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VOL. XXIII. ' lS79. No. XCIX. 

WORKING HEAVP GmTS BY &LANU& HYDRAULIC, 
AND STEAM NACHIKERY.' 

By H. J. BETTER, Esq., Royal Arsenal, Woolwich. 

TIIE rast increasein the -might of ordi~ance has necessitated n gradual 
introduction of mechanical appliances in working them : fifteen gears 
ago, common tocklc and levers were thc only aids to manual labour j 
now, thc gun carriag.c is a machine requiring the exercise of thc 
highest skill in its design and manufacture, and of intelligence in  its 
use; and whilst the severest boclilF labour was then imposed on the 
gunners, ordnance of eight times the weight are now worked with less 
physical exertion and with greater precision of movement. 

These improvements have enpged  the attention of many persons, 
a d  the successful results arc so numerous, that, obviously, i t  would be 
impossibIc for me to attempt, in onc Iecturc, any description of them 
all. I propose, therefore, to mainly confinc mysclf to o portion of 
what has been donc in the Royal Carriage Department, and I am led 
to hope this course will not I>c nnsatisfnctorx to you, inasmuch as, 
Being members of either the naval or military professions, yon will 
naturally take a IivcIy interest iu what, so t o  speak, emanates from 
the Service itself; foy thcsc improvements are thc work of the engi- 
neer,. guiciecl and influenced by the immediate control of Officers 
experienced in gunnery, and fully conscious of the peculiar conditions 
attending the use of machinery in actual warfare ; whilst those iurcn- 
tious 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 resscl of war. 

Vorking heavy guns of from six to twelve tons weight, on the brond- 
side of ships, was the first occasion that initiated the introduction of a 
higher order of meellanism in gunnery, and was due to the genins of 
Captain Scott, R.N. 

A lccturc dcli-ierccl a t  thc Institution 011 1st of Yarch, 1858, Major-&nerd Sir 
John Mjc,  E.C.B., GA., in the clinir. 

TOL. SSiII .  D 
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2 KORKISG IIEA.YY GUFS I3T XWUAL, 

Curred toothed racks werc laid on the decks of ships, and by means 
of a training pinion sccured to  the slidc, and actuated by a train of 
wheels and winch handles, the gun vas  laid quickly and accurately 
by tJ-i-0 men; cndless chains, formed of flat links rirctcd together, 
were placed on suitable whec?s inside the slide, v-liicli by being attaclicd 
by nipping gear to thc .cxriage, and workcd by spur gearing in tlic 
slide, enabled the gun to bc r u n  in  or out, and thus the two most 
laborious operations, hitherto calling into play clumsy tackles and largc 
numbers of men, and being aftcr all uncertain and jerky, irerc placccl 
under the entire control of four men at  most. 

Owing to thc necessarily confined spaces nsailnblo in ships and 
forts in  Rhich thesc hea~ry guns had to be worked, it became, from 
the first, cridcnt that no corresponding inereasc in tho length of, 
recoil could be permittcd; in  fact, from the greater length of the 
guns, thc platforms and slides had to bc shorter tlian those hithcrto in 
use with light guns. I t  was, tliercforc, cssential that some greatly 
superior form of compressor should bc used, and that it should be self- 
acting, if possible, in order to a-roid tlic riskof thc gun, after discharge, 
going back to tlic rcar TTitli such violcncc as to producc a break-doru, 
and tcmporarily, a t  least, putting i t  out of action. Captain Scott 
proposed a modification of Erickson’s American compressor, consisting 
of a large number of sliding surfaccs, held in contact by a compnra- 
t i d y  light prcssnrc, set up by a lcrer, or hand wheel, and screw. 
This prored to t c  grcatly superior to  anything elsc which was tricd, 
and he aftcrwards modified it into what is now knotrn as the bon- 
compressor, in which the prcssnrc is sct up bs  the weight of the 
Kchen it is thi-onn off thc rollers of the carriage. A more efficient 
invention, howcmx, for this purpose, was that of tho hydraulic buffer 
now so v d  known, not only by its general adoption into thc Dritisli 
Service, but also, ~ t i t h  rarious modifications, by everx other leading 
nation. Its grcat merits arc its being absolutely self-acting, the un- 
rarying character of its resistancc when opposed to thc same force, 
and its cstrcmc simplicity. As considcrablc misapprehension regard- 
ing the nature of its action siill exists in the minds of many, I may 
be permitted a fcrr moments to describc it somcriliat in detail. 

.A section of the buffer is slioii-n in tlic diagimn (Plate I, Fig. 1). 
It consists of a wrought iron cylinder corresponding in length to that 
of tlic full recoil. A piston, haring four small Iiolcs, works from cnd 
to end, by means of D piston-rod, haring its outer end attached to the 
carriage, wKilst thc c-j-linder itsclf is firmlj- fixed to the platform ; i n  
thc firing position thc piston is dmn-n to the front end, and during 
rccoil it is forccrl through n fluid wliicli partiallx fills tlic cylindcr, to 
the rear cnd; during its progress all the fluid must pass through the 
four small holes, and it is this which gires rise to  its resistance to 
rccoil, a rcsistancc proportionate to thc velocity of recoil, and to the 
ratio existing between the area of thc piston and that of the holes. 

I n  thc 38-ton gun carriage, the ratio of the area of thc piston to that 
of the liolcs is 40 to 1; thcrcforc thc mlocity Tit11 which the 
fluid passes through tho lioles is 40 times greater than that with 
which thc piston niorcs at  any gircn point j hut owing to thc contmc- 
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IIYDR.\ULIC, AXD STEAM L\CHISERT. 3 

of arca assumed by any fluid passing rapidly through small 
orifices, much less rcaIIy passcs than that strictly due to the arca of 

hole:, and from this cause the actual velocity is aboiit 60 times 
orcatcr. Now thc vclocity of the guii immediately aftcr recoil begins, Ts &opt 10 fcck pcr second. hence thc relocitp of ffox through thc 
llolcs IS a t  this point GO x 10 = GOO. 

There is a constant rclntion betriccn prcssnrc and rclocity of fluid, 
and by the use of n ~ c l l  known formnla wc can find out irhat pressnro 
on the piston must csist to produce this velocity; it is about 47 tons, 
but this cnormous pressure acts only a t  tho first moment, for  the 
gun rapidly loses its vclocity, and as the rcsistancc varies as thc 
s p r c  of the velocity, it is manifest that the resistance rapidly 
(1iminishcs until, tomirds the cnd, i t  practically C C ~ S C S  altogcthcr. 
By a simple modification of the buffer, it was proposed, on its first 

introduction, to do axay n-ith this falling 08 of thc rcsistancc towards 
tile cud of thc recoil, and to make it cithcr uniform, or grcatcr, at the 
end, by diminishing the arc2 of thc holcs as thc gnn xcoilcd. This 

cffcctcil as shown in thc diagram (Plate I, Fig. 2), by having 
lartrgc liolcs, and placing through them conical rods the full length of 
the cjlindcr, with the large cnds at  the rcar ; thns, as the gun recoiled 
tllc aperturcs wcrc rcduccd in any rcqaircd proportion. This form 
xm tried, but tho original and simpler fonn auswmd bcttcr, thc 
recoil being much steadier, and resulting in no upward jump of the 
front of the platform. 

The steadiness, or unstcadiucss, rcsults from the action of two 
forces; Then tlic gun rccoils, it sets up an cnormous pressurc a t  the 
buffcr, which tends to turn the platform orcr on its rear rollcrs ; the 
rrcight of thc gun, acting with a lcvcr due to its distaucc from the 
rear rollcrs, opposes this tcndcncy. Rcduction of the resistance, and 
conscqucntly pi-essurc on the buffer, in proportion as the gun acts 
with less Icvcmgc, is obionsly thcrcforc the proper method of kccp- 
ing the platform steady, and of bringing tlic gun gradually to rcst in 
place of doing so with a sudclcn jerk. The simplc buffcr accomplishes 
this pcrfcctIy; and the usc of conical rods, spring mlrcs, or any otlicr 
contriranccs for maintaining thc rcsistnucc arc not only nnncccssary 
complications, but arc positively clctrimcntal. This T T ~ S  furthcr 
illustrated by time-curves takcn with each kind of buffer, from n-hich 
it was prored that the timc occupied in rccoiling six fcct was twice as 
long when the simple biiffcr was nscd, as KDS the case with tlic other 
-all othcr conditions being tlic samc. While on the subject of thc 
h-j-draulic buffcr, I should like to draw yobr attcntion to two spccial 
fcntures proposed in  1867 in connection nith its iiso in tho N a g ,  but 
which, owing to the dclay attending its general adoption into that 
branch of thc Scrvicc (nom I am glad to say a t  an cnd), Ivcrc not 
introduccd. 

The one (Plate I, Fig. 2) rras tho usc of a solid piston having no 
holes, and a sidc pipc communicating with the front and rear cnds of 
the cylinder, with a ralvc Torkcit by a lcrcr capablc of bcing set so as 
to sccnrc 3ny reqnircd apcrture ; thc recoil of thc gun forced tho fluid 
through tho sidc pipc and the T-ah, the opening in thc latter pcrforni- 
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4 VORJLIKG IIElVS GUXS BY MAhTAL, 

ing thc same office as the holes in  the piston; while by working t h  
ralve lever tho running up of the gun was perfectly controlled. 

The other feature was the introduction of a hydraulic pump and 
cylindcr for the pnrposc of running the gun in or  out ; thus, in 1867, 
the Royal Carriage Department initiated the use of h~draulic appliances 
in gunnery, which, iii 1874, expanded into a complete system, under 
the same direction, in  conncction with thc %ton platform. During 
thc interval bet\veen these two dates considerablc espericncc in thc 
application of hydradie machines to gupnery was gained, owing to 
their introduction for various purposes in  nard gun carriages. 

