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In cooling, the rails do not touch each other,
hence there is little straightening required. In
fact one is impressed with the many devices to
facilitate the work, and to reduce the handling of
the material to a minimum.

On that portion of the property lying east of the
Bessemer and rail department an extensive plant
of open-hearth furnaces is projected, the product
of which will be distributed among the blooming
mills, plate and structural shape mills to be erected
in connection with them.

The marine department, although not complete
in its varied details, is in active operation. On the
fitting-out pier, alongside which vessels will be
taken as soon as launched, to receive their machi-
nery and outfit, is being erected a machine shop,
also hoisting sheers of 100 tons capacity. The
other buildings comprise the tool shed, smith and
machine shop, joiner and paint shop, and dry house.
Thers are now completed four slips for vessels
250 ft. vo 300 ft. long, others for larger vessels to
be added as required. One steel seagoing tugboat
has been recently completed and is now in active
gervice ; another is nearly finished. A side wheel
steamer 210 ft. long, and a propeller steamboat
305 ft. long for the service of tﬁe Baltimore Steam
Packet Company between Baltimore and Norfolk,
are now under way.

The machine shops, one section of which is now
erected and partly in operation, are intended to
produce the apparatus required for the extension
of the manufacturing plant, and the engines and
other machinery required by the shipbuilding de-
partment. The present shop is one of three bays,

THE GERDOM SYSTEM OF BREECH MECHANISM.

of which the other two will be used as erecting and
light tool shops.

In this building heavy castings for the works and
for the vessels at the shipyards are being made
daily and handled by hydraulic cranes, to be aided
by a 50-ton electric travelling crane which is nearly
completed.

A brick manufactory with a daily capacity of
26,000 is operated by this company, and on the
property is ﬂ:cated a lumber company manufactur-
ing 260,000 ft. per day. The buildings have been
constructed witﬁ a view to extension and reflect
the greatest credit on their designers. This inspec-
tion closed the day's excursion, and there was

ot another trip to be chronicled, and that was to
ndian Head on the day following, to see the
United States proving grounds to witness some
tests. Shots were fired from the rapid-fire guns,
and from the G-in. and 8-in. rifles, The 6-in. shot
Fa.ssed through a Carnegie 6-in. plate. Thesmoke-
ess and cocoa powder were examined, and from
thence the party visited the United States Navy
Yard at Washington, to see the gun shops, and to
admire the lathes and rifling machines for guns
from 6 in. to 12 in. These guns were shown in
various stages of completion, and the heart of the
American citizen dilated with pride, and l}e felt
almost like wishing for a war to show foreigners
what an American gun can do when needed.

The arrangements for this meeting, it may be
said in closing, were most carefully planned
and completely carried out. The local committee
covered themselves with credit anddeserved all the
thanks they received. Their souvenir book giving

Fie. 166.

Fic. 168,

an account of Baltimore, its industries, its geo-
lo¥ical characteristics, and accompanied by an ex-
cellent map of the city and a geological map of the
section, was a work of care and was greatly appre-
ciated. It will, undoubtedly, find a permanent
place in the libraries of the members and remind
them that the Baltimore committee are men to be
proud of.

MODERN UNITED STATES
ARTILLERY.—No. VIL
WaaoN AND FoRGE FOR FIELD BATTERIES.
(F1a. 164.)

THE battery wagon and forge for use with the
field batteries have been combined in one carriage,
thus reducing by one the number of carriages
in the battery. While the advantage of such a
reduction is great, the full value is not obtained,
since this combination has required the addition of
an artillery wagon. The battery wagon consists of
a limber and body, generally similar to the caisson.
The fore-wheels or limber carries everything that
pertains to the forge, except the sledge, anvil, and
vice ; these are carried by the hind-wheels, which
also carry everything which relates to the battery
wagon.

The battery wagon. body, made of white wood
and oak, has three compartments; two lids on top
ogen into one of the compartments, and a door at
the front end into the other two. These last two
compartments each contain a chest of tools, one
contuining the saddler’s tools and the other the
carpenter’s and wheelwright's tools. The tools are
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8o arranged that any one can be taken out without
disturbing the others. .

The anvil is carried on the middle rail.

In the top compartment is carried a grindstone
and stand closets packed, also stones and spare
parts for the repair of the battery. The vice is
attached to the middle rail in front of the anvil.
A folding forage rack in the rear of the wagon and
a rail around the top provide space for carrying
forage.

’I?Eo artillery wagon, shown in Fig._ 164, i.s rather
a novel addition to the battery. It is designed to
carry knapsacks, intrenching tools, and water.
On the large canvas cover is painted the name and
designation of the battery. The wagon has the
same tracks as the other artillery carriages, and the
rear wheels are of the same diameter as thoso of
the 3.2 in. field gun. The fore-wheels are smaller
in order to go under the body of the reach. The
wagon has a capacity of 227 cubic feet, and can
carry 120 knapsacks of about 26 1b. each.

The driver’s seat is a box, which has three com-
partments, the middle one of which carries a few
tools, and the other two spare revolvers and cart-
ridges.

In the rear of the wagon is a 25-gallon water-
keg, slung by chains and resting on a cradle built
out from the rear of the wagon. It has a large
bronze bung for filling and a faucet from which
water may be drawn while on the march.

The wagon has a double cover. The firstisa
waterproof canvas covering the top only, while the
second of cotton duck extends down the side and
far enough in rear of the wagon to be lapped over,
80 by lacing it up by means of eyelets which are
provided, the end is closed. A stout canvas
curtain in rear of the driver’s seat prevents the
load from being thrown to the front.

The intrenching tools and spare double and
single trees are carried under the body of the
wagon. These carriages and pieces which have
been described, complete, with one exception, tho
gquipment of the field batteries of the United

tates

o

THE GERDOM BREECH-LOADING MECHANISM.
(F1as. 165 to 168.)

Numerous methods have been tried, at various
times, for closing the breech of guns, but at the
sresent time the number has practically been re-

uced to two, the Krupp, or sliding wedge system,
and the French, or interrupted screw system.
Between the advocates of the two systems there
has been great rivalry. It may, however, be stated
that, with the exception of Germany, the various
nations have generally adopted the interrupted
screw system.

Among the latter nations is the United States.
All the guns that have been built at the National
Foundry have breech-closing mechanisms of the
mtergl&)ted screw system. &‘his system has been
adog after long and careful criticism of the two
methods. The United States in its isolated position
has felt that it could wait while the conflict betwoeen
the two systems was going on, and Congress was
loth to appropriate money for the building of heavy

uns until the superiority of some one system

ecame evident. It can hardly be said with fairness
that such a superiority has become manifest. It can
be said, however, that both systems have proved
then}aelves reliable, serviceable, and durable ; each
has its advantages over the other, and it becomes
merely a matter of choice as to which advantage a
nation considers the most desirable. The prin-
cipal advantage of the Krupp system is its sim-
plicity, It is, on the other hand, obliged to employ
a much inferior gas-check. A fow grains of sand
or slight fouling is sufficient to allow the slight
escape of gas, and the erosion once begun will soon
destroy the gas-check. The Krupp block has a
motion of translation only at right angles to the
axis of the piece, while the interrupted screw
system has a motion first of rotation about the axis
of the piece and block, then of translation to the
rear in the direction of the block, and finally of
rotation about a vertical axis, These three
motions complicate the devices necessary to regulate
them. T!:e carrier rinﬁ, or the tray, which replaces
the carrier ring in_the larger carriers, has to be
locked and unlocked automatically. This requires
some delicate device, such as the Yatch-pin that has
l(:)een l:lescrill;;e_d witt'h ;he 113‘2;:\. breech-loading rifle,

n the working of this latch depends, i
the working of the breech. . o
recently been devised by one of the mechanics at

A new mechanism has | B

the National Foundry, which promises to supplant
the interrupted screw system in guns of the
smaller calibres, if not in the larger ones. It is
being tried in a field gun, but the official result will
not be arrived at'for some time. It is known as
the Gerdom breech mechanism. Four views are
shown in Figs. 164 to 168, and from them can
be seen the various steps in the opening of the
breech. The locking is done by an interrupted
screw, and the motions of the block are two, one of
rotation about the axis of the block and piece which
locks or unlocks the block, and a second motion of
revolution about a vertical axis. The motion
of translation is entirely dispensed with. It
will be seen that the number of screw sectors
is two, and the same number of slotted sectors,
80 that the block is approximately rectangular in
cross-section. To open the block it is revolved
90 deg., thus unlocking the block, which is then
revolved to the left to open it. The breech-block is
carried by a carrier ring, which on its left side has
attached to it a longituginal piece, which serves as
a hinge. The hinge-pin goes through the left side
of the piece and through this longitudinal part of
the carrier ring. The only other part of the block
is the vent closer, which is a strip of steel, rect-
angular in longitudinal cross-section, and which
slides in a radial slot. It is constantly forced out-
ward by a spring, but in all, except the locked
position of the block, its outer end presses against
tho carrier ring, while its inner end closes the vent.
When the block is locked the vent closes, arrives
oll‘)posite a slot in the carrier ring, and is forced by
the spring outward into this slot, uncovering the
vent and locking the block to the carrier ring, 50 as
to prevent any tendency of the block to rotate when
the piece is fired. To open the breech the vertical
handle is revolved to the left and upward. There
is a slight play allowed to this handle, so it rotates
through several degrees before the block begins to
move. During this period the vent is closed in the
following manner. On this handle is a small key
fitting into a slot in the vent closer. The revolu-
tion of the handle to the left causes the key to
press against the vent closer, forcing it inward,
closing the vent and unlocking the block from the
carrier ring. As soon as this is done the handle
arrives at the end of the play allowed and the block
revolves. After a revolution through 90 deg. the
screw threads are disengaged and the breech can be
opened by revolving the block around to the left
to the gosition shown in Fig. 168. The breech is
closed by the reverse motion, first being swun
around into place and then the handle is prosaeg
downward. When the vent closer arrives opposite
the slot in the carrier ring it is forced outward by
the spring with a snap, opening the vent and lock-
ing the block. The gas-cgeck used is the Du Bange.
A stop-bolt passing through the top of the carrier
ring limits the rotation of the block to the proper
angle. The whole mechanism is very simple and
very ingenious, and will undoubtedly prove success-
ful. It will require an exhaustive test to determine
whether it is advisable to replace the interrupted
screw mechanism now in use by it.

_———————

THE TANSA DAM.

Our two-page plate illustrates the great dam
that has been built in connection with the Bombay
Water Works, and which has been some 5} years
in building. A good idea of the appearance of this
structure at its deepest part will be gained from
Fig. 1, whilst in Fig. 2 we give a cross section of
the dam, at the same place, and in the remaining
figures longitudinal profiles. The tinting in the
latter shows the progress of the work at different
dates, the stippled portion representing the work
done up to June, 1889, whilst the hatched part
shows what was accomplished between that date
and June, 1890. The dam, which was opened on
March 31 by the Viceroy of India, is situated
about 65 miles north from Bombay, to impound
water in the Tansa Valley, for the purpose of
giving Bombay a new supply. This was greatly
wanted, since the former supply almost entirely
depended on the Vehavi Lake, in which the water
was held up by earthen dams which have from
time to time caused the officials in Bombay much
anxiety from their leaky condition. The supply
was also growing totally inadequate in consequence
of the increased and growing population, and the
enormous strides in the trade of recent years in
ombay,

The Tansa Dam, now constructed, is known to

be the largest masonry dam in the world, It is s
little under two miles long, 118 ft. high, and about
100 ft. thick at its greatest depth, with a top width
of 164 ft. The bottom of the inside face is slightly
battered for a short distance, the balance being
perpendicular. The bottom of the outside face hasa
straight slope,above whichit is curved, with a radius
of 160 ft. The waste weir is 3 ft. below top of
dam, and about 1600 ft. long. The dam has been
80 designed that it may, at some future time, be
raised, if required, to impound water up to R420,
or 15 ft. above present level, in which case the
height of the dam will be 133 ft. above the bed of
river, and the lake will cover an area of 8 square
miles, and the catchment basin, in which the rain-
fall will be collected, over 52 square miles ; whilst
the available supply, after deducting for evapora.
tion, &c., will then equal 68,000,000 gallons per
day for 365 days, or practically 100,000,000 gallons
per day, becauseallowing for the fall during the
rainy season, the supply stored is only required to
meet the demand of 240 days instead of 365.

Fowrdations.—The entire foundation of this dam
is solid rock throughout, and care was taken to
remove every possible part where the least
doubt existed on this point, and to this end
the foundations have in some cases been carried
down 46 ft. below original ground level. In the
course of this work the c{:}antity of excavation
actually carried out in soft boulders, bastard rock,
and rock amounted to 6,780,428 cubic feet, as
against an originally estimated quantity of only
4,084,347 cubic feet, equivalent to 66 per cent.
over and above the originally estimated quantity in
foundations.

Masonry.—The whole of the masonry in the dam
consisted of uncoursed rubble, anything approach-
ing horizontal joints being carefully avoided ; and
good bond was carefully seen to throughout the
whole of the work. Every stone was carefully
laid in mortar and driven home with a light
mallet. The top course of the dam was, by
the use of carefully selected, flat-topped stones,
brought up to a uniform level, having the appear-
ance of rubble paving. The face stones were laid
without priming in front, and were specially
selected olf)a. larger size, to insure good beds, and
of uniform colour. They were laid so as to tail
back, and bond well into the body of the work,
and no face stone had a greater height than either
its breadth on the face, or length of tail in the
work. The face work, when completed, was eg;;l
to and had the appearance of coursed rubble. The
quantity of loose rubble stone used in the dam
amounted to 14,707,000 cubio feet. The mortar
used in the masonry consisted of one part of
kunker lime to one and a half of clean, sharp sand,
with the exception of the lower and thickest por-
tion of the dam in the bed of the river, where a
proportion of Portland cement was added to
the above. The mortar was ground in steam mortar
pans for fifteen minutes before being used, the pro-
portions of lime and sand being carefully gauged by
specially made frames. The lime was all burned
and prepared by Messrs. Glover and Co., most of it
at the site of the works, The kunker nodules, out of
which the lime was made, had to be excavated from
some feet underground where they were quarried,
and after being exposed in the sun and thoroughly
dried, were separated from all extraneous matter,
such as earth, &c., by beating, washing, &c. The
kunker used in this work is well known for its
special hydraulic properties, and hasa hifh‘re u-
tation. After being cleansed as described, it had
to be carted to the railway stations an average
distance of 10 miles, then by train about 70 miles
to Atgaon Station, G. I. P. Railway, and againin
carts, 8 miles to the mortar mill sheds at Tansa.
The total quantity of lime used was 2,206,000
cubic feet. The sand was clean, hard, and sharp
from quartz and trap formations, and was carefully
washed to remove dirt, &c. It was carted from
about 1} miles in the first season, the distance in-
creasing in each subsequent season up to 12 miles
of carting, over most difficult country without made
roads. Tho total quantity of washed sand used
in the work amounted to 3,309,000 cubic feet.
During the working season as many as from
to 900 carts were employed in the conveyance of
sand, lime, &c., to the works. Regularly during
the progress of the works, portions of the mortar
were sampled, by being made into 4-in. cubes and
submerged in water after lying damp for fort'y-elght
hours. "These cubes were tested by hydraulic pres-
sure after lying submerged for from six to eighteen
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+10 puwaer chamber is 26,25 in
6.7 in. in diameter. It is connected by a spherical
surface with the ghot chamber, The forging for

bored to within 0,05 in. of the
e jacket was t

. in length and

sec key-ring. It will bo seen, by
examining the figures, that the key-ring prevents
any forward movements of the parts, and the
shoulder on the tube preven
move to the rear, i
lands and grooves, makes one turn in
3b calibres, or at an angle of 5 deg. 9 mip,

The breech mechanism js similar to that used

with the field guns,
being made solid, is
the front end i

long and 6.66 in. in q
Screw sectors and th

rearmost thread is not cut away, and serves to
protect the block againat dirt

i8 closed.

The latch-pin is similar to that used in the

3.2-in. gun. "Its head

tudinal and circumferential groove

wards the ends. On cl

rear end of the base-ri
described for the 3.2-in

iameter, and has the three

osing the block the latch-pin
is lifted from the hole at the front end of the
longitudinal groove by

The De Bange obturator is
used. The spindle of the obturator, instead of |al
pierced by an axial vent. At

18 a copper bushing to decrease the
» [erosion, and at the rear

- | the obturating primer,

end are screw threads for
The breech-block is 8.2 in.

ree slotted sectors. The

and weather when it

moves in a narrow longi- ’

deepening to-

a pin projecting from the
ng, in the same manner as
. field gun,

i i ed to
The handle for rotating the block is curv '
lc:‘we room for the insertion of the obturating

) i in i d in

It will be noticed that the latch-pin is secure
the carrier ring by a plate called the latch co]}’:;;
which is held by two screws. By this mgansould
easily accessible, 8o in case of injury it w po
require but a few moments to replace it by a n
one, . hrough
The spindle of the mushroom-head passes th
the cenlt’ml cavity in the breech-block, and mrhi:lgd
by a nut, against which presses a spiral sgesto;
thus keeping a constant pressure on_bhtla &Bw b
pad. By removing the nut the spindle c
withdrawn and a new pad put in place. ont t0

The type gun (or the first one made) was Bis ot
the proving ground at Sandy Hook, N.J., 3:
custom, and was tested by firing 1000 rouned~ after

The diameter of the bore was gaug
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, 285,
£nd of Trail.
Larerior

' Weight of projectile ... ... 431b,
of charge to wei ol
1 f charge to weight of
' Ratio of projectile 1to3.4
‘ weight ) of projectile to weight of
piece .. .. .. 1lto851
i Initial velooity..'.r " 1‘8)397 tit.
| otal 0997.
M“}"‘: al):ergy per ton of gun ... 611.7
oot-tons | per pound of powder 79.6
Pressure, pounds per square inch ... 35,675

CARRIAGE FOR 5-IN. STEEL SiEce GUN.
(F1cs. 194 To 218.)

The carriage for the 56-in. breechloading steel
siege gun was designed with the object of embody-
ing the desirable features of a modern metal siege
carriage, among the more noticeable of which are
the high trunnions, and as small weight as is con-
sistent with strength and durability.

It is 80 designed that when unlimbered the axis
of the trunnions will be 72 in. above the ground
and 10 in. in rear of the vertical through the axis
of the wheels.

When limbered the axes of the trunnions and of
the wheels are in the same vertical plane, so the
centre of gravity of the system composed of the
gun and carriage will fall well between the axles of
the carriage and limber, and the whole, conse-
iquently, will be stable on the march.

All metal parts of the carriage are made of steel,
80 as to combine strength and lightness.

The carriage consists essentially of two flasks
parallel throughout, and connected by topand bottom
| plates and transoms. Directly under the trunnions

the flasks are reinforced by two vertical braces of
. the form shown in the figure. The axle is embraced
by two trapezoidal-shaped axle-plates, similar to
"the ones used in the field carriage, and to these
 plates the flasks are bolted. The flasks are stif-

.  fened by ﬂanging at the bottom, and at the top by
st the only TABLE XVI.—Ballistic Data of b-in. B.L. Stecl Siege Gun | riveting on steel angles 1.76 in. wide. The flasks

ay affected . (Figs. 169 to 193). . 'are } in. in thickness. The bottom plate, secured
1t erosions Calibre ... .. .o e e ’36%4;“1'!) by rivets to the flange of each flask, extends from
f the shot .}}:f' hl:n"t'.h seoee e e e ithe trail to the lower axle plate, 'lappingUover the

slight to Length of bore .. 1 o .. 23.5 cal. latter 4 in. and secured to it by rivets. Under the

ny way. | Weigtht of powder charge ... ... 12.5 1b. trail is a shoe-pla‘e 0.5 in. in thickness with a pro.
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jection to allow the engaging of a handspjke. The

EXPOSITION OF

1893 :
(For Description, see Page 552.)

top plate, 0.26 in. thick, secured to the steel angle
by rivets, extends from the trail towards the front
as far as possible without interfering with the ele-

the trunnion

below the trunnion, is riveted an exterior brace,
flanged at the bottom and riveted to the axle-

the elevating and depressing of the piece.

vating of the giece.

late. Between these braces is the front transom | more complete description of this brake will be

in. in thickness, and hollowed out above to allow
A rear

transom is added to prevent the buckling of the
flasks between the trunnions and the elevating
screw. The trunning beds are made by curving
T-irons and by bolting them on by passing bolts
through the webs, braces, and flasks.

