterior Ballistics. A table
of this function computed for every minute of arc up to 87°
was first published by Euler, and has recently been re-printed
(1904) at the Government Printing Office and issued as Supple-
ment No. 2, to Artillery Circular M. By means of this table it
is easy to compute X, for any value of x. First compute ¢ by
the equation

sec‘nr’=(1+x)‘!r

and then take the definite integral, which has been symbolized
by (¢) from the table just mentioned. We then have

X, =6(9) @37

Expression for powder burned. Return now to equation
(82). If we substitute the value of 1/1, from this equation in
(15) we have

Y =agX, {1+ KX, + KX} (38)

an equation which gives the fraction of charge burned at any
instant in terms of the volumes of expansion of the gases
generated.

When the powder is all burned in the gun (if it be all
burned before the projectile leaves the bore) we have y = &
and 1 =1,. Therefore if we distinguish X, by a dash when
1=1,, (82) becomes

KX, =1
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and
K= 1 (39)
=X ‘
Also when y — &, (38) reduces to
l=a(l+4+p)
a fundamental relation established in Chapter 1.
Substituting the value of K from (39) in (38) we have
generally
Y- +2 X +
@ X, { X, X
Expression for velocity of projectile while powder 18 burning.
Substituting the value of y from (40) in (29) and making

X = Xo{l—(Tﬂ), } (41)

LX) (40)

we have

awa
v=eg P {1+ x+x ] (42)

This equation holds only while the powder grains are burn-
ing and ceases to be true when X, > X,.

Velocity of projectile when y = . When X, = X, and
therefore X, = X,, equation (42) reduces to

—_ o X,
V’—szw}f“(l'f" + »)

or, since

a(l4i4n=1,
it becomes

v =6gf 2
w

allta]

This equation is of course the same as (29) from which it is
derived. This is evident from (41).

For simplicity let

);% =X 48)
Then the expression for ' becomes
v=6gf X, (44)
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It should be remembered that all symbols used in this
discussion, with a dash, refer to the position of the projectile
(either in the bore or in the bore supposed to be prolonged)
when the powder has all been burned, and therefore when
y=o.

From (44) we have
6gf=

X,
and this substituted in (42) gives

v’=-é’§—»x,{ 1 +X%x.+ %x;} (46)

For convenience of printing put

< |

(45)

||

o

ay’ A n n
=¥, N=2IL. == AN
M= i N=ge=%N
Then, finally,
v = Mx,{ 1+ NX, + N'X; } n

Pressure on base of projectile while powder 1is burning.
Differentiating (47) with respect to the independent variable
x, and putting for simplicity

—dX, . X, dX, . " 2XJ(. ax,
X,= dx ’ X.= X°+X dx ’ X=X+ X, dx°’
we have
div?) )
) — X, { 1+NX AN, } (48)

Therefore from (26)

P =350 MX, { 14+NXANX, }

2g Zo
Combining the constants into one multiplier by making
M=
22‘mz“M (49)

we have the following expression for the pressure per unit of
surface on the base of the projectile,

p=MX{ 1+NX +NX, } (50)

Velocity of projectile after powder 18 all burned. The
velocity of the projéctile after the powder is all burned is given
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by (29), substituting @ for y. Reducing by means of (41),
(43) and (45), equation (29) becomes, denoting velocity of pro-
jectile after powder is all burned by capital V,

T
V= X, X, (61)

The velocity, then, after the powder is all burned varies
directly as the square root of X,. From (41) and (43)

X,=1-—--1
A+x)

and therefore the analytical limit of X, as x increases indefinitely
is unity. On this supposition (561) becomes

= gin’¢ (62)

v =5‘;—’_ =V, (say) (53)

We may regard V, then as the theoretical velocity of the pro-
jectile after an infinite travel. In terms of V, (51) becomes

V' =V/'X, (54)
and the expression for M changes to
\'
M= ? —L 54
X, (54)

Pressure after the powder 13 all burned. Differentiating
(54) with reference to x and substituting the result in (26) we
have, employing capital P to express pressure in this case,

— wV; dX,
2gwz, dx
But from (52)
X, _ 1
dx 3(1+ x)*
whence
_wv' 1
6842 (140t
or putting v
LAS = ) '
6guz, P (55)
we have finally the very simple equation
P

P=

3 (56)
1+x)
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if we make x = 0 in (56) we shall have
P=P
Therefore P’ is the pressure per unit of surface at the
origin supposing the powder to be all converted into gas before
the projectile moves from its seat.
Formulas for computing the functions X,, X,, X,, X,, X,
and X;. We have already deduced

X,=6(¢),
and from (41) and (43) we have directly
X, =X, sin'¢ (GY9)]
and
X, =sin'¢ (58)
By definition
_ dX,
X, = dx
whence differentiating (57) we have

dgf{' = ddX‘. sin’¢ + 2X, sin ¢ cos ¢ g—

But from (31) and (84) we have
dX,

sin'¢ = sin ¢ cos
dx 1 4 sin ¢ cos' ¢

Also
de _ singcose _ 1
2sin ¢ cos ¢ +— dx ~ 3sec'y tany r} cos’y.
Therefore
X, =sin¢ cos'¢ + } X, cos’ ¢
Let
X= 1
14 X, cos' ¢ cosec ¢
Then we have
sin ¢ cos' ¢ :
X,=- X (569)
From the foregoing equations we find
X, dX, _
X, dx =X X

by means of which are easily deduced from the definitions of
X, and X,, the following simple expressions :

X, = X1+ X) (60)



INTERIOR BALLISTICS 39

and
X, = X1+ 2X) (61)
By means of equations (37), (57), (58), (59), (60), and (61)
the table of the logarithms of these functions hereto appended
was computed.
Expressions for computing © and f. From (30) and (39)
we have

= (W% )iy
T ( 68D,
And from (45) and (53) we get
_V'w
f= 6o (63)
Relation between f and P'. From (55) and (63) we get
P= 20 f (64)

Since f (the force of the powder) is the pressure per unit
of surface of the gases of one pound of powder at temperature
of combustion, occupying unit volume, it follows from (64) that
P’ is the pressure per unit of surface of the gases of @ pounds
of powder occupying a volume equal to the initial air-space z,».
This has already been deduced in another way, Page 38.
Equation (56) is therefore the equation of the pressure curve
upon the supposition that the charge is all converted into gas
before the projectile has moved from its seat. From equation
(21) we have

_21.68 ,.
L= 1728 &

Substituting this in (64) we obtain
2768 f

P="Tms &

From the manner in which equations (44) and (54) were

deduced it is evident that they both give same velocity for the

travel u, namely, the velocity v. And also that (54) is the
equation of the velocity curve on the supposition that the
powder is all consumed before the projectile has moved from
its seat. But we cannot say generally that (50) and (56) give
the same pressures for the travel u. This equality depends
upon the relative values of a, 4 and », as may be shown as
follows :

(65)
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If we substitute in (49) for M, v’ and zw their values
already deduced it reduces to

3«P

M = (66)
X,
and therefore (50) may be written
X, X. X,
=8aP {1+ L
P X, { + 3 X, At X' } (67)

If we equate (67) with (56) and reduce, substituting for

4
a+ X) ' its value from (34), we have the equation of condi-

tion

X,
8a= =, fo —
X, { +X.,’ } sec'y =1
which must be satisfied in gr_der that the two pressures p and
P may be equal for travel u.
From (59) we get, omitting the dashes for convenience,
Xy -
X, % = XX, cos'y
and therefore, by (60) and (61),
3sing _
el 14 A+ 01+ A+ 20 4 Ja=1
or, since a (1 4+ 2+ p») =1,
a ) X = X X0 cos'e
t+2mX= 3siny -1
Therefore by (569) and the definition of X,

) =Xecos'e 1 _
a(l42p) = 3sin ¢ X = 1 (68)

By referring to Chapter 1., page 187 it will be seen that the
relation between a, 2 and ~ expressed in (68) can exist only
when 8 = 0. That is, only for those grains which reduce to
a point or to a line — straight or curved — when about to
disappear.

We can show thisin another way. Equation (67) expresses
the value of p while the powder is burning; and the distance
the projectile travels before the powder is all burned depends
upon the thickness of web. Now imagine the thickness of web
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of the grains, of which a charge is composed, to diminish
indefinitely and finally to become infinitesimal, so that the
charge is burned instantly, before the projectile begins to move.
On this supposition X,, X,, X,, and X; all become zero. But
their ratios in (67) are finite and can easily be determined. If
i is an infinitely small angle we see at a glance from (36) that
X,=61i. Then from (567) and (58) we find at the limit, X, = 6{’
and X,=1i". Also X =14, and then (59), (60) and (61) become
X,=81, X,=8iand X, =60i’. Therefore the ratios in (67) are
X, 1 X, _ 4 X, _ 5
X, 2’ X 3 and X 3
Therefore (67) becomes at the limit, dividing out P’,

—3—« {1+ i g—ﬂ}=1

This may be written

a(l+ A+ 34+ 0+ 3u) = %
a(l-'—l—{-,l.) +"( A+ 3n) =%
a(fd + §n) = — %
a(dA+ 2n) = —1
This is the same relation that was found before. We can
therefore say that for spherical, cubical, cylindrical and certain
pierced cylindrical grains, the pressure curves (50) and (56) run

into each other at the travel u and from there on they become
one and the same curve. This is not true for grains for which

s’ >0. For these the pressure at travel u given by (50) is
grw.ter than that given by (56), and this difference increases
with s'.

Some special formulas. If we make
k=7,

we have by dividing (46) by (40) and reducing by (53),
v =kV' = kV/’X, (69)
That is, the velocity of the projectile at any travel before

the charge is all burned is equal to what the velocity would
have been at the same travel had all the charge been converted
into gas before the projectile moved, multiplied by the square
root of the fraction of charge burned.
Journal 4.
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For spherical, spheroidal, cubical and certain other forms
of grain we have a=3, A=—1and ~= §. Substituting these
in (40) we have by obvious reductions

1 (1_ X%\
k=1—(1 x.) (70)
and therefore
X = %{1—- a—wt} a

For a cylinder with axial perforation, whose length is equal
to the thickness of web, and also approximately for a long
slender cylinder, or prism of square section, we have « =2,
A= — }and » = 0. Substituting these in (40) gives

k=1—(1—%)* (72)
and
X=X {1-a—-w} (13)

Equations (70) and (72) give the fraction of the charge
consumed for any given travel of projectile, and conversely,
(71) and (73) enable us to determine the travel of projectile
for any given fraction of charge burned. For any other forms
of grain the solution of a complete cubic equation is necessary
to determine X, when k is given. See equation (40).

Ezxpressions for maximum pressure. It is well known that
the maximum pressure in a gun occurs when the projectile has
moved but a short distance from its seat, or when u and x are
relatively small. The position of maximum pressure is not
fixed but varies with the resistance encountered. As a rule it
will be found that the less the resistance to be overcome by the
expanding gases the sooner will they exert their maximum
pressure ; and, also, the less will this maximum pressure be.
The differentiation of (50) gives an analytical expression for the
maximum value of p, but it is too complicated to be of any
practical value. A reference to the table of the X functions
shows that the factor X, is a maximum when x = 0.65 nearly,
while X, and X, increase indefinitely. When 4 is negative it is
evident that p will be a maximum when x is less than 0.65, and
when 4 is positive when x is greater than 0.65. There will
therefore be two cases depending upon whether the powder
grains burn with a decreasing or an increasing surface. These
must be considered separately.
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() When the grains burn with a decreasing surface; or
what is the same thing, when A i3 negative. A function at or
near its maximum changes its value slowly. Therefore a
moderate variation of the position of maximum pressure will
have no practical effect upon the computed value of the
pressure. It has been found by trial in numerous cases that
if we take x = 0.46 for the position of maximum pressure
when 4 is negative no material error results. For this value of
x the table gives

log X, = 9.856640—10
log X, = 0.48444
log X, = 0.93587

Substituting these in (50) and designating the maximum

pressure by p., we have approximately, when 4 is negative,

= [9.85640—10] M{ 1—[0.48444]N + [0.93587—10]N'}(74)

(b) When the grains burn with an increasing surface.
When the grains burn with an increasing surface 4 is generally
positive, and it will not be far wrong to assume that the
maximum pressure occurs when x = 0.8.  For this value of X
we have from the table,

log X, = 9.86027—10

log X, = 0.60479

log X, = 1.173562
Substituting these in (50) it becomes

= [9.86027—-10]M' { 1 + [0.60479]N—[1.17352—10]N' } (75)

A reference to the table shows that the maximum value of
log X, is 9.86486—10. Therefore if we suppose N and N’ to be
each zero, equation (74) and (75) become

= [9.86386—10] M’
or, in terms of the characteristics and elements of loading,
— [0.68642) LTV WS (76)
a c

This last equatnon is in form the same as Sarrau’s mono-
mial formula for maximum pressure.

Working formulas. It is customary in our service to express
the volume of the powder chamber (C) in cubic inches; the
various pressures in pounds per square inch ; the caliber (c),
the reduced length of the initial air space (z,) and the travel of
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the projectile (u) in inches, while the velocity of the projec-
tile is expressed in foot-seconds and its weight in pounds and
ounees. These most unfortunate units, which American and
English artillerists alone of all the world have to contend with,
are apt to cause confusion and error in the applications of
ballistic formulas to gunnery problems. To avoid this as far as
possible, we will reproduce the most important of the formulas
deduced in the proceeding pages with all the reductions made
and the mathematical and physical constants introduced and
combined into one (or more) numerical coefficient represented
by its logarithm, for convenience. The physical constants
adopted are the following :—

g = 32.16 f.s.

P = 10333 kgs. per square metre.
= 2116.83 lbs. *‘ “  foot
= 14.6967Ibs. *‘ ‘““ inch

The number of cubic inches occupied by one pound of water
is found by dividing 61.0254 (number of cubic inches in a litre)
by 2.20462 (number of pounds in a kilogramme). The result is
27.68 cubic inches very nearly. We will not give the work of
reduction, as the reader who wishes to verify the results will
have no very great trouble in doing so. The working formulas
are as follows for foot-pound units:—

= [L.44217] ;'3— a9)

z,= [1.54798] —“c"",’— (in inches) (21

2= [0.46789] 27 (infeet) (217
V.= [4.44383)f 44"
M’ = [7.82867—10] M (49)
P’ = [7.35156—10] V" 1" (55"
* = [8.56006—10] ’iﬁv— X, ©2)

M=V

X,
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£=[5.56617—10] V,' *- (63)
P = [1.79638) = 65")
METRIC UNITS

In metric units we shall take C in cubic decimetres, p in
kilogrammes per square centimetre, ¢ in centimetres, z,, u and
v in metres. With these units our formulas become,

~

w

a=% (19"

7= [110491] &7 @)
V. = [2.76048] £ o 44")
M’ = [7.70764—10] M = 49")
P’ = [9.23062—10]V,;' 7 (55")
f = [7.23052—10] V! (63
- = [9.36872—10] E‘/c;:'? X, 62")

Characteristics of a powder. The quantities £, 7, a, 4 and
r were calledby Sarrau the characteristics of the powder
because they determine the physical qualities of the powder.
Of these factors f depends principally upon the composition of
the powder, and in the same gun is practically constant for all
powders having the same temperature of combustion. It
increases with the caliber of the gun, and for this reason its
value determined for one caliber cannot be depended on for any
other caliber. The factor 7, the time of combustion of a grain
of powder in free air, depends generally upon the least dimen-
gion of the grain, and upon its density. The factors 4, 4 and »
depend exclusively upon the form of the grain, and for the
carefully prepared powders now employed their values can be
determined with great precision. They are constant so long as
the grain in burning retains its original form.

Expressions for velocity and pressure in terms of the char-
acteristics of the powder. When f and = have been determined
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by suitable firings, as will be illustrated in the next chapter,

we can compute V. and X, for the same gun and varying
charges and weights of projectile, by means of equations (62')
and (63'). From these we readily obtain the following expres-
sions for the factors M, M’, N and N’ in terms of the character-
istics f, -, @, 2and  :—

M = [3.00389] 5} ciw% T
M = [0.83256] 1F VW2 (18)
N =[8.56006—10] - a¥' ¥ (19
N = [7.12012-120] 5 ¥ WO = 2 N @0)

If we substitute the value of M’ from (78) in (74) and (75)
and reject the terms within the braces, we have in effect,
Sarrau’s monomial formula for maximum pressure.

Applications will be given in the next chapter.




METHOD OF INSTRUCTING COAST ARTILLERY
MEN PREPARATORY TO GUNNERS' EX-
AMINATIONS

BY CAPTAIN MANUS McCLOSKEY, ARTILLERY CORPS

NSTRUCTION, no matter what the subject is, should be

progressive and systematic. The best system used in
modern educational methods is the one that produces the best
results. The first consideration, therefore, in the education of
the coast artilleryman will be the method or system employed.
The purpose of all instruction is to make men quick, accurate,
and intelligent in the duties to which they may be assigned.
While the act of qualifying gunners is not the goal that the
instructor seeks, yet at the same time, a fair outward index of
a company’s degree of instruction is the proportion of its
gunners,

The following method of instruction is the outgrowth of a
system begun by the author at Fort Canby in 1901 and modified
by the various orders, etc., issued relative to requirements for
gunners’ examinations. It is used, firstly, to prepare men for
the gunners’ examination, and, secondly, to teach men some of
the essentials to a proper conception of their daily work. It is
altogether separate and distinct from the instruction given to
the company as a unit in manning the armament to which it is
assigned. ,

For indoor instruction the company is divided into three
parts after the first sergeant has reported to the company
commander and the range detachment has proceeded to the
improvised plotting room in the barracks.