Lest I should appear to claim nnduc credit for the dcpartment with 
which I have been associated for 22 years, I should mention that 
many of these machines arc duc to  the suggestion of Captain Scott, 
and their success in a large measure was secnred by the able assistance 
of 311.. Stephen Holman, one of the partners in the celebrated firm of 
Tangye Brothers and Holman. 

The first of thcsc machines mas introduced txo  years sftcr thc 
hydraulic buf€cr. It consisted of a ram and pnmps, and \\-as used for 
raising and lorering guns in turret carriages to enable the guns to fire 
out of reduced ports. 

In 1870 a different plan for thc samc purpose was devised st the 
request of Captain Coles for H.X.S. “ Captain;” in that unfortunate 
ship, which mounted four 25-ton guns, thc small port principle was 
met by placing the rams under thc platform, and thus mising thc 
platform carriage and gun-in place of the gun alone as in the former 
case-to secure thc rarious degrees of elevation. 

In‘thc same year (1870) small turn-tables mere introduced, upon 
which, by traversing the rear rollcrs of the slides on them, and 
raising the front ends clear of the deck, the guns might be turned 
from one port to another. To raise thc front cnd of the slide and 
thus throw the whole weight upon t h e  turn-table, a hydmulic lift -ms  
devised; it TWS secured permanently t o  the under sidc of the slide, 
and, by thrusting downward its ram into a bearing on thc turn-table, 
raised thc front end as dcsired. 

Anotlier useful hydraulic appliance, introduced about tho same 
time as the formcr onc, was that of tho rear-roller jack. This mas 
for performing an operation in the working of guns of great ingcnuity, 
and, comparatively speaking, of considerable antiquity. It is one of 
th&c things which prows that the carriage builders of old knew 
what they w r c  about. They did not create difficulties in order to 
oyercome them, but chose rathcr to adopt the simplest means to meet 
what could not be avoided, and i f  possible turn it to some useful 
purpose. When I gun is fired it is forccd 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’reeoil 
unrestrained on l ire rollcrs down a, decline would be cqually bad, 
although of the opposite kind. Our old carriagc bidders did neither, 
they sought to restrain its recoil within reasonable limits, and pro- 
vided, by the naturc of their precautions, an easy method of getting 
the gun back into the firing position. They checked the recoil by 
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IIYDRATJLIC, AXD STEAJI mcrrrsmn-. 5 

making the gun ascend an incline, and created frictional resistance 
by making theweight of the gun act upon the sliding surfaces of the 

and platform; thus, without tlic use of comprcssois, tlie gun 
,ra~ brought safely to rest in n position suitable for being loadccl; 
they then used the carriage as a lever, and, by raising it on rollers a t  

rear cnd, brought into play rollers in tho front, which latter sus- 
taincd more immediately the might  of the gun, which then by grari- 
tation descended into the firing position. We have n o r ,  oxring to the 

force of recoil and shorter platforms, to  adopt nicaus of pro- 
viding additional resistance in the form of the liydraulic buffer, but 
this is no reason why we should discard tkc simpln principles of the 
old gun carriagc. For instance, if \YO kecp the carriage alFays on 
l*ollers we lose the frictional resistance afforded by the wciglit of the 
rrun, and we must make our compressors so much the more powerful. 
If lye fire on a l e d  platform, or on one haying n doTnwarc1 slope, 
n-e lose the resistance of gravity, or mnko i t  positirely promote thc 
recoil, while u-c havo to provide gear for forcing the gun into thc 
firing position, and thus create complication unnecessarily, and in-i-ite 
the dangers of a break-domi. 

All tliesc Iiydraulic appliances of which I linrc spoken arc of a 
simple character, portable for tlic most part, and casily replaced by 
spare ones, if  disabled. The lift for tui-ret carriages, hoxcrcr, ha-ving 
its ram and pumps separated, necessitated the cmploymcnt of pipes 
which wcre liable to damage, ancl, besides, interfered with their easy 
i*ernoval, tlicrcfore, i n  prcparing tlic small-port carriages of the IS-ton 
Suns: for Breakwater Fort, tlic ram and pumps are combined in  onc 
simple portable machine. 

After the successful introduction of these mrions machines, it t c -  
came n qucstion mlicther i t  would not bc de:iirable to extcnd thc use of 
1i~-dmulic power to training and running the gun in ;  accordingly, a. 
design was proposed in conncction with the %-ton cascmatc carriage 
and platform, vihicli was carricd out and sncccssfulIy tested in 1874. 
As the first example of the gencral application of liydraulic porrcr t o  
gunnery, I tliink it mcrits n somewhat detailed description. 

Tlic liydraulic buffer is modified in  its form in order to adapt it to 
the purpose of running thc gun in;  a solid piston (Platc I, fig. 3) is 
nscd with liydradic leathers to keep i t  tight, and on rccoil the fluid is 
forced-tlirougli an orificc into a tank provided for its rcccption in the 
rear of the platform; the orifice is of conical shape, and is cnlargcd 01. 
reduced to offer iiiorc or less resistance by ineans of n conical caIre ; 
(Platc J, Fig. 4); a pipe leading from the hand pump communi- 
cntcs with the front end of the compressor cylindcr (Plate I, Fjg. 6) ,  
and conveys water under pressure for running tlic gun in  hen 
required ; anothcr water cylinder is placed alongside the Ilydraulic 
buflcr, and is used for traversing; pipes connect both ends of it with 
the hand-pump before mentioned, thus allowing of the piston-rod 
being forccd inwards or outwards, according to wvhcthcr the gun is to 
be trarcrsed 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 
much the same manner as hydraulic power is utilized in cranes. 
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G JYORKISG LIEATL’ GUSS BY X W U A L ~  

Only onc pump, and tha t  n small and portable onc of simple con- 
struction, is used for all tlicsc operations, the stream froin it being 
directed by means of n slide x-alrc (Platc I, Fig. 5 )  into v-hich- 
cvcr pipe will conrcy it to perform thc required action; this slidc 
valrc is workcd by a lcrer, and n dial plate points out tlic different 
stations to xhich it should be morcd to  ‘I Tiarcrse right,” “ Trsvcrsc 
“ left,” or “ Run in ;” thus, screral men (in casc of need one man is 
sufficient) working the pump, and onc the lcvcr of thc slidc ~ F C ,  per- 

This arrangcnicnt was tested a t  Shoeburyncss in thc prescncc of 
the Duke of Cambric@ and otlicr distinguished Oficcrs, in competi- 
tion d l i  lightcr guns vorked by spur-gearing ; it beat them considcr- 
ably in timc and accuracy, and after morc than thrcc p a r s  of compn- 
1.ativ-c neglect, it ~cas, when tried n fcw dn-j-s since, in good working 
ordcr. 

Thc complctc design cmbraccd the substitution of steam for manual 
powx, the haiid pump being rctaincd as an ausiliary in casc of steam 
failing ; but  n cnrious accident which bcfel it in one of thc prcliminnry 
trials, i ndued  tlic 1Xea1-y Gun Committee to put on one side for  the 
timc thc considcration of thc advisability of adopting, and of wholly 
depending upon, liydraulic gear on so cstcnsirc n scale. Thc accident 
was the bursting of onc end of the Iiydraulic buffcr and running-in 
c-j-lindcr, and w a s  due t o  n misuse of thc lcrcrs. 

I Iinrc, thus far, allndcd only in rery gcncral terms to the rarious 
kinds of gear used. I must nom dircct your attention morc in detail 
to thc manual, steam, arid liyclraulic gwr dcriscd in tlic Royal Car- 
ringc Department for irorking the 38-ton gun in casemates. I hsvc 
adopted this eoursc to suit the timc a t  my clisposal, and also bccnusc 
thc dctails of other plans hnrc led u p  graclnally to  those of which 
I sIiall now spc:rIi, and whicli arc for the most part embodied in tlicm. 

Thc first thing  as to cstablisli n good and cflicient Iiand-gear, 
x-hieh, having h e n  designed and prcpnrcd, xras very thoroughly 
testcd. On oiic occasion, 100 rounds wcrc fired in tT5-o clap, thc gear 
b-ing xorlicd in a cascmatc crcctcd at Siiocbnr~ness, and rcprescnting 
onc of tho u-orst types as to nrailablc space. The ~ h o l c  of the opera- 
tions were doiic by manual labour, including loading ; t\To dctach- 
rncnts of gunners wcrc told off, one being thoroughly cspcrienccd, and 
the other casually selected from mcn under instruction; tho timc 
occnpicd by cadi  pcr round was about thc smnc (two minutes) ; cadi 
one worked twcnty minutes continuously, and mndc cscclleiit slioot- 
ing. This famons trial was witnessed bj- a Iargc asscmblngc of Blcm- 
bcrs of Parliament and Kaval and BIiiitary OZccrs, and was completed 
xithout a sin+ liitcli of any kind, csccpt the break-down of s port- 
able hydraulic jack (thc only piccc of hydraulic gear used), which, 
lion-crcr, vias readily rcplaccd by n spare, one. 