The wheels are of the Archibald pattern, pre-
viouslydescribed. They are b ft.in diameter, having
sixteen spokee 3in. thick, and a dish of 1.5 in.
The tyre 18 of steel 4 in. wide and # in. thick, The
nave 18 of malleable iron. The weight of the wheel
is about 376 1b. The elevating screw is the double
screw used in the field gun carriage. The head of
the screw is attached to a foot pivoted below the
axles, 80 as to keep the screw as nearly as possible

rpendicular to the axis of the gun, and thus

iminish the tendency to bend under the blows
from the breech when the pieceis fired. The brake
is similar to the one descri with the field car-
riage. The hook and brake are held together by
the bolt passing through the steel spring lever, the
brake, and the slot in the hook. The form of the

found under the description of the full carriage.
¢ l'{‘he principal weights and dimensions are as. g
ollows :

Height of axis of trunnions above

und ... 72in,
'1dth of wheel track "
Distance from line joining points of
squort of wheel to that of trail 100 ,,
Weight of gun carriage without wheels 20721b.
' one wheel ... .. 374,
Tot.gi weight of gun carriage ... 2820 ,,
Weight of gun carriage with piece 6480 ,,
, trail without gun, pressure
on horizontal plane ... ... 728 ,,
Weight of trail with gun, pressure on
horizontal plane... .. 1102,
Angle of elevation, the gun being on
level plane 38deg
Angle of depression, the gun being on
level plane 10 ,,

TESTS OF REFRIGERATING MACHINES.

IN our issue of August 28 last we

ublished Tables
giving partioulars of some careful trials of refrigerating
' machines made by a committee of experts in Germany.

AGRICULTURAL BUILDING.

bolt does not allow it to slide in the slot when ; Unfortunately, some errors had crept into these Tables
the spring is in place, as shown in the figure. If, ; L
however, the spring be revolved until it is at form on the opposite page. The machines teated were
right angles to the brake, the cross-sections of
The steel angles continue to | the slot and bolt are then the same, and the bolt
eds. On the outside of each flask, | will slide in the slot, and by so doing the brake
is lengthened. This is necessary to loosen the
brake after firing or after descending a hill. A

in translation, so we now republish them in a corrected

—_— ’ Linde Machine. Pictet Machine.
Steam |Com- Steam | Com-
Engine. |prsrs.| Engine. 'prers.
Diameter of oylinder in. 12.01 9.96 12.45 111,26
” piston-rod ,, 1.91 2.17 1.97 | 197
Effeot. pis- | front eq. in.' 110.76  |72.59 118.8 96.6
ton area (back ,, ' 118.61 |76.26 118.8 99.6
troke . .o dn 27.66 27.66 ! 24.41 24.41

Evaporator. (Cond.' Evaporator. Cond.
[0 1L (L 1L

Mean exposed surface '
0q. ft. 681.4 | 684.6 643.7 |7!’].7 721.7 653.4
|

of the Pictet and Lim—ie_types respectively, of whi:h
'tlpeb ]principal particulars are given in the annexed
able.

THE HAMILTON DOCK AT MALTA.

ON page 545 we give illustrations of the new dry
dock, which was recently opened at Malta, H.M.S.
Victoria being the first vessel to enter it. The dock
has been built by the Government to the designs of
General P. Smith, K.E., and has been named after
tt.he First Lord of the Admiralty. From the outset
the execution of the works has been in charge of
Mr. Charles Colson, M.I.C.E., and his son, Mr. C. H.
Colson, A.M.I.C.E. Our illustrations are from pho-
tographs taken from opposite ends of the dock and
show clearly the Erincnpnl features. The dock is
520 ft. long on the blocks, when the caisson is in its
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pegs were incontinently shifted to avoid it; if
cuttings were deep, gradients were at once steepened
to render them shallow ; if lime and cement ran
short, or their cost could be saved for the con-
structor’s benefit, mud was used, and foundations,
being wholly against Chinese ideas and practice,
were almost invariably omitted. The result was a
show of much work dene and a reality of but a very
little that would not have to be undone or done over
again. The western chief, however, accomplished
wonders ; he altered the line from Taipeh to Kelung
as far as the existing work would admit, and took a
corrected section and prospected, laid out, and
levelled a preliminary line south of the capital
down to Chiangwha (12 miles south-west of the
proposed new capital) ; he designed and started the
erection of several of the principal bridges, the
headings for the tunnel were well in hand, the rails
and rolling stock for 20 miles of line were on their
way from Germany at a cost of 100,000 dols. A
consulting engineer had been appointed in England,
and was engaged designing the more important
bridges and special locomotives and rolling stock
to comply with the governor's latest ideas. An
assistant {ad heen arranged for and was on his way
out—everything was apparently progreasing favour-
ably—but the prospect of more stringent supervi-
sion, the stoppage of scamped work and of con-
venient, if unsuspected, ‘‘squeezes,” alarmed the
doughty military constructors, and taking advan-
tage of the engineer's temporary absence in Hong-
Kong a cabal was formed, which very shortly
after his return whispered into the governor’s ear,
“ Your engineer spends his time too much in-
doors, too much in travelling away from the line,
too much in attending to family affairs instead of
to the railway, he should reside on the line and not
down the niver, &c. There is excellent accomme-
dation at the arsenal with your trusty Teuton
manager, which he seems to be too stuck up to
occupy.”

Notwithstanding the engineer’s very reasonable
contention that he lived away from the line because
the quarters which had been promised when he
tirst came, had never been even commenced, and
that unavoidable and unnecessary office work had
latterly limited his personal supervision of the
work, the- governor appeared to have completely
changed his attitude, and from most friendly had
become bitterly hostile, with the result that the
hard-working chief was grossly insulted and told
to leave the island as spcedily as possible.
This he shortly did, after a stay of a little over
eight months, but unfortunately for himself and
those who came after him, without enforcing his
claim to payment of salary- for the balance of his
unexpired agreement, which the governor had
serempborily declined to entertain, and which the

eparting engineer was counselled to forego by the
firm who had engaged him on ‘‘ His Exceeflency’u ”
behalf, as, doubtless, their future prospects in the
contract line would have been seriously interfered
with by their nominee proceeding to extremities
with that autocratic magnate.

An interregnum now occurred during which the
Teutonic influence of the manager of the arsenal
was once more felt on the railway, but the newly
arrived and energetic British acting consul at Tamsui
began to take a strong interest in the embryo line,
which his predecessor, more experienced in the
fate of Chinese concerns, had severely let alone.
In the mean time Chinese mismanagement of the
tunnel works at Kelung had brought about the
inevitable reeult, in the shape of a huge slip where
a whole hillside had moved down and entirely
blocked the northern approach to the tunnel. This
accident so frightened the general in command that
he advised the abandonment of the work and the
shifting of the line to the northward ; an altera-
tion which had been so far foreseen by the late chief,
that he had laid out and placed marks along the
necessary diversion. The governor instructed the
acting consul to forthwith ogbhin a substitute, and
an eniineer was procured from Hong-Kong, who
very shortly was able to take charge. The European
manager of the Government colliery, at Kelung,
who was also an engineer, was appointed superin-
tendent manager of the railway, and with the help
of the assistant procured by the first chief engineer,
who had arrived before the latter’s departure, a new
spurt was made with the railway, early in 1888,
and bid fair to be ultimately more successful
than the previous one. The new chief, who had
some experience of Chinese ways, warned by the
fate of his predecessor, adopted a more easy policy
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towards the military constructors, but it very
soon appeared that this did not suit the governor
8o well as the previous régime, and the result was
the exit of chieP No. 2 after a brief reign of less
than six months. The governor, after the expe-
rience he had had on a former occasion of the ease
with which engineering employés could be dis-
missed, and their agreements disregarded, was even
more peremptory in his behaviour than before, and
chief No. 2, being anything but combative in cha-
racter, left the island without an effort at claiming
his rights. Thereupon the acting consul, notwith-
standing the comparative failure on the part of his
first importation, still desirous of keeping the con-
trol of the line in British hands, once more stepped
into the breach and offered to obtain a stopgap
from Hong-Kong, while another chief engineer
and an additional assistant could be sent for from
England. The governor was, by the united in-
fluence of the consul and the European manager,
persuaded to adopt this course, and to intrust the
selection of the engineer to a well-known consulting
firm in the city of London, who had been unoffici-
ally appointed consulting engineers to the railway
in succession to the nominee of chief No. 1. The
stopgap was forthcoming in the engineer of the
Hong - Kong Peek Tramway, who very soon
came over and took charge, but wisely confined
his attention almost entirely to survey, and the
selection of new line, leaving all attempts at con-
trolling the construction to the new-comer, whose
more permanent position alone could warrant the
undertaking of wm all previous endeavours had
proved to be so hopeless.

(To be continued.)

MODERN UNITED STATES
ARTILLERY.—No. IX.

7-IN. BreecHLOADING Howrrzer. (Frcs. 219
TO 270, PAGES 580 AND 581.)

THE siege artillery of the United States consists
of the 5-in. breechloading steel rifle, which was
described in the preceding article, and the 7-in.
breechloading steel howitzer.

The 7-in. howitzer, as is shown in the sectional
view (Fig. 241, page 580), consists of a steel tube,
jacket, base-ring, trunnion band, key-ring, sleeve,
and De Bange breech mechanism.

TABLE X VII.—Requirements for Forgings for T-in.

B.L.S. Howitzer,
‘Elastio limit, | Elastio  limit,
[ 48000 10,0 | o remuta (36509 o pei
’ Tensilestrength, | o 2 '8! | Tensilestrength,
Tube .. | 88,000 Ib. per | ©f mo one ,000 1b.  per
square inch. :g“&“e:e square inch.
|Elongntion after, low— ° | |Elongation after
| rupture, 20 per rupture, 17 per
‘' cent. i) cent.
e U
Jacket, . - \PET | The results g per
sleeve, Pt :nch. b [ ot the test ey inch.
breech- ;6"00:'1;’""‘ "' | of no one | |Tehsilestrength,
block, andf | 95 ot | " specimen || 88:000 1b. per
other small E'lq“"‘““ .'“el to be be Ellqnueilnch.
forgings ongation after | [ ' ™ ongation after
\| rupture, 18 per ‘ rupture, 15 per
cent. ‘| oent.
Elastic limit, "Bllltic limit,
squnre inctr || The resuita || 1200 D, per
Tensilestrength, :: "':': "::: Tensilestrength,
Trunnion- { ' 95,000 1b. per | » { | 86,000 1b. per
hoop ' square inch. :: ’b‘;'“‘:: square inch.
Elongation after | (/™ ™ | Elongation after
rupture, 15 per rupture, 12 per
, cent. ; \| cent.

thickness of the walls is then reduced to 2 in. and
continues of this thickness to the forward part of
the sleeve, except where a groove § in. in depth is
cut for the key-ring.

From the front of the sleeve to the muzzle the
tube gradually tapers, uatil, at the muzzle, the
thickness of the walls is reduced to 1.5 in.

The seats for the De Bange gas check and the
powder chamber are cylindrical for a distance of
10.64 in., and throughout this distance the dia-
meter is 7.2 in.

For a distance of 2.4 in. the bore then becomes
conical, the diameter decreasing 0.05 in. The
cone then meets the bevelled ends of the lands of
the rifling, and in 0.25 in. the bore decreases to
7 in. measured bhetween the lands, or 7.12 in. from
the bottom of the grooves.

This conical slope serves to centre the projectile
and also to connect the powder chamber with the
rifled part of the bore. There are 40 grooves and
lands. The lands are 0.16 in. in width, and the
grooves 0.39 in. in width, and 0.06 in. in depth (see
Fig. 244). The jacket (Figs. 220 to 223) is 29.9 in. in
length, and is grsctically cylindrical as far as the
locking lip under the trunnion band, though the

TARGET RECORD of 1° B.L. Howitzer (Steet) N°1.

Fig 210.

May 91890 at SANDY HOOK.N.J.

Target | mile from Gun.

Number of shots Ffired, 10. Direct hits, 10. Ricochet hits, 0.  Misses,0.
t &
¢
'8
T
& .
"l
°
°
| e

B Center of impact.

@ Font aimed at.

s Target 22°'X 40

As is usual in all the United States guns, the
forgings were obtained from private firms and
were required to fulfil the following requirements.

The forgings to be of open hearth steel of Ame-
rican production, oil-tempered, and afterwards
annealed and to have the physical qualities set
forth in the annexed Table.

The tube is 86.9 in. long, and over the powder
chamber is 2.23 in. in thickness, and the exterior
of the tube is cylindrical to the front end of the
chamber, where a locking shoulder A occurs. The

Mean vertidaPdyviation from center of impact.4.95 feet.
Mean horizonta
Mean deviation from center of inipaet 5 69 feet

Wind 18 miles per hour

eviation from center of impact, 2.825 Feet

diameter of the walls is slightly increased in
thickness at the locking shoulder. Over the powder
chamber the thickness of the jacket is 2.42 in.,
making a total thickness of metal over the powder
chamber of 4.65 in. It will be noticed in the en-
larged drawing of the locking shoulder at B (Fig.
' 229) that, at the rear end, the diameter of the con-
tact surfaces is 13.75 in., and at the front end it is
13.824 in., an increase of .074 in., consequently,
{when the trunnion band is shrunk on the jacket,
!the two parts practically become one.
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Directly in front of the trunnion band is a key-
ring (Figs. 238 and 239) 0.9 in. in thickness, which is
laig in the groove in the tube cut for that purpose.
The key-ring is cut in two parts by a cut el to
the axis of the ring, the two halves are laid in place
and secured by the shrinking on of thesleeve. The
tube is subjected to sufficient strain from the radial
pressure of the powder gas without being further
strained by being ca'led upon to carry the breech-
block. To carry the breech-block a base ring is
screwed in the jacket, and on its inner surface
screw threads are cut corresponding to the threads
on the block. The circumference is then divided
into aix equal sectors, and three are then planed off
80 as to form the slotted sectors for the insertion of
the block. In front of the trunnion band is shrunk
a sleeve 25 in. in len]gth (Figs. 2256 and 226), and
2 in. in thickness. It is cylindrical for 20 in., and
then gradually slopes off 80 as to avoid a sudden
jump to an unsupported tube. The various figures
show very clearly the detailed construction of the
gun. The breech mechanism is on the interrupted
screw system, and in its general features it is
similar to those previously described. The breech-
block (Figs. 246 to 248) is 10.6 in. in length, and
has the three-threaded and three-slotted seotors.
On its surface is cut the longitudinal and transverse
groove deepening at the ends (Figs. 249 and 260),
in which works the latch-pin which locks and
unlocks the block automatically. Its action is
precisely the same as described for the 3.2-in. field

un. e ears on the block, to which the lever
l%xmdle (Figs. 267 and 258) is hinged, are situated to
the right of the vertical plane through the axis of
the block (Fig. 246), so that when the block is
locked the lever handle (Figs. 266 and 2566) will not
hang down over the vent.

The lever has a cam on the upper end, which
serveas the double purpose of locking the block,
when in the firing position, and of acting as a lever
to start the block when it is revolved, so that the
sorew ‘hreads are unlocked.

When the block is locked the handle arrives
opposite a recess in the carrier ring (Figs. 264 to
267) into which the cam fits, and the lever can then
drop close to the block. In all other itions it
would project at an angle, and would serve to
indicate that the block was not properly locked,
and thus prevent any premature insertion of the

rimer. On the lever handle pin is mounted a
riction spring (Fiﬁ; 269), which, pressing against
the ears on the block, increases the friction between
the handle and the ears. This is necessary to pre-
vent the shock of discharge from throwing up the
handle, and also to prevent the handle from drop-
ping away from the piece, when the piece is fired
at a high angle of elevation, as is usually the case.
The vent is axial, running through the spindle of
the mushroom head (Figs. 252 to 264). The outer
end is enlarged and screw threads cut on the
surface for the obturating primer. The obturation is
performed by the asbestos in the same manner
as heretofore described. The proper pressure is
kept on the pad by a steel spring encircling the
spindle of the mushroom heas and recessed into
the block. It presses against a nut screwed on the
spindle. To prevent this nut from unscrewing
when the block is turned, a second locking nut is
screwed on the outside of the first nut ; the screw
threads of the second nut run in the opposite
direction from those on the first nut. Heretofore
there had been no piece in the United States, except
a42-pounder, that had a calibre of 7 in. In select-
ing this calibre the following method was adopted :

The weight of the piece was first fixed by the
considerations relating to the transportation over
ordinary roads and over the pontoon bridge. This
fixed the weight of the piece at about 3750 Ib., its
finished weight being 37101b. A range of 6000
yards was then selected and the mass of metal so
distributed as to give for this mass the most power-
ful piece. A piece of equal power could have been

e with less metal, but on account of its light-
ness the recoil would have been excessive, and the
strain on the carriage would have been toc great.
With a mass of metal weighing 3710 1b. a more
powerful howitzer could have been made, but the
same question of the strain on the carriage would
have arisen. In gunsof this nature a certain extra
weight must be added, and it is so done in all
services.

TaBLR X VIIL.—Ballistic Data of the 7-in. B.L.8S.
Howitzer,

Calibre ...
Weight ...

7 in.
8710 1b.
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Total length ... ... .. 8 ft.
Travel of base of shot in bore 812 in.
Length ofbore ... ... 12.4 calibres
Twist in number of calibres ... 35
Number of grooves . 40
Width " .99 ia.
Depth ” .08 ,,
Width of lands... ... .. .16 ,,
Powdor chamber { S8 123
Charge ... 9.75 Th,
Projectile “otehs i 105 ,,
of charge to weight
. . of projectile ... 1 to0 10.7
Ratio of we'ght { of ];'oj ectile to
weight of piece 1103858
Initial velncity ... . . . 1085 ft.
Pressure per square inch 28'832%.0 1b
Mugele nergy { L0 ot gin . 5103
perpound of powder 87.8
Density of loading ... 0.861
Kind ... Dupont I.K.K.
Powder {Demit . 1725
Granulation 200

The type howitzer was fired in all 6568 rounds;
68 preliminary rounds were fired with reduced
charges, and 600 rounds with full charges. At
the conclusion of the test the piece was pronounced
practically uninjured.

Tests for accuracy and rapidity of fire gave the
following results.

TasLe XIX.—RAPIDITY.

Number of Test. | Number of Shots Fired. Time.
‘m.il‘
1 17 22 40
2 2 28 10
] 20 22 25
TasLe XX.—Accuracy.
a. Direct Fire.
ls. 1 4 b
Lo, k3] g (B ey 4y
2% | | £3 | ££ 38 %.s8
g 5 §E | & | £ 353 323 33
=" | |25 | @& | g [£3F $3% 3
yds. Ib.ox 1b. |dg.min! f&  fe fe.
1 (1700 9 4 106 |4 6 | 282 - 4.95 | 5.69
2 3000 9 4 16 |8 6 l 276 | 508 | 576
b. High-Angle Fire
FRU O i il ‘ - -
] s | 35 | ¢ |8 TH
2.4 | S% E‘é .§ jé .§5§ Sa
Blok| 88 | 32 ' 7 584 5%% | 53
85 139| S8 | $F £ | 58| 8:% | iF
zH (% | % | BR @ (af¥ | X x>
ards| 1b. oz. 1b, dg. tofe, ft.
1 jise4 | 2 0 | 105 | 84 0.4
2 (488 | 8 8 M| 40 ' 95 188.4
8 /34385 8 8 98 | 85 ' 81 1026
4 s | 410 | 105 35 9.9 93

The result of the fire for accuracy at the target,
22 ft. by 40 ft. at a distance of one mile, is shown
in the diagram of the target (Fig. 270).