Part 1. is composed of first-class gunners.

Part II. is composed of second-class gunners and those
men, not gunners, who, after trials, give promise of becoming
first-class gunners.

Part II1. is composed of men who are expected to become
second-class gunners and also, of the ‘‘hopeless,’”’ that is, men
who are not expected to qualify.

“n
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The members of Part 1. are utilized as instructors of the
various detachments hereinafter mentioned, Those not so
required receive advanced instruction under a competent non-
commissioned officer or are instructed with Detachment No. 5
of Part II. Each instructor is given a card containing the
subject assigned him, its scope or extent, and questions per-
taining to it.

For instruction, the members of Part II. are divided into
five detachments and subjects assigned to detachments as
follows: .

Detachment No. 1, Azimuth Instrument.—Angles; definition
of, azimuth angles, how measured, horizontal and vertical
angles, angles measured by the azimuth instrument. Gradu-
ation of the instrument; reading; leveling and orientation of;
focussing; setting up over a point and orienting from given
data; taking successive observations and readings at intervals
of 20 seconds.

Detachment No, 2, Plotting Board, etc.—Scales of and
their meaning. Features appearing upon boards. To lay off a
distance on the board and to measure the distance between
two points. To locate a point given its azimuth and range
from position finder station, then give its azimuth and range
from the directing point. To show how lateral and longitudinal
deviations of the fall of shot with reference to the target are
taken. To make use of the plotting board as used by the com-
pany and to show how the course of a target is plotted.

Detachment No. 8, Correction Devices.—To use these and
to show how the range and deflection corrections are deter-
mined according to the system in use in the company. To
know also what data are sent to the emplacement and how
these are obtained.

Detachment No. 4, Difference Chart and Gun Commander’s
Range Scale.—To use the difference chart. To use the gun
commander’s range scale as used i=-t:e company.

Detachment No. 5, Elementary Gunnery and General
Features of Warships.—To define axis of the bore; line of fire;
line of sight; drift; muzzle velocity; quadrant elevation; sight
elevation; angle of departure; angle of fall; jump; trajectory;
time of flight. To know the general features of battleships,
cruisers, protected cruisers, torpedo-boat destroyers, torpedo
boats.

Detachment Number 5 is instructed by an officer—all other
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detachments are instructed by first-class gunners who posssess
aptitude therefor.

In like manner, for instruction, the members of Part III.
are divided into nine detachments and subjects assigned as
follows:

Detachment No. 1, Powders.—Kinds used; in what zones
used; highest and lowest weight of charge and corresponding
muzzle velocity.

Detachment No. 2, Projectiles.—Name the projectiles used
and give their weights. State what the painting indicates.
Name the principal features of a projectile. Why capped?
Which contain bursting charges and fuzes?

Detachment No. 3, Fuzes.—Name each kind of fuze used in
the battery; how inserted to make a tight joint and how each
kind operates.

Detachment No. 4, Primers.—Identify the different kinds
of primers used in the battery and explain how each kind
operates. Reload a drill primer.

Detachment No. 5, Cordage.—Define yarn, strands, jaws
of rope, short-jawed rope; long-jawed rope, guys, spun yarn,
marlin, standing rigging, running rigging. Explain the dif-
ference between hawser-laid rope and cable-laid rope. How
are these two kinds of rope coiled? How is the size of rope
denoted? Worm a rope, parcel it, serve it, whip it. Give
reasons for thus treating rope.

Detachment No. 6, Knots and Hitches.—Make a square
knot; a bowline; a single sheet bend or a weaver’s knot; rolling
hitch; blackwall; round turn and two half hitches; clove hitch,
cat’s paw; sheep-shank; marlin-spike hitch. Explain the use
of the foregoing. What is a strap or sling and what is its use?

Detachment No. 7, Splices and Lashing.—Make an eye-
splice; a short splice; a long splice. Make a shear lashing; a
square lashing. What do shears consist of? How are they
rigged and raised, and what they are used for for? How and
when is the tackle made fast; How are shears held in position
afrer being raised? How can a change of direction of the fall
of the tackle be made to lead it to a capstan, or so that a large
number of men can apply themselves to it.

Detachment No. 8, Rigging Tackles and Gins.—Name the
different parts of blocks (shell, sheave, pin, strap) and describe

the different kinds (single, double, treble, snatch and tail
blocks). What is a tackle? Point out the running part; the
standing part; the fall. Rig the following: Whip, whip upon
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whip, gun tackle, gun tackle on gun tackle, luff on luff, single
burton. Power gained in the foregoing. Mouse a hook and
explain its purpose. Name the different parts of a garrison
gin. How much can be safely lifted with it? Explain how it
is assembled and raised. How can the upper block be placed
in position after the gin has been raised? At what distance
should the foot of the pry-pole be placed from the foot of
each leg.

Detachment No. 9, Hydraulic Jacks.—For what is the
hydraulic jack used. What liquids are used in the jack? How
is the jack cared for when not in use? Show how to use a
jack in raising a heavy weight; in lowering a heavy weight;
use of a claw in connection with the jack.

The above method is used only as a beginning. As soon
as an instructor considers a member of his detachment pro-
ficient, he reports to the company commander and, if satisfied
that the candidate knows the subject, the company commander
places him in another detachment. When men have passed
satisfactorily through all the instruction laid out for members
of Part III., that is, when they appear likely candidates for
first-class gunners, they are transferred to Part II. and receive
instruction accordingly. The method above outlined is purely
for indoor work and is independent of the daily practice of the
range detachment (or section) in the improvised plotting room.

OUTDOOR INSTRUCTION

For outdoor instruction, the company is divided into three

parts as before enumerated, that is,
Part 1. is composed of first-class gunners.
Part II. of candidates for first-class gunner.
Part III. of candidates for second-class gunner.

The members of Part II. are divided into three detachments:

Detachment No 1 is given practical work in the plotting
room, including all of its details.

Detachment No. 2 is given practical work with the azimuth
instrument.

Detachment No. 8 is given instruction in laying the mortar;
the use of the quadrant, setting and reading it, placing it on
the mortar. Laying the mortar with the data received from
the plotting room, Case III.

The members of Part IIl. are divided into five detachments
and subjects assigned as follows:
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Detachment No. 1.—Manual of the piece, duties of the
cannoneer as laid down in Drill Regulations for Coast Artillery.

Detachment No. 2.—Nomenclature as in Drill Regulations
and Ordnance Department pamphlets, describing the piece to
which the company is assigned.

Detachment No. 3.—Breechblocks, dismantling, assem-
bling, and adjusting for firing.

Detachment No. Jj.—Recoil cylinders, stuffing boxes.
Removing old packing, repacking. Throttling device, object,
care, and use of. Care and preservation of carriage, what
and how to oil. Grease cups.

Detachment No. 5.—Projectiles as seen in the magazine;
kinds, uses, features of, capping, painting, ete. Inserting
fuzes.

Occasionally the whole company is given practical instruc-
tion in the gin and shears.

The method of instruction above outlined is followed in the
126th Company, Coast Artillery, which is a mortar company.
By a few obvious changes the system can be used in a gun
company. The Syllabus of Examinations for Gunners, pub-
lished in General Orders No. 93, War Department, 1905, is
closely followed. The system of instruction has been very
successful in this company, and has proved its practical
efficiency. At the conclusion of the last gunners’ examination
there were 52 first-class and 42 second-class gunners in the
company out of 103 men present for examination,—a result -
that I ascribe the application of the method given above.




A PROPOSED SYSTEM OF RANGE FINDING

By 18T LIEUTENANT F. WHARTON GRIFFIN, ARTILLERY CORPS

HE range finders in use by the U. S. army to-day are

unsatisfactory with the exception of those used by the
coast artillery. In recent years numerous experiments have
been made with the range finders of foreign make, such as the
Zeiss stereoscopic binocular range finder and the Forbes tele-
meter, but these also have proved unsatisfactory.

The essentials of a good range finder are that it should be
accurate, easily carried in the field, should require a short time
and few men to obtain the range, and of course the less com-
plicated the parts of the range finder and the method of
obtaining the range the better. With all range finders it is
easier to find short ranges with accuracy than long ones.
For this reason this system is proposed for use by the infantry,
and if it should be tried and any one of the methods proves to
be satisfactory a similar method will be presented for trial by
the field artillery.

The best range finder now in use for troops in the field is
the Weldon. This range finder is used by the field artillery
and in theory it is sufficiently accurate, but unless it is in the
hands of a well trained man it is very inaccurate and even in
the hands of such men errors sometimes occur.

The principle by means of which the range is obtained in
this proposed system is similar to the method employed in the
Weldon but the instruments (there are two of them used in
conjunction) are entirely different.

Before describing the proposed instruments a discussion of
the principle will be given. An attempt has been made to
eliminate all the errors that are liable to occur when using the
Weldon and to make the instruments almost as accurate when
used by untrained men (but men who understand the principle)
as it is when used by trained men.

FIRST METHOD

This method depends upon the solution of one side of a

right plane triangle; the angles of the triangle always being
(52)



PROPOSED SYSTEM OF RANGE FINDING 53

constant and hence the two adjacent sides of the 90° angle are
in proportion.

The natural tangent of 87° 42' 34" is 25.
Therefore in all right plane triangles containing
an angle measuring 87° 42’ 34" the sides adjacent
to the 90° angle are in proportion of one (1) to
twenty-five (25).

It will be seen in the figure, if O represents
the point from which the range is to be obtained
and T represents the target, that if a 90° angle be
measured at O and the point A be found where the
angle between AT and AO equals 87° 42" 34", the
side TO is 25 times as long as the side OA.

The proposed instruments to be used to obtain
the range consist of two instruments that will
measure the 90° and the 87° 42’ 34" angles and a
tape line from which the range can be read at
once, i.e. without having to multiply the distance
AO by 25.

The instruments to be used to consist of rigid
cross sights mounted on pointed staffs. One of
these instruments to have the sights permanently
fixed at right angles and similar to the surveyor’s
cross. The sights of the surveyor’s cross would
not be the best sights for range finding and in
their place I would suggest two metal wedge-shaped
sights. The front sight the same as the rear sight.

The other instrument to have one sight at an
angle of 87° 42’ 34" to the other and the same kind
of sights described for the first instrument. These
instruments to be detachable from their staffs and
provided with the ball and socket movement
similar to the Jacob’s-staff. The sights to be
carried in leather cases swung over the shoulder.

If the staff of the 90° instrument be made
several feet shorter than the staff of the instru-
ment containing the 87° 42 34" angle and one of
the sights of the 90° instrument be telescopic and
provided with stadia wires, ranges can be read

14l 0T
/e

”

directly. f Y
If the stadia method be used the cross arms o Ei’
of the 90° instrument should be provided with}I 0 A

Jevel tubes.
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A time saving device for the 87° 42' 34" instrument would
be a movable center similar to that in the transit but having
more play.

The dimensions of the instrument and the metal or com-
bination of metals out of which they should be made will be
determined later if this system is approved. The instruments
in their leather cases will not be much larger than the cavalry
sketching case.

The tape need not be over 80 yards long, for this length of
tape will measure a range of 2000 yards, 80 X 25 = 2000. This
tape might be self-winding on a reel in a box and the box
provided with some arrangement to hold it in place, as a pin to
be stuck in the ground.

It will be seen from the figure that the range can be found
by laying off the right plane triangle either to the right or to
the left of the line TO.

Two men are required to find the range and for convenience
I will call them No. 1 and No. 2.

No. 1 sets up the instrument, which has the sights perman-
ently fixed at right angles, on the target. He then directs No.
2 on the line OA until he has found the point A with the
other instrument, and the distance OA measured by the tape
gives the rangd. If the stadia be used the range is read as
soon as the point A has been found, but unless O and A are
on very nearly the same level the tape line would have to be
used. If the right plane triangle is laid off to the right of the
line TO, No. 1 directs No. 2 along the line OA’ until he has
found the point A’, and the range is found as before
explained.

In order to prevent confusion on the part of No. 2 the sight
which he is to point towards the target should be marked. It
will be seen in the figure that this sight when used on the right
of the point O is revolved 87° 42' 34" from the position that it is
when used on the left of the point O. The sight to be used on
the right should be marked R and the sight to be used on the
left should be marked L. Then no confusion is possible.

Three men could find the range more quickly than two.
No. 3 goes with No. 2 and uses the target sight while No. 2
uses the other.

When three men are used, without the use of the stadia, no
staff is necessary for the 87° 42' 34" instrument for the sights
can then be used as a hand instrument.
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SECOND METHOD

This consists in using a permanent base and measuring the
angle at the point A or A'. The instrument to be used at the
point O to be the same as the one used in the previous method
without telescopic sight or level tubes. The tape to be 40 yards
long. At the end of this tape the second instrument is to be set
up. This instrument is similar to a small azimuth instrument
but mounted on a Jacob’s-staff and provided with the ball and
socket movement and level tubes. It should also have a
movable center. The sight need not be telescopic, but like the
sights described in the first method. It should also be provided
with a vernier, vernier clamp and vernier tangent screws.
The instrument should be set up reading 0° and pointing at O
and the angle TAO should be read.

This gives the range immediately if a range table has been
prepared beforehand. The natural tangent of the angle
multiplied by forty is the range. Thus if the angle be
87° 42' 34" its natural tangent is 25 and 25 X 40 = 1000 yards.
The sights on this instrument should be very little above the
vernier plate in order to make the instrument as flat as possible.

THIRD METHOD

The instruments used are the same as those used in the
second method except that the 90° instrument should be
provided with a telescope, and stadia graduations should be
marked on the staff of the other instrument.

The range is found by means of a plotting board. A base
is measured any convenient length and the angle read at the
end of it. This base is measured on the plotting board and the
angle plotted and the range read off from the board.
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WAR MATERIAL, 1905

Although few changes or improvements of a startling character have
been effected during the past year in the manufacture of guns, projectiles
or armor plates, still a steady progress has been made in the development
of designs and processes already in hand at the commencement of the year;
the study of metallurgy, for example, having given considerable impetus
to the perfecting of steel and other metals for the construction of guns,
armor plates, and armor-piercing shell, as well as of gun mountings, carri-
ages, and fuzes, &c.

New field guns.—A good deal of energy has been displayed by the
Royal Gun Factories towards the completion of the armament of our horse
and field batteries of Royal Artillery with the new quick-firing gun. As
very meagre descriptions of these guns have hitherto appeared in the Press,
it may not be out of place to give a few particulars. The horse artillery
gun is a 13-pounder of 6 cwt. ; the field artillery gun is an 18-pounder of
9 cwt. When we compare these weights with those required for horse and
field artillery weapons twenty years ago, the great improvement in the
design and in the material of the modern guns is very apparent. Had it not
been for the improvement of the steel employed, the weight could never
have been reduced so considerably. And yet lightness is of infinite import-
ance to the efficiency of field guns. The mechanism of both guns is precisely
similar ; they only differ in size. The parts of the breech gear are few and
_and strong, and can be put together in five minutes. Very few of the
features of the German 15-pounder are observable in this gear. The
‘“‘rebound spring’’ in the striker is one, and the ‘‘retaining catch’’ on the
lever another. A portion of the breech opening of the gun is cut away onthe
right side, where the hinge of the breech block is placed, so as at once to
admit the breech screw—which is cylindrical instead of ogival, as in the
German weapon—into the breech end of the gun. This gives a vast incre-
ment of strength to the grip of the screw. The ‘‘safety catch’’ is also of
quite a different character from the cylindrical button of the 16-pounder, and
when closed precludes the possibilities of firing altogether. The gun has
high projecting ‘‘feathers’’ at the sides along its whole length, which slide
in ‘‘feather ways’’ on the mounting. The recoil cylinder is above thegun,
with a combination of two large sets of very powerful springs, and a
hydraulic buffer in the center, by means of which the recoil is entirely
absorbed. A large ring upon the summit of the breech supports the rear
of the cylinder. Both guns have the exterior of the breech curiously
rounded, so that it resembles a ram’s head, in order to remove all super-
-fluous angles of metal. The gun-carriage has a cylindrical trail with spade
at the end, and a hinged lever for training, like the 15-pounder, but the
wheels are of wood, with gun-metal naves. It was the steel wheels and

(66)
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axles of the 15-pounder which gave so much trouble upon their introduction

into the Service in 1900. A training arc, worked by a hand wheel, is
provided with a new gun-carriage, which admits of 4 deg. of training on
either side, or through an arc of 8 deg., ample for ordinary field purposes.
Two seats are provided on the trail behind the gun, one for the layer and
the other for the man firing, and the gun-carriage practically remains
stationary after taking up its position. The elevating gear and a powerful
brake clipping both wheels are also worked by hand wheels, controlled by
the two gunners on the trail seats. The new field guns, sofaras at present
issued, have given the utmost satisfaction. The shrapnel shell, which are
being made at the Royal Laboratory, for the field and horse artillery guns,
are solid walled, the heads not being detachable from the sides. The open-
ings are very large, so as to admit of their being easily packed with bullets.
A large gun-metal socket is screwed in at the top, into which the fuze is
screwed. This last is made of aluminium, with a very broad base to fit the
socket.