Tile carringc is of thc “lorn type,” introduced into tlic i S m ~  by 
Captain Scott; the platform is comparative11 short, orring to thc con- 
fined nrcn of tlic work, and admits of only sis fect recoil (Platc I, 
Fig. 7) ; an ordinary Iiydraulic buffer is nsed, and fnlly controls the 
recoils Tvithin tliis limit j the carringc rests iipon tlic platform m-ith its 

form with ease thcsc laborious oper a t’ Ions. 
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IIYDR.\ULIU, AXD STEAX M-\CIIKERY. 7 

oui of action in the firing position, and on the dischargc of the 
nun asceiids a slop<* of 4" ; a portablc l i y h n l i c  jack attached to the 
&l--cnd is used to place the carriage rollers in action, which admits of 

The tixrersing is cffcctcd by means of a toothed rack secured to thc 
floor, into w11iuIi is gcared a strong pinion working in the platform, EO 
that, as the pinion is moved, it forces the platform right 01- left. 

Tho riiuning-in of the gun is aecomplishcd by means of two endless 
cllains placed along the inside of the platform upon suitabIc wheels ; 
nipping blocks arc fired to thc bottom of thc carriage, and, by means 
of a Icrer, may bc madc to secure thc carriagc to thc chains ; motion 
is irnpnrted to thc chains by forcing round the tootlied wheels upon 
Tyhich they arc suspcndcd, and thus thc gun may be run in or out. 
Beforc firing, the Icrer working the nipping blocks is released, and 
the blocks fall clear of the chains by tho action of n counterweight 
provided for the purpose. 

Considcrablc powcr is rcquircd to impart motioii to thc training 
pinion, as also to thc cndlcss chains, and n combination of toothed 
wheels and pinions in tlic naturc of a crab is provided for thc purposc, 
thc whole being workcd by two winch baudles placed opposite to eacl 
other on tlic i'ca~ cnd of thc platform. This series of power-gainin , 
~iliccls is intended citlier to trarcrsc or run tlic gun in, according LO 
wliethcr it acts upon the training pinion or upon thc endless chains. 

The means for associating the power thus provided for running in 
or trarcrsing consists in  placing on onc of the shafts tvio whccls run- 
niug loose (Plate I, Fig. 8), that is, not kcj-cd, as tlic other whccls 
art, to their rcspcctirc shafts, but free to stand still while the shaft is 
revolring j bctwecn thcsc two wheels is phccd a collar or clutch, con- 
sisting of a frustrum of a conc a t  citlicr cud ; this clutch is conncctcd 
with n lever capablc of moring i t  into a corresponding 1-cccss in the 
wheel right or left of it, and it is keyed to thc shaft in such a way 
that, vhilc free to m o w  laterally, it is forced to rcrolrc with the 
shaft in whatcwr dircction it is turned by thc winch handles. KOT, 
snpposc men working thesc xinch handles, and setting in motion tho 
train of wheels leading up to this clutch, if it be mid\\-ay bctxvcen tho 
two whcels, motion will end in tIic clutch itself; but if tliis clutch bo 
forccd into the recess of cither of thc wheels, thcn, by the friction set 
up, i t  will carry round the one with whic1i it is in contact; one of tho 
two is gcared with the training pinion, and -tlic othcr with tlic chain 
whcels, and thus, you pcrcci-ic, this donblc-friction clutcli piorides tho 
means of carrj-ing thc power accumulated in what I have termed the 
crab, to cithcr thc running-in 01. traversing opcrations. WhiIe stand- 
i n s  midway, both opcrations ccasc, even though thc crab be kept 
going. 

I have eonsidcred this clutch mo-iernent in  dctail, because i t  has a 
spccial feature of grcat importance whcn we comc to consider the 
steam-gear. It is this, that b~ adjusting the tapcr oE the conc clutch, 
vie can make it just suficiently powcrful to set up tho rcqoisitc fric- 
tion to orercomc the rcsistance to the lcgitimatc opcrations, but not so 
great but what it nil1 revolvc in cithcr wheel should the operation bc 

gun, aftcr being loaded, running up of itself. 
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S KORKIXG HEAVY GUXS BS JI-QXJAL, 

cdrricd too far and meet wit11 unusual resistance ; the parts of the gear 
when running rapidly by stcam power arc thus saved from fractnrc. 

The whole of the gear is boxccl up, so to speak, under the gnn, 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 cfi- 
cicney of the gun or platform; it is of simplc character, easily under- 
stood, and, if damaged, the damage \vould be readily detected. 

As to its efficiency, I may refer to the speed with mhich 100 ronnds 
werc fired; and \\-it11 regard to its durability and strcngth, I maj- 
state that one set alone has stood the test of orcr 200 rounds, many 
of which wcrc cspcrimental, with charges of 180 1bs.-130 lbs. being 
the seri-icc charge when it was prepared-and althongh the shock 
with the cspcrimental chargc was very SCTC~C,  o n h g  to  the neces- 
sarily short 1-ccoil causing thc front of the platform to bc raised 
scvcral inches, and letting i t  fall on thc steel rails or  racers, with 
immense force, Set not tlic slightest damage has occurred to any part 
of it. 

I think, thcreforc, the Heavy Gun Committee may be congratulated 
on having secured a thoroughly cfficicnt hand gear, of which largc 
numbers have been made, and the ncst question was to adapt steam 
power to it, so as to saw thc labour of working it, and obtainin- 
creased specd 6 t h  less csposure of thc gunners. 

Although tliere is much to bc hopcd for in the emplo~-ment of steam 
pomr, therc arc some disadvantages to bc considered ; for  while steam 
affords an enormous concentration of porrer in a limited spaec, and is 
casily manipulated by a fern men, yet it inTolrcs thc nsc of engines 
and boilcrs xhich are undoubtedly less reliable than the human 
machine. I n  whaterer way, thcreforc, its emploFment might be con- 
sidered, the contingency of h a ~ i n g  to resort to a well-triccl hand gear, 
must form a part of the question. 

Where stcam powcr can be used under certain fm-onrablc con- 
ditions, no need exists to anticipate any neecssity for resorting to man 
power. In n factory snch farourablc conditions cxist, thus a pause in 
the work, owing to a break-down, is not of vital consequence, and is 
mostly of only short *duration, owing to thc immediate attention of 
skilled labour, and the ample supply of means and material; nor is n 
break-down likely to occur often, as the sole business of all employed 
is to  study the action of the mcchanism. The genius, so to speak, of 
the steam-engine and steam machincry dominates erery mind, crcatcs 
the prevailing thought, and animates cvery action. 

In a fort o r  a rcssel of war, hox-ever, all this is changed j a brcak- 
down in tlic gun-gear might turn a victory into a defeat, for its 
remedy rrould most likely be indcfinitely prolonged, owing to the 
absence of ample mcans and sufficient skilled labour, as also to tllc 
pressnrc of grcat excitement, and thc total absence of that prevailing 
tone of thought, so fmourable to the speedy remedy being available 
in the ordinary workshop. 

I n  short, there arc a t  least two causes operating most powerfully to 
induce and aggramtc accidents to stesm machinery when cmployed 
for gunnery purposes in forts and ships-namcbj-, excitement and an 
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IIPDRAULIC, AND STEAM &IAC?JP\TRT. 0 

objcct other than the mere care of machincrj-. The rccords of the 
trial trips of ships furnish a sad list of accidents, almost wholly due to 
the cffects of excitement done : it remains for the future to dkclose 
how many of far p v e r  consequence to the nation may arise from 
both thcsc causes acting in combination with others of less raluc, 
if x c  fail to apprcciatc thc important fact that forts and war ships are 
not ordinary factories. 

Having thcn secured a good and reliable hand-gear, obviously the 
wise course mas to rctain it and to adapt the application of steam, or of 
stcam and hTdmulic power combincil, to it, in SUCJI n way that it 
should be always in opcration whicliewr power was cmplo~-cd, thus 
keeping its fcaturcs always bcforc the gunner, and ensuring that when 
steamfailcd, the hand-gear itself should be in good order and a-iailablc 
for immediate usc. 

To haw considcred first the best nature of steam-gcar, and thcn 
a h r  all the usual gnnncry operations to suit it, no matter how com- 
plicatcd these operations became, nor how unsuitable for hand-gear, 
would, of coursc, be the easier task for thc cnginccr. With ample 
steam power it docs not matter whethcr we load, for instance, by 
taking the gun to the shot or thc shot to the gun-wliethcr we bring 
thc gun into its firing position by the simple action of gravity, or by 
tlie pressure of many tons: if we add to this a disregard of the 
exposure of our applianccs, thc! task is still simpler for the cnginccr, 
but the conscqucnces to the successful operations in actual warfare arc 
most serious; hcncc, the condition Iaid down by the Hcavy Gun 
Committee relative to the provision of an cfficicnt hand-gcar, is con- 
spicuously wise and soldierlike. No matter That dificultics arc 
creatcd for the cngineer, i t  is liis business to OFercome them, and to 
subordinatc his plans to the ncccssary conditions of the scrvicc, not to 
force the conditions to suit his iuvcntions. 

It was detcrmined thcn to retain all the hand-gear which has been 
so ITCH tried, and to apply stcam pnmer to it in such a way that either 
steam or manual pox-er might be used, according to clioicc or  
necessity, by merely turning on the one or the other by thc motion of 
a lever A1 (Plate 11, Fig. 4), and I will now proceed to explain how 
this has been accomplished. 

In the case of the hand-gcar, men apply their powcr to winch 
handlcs, which is transmitted through pomer-gaining wheels and 
pinions, to the points where the requircd work is to be done. I n  that 
of stcam power, the winch liaiidlcs arc removed as being no longcr 
necessary, but the stcam power is applied to the same whccl C 
(Plate 11, Fig. 4) upon which the winch handles acted-so that 
either begins to operate a t  the same point, and the &ill a t  thegun and 
platform is identical for both. 