The carriage for the 7-in. breechloading steel
howitzer, as shown in the general view (Fig. 219),
and in the detail (Fig. 268), is radically different
from any heretofore used in the United States ser-
vice. It really consiste of a ‘‘ top carriage” and a
‘¢ chassis.” The ‘ top carriage” consists merely of
the trunnions (a) which are allowed a recoil along
the inclined slides (b) of about 6 in. The recoil is
checked by the hydraulic cylinder (c) and the piece
returned to the original position by means of the
Belleville springs (d), whose compression by the
recoil also tends to limit the path over which the
trunnions slide. The springs rest against the tra-
velling trunnion beds (e), and the rods upon which
:’l:i springs are strung pass through holes in this

The. travelling trunnion beds, situated as they
are well to the rear, bring the centre of gravity of
the system between the axles of the carriage and
limber, and render the system perfectly stable on
the march.

The flasks are made of sheet steel flanged, as
shown in the section (Fig. 269), to increase their
strength. As an excess of strength would occur
slightly in rear and below the trunnions, a trian-
gufar piece is cut out, and so the weight is materi-
ally lessened. The flasks are joined by thres
single transoms (g) and one double transom (h).
To this latter transom is attached the piston-rod of
the hydraulic buffer. The flasks are bolted to two
iron forgings (i) which rest on the axle. Two plates
(j) serve to further strengthen the flasks. The
hydraulic buffer is attached to a pintle situated be-
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tween the wheels. When the piece is fired it first
recoils with the trunnions (a) along the slide (b)
until the pressure on the s'ﬁxl-ings is such that the
carriage is set in motion. The reepil of the carriage
is checked by the hydraulic buffer, and thus the
total recoil of the piece is very slight.

The piece can be elevated 40 deg. or depressed
5 deg. The elevation is Eerformed by means
of an elevating rack () which is attached to the
piece, and 8 worm (m) which is attached to the
right trunnion. The worm is turned by means of
a shaft (n) and an elevating wheel (0). The worm
can slide along the shaft (n) but by means of a
spline is caused to rotate with it. When the piece
is fired the piece, rack, and worm slide to the rear
until the recoil is checked.

The weight of the wheels is 375 lb. each:
weifht of carriage complete 3200 lb. ; pressure of
%ﬂfli on platform 1300 lb. ; height of trunnious

t.

THE INSTITUTION OF MECHANICAL
ENGINEERS.

ON the evenings of Thursday and Friday of last
week, the 6th and 6th inst., an ordi general
meeting of the Institution of Mechanical Engineers
was held in the theatre of the Institution of Civil
Engineers by permission of the Council of the latter
society. The programme consisted of three items,
namely, the Pres?}ent'a inaugural address, Professor
Kennedy's ‘‘Report on Trial of the Steamer Ville
de Douvres,” made by the Research Committee on
Marine Engine Trials, and a p.Jpor by Lieutenant-
Colonel Thomas Enqlilh, of Jarrow, ‘‘On Con-
densation in Steam Kngine Cylinders during Ad-
mission.” The chair was taken on both evenings by
Dr. William Anderson, F.R.S., the chairman of
the Institution.

After the usual formal business had been trans-
acted and the list of new members read out, Dr.
Anderson proceeded to read his

PRESIDENTIAL ADDRRSS.

As we commence the publication of this address
in full in the present issue, we need not give
an abstract of it here. As was natural, the
Director-General of Ordnance Factories said a
good deal about his department. Our readers are
aware that the Government departments under
Dr. Anderson’s control have been subject to some
criticism of late, and remarks have been made, not
altogether favourable, upou the way in which busi-
ness is conducted. Dr. Anderson appears to think
that the hostile critics are mostly disappointed in-
ventors who have failed to impress the Govern-
ment officials with the value of their devices. Per-
haps this is true to a great extent,but if we read the
recent correspondence aright, the grievance was not
80 much that Government officials failed to recog-
nise the importance of certain inventions, but that
they valued them only too highly, so much so that
they were apt to appropriate these inventions
without sufficient acknowledgment. This, however,
was a point upon which the President did not
touch. He had not much dificulty in making out
a good case in defence of the alleged unwillingness
of Woolwich to adopt new ideas. One of the most
difficult tasks for a public department—such as the
engineering branch at the Admiralty or the War
Department—is to discriminate between the claims
of rival inventors, or perhaps rather to determine
what is and what is not worthy of atrial. Of all
the legion of inventors and schemers who carry the
results of their lucubrations to ¢‘ the Government,”
it would perhaps be safe to say that not one in a hun-
dred is worthy of attention. Out of that 1 per cent.
possibly not more than 10 per cent. are of sufficient
value to warrant their adoption. As an inventor’s
appraisement of his work is often—perhaps g:nemlly
—In an inverse ratio to its value, it may be easily
understood that ‘‘the authorities” arenot well spoken
of by inventors at large. If some of the severe
critics of the departments had for a time the weary
task of wading through the mountains of nonsense
that forms so large a of the bulk of submitted
ideas, they would be less caustic in their remarks,
and more lenient if now and again an invention of
true merit is not at once recognised. Neverthe-
less, it would be a serious matter if the nation
were denied the advantage of outside invention.
After all, the great bulk of the advance in war
material has been winnowed out of that monstrous
mountain of chaff; and it is the duty of the pro-
fessional advisers of the two great spending deﬂm-
ments to perform this service. Supposing, how-
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Trunnion Band

ever, a real improvement in some store or arm;or improvements in those already existing, is natural, and is even proper, until absolute neces-
has come to light it is not always advisable it‘_the necessity of incurring the enormous expense | sity for change becomes apparent. Warlike stores
should be adopted. Dr. Anderson gives an of changing the stores all over the world ; and,
instance of this. ‘¢ A difficulty,” he says, ‘‘ which | what is almost as bad, the alteration of drill and
stands in the way of adopting new arms, | tactics thereby involved ; so that hesitation is only

are now made as far as possible to uniform pat-
terns, and the components are interchangeable not
only in each service, but also, when practicable




_ Mav 13, 1892.] ENGINEERING.

581

MODERN UNITED STATES ARTILLERY :
(For Descriplion, see Page 578.)

Carrier lR-":kvg

Fy 265, %

g.264.
.ﬁgc Pin

}zA Joeeenimaanan R ?‘{ ——enemaeeny
o H i EEIRE Y Treenes ‘
- = o . : R
:'- A i H i J . .-
01q Y !
o’.‘
NN
¢ ’ \ \‘\
“ .
\“\ \ \\ -
A)
AN NN
NG AN A
~ .
AN . Fig.268

73
SN

Fig.269.
Secltgion A.B.

P [ XS5,

[

— _
N P

between the various services ; so that, for example, , MAaRINE ENGINE TRIALS.
a ship might in the event of necessity be armed The next business was the reading of the report
with fortress guns, or might fill up her ammuni- of the Research Committee on Marine Engine
tion from stores intended for the land service ; and | Trials made upon the trial of the paddle steamer
therefore all fittings and appliances must be made, | Ville de Douvres, which had been drawn up by the
as far as possible, common to all.” These are | chairman of the Committee, Professor Alexander
very good arguments, but they must not be pushed \ B. W, Kennedy, F.R.S. This report we print
too far. The ideal official will strike a just balance | in full on page 586 of our present issue, and we
between the advantages and disadvantages of any 'therefore need make no abstract of it here. This
Pro change. probably will be the last report of the Committee,
e vote of thanks to the President for his which may be now considered to have concluded its
address was moved by Sir Frederick Bramwell and ‘labours. Professor Kennedy expressed a hope
seconded by Mr. Carbutt, who said he hoped the | that now it had been shown trials could be made
Institution would continue to spend its funds in 80, in course of the ordinary running of a vessel that
useful a manner as the prosecution of research on | owners would attempt such trials on their own
prominent matters of engineering practice. He | account. The last trials have shown thata properly
was by no means one of those who considered the | designed water meter is efficient for measuring the
accumulation of a large capital a desirable policy. |feed, and this does away with the most cumbersome

7-IN. BREECHLOADING HOWITZER.
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an difficult part of the test apparatus, the measur-
ing tanks. Mr. Druitt Halpin has several times
advocated the adoption of meters for this purpose,
and it is a great step in advance to have put them
actually in practice ; in fact, it would be a useful
thing if a water meter to measure the feed could be
fitted as a matter of course to all important
steamers. Indicator gear has for long been an
ordinary fitting, and on well-conducted steamers a
set of cards is taken daily. It would not be very
difficult for certain bunkers to have weighed

uantities of coal put into them, and then we
should have the three great elements necessary for
judging of the performance of marine engines,
namely, fuel consumption, indicated horse-power,
and consumption of feed. Funnel temperatures
also are not difficult to ascertain, either by the
pyrometer or by the time-honoured method of
melting metals or alloys in the uptake. Doubtless
many shipowners would scoff at these suggestions.
They would say that their object was to make
money, and not carry out scientific experi-
ments, whilst their superintending enginecers
would wmeet the proposal with equal or greater
scorn. Owners and engineers of this class are,
however, becoming more and more relegated
to the smaller fry, who have, at respectful
distance, to follow in the wake of their more en-
lightened contemporaries ; picking up the uncon-
sidered trifles of employment found in out-of-the
way places. If they emgloyed one-half the energy
in deserving business that they spend on looking
after it they would profit most in the long run. It
is to those managing important lines of steamers
that we would appeal in the present case. Unfor-
tunately the Research Committee were not able to
include a big liner in their series of experiments,
and it is therefore more necessary that the ownera
of these craft should take the matter into their own
hands. All lines of steamers have superintending
engineers in whom must necessarily be placed great
confidence ; and, as an almost invariable rule, well
is the confidence deserved. Nevertheless these
able men must necessarily often fcel themselves
somewhat at a loss in advising upon the purchase
of new machinery, and owners must recognise how
much they are in the hands of their contractors.
At present the rough general results obtained are
the only guide, but if the performance of the boiler
could be separated from that of the engine it would
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The important ﬁint for an engineer to consider
is, what is best t4ok clilon: um}]er such circumstances
to prevent a work which is showing signs of giving
way from becoming a total ruin. Usually failures
of the class illustrated are somewhat gradual, and
if precautionary measures are taken in time, the
work can be saved by the expenditure of a compara-
tively small sum of money.

The simplost and most economical manner of
procedure is to resort to grouting and stock-ram-
ming, whereby the foundations may be increased in
width and depth, and the strata rendered firmer.
Should the wall be founded on sand or gravel, all
that would be n would be to put down
a series of boreholes of, say, 3 in. to 0 in. diameter
at intervals along the line of the wall, and several
in the width of the wall as shown by the sketches.
These bores go to the bottom of the wall and
several inches into the strata underneath, if such be
of sand or gravel. Pipes would be placed in the
boreholes and thick neat Portland cement grout
then passed through the pipes or forced down if
necessary, aud would thus find its way into the
various crevices which might be in the bottom
portion of the wall, which it would fill up, ren-
dering the wall solid ; it would likewise cement
the wall to the stratum of sand or gravel on which
it was founded, and this stratum would also for
several inches in thickness be cemented together,
thus adding a new foundation course below the
wall, the breadth of which would be determined by
the positions and numbers of the boreholes and

uting pipes used. After a short interval the
%:‘)oreholu could be carried a little lower, and a
second solidified stratum added below the first. A
third, fourth, or indefinite numberof added layers, or
foundation courses, could thus be made to the wall,
and if the outer boreholes were put down at con-
venient angles sloping outwardly, each successive
layer woulg be wider than the previous one, and
the weight of the wall thus distributed over a
greater bearing area.

This means of grouting and solidifying the lower
portions of structures is also equally applicable for
stopping leaks or runs of water through or under
waﬁs or dock entrances. It is necessary, however,
in nsingeit for that purpose that the run of water
should be temporarily nbo;:l(:ed during the operation
of grouting, and for a sufficiently long time after-
wards, to enable the groutto become thoroughly
set. To attempt grouting whilst the leak or run of
water continued, would be useless, as the cement
would be carried off by the water, and thus never
have the opportunity of solidifying, If, however,
the run of water should be very weak, probably by
adding some Medina or quick-setting cement to the
Portland cement, or by using partly set neat Port-
land cement, the leak could stopped, although
in all likelihood some cement would be lost before
this was aocomplished. :

In a number of cases it is quite practicable to
temporarily stop the leak or run of water to enable

uting to be done with Portland cement. For
instance, in dealing with leaks in ving dock
floors and walls, the walls of wet docks, or of dock
entrance works, all that is required is to keep the
dock gates open so that the water inside the dock
may be at the same level as that outside, when, of
course, there would be no run of water through or
under the walls or entrance works. Grouting could
then be proceeded with, and after the cement grout is
set the dock gates could be closed, and when the work
is subjected to its usual head of water it will be found
that the leaks are sto(f)ped, that is, if the grouting
has been E:operly one. I have stopped many
leaks in that way during the past thirty-three
years, and since I gave an account of my experi-
ments and practice with Portland cement for such
purposes at the Institution of Civil Engineers in
1865-6 (see Minutes of that session, vol. xxv.,
page 126), many other engineers have adopted it
with the most successful results, although in some
other cases there have been engineers who, owing
to improper preparation of the grout or to inferior
quality of the cement, or to having mixed sand
with the cement, have obtained results which
proved to be failures instead of successes. I shall
refer subsequently to the quality of cement and
the preparation of grout when describing the work
gf underpinning the Hermitage Breakwater at

ersey.

If the stratum on which the wall which is giving
way is founded should be of clay or a clayey nature,
then instead of forcing cement grout under the
foundations, stock-ramming should be resorted to,

.ENGINEERING.

using as materials for the purpose either clay
worked up with hydraulic lime, sand mixed with
iron filings and sal ammoniac, partly set neat Port-
land cement or fine Portland, and Medina cement
concrete. Such materials should be made up into
convenient sized balls or rolls, put into the tubes
and rammed down hard with a heavy ram or
monkey, worked, say, by a hand or steam ringing
or pile-driving engine, so as to force them into the
soft stratum, and thus form under the wall a
stratum of harder material extending the full width
of the base of the wall, and such additional width
beyond the base as may be deemed suitable. When
one layer has been completed the boreholes can be
carried lower down and another layer added, and
so on as shown by Figs. 1, 2, 3, 4, and b.

This system of stock -ramming is especially
agplicable for stopping leaks, or runs of water in,
through, or under reservoir embankments (see
Fig. b), without requiring to empty the reservoir,
or reduce the head of water in it. I have used it
for similar purposes with the most succeasful
results. All that is required is to ascertain the
position of the leak, as nearly as possible, put
down some boreholes in the vicinity of the site,
and ram the clay or other material down very
hard. It is not nec that the boreholes
should be exactly on the line of leakage, or water
run, as the stock-ramming, although it be done at
some distance from the run, will force out the strata
if sufficiently near to the leak and entirely close it
up. It is astonishing the power which can be
exerted by stock-ramming. In one case I lifted
a portion of a dock side %)y this means, although
my object was not the raising of the dock side but
rendering secure the foundations. However, stock-
ramming could be utilised for the purpose of
raising walls, piers of bridges, factory chimneys,
&c., or for bringing such structures back to plumb
lines should they, as is sometimes the case with
factory chimneys, get out of plumb.

I nuﬁht give a number of instances (see Fig. 4)
of dock entrances where stock-ramming could be
used with advantage, but perhaps if T refer to the
case of the Sutton Dock, near Wisbech, that will
afford a sufficient example. At this dock the
entrance works gave way shortly after the dock
gates were closed. The strata upon which the
works are founded is of a fine sandy or silty nature
and seems to me exceedingly well adapted for
treatment by stock-ramming. From what I know
has been and can be done by stock-ramming I
have no hesitation in recommending that system
to be adopted in restoring the entrance works, and
so enabling the docks to be utilised, and some
return obtained for the large amount of money
whiil: has been expendced in connection with these
works,

The works to which I have so far made reference
have been situated either on shore or, if in con-
nection with harbours, have been in sheltered
positions, such as dock walls and entrances.

Works in exposed positions, such as breakwaters,
sea-piers, and lighthouses, are subjected to such
heavy action of the sea that thoir construction has
to be specially adapted to resist these forces. The
conditions under which the work of construction
has to be done, and the forces which have to be
resisted, render it imperative that solidity and
massiveness be obtained. Durability otherwise
could not be secured. For lighthouses, when of
solid construction and exposed to the full force of
the sea, a special form of construction has lon
been in use, and from experience has been foun
most satisfactory.

The case is oz{erwise with regird to breakwaters,
for subsidences, settlements, and breaches of such
works during or after construction are compara-
tively common, and I think it is by no means
creditable to the engineering profession that such
should be the case.

It is not that failures of such works are due to
scamped work, or to niggardly expenditure, unduly
limiting the amount to be spent, and thus forcing
the engineer to adopt too weak a design. On the
con , the cost of the work per yard run is
unusually high, and as it is generally done directly
by a Government departmont., or harbour board,
without the intervention of a contractor, there is no
object in scamping the work. The failures which
take place are not to be attributed to such causes, but
to the design itself, which for recent breakwaters of
importance may be described as consistingof a rubble
base, or mound, surrounded by a wall constructed
of large-sized blocks of concrete, with open joints
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between all blocks, and on the top of the blocks
a capging of concrete in situ. [t is high time
that this system of construction was abandoned.
It has been attended with failures of greater or
less extent in the past, and I have little doubt will
be s0 in future, even although -some of the struc-
tures of this type have, up to the present time,
shown no signs of yielding. It is a question of
time, a repetition of big storms, or a storm of
exceptional severity, the effects of which, extend-
ing to a lower level than usual, disturb the com-
paratively small and loose materials of the rubble,
and being so dislodged, the heavy structure on top
becomes undermined and gives way, either piece-
meal a8 in some cases, or in masses of over 1000
tons in weight as at Wick. Were such failures un-
avoidable it would be useless to find fault, but with
a constructive material like Portland cement at the
disposal of the engineer, breakwaters ought to be
constructed with as little liability to failure as an
other class of works, and their durability and mﬁ
cost for maintenance ought to be on an equal
footing. This can only be obtained in exposed
positions (and it is to such I refer), by making the
work monolithic from foundation to cope. Absolute
security would thus be obtained, and not only
security, but saving in cost, as the minimum sec-
tion of breakwater could be adopted where the
work oonsisted of one mass, which cannot be done
with an open-jointed or disjointed structure, where
each block or portion of the work has to depend on
its own weight for stability, assisted perhaps by
the additional weight of a superimposed mass.
But in reality comparatively little aid to any
particular block, or series of blocks, can be
counted upon with certainty from such mass
or capping, as although its weight upon the
blocks may be considereg to be fairly and uniformly
distributed immediately after completion of the
work, yet the slightest settlement of the foundation
afterwards at any (and this is a common
occurrence), immediately relieves the top of the
blocks from the weight of the superincumbent mass,
and the blocks have only their own weight to
depend upon for atability. = So that in structures of
this class the stability of the blocks themselves can
only be relied upon. A help to a certain extent is
obtained by means of cramps, and also of grooves
and joggles, but this is only a small step in the
direction of the monolithic system of construction,
which without doubt is the proper one to adopt.

(To be continued.)

MODERN UNITED STATES
ARTILLERY.—No. X.
8-1N. Coast GuNn. (Fias. 271 To 278.)

IN a previous article we have given a descrip-
tion of the smooth bore and converted rifled guns,
that are still retained in the United States service
for the defence of minor seaports. With this article
we will begin the description of the breechloading
built-up steel.rifles intended for the defence of the
})rincipal harbours. The smallest calibre intended

or use oun the sea coast is the 8-in. rifle.

