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Bopal Wnited Service Jnstitution,

Vor. XXIIL 18%9. ‘No. XOIX.

WORKING HEAVY GUNS BY MANUAL, HYDRAULIC,
AND STEAM MACHINERY. S

~ By H. J. Borrer, Esq., Royal Arsenal, Wooixvich.

Tue vast increasein the weight of ordnance has necessitated a gradunal
introduction of mechanical appliances in working them : fifteen years
ago, common tackle and levers were the only aids to manual labour ;
now, the gun carriage is a machine requiring the exercise of the
highest skill in its design and manufacture, and of intelligence in its
use; and whilst the severest bodily labour was then imposed on the
gunners, ordnance of cight times the weight are now worked with less
phiysical exertion and with greater precision of movement.

These improvements have engaged the attention of mauy persons,
and the successful results are so numerous, that, obviously, it would be
impossible for me to attempt, in one lecture, any description of them
all. T propose, therefore, to mainly confine myself to a portion of
what has been done in the Royal Carriage Department, and I am led
to hope this course will not be unsatisfactory to you, inasmuch as,
being members of either the naval or military professions, you will
naturally take a lively interest in what, so to speak, emauafes from
the Service itself; for these improvements are the work of the engi-
neer, guided and influenced by the immediate control of Officers
expericnced in gunnery, and fully conscious of the peculiar conditions
attending the usc of machinery in actual warfare ; whilst those inven-
tions of the engineer acting outside these influences and military
experiences, tend naturally to be of a type more suited to the ordinary
workshop than to the fort or vessel of war.

‘Working heavy guus of from six to twelve tons weight, on the broad-
side of ships, was the first occasion that initiated the introduction of a
higher order of mechanism in gunnery, and was due to the genius of
Captain Scott, R.N.

1 A lecture delivered at the Institution on 1st of March, 1878, Major-General Sir
John Adye, X.C.B., R.A,, in the chair,
VOL. XXIi1, B
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Curved toothed racks were laid on the decks of ships, and by means
of a training pinion seeured to the slide, and actvated by a train of
wheels and winch handles, the gun was laid quickly and accurately
by two men; endless chains, formed of flat links riveted together,
were placed on suitable wheels inside the slide, which by being attached

“by nipping gear to the .carriage, and worked by spur gearing in the

slide, enabled the gun to be run in or out, and thus the two most
Iaborious operations, hitherto calling into play clumsy tackles and large.
numbers of men, and being after all uncertain and jerky, were placed
ander the entire control of four men at most.

Owing to the necessarily confined spaces available in ships and
forts in which these heavy guns had to be worked, it -became, from

‘the first, evident that no corresponding increase in the length of

recoil could be permitted; in fact, from the grdater length of the
guns, the platforms and slides had to be shorter than those hitherto in
use with light guns. It was, therefore, essential that some greatly
superior form of compressor should be used, and that it shonld be self-
acting, if possible, in order to avoid the riskof the gun, after discharge,
going back to the rear with such violence as to produce a break-down,
and temporarily, at least, putting it out of action. Captain Scott
proposed a modification of Lrickson’s American compressor, consisting
of a large number of sliding surfaces, held in contact by a compara-
tively light pressure, set up by a lever, or hand wheel, and screw.
This proved to be greatly superior to anything else which was tried,
and he afterwards modified it into what is now known as the bow
compressor, in which the pressure is set up by the weight of the gun
when it is thrown off the rollers of the carriage. A more efficient
invention, however, for this purpose, was that of the hydraulic buffer
now so well knoirn, not only by.its general adoption into the British
Service, but also, with varions modifications, by every other leading
nation. Its great merits are its being absolutely self-acting, the un.
varying character of its resistance when opposed to the same force,
and its extreme simplicity. As considerable misapprehension regard-
ing the nature of its action still exists in the minds of many, I may
be permitted a few moments to describe it somewhat in detail.

A scction of the buffer is shown in the diagram (Plate I, Fig, 1).
Tt consists of & wrought iron cylinder corresponding in length to that
of the full recoil. A piston, having four small holes, works from end
to end, by means of a piston-rod, having its outer end attached to the
carriage, whilst the cylinder itself is firmly fixed to the platform; in
the firing position the piston is drawn to the front end, and during
recoil it is foreed through a flnid which partially fills the cylinder, to
the rear end; during its progress all the fluid must pass through the
four small holes, and it is this which gives rise to it§ resistance to
recoil, a resistance proportionate to the velocity of recoil, and to the
ratio existing between the area of the piston and that of the holes.

In the 88-ton gun carriage, the ratio of the area of the piston to that
of tho holes is 40 to 1; therefore the velocity with which the
fluid passes through the holes is 40 times greater than that with
which the piston moves at any given point; but owing to the contrac-
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tion of arca assumed by any fluid passing rapidly through small
orifices, much less really passes than that strictly due fo the arca of
the holes, and from this cause the actual velocity is about 60 times
areater. Now the velocity of the gun immediately after recoil begins,
s about 10 feeb per sccond, hence the velocity of flow through the
holes is at this point 60 x 10 = 600.

There is a constant relation belween pressure and velocity of fuid,
and by the use of o well known formnla we can find ont what pressnre
on the piston must exist to produce this velocity; it is about 47 tons,
but this enormous pressure acts only at the first moment, for the
gun rapidly loses its velocity, and as the resistance varies as the
SqUATC of the velocity, it is manifest that the resistance rapidly

 diminishes until, towards the end, it practically ceases altogether.

By a simple modification of the buffer, it was proposed, on its first
jntroduction, to do away with this falling off of the resistance towards
the end of the recoil, and to make it either uniform, or greater, at the
end, by diminishing the area of the holes as the gun recoiled. This
was cffected as shown in the diagram (Plate I, Fig. 2), by having
Jarge holes, and placing throngh them conical rods the fnll length of
the eylinder, with the large ends at the rear ; thus, as the gun recoiled
the apertures were reduced in any required proportion. This form
was tried, but tho original and simpler form answered better, the
recoil being much steadier, and resulting in no npward jump of the
front of the platform. .

The steadiness, or unsteadiness, results from the action of two
forces; when the gun recoils, it sets up an enormous pressure at the
buffer, which tends to turn the platform over on its rear rollers; the
weight of the gun, acting with a lever due to its distance from the
rear rollers, opposes this tendency, Rednetion of .the resistance, and
consequently pressnre on the buffer, in proportion as the gun acts
with less leverage, is obviously therefore the proper method of keep-
ing the platform steady, and of bringing the gun gradually to rest in
place of doing so with a sndden jerk. The simple buffer accomplishes
this perfectly ; and the usc of conical rods, spring valves, or any other
contrivances for maintaining the resistance are not only unnecessary
complications, but arc positively detrimental. This was further
illustrated by time-curves taken with each kind of buffer, from which
it was proved that the time occupied in recoiling six feet was twice as
long when the simple buffer was used, as was the case with the other
—all other conditions being the same. While on the subject of the
hydraunlic buffer, I shonld like to draw your attention to two special
features proposed in 1867 in connection with its use in the Navy, but
which, owing to the delay attending its general adoption into that
branch of the Service (mow I am glad to say at an end), were not
introduced.