Heavy guns.—A series of heavy siege guns is now under construction,
some of them being already completed and in the service. This weapon,
which is of 5.4-in. caliber, and throws a 60 1b. shell, is to take the place of
the 4.7-in. siege gun. It is 12 ft. long and capable of being fired at an
elevation of 21 deg., having at that angle a range of 14,000 yards. Although
so powerful a gun, it is mounted upon a travelling carriage of moderate
weight, having a trail with ordinary double brackets, the construction being
very strong. There is no spade at the point of the trail. Large cast steel
shoes are slipped beneath the wheels and secured whilst the gun is in
position, so that the wheels cannot revolve. An arc for lateral training is
contrived beneath the breech and upon the brackets, and thus the necessity
for shifting the trail is obviated. The recoil of the gun is absorbed by two
heavy recoil springs placed high up on the flanks of the gun, and a recoil
buffer on the summit of the breech. The breech and breech screw are of the
Welin type. This gun will be largely used in India to replace the 4.7-in. gun.

The 10-pounder jointed screw gun, for mountain service in India, has
given good results. It was used in the recent expedition to Thibet, and
found invaluable. A series of heavy coast howitzers, from 9.2-in. in caliber
downwards, is also under construction in the shops and mounting grounds.
Of heavy land service guns, the largest to be seen at present in any numbers
are those of 9.2-in. The 12-in. gun has only been mounted at a very few
places around our coasts or at the coaling stations abroad. But the 9.2-in.
is universally asked for. At the present moment a battery of these powerful
weapons is nearly completed in a position of magnificently high command
in the Isle of Wight. The mountings for these 9.2-in. coast guns are now
being enclosed within a face-hardened steel shield of 8-in. and 6-in. armor,
and all the heavy work of training, elevation, and shot-lifting at the eleva-
ting derricks is performed automatically, a great saving of labor for the
gun detachments, which can consequently be reduced. The shock of recoil
is taken up by a powerful hydro-pneumatic cylinder, which stores the
“power’’ for the purposes indicated, and this power is sufficient to train

and elevate the gun, and to raise the projectile into position. As fast as is
possible, existing positions are being completed with these automatic
mountings, though the operation is a tedious one.

Journal &
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New naval guns.—By the courtesy of Vickers, Sons, and Maxim,
Limited, we have been furnished with descriptions of their latest designs
of guns, mountings and ammunition, with a statement as to ballistic
powers. Many of these are quite new, and form the most powerful types
of weapons which have been mounted in any vessels afloat. The 12-in.,
9.2-in., and 6-in. types are assumed to be firing capped projectiles, and
the results are based on ‘‘actual penetrations obtained with lower
velocities. *’ With a capped projectile of 850 lbs.,, and a muzzle
velocity of 2850 foot-seconds, the 12-in. gun has a penetrative power of
24.3in. into K.C. plate. This figure is much modified, of course, at ordinary
ranges in action—say, at 4000 yards—but still the powers are gigantic.
With a capped projectile of 380 lbs., and a muzzle velocity of 3048 foot-
seconds, the 9.2-in. gun has a penetrative power of 20 in. into K. C. plate.
With a capped projectile of 100 1bs., and a muzzle velocity of 3060 foot-
seconds, the 6-in. gun has a penetrative power of 12.25 in., into K.C. plate.
The calculated perforation of the uncapped 31-pounder armor-piercing pro-
jectile, fired from their 4-in. gun is equally remarkable, being no less than
11.5 in. of mild steel plate ; nearly three times the caliber of the projectile !
We observe that the calculated perforation of the 12-in. gun with the same
projectile, capped, at a striking velocity of 2700 foot-seconds, based on
Tresidder’s formula, is given in his paper in Brassey’s Annual for 1905, as
24.9 in. K.C. steel. The figure given for penetration by Vickers, Sons, and
Maxim as the result of calculations made by actual experiments is, there-
fore, eminently satisfactory. Tresidder’s formula gives 19 in. as the
penetration into K.C. steel, with a capped 9.2 armor-piercing projectile at
a velocity of 2700 foot-seconds. The results formulated by Vickers, Sons,
and Maxim give 20 in., but with a velocity of 3048 foot-seconds. This may
be regarded as equally good. Tresidder’s estimated penetration into K. C.
steel for 6-in. gun with capped projectile at 2700 foot-seconds is 12.1 in.
Theresults obtained by Vickers, Sons, and Maxim with 3060 foot-seconds were
12.25 in. The close approximation of the estimates based upon Tresidder’s
formula with the results obtained from actual experiments by the great gun
firm is very reassuring. The caps for the armor-piercing shells supplied by
this firm are screwed to the point of the projectile without the cutting of
cannelures around it. This is an element which should give additional
strength to the shell in its passage through armor.

Before leaving the subject of guns we deem it necessary to allude briefly
to the agitation which took place during this year in regard to the large
numbers of 12-in. naval guns of the Mark VIII. pattern, which were found
to be unduly defective in their A tubes on examination, and to several
serious misadventures which occurred with some of these guns, the forward
part of whose tubes was blown away upon the guns being fired. This was
notably the case on the Majestic, one of the 12-in. guns having several feet
of the tube at the muzzle blown clean out, and another 12-in. gun being
seriously injured. This was at ordinary gun practice. The official report
of the Ordnance Committee upon the failure of these guns generally ascribed
their reduction in caliber—which was, of course, the primary reason for the
dangerous choke at the muzzle—to longitudinal extension of the service A
tube, due apparently to the design of that particular ‘‘mark.’’ The report
said that the whole of the sixty Mark VIII. guns would have to be ‘‘lapped
out’’ sooner or later, but that the deeper step and thicker A tube of the
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later marks—Mark IX.—would probably prevent the same thing happening
again.

Projectiles.—It is satisfactory to note that the ‘‘capped’’ projectile hasat
last ‘“‘come to stay’’ at the Arsenal. A considerable number of Hadfield’s
“Heclon’’ capped armor-piercing shells of 6-in.. 7.6-in., and 9.2-in. calibers
is in evidence in the Royal Laboratory, with the ‘‘thumb marks,’’ which are
characteristic of them, to be seen at the base of the caps, these being the
impress upon the soft metal cap where it is hammered into the milled
recesses on the nose of the projectile. Firth’s ‘‘capped’’ armor-piercing
shells of many calibers are also to been seen in large numbers, being recog-
nized by the annular groove or grooves in the nose of the shell, and other
corresponding grooves inside the cap, which are fitted in some cases with
an iron rod run round, or tinned and sweated together with low fuzing-point
solder. These are the Firthand Firth-Sterling caps. The Royal Laboratory
authorities have a pattern of ‘‘cap’’ of their own, though it is not yet in
evidence, being under consideration ; but we believe it to be a modification
of the annular groove principle of attachment to the point of the shell.
Judging from the large number of capped shell which are in course of treat-
ment at the Arsenal at this moment, it would seem apparent that the
system has received approval from H. M. Government.

To turn to the question of projectiles generally, it is interesting to
observe that all the best results of experimental trials made with armor-
piercing shells during the year have been with capped projectiles. Informa-
tion of a remarkable character is to hand. ,We have already attended to
the capped ‘‘Heclon’’ shell from Hadfield’s Steel Foundry Company, which
have been delivered into the Service, and which have successfully passed
the severe ordeal of penetrating—whole—a one-caliber thickness of Krupp
cemented plate. In Spain Messrs. Hadfield have been correspondingly
successful, having completed the unit of large caliber capped shell for the
Spanish Navy. One of the ‘‘Heclon’’ projectiles has recently been fired at
an important foreign Government proving-ground, and gave remarkable
results. The plate attacked was 12 in. in thickness, of the K.C. type,
backed with 12 in. of oak backing, and 3 }-in. skin plates. Such a plate is
usually attacked by a one-caliber projectile—that is, 12-in.,—but in this
case a ‘‘Heclon”’ projectile of 10-in. caliber was fired at it, with the low
velocity of 1877 foot-seconds. The shell perforated the plate and backing,
and was found with only the point and two pieces of the shoulder broken
off no less than 2600 ft. beyond the target. When we compare this result
with that obtained by each of four 9.2-in. projectiles, fired against a sample
9-in. K.C. plate, for the Japanese battleship Kashima, and manufactured
by Thos. Firth and Sons in December, 1904, the advantage of the cap is
very pronounced. The striking velocities of the four rounds were from 1814
foot-seconds to 1985, the mean velocity being far superior to that of the
““Heclon’’ shell. The four Firth shells were all broken up, and the greatest
penetration was 3.1 in. After such a result from a capped projectile, far
surpassing any hitherto recorded, the superior advantage of the ‘‘cap”’
appears proved to the hilt. No 10-in. uncapped shot could have pierced the
12-in. K.C. plate under any circumstances, but we believe that the ‘‘Heclon”’
steel shell would have broken the record by getting through even a 10-in.

plate at so moderate a velocity. As it is, the result must be regarded as

unique. The ‘‘Helcon’ 7.5-in. capped projectiles have also repeatedly
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perforated 9-in. plates at 1975 foot-seconds velocity, the shell passing
through this severe test and being found practically undamaged far beyond.

Armor Plates.—As usual, we have not much to record upon the import-
ant question of armor plates. The various makers in this country being
pledged to secrecy, very few results are made public, and official trials are
usually made with low velocity and a one-caliber plate, or such a trifling
difference exists as would be between a 9-in. plate and a 9.2-in. shell. In
America the velocities are usually very low indeed, so that penetration
could hardly be expected. Indeed, the main idea seems to be the obtaining
of a plate which will not break under fire, from a shell of equivalent
dimensions, caliber to thickness, at such a striking velocity as might be
expected at fighting range. Proof todestruction is seldom applied to heavy
side or barbette armor. The effect of crushing fire at high velocities is left
to be divulged by the circumstances of war. Hence the photographs of
plates for the Commonwealth and Asahi, and their appearance after very
mild attack from 9.2-in. guns merely show that they can be penetrated to
the extent of 3 in. or 4 in. without serious cracks being set up, or the backs
being destroyed. Some valuable particulars in regard to foreign armor
plate trials are recorded by Captain Tresidder in his excellent article in
Brassey’s Annual. The photograph of a sample cemented steel plate made
for the Patrie by the special Marcell process of thickness tapering from
10.9 in. to 9.8 in. was fired at with 5-in. Chamond forged steel armor-pierc-
ing projectiles of 9.45-in. caliber, 317 Ib. in weight, at striking velocities of
2054, 2201, and 2208 foot-seconds. The first shot broke up partly, but the
second and third lodged in the plate unbroken. All bases projected to the
rear about 7 in., showing the excellent material of which they were made,
though failing to penetrate. The plate was not cracked, and its behavior
was considered so good that the highest classification for premium was
accorded to it—*‘‘No. 6.” Capital results have been obtained with plates
made by Monsieur Charpy, of the St. Jacques Steel Works at Montlucon.
Captain Tresidder says that the steel is expensive, being high in nickel, but
the results obtained with it are highly commended by the Essen authorities.
For thicknesses below 4 in., where the Krupp process should cease, the
Charpy plates constitute a decided advance on anything previously tested
against an attack of a perforating as distinguished from a racking nature.
They can be made as thin as 1.18 in. Thus they would be of infinite service
for the protection of our torpedo boat destroyers against 6-pounder quick-
firing guns, even when only of this slight substance.

Mr R. A. Hadfield has made good progress with his ‘‘Era’’ steel plates
during the past year, and is getting good results for shields and other similar
purposes. The ‘‘Era’’ steel plates, which are cast and not forged, contain
a considerable quantity of manganese amongst other alloys. A 6-in. gun
mounting, made of this alloy, was found to possess extraordinary gun-fire-
resisting properties. A. P.-shell of 4.7-in. caliber, also common and lyddite
shell of 6-in. caliber, were fired against it at velocities up to 2128 foot-
seconds, but failed to penetrate. Finally a 6-in. armor-piercing shell was
fired with a velocity of 2039 foot-seconds, but, although almost half of this
shell got through, it is believed to have burst on the outside. At lower
velocities the shells merely made an indention. The plate was quite un-
cracked. We learn that at Shoeburyness, with a 6-in. ‘‘Era’’ steel armored
plate, still more remarkable results were obtained. Projectiles from 6-in.,
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1.5-in., 9.2-in., and other guns, were fired at it at an angle of 30 deg. from
the perpendicular to the plate’s face. Some were capped, the others were
not. The capped shot generally got through, except we believe, the 6-in.,
which was deflected. The uncapped shot did not penetrate except in one
instance of the smaller size. Singularly enough, the cap appeared to cause
the smaller projectile to fail in penetration. A 7.5-in. ‘‘Era’’ steel gun
shield has now been prepared by the Hadfield Company, which is, we
understand, being experimented with by the artillery authorities at
Shoeburyness.*

Range indicator.—We cannot conclude this summary without a refer-
ence to an invention of great value, which has been perfected for the Navy
during the past year, and is called the Vyvyan-Newitt range finder. It is
the invention of Lieutenant Arthur Vyvyan, the details of mechanism
having been designed by Mr. Newitt, R. N., an electrical engineer. The
main idea is that of transmitting the range observations, taken by a range
officer stationed in the ‘‘fire control top’’ upon the mast of a war vessel,
automatically, to the various gun positions on board. A series of electric
motors, running at a uniform speed, is provided, one in the top, the others
at the gun positions. Any movement in the motor at the ‘‘top’’ is trans-
mitted automatically to the gun positions. Thus, when the range officer in
the top sees an object or vessel to be brought under fire, he estimates
distance, and informs the officer at the instrument in the top, who fires a
gun for trial shot, say 400 yards short of estimate, and sets his instrument
running with the pointer on a dial to indicate same to gun positions, all the
instruments of which record similarly. The speed of ship and deflection of
the range are provided for automatically. If the observing officer reports
distance under-estimated, a second trial shot is fired, say at half the under-
estimate. This will probably bring the instrument’s pointer to a close
approximation the range; if not, a third can be fired. All this will not
occupy more than a few minutes, and the instant that the recording officer
in the top hits the right range, all the gun positions have it too. The
installation for working this range transmitter is running at Whale Island
with remarkable smoothness and accuracy, and a duplicate has already been
placed on a war vessel.—The Engineer, London.

+ ¢+ o

POWDERS IN USE IN THE ITALIAN SERVICE

Charcoal powders.—(a) Fine-grain powder employed up to the present
time in cartridges for small arms and now used for the bursting charges of
certain projectiles. (b) Large-grain powders for cartridges for field guns
and also for reduced charges for guns of medium caliber. (c) Progressive
powders, the grains of which, highly compressed, are formed of numerous
small grains of great density held together by very fine powder. This
powder is used in making up the charges of large caliber guns and also for
the service charges of guns of medium caliber. (d) Prismatic powder, black
and brown, for cartridges of the 400 mm. gun.

Powders with explosive gelatine base.—(a) Balistite for small arm
ammunition, both rifle and revolver. Balistite consists of an intimate

*Through the courtesy of Mr. R. A. Hadfield, we are enabled to reproduce the ying
interesting photographs showing results of tests of 6-in. “Era’ cast steel shields.—Ed.
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mixture of equal parts of soluble nitrocellulose and nitroglycerine : it
contains also a little aniline to increase its stability. It is very insensitive
to shock and friction, and is not affected by moisture, in fact so slightly
that it can be left in water for several days without losing its qualities
appreciably, if the precaution is taken to dry it on the outside after immer-
sion. It is in the form of small cubes (6,000 to the gram for the infantry
cartridge), of a color passing from a deep yellow to a reddish brown. (b)
Solenite, the composition of which differs but little from that of balistite,
is in the form of hollow cylinders ; up to the present time it has been used
only in small arms, model 1891. (c) Filite, which is in fact only balistite, in
sheets, in fine cords, or disks; it is used in the rapid-fire guns, caliber, 42
and 57 mm., in the 76 mm. mountain guns and the 87 mm. field guns.

Ezplosives with mitrocellulose base.—Wet guncotton in the form of
parallelpipedon-shaped grains is used for the bursting charge of the 321 mm.
shell, the torpedo shells (from 8 to 4 calibers) of the 240 mm. howitzer, and
the common shell of coast howitzers (long and short) caliber 280 mm. In
the form of disks it is also used for the bursting charge of torpedo shells
(from 4 to 6 calibers). In this case in order that the percentage of water
may not diminish, the explosive is enclosed in zinc boxes hermetically sealed
(by soldering), which can be placed in the projectiles. Dry guncotton is
used as a detonator for the wet guncotton.

Explosives with picric acid base.—Pertite, used for charging projectiles.
(But the use of this explosive does not seem to be fixed in orders up to the
present time).—Revue de I’ Armee Belge.