Thcrc is a considerable choice of means by which steam pomr  can 
be transmittcd to this point, such as compressed air, i d e r ,  revolving 
drums with wire ropes running omr them, and common shafting-all 
being good media for tho transmission of power from tho steam- 
engine, if well considered in relation to the special circumstances' 
under wliich tlicy are to bc uscd. 
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10 TTORKIXG IIElJT G U S S  I3S XCXTAL, 

Cornpressed air is  ell suited for conrcying pon-er considcrablc dis- 
tances into mines to do 3yorli, o r  for rock boring in tunnelling, whcrc 
its liberation, aftcr prodocing its useful effect, ,is a positirc good in 
assisting rcntilation, not an cril a3 ~ o u l d  be thc case r i t h  v-atcr ; but 
i t  is a wasteful and troublcsomc conrcyer of powcr, and bcing besides 
of such a nature as to burst resscls containing it cxplosircly, i t  is 
unsnitablc for gunnery pnrposcs. 

Water I shall speak of herenfter, but I ma7 mention herc a common 
fallacy, oftcn cxprcssed, that water is a powcr in thc same scnsc that 
steam is n power, and thus n-c hear of steam z'crszo r a t e r  powcr. 
Now, ra te r  cannot originate pomr  as stcam does, it can only conrey 
it just as a common shaft does, or augment it at  tlic expense of time, 
as is the casc with n scrc i r  or a lever. I n  all applications of Tatcr to 
perform work, i t  is uttcrly dependent upon cither steam or manual 
power, and can, in no case, girc out a grcntcr amount of work than it 
originalIy receives from either of these sources. 

Drums working by long stretches of virc ropc is a rude contrivance 
for conrcying power to grcat distanccs, and would be ~vell adapted for 
taking stcam power from portablc cngincs into trenches in sicgc opc- 
rations. 

Thc transmission of steam pon-er by shafting is, howcrcr, the one 
most generally used It is cheap, simple, and rcadilr understood, and 
it is not liable to denngemeut with common cam. For these reasons 
it has been adopted in thc first instance, in conncction with n-orliing 
the 38-ton gun by steam, although, for special reasons, it is intended 
also to try water for this purpoac. 

Thc power generated in the steam-cnginc is lomtcd in tlic fly-whecl, 
and this, bcing connected by toothed wlieels, or by bands to a series of 
straight iron shafts, laid in passages undcrgronnd, turns them with a 
forcc proportionate to the parer generated. 

In this diagram (Platc I, Fig. 9) SOU will see an arrangcment of 
such shafts disposed in tlic rear of kcrcral guns mounted in a circular 
fort. All these rcrolrc by tIic power of thc cnginc, and, to cnablc thoni 
to work the gun, means hn-rc to be providcd for connecting their motion 
to thc gear in the platform. The simplest manner of cffccting this 
~ ~ o u l d  bc to carny it on by other shafts to some point in the platform 
which remains stationary orcr somc other point in the floor, namely, 
the pi-rot around d h l i  thc gun is tm-mrsed. This mould be easy in 
the case of B central pirot, but is not so wherc thc pkot  is situated in 
the armour platc, as is tlic case r i t h  broadside slides and casematc 
platforms ;. and it is this condition 1%-c hare to meet. Somc conmnicnt 
point in the floor is selccted wvherc thc fixed shafting must cnd, and 
some special mcans be dcrised of connecting this point with the plat- 
Iorm which moves to and fro abore it. 

I n  the diagram (Plate 11, Fig. 1) you will pcrceirc this point is a t  
A, and the platform passes, on bcing trrtvcrsed, sc-mral feet to the right 
and left of it. To carry thc motion of the  steam-engine, which cnds 
at A, into the platform, must therefore be accomplishcd by mcans of a 
shaft, one cnd of which is in contact with A, while thc othcr end 
follow the platform; but the end which is frec to DOTC describes an 
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IKDRAULIC, AXD STEAll XAGEKERY, 11 
a l - ~  of a circlc of which A is the ccntrc, while any point in the plat- 
form dcscribcs onc of which I3 is the ccntrc. Tliesc arcs rccedc from 

other, and cau bc madc to coincide onlyon the centrc Iinc, unless 
some compensating movement be dcviscd, by means of which tho shaft 
can lengthen itsclf, so as to keep its moving cnd on the arc dcscribcd 
by the platform. 

This movement is met by making thc shaft in tn-o pieces (Platc 11, 
Fig. 2), and sliding one within the otlier in thc samc manncr as tho 
~ & C S  of a tclcscopc. One bas a long feather which fits into a recess in 
the othcr, SO that as onc is forccd to r c ~ o l ~ e  by its connection with A, 
it  imparts this motion to thc otlicr, rilicthcr it is closed up, as it Troula 
be on thc centre line, or lcngthcned out, as it is when tlic gun is 
tra-icrsed right or Icft. 

In this way thc powcr of tho stcam-cnginc is taken to a toothed 
whccl in tho phtform, and from it  to thc same wheel C upon which 
thc yiiuch handles act when working by innnun1 powcr. The diagram 
and model illustrate sufiicicntly, without furthcr description bcing 
nccdcd, tlic combination of toothcd ~ l i c e l s  on the cnds of thc tcle- 
scopic shaft which arc concerned in carrjing on thc motion from thc 
main shafting. A plate is uscd having pieccs rcmo-ablc to allo~,- 
access to thc bcarings, to  conx orer thc triangular spacc rcquircd for 
thc radial mo-iemcnt of thc shaft, a goox-c bcing cut to accommodate 
thc trarersc of tho piccc of -i-crtical shaft L (Plat0 11, Fig. 2) which 
takes up thc motion into the platform. 

Tiic enginc rcrolves alwajs in onc dircction, and tho first series of 
shafts docs thc same, but obyiously the power must bc proridcd of 
controlling the dircction of motion, o r  of stopping altogether the shaft- 
ing leading to each pnn. This is donc as shown in the diagram (Platc 
11, Fig. 3). The shaft in thc rear of each gun has n pair of berel 
whecls with a friction cone clutch, such as I h a m  already described, 
between them another wheel fixed to thc end of tho shaft leading to thc 
gun and ending at A (Platc 11, Figs. I nnd 2)  is geared with thesc 
two; thc clutch keeps on rcrolving in onc dircction all thc time thc 
enginc is going, but the wheels remain stationary unless tlic clutch is 
forccd into onc or other of t!icm ; if  forccd into one, it gives motion 
to the shaft leading to thc gun; if  forced into the other, it docs tho 
same, but iuipnrts motion in a coritrnry dircction. A Icvcr, D (Plate 
11, Fig. 4), connected with this clutch, gives the man working 
it powx to trarcrsc tIic g n i  right or Icft, to run  thc gun in or out, and 
to load or withdraw the raninicr according to the signal or Kord of 
comuiaud gircn him, precisely the same in cffcct as Khen manual 
powcr is uscd the men turn the winch handlcs in onc dircction 01' tlic 
other, thus keeping the drill pcrfcctlj. intact, as the opcrations a t  thc 
platform itsclf arc precisely tho same wliethcr steam or manual porrcr 
be uscd, tlic licavy labour alonc bcing sarcd in thc formcr case with 
fewer men and greatcr spccd. 

Of all thc operations connccted with the scrricc of tlie gnn, by fa r  
tho most difficult is that of loading, owing to tho smallness of thc 
spacc bctmen the muzzle and the shield, which also causes consider- 
ablc cxposurc of tlic gunners. For a long time, therefore, it has 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

uc
kl

an
d 

L
ib

ra
ry

] 
at

 0
7:

04
 1

3 
Fe

br
ua

ry
 2

01
5 



12 KORKIXU IIEAVS GUXS LtP JLWUr& 

engaged thc attention of many minds. S o  long ago, indeed, as 1862, 
Mr. Stercns, an American, brought out his steam and hydraulic ram- 
mer (Plate 11, Fig. 5 ) .  It consisted simply of a cylinder and piston 
placed a t  an inclination below the deck of a rcssel. The gun was dc- 
pressed to bring its axis in n line with the rammcr ; thc charge and 
shot were raised by a hydraulic lift to a hole opposite the muzzle, and 
werc then driven home simultaneously by the steam rammer. An 
ingenious water-squirt was combined x i th  the sponge, by means of 
which a quantity of water was injected into the borc. 

This rammer ivas criginally designetl in connection xvith n fixed gun 
carriage, placed in a ~esscl ,  which gare direction to thc gun by being 
steered. Thc ship, in fact, was thc gun-carriage, an arrangcment 
which eminently suited thc rammer, but was scarcely so adrantageous 
to  working thc ship. It was also claimed to bc capablc of use in 
turrets by revolving thc guns to thc loading hole, and in casemates by 
tnrning the guns away from thc cmbrasurc t o  some position suitable 
for thc crection of thc rammcr. 

Although successfully tried, it did not find sufficient farour with thc 
American Gorernment to bc adopted, probably because it entailed 
opcmtions which were inadniissible from n gunnery point of vicw, 
such as dealing with the gun in place of the shot, and also placing it 
in n dangerous position mliilc loading. 

The plan adopted for trial with tlic 38-ton gun (Plate 11, Big. G )  
consists of a chain which is flexible in one direction, and admits of being 
xound round a barrel (Platc T I ,  Fig. 2), but becomes rigid like n bzr 
when unwound. I t  mas dc&ml in the Carriage Department in the year 
1873, but was, I bcliere, independently invented by one, if not two, 
gentlemen not connected with that department about tlic samc time. 