This gun is composed of one tube, one jacket,
eight C hoops, three D hoops, seven A hoops, a
base ring, and the breech mechanism. It should
be noticed that the tendency of modern gun con-
struction is towards the increase in the length of
the hoops used, and the decrease in the number.
A fow years sgo the hoops used were much smaller
than at present, and the system much more com-
plex. lp.nngitndiml stiffness is of great importance
in a built-up gun, especially to-day, when the lengths
of the guns are being so greatly increased. Many of
the modern guns, particularly the longer calibres,
are found to droop at the muzzle. Short hoops will
not give as much longitudinal stiffness as long ones,
and consequently each new model has fewer hoops
than the preceding model.

In the first model of the United States 8 in.
breechloading rifle the chase was not hooped, but
the test of the gun showed that, with the progres-
sive burning powder used, it was n to
extend the row of C hoops to the muzzle. Of the
A hoops there were twelve, and outside of them
were shrunk a second row of hoops, called B hoops,
ten in number.

With the present gun, this row of B hoops has
entirely disappeared, and the other hoops are much
reduced in number. The model of 1891 now build-
ing, has a further reduction. Five C hoops cover
the same length of tube as the eight C hoops shown
in the section (Fig. 272); two hoops replace the
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three D h°°]i" ; and five hoops the seven A hoops.
There is talk of a still further reduction in the
number of the hoops, but it will require the ex-

erience of experiments to determine whether any
geparture from those already made shall be de-
finitely adopted.

The tube is 261.5 in. in length and varies from a
thickness of 2.76 in. over the powder chamber,
1.76 in. at the muzzle. Starting from the rear (nd
of the bore there i8 a conical slope for a distance of
2.6 in., in which distance the diameter decreaces
from 9.7 in. to 9.5in. This slope forns the seat
for the gas check pad, and assists in starting the
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to the rear will free the pad from contact with the

walls. The powder chamber proper is 44.25 in.

long when the breech is open, or 41.25 in. long

when it is closed. Its diameter is 9.6 in. The

gowder chamber is connected with the shot chamber
y a conical slope of 10 in.

The shot chamber consists of two parts ; first, a
cylindrical part 2.626 in. in length, and 8 32 in. in
diameter ; ‘second, a conical part, 1.816in. in
length, in which distance the diameter changes
from 8.32 in. to 8.063 in. Referring to the detailed
drawing of the chamber it will be seen that the
cylindrical part of the shot chamber contains that

art of the projectile in rear of the rotating band.

e conical part of the shot chamber is very im-
portant, since it is for the purpose of centering
the shot. The rotating band on the projectile
is cut with the same slope as this conical part of
the shot chamber. When the piece is loaded the
projectile is shoved in as far as possible, and since
the rotating band is concentric with the projectile,
and since, when the projectile is rammed home, the
band is in contact with the bore at all points, the

and also the maximum pressure on the gun, since
the projectile, starting under less pressure, will
give a greater space for the came volume of powder
gas to expand in.

ne ga. A 1 8 the diameter is 8 in.,
pad, if it is stuck after firing, since a slight motion depth. There are 48 grooves and lands, and the

axis of the projectile is accurately in the axis of |
tl;_% bore. This will naturally increase the accuracy
of fire.
rifling, which for a Uistance of 31.568 in. is conical,
: sloping .06 in.
{ formed gradually instead of suddenly, thus reduc-

In front of the shot chamber comes the
This causes the band to be de-

ng the maximum pressure on the rotating band,

For the rest of the distance of the bore, 168.75 in.,
the grooves being .06 in. in

muzzle it is 14 in. The manner of locking the C
hoops together should be noticed. The front end
of the lip is thicker than the rear end, so that
when once shrunk on they cannot be pulled apart.
This manner of locking the hoops gives much
longitudinal stiffness to the gun. The three D
hoops are next shrunk over the jacket and C hoo y
and finally the A hoops are shrunk on. The
trunnions are carried by the A, hoop. The base
ring completes the astembling of the gun. This
screws into the jacket, but as shown in the de-
tailed drawing (Fig. 278) does not abut against the
end qf the tube, but between the tube and base
ring is a small space, ard at the bore this is closed
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8-IN. BREECHLOADING 14}-TON GUN,

rifling has an increasing pitch. The form of the
developed curve of the rifling is a semi-cubic para-
bola, whote equaticn is of the general form

W=2pz+C

The twist at the breech is one turn in 50 calibres,
and increases toward the muzzle to a point 16 in.
from the face of the piece, where it is one turn in
26 calibres. From this point to the muzzle the
twist becomes uniform, in order to steady the pro-
jectile. The exterior of the tube for a distance of
80 in. is cylindrical. From this point to the
muzzle the thickness of the tube gradually de-
creases, the decrease being made by a series of
steps. Each step falls apll:roximately under the
centre of a hoop. Over the end of the tube is
shrunk the jacket. This is 109.10 in. in length,
and projects 12.5 in. in rear of the tube in order to
allow for the screwing in of the base ring, which
holds the breech mechanism. In front of the
jacket are shrunk the eight C hoops, whose ex-
terior surfaces form a conical surface, whose dia-
meter, next to the jacket, is 17.6 in., and at the

| by & copper ring. It was found that, on firing,
"the powder pressure lengthened the jacket, so that,
if the base ring abutted against the tube, it would
be forced away from it ty the pressure, and, when
the presture was relieved, the base ring would
strike a blow on the tube, and would be fiable to
crack the jacket. To prevent this the space was
left, and the copper ring put in to act as a packing.

In the smaller calibre guns it has been seen that
the breech-block, when withdrawn, was supported
by the carrier ring, by means of which it was swung
around out of the way for loading. In these guns
the various operations of unlocking the screw
threads on lhelialock by revolving it, the withdraw-
ing and swinging around of the block, were all done
by hand. In the 8-in. gun and guns of larger
calibres, the breech-block becomes too heavy to be
carried by a carrier ring, and to be unlocked and
withdrawn without some mechanical appliance,
whereby the power is multiplied. The general
construction resembles the smaller guns, but the
details are much more complex. In order to un-
lock the block there is a device for rotating the
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MODERN UNITED STATES ARTILLERY: 10-IN. BREECHLOADING GUN.
2 ‘ 4 /\ ey \1\\\\‘*\'\\?\\. 2 ., \?Vel‘()l?ll: of iands.” . (l)g i:.
S A\ SANAA\ i 4 .
\,'lﬂ il SR Powder chamber { T8 - iy "
Jackee. R . . Weight ... 1301
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a recess in it which fits over corresponding smokeless powder at Sandy Hook proving grounds.
shoulders on the jacket and C1 hoop. e D1 { The ordinary charge of 130 lb. of Du Pont's brown

hoop, being heated sufficiently to give it the neces-
sary expansion to pass over the shoulders on the second wi

shrink away from the jacket and a space will be | gave a velocity of 2069 ft. per second with a mean
left at the joint. In order to fill this a recess is ' pressure of 32,0001b. per square inch. Both
cut in the D1 hoop and a split filling ring placed | of these velocities were measured at a distance of

init. This filling ring is held in place by the A 1 175 ft. from the gun.
hoop which is shrunk over it. The other A hoops,
which are then shrunk over the jacket, are practi-

cally cylindrical and all 2.5625in. in thickness.  Galibre .. B.L. Rife. .
Over the A hoog, and breaking joints with them, . Weight ...
are shrunk the B hoops. The B1 hoop, since it.  Total length ...
carries the trunnions, is made heavier than the Length of bore ...
others, ﬁhich are cyrg;d;ic;l and 3.1311;. 21; thick-|  Twist in number of calibres ... {
ness, e total length of the gun is .26 in.

The 8-in. gun lfu;sg recently been tested with a %Ivl:g:;‘l:“ Of mvu

TabLe XXI.—Ballistic Data of the 8-in. Sea Coast

8 in,

prismatic gowder gave a velocity of 1947 ft. per’
[ th a pressure of 35,823 lb. per square
C1 hoop and jacket, will naturally, on cooling, inch. A charge of 48 Ib. 8 oz. of smokeless powder

TaBLE XXII.-—Ballistic Data of the 10-¢n. B.l OL: Rifle.

Calibre ... .. .
Weight ... 284 tons
Total length ... 30.6 ft.
Length of bore ... 34 calibres
Twist in number of calibres... gg ;’:::ll;
Number of grooves 60 .
Width I .373 in
Depth »” . .06 ,,
Width of lands... Lot - 5&31;; '
ngth ... ”
Powder chmnber{ Disgleber 18 .
Weight of powder charge . ;
Nature of powder ... ... brown prismatic
Weight of projectile ... ... .. 676 1b.
of c}mrgeto :vlelght 11029
. . of projectile ... to 2.
Ratio of weight ¢ ¢ projectile to
weight of piece  1t0116.8
Initial velncity Cotal” lggi {g
'of .. .
Mu:;l):g::gy. pertonof gun ... 500
perpound of powder 58.5
Pressure per squareinch ... .. 87,2851b.
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In a recent trial at the Government proving
grounds, 801b. of smokeless powder gave to a
b71 Ib. projectile an initial velocity of 1960 ft.
with a pressure of 34,960 lb. per squareinch. The
12-in. and 16-in. sea-coast rifles, which will be
referred to in a later article, with the 8-in. and
10-in. rifles already described, constitute the coast
defence guns of the United States.

CANET v. KRUPP.
By A FRENCH ARTILLERIST.

THE recent contribution of Mr. Krupp to Enci-
NEERING i8 for the most part a translation of an
article that was published a short time since in the
German magazine, the Jahrbiicher fiir die Deutsche
Armee und Marine. As it advanced but few new
atatements, and certainly brought to light no new
facts in replying to the ENGINEERING article, I shall
also be replying to that in the Jahsbiicher.

The German writer assumes that he places him-
self upon a technical platform ; now it will be seen
at a glance that he does not reply to any of the
arguments thrown into relief by my firat answer to
Mr. Krupp’s stricturss in ENGINEERING (vide pages
68, 938, 126, and 169 ante). His essay contains
only vague aftirmations of the class which we in
France sometimes call des potins. In my original
reply I placed myself entirely upon a basis of facts;
and this is what I again propose to do in the
remarks that follow.

The German author asserts that only very inno-
cent artillerists can be caught by the arguments I
set forth in my firat reply. The number of such
innocent artillerists must certainly be very great, or
Mr. Krupp would not feel that there is a real
necessity for again attacking the Canet system,
and for reproducing many of the same arguments
which it now appears were not so convincing on
the former occision, as he had expected them to
ba. It is more reasonable to suppose that the
really innocent artillerists are those who for so
maony years have been contented to accept every-
thing that came out of Essen ; who have taken for
granted, and without confirmation, the statements
made by the German manufacturers, and who have
not even insisted on the right of proving the truth
of those statements, nor of thoroughly inspecting
the war material ordered at Essen while it was in
course of construction. Whatever else may be the
value of this discussion, it will have the good effect
of awaking new ideas and of bringing to light
precise facts; it will help to remove in some
measure the veil of mysber{ that has too long been
thrown over the practice of the modern gunmaker;
it may very likely dispel some illusions ; and at all
events it will keop in public notice one of the most
interesting and important industries on which the
securi:{ of nations is supposed so largely to
depen .

The Yucht is not a journal open to pecuniary
conviction (un journal de réclame) ; it is the best
recognised organ in France for the discussion of
marine questions ; it, as little as any paper
published in Europe, has the habit of stating
as facts those things that cannot be abseolutely
proved. The German ﬂ_lblication, Jahrbiicher fir
diz Deutsche Armee und Marine, in its issue of last
February takes up the theme of the Revue Inter-
nationale (8ee its number for October, 1891), and
cast3 discredit on the statements made in the Yacht
of December, 1891. The author, to some extent,
plays with the meaning of words, and he entirely
distorts the character of certain negotiations. We
will reply to him, not by explanation nor by correc-
tions, gut by facts. The writer in the Jahrbiicher
accuses the Yacht of maintaining a theme based on
falsehood, when pretending that preference had
been given to the Canet system in Greece, in Chili,
in Japan, and in many other countries, and that
this preference was the result of a series of long
and careful comparative trials made between guns
of French and guns of German construction.

Of course, no one would suppose that these trials
had been made with guos placed side by side in the
same polygon ; those would be impossible experi-
ments, impossible, at all events, for cannon of
large calibre. What actually took place was that
various committees, after having studied the pro-

osals submitted by the manufacturers, and after
Eaving followed with care and on several occasions,
experiments carried out at Essen, at Elswick, and
at Havre, reported in favour of the Canet system,
because they were convinoed that it offered more
powerful guns, a better system of breechclosing,

carriages and mountings possessing many special
advantages, and other Eoints of superiority. It is
scarcely probable that the greater number of those
countries which, up to the date of this Committee,
had placed their orders with Krupp, would, out of
caprice or for some equally light motive, undertake
so serious a matter as the complete change of their
armament.

The German author ascribes the orders for Canet
guns given by Chili, to the fact that the ships being
constructed by the Société des Forges et Chantiers
de la Mediterranéde ‘it appeared more convenient
to order the artillery from the same firm.” This
explanation is absolutely correct, but by advancing
it Mr. Krupp condemns himself. It is an old
truth, well recognised by technical people, that in
the actual development of naval artillery, the ships
for which the guns are built are in one sense only
floating carriages ; the ship and its guns should
be made one for the other, and each with special
reference to the other. It is in this fact, more
perhaps, than in any other, that lies the undoubted
superiority of the two great naval and military
establishments, the only two in the world that
can deliver a war vessel complete with its arma-
ment—that of Armstrong in England, and that
of the Forges et Chantiers de la Mediterranée
in France. In this important respect, Mr. Krupp
finds himself in so unfortunate a position that it
would be sufficient to account for a nearly entire
cessation of foreign orders for heavy naval guns.
It is only reasonable to assume that engineers who
are thoroughly au courant to the requirements of
naval ordnance, are more likely to produce weapons
that fill all the necessary requirements. And
perhaps herein lies the reason why the Krupp
establishment designs its naval carriages on the
same heavy and inconvenient lines, which may be
excusable or even desirable on land, but which are
wholly inadmissible on board ship. Such material
for the marine is obsolete, and it was simply
because the Canet system for naval guns and car-
riages represented the most advanced type, best
adapted for modern warfare, that they were adopted
for the three Greek ironclads. The guns proposed
by the Krupp factory were less powerful than
those of Canet ; they occupied more space in the
ironclad redoubt, and this involved an increase
in the displacement of the vessels, and conse-
quently an increase in their cost. As to the inter-
vention of the Comptoir d’Escompte in the affair of
the Greek ships, nothing could be more natural
or necessary, whenever it happens that a financial
establishment acts as the intermediary between a
manufacturing company that requires to be paid
in gold, and a Government which prefers, on ac-
count of financial questions only, to pay in paper,
or on the receipt of certain taxes. But the Essen
factory shows bad taste in complaining of the purely
financial assistance given by a French banking
establishment to a great French industry, when
such very different means were employed at
Essen. The agents of Mr. Krupp, when these
contracts were still in the market, went to Greece
as well as to other countries in the name of Prince
Bismarck, and a certain president of a foreign com-
mission was summoned to Berlin, where Prince
Bismarck informed him that if the order for ships
and guns, which was about to be made, was not
given to Germany, that country would not renew
the commercial treaties which would shortly lapse.
But even this did not avail, and the order was after
all given to the Forges et Chantiers de 1a Mediter-
ranée. Everybody an courant of this question
knows howmuch pressure German diplomacy always
tries to bring in favour of German manufacturers,
especially for orders to be executed for European
powers. We may add that there was nothing
astonishing in Chili having ordered coast-defence

ns as well as field artillery from Mr. Krupp,

use the order came from the Minister of War,
and contrary to what had been done by the Ad-
miralty Department, the War Department had not
nomina‘ed any commission to examine for them-
selves French war material ; if this had been done
it is not by any means clear that Essen would have
obtained the order. As for Japan, it should be
mentioned that up to the present time this country
has only manufactured a very small number of
cast-iron guns, and those of moderate dimensions ;
all her heavy guns have been ordered either in
France or in England, and the screw block is in-
variably used for closing the breech.

Mr. Krupp always finds excellent diplomatic or
financial reazons to explain how it is that almost

every country has abandoned the wedge for the
screw system ; the causes are much simpler than he
would have us believe, and they are purely tech-
nical. However that might be, one fact is certain ;
Greece and Chili, Japan and Brazl, Sweden
and Norway, Denmark, Russia, Spain, Portugal,
Servia, &c., to say nothing of England and the
United States, are unanimous in their condemna-
tion of the Krupp system of breechclosing. An
eminent artillery officer said to the writer a short
time since, ‘‘ There iz an irresistible tendency
towards the screw system, and a corresponding
abandonment of the wedge system.” That is the
fact. Now this is more significant than appears
on the surface, because for those countries which
have armed themselves with Krupg breechloading
guns, a very serious cost must be incurred in
making the desired change for the better. It
must be admitted that if French artillerists are,
according to Mr. Krupp, wholly of no account, the
French diplomatists and financiers are, on the other
hand, unusually clever.

Mr. Krupp has been very badly informed on the
subject of the orders given to the Forges et Chantiers
by Russia. The War Department of that country
ordered a 6-in. gun of 50 calibres, and not one of
35 calibres, for coast defence. As to the adoption
of the Canet quick-firing guns by the Russian
Naval Department, a fact which Mr. Krupp persists
in denying, to put an end once for all to further
discussion of this point, the writer appends trans-
lations of the letters written by Monsieur le Com-
mandant Rimsky-Korsakoff, Russian naval attaché,
and by Admiral Popoff, announcing the adoption
of the Canet system and the intention of the Rus-
sian Government to construct this class of gun in
Russia.

Naval Attaché at the Russian Embassy, 6, Rue Marbeuf.

Pars, June 8, 1891,

Sir,—I have the honour to inclose you herewith the
textual translation of the order from the Minister of the
Imperial Russian Navy, which I have just received.

I am happy to inform you, that your systems of quick-
firing gun and carriage have been recognised as superior
to those of other manufacturers, and I beg you to be good
enough to send me, with the least possible delay, the reply
asked for by the Minister of the Imperial Navy.

(Signed)  CoMMANDANT Riusky-KoRsakorr.
Monsieur Canet, Direnteur de I' Artillerie,

Société des Forges et Chantiers de 1a Mediterranée,

, Rue Vignon.

Ministdre de la Marine, Bureau Central
e Construction et d’Armament,
May 22-June 2, 1891. No. 4832.
To the Naval Attaché in France.

Sir,—The Technical Committee, after having examined
the report of the commission of artillery officers of marine,
which was instructed to visit the different establish-
ments, to study the best system of quick-firing gun, has
made 1ts selection in that of the Canet type . . .

The General Direction therefore requeats you to com-
municate to M. Canet the decision taken by His Exoel-
lency the Minister, and if M. Canet oonsents to s2nd to
the Russian Government the detailed drawings and the
models of thec;gqnakwith the right of allowing them to
be manufactured in Russia . . . You will request him to
make known in writing his conditions, &o. . . The Direc-
tion requests you to communicate the reply of M. Canet
a8 800N as ?mble in order that the Direction may make
a report to His Excellency the Minister of Marine.

(Signed) Vice-AnpyviraL Pororr.
CoLoNEL KONOKOTIN.

The convention was definitely concluded on
August 22, 1891. As Russia wished to manufacture
the gun herself, she requested the Société des Forges
et Chantiers to furnish the department with working
and shog drawings, specifications for the reception of
steel and other material, plans and model of breech
mechanism, full size, templates, &c. As for the
turrets and carriages, the Canet system has also
been fully adopted, and these are being constructed
in the Russian Government factories, with which
the Forges et Chantiers have made suitable arrange-
ments. It will thus be seen that there is no ques-
tion of preliminary arrangements. The letter of Ad-
miral Popoff reduces to their actual nothinguess the
allegationsof Mr. Krupp, whopretends thatthere was
neveranything like a competition between the differ-
ent systems of quick-firing guns ; that there were
no technical reasons-to assist the decision of the
Russian Government ; and that there was no adop-
tion of the Canet system. And we cordially request
Mr. Krupp to pay a visit in a year or two to
Russia, and ts go on board the new Ruesian ships
—the Gangoute, the Georgui, the Trois Eveques—
and let him satisfy himself if the turrets and the

uick-firing armament on these vessels are on the

rupp or on the Canet system.