The one (Plate I, Tig. 2) was the use of a solid piston having no
holes, and a side pipe communicating vwith the front and rear ends of
the eylinder, with a valve worked by a lever capable of being set so as
to sceure any required aperture; the recoil of the gun forced the flnid
throngh the side pipe and the valve, the opening in the latter perform-

B 2
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ing the same officc as the holes in the piston; while by working the
valve lever the running up of the gun was perfectly controlled. ’

The other feature was the introduction of a hydraulic pamp and
cylinder for the purpose of running the gunin or ont; thus, in 1867,
the Royal Carriage Department initiated the use of hydraulic appliances
in gunnery, which, in 1874, expanded into a complete system, under
the same direction, in connection with the 35-ton platform.” During
the interval between these two dates comsiderable experience in the.
application -of hydrauli¢c machines to gumnery was gained, owing to
their introdunction for various purposes in naval gun carriages.

Lest I should appear to claim undue credit for the department with
which I have been associated for 22 years, I should mention that
many of these machines are due to the suggestion of Captain Scott,
and their success in a large measure was secared by the able assistance
of Mr. Stephen Holman, one of the partners in the celebrated firm of
Tangye Brothers and Holman.

"The first of these machines was introduced two years after the
hydraulic buffer. It consisted of a ram and pumps, and was used for
raising and lowering gans in turret carriages to enable the guns to fire
oub of reduced ports. _

In 1870 a different plan for the same purpose was devised at the
request of Captain' Coles for H.MLS. ¢ Captain;”’ in that unfortunate
ship, which mounted four 25-ton guns, the small port principle was
met by placing the rams under the platform, and thus raising the
platform carriage and gun—in place of the gun alone as in the former
case—to secure the various degrees of elevation.

In'the same year (1870) small turn-tables were introduced, upon
which, by traversing the rear rollers of the slides on them, and
raising the front ends clear of the deck, the guns might be turned
from onc port to another. To raise the front end of the slide and
thus throw the whole weight upon the turn-table, a hydraulic lift was
devised ; it was secured permanently to the under side of the slide,
and, by throsting downward its ram into a bearing on the turn-table,
raised the front end as desired. ' -

Another useful hydraulic appliance, introduced about the same
time as the former one, was that of the rear-roller jack., This was
for performing an operation in the working of guns of great ingenuity,

and, comparatively speaking, of considerable antiquity. ' It is one of
those things which proves that the carriage builders of old knew
what they were about. They did not create difficnlties in order to
overcome them, but chose rather to adopt the simplest means to meet
what could not be avoided, and if possible turn it to some useful
purpose. When u gun is fired it is forced in an opposite direction to
that of the shot, and with an equal force. To hold the gun perfectly
still would be to create an enormous difficulty, to allow it to'recoil
unrestrained on live rollers down a decline would be equally bad,
although of the oppesite kind. Our old ecarriage builders did neither,
they sought to restrain its recoil within reasonable limits, and pro-
vided, by the nature of their precautions, an easy method of getting
the gun back into the firing position. They checked the recoil by
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making the gun ascend an incline, and created frictional resistance
by making the weight of the gun act upon the sliding surfaces of the
carriage and platform; thus, without the use of compressors, the gun
was brought safely to rest in a position suitable for being loaded ;
they then used the carriage as a lever, and, by raising it on rollers at
the rear end, brought into play rollers in the front, which latter sus-
tained more immediately the weight of the gun, which then by gravi-
tation descended into the firing position. We have now, owing to the
greater force of recoil and shorter platforms, to adopt means of pro-.
viding additional resistance in the form of the hydraulic buffer, but
this is no reason why we should discard the simple principles of the
old gun carriage. For instance, if we keep the carriage always on
vollers we lose the frictional resistance afforded by the weight of the
gun, and we must make our compressors so much the more powerful.
If we firc on a level platform, or on one having a downward slope,
we lose the resistance of gravity, or make it positively promote the
vecoil, while we have to provide gear for forcing the gun into the
firing position, and thus create complication unnecessarily, and invite
the dangers of a break-down.

All these hydraulic appliances of which I have spoken are of a
simple character, portable for the most part, and ecasily replaced by
spare ones, if disabled. The lift for turret carriages, however, having
its ram and pumps separated, necessitated the employment of pipes
which were liable to damage, and, besides, interfered with their casy
removal, therefore, in preparing the small-port carriages of the 18-ton
guns, for Breakwater Fort, the ram and pumps are combined in one
simple portable machine. _ .

After the snccessful introduction of these various machines, it he-
came o question whether it would not be desirable to extend the use of
hydraulic power to training and running the gun in; accordingly, a
design was proposed in connection with the 35-ton casemate carriage
and platform, which was carried out and successfully tested in 1874.
As the first example of the general application of hydraulic power to
gunnery, I think it merits a somewhat detailed description. ‘

The hydraulic buffer is modified in its form in order to adapt it to
the purpose of running the gun in; a solid piston (Plate ], fig. 3) is
used with hydraulic leathers to keep it tight, and on recoil the fluid is
forced, through an orifice into a tank provided for its reception in the
rear of the platform; the orifice is of conical shape, and is enlarged or
reduced to offer more or less resistance by means of a conical valve;
(Plate I, Fig. 4); a pipe leading from the hand pump communi-
cates with the front end of the compressor cylinder (Plate I, Fig. 6),
and conveys water under pressurc for running the gun in when
required; another water cylinder is placed alongside the hydraulic
buffer, and is used for traversing ; pipes connect both ends of it with
the hand-pump before mentioned, thus allowing of the piston-rod
being forced inwards or outwards, according to whether the gun is to
be traversed right or left; the motion of the piston-rod is augmented,
and conveyed to the rollers of the platform by a chain and pulleys in
mnch the same manner as hydranlic power is utilized in cranes.
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Only one pump, and that o small and portable one of simple con-
struction, is used for all these operations, the stream from it being
dirccted by means of a slide valve (Plate I, Fig. 5) into which-
ever pipe will convey it to perform the required action; this slide
valve is worked by a lever, and a dial plate points out the different
stations to which it should be moved to “Traverse right,”  Traverse
“ left,” or “ Run in;” thus, several men (in case of need one man is
sufficient) working the pump, and one the lever of the slide valve, per-
form with casc these laborious operations.

This arrangement was tested at Shoeburyness in the presence of
the Duke of Cambridge and other distinguished Officers, in competi-
tion with lighter guns worked by spur-gearing; it beat them consider-
ably in time and accuracy, and after more than three years of compa-
rative neglect, it was, when tried a few days since, in good working
order. -

The complete design embraced the substitution of steam for manual
power, the hand pump being retained as an auxiliary in case of steam
failing ; but a curious accident which befel it in one of the preliminary
trials, induced the Heavy Gun Committee to put on one side for the
time the consideration of the advisability of adopting, and of wholly
depending upon, hydraulic gear on so extensive a scale. The accident
was the bursting of one end of the hydraulic buffer and running-in
cylinder, and was due to a misuse of the levers.

I have, thus far, alluded only in very general terms to the vavious
kinds of gear used. I must now direct your attention more in detail
to the manual, stecam, and hydraulic gear devised in the Royal Car-
riage Department for working the 38-ton gun in easemates. I have
adopted this course to snit the time at my disposal, and also because
the details of other plans have led up gradually to those of which
T shall now speak, and which are for the most part embodied in them.

The first thing was to establish a good and ecfficient hand-gear,
which, having been designed and prepared, was very thoroughly
tested. On onc occasion, 100 ronnds were fired in two days, the gear
being worked in a casemate crected at Shocburyness, and representing
one of the worst types as to available space. The whole of the opera-
tions were done by manual labour, including loading; two detach-
ments of guuners were told off, one heing thoroughly experienced, and
the other casually selected from men under instruction; the time
occupied by cach per round was about the same (two minutes); cach
one worked twenty minutes continuously, and made excellent shoot-

"ing. This famous trial was witnessed by a large assemblage of Mem-

bers of Parliament and Naval and Military Ofticers, and was completed
without a single hitch of any kind, cxeept the break-down of a port-
able hydraulic jack (the only piece of hydraulic gear used), which,
however, was readily replaced by a spare one.