Thc inrention of thc chain was one thing, hoinxer, and its successful 
application another, and onc of cstrcmc difficulty; indeed, a t  onc 
time it n-as altogether despaired of, as its use involved operations 
which could not bc permitted, mcli as depressing thc gun to it, or 
raising by a distinct IJI-OCCSS thc top bracket in which it worked, to 
bring the chain to a level with the borc. The invention of a pawl 
(E, Plate 11, Big. 6) in connection with this latter mommcnt, Iiomcrcr, 
solred the difficulty, and cnablcs the two distinct operations of mising 
the chain to thc muzzle and of driving it up thc bore, to be pcrforxncd 
by one continuous morcmcnt, initiated bj- putting into g e m  a eonc 
clutch similar to what I have described. The Diagrams and IIodel 
show the nature and working of this chain, and i t  will bc sccn that in 
the absence of steam it can bc workcd by manual power (5'). 
As I liavc alrcady stated, the spacc in which these h c a ~ ~  guns arc 

mounted is rcry limitcd, and when thc gun has reached the utmost 
limit of .recoil which in all parts of the work can bc allomcd, there is 
no room a t  the muzzle to usc the chain with full advautagc, as thc 
cartridgc and shot have to be cntcrcd into the muzzle beforc the chain 
can act. To obviatc this difficultj-, tlic gun iuiiicdiatcly aftcr discharge 
is trained opposite onc of thc openings in the rear, and the recoil, 
which was arrested a t  6 feet, is continued by aid of the stcam gear to 
9 feet (Platc 11, Fig. 4), thus affording ample space for  the cartridgc 
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IITDRAULIC, AXD STEA31 YACEIISERT. 13 
and projcctiIc to run down automatic all^, by means of an overIicafi 
circular railway, aud to be driven up the bore by the chain ~ t h o u t  
requiring the presence of a single man a t  the muzzle. 

 he rcsistancc afforded by the hydraulic buffer, and thc friction 
betmeen the carriage and platform, end as the gun approaches the 
limit of its ordinary rccoil ; and at  6 feet from the front the carriage 
is raised on its rollcrs, and is also disengaged from the hydraulic buffcl; 
so that no dc1a-j- occurs in applfing the steam gear to run the gun 
bxck the addition:il 3 feet. The carriage remains upon its rollers 
during loading,. being Iield by a small stop compress~r, and runs up of 
itself to thc firing position mhcn the compressor is released. During 
the' running-up the carriage restores its connection n i t h  the hydraulic 
buffer, sinks off its rollers, and releases its attachment to the running. 
i n  chains, making all quite safe before the gun can be fired. 

By thcsc mcans the gun is safely loaded wit11 its muzzle pointing to 
the enemy. Kot n single man is required to expose himself at  the 
port, the stcam gem is houscd under thc floor, and every part of the 
other gear, except the loading chain, is well protcctcd (as it should be) 
by the gun itself. It is of such a nature as not to be injured bj- violent 
concussions or movements resulting from firing, nor from the chances 
of misuse, to xhich, from excitement on the part of the gunners, all 
gun-gcar is liable. 

I hare now to consider the application of water in connection with 
stcam power. The arrangcmcnt already tried so successfully with the 
35-ton gun in 1974 presented n tempting combination. It could rery 
easily hare bccn associated with steam power by setting up steam- 
pumps and an accumulator, and by drrr ing off the water from the 
accumulator to do the work of the hand-pump, retaining the latter for 
use Kith manual labour when requisite ; but it mould hare possessed 
this p e a t  disadvantage-that the hand-gear would hare cn tded  the 
usc of hydraulic gear in  place of common spur gearing. Nor,  it is 
well known that liydraulic leafhers and valves have a disagreeable 
~ a y  of suddenly hiling from -iarious causes, and the hand-gcnr in 
this case rould ham been as liable to get out of order as the steam 
gear, in fact, more so. It was, thcrefore, resolwd to employ water 
precisely in the same manner as shafting, leaving the common spur 
gearing for manual labour, thus sccuring n perfectly safe, simple, and 
reliable auxiliary, should either steam or the hydraulic gear fail. 

Thc power thcn conrcyed by water from the steam engine has to be 
applied to thc same point at  which the winch handles act wlien manual 
powcr is used; to effect this n small water engine, G (Plate 11, Fig. 7), 
is substituted for the Finch handle. When the steam and hydraulic 
gear arc in good working order, this engine drives all the gear in the 
platform. When either is out of order, this enginc is thrown out of 
gear, winch handles arc placed on the spindlcs, and, in a moment, 
manual labour is callccl upon to keep the gun continuonsly in action. 

This water engine, which is the invention of ah. Brothcrhood, is n 
wry beautiful machine. It consists of three cylinders placed a t  equal 
distanccs round n fourth one, thc interiors of the wholt: communicat- 
ing frecly with each other ; in the fourth,--the centre cjlindcr,-is 
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14 KORKISG IIEAYY GUXS BY JIAS~AL, 

placed n crank fixed to n shaft and pinion, d i i c h  arc intended to 
pcrform the work of the Kinch handles-thus, bj- forcing round this 
crank the gear of tlie platform is set in motion to  perform the mrions 
operations required. Each of the three cylinders is a liydranlic ram 
hnring a solid piston, diich,  b-y means of connecting rod, thrusts 
thc crank-pin round one-third of a rcrolution-thus each, acting in 
succession, completes a circle of morcment and maintains an equable 
motion in the mholc of tho gear. A ~ a l v e ,  ~ ~ ~ ' k e d  by the crank 
shaft, inaintains the proper supply of xzter under pressure, and also 
provides for  tho i.cmo-ial of the water when it has done its rrork. 

For the conveyance of water from thc accumulator, pipes are laid 
to some convenient point in the floor of the cascmatc,-and from this 
point it must be conveyccl into the platform by means of pipes which 
\rill adjust thcmsel\-es, ns in the case of tlic telescopic shaft, to various 
lengths. Telescopic tubes might liavc bccn used, but tubes jointed at 
their ends, similarly to ordinary gas brackets, were preferred for 
trial. A double set of these are placed in thc same recess required 
for tho morcmcnt of the telescopic shaft,-ono set to conmy water 
under pressure, and the otlicr to carry the caste water back to the 
steam pumps. Tlic pressure water enters a valw box in tlic rear of 
the platform I, and is allo~rcd to pass to the engine, or arrcstcd, ac- 
cording to whethcr the gunnery operations should proceed or not. A 
lever replating this d r c  gires the man corking it the control of all 
the morements. He  can train ri$t or left,-run the gun in or out,- 
load or witlidran- the rammcr,-just as the man xorking the clutch 
lcrcr does with the more direct steam gear I have alreadj- described. 

I harcendea~oured, so far as the time at my disposal wonlcl pcrmit, 
to makc you acquainted with the common spur gearing adopted for 
performing thc rarioas gunnery operations. I hare slioxn you that 
this gearing, while specially clesigned for manual power, is madc thc 
rchicle for stcam and hj-draulic poxer-steam acting through common 
shafting, and steam acting througl: \Yatcr. I t  remains only for nic 
no= to point out thc relative adrantages and disadvantages of tlicse 
tjvo mcthods of using steam power. 

In  the case of shafting. there is the clisadrmtagc of not being able 
to vary the rate of motion imparted to  the gear of thc platform. It 
is, howcrer, one that only applies in thc casc of laying the gun. I n  
traversing large distances, p e n t  speed is required, while, for accurate 
laying, n slow motion is desirable. If TTC arrange the gear, therefore, 
to give high speed, wc render the operation of 1aSing the gun with 
great accuracy sommrhat difficult, xhilc, i f  TTC arrange thc speed to 
suit the laying, we sacrificc thc speed SO desirable in traversing orel- 
largc ares. A mean has been sought between these, and n little 
practice in  the use of the steam clutch lever has hitherto resulted in  
giving quick and accurate laying. Under thc worst circumstances 
thc steam gear can bc disconnected in a moment, and the final Iaj-ing 
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 ad-iantagc, howerer, the employment 
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IITDR.IUWC, LIXD STE-111 3IiICEII?;ERT 15 
of xatcr cannot compare favourably Kith shafting. It is liable to fail 
sucldcnly, which shafting is not. When it ~enses to act, the most 
esDert engineer n-ivill often fail for some time to discorer which among 
milly parts, all hidden from Tierr, is the one out of order. I t  involves 
the l l ~ e  of much delicate machinery, over and above the Iioilcr and 

engine, while shafting only demands the use of these two. For 
these reasons, 1 cannot but think the simple shafting, in spite of its 

ckidmntnge, riiH be the one ultimatcIf preferred by practical 
gunners. 
In conclusion, I should state that the liaud-gcar Itas-been thoroughly 

tested, and is adopted into the %xricc j tlic steam and hydraulic gear 
been partially tried, and arc still under consideration. 3Iost 

p b a b l y  these latter i d 1  in any casc only bc used in certain farour- 
localities, as they arc by no means necessities, it having been 

that guns up to 38 tons in w3glit cnn bc perfectly placed under 
tile control and powcr of manual gear, and fired a t  n fairly quick 
speed. I xould not, horicver, be understood to underrate the r a s t  
importance of stcam porrcr in lessening the labour of the gunner, in- 
creasing the speed of firing, and securing better protection, All I 
would wish to state is, that the cniplopcnt of steam is not n neces- 
sitx, and being of a nature to lend to the emplopent  of mechanism 
which adds immensely to the cost of mounting each gun, and to the 
difficulty of Torking it and prcscrving it in proper order, it is not 
at  all proktb1e that it will be adopted for crcry %-ton gun, but 
rather be confined to such works as the Spithead forts. And even 
There cmplojed, the simple manual gear must be retained, to cnsure 
the guns being kept in action, should steam or the steam gear fail. 