+ ¢+ o

COMPARATIVE EFFECT OF VARIOUS DETONATORS

The French Commission on explosive substances checked the weight
and composition of various types of detonators before subjecting them to
two series of comparative tests called ‘‘theoretical’’ and ‘‘practical,’”’ the
former consisting of two distinct classes, viz., a, free exposure to air, and
b, partial confinement. The ‘‘practical’’ tests, based upon transmitting
detonation of the fulminate to explosives having a high ammonium nitrate
content or to this substance pure, gave comparative results, either by the
number of complete detonations of the ammonium nitrate explosives or by
the length to which the explosion was transmitted in pure ammonium nitrate.
These results were compared with the theoretical effects of the first-named
series of tests, and the following conclusions were arrived at :—

(1) To obtain serious guarantees as to the detonating of explosives, the
regularity of detonators should be checked rather than a selection made of
given fulminating compositions.

(2) Testing detonators in small lead blocks with gauges of the recesses
formed and calculation of the mean difference of volume appears to afford
a practical determination of regularity.

Before the Commission’s report was published M. H. Schmerber,
Ingénieur des Arts et Manufactures, Paris, had nearly completed some
investigations in the same direction which he also divided into two classes,
theoretical and practical, while his tests bore upon three types of detonator,
viz.: (1) pure fulminate of mercury, (2) mixed picric acid and fulminate,
and (3) mixed chlorate of potash and fulminate. His object was not only
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to study the comparative effect of various detonators, but also to find simple
and rapid means of testing them.

Among the theoretical tests, that which consists in producing an
indentation in a lead plate by a detonator placed vertically upon it gave
comparable indications for detonators of identical charges, but not for those
of different charges. Satisfactory results were obtained by firing a
detonator placed horizontally on the lead plate and gauging the cavity
produced. When the effects of fulminate detonators were known it became
easy to compare them with those obtained with detonators of different
compositions. As regards useful effect, detonators of picric acid base
appeared decidedly better than those of the other types, the pure fulminate
and fulminate-chlorate giving practically equal results, while as regards
regularity pure fulminate detonators occupy the first place.

The fact must not be lost sight of that what is required in practice is
not so much power in a detonator as instantaneity of detonation, a rapid
transmission of the explosive wave. It also appears of interest to acertain
whether the results obtained with new and dry detonators could be de-
pended upon in those kept for some time and that might have absorbed
humidity. It was found that a short exposure to a damp atmosphere but
slightly increased the weight of detonators of all three types, but that with
long exposure, while the increase in weight of fulminate detonators was
almost negligible, that of the picrated and chlorated types became consider-
able. The two latter, subjected to the tests in which they had shown good
results when new and dry, now gave miss-fires or imperfect detonations,
but the pure fulminate detonators appeared to be scarcely impaired.

A fact which appeared to recur in nearly all the tests is that the higher
the detonator charge the less difference was appreciable in the various types.
A curious circumstance is the facility with which detonation was trans-
mitted to a second cartridge, while that of the first might have been very
slight. Most of the practical tests were made in the open’ air, where
detonation is transmitted less readily than in a closed chamber, so that
comparison is easier, but they were completed by a series carried out under
the latter conditions, more nearly resembling actual practice. An iron pipe
40 cm. (16 in.) long representing the shot hole was let (tight) into a cast-
iron block representing the explosion chamber, and the cartridge with its
detonator was well tamped with sand.

The same tests as before were repeated under these conditions, with
the result that complete detonations with non-sensitive powders were more
easily obtained than in the open air, while at the same time being perfectly
concordant with the former tests so far as the less characteristic effects
permitted of ascertaining. Picrated detonators, again, showed their
superiority over those of pure fulminate, while the chlorated appeared to
take an intermediate place, but when damp detonators were tested in a
close chamber those of pure fulminate came once more to the fore by reason
of their great regularity.

Summarising the results of his investigations, M. Schmerber arrives at
the following conclusions, which fully corroborate those of the Explosives
Commission :(—

(1) Detonators of fulminate composition produce effects equal if not
superior to those of pure fulminate, provided they can be of careful and
recent manufacture.
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(2) Detonators of pure fulminate afford greater guarantee than do
those of fulminate composition, because the regularity of their manufacture
is more certain and their inalterability greater. — Arms and Ezplosives.

L R R 2

REARMAMENT OF THE BELGIAN FIELD ARTILLERY

The Belgian Minister of War has made known his decision on the
subject of the trials of quick-firing guns for the Belgian army. - The decision
have gone in favor of the Krupp firm, and the Krupp 12-pdr. will, therefore,
be introduced for the Belgian Field Artillery. All those who know the very
remarkable success which has attended the trials will applaud the decision.
The gun is said to present incontestable superiority, and embodies all the
features which can be required in a quick-firing gun intended to be used in
the countries where the Belgian armies may be called upon to fight. Two
batteries have been under trial, and there have been great delays, the last
part of the competition having lasted more than a year. The competing
guns arrived in Belgium in the beginning of 1905, and were subjected at
Brasschaet to preliminary inspection and practice on the trial ground. The
two batteries were then employed in maneuvers at Beverloo, and then
effective trials followed at Brasschaet. Finally, the guns have been trans-
ported along the roads for a distance of 5,400 km., in order to test their
robustness and suitability for service. These trials went on until October,
and various reports were addressed to the Minister of War towards the end
of November. It required all the high competence of the Director-General
of Artillery to examine, discuss, and collate in less than a month the numer-
ous documents relative to these trials. This was necessary in order that
formal conclusions might be reached, and that the chief of the department
might be permitted to arrive at a decision at the beginning of this present
year. Thus, if our artillery finally possesses field artillery material of a
modern degree of excellence, it is to Lieut.-General Hellebaut to whom the
credit must be given. It is hoped there will be no delay in giving effect to
this new policy. Money should be available because the legislators have at
various times expressed their readiness to vote the necessary expenditure.
The action of the Minister of War is therefore awaited in regard to the
acceptance of the contracts. —Belgigue Militaire.

The adopted type is known as the ‘7.5 cm. field gun, L/30,’’ with the
usual sighting arrangement, and also the panorama sight. Its future con-
struction will include, however, certain modifications of detail, that the
extensive tests, lasting nearly a year, have shown to be indispensable ;
but these changes in no way affect the principles of the system and it will
not be at all necessary to test them be new trials of any duration.

The limbers of each piece and each caisson of the Krupp battery that
was selected for the tests contained only 28 and 32 rounds, respectively.
It has been decided to increase the size of these limbers a little so as to
have a single type carrying a uniform number of 40 rounds. The body of
the caisson is of the ‘‘non-upturning’’ type and contains 61 rounds.

It is thought these conditions of ammunition transport can be fulfilled
without sensibly diminishing the mobility of the piece and caissons.
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The experimental material, which will be modified, as indicated above,
at the Belgian Royal Gun Foundry with the co-operation of the Krupp works,
will be used during the winter course at the Firing School at the Brasschaet
polygon. This will enable the designated personnel to learn all the details
of the service and care of the new material.

After the tests by single piece, it was evident that among all the
powders used the smokeless powder of the firm of Cooppal and Co., (which
had been used with the Cockerill-Nordenfelt material on rigid carriage) was
the most satisfactory. Consequently it was prescribed that this powder

- should be used in the tests of the two batteries of trial guns (Krupp and
Saint-Chamond). This explosive, like the L* powder adopted for the
Mauser carbine and rifle, is of a pure nitrocellulose base. It has the form
of translucent strips, very elastic, of a straw-color yellow, about 210 mm.
long, 17 mm. wide, and 0.9 mm. thick.

The Royal Powder Works at Wetteren, after long and minute research,
has succeeded in making new improvements in its products. In fact,
ballistic tests recently made at Brasschaet with this new powder demon-
strate that it fulfils to-day, in a yet more perfect manner, all the conditions
its use in a rapid fire field gun demands.—Revue de I’ Armee Belge.

* ¢ o

FRENCH HORSE ARTILLERY

The France Militaire announces that the batteries of the 2nd Cavalry
Division at Lunéville, hitherto armed with the 80 mm. gun, model, 1897,
will be provided with the new 756 mm. guns with which the field batteries
are armed. The journal adds that the arrival of this material will certainly
cause a change in the cadres of the brigade divisions of horse artillery,
which were originally constituted for batteries of 6 guns, whilst the 74 mm.
batteries have only 4.

The French have just assigned to each horse battery four 75 mm. rapid-
fire guns of the same model as that which has been in use in the field
batteries since 1897, but slightly modified to increase its mobility. The
80 mm. gun has been put out of commission.

According to competent French authority, it said that the 4-gun organ-
ization of horse batteries is provisional and that the cavalry divisions will
preserve their 6-gun batteries. The 80 mm. piece weighs 1650 kg. while the
new piece weighs 1850 kg. It is thought that this diminution of mobility
is ample compensated for by the very considerable increase in the efficiency
of the piece and its projectile.

We learn further from other sources that the French shops’are working
on the construction of a 75 mm. light gun, the weight of which is not to
exceed 1500 kg. This would constitute an ideal solution of the problem, for
horse artillery and field artillery in general, since unity of caliber would be
realized and it would greatly facilitate the employment of horse batteries

by not obliging them to carry along a great number of caissons and by
ensuring their resupply from the usual ammunition trains of the army.
—Belgique Militaire.
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LOCALIZATION OF THE R. G. A.

A special Army Order, has been issued dealing with the localization and
reliefs of the Royal Garrison Artillery :—

The following memorandum explanatory of the scheme will take effect
from April 1, 1906:—

The existing system of, reliefs by complete companies, by which the
whole of the artillery garrisons are often changed at the same time, impairs
the efficiency of our defended ports. A considerable time must elapse before
the incoming units can acquire a through knowledge of the armament, local
conditions, and general surroundings, such as tides, channels, zones of fire,
area of illuminated water, and the various conditions of the atmosphere
both by day and night.. A further disadvantage of interchanging companies
is that, as the strength of the artillery in a garrison varies with the arma-
ment to be manned, the establishment of companies on change of station
has to be either increased or reduced, so as to fit in with the armament of
the new station. To obviate these disadvantages it has been decided that,
both at home and abroad, the companies of R.G.A. (which will retain their
present designations) are to be localized. The establishment of each station
is to be maintained by drafts from the depots, or from the home companies,
or by the individual relief of officers and men, as is now the practice in the
case of the fortress companies of the Royal Engineers.

Organization of Royal Garrison Artillery.—The establishment of R.G.A.
in a fortress is the number of officers and men required to man the arma-
ment of the fortress, after taking into account a due proportion of such
local and auxiliary forces as may be available. Army Headquarters will only
deal with this fortress establishment as a whole. The distribution of the
personnel among the companies of R.G. A. comprising this establishment will
be effected, in the first instance, by the officer commanding the troops at
the station concerned. Thus each company will be of such establishment as
will best conduce to unity of command in the several fire commands and battery
commands of the fortress; this establishment as soon as fixed should be report-
ed to the War Office, and once fixed, is not to be altered except under authority
from the Army Council. Atstations where district establishment as well as
companies exist, the former will be absorbed into coast defense companies,
the establishment of which will be increased proportionately, and considered
as part of the establishment of the fortress. At stations where there is no
R.G.A. unit, existing arrangements will hold good. The siege companies
are not to be allotted to fixed armaments, but may be utilized to man the
movable armaments.

District staff.—The district staff will remain as at present. The
following will be transferred from the district establishment to the district
staff ;—Warrant officers, n. c. o.’s above the rank of sergeant, artificers
and bands. )

Depots.—The existing six R.G.A. depots will be retained, and recruits
will be enlisted for the R.G.A. generally.

Specialists.—Provision is made for the proportion of these in general,
and at stations where there are no companies of artillery. At stations
where there are now companies and district establishment, the number
of depression range-takers, now found by the district establishment, will
be added to the company percentage.
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Training of auxiliary forces allotted to fortresses.—These should be
trained in peace in the works and with the armament to which they are
allotted on mobilization.

Foreign service.—The period of service abroad entitling officers and
men to register their names for transfer home is six years.

—Army and Navy Gazette.

* ¢ o

SOME NOTES ON THE MODERN COAST FORTRESS

These notes make no pretense to teach the whole duty of the military
engineer with reference to the defense of a modern coast fortress. They
are notes and nothing more.

My only excuse for writing them lies in the fact that, at the present
time, much thought is being given to this special type of defense, owing to
the lessons of the Russo-Japanese War; and that I, as Chief Engineer of
the Portmouth and Portland defenses, have had opportunities of discussing
and considering the various changes and modifications that the lessons of
that war are forcing upon us.

I propose to omit, as far as possible, the general descriptions to be
found in the text-books and elsewhere, and to dwell rather on novel views.
These views, as expressed, must be taken as my own, and may not be con-
curred in by everybody, Their consideration can do no harm and may do
good.

RESPONSIBILITY FOR THE DEFENSE

On the declaration of war the primary duty of a navy so powerful as
ours would be the seeking out of the enemy’s fleet, with a view to its
destruction. To do this satisfactorily the navy should have its own hands
free, and it should not be hampered by having to look after the defense of
its ‘‘bases’’—strong fortified ports, where its ships could be repaired or
replenished with coal, ammunition, provisions, and men. On this account
it is usual in the British Service to provide ‘‘fixed’’ defenses at these ports,
and to intrust the land forces with their design in time of peace and their
manning in times of war. The relative advantages and disadvantages of
this system have been much discussed. On the one side it has been argued
that as naval bases are solely for the use of the navy, who are especially
acquainted with the methods of attack that are likely to be used by ships,
it were better that the navy should also take charge of the fixed defenses ;
whilst on the other side it is argued that the navy in time of war will have
quite enough to do in ‘‘blue water’’ without frittering away their time and
opportunities in operations on land, and further that the defense of a coast
fortress may be from the land as well as from the seaside, as was exempli-
fied in the recent attack on Port Arthur.

Under present arrangements, as stated, our army is primarily
responsible for the defense of the coast fortresses, but still both services
must co-operate in carrying out the details of any scheme. As instances of
questions which require mutual consideration we may mention—(i.). The
regulations for the examination service and the passing in and out of the

port of friendly vessels. (ii.) The transmission to the Fortress Commander,
as soon as possible, of intelligence from naval sources as to the where-
abouts of the enemy’s fleets or ships. (iii.) Arrangements with the naval
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officer in charge of the local submarine and torpedo craft, whose sphere of
operations would, as a rule, be immediately in front of the fixed defenses.

Many other mutual arrangements, which will be necessary, will no
doubt suggest themselves to one’s mind ; and this necessity is provided for
in most modern coast fortresses by the formation of a permanent joint
Naval and Military Committee, which the Commander of the fortress, as
President, can assemble, from time to time, as he considers necessary,
whether for the purpose of preparing for war in times of peace, or for
carrying on a successful defense during war.

TYPE OF DEFENSES

The type of defense to be adopted in a coast fortress will depend on :—
(A) the nature of attack that may be expected ; (B) the local conditions of
the port ; and (C) the strength and nature of the garrison that is likely to
be available.

I do not propose to deal with the question of defense against attack
from the land side, nor do I propose to take into account the amount of
assistance that may be obtained from the defenders own naval forces, as
this latter may, at any time, cease to exist either permanently or
tenporarily.

(A) NATURE OF ATTACK THAT MAY BE EXPECTED

Any modern scheme of defense for a coast fortress in Great Britain will
have to consider the following forms of attack, and each form may be
combined with one or more of the others, the one form being often employed
as a blind or feint with the object of giving a better chance of success to
one or more of the others :—

(a). The attack by torpedo craft at night.

(b). The attack by submarine or submersible vessels by day.

(c). Bombardment by large war vessels.

(d). Blocking operations, by sinking vessels in the fairway where
harbors have narrow mouths or artifical entrances.

(e). The laying of mines to prevent ingress or egress from the port.

To explain these attacks more in detail :—

(a). All our harbors, and especially those on the Southern or Eastern
coasts, are liable to attack by torpedo craft by night, which may be
expected immediately on, or even prior to, the declaration of hostilities.
This latter fact is fully recognized in our modern defense schemes, and
steps are taken to meet such attacks accordingly. It is the most likely
form of attack nowadays, offering as it does a chance of producing far-
reaching advantages for the attacker with very little commensurate risk.

(b). The landsman cannot assist to any great extent in beating off an
attack by submarines or submersibles, and it would not therefore be likely
to affect any of his schemes of defense.

(c). As regards bombardment by large warships I cannot do better
than quote from Garrison Artillery Training, Vol. 1., 1905 :—‘“The attain-
ment of sea command being the vital issue, an enemy will rarely be
prepared, before that issue has been determined, to risk the loss or the
erippling of a portion of his battleships or cruisers by exposing them at
effective ranges to the fire of shore batteries. The recent development of
torpedo craft and submarine boats have, moreover, much enhanced the
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risk incurred by battleships and cruisers in delivering an attack on a port in
which such craft may be stationed.”’

Still the unlikely may happen, and has happened before now, and the
object of coast defense is to prevent such possibilities. ~Fog has to be
specially considered in our English climate in connection with this and many
other forms of attack; and there are many positions which war vessels
could take up in the vicinity of our modern coast fortresses, in which they
could not well be fired upon in thick weather, and from which, nevertheless,
they could in a short time produce a very telling effect on a dockyard or on
ships crowded together in a harbor.