The carriage is of the “low type,” introduced into the Navy by
Captain Scott; the platform is comparatively short, owing to the con-
fined area of the work, and admits of only six feet recoil (Plate I,
Fig. 7); an ordinary hydraulic buffer is used, and fully controls the
recoils within this limit; the carriage rests upon the platform with its
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rollcra oui of action in the firing p051t10n, and on the discharge of the
gun ascends a slope of 4°; a porhble hydraulic ]'tck attached to the
rear-end is used to place the carriage rollers in action, which admlts of
the gun, after being loaded, running up of itsclf.

The traversing is effected by means of a toothed rack securcd to the
{floor, into which is geared a strong pinion working in the platform, so
that, as the pinion is moved, it forces the platform right or left.

The running-in of the gun is accomplished by means of two endless
clmus placed along the inside of thie platform upon saitable wheels;
pipping blocks are ﬁxed to the bottom of the carriage, and, by mems
of o lever, may be made to secure the carriage to the clnms motion
is imparted to the chains by forcing round “the toothed wheels upon
which they are suspended, and thus the gun may be run in or out.
Before firing, the lever working the nipping blocks is released, and
the blocks fall clear of the chains by the action of a counterweight
provided for the purpose.

Considerable power is required to impart motion to the training
pinion, as also to the endless chains, and a combination of toothed
wheels and pinions in the nature of a crab is provided for the purpose, -
the whole being worked by two winch handles placed opposite to eacl
other on the rear-end of the platform. This series of power-gainin |
wheels is intended etther to trav erse or run the guu in, accouhnn' 10
whether it acts upon the training pinion or upon the endless chains.

The means for associating the | power thus provided for ronning in
or traversing consists in placing on onc of the shafts two wheels run-
ning loose (Plate I, Iig. 8), that is, not keyed, as the other wheels
are, to their respective shafts, but free to stand still while the shaft is
revolving ; between these two wheels is placed a collar or clutch, con-
sisting of a frustrum of a cone at either end; this clutch is connccted
with a lever capable of moving it into a conespondmrr recess in the
wheel right or left of it, and it Is keyed to the shaft in such 2 way
that, while free to move laterally, it is forced to revolve with the
shaft in whatever direction it is turned by the winch handles. = Now,
suppose men working these winch handles, and setting i motion the
train of wheels leading up to this cluteh, if it be midway between the
two wheels, motion will end in the clutch itself; but if this clutch be
forced into the recess of either of the whecls, then, by the friction set
up, it will carry round the one with which it is in contact; one of the
two i8 geared with the training pinion, and the other Wlth the chain
wheels, and thus, you perceive, this donble-friction clutch provides the
means of carr ying the power accumulated in what I have termed the
crab, to cither the running-in or traversing operations.  While stand-
ing raidw ay, both opcratxons cease, cven thounh the crab be Lepb
goin

I §1ve considered this clutch movement in detail, because it has a
special feature of great importance when we come to cousider the
steam-gear. It is this, that by adjusting the {aper of the cone cluteh,
we can make it just sufficiently pow erful to set up the requisite fric.
tion o overcome the resistance to the legitimate operations, bub not so
great but what it will revolve in either wheel should the operation be
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carried too far and meet with unusual resistance; the parts of the gear
when running rapidly by steam power are thus saved from fracture.

The whole of the gear is boxed up, so to speak, under the gun, and
within the sides and ends of the platform; it is thus protected from
any injury short of that which would most probably destroy the cffi-
ciency of the gun or platform; it is of simple character, easily under-
stood, and, if damaged, the damage would be readily detected.

As to its efficiency, I may refer to the specd with which 100 ronnds
were fired; and with regard to its durability and strength, I may
state that one seb alone has stood the test of over 200 rounds, many
of which were experimental, with charges of 1801bs.—130 Ibs. being
the service charge when it was prepared—and although the shock
with the experimental charge was very severe, owing to the neces-
sarily short recoil causing the front of the platform to be raised
several inches, and letting it fall on the steel rails or racers, with
ix;lmense force, yct not the slightest damage has occurred to any part
of it.

I think, thercfore, the Heavy Gun Committee may be congratulated
on having secured a thoroughly efficient hand gear, of which large
numbers have been made, and the next question was to adapt steam
power to it, so as to save the labour of working it, and obtain in-
creased speed with less exposure of the gunners.

Although there is much to be hoped for in the employment of steam
power, there are some disadvantages to be considered ; for while steam
affords an enormous concentration of power in a limited space, and is
easily manipulated by a few men, yet it involves the use of engines
and boilers which are undoubtedly less reliable than the human
machine. In whatever way, therefore, its employment might be con.
sidered, the contingency of having to resort to a well-tried hand gear,
must form a part of the question. .

‘Where stecam power can be used under certain favourable con-

ditions, no need exists to anticipate any necessity for resorting to man
power. - In a factory such favourable conditions exist, thus a paunse in
the work, owing to a break-down, is not of vital consequence, and is
mostly of only short-duration, owing to the immediate attention of
skilled labour, and the ample supply of means and material; noris a
break-down likely to occur often, as the sole business of all employed
is to study the action of the mechanism. The genius, so to speak, of
the stcam-engine and steam machinery dominates every mind, creates
the prevailing thought, and animates every action. .
" In a fort or a vessel of war, however, all this is changed; a break-
down in the gun-gear might turn a victory into a defeat, for its
remedy would most likely be indefinitely prolonged, owing to the
absence of ample means and sufficient skilled labour, as also to the
pressure of great excitement, and the total absence of that prevailing
tone of thought, so favourable to the speedy remedy being available
in the ordinary workshop. )

In short, there are at least two causes operating most powerfully to
induce and aggravate accidents to steam machinery when employed
for gunnery purposes in forts and ships—namely, excitement and an
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object other than the mere care of machinery. The records of the
trial trips of ships furnish a sad list of accidents, almost wholly due to
the cffects of excitement alone: it remains for the future to disclose
how many of far graver consequence to the nation may arise from
both these causes acting in combination with others of less value,
if we fail to appreciate the important fact that forts and war ships are.
not ordinary factories. .

Having then secured o good and reliable hand-gear, obviously the
wise course was to retain it and to adapt the application of steam, or of
steam and hydraulic power combined, to it, in such a way that it
should be always in opecration whichever power was employed, thus
keeping its features always before the gunner, and ensuring that when
steam failed, the hand-gear itself should be in good order and available
for immediate use.

To have considéred first the best nature of steam-gear, and then
alter all the usual gunnery operations to suit it, no matter how com-
plicated these operations became, nor how unsuitable for hand-gear,
would, of course, be the easier task for the engineer. VVith ample
steam power it does not matter whether we load, for instance, by
taking the gun to the shot or the shot to the gun—whether we bring
the gun into its firing position by the simple action of gravity, or by
the pressure of many tons: if we add to this a disregard of the
exposure of our appliances, the task is still simpler for the engineer,
but the consequences to the successful operations in actual warfare are
most serious; hence, the condition laid down by the Heavy Gun
Commiittee relative to the provision of an cfficient hand.gear, is con-
spicnously wise and soldierlike. No matter what difficulties are
created for the engineer, it is his business to overcome them, and to
subordinate his plans to the necessary conditions of the service, not to
force the conditions to suib his inventions.