Captain R. A. E. SCOTT, R.F. : I mcrclj midi to say a few word3 to open this 
discussion, as Mr. Butter ha3 kindly rcfcrrcil to my plans, nhicli he mcll knons from 
our lia-iing been so closely conncctcd in carrJing tlicm out nhilc I =as a t  thc 
ddminlty. I Till, therefore, E S ~  That I 11arc not hod tho opportunity of mjing 
before, that it   as mainly duc to thc loydtp with Thicli the &send dcrcloped and 
carried out my oTn and othcr plans, that so large a mcasnrc of siicccss in moiinting 
and working hcar j  guns at  sea has bcen rcachcd. To fully rcalizc thc raluc of this 
rcsult, TC must considcr l ion important is that sueccs3 to the maintcnancc of our 
ninritiinc power ; for, honcrcr admir.?blc the gun itsclf may be, and thc gun has 
been adminbly manufacturcd in thc Arsenal, unless tllcrc arc thc means of pointing 
it accurately, the gun can be of rcry little raluc in actual mrfarc. It amounts to 
this-that if n c  h r c  not accurate appk~nccs for pointing our heavy guns and for 
hnndling them Fit11 cerfainfy, so that thcr mill not fail u3 in ncfioii-tfxm it is elcar, 
tliat the rn-t neiglit of amour  that KC put upon thc sides of our rcsscb to protcct 
thcir ordnnncc, thc top-hcarincss thercby caused, and the immcnsc E ~ Z C J  of the 
rcsscls constructed to carry this ordnaccc (whicli, crcn in sucli ships, ncccssitates a 
rcduction in cnghc and coal-carrying powcr, to bcar EUCh a mars of thick iron 
coating), are 3 wry great stisfake. Granting, komrer,  that the p n  dominatcs all 
othcr nard ~rcapons, thcn it must bc a most important point th3t TC should harc 
thc wry  belt appliances for Torking them, and I think, from what Xr. Butter has 
now shown, that j o u  hnrc such mcnns a t  hand. I cntirdy concur in what hc has 
said, and wcrc I to attempt to lecture to-morroT 011 the same subject, I.shou1d corn- 
mcncc by snying, l e t  us ham tho mll4ried hand-gcar m t h  which our sailors arc 
already familiar. l'ut upon that a u j  steam or hydraulic pomr  JOU choose, but Ict 
thc prcsent hand-gcar be thc foundation of thc sjstcm. Mr. Butter has said rightly, 
that up to guns of 35 tons weight, this hand-gcar has norlied pcrfcctlr, and I do 
not think that any purely I i~dnu l i c  powcr, whic11 has been u ~ c d  afloat, 1133 a3 yet 
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1G KORKIXG IIEA’VY GUXS BY JIAXUALt, 

caum1 thc p n s  to be irorked so quickly as tlic “ Dcrastation’s” guns arc now being 
worked by thc usunl service appliances, which are actunted by manual labour. The 
“ Dcrmtation’s ” guns arc, ho\rercr, %-ton guns, and some of those that are worked 
by hydraulics arc 3s-ton guns. I feel rcry strongly iudecd on this subjcct, l in ing  
urged that thc simplo hydraulic gear, which had bccn alrcacly adopted for lifting 
turret guns froin step to step in their carriagccr, should bc extended to working all 
thc gear in tlic caw of the %-ton guns, being actuated by a steam pump ; but I nas 
met by thc objection tliat a line was clmxrn between tlic %-ton and tlic 39-ton 
guns, steam and liydmulic gmr being nccessnry with the 3s-ton but not with tlic 
3S-ton gun, and there the question lias rested. I hopc, Iiowmr, the time is now 
coming when all jealousy will be put aside, and d e n  Englishmen \rill go sliouldcr 
to shoulder, for unless they do, i t  is clcar thcrc nil1 bc greattlilliculty in maintaining 
our place in tlic xrorld. I think, when i r e  ECC thc combinations that arc going on 
around 119, that crery Englishman with a mechanical mind, and, more especially, 
erery Officer cnpablc of lending assistance, should do so to the utmost of his power, 
not so much in exposing what is wrong; 11s in showin~how the rery bcst systcni can bc 
dcre~opcd and maintained in IIcr Majesty’s serrice. +ith respect to naral amamcnte, 
niy oKn riex is that all our turret guns should linrc einiplc steam machinery added 
to  their prcscnt simple appliances, EO that tlic ruuning in and out and all other 
laborious opcrations should bc done by steam, and then there x~-ould be thc hand 
pon-er a l m p  ready to be fallen back upon in case of thc steam failinp. Werc t l i i ~  
system earricd out, the men xrould, on haring to  work tlic hrgcr guns, such as thc 
SO-ton of thc “Inflcxiblc,” bc enabled to a t  once liandlc the gear efIlcicutly, from 
haring becomc familiarized with similar appliances in working thc lighter guns. 
W h a t  i r e  rcquirc with respect to the guns tliemselres, is, I thiiili, to malic tlic 
present  capons morc cfiicicnt, rather than to gain the required poecr by adding to 
thc weight of our ordnance. I am aware that stronger or additional gun-carriage 
applianccs are rcquired when you get a Iiiglicr recoil, but thcsc arc easily added ; 
the urgcnt need for improrcmcnt is npparcnt, wlicn you reflect that our 18-ton 
gun gircs a relocity of only 1,300 fect n second, whilc two of the Gernian n a r d  guns, 
one a 50k-ton and tlic otlier a 14-ton, girc relocities of 1,600 fect a second ; tlic 
formcr relocity representing a force of only 17, but the latter a F 6 r ~ ~  of 25h. I 
think, therefore, it is time for 11s to bc putting our &odder to the v-hccl, so as to 
scciirc that this great nieclianinl country shall not be behind any nation in the 
aorld, either in ~reapons of offence or defencc. Lct us,  therefore, sccurc for our 
 far^ the wry  bcst tools tlmt can bc got. The discussions here arc important, from 
calling attention to our military requirements in this ago of progress, and showing 
thc ncccseity for cspcnditurc. W c  all must credit our authorities with thc earnest 
desire to harc the wry bcst RCapOnS that can bc obtained, but these arc gcncnlly 
thc most costly, and, therefore, onc feels thc morc satisfied to know that the public 
as nell as the Ecryices gi-ie Eomc weight to  what is clicitcd here. Although I 1ia1-c 
alreadf alluded to the assistancc rcndcrcd to tho Sary by tlic Arscnal departments, 
I cannot amid mentioning that the Supcrintcndent of tlic Carriage Department on 
one occasion said to iuc-“Ercrything must S;rc way to the wants of thc Kary, i t  
“ is tlic n’ary that n-c arc bound to nssist, and the Sary shall bc assisted to  the 
I‘ utmost of our power.” Tliat was thc spirit that then ruled, and nhicli Iias, I 
beliere, obtained crer since. Mr. Butter has omitted to say how great tlic cllicicuey 
of thc naral armaments is duc to thc co-operation and assistancc of tlic R o p l  
Arsenal; and, but for tlic Arsenal aid, ?ny man without a factory at his back must 
harc madc a couipletc failure. I, tliercforc, now wish to s q  that I ani especially 
indebted to thc Supcrintcndcnts who 80 kindly assistcd mc, for tlic amount of 
success nhich my plans hare obtained. IYitli respect to tliesc plans, I do not say 
that our gumcarriages arc perfect, for, I bclicrc, if  1%-c had continued to xoik 
fogetlicr a littlc longer, a greatcr amount of pcrfectiou would harc been reached. 
We arc, howcrcr, iu this position, riz., that of being on thc riglit road for norking 
the diolc of our guns in a mauner not inferior to that of any country in thc world; 
in fact, crery other nation ]la3 copied from us. I f  >re had madc an cqual adraucc 
in tlic sjstcm of rifling guns, iniproring projectiles, and in other gunnery matters, 
I should then say irc n-crc far ahead of all thc nations in the world. I think you 
will all ECC that nothing can be more perfect than the stcam appliances diown, and 
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IIPDRAWLIC, AND STEAM MACIIIXERY. 17 

will with me that similar fitmcnts diould be added to all our turret guns, so 
Bs to familiarize their crews with Steam and hydraulic machincry. The imporhncc 
of this training may bc acen from thc fact that eome of our largest ~e6aeh mount 

four guns, and fancy what the effect would be if onc or two of thoso guns 
f&d, is not unlikely to happen in a prolonged action. I n  addition to steam for 
turret guns, wc should apply to all guns an  invention which thc Arscnd hns per. 
fectccl, and which, I am quite sure, you have heard dcscribcd with as much pleasnrc 
88 I mysclf j I allndc to  thc plan of loading by the elrain. By this means, ships 
tllat arc Iow in tho water could lower their broadside ports, and thc men will bc 

I n  our turrct 
rese~ls, wlierc thc spacc is confined, whatever the poeition thc turret is in, while 
pointing and firing onc gun, the crcw could be loading thc other. I, thcrcforc, look 
lipon thc chain loading as a very important inrcution, and;from thc increased 
k i l i t y  it nffords for working naval ordnancc, I truat it will be adopted, so as to  
girt to our soldiers and aailors nlikc tkc rcry best appliances for working the henry 
Iqeapons that hnrc been madc for them. 