(To be continued.)
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The grooves are cut 30 deg. from the centre line
and on opposite sides, and are 70.1 in. in l'ength.

The vent cover (Figs. 304 and 310) fits in a slot
in the block, being held by its screw, around which
it turns freely, so that it always tends to hang
vertically. . L.

The translating stud fits in a mortise in the
under side of the block, and, when the threads on
the block are disengaged, the stud'eng;ges in the
thread of the translating screw (Figs. 305, 327 to
332), and by this means the block is withdrawn.
The section of the face of the breech-block (Fig.
314) shows clearly the two guide grooves and mor-
tise for the translating stud on the lower side, and
the irregular shaped slot for the vent cover above.
The mushroom head (Fig. 311) is similar to those
described with the other guns, also the asbestos
pad and caps (Figs. 315 to 317). The spindle of
the mushroom head is pierced by the vent 0.2 in,
in diameter (Fig. 308), the rear end being enlarged
and cut with a screw thread for the insertion of
an obturating friction primer, and the front end
being bushed with copper.

At the rear end of the spindle are cut two screw
threads (Fig. 308), one a left-hand thread, and the
other a right-hand one.

The rear thread is smaller in diameter than the
front one. Fitting around the spindle in front of
the screw threads, as shown in the detailed draw-
ings of the breech mechanism, are four anti-friction
washers (Fig. 308), two of steel and two of brass.
These cross-sections are elliptical in shape, and
consequently their bearing surfaces are small.
These washers are necessary, if in withdrawing the
block after firing, the pad sticks to the sides of the
bore. The first nut carries a steel cap or spring,
whose shape is shown in the detailed drawing,
This cap rests against the block when the nut is
screwed in place, and by this means a proper initial
pressure is brought on the pad. The revolving of
the block would tend to loosen this nut, and to
prevent this a second or locking nut is screwed on,
the threads of the screw, as stated above, running
in an opposite direction to the firat screw threads.

The action of the parts just described, when the
piece is fired, is as follows : The powder gas press-
ing against the mushroom head forces it back, com-
pressing the asbestos pad and sealing the joint
against the escape of gas. By this compression of
the pad the nut no longer bears against the anti-
friction washers. The breech is to be opened and
we will suppose the pad stuck to the sides of the
bore and spindle. To unlock the screw threads the
block is revolved 60 deg. to the left. As the block
can revolve independently of the spindle there will
be no trouble in starting the block, the spindleand
pad remaining stationary, In unlocking the screw
threads the block is given a slight longitudinal
motion tu the rear, which, before the threads are
wholly unlocked, brings the anti-friction washers
against the nut, thus bringing a direct pull to the
rear on the spindle. The shape and material of the
anti-friction washers reduce the friction to a mini-
mum and the power is sufficient to start the pad
from its seat. It will be remembered that the gas
check wseat is slightly conical, cons uently when
once started the pad is almost instantly freed from
contact, and the rest of the withdrawing of the
block is comparatively easy.

The obturator cups shown in the detailed draw-
ings (Figs. 306, 315, 316, and 317), are made of
special steel of high elasticity and fit accurately the
mushroom head and spindle. The pad is made of
asbestos and tallow, and is given the proper shape
by a heavy pressure. It is then covered with
canvas and subjected toa second high pressure by
means of which the pad and cover are firmly united,
In order to revolve a block of this size, some
device for multiplying the power must be applied.
For this purpose there is a crank att.ache(i] to a
pinion (Figs. 291, 302, 303, 304, and 305), which
engages in the toothed sector of a gear ring. This
gear ring (Figs. 295, 296, 297, 304, and 305) is so
arranged as to allow the block to slide through it
longitudinally, but any revolution of one necessarily
causes the revolution of the other. In the view of
the rear face of the ring (Figs. 286, 287, and 288) will
be seen a projection on the inside, This projection
is of the same shape and dimensions as the corre-
sponding slotted sector on the block. The block
can be shoved through this ring from rear to front
until the projection comes to the end of the slotted
sector, which is not cut entirely through the block.
In this position the block and
volve together.

gear ring must re- | 3

Into the teeth in the toothed sector on the gear |
ring engage the teeth of the pinion, which is turned
by a crank. The action is shown in the rear view
and section of the breech mechanism (Figs. 304
and 306). The position shown in these figures is
that of the breech mechanism locked and ready
for firing. Revolving the crank revolves the gear
ring and block, thus unlocking the block. When
the block is locked the handle of the crank hangs
vertically downwards, when unlocked the handle‘
isin a horizontal position, and so does not interfere
with the withdrawing of the block.

The breech-plate, which is an entirely new fea- |
ture used for the first time with this gun, is in-
tended to connect the tray with the breech
mechanism of the gun, to carry the gears which
are necessary for the rotation of the block, and to
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protect the various parts from the weather and
injury. Itis of steel, and attached to the face of
the breech of the gun by thirteen bolts (Figs. 287,
289, 298, 299, 304, and 305), which enter the A 7
hoop. It is bored out to the same diameter as
the breech recess at the bottom of the slotted
sectors, in order to allow the block to pass in and
out in opening and closing the breech.
On its right side, below the centre, the breech-
plate is cut away (Fig. 287), in order to allow the
hinge of the tray to enter. The hinge pin enters i
the breech-plate from below, passes up through the
hinge in the tray, and again enters the brecch-
plate, where it has a bearing of 1.75 in.

ere are proper recesses (Fig. 289) cut in the
breech-plate for the pinion, which rotates the gear
ring, for the head of the translating roller (Fig.
287%; for a projection on the tray which forms a
support for the tray and block ; for the tray latch ;
for the securing latch and handle ; for the counter
bore, which fits accurately that part of the A 7
hoop which projects over the rear of the. jacket,
thus serving to supﬁort and centre the breech-plate;
for the bronze bushing ; and for the gear ring. In
order to form a bearing for the gear ring a bronze
bushing is inserted in the recess in the inner face
of the breech-plate and bolted to it.

To allow the gear ring to rotate both the breech-
plate and bronze bushing are cut away for an angle
of 130 deg., 8o that the gear ring rests against the
breech-plate only along this arc. The bushing is
grooved in order to allow oil to reach all parts of
the bearing (Figs. 296 and 297).

In the revolving crank is a small spring and bolt,
whose head rests in recesses in the breech-plate,
in the locked and unlocked positions of the breech,
tl(l)ga) holding the revolving crank. (Figs. 304 and

The tray, as seen in Figs. 304, 305, 318 to 320,

X -¢

is of an irregular shape, consisting
which suppports the block and the
former has two guide rails,
grooves on the block when it
for the translating roller,
latch.

tl)lt; the part
e. Th
which fit, the gu:
is withdrawn, a recesy
and a recess for the tray

The translating roller (Figs. 328 to 332) has oyt
on it one large screw thread and one small ope
running in opposite directions. The small theead
engages in a corresponding thread in the recess
the tray (Figs. 3056 and 327), while in the large
one engages the translating stud on the breech.
block. In order to allow the translating stud to
engage, & slot is cut in the tray. The roller is
turned by a crank. (Figs. 322 and 323.) Ttwil
readily be seen that the roller moves out and als
draws the block ; the distance that the block is

View of forward face

=T 81
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i

drawn out on the tray is equal to twice the distance
that the roller moves out. By means of this in-
genious device, the length of the roller is just one-
half of that of former rollers, on which there was
but one thread. . ’

Under the tray is the tray latch (Figs. 305 t‘;
326), which serves to hold the tray against tie
breech-plate, while the block is being forced in :5
out. To prevent the latch from coming unfute; :
there is a bolt passing through the tray, one en ho
the bolt resting against the latch and the other
against the roller. ~ A spring around the bolt f?re::
it always against the latch. At either end of zh
roller is a recess, one of which arrives overthv
bolt when the block is in the gun, and the other
when the block is out on the tray. Inelt:lm}l)‘oi;t
these positions the latch can be raised, the .
entering the recess in the roller, and the tray ah
then be swung around. The face of the latci'
which engages in the notch in the breech-pl "
cut at a slig%xt angle, so that when the bloc lst The
out on the tray and strikes the projections 8 e
end of the rails, the component pf the th‘:o .
parallel to the engaging face is sufficient to i
the latch down and allow the tray to swing aro o
When swung around a ;?3(3)5“;1 tch catches
holds it. igs. 324 an . )

The vené co%'er (Fig. 310), whose shape whSh:;‘:
in the detailed drawings and action in b ensnf
view of the breech (Fig. 304) is hinged by ﬂ;l“th
a screw. When the %reech is unlocked ¢! heeuis
cover hanga in the vertical plane containing th et
of the block, and the lower end of the cover t.:': .
the vent. Thisis the position when on tlﬁ ky(iia-
when in the gun, and the threads of the ‘;M;') ¢ ho
engaged. When in the gun thg uiper en b,
vent cover is cut accurately to fit the bronze

In locking the block it

ing against which it rests. aincd

is revolved to the right, and the vent cover,
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it always tends to remain in a vertical position,
would drop away from the vent, did not its upper
cnd bear against the bushing. When the block is
completely locked the vent cover arrives opposite a
recess in the bushing, into which drops the upper
end of the vent cover, allowing the lower end to
swing clear of the vent.
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The Year Book of Science is a new candidate for
public favour, and notwithstanding the vast field
covered by annuals the work before us has a raison
d’étre which is unquestionable. It is truly im-
possible, as Profesor Bonney points out in his
preface, to keep pace in knowledge with the pro-
gress being made by specialists in all branches of
science, and have time to engage in original work.
In the papers read before technical societies there
are embedded most valuable data ; but time is needed
to ‘‘ win” them, and when they are got skill is

uired in classifying them for easy and handy
reference. This 18 what is undertaken by the
compilers of this work, amongst whom, by the way,
are included men of note in the different branches
of natural science. A desire to write to suit the
lay reader enhances the value of the work. The
sciences treated are physics, chemistry, geology
and mineralogy, and animal and botanical geology.
Taking as an example of the treatment of these
various subjects physics, we find the general
branches of the question are considered, then heat,
light, electricity, magnetism, fhysical astronomy,
and meteorology, the various advances made during
the year being succinctly yet clearly narrated in
alphabetical order. Appended, too, is an index,
by which one can refer to the work done by any par-
ticular scientist, while also finding out the reference
to the paragraphs dealing with the progress under
each section. No attempt is made to give lists of
papers ; but references are given to fuller reports
of the different steps in advance.

The Official Year Book of the Scientific Societies of
Great Britair and Ireland is in its ninth year, and
has become indispensable to workers in all fields of
science, for in the volumes can be found a complete,
conveniently arranged, and accurate directory to all
papers read before learned societies of the kingdom,
8o that before beginning investigations of discovery
it may be possible to consult the results of labour
by confréres, the papers read by these being fre-
quently finger-posts pointing the way in the dark
places. For convenience the societies are divided
into fourteen sections dealing with different
branches of science, and, besides lists of papers, the
book gives other data regarding the societies.

Laxton's Price Book in addition to giving the
standard prices of various makers for all ordinary
materials used in buildings of all kinds and sizes,
affords guidance as to the rules of trade and as to
measurements ; while appended to the work are
the general conditions of building contracts, and
Acts of Parliament for the regulation of buildings.
The details as to electric lighting plant are parti-
cularly interesting, the subject being dealt with
generally, and prices given for all items included
in the several types of installation now in use.

Lockiwood's Price Book has an interest for others
than those engaged directly in the building trade,
for while here either the architect, contractor, or
engineer may tind data to assist in the drawing up
of a specification, or the measurement of work, in

which the extensive tables given make arithmetical
work very easy and accurate, the general reader
will find much of interest in the methods of carry-
ing out work, and may even be able to check the
jerry builder. The tables regarding the value of
eases, stamps, &c., and the extracts from Acts of
Parliament as to building, ownership, and tenancy
of properties, are valuable for reference. All thisis
gi(vien in addition to prices, and there is a good
index.

The Colonial Year Book has this year been slightly
rearranged. Instead of the colunies being dealt
with in alphabetical order, they are grouped geo-
graphically under Canada, Australasia, Africa,
Crown Colonies, East Indies, West Indies, Malay
Peninsula, &. We have had frequent opportunity
of commending this book. The political, historical,
and statistical information of the past year have
been added, and now that the colonial question is
engrossing so much attention there is ticular
need for such a work. The enormous value of our
colonial possessions is too often lost sight of, if,
indeed, it is on all hands aipreciated, and a perusal
of this book might awaken both colonists and
Britons to a due measure of the importance of
strengthening the bond between the two. In this
connection, too, we commend the vigorous qﬁeul for
an ocean penny post by Mr. Henniker Heaton,
which forms the introduction to this year’s volume.
An exchange of letters must keep alive any kindred
feeling between the mother country and the
colonies, and a penny post would stimulate such.
Sentimentalism cannot outweigh financial considera-
tions, but if to the latter we can add the former
thero may be an advantage. . In any case it were
well that we should both commercially and finan-
cially cultivate the good wishes of the colonist.

In Berly's Directory there is a list of electrical
firms on the Continent, in America, and ip Britain
arranged both alphabetically and according to
trades, with a large tabular statement giving all
data of the various electric lighting stations in
Great Britain.

The Electrician’s publication gives in addition to
a directory of British, colonial, and foreign elec-
trical firms, a review of the year, with tables, rules,
prices, and other data regarding electric plant.

The Export Merchant Shippers is edited by a
Custom H{»uso employé, and gives a directory of
shippers in the principal British ports, with other
information for exporters and those who wish to
export goods from Britain, information as to Acts
of %)arliament dealing with the export and import
trade being added.
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UNDERPINNING BY MEANS OF
GROUTING AND STOCK-RAMMING.

By WavLrer RoBkrT KintppLe, M. Inst. C.E.
(Concluded from page 610.)

IN my lectures to the Royal Engineers at Chat-
ham, to which I have already made reference, I
gave a brief description of the monolithic system of
construction. I adopted it in the extension of the
Hermitage Breakwater at Jersey, and which provcd
8o successful as regards reduced cost, rapidity of
execution, and soundness of work obtainecr, but as
the present articles have reference more especially
to repairs to, and securing the stability of, existing
works, I shall now describe what has recently beeu
done with respect to securing a portion of that
breakwater constructed prior to 1877 under Sir
John Coode, which will, I think, show very clearly
the advantages and simplicity of the grouting
system, and how well suited it is to render secure
existing structures.

Figs. 6 and 7, page 648, are elevations of the sea
and harbour faces, respectively, of the Hermitage
Breakwater, from the Hermitage rock seawards, and
Figs. 8, 9, and 10 are cross-sections of that work.
The shallower or landward portion of an average
length of about 560 ft. represents what was con-
structed under Sir John Coode prior to 1877. The
seaward or deep portion of 526 ft. in length repre-
sents what was constructed in accordance with wy
design, between the years 1887 and 1889.

It will be seen from the engravings, Figs. 8 and 11,
that the work carried out under me is monolithic
from foundation to cope, consisting first of a foun-
dation bed, on top of the rock formed of rubble
and shingle grouted into a solid mass with thick
neat Portland cement grout, and levelled off on
its upper surface for the reception of the blocks
after the bed had firmly set. The blocks, which
have grooves and projections, Fig. 11, are faced
with granite ashlar and placed on top of the bed in
inclined courses, Figs. 6 aund 7. e horizontal
and vertical joints between the blocks themselves,
and between the first course of blocks and the
foundation bed, were grouted together with neat
Portland cement, thus making the cntire structure
with the bed one solid mass throughout, and firmly
cemented to the granite rock on which it stands.
In the landward portion of the work constructed
under Sir John Coode, the ordinary system of con-
struction, such as that exemplified in Madras,
Colombo, and Wick breakwaters was adopted.

Figs. 9 and 10 represent cross-sections of that
portion of the work. It will there be seen that
below low-water level the preparation of a level
bed for the blocks was effected in another manner.
The system adopted was to use bags of concrete of
sizes varying from about 3 tons to about a couple of
hundredweights acoording to the irregularities in
the rocky surface, and to adjust the upper surfaces
of these bags so as to get a bearing area as nearly
level as possible, any gaps or spaces between the
bags of concrete being filled up with broken stone
or pieces of rubble, or some concrete deposited in
sitn.  On top of the foundation bed thus prepared
large blocks of concrete from 50 to 90 tons in
weight were placed, and stacked one on tup of
another (Fig. 9), witheut bond, and with spaces
or joints between them in a longitudinal and trans-
verse direction of several inches in width. These
large blocks were brought up to above water level.
On top of them up to coping level solid work was
constructed with blocks 9 to 12 tons in weight,
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Fi6. 356. PNEUMATIC DISAPPEARING CARRIAGE FOR 10-IN.

F1a. 357. PNEUMATIC CARRIAGE FOR 8-IN, NAVAL GUN,

long, 10 ft. in diameter outside and 9 ft. inside the
flanges (Figs. 6 and 10). It is built of rings 1 ft.
6 in. long of segmental plates with inside flanges,
the details being shown on Figs. 15, 16, and 17.
There are in the ciroumference ten segments 3 ft.
by 1 ft. 6 in., each weighing about 4 cwt., and the
key-piece on each ring (Fig. 16) is 10 in. by 1 ft.
6 in., weighing about 1 cwt. The thickness of the
segments is 1}} in., and the space between the
flanges is left tapered in order to retain the Port-
land cement, with which these are caulked. The
junction between the tunnel and the shafts is
clearly shown on Figs. 4, b, and 6, so that it is not
necessary to enter into details.

When the full aup%lg is being drawn from Lake
Vyrnwy there will three pipes through the
tunnel, but there is at present one steel tube of § in.
in thickness and 32 in. in diameter, as shown on
Figs. 1and 3. It may be noticed that the steel pipe
is 10 in, less in diameter than the aqueduct pipes.
Provision has been made in this section for a greater
fall per mile than elsewhere, 8o that the steel pipes
through the tunnel might be reduced in diameter
without loss of discharge in power. The steel
tube enters through eye-holes on the Cheshire
and Lancashire shaft, shown on ligs. 6 and 14,
with a 10-ft. sweep, and hangs vertically down the
shafts supported on trunnions on cast-iron girders.
The curve to the Lancashire shaft is of cast-iron
pipes with deep sockets and connected together by
links over trunnions as shown on Fig. 3. The
curve to the Cheshire shaft is of steel pipes, with
a triple-ported horizontal vilve. This curved pipe
is formed of steel bevel plates quadruple riveted.
As shown on Figs. 1 and 2, cast-iron girders
are placed in the shaft, and these are shown in

detail in Figs. 7, 8, and 9. The main girder
spanning the shaft is of ] section, and the
dimensions are given on Fig. 9. On the bottom
flange there rest two cross-girders with plummer
blocks (Figs. 7 and 9), and on the pipe is a trun-
nion which engages in the block. Another 10-ft.
radius bend at the bottom of the shaft, Figs. 22
to 25, in both cases of steel, connects the
vertical and horizontal portions of the steel tube
(Figs. 18 to 21). The horizontal part is carried
through the tunnel on the up-stream side, and
rests on greenheart bearers, as shown on
Fig. 10. The centre, however, is left free, the
cradle being made with two timbers wedge-shaped
in section. The cradles again lie on greenheart
timbers, 6 in. thick placed, at 6 ft. intervals,
across the tunnel. On the duwn-stream side there
is a 12-in. cast-iron by-pass pipe, which is con-
nected to the main before it enters and as it leaves
the tunnel (Figs. 22 to 24.) This is to admit of
repairs without stopping the supply. Between
the steel tube and the by-pass there is a chequered

late footway (Fig. 11) with side railing (Fig. 10).

here are iron ladders and platforms on both shafts
(Figs. 1 and 3), while on the toE of each shaft a
ventilating tower is erected, through doors in
which access to the tunnel is obtained.