In these days of wireless telegraphy the movements of all warships will
be pretty accurately known to both sides, and the fact that our ships may
have been called away for a time to concentrate at a certain point may
tempt a few armored cruisers of the enemy to appear before a port, to
which our fleet cannot return for say 24 hours, and, after delivering arapid
and telling bombardment, to get away again before they can themselves be
punished. '

(d). Some of our harbors are specially open to blocking operations, on
account of the narrownass of the natural ships’ channel at their entrances,
and some on account of the narrow passages through artificial breakwaters.
The Japanese in the late war, as is known, made many unsuccessful
attempts to block the entrance to Port Arthur; but they would probably
have met with more success if they had had at their disposal some of those
old battleships and cruisers which we are now throwing away. Such
vessels would stand a lot of knocking about from shore batteries at night
(especially as the heavy guns of those batteries would have no auxiliary
lights) and would, if sunk in the fairway of the harbor’s entrance, possibly
prevent ingress or egress of warships for many weeks.

(e). Attack by mine-laying (if attack it can be called) evidently bears
but little on the question of ‘‘fixed’’ defenses.

(B) THE LOCAL CONDITIONS OF THE PORT
The siting and nature of the fixed defenses of a port must, of course,
be much influenced by its local conditions ; and hence a good sea chart and
contoured map of the surrounding country is an absolute necessity to the
designer of coast defenses, who must also have an accurate knowledge of
other details such as the rise and fall of the tide, the strength and nature
of currents, etc.

(C) THE GARRISON THAT IS LIKELY TO BE AVAILABLE

It is not necessary to dilate much upon this self-evident fact that the
design of the defenses must be much influenced.by the numerical strength
and value of the troops that can be allotted to them. Where skilled troops
are plentiful a type of defense may be entertained which would be quite
out of place where many such troops could not be supplied.

DEFENSIVE MEASURES AGAINST THE DIFFERENT FORMS OF ATTACK
Let us now consider how the different forms of attack can be met with
the greatest probability of defeating them.
ATTACK (a)

Attack (a) by torpedo craft will be delivered at night; and therefore
it is imperative for the defender to have a considerable portion of water
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area well illuminated to allow of the anti-torpedo-boat guns stopping all
hostile vessels that attempt to pass them. Remember that these guns are
at all times practically useless unless there are ample lights to assist them.

The usual arrangement, where local conditions so permit, is to have
an outpost line and inner defenses so arranged that the gun resistance and
lighting become stronger as we gradually approach the the entrance of the
port in which the friendly ships can lie behind a strong boom.

To warn the guns many look-outs are employed, and these, on detecting
the presence of a hostile boat, can ring alarm gongs at all the Q. F. gun
groups, and can communicate by telephone with the different Fire Com-
manders. Remember that the control of fire of the Q.F. anti-torpedo-boat
guns in the hands of the gun group commander and is not controlled by
anyone else.

I think that more attention, than isusual, might be given in the modern
fortress to the question of protecting the lights both from raiding parties
and from the hostile fire of boats, and that the lights should have more
spare projectors and engines than at present. Our present system of
lighting is run on such an economical scale that if one light is out of action
for even a short period a very awkward unilluminated area is formed at
many vital points.

The old question of the control of the electric lights crops up again
from time to time. I noted the following remark in the ‘‘Highly Com-
mended’’ Duncan Essay for 19065, by Major H. B. Wood, R. G. A. :—*‘In
home waters the control of the electric lights is at present vested in the
hands of the R.E.”” Now this is scarcely correct. The control of the
electric lights is, by official instructions, in the hands of the Section
Commander and he can delegate that power to whomsoever he likes,
provided he bears in mind the general instructions to the effect that artillery
fire at night will be assisted by ‘‘fixed’’ beams only, and that although
“gearch’’ lights may sometimes be employed for the purpose of discovering
the movements of the enemy’s ships, they will only under exceptional
ctrcumstances be used for following or fighting them by artillery fire.
Peace maneuvers have shown that nothing aids the passage of hostile boats
more than putting the control of gunfire and lights into the same hands.
The R.E. with their lights assist the R.G.A. with their guns in the defense
of a coast fortress in somewhat the same way as the R. F. A. assist the
infantry in the attack of a position, but no one would advocate the control
of field guns being put into the hands of the brigadiers of infantry. Major
Wood adds in his essay ‘‘All appear to agree with the principle that electric
lights and guns should be under one head.”” Quite 8o, but that head should
not, primarily, be the R.E. or the R.G.A., but the Section Commander, who
is responsible for the defense of the whole section.

The inner lights should not as a rule’be exposed continuously; they
should be ‘‘damped’’ until the alarm circuit gives warning of the approach
of a hostile vessel ; and it would appear that the look-outs on that circuit
should have the power of warning the lights as well as the guns, which is
not the present arrangement.

Owing to the necessity of constant peace practice with the lights their
positions are probably well known to all foreign powers, and it would
appear advisable to arrange in peace time for certain extra lights to be
erected on mobilization so as to act as false guides to an enemy’s vessels,
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and so possibly run them ashore. Naval men, who have had experience of
the difficulties of handling torpedo craft in the glare of electric lights,
specially advocate the use of such false lights.

The effective range of electric lights as regards the laying of guns is
generally much overstated in the text-books. In considering defenses
those distances may well be lessened by 30 to 50 per cent. Attack (a) is
not likely to be delivered in England on a night that would allow of the
maximum effective range of the lights.

The present anti-torpedo-boat guns are for the most part of the 12-pdr,
Q. F. type. It is doubtful if these guns are sufficiently heavy to stop a
modern destroyer, and it is probable that many of them will have to be
replaced before long by others of a heavier type. 6-pdrs. give no commen-
surate return for the manning numbers required to work them.

ATTACK (¢)

Attack (c¢), or bombardment by war vessels, will probably never take
place as long as vessels cannot carry it out without the risk of receiving
considerable punishment themselves ; but this fact points at once to the
necessity of having guns of sufficient caliber placed well to the front to
prevent hostile vessels from getting into positions from which they could
bombard satisfactorily. It is stated that Admiral Togo, after some
experience before Port Arthur, issued a general order that none of his
vessels were to approach within 12,000 yards of the guns of the defense.
He would not have been compelled to exercise this precaution unless the
Russians had mounted powerful guns to oppose him.

In modern designs therefore we aim at pushing ourheaviest guns (9”.2)
to the front to fire on all waters there in which big war vessels can
maneuver, and at removing them from interior waters into which, in the
present day, such vessels could not penetrate.

There seems to be but little likelihood of a heavier gun than the 9.2
being used for coast defenses. The projectiles of the 9.2 gun are about
the heaviest that can, on an emergency, be man-handled ; and the expense
and complications af a 12’/ barbette mounting would be so great as to render
the employment of 8o heavy a gun improbable, in the immediate future at
any rate.

It has been advocated by some that the medium guns (6”) should be
done away with altogether; as being useless against modern armored
vessels. I do not concur in this view, because :— (i.) there are many parts
of a modern war vessel of the 1st class that are unarmored, and, if we are
to believe newspaper reports, Admiral Rozhdestvensky has stated that at
the battle of the Sea of Japan his vessels suffered more from the fire of
medium guns amongst the personnel, etc., than from that of the heavy guns;
(ii.) it is important to have some medium guns in the front line to act as
auxiliaries to the 9”.2 guns by drawing off the enemy’s fire from them
whilst they are going through the comparatively slow process of loading
which is inherent in them.

The use of high-angle-fire guns has to a great extent gone out of
fashion. They complicated the defense and required considerable manning
parties ; but they would be very useful against attack (c) and I, for one,

am not convinced as to the advisability of doing away with guns which can
be worked by comparatively unskilled men, and which cannot be themselves

silenced.
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ATTACK (d)

Attack (d), or the channel-blocking attack, is a difficult one to meet
satisfactorily. Such an attack would certainly be made at night and
probably in conjunction with attack (a). There is considerable difficulty in
sinking an old armored vessel by gunfire before she can get to her goal, and
this is specially difficult at night when, as at present, the heavy guns have
no lights to assist them.

The best arrangement probably is, as far as possible, to deny all
passages except one to approaching vessels and to have considerable gun
power on that one.

It is probable that extra lights will have to be added to our present
establishment in some cases with a view to giving the heavy guns of the
fortress this power of stopping blocking vessels at night.

—Col. T. R. Main in the Royal Engineers Journal.

¢ ¢ o

LESSONS OF THE WAR : ARTILLERY ACTION

The long range, the rapidity of fire of the modern gun, its capacity
for operating in hidden positions, and the small effect produced on earth-
works and invisible objectives are the data which at the present time
regulate the employment of artillery. All troops showing themselves in
the zone of shrapnel action may suffer terrible losses in a few minutes, and
artillery can nowadays operate at a range of over 5 kilometers. On the other
hand, on accountof its small explosive force, it causes no damage whatever
to material objects. As regards common percussion shell, its sphere of
action is extremely limited on account of the difficulty of obtaining sufficient
precision. Thus the essential task of artillery is the destruction of living
objects. The habitual method of firing is by rafale fire. There isno longer
any artillery duel in the sense understood by this expression. A battery on

-which fire is directed is compelled to cease firing; when the enemy has
fired some rafales on it, he stops to avoid waste of ammunition, and either
ceases fire altogether or changes to deliberate fire. It is therefore
impossible to annihilate artillery whose gunners are under shelter in
trenches or behind shields. The object of the artillery fight is to hold the
hostile artillery under the constant threat of rafale fire to prevent it from
firing on the infantry or on any other moving objects. Well concealed
positions, a good preparation for opening of fire, and a judicious organi-
zation of observation make it permissible to retain several batteries
available to act against the hostile infantry, or to concentrate their fire on
a selected point of attack. Long range very greatly assists the con-
centration of fire, whilst at the same time making it unnecessary to mass
the artillery inlong continuous lines, which the enemy would quickly discover.
There is all the advantage of distributing the batteries under shelter in
the terrain and of spoiling the enemy’s aim; in addition, this reasoned
breaking up of batteries allows all portions of the ground in front and on
the flanks better to be swept by fire.

Artillery can do nothing without a throughly well-organized observation
service, conducted by officers and gunners personally scouting along the
whole front and gleaning information gathered by other branches of the
service; the telephone has, consequently, become indispensable to artillery
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for the transmission of information. Staffs should remember to forward
all the information which comes to them on to the artillery. The Japanese
organized their observation service to a most remarkable degree of effici-
ency, yet they nevertheless frequently fired on unoccupied zones. Com-
manders of batteries should see as much of the ground as possible so as to
be able to show initiative, and even batteries themselves should see the
country round. ‘‘The shields protecting them against shrapnel would in
such cases render immense service.”” But artillery should be able to fire
masked, and that often causes commanders of batteries or brigade divisions
to be at a distance from their commands, when they can only communicate
with them by telephone. In any case, all the terrain in front of the batter-
ies must be seen by the battery observers.

To emerge from a zone known to the enemy and under his hot fire,
recourse must be frequently had to small battery changes of position ; these
movements should be entirely carried out by hand and without being seen,
otherwise they are useless. Changes of position in order to approach the
objective are only permissible when one is over 3,500 meters from it It is
better for artillery to prepare the attack remaining on positions already
occupied, so that the firing may not be interrupted. It would be better
that the batteries advancing should be taken from the reserve, in order that
they might, if possible, attempt to take the enemy in flank. When it is
possible, naturally the position on which the attack must be prepared should
be approached as close as possible, as this will create a great impression ;
but this is not indispensable, nor is it always possible. = When the enemy
gives way, the artillery must be brought as quickly as possible on to the
conquered position.

Firing over infantry is inevitable and frequent. It alone permits the
artillery to avoid assembling in vulnerable masses; to utilize the whole
range of the gun in concentrating the fire of the various batteries on the
same objective, and to cause the artillery to be a constant menace to the
adversary’s movements. The commander of the troops distributes his
artillery, points out to it the positions tooccupy, and the general objectives;
he keeps the artillery commander informed of the fortunes of the fight,
gives him new duties, etc. The artillery commander distributes the various
duties amongst his batteries, organizes a system of observation along the
whole front and flanks of his radius of action, so that he may be informed
without delay of the appearance of favorable objectives. He superintends
the supply of ammunition.

On visible objectives the most efficacious method of firing is that of the
rafale of shrapnel. When the Japanese wished to reach masked objectives
they directed a slow fire on the ground behind the positions, preferably on
points where they supposed the reserves, limbers, etc., to be, and fired a
rafale as soon as they detected the slightest movement. The Russians,
when firing against material obstacles, such as villages, trenches, etc,
simultaneously employed percussion and time-fuze shrapnel. When they
were able to do so they combined the shrapnel fire from field guns with
common fire from howitzers. The Japanese fired common and shrapnel

shell simultaneously or alternately; the common shell to cause movement
behind shelter and the shrapnel then to inflict losses.
The report is of the opinion that batteries of 8 guns should be given

Journal 67
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up, and that 6 or even 4 guns per battery are sufficient. “‘If it is properly
provided with ammunition, a battery of 4 guns can carry out all the duties
usually confided to an 8-gun battery, for it was hardly ever necessary to
resort to the maximum rapidity of fire. The 4-gun battery is less cumber-
some and more mobile, and can adapt itself better to the ground.”” Range
finders, good battery telescopes, and good field glasses are indispensable.
—Journal Royal United Service Institution.

L N R 4

THE DREADNOUGHT

Few, if any, warships built in this or any country have excited the
same keen and universal interest as the Dreadnought, launched at Ports-
mouth Dockyard on February 10th. This is due to the fact that the vessel
is beyond doubt the most powerfully armed, the best protected, and the
fastest battleship ever laid down. It embodies, not only in the general
elements of design, but also in the details of equipment, the great experi-
ence and knowledge of strategy and tactics of Sir John Fisher, the First
Sea Lord of the Admiralty, universally regarded as the leading exponent of
our naval policy. His ideas have found expression in concrete form
through the co-operation of Sir Philip Watts, K.C.B., the Director of Naval
Construction, who has ever shown skill and initiatory courage, and these
qualitics have attained their fullest scope in the design of this new ship.

The armament calls for first attention. All of the ten guns of the
primary armament are of the 12-inch caliber; indeed, in all the large
armored ships which have recently been laid down in the British Navy, this
is the only gun adopted. There are many advantages to be derived from
unification of caliber: the supply of ammunition at the naval bases is
enormously simplified, while on board ship there is less likelihood of con-
fusion, and a greater certainty of being able to use the best guns effectively
up to the last moment of an engagement, because the remaining store of
ammnnition may be conveyed from one magazine to another in order to
serve the gun most conveniently placed. This unification is being univers-
ally accepted, partly as a consequence of British advocacy, but mostly
because of the reports by attachés present at the Battle of the Sea of
Japan. There is not, however, the same general agreement as to the
caliber of gun which should be adopted, owing solely to the amount of
attention that must be devoted to the question of cost. Most of" the
Powers, however, accept the 12-inch gun, although in France there is a
strong advocacy of a new 1l-inch weapon, while in the new Russian
cruisers the 10-inch gun is being adopted. The deficiency in caliber in the
latter instances is partly compensated for by higher velocities.

Recent war experience has shown that the gunner should be able to
strike any target that can be properly aimed at, or is within view; the per-
fection of sighting apparatus is such that these are almost synonymous
terms. But it is not sufficient merely to strike the target—it must be
destroyed; and to attain this object many naval officers contend that more
than mere striking velocity is required. The mass of the shot counts, and
therefore more destruction will be attained with a projectile of 850
pounds weight fired from a 12-inch gun than with a 500-pound shot from a
10-inch gun, or a 380-pound shot from a 9.2-inch gun, even although these
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latter, by reason of their greater velocity, develop nominally the same

striking energy. This was obvious by examination of the Russian ships

sunk at Port Arthur, because the smaller shots from the 6-inch guns, and
even many from the 12-inch guns, failed in what, a century ago, was
termed ‘‘smashing’’ effect, when the old carronades were introduced.
Volume in shells is also of importance for the same reason, although the
destructive effect of the contents is directly relative to size. There is
therefore little chance of the 12-inch gun being discarded for a lighter
weapon of high velocity, even although the direct saving in weight on
board ship for a pair of guns and their mountings within a barbette is
between 170 and 200 tons, while the indirect saving, consequent upon a
possible reduction in the dimensions of the ship and the power of machinery,
is nearly threefold. The probabilities are rather in favor of even greater
calibers.

There is, however, no obvious reason why the velocity of the 12-inch
gun should not be increased in a way corresponding with that of the new
French 1l-inch or the new Russian 10-inch guns. It is said that in the
large Russian cruiser, which the Vickers Company are building, there will
be fitted 10-inch guns to attain a velocity in service of 3000 feet per second
with a normal pressure in the chamber and bore. Such a velocity has only
been exceeded on purely experimental trials, and has thus far not been
regarded by any means as a normal condition, so that great interest will
be taken in this new weapon. Looking, however, to the success hitherto
of the Vickers ordnance, and to the great influence that such success has
had on warship power generally, there seems no reason to expect other
than a satisfactory issue from this further advance. The effect will be a
development of energy in the 10-inch gun corresponding almost to that of
the 40-caliber 12-inch gun; but were the same velocity applied to the
45-caliber 12-inch gun, its power would be proportionately increased. In
the Dreadnought, however, the guns of 45 calibers are to have a velocity
restricted to 2850 feet per second, and will give a muzzle energy of 48,000
foot-tons. These guns are being manufactured, with their mountings, by
Sir W. G. Armstrong, Whitworth, and Company, Limited, and Messrs.
Vickers Sons and Maxim, Limited.