Mr. J. SCOTT RUSSELL, F.R.S. : I should be cery sorry if this rery raliinblc 
p p c r  wraa not fnlly discusecd by thc rnriou8 profcseions conncctcd with it. I ani 
lcry glad wc harc Iicard from the sailor what his ricw on this matter is,and perhaps 
9011 would allow me, as an engincer, to speak sgainet my orrn profession, and to 
p p k  against crcry complicntcd engineering mechanism in the gunnery of ships, 
and to sayY, thnt for that rery reason I liighly apprccintc this papcr. I do EO 
bcausc it puts forward, as tho basis of crerything, that thc guns shall bc EO 
arranged as to bc e5cicntly and cspcditiously workcd by hand. Now I, as an 
cngineer, apprcciatc that fact morc highly tlinn I do any clcrcr littlc tricks and 
inventions of my own as an engineer; and I would say that thcrc is this great point, 
that you d i  get morc out of human beings capnble of mcchnnical power in a short 
timc than you will by mechanical engineering. That is the great advantagc of hnnd 
power. Then, having first got perfect Iiand-gear, for which, I belierc, wc are chicflx 
indebted to Captain Scott-hnring first got good hand-gear for our K a r j  guns, i t  
then becomes the second question, which tlic writer of t k s  papcr has so adniirJbly 
coped nith, how TC shall apply mechanical power nftcr that, without interfering 
with the efficiencr of the hand-gcar, and tho great merit, I think, of his paper and 
of thc inrcntions he has brought forrrard k, that hc hzs shown how thc hand-gear 
csn bc combined, in an cxtrcmcly simple manner, with stcnm and h-dnulic-gear. 
I will go to issue wit!i him on one point j I do not think that hyctnulic-gear or 
shafting i3 n good nnrnl mode of conreying powcr from tlic stcnm-cnginc of thc 
ship t o  thc guns. I entirely dieapprore of them all, from the inconrcnicncc to  
which they arc h b l c  and the derangements to rhicli they arc liable, and I diffcr 
with him in loto upon one point. I think that the simplest mode, thc most cficient, 
least inconrcnicnt, and least derangcablc method of conreying mcchanical porrcr 
from the cnginc, in tlic engine-room, to assist our snilon in thc manipulntion of the 
guns, is condcnecd air ; and I will tell you why. All thesc mechanisms arc liablc 
to dcrangcment, all of them arc liablc to escapes, and all of them harc gm-e inccn- 
vcnienccs nlien thcy go m-rong, except the air. What happens if an air-pipc goes 
wrong? If nn air-pipc 
goea wrong this happens, merely that good, fresh, excellent cool air come3 into the 
compartment wherc thc pipc lias burst j thcrcforc, you liarc tlicrc thc lcast possiblo 
complication of p o w r  a i d  no possiblc inconreniencc arises from derangement ; 
whereas, if one of your li~draulic pipes burst, whcrc arc you? “you arc inundated.” 
That is a matter on which, I think, you dl agree ; wc may all liarc a diuerence of 
opinion, but, allow mc to say, I do not see any inconrcnicncc in thc attachment of 
an air-pump to the cngincs of the ship, which air-pump pumps into n large rcserroir 
or thing like a boiler, which is in the cnginc-room along nith thc other boilers and 
undcr the inanagenwnt of tho Chief Engineer j and, if from tlic reservoir a s i ~ ~ n l l  
pipc, like a gas-pipe, goes scparately,,under nater if you Iikc, whcrcrer you tllink it 
k best protected, behind thc nrmoir, into cach guu cnscmatc, therc is a pcrfcct 
cuginc Iritli tlic lcast possible niechanism and hardly any inconrenicnce, and much 
simpler tlian any other. Allow me to sq-, with regard to tlic hydiaulic bnrcr’crs, they 
h r c  been used in crcry possiblc y a y  by inany of our great gunncrs and engin-err. 

to load protcctcd both from musketry and thc wash of tlic EC&. 

Of course you would Iiarc a spnrc air-pipc for crcry gun. 

TOL. XXIII. C 
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I think 11j  di-aulic buffers arc good, and I nil1 on17 renturc onc remark, to sny I 
h a r ~  used thcro hjdraulic buffcrs for rarious important purpoaes ; but that I find 
the bcrt form ij not that form in which thcrc arc openings in the pistons, nor thc 
other form in which thesc openings arc raried by taper tubes; but \That I hare 
found thc best form is this, to take the hpdmulic cjlinder d t h  its piston, and then, 
on the ontsidc of that, carry a tube from one end to the other, and upon that tubc 
put a simple stop-cock, and this simple stop-cock, turning round at  different angles 
ninkes an absolntely pcrfcct rc,rmlator, which the gunncr can adjust to any purposc 
lie wants a t  011 tinic-9, and it utterly nroid any complication in the iuside. 

Mr. Farrcrs : Xr. Scott Rusell  hna  nlrcady anticipated much of what I would 
otherviisc hare said, and I would simply follow his remarks by sufgcsting lion- 
pour tmrcrsing may be iudcpenclent of thc gun or gumcarriagc. Mr. Butter madc 
i:iany obocrrations m t h  which I entirely w e .  The difficulty of lrnrersing I pcr- 
fcctly agree with, and I hare, within the last ferdaps,submitted this little appnrntns 
to E ~ O X Y  a ncw trarersing movcmcnt. That is a new applicntion of the old ellipticnl 
trammel appai-atus for drawing cllipscs. Instcad of the screws, I eiibstitutc bearings 
tmrclling on wheels. This arrnngcmcnt is npplicnblc to the smallest bosts or to the 
largest frigntcs, for by it sou obtain an ellipticd morement, enabling your men to 
follow any rapid miling cn f s  nt which sou map be aiming. The =me principle m i l l  
apply to the Gatling guns in the topa or in any othcr position ; and I hare n o r  p a t  
plcnsurc iu submitting this modcl for j cu r  appro-ial. (I modcl of a gun-carriagc, 
slide, and platform vras exhibited.) 

Admiral SELYXS : TVhen bXr. Scott Russell spoke of the point on which he was 
a t  issue with tho author of tlic papcr, I thought he was p i n g  to refcr to an  iurcn- 
tion rev littlc known in Englnnd, but con8idcmbly practised in America, which k 
r e v  ingCiIiOU8, and may possibly, in some CBPCS, &I rery midi  the labours of those 
who harc tho urorking of henry guns. The Americans hare found that the urn of 
stccl wire rope superscdcs shafting nltogcthcr, that you may turn 3 steel wire mpc 
round any corner YOU please in any direction, and it communicates the rotary more- 
mcnt pcrfcctly in that new direction. You thcn do snaywith alI thcdifliculties and 
dangers of tlie brcnbage of cog-rrheels, and it 6ecms to offer every- d r n n t s g c  wa 
can osh- for, except that you m u t  bo careful nercr to nw it in the rerersed clirertion, 
otherwiac 1011 untwist the ropc. Bat that is easily ovcrcomc by the frictional 
arrangement which has been proposecrl here. I think, if I rccollcct right, when 
Colonel Xoncricff ww in Waterloo Place, I spoke to him about our chain pump 
whcn we were on the question of a flexible rammer; and told him ha to stif€cn the 
chain, and how to put  it into the bore of the gun. I presume it went to IT'oolwich, 
and I am rcq- pleased to see it ha8 bccn so beautifully perfccted, and so succcssfullp 

Mr. BIJTTEIZ : I am rcry mnch obliged to the gmtlpmen for their kind rcmnrks. 
With rcfexncc to mpsclf per3onally I hare nothing to sny with .respect to rrhat 
Captain Scott has said. H o  hm not joincd iesuemth me on any point in the 
lecture, therefore thcrc is nothing for me to  speak about furthcr than this, that I am 
rcry glad that he haa such a kindly rcmcmbrnncc of the intercomso which took 
place bctwecn u3 p n r s  ago, and also of what took plncc bctwccn liimsclf and my 
then superintendent, Colonel Ficld,.whom I am glad to see present to-day. I 
may take this opportunity of saying I hare not mentioncd any of the O5cers 
connected with the &send or the Hears Gun Committee who ham had denling 
6 t h  the* inrentioiis, because I thought it bctter not to do so ; but I hare men- 
tioned some gentlemen who arc not connectcd with the Arucnal, such as Captain 
Scott and Mr. Ifolman, to whom, as being outside the onicial circle, it waa due that 
I should mention their nauic~. 

With rcepect to the remarks madc by Mr. Scott Rus~ell  as to tho u i o  of air, I 
atetcd in the paper why I thought air was not a suitable agcnt for carrj-ing on the 
steam power. I mentioned, he did, that there was this adrantagc, that Then the 
air escaped it promoted ventilntion, and that it ~ 3 s  aLw a most conrcnient vray of 
carrying power to great distanccs ; but still it h& this dindmntagc, that i t  ii rather 
a dii%cult agcnt to deal with, and that i t  k almost impossible to  keep the tubcs 
perfectly tight. Air is rery insidious, and escqies from joints in II. manner that we 
can hardly control, escept by mcnns which are a p t t o  get dcrnngcd by the rapid and 

adopted. 
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IKDR-ivLIC, AXD STEAM MACIIISERY. 19 
+,lc11t concussions caused by the discharge of the gun. Therc is also a great 1083 of 

Orcr GO per cent. of thc Etcum-enginc poecr is lost in its transmission, nnd 
tllnt is a r e v  scnons matter. The 10s T3riC3 with ditrcrcnt pressures. According 
to that harc becn carried out the 1053 is, as 1 h r c  stated, GO per cent. 

tno atmosplieres of pressure : with tlic higher rates of prmsurc tlie loss 
becomes greater than thnt, nnd with smaller p r c w m  thc 10:s becomes less, therefore 
the lli~lier you ionclenec air, the morc is lost through its subsequent expansion. 
M,.. SCOTT RWSSLL : That losa is not of thc l e d  value. 
lrr. BGTTER: KO. Of couwc it mny be compensatcd b r  haring higher engine 

~f , . .  SCOTT RTSSELL : I t  is only R lops of txo pmnngworth of cod. 
3rr. BCTTER : Then there is the dieadrantage of the air rcsmroir bursting cx- 

ploeirely, rind that is not the case n-itli water OT shafting. If thc shaft becomes 
tlel.auge! it produces no cril effccts : it does not girc out nnjtling offcnsire. Of 
,-Olirse, if a stenm pipe mere to  bunt  it would be offcniiic, tuL a sliaft becoming 
clcl.auged would not bc EO in tho least dcgcc, and by disconnccting the gcar from 
tllc steam-gear you cnn at  once resort to Sour manual poecr just as if an air pipe 
burst. 