There is a fall from the Cheshire to the Lanca-
shire shaft of 6 ft. 3 in., and in the latter shaft a
sump is constructed, as shown in Fig. 3, into which
any water in the tunnel will drain. To raise the
water in order to pass it into the river, a hydraulic
pump worked by the pressure from the main is
placed in a cast-iron engine chamber built under
ground level, on the Lancashire side, entered

from the shaft. This chamber is shown on

GQUN,

Figs. 2, 12, and 13. The detailed drawings of the
hydraulic machinery and piping in connection with
it are reproduced on pages 749 and 762.

This pumping machinery was designed by Mr.
Deacon and constructed by Messrs. Easton and
Anderson, Limited. Figs. 206 and 27 show the
general arrangements, Fig. 31 being a plan at the
top of the shaft. A hydraulic engine, which we
shall illustrate and describe in our next article,
works the pump. A connecting-rod from this
hydraulic engine actuates the cast-iron rocking
beam, shown in detail on Figs. 33 to 39. This
beam, as will be seen by reference to Figs. 26 and
27, is carried on pedestals at the top of the tunnel
shaft. Each eiad of the rocking beam has attached
to it the cast-iron pump-rods working on separate
rising mains attached to gun-metal barrels on
either side of the shaft, 20 ft. above the bottom of
the sump (Figs. 26 and 40). The clack and bucket
valves are made of gun-metal with Delta metal
spindles. They are of the double-beat pattern and
can be removo! without lowering the water. On
Fig. 27 there is shown a copper float in the sump.
By means of this float the valve of the hydraulxi’c
engine is actuated. The float rising with the influx
of water into thesump opens the connection between
the main aqueduct and the valve and sets the engine
in motion. The pressure is again shut down when
the water is pumped down until the sump is nearly
emptied.

(To be continued.)

MODERN UNITED STATES
ARTILLERY.—No. XIIIL
CARRIAGES FOR THE 8-IN. AND 10-IN, SEa-CoasT
RirLEs,

(F1as. 356 axp 3b7.)

ONE of the carriages designed for use with the
10-in. rifle known as the 10-in. proof carriage, has
an attachment by means of which the 8-in. rifle
can be mounted on it. The carriage, of which
figures. were given in Figs. 279 to 282, pages 612
and 613 ante, representing the plan, section,
and elevation, also its general appearance with a
10-in. rifle mounted on it, consists of a top carriage
and a chassis. In the figure showing the elevation,
the rifle represented by the full line is the 10-in.,
and that represented by the dotted lines is the 8-in.
(see page 612 ante.) The cheeks of the top car-
riage are formed by riveting to a wrought-iron
forged frame, whose cross-section is a rectangle
4 in. wide and 3 in. deep, two plates of boiler iron
# in. in thickness. The frame and plates have the
same shape except in front, where the frame has a

re-entering angle, while the plates extend beyond
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and cover the front wheel, and in rear where the
frame has attached to it a knee-piece, and the plates
continue beyond the frame, covering the knee-
piece and inclosing the rear wheels. The frame is
strengthened by a vertical and a diagonal brace
which run from the trunnion beds to the bottom
of the carriage. The trunnion beds are roughly
forged in the frame, and after the cheeks are
finished they are turned to receive the gun rings
or trunnion bushings, by means of which the car-
riage is adapted for the support of either the 10-in.
or the 8-in. gun. The 10-in. gun rings are of
forged steel, and on the exterior cylindrical surface
each has a collar, which fits in a corresponding
groove in the trunnion bed and cap square.
The 8-in. rings are similar to the 10-in., but are
made of cast steel, and have flanges 4 in. thick in
order to bear against the cheek-plates and rim
bases of the smaller gun. The inside diameters
of the rings are made 1 in. larger than the
corresponding diameters of the trunnions of the
guns for which they are intended, in order to
allow the insertion of a ring of soft metal between
the rings and the trunnions of the guns.

The front wheels are made of wrought iron, and
are keyed to steel axles which revolve in bronze
bushings. The bore being eccentric, the wheels may
be adjusted to the rails by revolving the bushings.
Each rear wheel revolves on an eccentric axle of
steel which has keyed to its outer projecting arm,
a wormwheel. This wormwheel is operated by a
worm cut on a steel shaft, which carries at its
upper end & 12-in. bronze handwheel. In its
lowest position the wheels clear the rails by
quarter of an inch, and in its highest position the
rear part of the carriage is lifted 1 in. from the
chassis rails. Any amount of clearance between
these limits can be given by means of the worm
gear, and by this means the length of sliding fric-
tion during recoil can be regulated.

The elevating gear consists of three steel axles.
The first carries a handwheel and clamp, and a
pinion ; the other two each carry a pinion and spur-
wheel, the pinions on one axle gearing in the spur-
wheel of the next. The pinion of the rear axle
gives the elevation directly by gearing intoatoothed
rack fastened to the guns by means of trunnions.
In the case of the 10-in. gun, the rack has its teeth
on the concave surface ; in the case of the 8-in. gun
the teeth are on the convex surface. The racks
are pressed against the pinion by means of
rollers,

The chassis rails are built-up beams, on the rear
part of whose top rails are bolted wedges inclined
at an angle of 4 deg. The rails are strengthened
by braces and joined by a number of transoms,
which serve to support the two hydraulic cylinders
between the rails. The front and rear transoms
each carry four rubber buffers. Two hydraulic
cylinders between the chassis rails serve to check
the recoil. The ammunition is raised by means of
a crane and differential pulley. The platform and
steps are made of No. 6 woven wire. The total
weight of the carriage and chassis is 37,327 b,

PNeuMATIC CARRIAGE FOR 10-IN. Gy,

The pneumatic gun carriage was constructed in
o similar manner to the one described, but differs
from it in being worked by compressed air instead
of by hand.

The elevating apparatus is similar to that of the
proof carriage just described, but it is operated by
means of a pneumatic cylinder under each trun.
nion, with valves so arranged that they can
operate a rack and pinion, by means of which the
elevation and depression are given. Pneumatic cy-
linders between the rails of the chassis have valves
by which compressed air can be introduced in
front or in rear of the piston head, and by this
means the gun can be run from or in battery.
Before firing, the pressure in the cylinders is set
at any desired amount, and the lengti of the recoil
évg'lll)vnry inversely with the pressure. (See Fig.

The Pneumatic Gun Carriage and Power Com-
pany, of Washington, D.C., has recently sub-
mitted a disappearing gun carriage, which is at pre-
sent being tested at the Government proving
ground with & 10-in. breechloading rifle.

The object aimed at in designing this carriage
was to provide means by which the gun could be
moved rapidly to and from battery, the recoil
and counter-recoil taken up gradually, and the
Eiece protected during loading. shown in

ig. 356, the gun is mounted on two strong steel

elovating trunnion levers, the lower ends of which
are pivoted to the slide or chassis, the pintle
being situated well to the front in order to give
a large horizontal angle of fire, through an embra-
sure. The elevating levers are connected by a
crosshead, both ends of which are provided
with friction rollers, working in extended bear-
ings in the levers, in order that the arc motion
of the latter may permit the straight line motion of
the crossheads. The gun is elevated to the posi-
tion shown in the full lines by means of the piston
of an air cylinder connected to the crosshead. An
engine working an air compressor in the ordinary
way provides the necessary supply of compressed
air. For drills, a hand compressor is provided, by
means of which the gun can readily be raised to
the firing position. To raise the gun from its
lowered position, compressed air is supplied from
the receiver to the cylinder ata pressure of 1100 b,
per square inch, and in raising the gun the pres-
sure is reduced to 326 Ib. per square inch. The
depression of the carriage by the recoil compresses
the air in the cylinder, and this acts as a cushion,
By this means the pressure in the reservoir is kept
up, and since very little is lost, the pressure does
not have to be renewed until a number of rounds
have been fired. When the gun is to be raised a
by-pass valve, operated by a handwheel, admits
the air to the under side of the piston. Side buffers
support the gun when it is down. To train and
elevate or depress the gun, a small reversible air
engine, located in a protected position under the
gun, is employed. The compressed air is supglied
from the receiver, and the supply regulated .by a
stop motion valve, controlled by a handwheel.
The chassis or slide is traversed by bevelled gears
engaging in a rack and worm gears connected with
a cross-shaft which gears to the crankshaft of the
engine. The elevation or depression of the gun is
effected by a rod extending from near the breech
to an adjustable connection with the rack, the rod
working in line with the elevating levers after the
manner of the arms of a parallel ruler.

The loading of the piece is accomplished by a
compressed airapparatus., When the gun isin the
depressed position, a carriage, carrying a projec-
tile, is raised, by the opening of a proper valve, to
the proper position for pushing the projectile into
the open breech, which work is done by a pneu-
matic rammer. In like manner the powder charge
is elevated and forced home behind the projectile.

The weight of the carriage, including powder and
projectile lift, telescope rammer, air reservoir,
differential hand pump, circles, clips, &c., is
60 tons.

The drop of the gun is 8 ft. The Pneumatic
Gun Carriage and Power Company, who have, in
addition to the carriage just described, designed a
12-in. mortar carriage and several naval carriages,
which will be described in later articles, claim many
advantages for their pneumatic system over other
systems at present in use or undergoing trial. In
the gun carriages, which are in almost universal use
for guns of medium calibre, the chassis or cheeks
have an inclination upward toward the rear of the
carriage of sufficient degree to enable the gun to
return into battery by gravitation after recoil,
This inclination gives a perpendicular shock nearly
at right angles with the line of its axis, which
shock increases in proportion with the elevation of
fire, and is anything but beneficial to guns made
under the present system of building up from
tubes and hoops.

This is overcome by the pneumatic system of
taking up the recoil, and the automatic return of
the gun with battery, which allows of the construc-
tion of horizontal slides (as in the 8-in. pneumatic
naval gun carriage), or by arranging the recoil cy-
linders in such a manner that the resistance offered
by them will always be in line with the gun’s axis
(as in the 12-in. pneumatic mortar carriage), and
which also relieves the deck of vessels (when used
on shipboard) of a great amount of the downward
thrust, caused by the instant elevation of the gun,
by the inclined sides of the chassis.

In most mounts for heavy guns from 10 in. and
upwards in calibre, the gun is secured to a sliding
carriage which moves with it, in its recoil, on side
levers or frames, which are pivoted in front to sus-
taining brackets, and whic carry the hydraulic
recoil cylinders. The resistance in taking up the
recoil is in the line parallel with and below the
gun’s axis ; but the return of the gun into battery
cannot be effected without the addition of some
mechanical appliances, such as a force pump and

the additional incumbrance of some form of an
accumulator, which carries with it weight and
complexity.

In the pneumatic system this work is performed
by the automatic return of the gun into battery by
the recoil cylinders alone, at any angle of fire that
may be required, without the aid of any other
mechanical device. In the naval carriages the tele-
scopic rammer is mounted on an extension of the
side levers of the carriage, and with it is elevated
and depressed, thus being always in line with the
gun’s axis, The ammunition is raised from the
hold of the vessel direct to the breech, and the gun
can be loaded in any degree of elevation without
change of position when firing, thus saving a great
amount of time and increasing proportionately the
efficiency of the gun. These advantages are ob.
tained in the carriages, &c., that the Pneumatic
Gun Carriage Company are installing in the United
States.

The pneumatic system is particularly applicable
to mortar carriages, where the firings are done
at all elevations up to 60 deg. or 70 deg. The
recoil is taken up and the gun is automatically re-
turned into battery with a simple set of pneumatic
recoil cylinders, the resistance offered by them
being always in line of the recoil and without the
assistance of any additional system, as is the case
with other systems of construction where hydraulic
cylinders are employed.

In the construction of disappearing carriages the
single system of pneumatics has been adhered to,
using only compressed air for elevating the gun
into firing position, and taking up its recoil on its
descent out of battery into the loading position.
By this system the gun is easily worked, allowing
reduced charges to be used, without pumping the
gun down into the loading position.

By simply opening a by-pass valve, the air that is
not forced into the receiving chamber by the recoil
is forced by the weight of the gun through a side
passage into the annular space around the piston-
rod, and the gun gravitates into the loading posi-
tion.

LONDON SOOIETIES.—No. XXVI.
TrE ROYAL INSTITUTION—continued.

IN the year 1818 Faraday delivered six lectures
before the City Philosophical Society, the subjects
of which were as follows: 1. On Gold, Silver,
and Mercury. 2. On Copper and Iron. 3. On
Tin, Lead, and Zinc. 4. On Antimony and
Arsenic. 5. On Alkalies and Earths. 6. Obser-
vations on the Inertia of the Mind. During the
same year he published no fewer than eleven
papers in the Quarterly Journal of Science. During
this period he was, besides lecturing, learning to
lecture, for he attended a course of lectures on
oratory given by Mr. B. H. Smart, and of theso
lectures he took very elaborate notes.

In May of this year (1818) we find Faraday
engaged upon researches in Atmospheric Electri-
city, and a highly interesting letter in_his hand-
writing still exists ; it was addressed to Dr. Flax-
man, of South Moulton, in Devonshire, in which
the following account of his experiments is thus
recorded : .

‘T have this evening been busy with an atmo-
spherical electrical apparatus. It wasa very tem-
porary thing, but answered the purpose completely.
A wire with some small brush-wire rolled round the
top of it was elevated into the atmosphere by s
thin wood rod having a glass tube at the end, and
tied to a chimney-pot on the housetop, and this
wire was continued down (taking care that it
touched nothing in its way) into the lecture-room;
and we succeeded at intervals in getting sparks
from it nearly a quarter of an inch in length, and
in charging a_Leyden jar so as to give & strong
shock. The electricity was positive. Now I think
you could easily make an apparatus of this kind,
and it would be a constant source of interesting
matter ; only take care you do not kill yourself or
knock down the house.”

In the autumn of the same year he was epgaged
upon a process for the preparation of illuminating
gas from fish oil, which he describes in a letter,
dated October 6, 1818, to Professor de la RH:I.

One of the most important of Faraday's ea.l‘l'ﬁ
lectures was given before the City Philosophic
Society in 1819 when he was twenty-seven years o
age, the subject was ‘‘ The Forms of Matter,” in
which he reads to scientific inquirers and t}:eom?l;
a few lessons which modern expositors might wit
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a small percentage of carbonic oxide on the mains
and gas pipes. This accounts for the hitherto un-
explained black stain so frequently observed on
steatite and other burners. Compressed coal gas
is very much used now in the place of hydrogen for
the production of limelight, and the discoloration
of the lime cylinders is very marked, being, it is
almost needless to say, somewhat of a drawback to
its employment.

In a January number of the Comptes Rendus
(cxiv. 3) will be found a most important paper by
M. Guntz, dealing with the action of carbon mon-
oxide on iron and manganese. He first refers to
the work of Slammer, who found that on passing
carbonic oxide over oxide of iron at the tempera-
ture of the softening of glass, reduced iron is ob-
tained on the one hand, and a considerable quantity
of voluminous coke on the other. M. Schiitzen-
berger has since found that pure iron decom
carbonic oxide with formation of carbonic aci
carbide of iron,

2C0=C+CO,

In his own experiments, carbon monoxide was
passed over very pure iron, produced by dis-
tilling its amalgam in vacuo at a low temperature
(480 deg. to 640 deg. Fahr.). Towards a red-
heat, the iron seemed to absorb carbonic oxide,
being at the same time blackened by a deposit of
carbon, and carbonic acid was also disengaged in
small quantity.

The same experiment was reg:aated with the
more energetic metal manganese. Pure manganese,
prepared in the same way as the iron, wasgl:eated
to 760 deg. Fahr. in a g tube in a current of
carbon monoxide. The manganese, at a particular
moment, was found to glow at one end ; the heat
was then withdrawn and the current of gas in-
creased. The metal burned in the gas, and the
heat disengaged was sufficient to carry it to a white
heat ; at the same time the carbon monoxide was
totally absorbed, and so rapidly as to produce a
partial vacuum in the apparatus.

This abeorition of carbonic oxide without pro-
duction of other gasoan be explained in two ways:
(1) that they combined to form manganese car-

bonyl,
Mn +5CO=Mnu (CO),(?);
or (2) that the gas was decomposed with oxidation

of the metal
Mn+CO=MnO+C.

This last is the only reaction possible, taking into
acoount the great heat produced, and analysis
proves that it is actually the case. Carbide of
manganese appears, however, to be formed at the
same time in small quantity.

This action of manganese on carbonic oxide
allows us to give the theory of what passes in the
case of iron ; there is at the point of contact with
the finely divided iron, decomposition of the car-
bonic oxide, with formation of oxide of iron and

carbon,
Fe+CO=FeO+C.

The carbon monoxide in excess reacts partially
on the iron oxide formed, %iving carbonic acid, and
this explains the invariable presence of carbonic
acid in the gas, and that of oxide of iron in the
metallic iron. If the reaction is simple and com-
plete with manganese, it holds, as M. Moissan has
shown, that its oxide is irreducible by carbon mon-
oxide, which is not the case with oxide of iron, and,
moreover, M. Guntz has verified the fact that man-
ganese burns in carbonic acid with the same facility
as it does in carbonic oxide,

2 Mn+C0y=2 MnO+C.

It is to be remarked that at very high tempera-
tures, the oxides of iron and manganese heated
with carbon give the metal and carbon monoxide,
or the inverse reaction to that which passes at
930 deg. Fahr.

By means of these results M. Guntz explains
what takes place in the blast furnace, although he
does not take into account the part played by iron
carbonyl as follows : The spongy iron, encounter-
ing carbonic oxide, is oxidised, giving carbon and
oxide of iron ; this last, in another zone, is reduced
by carbon monoxide to form metallic iron and car-
bonic acid, and finally, in passing through the
hottest part of the furnace, the irom, in contact
with finely divided carbon, is carburetted with
facility. ‘

The chemical world is awaiting the further
study of the carbonyl series with the greatest inte-
rest. Their existence already gives us a clue to the
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CAST-IRON SMOOTH-BORE RODMAN GUNS FOR COAST DEFENCE.

mysteries of the cementation process, in which
bars of iron are imbedded in powdered chatcoal,
and kept at about the melting point of copper
(2192 deg. Fahr.) for eight or ten days. The
Krinciple of all steelmaking is the same. Carbon

as to be added to soft iron in such a manner as to
cause a true chemical combination. As previously
mentioned, the maximum limit is 1.6 per cent. If
that be exceeded the tensile strength becomes
rapidly reduced until the brittle character and
granular structure of cast iron is assumed. If the
metal were melted in contact with the charcoal it
would be impossible to prevent an excess of carbon
being taken up which would separate out into
granules or scales of graphite on oooling. In the
cementation process the carbon monoxide, formed
by the air in the pores of the charcoal, permeates
right through the bars, and is decomposed by the
metal ; the released oxygen then travels back to the
charcoal for more carbon, which is again combined
with the iron, the carbonic oxide thus acting as a
carrier of carbon to and fro in the mass of the
metal until the chemical affinity of the iron is satu-
rated, and the whole is converted into nearly uni-
form steel. This form is known technically as
‘“ blister steel,” owing to the Eeculinr appearance
caused by the penetration of the gas. 'Bhese car-
bonyls play a very important part, too, in both the
Siemens and the Bessemer process, especially the
latter. In this case steel is made from cast iron.
All the carbon and impurities are first burnt out of
the molten metal by blowing air through until the
sheet of flame which issues from the converter,
finishing its cycle of changes from yellow to blue or
violet as the carbon monoxide increases, suddenly
drops from its cessation ; a definite quantity of a
highly carburetted iron, in the form of ugi eleisen
or ferro-manganese, is then thrown in, which effects
the desired carburation.