Up till quite recently the 12-inch gun adopted on British ships has been

of only 40 calibers in length, and the velocity has been more usually 2500

feet or 2600 feet per second. Each gun of the Dreadnought will therefore

be something like 30 per cent. more powerful than those fitted in ships of

two years ago, double the power of the 9.2-inch gun, nearly five times the

power of the 7.5-inch gun, and eight times that of the 6-inch gun. It will

thus be readily understood that in offensive power the new ship is an

enormous step forward. In the case of the Royal Sovereign, built in 1892,

and with four 12-inch guns of moderate power, the collective energy at the

muzzle of one round from all the guns was only 159,619 foot-tons. The

vessels of ten years later had a collective energy of 194,400 foot-tons, and

in these vessels there were only four 12-inch guns, the remainder of the

armament being 6-inch weapons. In the King Edward VII. class, four

9.2-inch guns took the place of some of the 6-inch quick-firers, and, as a
consequence, the energy was increased to 270,000 foot-tons. In the Lord
Nelson all of the 6-inch guns were discarded, and the armament became
four 12-inch guns with ten 9.2-inch guns; and now in the case of the Dread-
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nought, with ten 12-inch guns, the collective muzzle energy of one round
has gone up to 480,000 foot-tons. Thus in ten years, from 1892 to 1902,
there was an increase of 22 per cent., while in the past five years the
advance has been made 147 per cent. More important still, every shot
from the Dreadnought will be effective at six miles range; whereas in the
case of the ships of three years ago the maximum range was not more than
five miles, and even then the number of shots fired within a given time was
only 30 or 40 per cent. of that of the Dreadnought.

It is contended, however, that there is a tendency to make warships
merely floating gun carriages, and that calculations as to the collective
energy of one round, and also of the weight of shot fired in a given time,
are illusory. As regards the former, it may be accepted, so far, at least,
as the Dreadnought is concerned, that the increase in gun power which we
have notified has not been attained at the expense of any other quality
which goes to make up fighting efficiency. The new ships will meet
British Admiralty conditions; but there will be more common-sense inter-
pretation of this phrase, and less of needless duplication. This has too
often been justified as an effort to ensure reliability, which, after all, is
only a comparative condition. The personal equation has been frequently
undervalued. As to the measurement of gun power by the standard of
weight of shot and collective energy per unit of time, there is no other
basis embracing caliber, length, velocity, and energy of gun, and the
efficiency of the breech mechanism and mountings. It is true that the
maximum rapidity of fire attainable may not be utilised in any engagement.
A large measure of success of the Japanese Fleet was consequent upon
their power of restraint, and of making sure that every shot represented
value in progress towards the destruction of the Russian ships. But it is
necessary that the guns should be there, and that the mechanism and
mountings should give a great rapidity of fire for any emergency requiring
concentration; and the measure, under some common denominator, of each
element constituting their power is as important, in estimating the design,
as the horse-power of the machinery, which is not developed at all stages
of the engagement.

The distribution of the armament on board the ship is equally import-
ant. The offensive power being concentrated in fewer guns, it becomes
necessary that each gun should be capable of use through a wide angle; in
other words, that more of the guns than hitherto should be capable of
firing on either broadside. The obstruction offered by deck erections can
always be minimised, but there is great difficulty in arranging magazines
at the base of the gun-mountings, so as to ensure an easy and continuous
flow of ammunition to the guns. In a modern high-speed battleship,
however, 160 feet to 200 feet of the length of the ship is required for
the machinery and coal-bunkers; and it is doubtful if the expedient of
placing the magazines between the boiler-rooms is prudent, in view of
temperature and possible explosions. There is consequently a strong pre-
sumption in favor of placing the guns, whose mountings are of great depth,
and whose magazines require a considerable area, forward and abaft the
machinery. The Italians are said to favor the fitting of six pairs of 12-inch
guns in the center line of the ship, and of placing the magazines alternately
with boiler and machinery compartments. The American proposal is to fit
pairs of 12-inch guns, in two barbettes at the bow and in two at the stern
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all eight guns being in the center line of the ship, the inner barbettes in

each case being at a higher level than those in front, so that all four guns

in the forward part of the ship may fire ahead as well as on either beam,
and that all four guns aft may fire astern as well as abeam. It should be
stated that these guns will not be superposed, as in the case of some of the
earlier American ships, but will be entirely separate. The arrangement is
open to the objection that the blast from the guns in the rear pair may
considerably disturb the men working the guns in front, and especially the
captain at the more or less exposed firing station, while the unignited gases
entering through the ventilating-holes on the top of the hood may have a
stupefying effect on the whole gun crew.

In the Dreadnought both these objections have been overcome, the
arrangement devised affording the maximum of efficiency. On the fore-
castle there will be mounted two 12-inch guns in a barbettte, the center
line being considerably above the water-level. On each side, a short
distance to the rear, there will be two other pairs of 12-inch guns on the
upper-deck level, and in order to enable these guns to fire ahead an
embrasure is formed at each side of the forecastle, so that all six 12-inch
guns may take part in a running fight. At the same time four of them can
be used on each broadside. Aft there are two pairs of guns, both in the
center line of the ship, one pair to the rear of the other; but with this
difference, as compared with the American design, that both pairs are on
the same level and are a considerable distance apart. The four guns,
therefore, cannot be fired astern, although they have a very considerable
arc of training abaft and forward of the beam. Instead of placing the
guns in the fore-and-aft line they might have been mounted in echelon, but
the objection to this is the same as that made to the American plan. Pre-
suming the four guns mounted in echelon to be fired on the beam, the blast
and unignited gases from one pair of guns might seriously hinder the work
done by the other pair. As it is, with the gun-muzzles in line, and a con-
siderable distance apart, there is less likelihood of interference the one with
the other, especially as the admiral would make it a point in his tactics to
secure the weather berth. The Dreadnought arrangement, it is true,
reduces the astern fire to two guns, which is less than in any preceding
ship where there are either 9.2-inch guns or 6-inch quick-firers on each
quarter. Both the pair of 12-inch guns should be adequate, in view of the
other qualities of the Dreadnought, in comparison with probable combatants.
It is not probable—at all events, for several years—that any of our possible
enemies will build a ship with greater offensive power, or with more
admirably distributed and effective armor protection. That being so, one
is justified in assuming that the Dreadnought will not require to run before
a superior ship. Moreover, her speed of 21 knots would probably enable
her to outclass any more powerfully-armed vessel, as in most foreign
Powers the question of cost must militate against high speed with such
gun-power. The tactics would be rather to swing the ship, so as to bring
to bear upon a following enemy the whole broadside. This was undoubtedly
Admiral Togo’s procedure, and, as events showed, it was the correct one.

The Dreadnought, therefore, besides having ten 12-inch guns, will have
the enormous broadside fire of eight 12-inch guns, which far excels any-
thing in previous ships. Since the range in battleship engagements of the
future is likely to be not less than five miles, and as it is essential that
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each shot must have a smashing effect, apart altogether from the power
of penetrating armor, if may be taken that nothing less than a 10-inch gun
is of any avail; so the 12-inch gun confers undoubted and necessary
superiority. The Dreadnought, even in a broadside action, is therefore
equal to any two ships afloat. None of the guns are at-a less height than
the upper-deck level, and the two forward barbette guns are on the fore-
castle. This very desirable improvement adds materially to the fighting
efficiency, because, in a heavy sea, with the ship rolling through 20 degrees
or 25 degrees, the guns formerly placed on the main deck could only be
fired intermittently, owing to the disappearance of the target from the
sighting position. In the new ships, with weapons on a higher plane, the
captain of the gun need never lose the enemy on his sights.

Another important point in reference to the armament of the modern
ship is the protection against torpedo and submarine boats. Hitherto in
the British service the 12-pounder gun has been regarded as sufficient, but
the surprising success of the Japanese destroyers in their recent engage-
ments, even taking into account the preparatory work of destruction and
and demoralization by the battleship and armored cruiser of the previous
day, has reawakened the feeling that this type of craft has great poten-
tialities, and that a rapid-firing weapon of great power is needed to check
small craft maneuvered with such daring and courage as was shown in the
Sea of Japan. The 12-pounder gun has not what have already termed a
sufficient ‘‘smashing’’ effect. The Japanese in their new battleships have
decided to fit a numerous battery of 4.7-inch guns firing 45-pound shots,
and curiously enough the Russians in their new cruisers are adopting the
same weapon, and are fitting over twenty of them. In the Dreadnought
the intention is to adopt an entirely new weapon, using an 18-pound shot,
and many may have doubts as to the adequacy of this new weapon, in view
of the immense superiority of the vessel in every other respect.

The placing of the guns on the upper deck has materially simplified the
arrangement of the armor, and here it may be interjected that the adoption
of turbines has assisted towards this higher gun-platform, because the
weights with turbine machinery are lower in the ship, and thus the center
of gravity is considerably lower; at the same time the top hamper in the
ship has been reduced. The main belt in the way of the machinery has
been increased in thickness to 10 inches, and the upper deck is armored.
The gun mechanism is protected by thick heavy hoods, as in the case of the
earlier barbette guns; and the gun-mountings, while largely protected by
the main broadside armor, are further shielded by armor barbettes or
cylindrical casings.

The adoption of the steam-turbine has not only increased the speed,
but has resulted in the improvement of the maneuvering quality of the
ship. Four shafts are adopted, and this has greatly facilitated the fitting
of a double stern with two rudders—a form of stern advocated for some
time for heavy battleships. The cutting away of the deadwood in com-
bination with a balanced rudder has improved the turning moment of later
single-stern battleships by 30 per cent.; and as the double rudder enables
a larger area to be utilized effectively, without increasing the torsion
on the threaded shaft of the steering gear, there will be still better facility
in maneuvering. While there is no change so far as the upper works are
concerned, the stern of the ship is doubled under water, with two rudders
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quite twenty feet apart. The deadwood is cut away in each case to provide

an aperture for the propeller on each of the inner shafts, while the two

outer shafts project in the usual way beyond the shell of the ship some
distance forward. This duplication of rudder also reduces the stress on
the steering gear. It hasbeen found in some ships, where the onerudder is
operated from the rudder-head cross-head by rods connected through nuts
to a shaft with right and left-handed screw-thread, that the torsion on the
shaft is very severe when the rudder is put hard over, especially when the
ship is going astern at high speed. The duplication of steering-gear with
two shafts will greatly reduce the stress.

The contract for the turbine machinery was placed with Messrs. Vick-
ers Sons and Maxim, Limited, and it is anticipated that with the four pro-
pellers running at over 300 revolutions, the power developed will be equal
to 23,000 indicated horse-power. There will be two high-pressure turbines
and two low-pressure turbines, each on separate shafts, and each shaft will
also carry an astern turbine, two of which will take high-pressure and two
low-pressure steam. The high-pressure main and astern turbines are to be
on the wing shaft, and the two inside shafts, in addition to carrying the
low-pressure ahead and astern machines, will also have turbines of small
diameter for cruising purposes. Steam for the low powers will pass from
the boiler into the cruising turbines, thence to the high-pressure wing tur-
bines, and back to the low-pressure turbine before entering the condenser.
This will enable a full range of expansion to be economically attained, even
with a small volume of steam.

The steam pressure is to be higher than any previous turbine ship, as
the eighteen Babcock and Wilcox boilers are to be worked at 250 pounds
pressure, which will be slightly reduced at the high-pressure turbines.
The boilers, consistent with the latest practice, will be fitted for working
not only with coal, but with oil fuel.

In order to reduce the power necessary to attain a speed of 21 knots,
and to reduce the draught for a given displacement—the Dreadnought when
ready for sea will be about 18,000 tons on 26 feet draught—it was decided
to increase the length of the ship from the 410 feet of the Lord Nelson to
close upon 500 feet, with a beam 82 of feet. This increase in length had the
further advantage that it afforded greater room forward and aft for maga-
zines under the 12-inch guns without interfering with the under-water tor-
pedo-tube gear in connection with the five submerged tubes. The larger
magazine will, of course, be forward, where there are six 12-inch guns.

All the executive officers will have their quarters forward. It is some-
what surprising that hitherto the Admiralty have continued the location of
the officers in the stern of the ship—a survival of the old sailing-ship and
paddle-steamer days—while in the merchant service the change was made
thirty years ago. The conservatism which has hitherto been maintained in
the service called for the isolation of the admiral in a flagship, and the
commanding officer in other vessels, and this has been the excuse for plac-
ing the principal rooms at the stern, far removed from the venue of work.
In most ships, even in ordinary service, the day cabin of the captain, which
is under the bridge, is most frequently used, and in action the ordinary
rooms of the officers would seldom be utilised.

In determining, therefore, entirely to re-arrange the habitable quarters
of officers and crew the Admiralty have taken a wise step. There is no
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reason whatever why the forecastle of the ship should not be made as
attractive and as exclusive as the stern, and under ordinary steaming con-
ditions there will be more comfort, as, even with reciprocating engines,
vibration is least felt forward.

It will thus be seen that from first to last the Admiralty have brought
to bear upon the design of the Dreadnought not only a well directed exper-
ience, but a common-sense determination to retain only those traditions of
Admiralty practice which improve the fighting efficiency of the ship, and
not those influences and traditions which have accumulated in the hands of
successive Boards, who, not having the courage to prefer the modern to
the old, compromised matters by adopting both. One other feature which
deserves reference is the rapidity with which the ship has been constructed.
Nominally the keel was laid at the beginning of October, but a large
quantity of preparatory work had been done before this.

Even so, however, it may be said that from the time when instructions
were given—about seven months ago—there has been built into the ship
5,600 tons of material, and it is anticipated that the progress of the
machinery, guns, gun-mountings and armor will enable the vessel to be
completed and be on her trials in the early weeks of 1907.—Engineering.

On February 10th, the Dreadnought, the most powerful warship in the
world, was launched at Portsmouth. She has been frequently spoken of as
if she marked an entirely new departure in naval architecture. This is not
strictly true. She is evolved from types which have preceded her, and
the apparent jump is due, not a little, to the fact that her immediate pre-
decessors are still far from completion. It is principally in displacement
and main armament that she makes a larger step in advance than is usual,
but she is as truly evolved from the Nelson class as that class is from the
King Edward. This ship, with her seven sisters, carries four 12-in. guns
and four 9.2 guns, and displaces 16,600 tons; immediately following her
come the Nelson and Agamemnon, weighing 16,600 tons, armed with four
12-in. pieces, and no less than ten 9.2’s—an armament which not a few
critics are inclined to consider superior to the ten 12-in. guns which it is
reported the Dreadnought will carry. From these two vessels to the
Dreadnought of over 18,000 tons displacement, the principal change is in the
extra length that is entailed by her high speed, but she is, nevertheless,
their direct decendant.

Few vessels within recent years have attracted so much attention as
the Dreadnought, for the interest of the public has been excited by her
great size, turbine engines, and tremendous fighting power, no less than by
the speed at which she has been brought to the launching stage, and by the
secrecy with the Admirialty has been careful to surround her. The object
of this secrecy is clear to all who follow intelligently the development of
the navies of the world, and who are able to appreciate at its true value
the high diplomacy which underlies naval construction. We are prone to
forget that the peace of Europe reposes in the maintenance of a certain
balance of power, which might be easily upset by changes in one navy or
another, but we must not be blind to the significance of the speed with
which the Dreadnought is being built. Our Admiralty, we may rest assured,
is not inspired by any idle desire to create a record. More, far more, lies
behind. The Dreadnought, both in her enormous power and the rapidity
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with she will rise into commission, is meant as an object lesson which those

who are intended to learn cannot fail to appreciate. But much of the

advantage which we expect to retain by the possession of this great vessel
would be endangered were the details of her construction known before she
was near completion. We know that she is closely observed, and that other
nations will at the earliest moment seek to produce a ‘‘reply’’ to her, and
it is clearly wise policy to retain the lead which we possess by concealing
as long as possible details of her design and strength. Some time ago the
Admiralty issued a special appeal to the whole Press that nothing would be
made public without their direct sanction, and it would be a matter for
deep regret that several papers have so far forgotten their loyalty as to
give descriptions of the vessel without this sanction were it not for the fact
—and we have the highest authority for the statement—that, without
exception, every account that has yet appeared is far from accurate, The
secret has been kept with admirable closeness, and it is safe to assert that
at the present moment not only is the nature of the armament of the
Dreadnought unknown outside a very limited circle, but that even the
statement so confidently made that she will carry ten 12-in. guns has no
solid foundation, and it is as likely to be wrong as right.

By degrees the actual facts about the Dreadnought must leak out ; but,
in the meantime, it should be the object of all who can do so to assist the
Admiralty in its policy of concealment. If the secret can be kept for
another twelve months we shall have secured an advantage in time that
will be of inestimable value in maintaining the superiority of the British
Navy, which is universally regarded as essential to the peace of the world.

—The Engineer, (London).

L 2 I 4
WAR VESSELS BUILDING IN JAPAN

From one of the newspapers just tohand from Japan, we learn that the
following is the list of war vessels building, or about tobe laid down, in the
dockyards of that country :—

At Kure, the battleship Aki (18,000 tons), about to be laid down.