It was determined then to retain all the hand-gear which has been
so well tried, and to apply steam power to it in such a way that either
steam or manual power might be used, according to choice .or
necessity, by merely turning on the one or the other by the motion of
a lever M (Plate II, Fig. 4), and I will now proceed to explain how
this has been accomplished. - ,

In the case of the hand.gear, men apply their power to winch
handles, which is transmitted through power-gaining wheels and
pinions, to the points where the required work is to he done. In that
of steam power, the winch handles are removed as being no longer
necessary, but the steam power is applied to the same wheel C
(Plate II, Fig. 4) upon which the winch handles acted—so that
either begins to operate at the same point, and the drill at the gan and
platform is identical for both. ,

There is a considerable choice of means by which stcam power can
be transmitted to this point, such as compressed air, water, revolving
drums with wire ropes running over them, and common shafting—all
being good media for the-iransmission of power from the steam-
engine, if well considered in relation to the special circumstances’
under which they are to be nsed. ’
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"Compressed air is well suited for conveying power considerable dis-
tances into mines to do work, or for rock boring in tunnelling, where
its liberation, after producing its useful effect, is a positive good in
assisting ventilation, not an evil as wonld be the case with water; bub
it is o wasteful and troublesome conveyer of power, and being besides

.of such a nature as to burst vessels containing it explosively, it is

unsuitable for gunnery purposes.

Water T shall speak of hereafter, but T may mention here a common
fallacy, often expressed, that water is a power in the same sense that
steam is a power, and thus we hear of steam versus water power.
Now, water cannot originate power as steam does, it can only convey
it just as a common shaft does, or augment it at the expense of time,
as is the case with a screw or a lever. In all applications of water to
perform work, it is utterly dependent upon ecither steam or manmal-
power, and can, in no case, give oub o greater amounnt of work than if
originally receives from either of these sources.

Drums working by long stretches of wire rope is a rude contrivance
for conveying power to great distances, and would be well adapted for
taking stecam power from portable engines into trenches in siege ope-
rations.

The transmission of steam power by shafting is, however, the one
most generally used. It is cheap, simple, and readily nnderstood, and
it is not liable to derangement with common care. Ior these reasons
it has been adopted in the first instance, in connection with working
the 38-ton gun by stcam, although, for special reasons, it is intended
also to try water for this purpose.

The power generated in the steam-cngine is located in the fly-wheel,
and this, being connected by toothed wheels, or by bands to aseries of
straight iron shafts, Jaid in passages nnderground, turns them with a
force proportionate to the power generated.

In this diangram (Plate I, Fig. 9) you will sec an arrangement of
such shafts disposed in the rear of Several guns mounted in a circular
fort. All these revolve by the power of the engine, and, to cnable them
to work the gun, means have to be provided for connecting their motion
to the geéar in the platform. The simplest manner of effecting this
would be to earry it on by other shafts to some point in the platform
which remains stationary over some othér point in the floor, namely,
the pivot around which the gun is traversed. This would be easy 1o
the case of a central pivot, but is not so where the pivot is situated in
the armour plate, as is the case with broadside slides and casemate
platforms; and it is this condition webave to meet. Some convenient
point in the floor is selected where the fixed shafting must end, and
some special means be devised of connecting this point with the plat-
form which moves to and fro above it.

In the diagram (Plate 11, Fig. 1) you will perceive this point is at
A, and the platform passes, on being traversed, several feet to the right
and left of 1t. To carry the motion of the steam-engine, which ends
at A, into the platform, must therefore be accomplished by means of a
shaft, one end of which is in contact with A, while the other end
follows the platform; but the end which is frec to move describes an
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arc of a circle of which A is the centre, while any point in the plat-
form describes one of which B is the centre. These arcs recede from
each other, and can be made to coincide only on the centre line, unless
some compensating movement be devised, by means of which the shaft
can lengthen itsclf, so as to keep its moving end on the arc described
by the platform.

This movement is meb by making the shaft in two pieces (Plate 1T,
Fig. 2), and sliding one within the other in the same manner as the
tubes of a telescope. * Onchasalong feather which fits into a recessin
the other, so that as one is forced to revolve by its connection with A,
it imparts this motion to the other, whether it is closed up, as it would
be on the centre line, or lengthened out, as it is when the gun is
traversed right or left.

In this way the power of the stcam.-engine is taken to a toothed
wheel in tho platform, and from it to the same wheel O upon which
the winch handles act when working by manual power. The diagram
and model illustrate sufliciently, without further description being
needed, the combination of toothed wheels on the cnds of the tele-
scopic shaft which are concerned in carrying on the motion from the
main shafting. A plate is used having pieces removable to allow
access to the bearings, to cover over the triangular space required for
the radial movement of the shaft, a groove being cut to accommodate
the traverse of the piecce of vertical shaft I (Plate II, Fig. 2) which
takes up the motion into the platform.

The engine revolves always in one diréction, and the first series of
shafts docs the same, but obviously the power must be provided of
controlling the dircction of motion, or of stopping altogether the shaft-
ing leading to each gun. This is done as shown in the diagram (Plate
11, Fig. 8). The shaft in the rear of each gun has a pair of bevel
wheels with a friction cone clutch, snch as T have already described,
between them another wheel fixed to the end of the shaft leading to the
gun and ending at A (Plate II, Figs. 1 and 2) is geared with these
two; the clutch keeps on revolving in one direction all the time the
engine is going, but the wheels remain stationary unless the clutch is
forced into onc or other of them; if forced into one, it gives motion
to the shaft leading to the gun; if forced into the other, it does the
same, but imparts motion in a contrary dircetion.. A lever, D (Plate
IT, Fig. 4), connected with this clutch, gives the man working
it power to traverse the gun right or Ieft, to run the gun in or out, and
to load or withdraw the rammer according to the signal or word of
command given him, precisely the same in effcct as when manual
power is used the men turn the winch handles in one direction or the
other, thus Keeping the drill perfectly intact, as the operations at the
platform itself are precisely the same whether steam or manual power
be used, the heavy labour alone being saved in the former case with
fewer men and greater speed. :

Of all the operations connected with the service of the gun, by far
the most difficult is- that of loading, owing to the smallness of the
space between the muzzle and the shield, which also causes consider-
able exposure- of the gunners. Tor a long time, therefore, it has
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engaged the attention of many minds. So long ago, indeed, as 1862,
Mr. Stevens, an Americap, brought out his steam and hydraulic ram-
mer (Plate I, Fig. 5). It consisted simply of a cylinder and piston
placed at an inclination below the deck of a vessel. The gun was de-
pressed to bring its axisin a line with the rammer; the charge and
shot were raised by a hydraulic lift to a hole opposite the muzzle, and
were then driven home simultancously by the steam rammer. An
ingenious water-squirt was combined with the sponge, by means of
which a quantity of water was injected into the bore.

. This rammer was criginally designed in connection with a fixed gan
carriage, placed in a vessel, which gave direction to the gun by being
steered. The ship, in fact, was the gun-carriage, an arrangement
which eminently snited the rammer, but was scarcely so advantageouns
to working the ship. It was also claimed to be capable of use in
turrets by revolving the guns to the loading hole, and in casemates by
tnrning the guns away from the embrasure to some position suitable
for the erection of the rammer. - . :

Although successfully tried, it did not find suflicient favour with the
American Government to be adopted, probably because it entailed
operations which were inadmissible from a gunnery point of view,
such as dealing with the gun in place of the shot, and also placing it
in a dangerouns position while loading.