Attention has been recently directed, both in our
own country and in Germany, to some volatile
compounds of platinum with chlorine and carbon
monozxide, originally described by M. Schiitzen-
berger in 1868. They are formed by the action of
chlorine on platinum sponge at 480 deg. Fahr., and
are at once broken up by water with deposition of

pure platinum, thus forming & possible way of ex-
tracting the metal from its ores. If a volatile gold
compound, in any respect similar to these or toiron
and nickel carbonyls were discovered, as is not at
all unlikely, it would revolutionise the mining in-
dustry, not merely by simplifying the present
methods of working and reducing the cost of pro-
duction, but by rendering possible the manipula-
tion of pure ores, which, though now valueless on
account of the difficulty found in recovering the
metal, would then yield a substantial profit.

MODERN UNITED STATES
ARTILLERY.—No 1.
Cast-IRON CoasT GUNS AND MORTARS,

In 1860 the artillery of the United States oc-
cupied a leading position among the heavy gun
systems of the world. This was due entirely to
the genius of Lieutenant Rodman, whose investi-
gations led to the development of a theory, upon
which were built guns that embodied, as far as
cast guns could, the principles of gun construc-
tion of the present day. Such guns are still re-
tained in the United States service, either in their
original form or converted into muzzle-loading
rifles of a smaller calibre, intended for the defence
of less important places.

Lieutenant man realised that, as the principal
strees a bore had to stand from the pressure of the
powder gas, was one of extension, every effort
should be made to prevent anysuch strain from being
developed during the manufacture of the gun. He
suggested that, instead of allowing guns to cool from
the exterioy, inward, the manner of cooling should
be reversed, and that the bore should be cooled
first. To accomplish this object he cast his guns
hollow, and through the bore he caused a stream
of water to circulate, thus hastening the cooling at
that point, while around the exterior of the casting
he built fires to retard the cooling. The layers of
metal on cooling contracted, thus compressin
those layers between them and the bore which h
already cooled ; this stress of compression trans-
mitted inward left the surface of the bore in a
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COAST DEFENCE CARRIAGE FOR 15 IN. RODMAN SMOOTH-BORE GUN.

state of compression ; this state is produced at'
present by shrinking hoops on the tube.

Referring to a gun cast on this principle, that had
withstood 1500 rounds, he said: *‘ The object of
my improvement was in part, if not fully, attained,
viz,, to throw a strain upon the gun, such that!
each one of the indefinitely thin cylinders com- |
posing the thickness of the gun, shall be brought to :
the breaking strain at the same instant.” |

It could not be expected to attain the perfect
state indicated by this theory, as the investi- |
gations relating to the proper degree of tempera- :
ture to be maintained at the exterior, and the rate |
of cooling from the interior, had been carried out in
a very crude manner. The initinl compression
desired in theory was about 20,000 lb., while in'
practice it was found to vary from 30001b. to
28,000 1b. for the 10-in. guns and from 4000 lb. to'
256,000 Ib. for the 16-in. guns. These great varia-
tions would show the unreliability of Rodman’s:
theory, but it was much superior to any upon which :
guns had proviously been built. [

|

RovMAN GUNS STILL IN SERVICE. |

The Rodmans still retained in the United States

service are the following, 10-in. and 156-in. 8. B.

coast defence gun, Figs. 1and 2. (See page 341.)

As this gun would be useless for armour-piercing, -

it is designed to use it in defence of minor points'
and torpedo lines.

In 1883, through experiments made at the Go- 25,000 lb. per square inch in the bore, and im-

| TaABLE I.—Particulars of Rodman 10-in. Coast Defcnce
[ Gun (Fig. 1).
|

Designation. I - | Pounds. ! Inch.
Ic.uum .. | )
' Length of piece | I 186.6
! Maximum diameter . . | 32
| ﬂn‘ng:lml " oalibre) .. .. | . 162
. Length of bore re) .. . 10.6
' Windage ..( .. ) .. .. 1 | 013
i Initial velocity (feet) .. | 1206
Charge (cannon powder) .. . . 2% |
Solidshot .. = .. .. I oam
‘Shell .. .. U
| Weight of piece | 15,000 ‘

| —_————

’Ii:n-m II.—Parto'ct-alc-m. of 16-in. Rodman Coast Dcfence

[ Gun (kig 2).
1 |
l Designation. . l— | Pounds. Inch.
{Calibre .. .. .. .| [ 15
Weight . . . o 49,000 |
Preponderance . . | 0
, Length of piece .. . .. [ 190
| " bore (calibre) .. .. 1
Maximum diamnete . ot . ;48
- Minimum "w  ee | 25
| g;:ndsge .. h.)‘( ot it 0.13
arge (mamtnoth) for sho .
| o o forehell .. . A o 60 |
8olid shot .. . .. .. . . 450
Shell .. - . . . . 330
Initial velocity .. . vt . 15634

i that at 1000 )-'.a'rd_s the projectilé would p-i;;ce- l_(:n—
of iron.
| The sights are two in number, one placed on the

vernment proving ground at Sandy Hook, N.J., parts to the projectile an initial velocity of 1700 ft. breech and one on the upper surface of the piece
the charge was increased to 130 1b. of hexagonal 'per second. With an elevation of 20 deg. this|in front of the trunnions. The front sight is a
powder, which gives an average pressure of |charge givesa range of 3} miles, and it was found | single piece of brass fastened to the gun by two
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BIEGE AND COAST CAST-IRON MORTARS.

screws, its upper extremity terminating in a blade |
in the vertical plane containing the axis of the bore. |

The breech sight consists of a vertical brass limb
in the same plane, secured by screws to the gun at
66.66 in. from the axis of the trunnions. It is
16.6 in. in height, and cut by a longitudinal slit,
containing three holes 0.2 in. in diameter, one at
each end of the slit and one in the middle.
These sights are merely to give the direction to
the piece, the elevation being given by means of
a graduated arc fixed to the base of the breech, and
an index attached to the elevating fulcrum on the
carriage. Figs. 3 and 4 show the form and dimen-
sions of the 8-in. and 20-in. Rodmans.

CARRIAGE FOR 16-IN. RopmMaN GUN.

The carriage (model of 1888) for the 15-in.
S.B. gun, counsists of a top carriage and chassis
(Figs. b, 6, and 7). The chassis consists of two
rails, each com of two plates of boiler iron,
the top and bottom surfaces being formed by
flanges of T bars, the web of the latter passin,
between the edges of the plate. Short channe
bars, perpendicular to the edges of the chassis rails,
are bolted at intervals to the exterior of the rails
and add strength and stiffness. Between the rails
lies a cast-iron hydraulic cylinder, supported on
transoms, which are bent to a circular shape, and
accurately turned to fit the corresponding cylin-
drical surfaces of the cylinder. ese transoms
are bolted to the chassis rails. The cylinder
contains a loose-fitting piston head perforated
with four holes circular in cross-section, and their
longitudinal section being conic frustra of cones
joined at their smaller s. The piston-rod,
after passing through a stuffing-box in the rear
cylinder head, passes through a vertical elongated
slot in the crosshead of the top carriage, and ter-
minates in an eye. Thronﬁh this eye passes a steel
pin carrying two steel rollers, thus permitting the
automatic adjustment of the piston as the carriage
runs up the inclined rails while recoiling. In rear
of the cylinder are three transoms, between which
diagonal braces are situated. Beginning about the
middle of the chassis rails, and extending to the
rear ends, are inclined wedge-shaped rails, intended
to increase the resistance in recoiling, and to assist
in running the piece into battery, as the rear truck
wheels of the top carriage rise on these while recoil-

ing. A flat transom is fastened to the top of the
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DETAILS OF FUZES.

chassis rails in front, and carries a plate, to
which are attached four rubber buffers intended
to prevent any severe shock when the gun runs
into battery. A similar device is found in the rear
to provide for a similar emergency in case the

'gun should recoil to the full extent of the rails.

To draw the carriage from battery there is at the
end of the chassis an axle bearing a drum, and
actuated by a bevelled gearing. A rope, attached
to a hook on the rear transom, passes through
a pulley on the carriage and then around the drum.
As the gun is loaded while from battery it is
necessary to hold it in this position when it recoils.
For this purpose there is a retaining apparatus
consisting of a pawl and lever. On the bottom of
the top carriage is a toothed rack, in which the pawl
engages. Against the pawl presses a steel spring,
so arranged that it will always retain the top car-
riage at the point to which the recoil carries it.
By pulling the lever the pawl is released and the
carriage, actuated by the inclined rails, will readily
run in battery. A crane is attached to the front
part of the chassis, to which a block and tackle are
attached to raise the shot to the muzzle of the piece.

The piece is traversed by means of two traverse
wheels under the rear of the chassis, running on
traverse circles and having holes in their peri-
g‘hery for the insertion of manceuvring handspikes.

or convenience of the cannoniers side and rear
platforms of wire netting are added. The gun
carriage has two cheeks connected by four tran-
soms, one of which is placed almost vertically
below the trunnion beds. The other three tran-
soms connect the lower part of the cheeks ; the
front one bears clips to prevent the carriage from
jumping the rails, and also a plate to strike against
the front buffers ; the middle transom forms a sup-
port for braces connected with the crosshead. The
rear transom bears clips and a heavy crosshead
which connects the piston-rod of the hydraulic cy-
linder to the top carriage.

Each cheek is composed of two triangular pieces

of boiler iron, separated by radial struts of bar iron
so arranged as to assist in resisting the weight of
the gun and the shocks due to recoil. Between
the edges of the plate the web part of a T bar is
inserted; the flange overlying the edges adds stiff-
ness to the front and rear, and on the bottom acts
a8 a shoe upon which the carriage rests while in
battery.

To the lower front angle of each cheek is bolted
a heavy bronze casting bored to form boxes for the
concentric axles of the front truck wheels.
Similar bronze castings in rear receive an eccen-
tric axle, to which two steel truck wheels are
attached. When it is necessary to run the gun
from battery by hand the eccentric axle is thrown
in gear by means of handspikes inserted in the
bronze sockets at the extremities of the axles. The
shoe is cut away slightly in the vicinity of the front
truck wheels 80 as to allow them to bear slightly on
the chassis rails when the gun is in battery. W’ilen
the carriage recoils the rear truck wheels ascend the
wedge-shape rail, and tipping the carriage slightly
to the front causes it to move on rolling friction.

If the piston-rod were firmly attached to the
crosshead of the top carriage, the rising of this on
the inclined wedge would tend to bend the rod.
This is avoided by means of the elongated slot and
rollers on the steel pin, which allow the piston-rod
to adjust itself. On running into battery, when the
rear wheels leave the inclined wedge rail, the car-
riage rests on the shoe and moves by sliding fric-
tion. The forward motion is thus diminished
gradually, and finally ceases when the front tran-
som stri{es the buffers. The trunnion beds are
made by bending a T bar into the proper shape.
The upper surface of the flange forms the bed,
while the web is bolted between the cheek plates.
To the rear transom is bolted a wrought-iron
;:t:heb post to provide a fulerum for an elevating

ErricreNcy oF 15-IN. RopMaN Gux.
In 1882 the 16-in. gun was tested to determine
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its effect on wrought-iron armour. The target
was 6 ft. by 11 ft. and was composed of three plates,
two of which were 4 in. thick, the third was 2in.
thick, making a total thickness of 10 in. The plates
were backed by two layers of oak timber, each
10in. square, and a l-in. skin plate of wrought
iron. t 100 yards this target was comYletely i
gerfomted, and at 1000 yards the shot lodged
9} in. from the face of the plates.
TasLE III.—Firing Trials of 15-in. S.B. Rodman Sea
Coast Gun, . K
(Welghtofﬂho“&blb. Inith;[as’lell:clty 1708 ft. Powder Charge §§§ -~ d /,,/
d 7/
Distance Angle of l Remain- ‘ Penetra- §8 ! Ve
of . _ingVelo-| Energy. tion, § e >
Objeot. city. Wrought +
Elevation.| Fall. . Iron. P e
y?org' d'g'..m in. |3 mi7n'] 1&%2 oG 1'1'.'3 igm 37 w0 3 3 3
1000 1 o 1 zg 1268 5006 8.7 ER L Hoow pm. s )
m b 14 8 8 ggg 2?‘{3 22? are similar to the guns described, and the number| TaBLE IV.—Particulars of Coechorn ””3“‘;-&"" 8).
4000 8 8 | 15 61 704 1646 +.8 |in existence is quite limited. Calibre ... ... .. .. A llli
5000 | 18 14 | 28 40 622 1207 4.22 Weight of piece " ... .. 164 1t
6000 18 46 | 36 17 567 960 3.8 MORTARS, Extreme length 16.82 in. der
The smooth-bore mortars timt are still i i Maximurg aaree - 13on il(li?g'l‘l; o
Be::ldes ttl;le 16-in. emdf ltg&nﬁlsf&mg;:here re- | are the following. STl in service E{“.’g‘; ofghell ... . .81
mained in the service of the Uni tes a few| The Coehorn mortar (Fig. 8)is a s AT S d weighin
i i i i v . mall ly a block of woo
8-in. and 20-in. guns of the same kind. They| mortar of which particulars are )appendeda. bronze 13’5%.0"11‘.{:1:%3::18:7‘:@1{:0! piece, equipments, 87
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(See Page 346.)
Resvirs or Expermvest No. XI.

with two_handleg on each side by means of which
it is readily carried by four men.” They have been
used by troops in the field against an intrenched

enemy. The ground is generally sufficiently firm
for the carriage to rest upon.
. The 8-in. siege mortar (Fig. 9). This is a cast-
iron, smooth bore, unchambered.
TABLE V.—Particulars of 8-in. Siege Mortar (Fig. 9).
Calibre .. =~ 8in.
Weight ... 1010 1b.
Preponderance ... 0
Length of ﬁi’eee 22in,
o re ... 2 calibres
) Wménge 0.12 in.
Maximum char, ... 2.251b, mortar powder
Weight of shell... 46 1b,
to fill shell 2.5

”
”

a platform

Charge
W:i;it of carriage
To transport this mortar there is
Wagon serving as a mortar wagon. One mortar

Charge to fill shell 5,,
Weight of carriage .. 1313 ,,
This piece is also carried on the mortar wagon. |
The 13-in. sea coast mortar (Fig. 11). This is &
cast-iron smooth-bore, unchambered.
TaBLE VII.—Particulars of 13-in. Siege Mortar (Fig. 11).
Calibre ... .

in.
Weight 17,120 1b,
Preponderance ... 0,
Length of piece ... 54.5 in,

” gore 3.1 ,,
Windage ... 0.183 ,,
Maximum charge ... 20 Ib, mortar powder.
Weight of shell ... ”

Charge to fill shell 11,,
Weight of carriage 4140 ,,
The carriages for the 8-in., 10-in., and 13-in.
mortars consist of two_triangular-shaped cheeks,
made of wrought-iron plates, strengthened with T
irons and transoms in a similar manner to the top

wagon drawn by eight h i
WoTtars ang oa y eg orses will carry three

. The 10-in, siege mortar (Fj 10). Thisi t-
Iron smooth bore, unchaml()e;gé. . nan e

Tak _ . . N )
Ahgr‘l?g; zﬁmcu.lfra o{ }O-zn::gnge Moi'(t)ay; (Fig. 10).

Weight ) I
reponderance .., lgog]b.
Length of 28 in,

w  bore o I

carriage of the 16-in. gun (Fig. 5). They have no
chassis.
Fuzes aNp PriMers.

The fuzes that are used with the shells of the
pieces described above, are of three kinds: (a)
The mortar fuze (Fig. 12). This is made of a close
grained hard wood, such as beech. It is turnedtoa
conical shape to prevent its being dislodged back-
ward into the shell by the shock of discharge. It

. PARTICULARS AND DIMENSIONS OF BOILER. PRINCIPAL OBSERVATIONS—continued.
Date: Radiation Experiment :
April 28, 1887. o
Coal per hour necessary to maintain pressure only ... 9.3 1b.
Place: B Doski 4Gos Works. Bo . Per cent. of total coal used, including ashes and clinker per hour 7.75 per cent.
Messrs. B. Donkin an .'8 Works, Bermondsey. .
: ANALYSIS, &c., OF FURNACE GASES.
Portable boiler, locomotive type. Analysis of Dry Furnace Gases: Wei
Heating Surface: Carbonic dioxide, CO, 1%?5'())& v]‘.)ll.lg‘il;er cent,
Heating surface of boiler alone ... 316 sq. ft. »  oxide, CO 021 o
" . » _ economiser ... none Oxygen, O - 7.76 7.3 |
Total heating surface 316 sq. ft. Nitrogen, N ... 75.53 8L ,
Firegrate:
Rimenafions g firegrate - 3ft.1}in.by3ft. ' carbon: FRINCIPAL RESULTS.
rea, © 5{: spaces ... ... " ggs sq. ft. Per cent. weight of carbon to dry gases . 4.59 per cent.
Ratlo of air space to area of grate .., . 0.258 " | Ates :
»  boiler surface to grate surface 32.6 | Rl .
»  total heating surface to grate surface 32.6 Pounds of dry air per pound of carbon... 21.21b,
. N 0 brickwork. Gases from | " furhace gases per pound of d dry coal .. 0
I N pure and dry coal ... 20.
Kind of flues and direction of gases ... { ?;Ieagg,xﬁp ziﬁ:;xngel;. small Ratio of air used to air theorggi cally required Ym 1.82 »
Temperature of Gases :
Time: PRINCIPAL OBSERVATIONS. Rise in temperature of gases . b66 deg. Fahr,
Duration 8 hrs. Carbonic Oxide:
Steam Pressure : Per cent. of carbon burnt to carbonic oxide ... . 1,96 per cent.
Mean steam pressure above atmosphere 61.01b. Combustion :
» _absolute steam pressure ... e 76.7 ,, Pounds of coal burnt per square foot of grate surface per hour ... 12.4 Ib,
P e Fahr. cor P g to this p ... 308.2 deg. Fahr. ”» ” ” ” eating 2 ’ .38,
Foed Water: " " » »  total heating surface -
. Transmission of Heat:
Temperature of feed . ... 56.3 deg. Fahr, X . .
Total feed water evaporated ... ... 8703“113_1“a T Thermal units per square foot of heating surface per hour, boiler
" " ' per hour... 1087 " only e e e .. .o o 3920T. U.
* Coaland Ashes : Evaporation:
Fotal coal used, including ashes and clinker .. ... .. . 90 I, Pounds of water evaporated per pound of ooal from feed tempera- 0.061
er °°:t' ° :’f r::isturl:i: rﬁ::]bot&l °°al "seﬁ' 1 ”h' 1'4' Sluil':gr per cent, Equivalent evaporation per pound of coal from andat 212deg Fabr,  10.78 »
Total weight of pure and dry coal used per hour ... ... 1151b. ” » Yoot of e anddry .. 125,
Ratio of total pure and dry coal to coal including ash, &o. 0.958 ” »  8quare foot of ﬂr“? per hour ... ... 3.5 .,
Total ooal used including ash and clinker per hour 120 1b. » Lo ” eating surface (boiler) 4.05 ,,
» weight of ash and clinker .. .. .. 107b. ash, 13 Ib. clinker, Faotor of evaporation O 5
Sto;t:g k Pereentage Balance Sheet of Heat,
icknessof fires ... .. .. .. 4.5 in,
. Number of times each fire stoked per hour 878 Heat Evolved. ! Per Cent. I Heat Absorbed. Per Cent.
'emperature of Afr: Hoat from o rv coal . “Heati Dorating wate
Temperature of air in boiler-house 59 deg. Fahr. Hoat from pure and dry coal ... 100 g:::::g ?:Snmpontlgyiz w“ff ‘1538
”» » outside ,, 59 -, Evapotljating moisture in coal 1
Tem ture of Gases: 1ation e 5.7
pera : Lost by imperfect combust L
Temperature of furnace gases at base of chimney ... 625 deg. Fahr. Unaoeguntgg for us w.n 5.3
Dnug.ht H Total 100 Total 100
Chimney draught ... 0.20 in, !
carriage, is 311 1b. The carriage or block upon Windage ... .. 0.13 in. is bored nearly through to receive the time composi-
which the Coehorn mortar is mounted, is provided Maximum charge 41b. mortar powder. | tion, and to preserve it in store, it is capped with a
Weight of ehell ... g waterproof paper, on which is marked the rate of

burning. To prevent the fuze from being extin-
guished when firing over water the sea coast fuze b
1s used (Figs. 13, 14, 15, and 16). It consists of a
metal case, the fuze composition being contained
in a paper case, which fits in the meta cap. The
water cap is then screwed on; this is perforated
by a zig-zag channel filled with mealed powder and
gun spirits. The irregular channel prevents the
entrance of the water when the shot ricochets.