At Yokosuka, the battleship Satsuma (18,000 tons), about to be laid
down.

At Kure, the armored cruiser Tsukuba (14,000 tons), laid down in Febru-
ary, 1905, and expected to be launched in February, 1906.

At Kure, the armored cruiser Ikoma (14,000 tons), laid down in
December, 1904, and expected to be launched in December 1905.

At Yokosuka, the armored cruiser Kurama (14,000 tons), laid down, but
dates are not given.

At Kure, the armored cruiser Ibuki (14,000 tons), about to belaid down.

The Jiji Shimpo, referring to this subject, says that the Japanese
Admiralty has already elaborated a scheme of naval expansion which awaits
the approval of the Diet. Although Japan has now a fairly large and
efficient navy, it is recognized that some of her best ships are beginning to
be out of date, and everything goes to indicate the necessity of building
larger ships, with much heavier armaments and higher speed. The Jiji

says :— ‘‘England is now building the Lord Nelson, a battleship with a
displacement of 18,000 tons, and an armament of of four 12-in. guns ; but
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English architects contemplate something much more formidable. Russia’s
new navy well certainly be on modern models, and Japan must live up to the
time.”” We are informed that the new submarines, five in number, when
performing evolutions before the Emperor at the naval review, proved a
great success, and the authorities are about to increase the squadron. The
Japanese believe that the submarine is especially suitable for their navy,
as its management demands precisely the qualities in which the Japanese
officer and sailor excel, courage which never shrinks from self-sacrifice and
absolute coolness in action. The destroyer Asakaze was launched at the
Kawasaki yard, in Kobe, at the end of October, in the presence of a large
company, and Captain Ommaney, of the H.M.S. Andromeda, cut the rope
freeing the vessel. The Asakaze is one of the five destroyers ordered by
the Admiralty from this same firm. We learn further that a new factory
for large guns is nearly completed in the neighborhood of Tokio, midway
between QOji and Itabashi, covering an area of 10,000 tsubo (83 acres). It
is said to be very complete in every department and fitted with the most
improved appliances. Much energy has been shown in pushing on the work.
Four thousand men are said to have been employed originally, but the
number is now reduced to seventeen or eighteen hundred. The cost is put
at two million yen, and the shops are now about ready to begin operations.
It is quite evident that the Japanese are determined to maintain all the
advantages that they have gained. It is, however, to be regretted that
political conditions should have forced them into the course of militarism
instead of the peaceful development of the resources of their country.
—Engineering.

Short Notes

Nearly all fuzes are provided with a delayed-action element, which,
with armor-piercing projectiles, permits them to pass through the armor
before bursting takes place, and for shells fired in the open it permits the
shell to rise after impact to a sufficient height to make the fragments
effective over a larger area than would result from the shell bursting on the
ground. This is accomplished by placing a small pellet of dense powder in
the path of the flame, from the priming pellet in the fuze to the igniting
or detonating element, depending upon which is used. Detonating fuzes,
which are used with high explosives, have, in place of the igniting charge
of the ordinary fuze, a detonating charge of mercuric fulminate, the
amount depending upon the projectile in which the fuze is to be used.

— The Engineer, London.

Naval guns for coast defenses.—The decision has been arrived at to re-arm
all the modern forts on the coast of the English Channel with six-inch naval
guns, in order to bring about more complete fighting unity between the
sister services. If we exclude Portsmouth, Plymouth, and Dover, the
majority of the coast defense batteries have nothing heavier than the 4.7-
inch gun, and although it is a very efficient weapon of its type (throwing a
projectile of 45 lbs, in weight, and having a penetrating power equal to
perforating 6.6 inches of wrought iron at a range of 2,000 yards), yet
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manifestly such a gun is of very little value against even light armored

battleships. The intention of the naval authorities is, by strengthening our

coast-line forts, to establish points of advantage for ‘‘mosquito’’ operations.
Torpedo craft will be enabled to lie under cover of these defenses, dashing
out, as opportunity offers, to deliver an attack, and then retiring to shelter.
Thenew 6-inch gun, with which the fortsare to be re-armed, is the Vicker’s’
pattern wire-wound, weighing seven tons unmounted. It will be capable
of throwing a projectile of 100 lbs. in weight, with a fire delivery of twelve
rounds per minute, but even greater rapidity could be gathered if mechani-
cal means of recovering the recoil were devised ; its penetrating power is
equal to perforating fifteen inches of wrought iron at a range of one mile.
The cost of this new gun is £1,673, without mountings, or nearly three
times that of the 4.7-inch piece. The work of rearmament is to be carried
out as early as possible.— United Service Gazette.

The Spanish Minister of War introduced in the Cortes, last December, a
bill authorizing the purchase from the Creuzot factories of 200 quick-firing
guns with the necessary material. A vote of £840,000, spread over four
financial years, will be appropriated to defraying the cost of the new
armament. — Page’s Weekly.

New explosives.—Three new explosives for use in mines, etc., have
been added to the Home Office schedule. Their names and composition are
as follows :—

Ammonal B, consisting of 93 to 96 parts by weight of nitrate of
ammonium, 2.5 to 3.5 parts of metallic aluminum, 2 to 3 parts of charcoal,
and 0 to 1 part of moisture.

Ripping Ammonal, consisting of 84 to 87 parts by weight of nitrate of
ammonium, 7 to 9 parts of metallic aluminum, 2 to 3 parts of charcoal, 3 to
5 parts of bichromate of potassium, and 0 to 1 part of moisture.

Rippite, consisting of 59.5 to 62.5 parts by weight of nitroglycerine,
3.5 to 4.5 parts of nitrocotton, 18 to 20 parts of nitrate of potassium, 9 to
11 parts of oxalate of ammonium, 0.5 to 1.5 parts of castor oil, 3.5 to 5.5
parts of wood-meal (dried to 100° C.), and 0 to 1 part of moisture.

Special conditions as to use, detonating, marking, thawing, etc., are
attached to each case.—Iron & Coal Trades Review.

Resupply of batteries in position by mechanical means.—The resupply
of ammunition to batteries in position by the means now in use is often very
difficult. In Russia experiments have just been made with a small wagon
weighing only 30 kg., with wheels 0.3 meters in diameter, the dimensions
of which are such that it can be readily attached under a limber or caisson ;
it contains the same number of rounds as one limber. Near the pieces
which are to be supplied is arranged by means of stakes driven in the
ground a pulley through which is run a cable 600 meters long. The small
wagon fastened to the cable is drawn from the sheltered position up to the
battery either by horsesor by men not exposed to fire. After having pulled
it in one direction, they pull back the wagon to the place where it is loaded

again. This arrangement appears to be of value in the organization of
defensive positions.—Revue de I’ Armee Belge.
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A report on the tests of seven types of submarines submitted to the
Russian Admiralty says that in the deciding run of 560 miles, from
Cronstadt to Libau, in which four boats took part, the verdict favored the
Lake boat.

At Yokosuka the Japanese have under construction a battleship with a
displacement of 19,250 tons, which is a greater displacement than has been
attempted by any other navy heretofore, and as soon as this ship islaunched
a sister ship is to be laid down.— The Engineer, London.

The following is the Japanese naval program for completion this year :

Battleship Satsuma, 19,250 tons, in October, at Yokosuka.

Armored cruiser Kurama, over 14,000 tons, in August at Yokosuka.

Armored cruiser Ikoma, in March, at Kure.

Despatch boats—Magazi, 2,300 tons, in July, at Nagasaki; and Yodo,
2,600 tons, in July, at Kobe.—Daily Telegraph, (London).

The Dreadnought took the water on Saturday without a hitch. Her
immense length was apparent as she glided into Portsmouth Harbor—it is
over 500 ft. This and her fine lines forward made her look like a cruiser
rather than a battleship as she swung to her anchors. The disposition that
will be given to her armor was, of course, clearly visible—a complete belt
up to the main deck for about two-thirds of her length, and a slightly
narrower belt aft. There is no indication of armor above that.

—The Engineer, London.
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Festungskrieg. Eine applikatorische Studie uber den modernen Festungs-
kampf. Heft 2. Der Kampf um ein vorgeschobenes Einzelfort.
Von Schwarte, Major m. d. U. des Generalstabes. 12+120 p. maps.
91 X6%. Berlin. E. S. Mittler und Sohn. 1906. M. 3.80.

This book constitutes Part II. of this important study on the attack
and defense of fortifications, the first part of which, published last year,
awoke much interest and met with a most favorable reception. As already
mentioned,* this part discusses the struggle for an outlaying separate fort,
the capture of which is essential in order that the attacking forces may
reach the desired point of attack on the main fortress, and also that they
may not be hampered in establishing their communications, etc., with their
rear. The same treatment of the subject is followed as in Part I. ; the
theatre of operations is the same, and Fort Gollmer-Berg of the fortifica-
tions of Wittenberg is selected as ths work to be captured. Part II., how-
ever, goes more deeply than the first into the tactical and technical details
of fortress warfare ; the field of operations is limited, and the conditions
become more specialized. These details are based on standard technical
works, regulations, etc., bearing on the employment of the various units,
and are here co-ordinated and brought into harmonious working in the solu-
tion of the problem.

The concrete examples set forth the measures taken by the attack and the
defense, and the series of problems on the course of operations from day to
day, that naturally arise for solution, give an excellent practical idea of
the manner in which the attack and defense of a modern fort will be con-
ducted. In this way they enable both commanding and subordinate officers
to acquire an intimate knowledge—within the limits of the problem—of the
correct application of the principles of this mode of warfare. These
lessons have to be learned in time of peace, and failing actual fortress
maneuvers—which are not always possible, due to lack of the necessary
zone of operations, the amount of preparation involved, the vast quantity
of material and other details required in a modern siege, not to mention cost—
this applicatory method appears to be the next best means of teaching the
subject to the soldiers and officers of all arms.

The Salamanca Campaign. Ry Captain A. H. Marindin, The Black Watch.
59 p. maps and plans. 11 x 10. London. Hugh Rees, Ltd., 119,
Pall Mall, S.W. 1906. 7s. 6d.

The officer who takes up this book with the expectation of reading it in
the usual sense of the word will be disappointed. The author has intention-
ally produced rather a skeleton, an analysis, than a body of current narrative.

A —
* JOURNAL, s@tanbehOctober. 1906. )
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Accordingly, after a brief introduction on the events leading up to the cam-
paign in question, he presents the situation as it unfolded itself from day
to day, and adds, by way of conclusion, a brief commentary. If the ex-
pression be permissible, Captain Marindin’s book is not an independent
treatment of the subject ; this does not mean, however, that he has not
treated his subject in an independent way. On the contrary, he has put it
in the power of the unbiased reader to get at the truth; and that truly is,
or should be, the main purpose of all studies of military history.

Readers of this study are to be congratulated on its make-up; itis a
luxury always to have a necessary map opposite the page one is working
on. To this end, the book is mostly printed on one side of the page only ;
and the maps, barring a total lack of orographic features in those directly
accompanying the text, a defect for which the author is not responsible,
are clear and easily followed.

Captain Marindin has produced a valuable study upon a most interest-
ing campaign.

Taschenbuch der Kriegsflotten. VII. Jahrgang, 1906. By B. Weyer, Kapitan-
leutnant a. D. 410 il. & plans of ships. 63 x 4%. Munchen.

J. F. Lehmann’s Verlag. 1906. M. 4.

Both for accuracy and general excellence this convenient little book has
attained an enviable position amonst the naval year books. Each edition
appears in larger and improved form as regards contents, in the constant
endeavor to make the book of greater usefulness. In the present case the
fleet lists have been rearranged, and more space is given to the details of
individual ships. The data include the latest information available up to
December 1, 1905. The illustrations have been increased by nine plans and
67 photographs of ships, while a few of the older ones have been omitted.
A good picture of the 240-ton German submarine boat, built at the Ger-
mania Works, forms the frontispiece. We note also the Lake boat Protec-
tor, now under the Russian name Ossjetr. Incidentally, we wish, however,
that our New Jersey and Iowa were not labeled ‘‘New Yersey’’ and
‘“Jowa.”’

The lists and illustrations naturally form the main part of the book ;
they are well arranged for ready reference, and contain in condensed form
an immense amount of information. :

Part II. gives comparative statements of the principal navies, fleet
organization of the leading powers, naval estimates, budgets, etc. Of par-
ticular interest here are the details of the German naval development in
recent years, what is being done and what proposed.

Tables of naval artillery of the world, miscellaneous information on the
German navy and shipbuilding industry, conversion tables, etc., constitute
the remaining sections of the book.

For completeness, general accuracy and convenience of consultation,
Lieutenant Weyer’s book can be cordially recommended.

e
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‘“La guerre est un métier pour les ignorans,
et une Science pour les habiles gens.”’

VoL. 25 No. 2 MARCH-APRIL, 1906 WHOLE No. 78

THE NEW SIEGE MATERIAL*

By CAPTAIN GEORGE W. BURR, OrRDNANCE DEPARTMENT, U. S. A.
HE 4.7-inch siege gun and carriage, Model of 1904, recently
completed and now undergoing test was designed to sup-
plant the service 5-inch siege material. The latter was laid
down about 15 years ago and while still most serviceable does
not embody many features which artillerists now consider
necessary or desirable.

Judging by present standards, the old material lacks
power, stability under firing stresses, rapidity of fire, and ease
of service. These combined with requisite mobility are the
essentials of modern siege artillery and are the considerations

"which have governed in the design of the new material. The
principles of construction by which these essentials are obtained
are exemplified in the 3-inch field gun and gun-recoil carriage
with which the field batteries of our service are equipped.
That this type of construction is the only one which satisfies
all the requisite conditions for field guns is now generally
admitted. The great at'ive}ntages.to.be derived from the prac-
tical application of Slmll?.l‘ pn.nclples to heavy gun . and
howitzer carriages for mobile artillery were early appreciated

“Specially
of the Chief o
Journal.7
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by the Ordnance Department and designs with that end in view
were taken in hand. As the 4.7-inch gun and carriage is the
first of these new designs to be manufactured and subjected to
a firing test, a deseription of its salient features is of interest.

Briefly stated, this new material consists of a gun of 4.7-
inch caliber, firing a 60-pound projectile with an initial velocity
of 1700 f.s. and recoiling 66 inches upon the carriage which
remains stationary under the firing stresses. The recoil of the
gun upon the carriage is checked by a hydraulic buffer and the
return movement is accomplished by springs. The movement
of the carriage upon the ground is prevented by wheel brakes
and by a trail end spade.

The gun is a built-up steel rifle, 135 inches long, weighs
1730 lbs., and consists of a tube, jacket, locking hoop, and
front clip.

On the lower side of the piece and extending the entire
length of jacket, locking hoop, and clip, are formed two recoil
guide clips which engage under, and secure the piece to, the
guide rails of the cradle. On either side of these guide clips,
the jacket and locking hoop are provided with broad longitud-
inal bearings which rest on bearing rails on the cradle. These
bearings are placed well up on either side of the gun and are
therefore so far apart as to afford lateral steadiness to the gun
in transportation as well as in action. A stout lug on the lower
side of the jacket at its rear end provides a place for the attach-
ment of the piston rod of the carriage.

The gun is fitted with a breechblock of interrupted-screw
type, with 4 threaded and 4 planed sectors. When the breech
is opened the block is supported by the usual form of carrier,
hinged to the right side of the jacket. The breech is opened
and closed by a single motion of the operating lever which is
pivoted on the carrier immediately under the block. The oper--
ating lever has bevel gear teeth which mesh with corresponding
ones on the rear face of the block.

The firing mechanism is of the continuous-pull type in
which the firing pin is cocked and fired by a single pull of the
lanyard or stroke of the firing lever. The latter is attached to
a non-recoiling part of the carriage. The empty cartridge
cases are automatically ejected when the breech is opened.

The firing pin is eccentrically located in the block and the
breechblock recess in the gun is eccentric with reference to
the main bore. When the breech is closed the firing pin lies in
the axis of the piece opposite the percussion primer of the
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cartridge. As the block is rotated to open the breech, the pin

is moved to one side clear of the primer and remains in that
relative position until the block is rotated back in closing the
breech. Thisdevice insures safety from a premature discharge
due to the protruding point of a broken firing pin striking the
cap as the block is swung to its seat in closing.

The mechanism is simple and consists of few parts, which
may be assembled or dismounted without aid of tools. It is
rapid, powerful, easily operated, and is provided with safety
devices which positively prevent a discharge of the piece before
the breech is safely closed.

The carriage consists of the wheels, axle, trail, spade,
shield and wheel brakes, constituting the lower carriage ; the
cradle with recoil and counter-recoil arrangements forming the
upper carriage, and the elevating and traversing apparatus
intermediate between these two.*

The wheels are a modified form of the Archibald pattern,
60 inches in diameter, with 5-inch tire. Exhaustive tests,
recently concluded, indicated that no practical advantage is
gained by use of wider tires on vehicles of this class and weight.

The axle is hollow and is made of forged steel in one piece.
The wheel is held on the axle spindle by a collar which fits
in a circumferential groove in the axle. The exterior of this
collar is furnished with interrupted lugs in the inner end of the
nave box. The collar is fastened to the wheel and turns with
it. The nave box is dust-proof and is oiled through a self-
closing oil valve without removing the wheel—a time and labor-
saving arrangement which will be appreciated by those who

have had to remove the wheel in order to oil the axle of a
heavy carriage.