The plan adopted for trial with the 88-ton gun (Plate II, Fig. 6)
consists of a chain which is flexible in one direction, and admits of being
wonnd round a barrel (Plate II, Fig. 2), but becomes rigid like a bar
when unwound. It was devised inthe Carriage Department in the year
1873, but was, I believe, independently invented by one, if not two,
gentlemen not connected with that department about the samoe time.

The invention of the chain was one thing, howerver, and its successful
application another, and one of extreme difficulty; indeed, at onc
time it was altogether despaired of, as its use involved operations
which could not be permitted, such as depressing the gun to it, or
raising by a distinet process the top bracket in which it worked, to
bring the chain to a level with the bore. The invention of a pawl
(E, Plate IT, Fig. 6) in connection with this latter movement, however,
solved the difficulty, and enables the two distinct operations of raising
the chain to the muzzle and of driving it up the bore, to be performed
by one continmous movement, initiated by putting into gear a cone
clutch similar to what I have described. The Diagrams and Model
show the nature and working of this chain, and it will be seen that in
the absence of steam i can be worked by manual power (If).

As I have already stated, the space in which these heavy guns are
mounted is very limited, and when the gun has reached the utmost
limit of .recoil which in all parts of the work can be allowed, there is
no room at the muzzle to use the chain with full advantage, as the
cartridge and shot have to be entered into the muzzle before the chain
can act. To obviate this difficulty, the gun immediately after discharge
is trained opposite onc.of the openings in the rear, and the recoil,
which was arrested at 6 feet, is continued by aid of the stcam gear to
9 feet (Plate IT, Fig. 4), thus affording ample space for the cartridge
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and projectile to run down automatically, by means of an overhead
circular railway, and to be driven up the bore by the chain without
requiring the presence of a single man at the muzzle.

The resistance afforded by the hydraulic buffer, and the friction
between the carriage and platform, end as the gun approaches the
limit of its ordinary recoil ; and at 6 feet from the front the carriage
is raised on its rollers, and is also disengaged from the hydraulic buffer,
so that no delay occurs in applying the steam gear to run the gon
back the additional 3 feet. The earriage remains unpon its rollers
during loading, being held by a small stop compressor, and runs up of
itself to the firing position when the compressor is released. During
the running-up the carriage restores its connection with the hydranlic
buffer, sinks off its rollers, and releases its attachment to the running.
iu chains, making all quite safe before the gun can be fired.

By these means the gun is safely loaded with its muzzle pointing to
the enemy. Not a single man is required to expose himsclf at the
port, the steam gear is honsed under the floor, and every part of the
other gear, except the loading chain, is well protccted (as it shonld be)
by the gun itself. It is of such a nature as not tobe injured by violent
concussions or movements resulting from firing, nor from the chances
of misuse, to which, from excitement on the part of the gunners, all
gun-gear is liable.

I have now to consider the application of water in connection with
steam power. The arrangement already tried so successfully with the
35-ton gun in 1874 presented a tempting combination. It could very
easily have been associated with steam power by setting up stcam-
pumps and an accumulator, and by drawing off the water from the
accumulator to do the work of the hand-pump, retaining the latter for
use with manual labour when requisite; but it would have possessed
this great disudvantage—that the hand-gear would have entailed the
usc of hydraulic gear in place of common spur gearing. Nov, it is
well known that hydraulic leathers and valves have a disagreeable
way of suddenly failing from various causes, and the hand-gear in
this case would have been as liable to get out of order as the steam
gear, in fact, more so. It was, therefore, resolved to employ water
precisely in the same manner as shafting, leaving the common spur
gearing for mannal labour, thus securing a perfectly safe, simple, and
reliable auxiliary, should either steam or the hydraulic gear fail.

The power then conveyed by water from the steam engine has to be
applied to the same point at which the winch handles act when manual
power is nsed ; to effect this a small water engine, G (Plate II, Fig. 7),
1s substitnted for the winch handle. When the steam and hydranlic
gear are in good working order, this engine drives all the gear in the
platform. When ecither is out of order, this engine is thrown out of
gear, winch handles are placed on the spindles, and, in a moment,
mannal labour is ealled upon to keep the gun continuounsly in action.

This water engine, which is the invention of Mr. Brotherhood, is a
very beautiful machine. It consists of three cylinders placed at equal
distances round a fourth one, the interiors of the whole communicat-
ing frecly with each other; in the fourth,—the centre cylinder,—is



Downloaded by [University of Auckland Library] at 07:04 13 February 2015

14 WORKING IIEAVY GUNS BY MANUAL,

placed a crank fixed to a shaft and pinion, which are intended to
perform the work of the wineh handles—thus, by forcing round this
crank the gear of the platform is set in motion to perform the various
operations required. Each of the three cylinders is a hydraulic ram
having a solid piston, which, by means of a connecting rod, thrusts
the crank-pin- round one-third of a revolution—thus each, acting in
succession, completes a circle of movement and maintains an equable
motion in the whole of the gear. A valve, worked by the crank
shaft, maintains the proper supply of water under pressure, and also
provides for the removal of the water when it has done its work.
For the conveyance of water from the accumulator, pipes are laid
to some convenient point in the floor of the casemate,—and from this
oint it must be conveyed into the platform by means of pipes which

- will adjust themselves, asin.the case of the telescopic shaft, to various

Jengths. Telescopic tubes might have been used, but tubes jointed at
their ends, similarly to ordinary gas brackets, were preferred for
trial. A double set of these are placed in the same recess required
for the movement of the telescopic shaft,—one set to convey water
under pressure, and the other to carry the waste water back to the
steam pumps. The pressure water enters a valve box in the rear of
the platform I, and is allowed to pass to the engine, or arrested, nc-
cording to whether the gunnery operations should proceed or not. A
lever regulating this valve gives the man working it the control of all
the movements. He can train right or left,~~run the gun in or ont,—
load or vwithdraw the rammer,—just as the man working the clntch
Iever does with the more direct steam gear I have already described.

1 have endeavoured, so far as the time af my disposal wonld permit,
to make you acquainted with the common spur gearing adopted for
performing the various gunnery operations. I have shown you that
this gearing, while specially designed for manual power, is made the
vehicle for steam and hydraulic power—steam acting throngh common
shafting, and steam acting through water. It remains only for me
now to point out the relative advantages and disadvantages of these
two methods of using steam power. : :

In the case of shafting, thereis the disadvantage of not being able
to vary the rate of motion imparted to the gear of the platform. Tt
is, however, one that only applies in the case of laying the gun. In
traversing large distances, great speed is required, while, for accurate
laying, a slow motion is desirable. If we arrange the gear, therefore,
to give high speed, wo render the operation of laying the gun with
great accuracy somewhat difficult, while, if we arrange the speed to
suit the laying, we sacrifice the speed so desirable in traversing over
large arcs.. A mean has been sought between these, and a little
practice in the use of the steam clutch lever has hitherto resulted in
giving quick and accurate laying. Under the worst circumstances
the steam gear can be disconnected in a moment, and the final laying
performed by thehand-gear. By the use of water in place of shafting
the speed may be modulated to any extent, and in this respect it is

‘undoubtedly superior to shafting.

With the exception of this one advantage, however, the employment
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“of water cannot compare favourably with shafting. It is lable to fail

suddenly, which shafting is not. When it ceases to act, the most
expert enginecr will often fail for some time to discover which among
many parts, all hidden from view, is the one out of order. It involves
the use of much delicate machinery, over and above the hoiler and
steam engine, while shafting only demands the use of these two. For
these reasons, I cannot but think the simple shafting, in spite” of its
one-disadsantage, will be the one ultimately preferred by practieal
unners.