I belicre there 
is n gentlcmn present who used air in his works for some time in placc of steam, 
:r,,d I think hc had scrcid accidents. Therc were eercrnl crplosirc burstings, and 
f[lcY rcsultcd in grcat injurr to tlic men. Tlic air, tliereforc, was nbnndoncd, aud 
n-ater SUb&itiitCd for it. w c  know a130 that wc hare had one of the torpcdo rcssels 
b11ret at  Woolrich, and n e  hair that air ciocs bur& csplosirely in the Eamc  ax as 
gliiipwdcr and steam, nnd producca wry  dcatructire results. Anotlicr great dis- 
n,lrantage in the cmplopcnt  of air is that you must iiicrcasc your complication. 
l - 0 ~  must harc nnothcr enginc at  the gun to  dcrelop thc powcr which thc air or 
water rcceires from the steam-engine. You. 
carrr 011 thc pomr ant1 takc it ob by n simple toothcd-nhccl. Yon must bare a 
r c r i  delicatc nnd complicated macliinc indeed at  the gun for the purpose of re- 
clcrclopiug thc power of the air. With regard to the hjdraulic buffer I r n q  men. 
tioii tliat the bjdraulic buffer that lie first mcntionerl is onc that wc harc had in use 
for R grmt numbcr of p a r s  a t  Woolwich, nnd it ia a rcry admirable form of buffer ; 
it mas oiic which m 5  proposed specially for rise in the XnV, and of which I hnrc 
eliorm you a diagram. I t  lius tlic sidc pipe and thc rnlrc, 
and &ea, beaides tho pomr  of controlling the running in and out of the gun, that 
of Irgolating the npertnrc to accommodntc itself to nnp recoil. But the one with 
t l ~ r  four small holes i 3  EO remnrlinbly eimplc in its form, nnd has answered eo 
admimbly, thnt it is rctdned in prcfcrcncc to an1 other. 

With rcepcct to the trnrcrsing arrangement of Nr. Faucus it is a rery ingcnious 
application, but I do not think i t  bears upon my Iccturc, nnd thcrcfore it docs not 
fal l  n-ithin my prorince to criticise i t  in nny tray. 

Vi th  regard to tlic wire ropc mentioned by Admiral Selryn, I think I' nanied 
that i t  was one means wliieli might be adoptcd for tlic purpose of conrqing power 
from the stenm-mgine to the gun. I nlso named that it  is a wry  ndmirablc contri- 
vance for carrpng power from a portablc steam-cnginc into trcnches wlicrc thcre is 
plcntr of space for large pulleps, but it is not EO well adapted for carrjing the powcr 
into B fort, when tlicrc nrc only small spnccs to Kort  in, and only D certain limited 
depth in which to construct tlic pmusagcs under the floor j it  is thc same nay with 
Fpgard to ships. The shaft, on the other hand, giyes tho poner of carr-jing along 
thc pomr in n rely small passage indeed-only tlirec or four iuclics deep. Sou 
rould not carry D long ropc in so small n pnssngc as tlint. 

Admiral SELWSS : TIic stccl rope is merely used by twisting for the purpose of 
iuilpayting motion. 

Mr. EFTT~R : I misuuderstood you. Tlicn it 
romcs to this, that it is really flexible diafting. This is in use in the Arsenal, nnd it 
i j  n r c r j  uscful contriraiicc for carrjing on a small amount of potrer, but it is 
mtiicted in length. It is introduccd for tlic purpose of drilling holes up to one 
ilicli iu diameter, but SOU cannot use such n ehnft more than nbout eight feet loup 
Of coursr, if JOU oiily want n 6 m d l  nmouut of  power i t  onsmrj tho purpose, but it 

c 2  

power. 

Thcrc inrill bo no morc inconvenience in tile oiie than iu the otlier. 
\STith respect to thc bursting cxplosirely that is a scrious mattcr. 

With shafting that is not the caw. 

It wns propoecd in 1867. 

I nm rcry glad of your correction. 
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bccomes ueelces when you harc to  get such enormous pressure as you rcquiiu for the 
purposc of u orking henry guns. They arc in use both in tlic Gun Factory and in tho 
Carriage Depnrtment, and thc rcsult wae such that it naturallysuggcstcd itsclf to 11s 
asbeing ndrisnblc to employ n shaft of that description; but on going over the 
matter cnrcfully wc found i t  would not carry enough power for tlic lengtha which 
would be required, nnd thc telescopic shnft docs conrey the power rery admirably, 
and does not giro rise to  any inconreniencc ahntcrer. I hnre only to thnnk you for 
the attention you hnrc giren me, and to add that I should haw been glnd to harc 
made thc pnpx more interesting ; but we hare lately been so wry busy that i t  hns 
been only under great difficulties that I hare been able to completc the paper n t  all. 

The CIIAIRXAN : I fccl sure I shall only be f d I i h g  your wi13hefi in offering to 
41r. Butter our acknowlcdgements for hia kindness in giring us this interesting 
lccturc 011 a difficult subject, one of great interest to nard and artillery men-nnd 
especially for his coming under thc circumstances he has just mcntioncd-thnt the 
Carringc Department at  thc prceent moment L 80 fully engged that it was with 
difficulty he hns bccn nhlc to prepsre his lecture. We should probnbl7 h a w  becn 
much surprised if wc had been told ten or eren fire jcnrs ngo that wc should bc 
sitting herc to Jiscuss the best application of steam machinery to the working of our  
h e a v  ordnnncc. Tlic fact is, i t  is onc of the rceults of that great rerolution which 
hns been going on with regard to ordnnncc during thc last twenty jcar3, and aliiclh 
docs not at  present ahoxv signs of nbntemcnt, our ordnance, their cnrriiyes, sppli- 
ancc3, pnd prqjcctiles, arc hemming EO largc, and the wcigbts EO enormous, that M C  
arc ns it m r c  nlmost forced into some aptem of supplementing mnuual labour. KO 
doubt, ns Mr. Butter has pointed out, it  is c s ~ n t i a l  t h t  we should rctain tho incans 
of fighting our guns by manual labour, but  there arc great apparent adrantages in 
the uae either of steam or hjdmulic mnchinery. Onc adrantagc is thnt less men 
arc required for manning thc gun; another, that fewer men arc cxposcd in the 
cnsemnte3 during an action. That b important, beeau-w you know perfectly wcll 
what confu5ion and 1083 would arisc from a projectile bursting in n contracted 
cammate. Therc is, howercr, another ndmntnge, pcrhpps more important than all, 
that we hope, by mean5 of stcnm mnchincry, to obtain greater rapidity of fire. 
Now, rapidity of firc Tit11 n field-gun is not a matter, pcrhnps, of much moment, 
but it is otherwise with henvy ~ U M ,  because tlic object fired n t  will gencrnlly bc a 
lucnng onc j nnd it is ccident that if an ironclad or other ship is rapidly moring 
xrcss Four front, i t  ie  of tho highest importnncc to bc able to etrike quickly. 
Therefore, om of tho grcnt elements of ndmntsgc wo hope to gain from this 
application of stcnm or hydrnulic machinery, is that wc shall get rapidity of fire. 
I wish to say onc n-ord ribout muzzle-loading rifled ordnnncc. Thnt system has thc 
great admntngc of ennbling us, cren witliont the npplicatiou of stcam machinery, 
to firc faster than with guns constructed ou n breech-londing system. There arc EO 
inanp operations to bc performed in loading tho latter, and they rcquirc EO much 
cnrr, thnt thc firing is much slower. Xr. Butter hna told ycu that our 3s-ton gun 
has fired ten rounds in twenty minutes, or nbout onc round in two minutcs without 
steam mncliincry. I am not nn-arc that any gun of a foreign Power of that calibre 
and weight, made on thc brcccli-loading systcm, hna bcen fired with nnjthing likc 
the snmc rapidity. But I must go further nnd point out that the npplication of 
stca'm machinery Scems morc simplc when applied to a muzzle-loading gun than to  3 
breech-loader. Therrforc, I think wc arc not only right in studying thc question or" 
stcnm machinery, but that the system we liaw adopted for our guns is i ~ e l l  ndnpted 
for its npplicntion. I m a  glad to hcnr tho remarks of Captain Scott with regard to 
thc Officers in tho Arsenal, and fecl quite sure that thcy knrc no petty jealcusics, 
but that they arc nnsions to obtain thc assistance not only of brother Officers, but 
of other3 from whosc efrorts wc hare alrcacly rcccired eo much ndrautage. I u-odd 
nanic Captain Scott himsclf, and Major Moncrieff, and also Sir William Armstrong, 
and JIr. Rendel, by whom txo  guns hare been fitted up in onc of the forts at  
Spithcad for the rcrypurposc of dcrcloping a ajstcm of Torking by stcam macliincr~. 
I n  tllc prosecution of our studies in this difficult matter wc cordially inritc tLc nssis- 
tancs of thosc ~ b h o  may not be in the department. I hnrc only to conclude by 
thanking Mr. Butter for his hindncss in coming herc to-day, and giring u s  this 
excellent lccture on such an important subject. 
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