The trail is 140 inches long and is the usual construction of
two pressed steel flasks of channel section tied together by
transoms and plates. The front ends of the flask plates are
riveted to cast steel axle bearings bored out to take the axle to
which they are keyed and securely clamped. These bearings
extend to the front of the axle and support between them
the socket for the pivot about which the superposed parts are
traversed. The location of the pivot or pintle socket in front of
the axle enables a shorter trail to be used and reduces the
weight at end of trail which has to be lifted in limbering up.

#This carriage was designed by Captain Charles B. Wheeler, Ordnance
Department, U. S. A.
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A lunette plate is riveted to the lower side of the trail near
its rear end.

The spade is built up of sheet steel and has a large bearing
surface to prevent recoil of the carriage on the ground, and
broad horizontal wings, or floats, to prevent excessive burying
in the ground. It is of the folding type, being hinged on top
of the trail at its rear end. For traveling, it is turned up and
rests on top of the trail; for firing, it is turned down, and, in
either position, is held in place by a heavy key bolt.

The cradle supports the gun, guides it in recoil, and forms
a seat for the recoil and counter-recoil apparatus. It consists
of three parallel steel cylinders fastened together at the front,
middle and rear by forged steel bands. The middle band is
provided with two horizontal trunnions upon which the cradle
rests in trunnion beds in the pintle yoke. The rear end
of the cradle is supported by and pinned to the upper end of
the inner elevating screw. The force which moves the gun and
cradle in elevation is therefore transmitted to the latter at this
point and the parts turn in elevation about the axis of the
cradle trunnions as a center.

The pintle yoke rests on the pintle socket at the front end
of the trail (in front of axle) and is secured by circular clips in
such a manner that it is free to turn about its vertical axis. A
traversing bracket rigidly bolted to the lower end of this pintle
yoke extends under the axle back between the flasks and forms
a lever for the application of the traversing effort as well as a
support for the traversing screw and the elevating mechanism.

The traversing screw is held in bearings on the traversing
bracket so that it has no longitudinal motion with reference to
the latter. The traversing nut is similarly mounted in the
trail, being free to accommodate itself to changes in the align-
ment of the screw shaft but restrained from linear movement
to right or left. Turning the traversing shaft screws it through
the nut and moves the traversing bracket and parts connected
with it,—that is, the pintle yoke, cradle and gun,—in azimuth
about the vertical axis of the yoke. The amount of this
azimuth motion is 8 degrees, or 4 degrees on each side of the
center line of the carriage.

The rear portion of the traversing bracket is supported by
two stout cross transoms on which it slides in azimuth and to
the rear one of which it is clipped. The cross-head of the
double screw elevating device rests on its trunnions in the
portion of the traversing bracket between these two transoms.
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As a result of this arrangement, the elevating mechanism
moves with the traversing bracket when the cradle and gun
are traversed. It is thus always directly under the weight
which it supports and all cross strains are avoided. The down
thrust of the elevating screws is taken by the cross transoms
referred to.

Handwheels for manipulating the elevating and traversing
mechanisms are conveniently placed on each side of the trail so
that change of direction or elevation can be made by cannon-
eers on either side of the gun.

The middle tube of the cradle is the hydraulic cylinder for
checking recoil ; the two outer ones contain the counter-recoil
springs. The bronze-lined steel rails, which support and guide
the gun in recoil, are fastened to the cradle bands and to the
tops of these spring cylinders. An extension piece, bolted to
the front end of the cradle and readily detachable, continues
the cradle guide rails to the front clip of the gun and during
recoil insures the engagement of this gun clip and the cradle
rails. For traveling, this extension piece is detached and
carried in fastenings provided for it under the trail.

Each spring cylinder contains 3 concentric columns of
helical springs formed of round wire. The front end of each
column is connected to the rear end of the one within by a steel
tube or stirrup which acts as a guide rod for the springs of the
outer column. The rear end of the outside column abuts
against a shoulder on the cradle. The front end of the inside
column of springs abuts against a shoulder on the spring rod on
which the springs are assembled. The rear ends of these
spring rods (one for each spring cylinder of the cradle) are
secured to a cross bar or yoke which rests against the rear
face of the recoil lug on the gun.

This method of using concentric spring columns connected
by stirrups so as to work tandem and to telescope when at
rest, has the advantage of compactness and gives a very long
spring stroke with short assembled length of column.

The springs are assembled under sufficient compression to
return the piece to battery at the maximum -elevation—15
degrees. The power for this initial compression is provided by
a geared drum located on the trail of the carriage. The drum

is detachable and is carried in the trail tool box when not in
use. The drum gearing is fixed in the trail and is accessible
through an opening in the trail cover plate closed by a hinged

lid.
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The hydraulic cylinder may be filled or emptied when
assembled in the carriage or it may be quickly dismounted, if
desired, for this and other purposes. Its interior arrangement
is as follows :

Three throttling bars, of uniform width but varying height,
formed on the walls of the cylinder, register with notches
cut in the piston head and thus form ports for the passage of
the liquid from one side of the piston head to the other. The
height of the throttling bars along the cylinder determines the
areas of these ports and is varied so as to give the required
cylinder resistance to recoil of gun. This required cylinder
resistance is such that, increased by the spring resistance, it
will not cause the wheels to jump from the ground when the
gun is fired at 0 degrees elevation.

The piston rod works through a stuffing-box in the rear
end of the cylinder and is fastened to the recoil lug of the gun.
The front end of the rod is bored out to form a recess for the
counter-recoil buffer which is secured in the front end of the
cylinder.

The gun, upon being fired, moves 66 inches to the rear upon
the cradle, carrying with it the piston and the spring rods.
This recoil is made against the resistance offered by the
cylinder and by the counter-recoil springs. The latter then
return the piece to battery; the counter-recoil buffer, acting
upon the oil caught in the bore of the piston rod, and forcing
it through the very small clearances around the buffer, reduces
the rapidity of this return movement and eases the piece into
battery without shock.

The recoil cylinder, located in the cradle directly under the
gun and guarded upon either 'side by the spring cylinders, is
thoroughly protected from injury. It is simple, and compact,
and has no moving parts to get out of order and no exposed
working surfaces to catch dust and dirt. It has but one
stuffing box which is readily accessible for adjustment or
repacking.

The carriage is fitted with hardened steel shields, 0.2-inch
thick, covering the space between the wheels to a height of 68
inches from the ground. The bullet-proof quality of each plateis
demonstrated by actual test before the plate is accepted. The
main shield plates are rigidly attached to axle brackets and
braced from the trail. The top and apron shields are hinged to
the main shield ; the former is folded down and the latter is
swung under the axle for traveling.
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The wheel brakes are of the lever type with shoes in front
of the wheels (carriage limbered). The brake beams, which
carry the shoes, are hinged to the flasks and are utilized as
supports for seats for the cannoneers serving the piece. The
brake lever is double with one arm in front and one in rear of
the shield, —the former for use from the ground in traveling,
the latter for use in action ; the brakes are firing as well as
road brakes, and are quite useful in preventing forward
movement of carriage upon counter recoil of the gun.

Thearrangements for aiming the piece comprise open sights,
a panoramic sight, and a range quadrant. These devices are
similar to those used with the service 3-inch field material.
They are supported by brackets attached to the cradle, the open
sights with the panoramic sight on the left side, and the range
quadrant on the right side of the piece.

The open sights have cross wires for a front and a peep for
a rear sight. The shank of the rear sight is graduated in yards
up to 7500, is fitted with a deflection scale for making allow-
ance for wind, drift, etc., and with sensitive clinometer and
transverse levels—the former for the quadrant elevations, the
latter for correcting for difference of level of wheels.

The rear sight shank forms a standard or support for the
panoramic sight. This is a telescopic sight, so fitted with
reflectors and prisms that the observer, with his eye at an eye-
piece fixed in position, may bring into the field of view any
object upon the horizon, the image of the object appearing
magnified but otherwise as if viewed directly by the unaided
eye. The power of the instrument is 4, the field of view 10
degrees. It is particularly valuable in indirect aiming and also
in direct aiming where the unaided vision is indistinet. A
detailed description of this instrument is given in the Novem-
ber-December, 1903, number of the JOURNAL.

The range quadrant is provided with a transverse level for
correcting for difference in level of wheels, an angle of site or
quadrant’level, so mounted as to correct the readings of the
instrument for the angle of site of the target, and a range
dial upon which the range is set off directly in yards. It is
used in conjunction with the panoramic sight in indirect lay-
ing. When not in use, all of these instruments are removed
from their supports and carried in padded receptacles provided
for them.

For traveling, the gun is disconnected from the piston and

spring rods and shoved back 40 inches upon the cradle ; in this
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position the recoil lug is secured between two stout braces
attached to a heavy trail transom. The breech of the gun is
thus so supported and rigidly held in traveling that the eleva-
ting and traversing mechanisms are relieved of all strains.
The braces referred to are pivoted in the trail and when not in
use are turned down inside the trail,

The weight of the carriage complete is 4440 lbs., and that
of the gun and carriage, 7170 pounds. The weight at the end
of the trail, gun in firing position, or the weight to be lifted in
limbering up, is 400 lbs. ; with the gun in traveling position,
this is increased to 1150 lbs., which is the portion of the
carriage weight sustained by the limber.

The latter is merely a wheeled turntable for the support of
the end of the trailin traveling and has the usual arrangements
for the attachment of the team. Its wheels are interchange-
able with those of the carriage. The seat upon the limber for
the end of trail is shaped to fit the latter and turns with it,
being pivoted at one end and fitted at the other with rollers
which travel in a circular path on the limber. A stud or pintle
on this seat engages in the lunette on the lower side of the
trail near its rear end. The weight of the gun, carriage, and
limber, complete, is 8000 pounds, a figure generally accepted
as suitable for an eight-horse siege team.

The ammunition used with this material has the powder
charge in a metallic case combined with the projectile into a
single cartridge. The case weighs 7.75 pounds, the projectile
60 pounds, and the complete round 73.75 pounds. High explo-
sive shell and shrapnel are used.

The elevating mechanism provides for elevations from —5°
to +15°; greater elevation may be obtained by sinking the end
of the trail in the ground. The range corresponding to an
elevation of 15° is about 7600 yards and the remaining velocity
at that range 850 £.s.; since the bursting charge of the shrapnel
gives its bullets an additional velocity of about 250 f.s., the
shrapnel fire at extreme ranges is most effective. ’

No platform is required for the carriage, and consequently
the transportation heretofore used for platforms can be dis-
pensed with or devoted to other purposes. The ease and
rapidity with which the carriage can be unlimbered and made
ready for firing, or the reverse, is especially notable. Other
prominent features of this material, not emphasized in the fore-
going pages, are the great range and power of the gun, great
weight of projectile when caliber is considered, rapidity of fire
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and ease of service resulting from quickly loaded ammunition,
improved sights and traversing arrangements, and stability of
the carriage.

The photographic views show the carriage ready for action
and the carriage and gun in traveling position.



A SCHEME FOR TESTING THE EFFICIENCY
OF ELECTRICAL POWER PLANTS AND
FOR KEEPING THE NECESSARY RECORDS

BY CarPTAIN WILMOT E. ELLIS, ARTILLERY CORPS

HE scheme outlined herein, with some modifications sug-

gested by experience, is one that has been in operation in
the Artillery District of Portland since December 5, 1905, being
embodied in General Orders No. 42, 1905, of that District.
This order was prepared under authority from Headquarters
Atlantic Division dated November 8, 1905, and was suggested
by an order on the subject of the detection of *‘grounds’’
issued from Headquarters Artillery District of New London
(G. 0. No. 15, November 1, 1905.)

The necessity for a systematic scheme of tests and records
is so apparent as to require scarcely any comment. The record
will always speak for itself, for besides being a constant re-
minder to the subordinate of the necessity for keeping a
watchful eye upon his work, it facilitates proper and thorough
inspection by superiors. As might have been expected, experi-
ence has shown that essential data should be recorded, for
good results will not be obtained when the engineer in charge
of the plant is required to record superfluous data and to make
inspections so frequent and extensive as to lead to perfunctori-
ness or to dissatisfaction.

It is thought that perhaps the best exposition of the sub-
ject matter of this article can be made by quoting the body of
General Order No. 42, Artillery District of Portland, in the
the form that is proposed for adoption after an experience of
two months.

‘“8. The reports called for herein will include all plants
whether operated by the Artillery, the Engineer Department
or the Quartermaster’s Department ; provided, that the plant
furnishes power or lights to any emplacement turned over to
the artillery, or power for operating a searchlight. The same
rule will apply when power ( sig furnished from city mains.
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Subject to the above provisions the test™prescribed will be
made for all circuits, as post lighting, operating of motors, of
searchlights, distribution of power to batteries, or mining case-
mates.

‘“4, Whenever any test develops a leak [in¥a circuit,
further testing will be made with a view to locating the fault.
As soon as the fault has been located, it will be remedied at
once if the means at hand permit, and if no change'in instal-
lation is necessary. If the fault is corrected, the fact will be
noted on the ‘Supplementary Monthly Report.” In case this
cannot be done, a report setting forth all pertinent circum-
stances will be made to these headquarters at once.

‘“5. Monthly reports will be forwarded to District Head-
quarters on the first day of each calendar month. Post
Commanders will satisfy themselves that testing operations are
inaugurated in time to permit the rendition of reports at the
times preseribed.

‘“6. With the first report, the following data wxll be
submitted for each power plant :

(a) Location.

(b) Number, type and power of each generator.

(¢) Source of power for each generator.

(d) Number of storage batteries, type, number of cells,
in each battery, and the usual method of charging

(e) Designation of each circuit leading from power
house.

(f) Designation and location of each manhole in use.

(g) A simple diagrammatic sketch showing the subdivi-
sions or branches of each main circuit to include the switch-
board installed in each building, emplacement, or station.
(See sketch).”

While the information called for in (6) will generally be on
file at District headquarters the object of this paragraph is to
secure essential data in condensed form for file with the
corresponding post reports.

(By this method a leak may be designated by reference to
the diagram mentioning terminals of circuits involved as:

Post buildings Powerhouse—manhole A, or
“ ‘ Manhole A—Hospital, or
‘“ “ Hospital switchboard—Ward No. 1, and
so on if necessary down to the individual light causing the
trouble).
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“7. All switches wherever installed will be properly labelled
so as to accord with their actual use. If stamped metal plates
are not available, suitable labels will be made for the purpose.
Switches not in use will be labelled ‘Blank’.
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‘“8. Tests will be made and data recorded daily as pre-
scribed below. (See Norm No. 1.).

NOTES ON FORM NoO. 1

Column No. 1. Enter the exact hour at which the first
data are taken, or the first test made, then enter successively
whole hours, interpolating an intermediate time when necessary.

Column No. 2. The Day Test for Grounds should be made
with all feeder switches on main switchboard closed and
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when the maximum load is on as near as may be judged ; in the
outdoor season of artillery drill—preferably at the time when
the batteries are manned.

Whenever a ground is detected, its exact location must be
noted and the reading of the voltmeter across bus-bars, + to E,
and — to E given. If the columns provided do not give
sufficient space enter notes and data under ‘General Remarks’.

Column No. 3. Same remarks as for column No. 2, except
as to time of test.

The night test should be made between dark and the hour
prescribed by the Commanding Officer for lights out in bar-
racks, and always at night drill. When power for post lighting
is not finished, the day test will be sufficient.

Column No. 4. Data should be taken under varying condi-
tions and at least three times daily at considerable intervals
apart.

Column No. 5. The first entry should be made opposite
the hour of starting and the last at stopping engine, interpo-
lating times if necessary, data being taken also at intermediate
whole hours. Obvious modifications may be made in case an
oil engine is used, or more than one generator is run at a time.

“9, The accompanying Form 2 (Electric Storage Battery
Co., Form 465*) will be used in connection with weekly inspec-
tions of all storage batteries, and the directions will be strictly
followed.

The inspection of cells should in no case be hurried or per-
functory. The best plan in general will be to inspect about
a quarter of the number of cells each week, all of the cells
being thoroughly inspected during the course of each month.

A copy of Form 2 for the last week of each month will be
forwarded to District Headquarters with the other reports
called for in this order. On the forwarded report under
‘Remarks’ will be noted the number of cells inspected each
week, cells by number given especial attention during the
month, stating attention given, and such other remarks as are
pertinent to the history of the battery for the month.

When a cell is reported ‘inspected,” it is understood to

* The Electric Storage Battery Co., under date of November, 1905, has
issued ‘‘General Instructions for the Operation and Care of the Chloride
Accumulator,’’ which contain in concise form the most up-to-date informa-
tion on this subject. Some decidedly new ideas are advanced, and the
pamphlet is an admirable treatise in every respect. Form 465 is an
addendum to this pamphlet.
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mean that the cell has been carefully inspected with a portable
lamp (a cell lamp if practicable) and that:

(a) Nothing unusual in the color of the plates has been
noted.

(b) No short circuits exist.

(c) That the sediment does not come within half an
inch of the bottom of the plates.

(d) That the electrolyte is about 3 of an inch above
the top of the plates.

(e) That if the cell reads low in S