8 In conclusion, I should state that the hand-gear hias.been thoroughly
tested, and is adopted into the Bervice ; the steam and hydraulic gear
have been partially tried, and are still under consideration. - Most
probably these latter will in any case only be used in certain favour-
able localities, as they are by mo means nccessities, it having been
proved that guns up to 38 tons in weight can be perfectly placed under
the control and power of manual gear, and fired at a fairly guick
speed. I would not, howerver, be understood to underrate the vast
importance of steam power in lessening the labour of the guuner, in-
creasing the speed of firing, and securing better protection. Al I
would wish to state is, that the employment of steam is not o neces-
sity, and being of a nature to lead to the employment of mechanism
which adds immensely to the cost of mounting each gun, and to the
difficulty of working it and preserving it in proper order, it is not
at all probable that it will be adopted for every '38-ton gun, hut
rather be confined to such works as the Spithead forts. And even
where employed, the simple manual gear must be retained, to ensure
the guns being kept in action, shonld steam or the steam gear fail,

Captain R. A. E. Scorr, R.N.: T merely wish to say a few words to open this
discussion, as Mr. Butter has kindly referred to my plans, which he well knows from
our having been so closely connected in carrying them out while I was at the
Admiralty. I will, therefore, say what I have not had the opportunity of saying
before, that it was mainly due to the loyalty with which the Arsenal developed and
carried out my own and other plans, that so large 2 measure of suceess in monnting
and working heavy guns at sea has been reached. To fully realize the value of this
result, we must consider how important is that suecess to the maintenance of our
maritime power; for, however admirable the gun itself may be, and the gun has
been admirably manufactured in the Arsenal, unless there are the means of pointing
it accurately, the gun can be of very little value in actual warfare. It amounts to
this—that if we have not accurate appliances for pointing our heavy guns and for
hendling them with cerfainfy, so that they will not fail us in action—then it is clear,
that the vast weight of armour that we put upon the sides of our vessels to protect
their ordnance, the top-heaviness thereby caused, and the immense sizes of the
vessels constructed to carry this ordnance (which, even in such ships, necessitates a
reduction in engine and coal-carrying power, to bear such a mass of thick iron
coating), are a very great mistake. Granting, however, that the gun dominatesall
other naval weapons, then it must be & most 1mportant point that we should have
the very best appliances for working them, and I think, from what Mr. Butter has
now shown, that you have such means at hand. I entirely concur in what he has
said, and were I to attempt to lecture to-morrow on the same subject, I.should com-
mence by saying, let us have tho well-tried hand-gear with which our sailors are
alrcady familiar. Tut upon that any steam or hydraulic power you choose, but let
the present hand-gear be the foundation of the system. Mr. Butter has said rightly,
that up to guns of 33 tons weight, this hand-gear has worked perfectly, and I do
not think that any purely hydraulic power, which has been used afloat, has as yet
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caused the guns to be worked so quickly as the “ Devastation’s” guns are now being
worked by the usual service appliances, which are actuated by manual labour. The
‘ Devastation’s”” guns are, however, 33-ton gune, and some of those that are worked
by hydraulics arc 38-ton guns. T feel very strongly indeed on this subject, having
urged that the simple hydraulic gear, which had been already adopted for lifting
turret guns from step to step in their earriages, should be extended to working all
the gear in the case of the 85-ton guns, being actuated by a steam pump; but I was
met by the objection that a line was drawn between the 35-ton and the 38-ton
guns, steam and hydraulic gear being necessary with the 38-ton but not with the
35-ton gun, and there the question has rested. I hope, however, the time is now
coming when all jealousy will be put aside, and when Englishmen will go shoulder
to shoulder, for unless they do, it is clear there will be greatdifficulty in maintaining
our place in the world. I think, when we sce the combinations that are going on
around us, that every Englishman with a mechanical mind, and, more espeeially,
every Officer capable of lending assistance, should do so to the utmost of his power,
not so much in exposing what 13 wrong, as in showinghow the very best system can be
developed and maintained in Her Majesty’s service. With respect to naval armaments,
my own view is that all our turret guns should have simple stecamt machinery added
to their present simple appliances, o that the running in and out and all other
laborious operations should be done by steam, and then there would be the hand
power always ready to be fallen back upon in case of the steam failing. Were this
system carried out, the men would, on having to work the larger guns, such as the
80-ton of the “Inflexible,” be enabled to at once handle the gear efficiently, from
having become familiarized with similar appliances in working the lighter guns.
What we require with respect to the guns themselves, is, I think, to make the
present weapons more cfficient, rather than to gain the required power by adding to
the weight of our ordnance. I am aware that stronger or additional gun-carriage
appliances are required when you get o higher recoil, but these are casily added ;
the urgent need for improvement is apparent, when you reflect that our 18-ton
gun gives a velocity of only 1,800 feet a sccond, while two of the German naval guns,
one o 50%-ton and the other a 14-ton, give velocities of 1,600 feet a second ; the
former velocity representing a force of only 17, but the latter a-force of 253 I
think, therefore, it is time for us to be putting our shoulder to the wheel, so as to
sccure that this great mechanieal country shall not be belind any nation in the
world, cither in weapons of offence or defence. Lct us, therefore, secure for our
Navy the very best tools that can be got. The discussions here are important, from
calling attention to our military requirements in this age of progress, and showing
the necessity for expenditure.  'We all must credit our authoritics with the earnest
desire to have the very best weapons that can be obtained, but these are generally
the most costly, and, therefore, one feels the more satisfied to know that the public
as well as the Services give some weight to what is clicited here.  Although I have
already alluded to the assistance rendered to the Navy by the Arsenal departments,
T cannot avoid mentioning that the Superintendent of the Carriage Department on
one occasion said to me—* Everything must give way to the wants of the Navy, it
“is the Navy that we are bound to assist, and the Navy shall be assisted to the
“ utmost of our power.” That was the spirit that then ruled, and which has, I
believe, obtained ever since. Mr. Butter has omitted to say how great the efficiency
of the naval armaments is due to the co-operation and assistance of the Royal
Arsenal ; and, but for the Arsenal aid, any man without a factory at his back must
have made a complete failure. I, therefore, now wish to say that I am especially
indebted to the Superintendents who so kindly assisted me, for the amount of
success which my plans have obtained. With respect to these plans, I do not say
that our gun-carriages are perfect, for, I believe, if we had continued to work
together a little longer, a greater amount of perfection would have been rcached.
‘We are, however, in this position, viz., that of being on the right road for working
the whole of our guns in a manner not inferior to that of any country in the world;
in fact, every other nation has copied from us, If we had made an equal advance
in the system of rifling guns, improving projectiles, and in other gunnery matters,
1 should then say we were far ahead of all the nations in the world. T think you
will all sce that nothing can be more perfect than the stcam appliances shown, and
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will agree with me that similar fitments should be added to all our turret guns, so
as to familiarize their crews with steam and hydraulic machinery. The importance
of this training may be seen from the fact that some (3f our largest vessels mount
only four guns, and fancy what the effect would be if one or two-of those guns
failed, as is not unlikely to happen in a prolonged action. In addition to steam for
turrct guns, we should apply to all guns an invention which the Arsenal has per-
fected, and which, I am quite sure, you have heard described with as much pleasure
as I bave myself ; I allude to the plan of loading by the ckain. By this means, ships
that are low in the water could lower their broadside ports, and the men will be
able to load protected both from musketry and the wash of the sca. In our turret
vessels, where the space is confined, whatever the position the turret is in, while
pointing and firing one gun, the crew could be lpuding the other. 1T, lhcrcforc, look
upon the chain loading as a very important invention, and,*from the increased
facility it affords for working naval ordnance, I truat it will be adopted, so as to
give to our soldiers and sailors alike the very best appliences for working the heavy
weapons that have been made for them.

Mr. J. Scorr Russcir, F.R.S.: I should be very sorry if this very valuable
peper was not fully discussed by the various professions conmected with it. Iam
very glad we have heard from the sailor what his view on this matter is, apd perhaps
you would allow me, as an engineer, to speak against my own profession, and to
speak against cvery complicated engineering mechanism in the gunnery of ships,
and to say, that for that very reason I highly appreciate this paper. I do so
because it puts forward, as thoe basis of everything, that the guns shall be eo
arranged as to be efficiently and expeditiously worked by hand.” Now I, as an
engineer, appreciate that fact more highly than I do any clever little tricks and
inventions of my own as an engineer; and I would say that there is this great point,
that you will get more out of human beings capable of mechanical power in a short
time than you will by mechanical engineering. That is the great advantage of hand
power. Then, baving first got perfect hand-gear, for which, I believe, we are chiefly
indebted to Captain Scott—having first got good hand-gear for our Navy guns, it
then becomes the second question, which the writer of this paper has so admirably
coped with, how wo shall apply mechanical power after that, without interfering
with the efliciency of the hand-gear, and the great merit, I think, of his paper and
of the inventions he has brought forward is, that he has shown how the hand-gear
can be combined, in an exiremely simple manner, with steam and hydraulic-gear.
I will go to issue with him on one point; I do not think that hydraulic-gear or
shafting is o good naval mode of conveying power from the stcam-engine of the
ship to the guns. I entirely disapprove of them all, from the inconvenience to
which they are liable and the derangements to which they are liable, and I differ
with him ¢n fofo upon one point. I think that the simplest mode, the most efficient,
least inconvenient, and least derangeable method of conveying mechanical power
from the engine, in the engine-room, to assist our sailors in the manipulation of the
guns, is condensed air ; and I will tell you why. All these mechanisms are liable
to derangement, all of them are liable to escapes, and all of them have grave incon-
veniences when they go wrong, except the air.  What happens if an air-pipe goes
wrong? Of course you would have a spare air-pipe for every gun. If an air-pipe
goes wrong this happens, merely that good, fresh, excellent cool air comes into the
compartment where the pipe has burst ; therefore, you have there the least possible
complication of power and no possible inconvenience arises from derangement ;
whereas, if one of your hydraulic pipes burst, where are you? “you are inundated.”
That is a matter on which, I think, you will agree; we may all have a difference of
opinion, but, allow me to say, I do not see any inconvenience in the attachment of
an air-pump to the engines of the ship, which air-pump pumps into a large reservoir
or thing like o boiler, which is in the engine-room along with the other boilers and
under the management of the Chief Engineer; and, if from the reservoir a small
Pipe, like a gas-pipe, gocs separately, under water if you like, wherever you think it
1s best protected, behind the armour, into ecach gun casemate, there is a perfect
cengine with the least possible mechanism and hardly any inconvenience, and much
simpler than any other. Allow me to say, with regard to the hydraulic buffers, they
have been used in every possible way by many of our great gunners and engincers,
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I think hydraulic buffers are good, and I will only venture one remark, to say I
hava used these hydraulic buffers for various important purposes; but that I find .
the best form is not that form in which there are openings in the pistons, nor the
other form in which thesec openings are varied by taper tubes; but what I have
found the best form is this, to take the hydraulic cylinder with. its piston, and then,
on the outside of that, carry a tube from one end to the other, and upon that tube
put a simple stop-cock, and this simple stop-cock, turning round at different angles,
makes an absolutely perfect regulator, which the gunner can adjust to any purposc
he wants at 2ll times, and it utterly avoids any complication in the inside.

Mr. Favcrs; Mr. Scott Russell has already anticipated much of what T would
otherwisc have said, and I would simply follow his remarks by suggesting how
your traversing may be independent of the gun or gun-carriage. Mr. Butter made
many observations with which I entircly agree. The difficulty of traversing I per-
feetly agree with, and I have, within the last few days, submitted this little apparatus
to show a new traversing movement. That is a new application of the old elliptical
trammel apparatus for drawing ellipses. Instead of the serews, I substitute bearings
travelling on wheels. This arrangement is applicable to the smallest boats or to the
largest frigates, for by it you obtain an ellipticel moverent, enabling your men to
follow any rapid sailing craft at which you may be aiming. The same principle will
apply to the Gatling guns in the tops or in any other position ; and I have now great
pleasure in submitting this model for ycur-approval. (A model of a gun-carriage,
slide, and platform was exhibited.)

Admiral SELwYX : When Mr. Scott Russell spoke of the point on which he was
at issue with the author of the paper, I thought he. was going to refer to an inven-
tion very little known in England, but considerably practised in America, which is
very ingenious, and may possibly, in some cases, aid very much the labours of those
who have the working of heary guns. The Americans have found that the use of
steel wire rope superscdes shafting altogether, that you may turn a steel wire rope
round any corner you please in any direction, and it communicates the rotary move-
ment perfectly in that new direction. You then do away with all thedifficulties and
dangers of the breakage of cog-wheels, and it seems to offer every advantage wa
can ask for, except that you must be careful never to use it in the reversed direction,
otherwise you untwist the rope. Dut that is. easily overcome by the friclional
arrangement which has been proposed here. I think; if I recollect right, when
Colonel Moncrieff was in Waterloo Place, I spoke to him about our chain pump
when we were on the question of a flexible rammer; and told him how to stiffen the
chain, and how ta put it into the bore of the gun. I presume it went to Woolwich,
and I am very pleased to sce it has been so beautifully perfected, and so succesefully
adopted.

Dr})r. Burrer: Iam very much obliged to the gentlemen for their kind remarks.
With refezence to myself personally I have nothing to say with .xespect  to what
Captain Scott has said. Je has not joined issue with me on any point in the
lecture, therefore there is nothing for me to speak about further than this, that I am
very glad that he has such a kindly remembrance of the intercourse which took
place between us years ago, and also of what took place between himself and my
then superintendent, Colonel Field, whom I am very glad to sec present to-day., I
may take this opportunity of saying I have not mentioned any of the Officers
connected with the Arsenal or the Heary Gun Committee who have had dealings
with these inventions, because I thought it better not to do so; but I have men-
tioned some gentlemen who are not connected with the Arsenal, such as Captain
Scott and Mr. Holwan, to whom, as being outside the official circle, it was duc that
T should mention their names.

‘With respect to the remarks made by Mr. ‘Scott Russell as to the use of air, I
stated in the paper why I thought air was not a suitable agent for carrying on the
steam power. I mentioned, as he did, that there was this advantage, that when the
air escaped it promoted ventilation, and that it was also a most convenient way of
carrying power to great distances ; but still it has this disadvantage, that it is rather
a difficult agent to deal with, and that it is almost impossible to keep the tubes
perfectly tight., Air is very insidious, and escapes from joints in & manner that we
can hardly control, except by means which are apt to get deranged by the rapid and
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violent concussions caused by the discharge pf the gun. There is also a great loss of
power. Orer 60 per cent. of the steam-engine power is lost in its transmission, and
that is a very serious matter. The loss varies with different pressures. According
to experiments that have been earried out the loss is, as I huve stated, 60 per cent.
with two atmospheres of pressure: with the higher rates of pressure the loss
becomes greater than that, and with smaller pressure the loss becomes less; therefore
the higher you condense air, the maore is lost through its subsequent expansion.

Mr. Scott RrsseLt : That loss is not of the least value.

Mr. Borier: No. Of course it may be compensated by having higher engine
weT. ’
PoMr. Scorr RUsELL: It is only o loss of two pennyworth of coal. -

Mr. Brrreg : Then there is the disadvantage of the air reservoir bursting ex-
plosively, and that is not the case with water or shafting, If the shaft becomes
deranged it produces no evil effects: it does not give out anything offensive. Of
course, if a steam pipe were to burst it would be offensive, bus a shaft becoming
deranged would not be o in the least degree, and by disconnceting the gear from
the steam-gear you can at once resort to your manual power just as if an air pipe
burst. ‘There will be no more inconvenience in the one than in the other.

With respect to the bursting csplosively that is a serious matter. I believe there
is a gentleman present who used air in his works for some time in place of steam,
and I think he had several sccidents. There were several explosive burstings, and
they resulted in great injury to the men. The air, therefore, was abandoned, and
water substituted for it. We know-also that we have had one of the torpedo vesszels:
burst at Woolwich, and we know that air does burst” explosively in the same way as
gunpowder and steam, and produces very: destructive results. ~ Anotlier great dis-
advantage in the employment of air is that you must increase your complication.
You must have another engine at the gun to develop the power which the air or
water receives from the steam-engine., With shafting that is not the case. You
carry on the power and fake it off by a simple toothed-wheel. You must have a
very delicate-and' complicated machine indeed at the gun for.the purpose of re-
developing the power of the air. With regard to the hydraulic buffer I may men-
tion that the hydraulic buffer that hie first mentioned is one that we have had in use
for a great number of years at Woolwich, and it is a very admirable form of buffer ;
it was one which was proposed- specially- for use in the Navy, and of which I have
shown you a diagram, It was proposed in 1867. It hus the side pipe and the valve,
and gives, besides the power of controlling the running in and out of the gun, that
of regulating the aperture to accommodate itself to any recoil. But the one with
the four small holes is so remarkably simple in-its form, and has answered so
admirably, that it is rctoined in.preference to any other. )

With respect to the traversing arrangement of Mr. Faucus it is a very ingenious
application, but I do not think it bears upon my lecture, and therefore it does not
fall within my province to criticise it in any way. )

With regard to the wire rope mentioned by Admiral Selwyn, T think T named
that it was one means which might be adopted for the purpose of conveying power
from the steam-engine to the gun. I also named that it is 2 very admirable contri-
vance for carrying power from a portable steam-engine into trenches where there is
plenty of space for large pulleys; but it is not o well adapted for carrying the power
into a fort, when there are only small spaces to work in, and only a certain limited
depth in which to construct the passages under the floor ; it is the same way with
regard to ehips. The shaft, on the other hand, gives the power of carrying along
the power in & very small passage indeed—only three or four inches decp. You
could not carry a long rope in so emall a passage as that.

Admiral SELwyN : The steel rope is merely used by twisting for the purpose of
imparting motion.

Mr. Borrrr : I misunderstood you. I am very glad of your correction. Then it
comes to this, that it is really flexible shafting. This is in use in the Arsenal, and it-
13 a very useful: contrivance for carrying on a small amount of poswer; but it is

*restricted in length. It is introduced for the purpose of drilling holes up to one

inch in diameter, but you cannot use such a shaft more than about eight feet long.
Of course, if yon only want o small amount of ‘power it answers tho purpose, but it’
c 2 '
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beeomes useless when you bave to get such enormous pressure as you require for the
purpose of working heavy guns. They are in use both in tlie Gun Factory and in the
Carriage Department, and the result was such that it naturally suggested itself to us
as being advisable to employ a shaft of that description; but on going over the
matter carefully we found it would not carry enough power for the lengths which
would be required, and the telescopie shaft does convey the power very admirably,
and does not give rise to any inconvenience whatever. I have only to thank you for
the attention you have given me, and to add that I should haye been glad to have
made the paper more interesting; but we have lately been so very busy that it has
been only under great difficulties that I have been able to complete the paper at all.

The CrAIRMAN : I feel sure I shall only be fulfilling your wishes in offering to
Mr. Butter our acknowledgements for his kindness in giving us this intercsting
Iecture on a difficult subject, one of great interest to naval and artillery men—and
especially for his coming under the éircumstances he has just mentioned-~that the
Carriage Department at the present moment is so fully engaged that it was with
difficulty he has been able to prepare his lecture. We should probably have been
much surprised if we had been told ten or even five years ago that we should be
sitting here to discuss the best application of steam machinery to the working of our
heavy ordnance. The fact is, it is one of the results of that great revolution which
has been going on with regard to ordnance during the last twenty years, and which
does not at present show signs of abatement, our ordnance, their carriages, appli-
ances, and projectiles, are becoming so large, and the weights so enormous, that we
are a8 it were almost forced into some system of supplementing manual labour. No
doubt, as Mr. Butter has pointed out, it i3 essential that we should retain the means
of fighting our guns: by manual labour, but there are great apparent advantages in
the use either of steam or hydraulic machinery. Ore advantage is that less men
are required for manning the gun; another, that fewer men are exposed in the
casemates during an action. That is hmportant, because you know perfectly well
what confusion and loss would arise from a projectile bursting in a contracted
casemate. There is, however, another adrantage, perhaps more important than all,
that we hope, by means of stcam machinery, to obtain greater rapidity of fire.
Now, rapidity. of fire with a field-gun is not a matter, perhaps, of much moment,
but it is otherwise with heavy guns, because the object fired at will generally be o
moving one ; and it is evident that if an ironclad or other ship is rapidly moving
across_your front, it is of the highest importance to be able to strike quickly.
Therefore, one of tho great elements of advantage we hope to gain from this
application of stcam or hydraulic machinery, is that we shall get rapidity of fire.
I wish to say one word sbout mnzzle-loading rifled ordnance. That system has the
great advantage of enabling us, even without the application of stcam machinery,
to fire faster than with guns constructed on a breech-loading system. There are so
many operations to be performed in loading the latter, and they require so.much
care, that the firing is much slower. Mr. Butter has told you that our 38-ton gun
has fired ten rounds in twenty minutes, or about one round in two minutes without
steam machinery. X am not aware that any gua of a foreign Power of that calibre
and weight, made on the breech-loading system, hios been fired with anything like
the same rapidity. But I must go further and point out that the application of
steam machinery scems more simple when applied to a muzzle-loading gun than to a
breech-loader. Therefore, I think we are not only right in studying the question of
steam machinery, but that the system we have adopted for our guns is well adapted
for its application. I was glad to hear the remarks of Captain Scott with regard-to
the Officers in the Arscnal, and feel quite sure that they have no petty jealousies,
but that they are anxious to obtain the assistance not only of brother Officers, but
of others from whose efforts we have alrcady reccived so much advantage. I would
name Captain Scott himself, and Major Monerieff, and slso Sir William Armstrong,
and Mr. Rendel, by whom two guns have been fitted up in one of the forts at
Spithead for the very purpose of developing a system of working by stcam machinery.
In the prosecution of our studies in this difficult matter wo cordially invite the assis-
tance of those who may not be in the department. I have vnly to conclude by
thanking Mr. Butter for his kindness in coming here to-day, and giring us this
oxcellent lecture on such an important subject,
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