When the time of burning is not long the Bor-
vann fuze ¢ (Figs. 17 and 18)isused. This consists
of a circular pewter disc, on the surface of which is
the scale of time, and two holes a a to be used
in screwing the fuze in the shell. The time com-
position lies in an annular-shaped cavity below the
scale of time. A hole is punched at the point
indicating the desired time of burning. The com-
position is ignited at this point and burns around
to zero, where it connects, bya channel ¢, to a powder
magazine m, and thence, through the channel
r to the bursting charge. The time composition is
held in position by the pewter disc b. As the
threads of the pewter case might be sheared off by
the shock of discharge, a wrought-iron disc fis
first screwed in the fuze hole to act as a support.

The primers used to discharge the pieces are of
two kinds, friction and electric.

The friction primer (Fig. 19) consists of two
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Fig. 32.

Fig.28.

Fig.30. 3 = wy. ox '
9 km{

10-IN. RODMAN CAST-IRON GUN CONVERTED INTO 8-IN. RIFLE (MUZZLE INSERTION).

10-IN. RODMAN CAST-IRON GUN CONVERTED INTO 8-IN. RIFLE (BREECH INSERTION).

Tien-Tsin (28 miles), and thence to Pekin (86 miles),
the opposition became so powerful that in the case
of the latter extension, Li's unique prestige had
to give way, and consent to the withdrawal of the
imperial leave six weeksafter granting ; it has been
more than once on the cards that the Tien-Tsin
branch, where a first-class rapid and paying service
of passenger and freight trains is being run, should
have been torn up again to furnish materials for
colliery line extensions, the only recognised legiti-
mate business of the railway.
(To be continued.)

MODERN UNITED STATES
ARTILLERY.—No. II
StANDARD LigHT 3-IN. RIFLE.

WheN the Civil War began the United States
had no national gun foundry. The manufacture of
guns, particularly of small calibres for field use,
was undertaken by numerous private firms through-
out the country, and in the greater number of cases
there was no Government inspector present. Many

batteries were gifts of private individuals, many
battery commanders organised and equipped their
own batteries. As a result there was the greatest
variety of types, calibres, and designs. The variety
however, soon became much smaller, until finall

certain standard calibres were adopted and are still
retained in the service. The standard field piece
was a 3-in. wrought-iron gun (Fig. 21). This gun
was manufactured in the following manner : Rolled
staves were laid up in the form of the barrel on an
arbor and placed in a lathe. Around these was
wound, by the revolution of the lathe, a long bar,
rhomboidal in section. Upon this bar was wound
a second with spirals running in the opposite direc-
tion. The operation was continued until five layers
had been applied. To give longitudinal stiffness a
thin bundfe of staves was bound on the out-
side. The breech was closed by driving in a
plug. The mass was then raised to a weld-
ing heat and upset endwise 2 in. in a press and,
then rolled out from 43 ft. to 7 ft. in length.
The welding on of the trunnions, the turning of the

chase, and the boring and rifling, completed the gun.

A second method of making this gun was to wrap
sheet iron around a mandrel, and then draw it out
into a tube.

This formed a light and very serviceable gun,
and is the gun with which the light batteries of the
United States are at present equipped. They are
being replaced by the new steel pieces that are
being built, and when completely replaced they will
be reserved as pieces to be used in cases of emer-

gency. The principal dimensions of the piece are
as follows :

TABLE VIIL.—Particulars of 3-in. Rifle (Fig. 21).
Diameter of bore... 3in.
Length of bore ... 21.66 calibres

. piece ... 73.3 in.
Maximum diameter 9.7 ,,
Weight . 820 1b.
Preponderance ... 40 ,,
Weight of shell ... 9,

» ol 32 oz.
Initial velooity . 1500 ft.

Cast-IrRON SiEGE AND CoasT GUNS,
The siege gun that is still retained in the service
is & cast-iron rifle, 4.6 in. in diameter (Fig. 22). It
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PARROTT RIFLED CAST-IRON GUNS,

is a muzzle-loading rifle with a uniform twist of one
turn in 15 ft.
TaBLE IX.—Particulars of 4.5-in. Gun (Fig. 22).
Calibre... ... [, .. 4bin.

Length .. . 133 ,,
Maximum diameter ... . 166 ,,
Minimum vy e 9,
Weight " ... 35701b
Initial velocity ... .. 1280 ,,
Weight of shot 35.6 ,,
" shell 25 ,,
" charge ... 3.25 ,,
Range . 3600 yds.

The piece is mounted on a wooden carriage pro-
vided, as is usual in siege guns, with travelling
trunnion beds.

The other cast-iron guns of the date of the Civil
War are the Parrottrifles. The 30-pounder, Fig.
23 ; the 100-pounder, Fig. 24; the 200-pounder,
Fig. 25 ; and the 300-pounder, Fig. 26. These are
all cast-iron rifled guns, with a reinforce hoop of
wrought iron. A number of them, especially the
larger calibres, having failed, they have come to be
regarded with distrust, and probably will not be
used again except in an emergency.

The wrought-iron hoop was made by coiling a
bar into the form of a hollow cylinder, and weld-
ing it longitudinally. It was then finished to
the prescribed dimensions and assembled by
shrinkage. The shrinkage considerably exceeded
the shrinkage that is at present considered proper,
and probably agroduoed cross-strains in the iron,
which weakened it when called upon to resist longi-
tudinal strains. The hoop itself adding but little
to the longitudinal strength, will probably explain
the cause of the recent failures, These, together
with the recent improvements in gun construction,
will probably lead to the retirement of the Parrott

guns from the service as soon as they can be re-
placed by the new steel ones.

CONVERTED 8-IN. AND 10-I1N. SMoOoTH-BORES.

After the close of the Civil War there was but
little done in the way of gun construction in the
United States until about 1872. It was then
proposed to convert the comparatively useless
10-in. smooth-bore into an 8-in. rifled gun, by
adding a rifled lining, The 8-in. gun so made
proved fully equal to the English guns of the same
calibre and led to the hope that the conversion of
the larger calibre would also be successful.

The Ordnance Board which considered the sub-
ject recommended the trial of the Palliser plan of
muzzle insertion, then successfully established in
England, and the Parsons (American) plan of
breech insertion. For the Palliser system wrought-
iron tubes were to be used, and for the Parsons
system steel tubes. The wrought-iron tubes were
furnished by Armstrong, and the steel tubes by the
Bochum Steel Company in Germany. The 8-in.
gun made by muzzle insertion was at once a pro-
nounced success ; the one made by the breech in-
sertion method failed when fired for 466 rounds.
On trial with the larger calibre the muzzle inser-
tion plan proved to be defective in longitudinal
support, and led to the adoption of the breech in-
sertion plan. A successful trial of this system
gradually led to the same system for the 8-in. gun,
and proved very serviceable. Contractsfor wrought-
iron and steel tubes given to American firms en-
couraged the production in the United States, and
soon led to the acceptance of forgings, which quite
came up to the tests of those tubes which had been
obtained from abroad.

An attempt to convert the muzzle-loading smooth-

ARTILLERY.

PROJECTILES FOR 8-IN. CONVERTED RIFLE.

bores into breechloading guns, with the Krupp
fermeture, was then made. The general manner
of inserting the tubing was the same as that which
will be described for the muzzle-loading rifle. The
jacket of the tube was considerably heavier than
that which was used for the muzzle-loadin%riﬂe,
and projected to the rear to receive the Krupp
fermeture. This increased thickness of the jacket
necessitated the removal of so much of the cast
iron that the strengthening of the breech became
necessary. This was done by the shrinking on of a
steel hoop. The experimental 8-in. gun withstood
over 600 rounds without inl}ury ; 8-in. and 11-in.
guns were then ordered, differing from the first in
the fact that the powder chamber was enlarged to
receive an increased charge. The trial guns, how-
ever, failed after a few rounds by a fracture of the
steel jacket through the front angles of the seat for
the breech-block. A second 8-in. gun was made
with rounding front corners. It stood the proof
for endurance very well until the 127th round, and
then burst into many fragments.

The attempt to convert the muzzle-loading guns
into breechloaders having proved a failure, did not
detract from the muzzle-loading conversion system.
A large number of 8-in. rifles were made and are
now mounted in the various forts. In 1883 a test
of an 8-in. gun at Sandy Hook, gave to a chilled
iron projectile, weighing 180 1b., an initial velocity
of 1430 f.s., and at 1000 yards penetrated 8 in. of
iron, thus proving itself an effective weapon for the
protection of narrow channels against vessels carry-
ing 8 in. of armour or less.
nﬁ.‘he muzzle insertion or Palliser plan of convert-
ing the 10-in. Rodman smooth-bores into 8-in. rifles
was as follows (Figs. 27 to 33). The parts consisted
of :

1. The gun casing bored out to receive the
tube gc‘z).

2. The rifle steel tube made from a solid forg-
ing (b).

3. The muzzle collar (c).

- 4, The securing pin (d).

6. The gas escape channel (e).

The gun was first accurately bored to the mean
diameter of 12.999 in. ; the gas escape channel, to

ive warning of the cracking of the tube, was
rilled, and the muzzle recessed and cut with screw
threads to receive the muzzle collar.

The tube was made of open-hearth steel at the
Midvale Steel Works, Pennsylvania. It was of very
fine quality and showed greac resistance in. working.
The tube was bored to the proger size, the exterior
turned and the breech cup tightly fitted in place.
It was then rifled, oiled, and wiped, and the
breech smeared with red lead. It was then lifted,
swung around in front of the muzzle of the casing,
and inserted as far as the slings would admit. The
slings were then removed, a block and tackle
attached to the muzzle by means of which the tube
was forced home.

The necessity of getting a proper contact at the
breech while the difference in curvature was pre-
served, required the insertion and removal of the
tube several times before a proper fit was secured.
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Before the final insertion grooves were cut on the
base of the cup, so that any gas that might find its
way between the tube and the cuﬂg would collect in
the open space formed by the difference in curva-
tures of the gun casing and tube, and from thence
escape by the channel in the casing. The parts
were then finally assembled, the vent locking
securing pin and muzzle collar screwed in. Figs.
28 to 31 are enlarged details of the various parts,
and Figs. 32 and 33 are details of the vent bushing.

The conversion by the breech insertion method
was as follows (Figs. 34 to 40).

The parts were :

1. The gun casing bored out to raceive the
tube («).

. The rifled coiled wrought-iron tube (b).

. The jacket (c}.
. The breech plug (d).

The muzzle collar (¢).

The breech cup (f).

. The securing pin (¢).

A boring tool is run in at the muzzle and through
the breech. The hole so made is gradually
enlarged until it finally reaches the same diameter
of 10in. as the bore. The whole gun is then
turned to 10.5 in., is reversed in the lathe and
bored to receive the shoulder on the tube and
the jacket. -'The tube is made in four sections and
the jacket in three ; the sections are then welded
and -turned and the jacket is shrunk on the tube.
The cast-iron breech plug is then putin and the
tube and jacket accurately turned. e shoulders
are smeared with red leat{ and the tube inserted in
the casing, screwed home, and the securing pin and
nuzzle collar screwed into place. The principal

N )

data of these pieces are :
Length of bore ... 117.25 in.
Weight ... 16,160 lb,
Counter preponderance 630 1b.

The counter preponderance is corrected by an
eccentric ring of bronze attached to each trunnion.
Weight of projectile
o charge ...
Initial velocity .
ressure per square inch
Penetration of armour at
1000 yards 8in,
10 deg. of elevation will give a range of 5000 yards,
These guns are mounted on carriages very similar
to the one described in Fig. 3 for u:;go 16-in. Rod-
mau gun. Fig. 35 to 38 are e details, and
Figs. 39 and 40 are details of the vent bushing :

TaBLe X.—Particulars of 8-in. Converted Rifle.

351b.h1801b;ml .
. (:) 0 wder,

1301
33,000 1b.

Table giving Velocity and Penetration of 8-in. Muzzle-
oading Converted Rifle at various Ranges.
Range. Velocity.  Penetration.
in.

0 1403 9.96
500 1302 9.08
1000 1214 8.31
1500 1136 7.66
2000 1069 7.08
2500 1018 6.67
3000 980 6.36

PRroJECTILES FOR CONVERTED GUNS,

The projectilea that are used with the rifled guns
described in this paper are all made to take the
rifling by means of some device expanded by the
powder gases. The variety of devices, while large
at first, now practically narrowed down to two,
the Butler and the Eureka. The body of the shot
is the same in both cases, bein, e of iron, cast
with the point down; the latterio' cast inan iron
mould, is chilled to quite a depth. The depth of the
chill varies with different foundries, asshown in the
croas-section of the Butler shot.

The rotating device on the Butler shot consists
of a ring made of 70 parts of the purest copper and
80 parts of zinc. reads are cut on the base of
the projectile and run in such a direction that the
rotation of the projectile, while passing through
the bore, will tend to tighten the ring. The ring
hasa double lip and the powder gas forces one lip
outward into the rifling and the other tightly
against the projectile, thus diminishing any ten-
dency to strip. The rotating device on the
Eu(\l'e 4; projectile is of the form shown in Figs. 42
and 43.

The base of the projectile is cast in a conical
form, the smaller base to the rear. The rotatin
device is also turned on the interior to a conica
form but sliihtly smaller, so that it cannot be forced
completely home. It is held on by a screw bolt,
and prevented from rotating independently of the

projectile by ridges which fit in corresponding
grooves in the base of the projectile. The powder
gases force the device further on the conical base,
thus spreading out the upper edges into the rifling,
at the same time the normal pressure on the lower
edges will also expand them into the rifling. These
projectiles have proved very satisfactory.

AMERICAN INSTITUTE OF MINING
ENGINEERS.
(FroM oUR NEW YORK CORRESPONDENT.)

Tue City of Baltimore is known in the United
States as the Monumental City, and this is some-
what of a misnomer, for Baltimore is not parti-
cularly rich in the article. There is a fine monu-
ment in Charles-street to the ‘‘ Father of his
Country ;” the base of this is 60 ft. square, and
the height of the Doric column which surmounts it
is 165 ft , and there is also a small monument (as
the numbers were limited) about a mile distant to
the memory of those who fell when Fort McHenry
was bombarded by the British in 1814, but it is not
necessary to dwell on this matter here ; certainly the
occurrence of such structures in Baltimore is not
8o frequent as to lead to remark. It is, however, a
well-known fact that not infrequently localities take
their namea from the absence of the article from
which the title is chosen ; thus Chestnut-street,
Maple-street, Linden place, and the like, have no
trees of the name chosen; Philadelphia seems to
have a sort of patent right in such anomalies ; we
find Mince-street, Cranberry-street, Lemon-street,
&c., but we look in vain for the pie. So Baltimore,
although the Monumental City, has but few monu-
ments in the strict sense of the word. She has,
however, as will appear, monuments to the public
spirit of her citizens, enduring, living, working,
monuments.

The name of the city is good old English, in
fact, to use Mr. Gilbert’s phrase in Patience,
*“ early English.” Its origin dates to July 14,
1729, and in 1768 it became a county town, to the
chagrin of Joppa; but who, except Jonah, would
want to hail from Jopps, and he only did it
from force of circumstances, and landed most
ignobly in a foreiin oounn'i before long. Balti-
more being at the head of Chesapeake Bay, which
has ample depth of water, soon grew to be a
commercial city of great importance. In 1812
some of the ancestors of the readers of ENGINEERING
attacked the city both by land and sea, and but for
this act we should not have had the ** Star-Spangled
Banner,” which was composed by a Marylander
detained on a British man-of-war during the bom-
bardment of Fort McHenry.

In 1827 the great Baltimore and Ohio Railroad
was chartered, and the construction begun in 1828.
In 1853 this line was built to the Ohio River, and
in 18567 to St. Louis. Any one who has been over
this line wonders at the courage of the engineers
who located it, and still more at those capitalists
who had faith in the enterprise. It is probably the
most difficult railroad line ever constructed, but it
opened a most beautiful country, rich in mineral
wealth and fertile beyond any other similar
section of the United States. Baltimore is
a most beautiful city, and rests on as many
hills as the City by the Tiber. Its citizens,
as was suggested, are glublic spirited and liberal.
The monuments established by them are the John
Hopkins University, where probably education is
carried as far as in any Institution of the kind in
the world ; the Peabody Institute, the Woman's
College. Nor should that magnificent gallery of

intings collected by Mr. Walters be overlooked ;
1n fact the Institute did not overlook it, on the
contrary, they looked over it and were greatly
pleased at the sight; but we must not anticipate.

MiniNe GemMs IN EUROPE.

At their recent meeting in February the Mining
Institute assembled in one of the lecture-rooms of
the John Ho&l’tins University, and were wel-
comed by J. W. ;leon, chairman of the Local
Committee, followed by the Mayor of Baltimore,
and then Professor (!:ilman, resident of the
John Hopkins University, added to these cordial
words the welcome of the University, so that the
Mining Institute began to feel fully at home, and
so signified in the reply of its president. These
formalities having been so pleasantly carried out,
the real business commenced in a paper by that
eminent mineralogist, Mr. George Kunz, the
expert for Messrs. Tiffanyand Co., of New York,and

who is probably known to many of the readers of
ENGINEERING as being the gentleman in charge of
Messrs. Tiffany and Co.’s exhibit at the Paris Ex-
Bi)lsition in 1889. The paper was entitled ‘‘ The

ining of Gems and other Minerals in Hungary,
Bohemia, and Russia.” This paper was illustrated
by lantern slides showing the country, and methods
of mining. There was also on the lower floor of
the building a fine exhibit of gems, ranging up to
1000 dols. in value, together with castings of iron
from the Kasil Iron Works in the Ural Mountains.
Among these latter were medallions and a bust of
the Czar, looking as fine as though made in bronze.
The lecturer proceeded to describe the wonderful
mineral deposits of the Ural Mountains between
Russia and Siberia. The following extract may
be cited on this subject :

““For nearly two centuries the Ural Mountains
have been noted for their remarkable productions
of gem-like minerals and gems that for geauty and
quantity have always given the region a foremost
glnoe in the mineralogical collections of the world.

he magnificent emeralds, alexandrites, phenacites,
gigantic beryls, topaz tourmalines, green garnets,
amethysts, and the great variety of jaspers of all
colours are among those of the greatest interest.
The occurrence of the diamond in the Ural is not
firmly believed by some of the Russian mineralo-
gists. In a collection at Nijni Tagilsk I saw a small
white crystal weighing one-third of a carat, a
twinned hexoctahedron, which was pronounced
phenacite by a local mineralogist who had taken its
specific gravity, but which is, as the collectors
believe, a small opalescent white diamond similar
to those found at the Bagagem mine in Brazil. It
was found in a small brook known as * Pologica,’
near the village of Kalstchi. The lapidary work of
the Urals is all executed either at the imperial
lapidary works at Fkaterinbourg by the lapidary
masters, as they are termed, who employ the work-
men or apprentices, each having his own peculiar
style. ’I’I’m product is sold to the dealers at
Ekaterinbourg, who visit the Nijni Novgorod,
Moscow, and Ekaterinbourg fairs. The lapidary
works at Ekaterinbourg are so situated that the{
have command of an immense water power, by whic
they are run. These works are on a large scale, so
that immense masses of hard stone can be as readily
worked as marble is throughout Europe. Many of
the machines are of a primitive character and have
not been changed during the past century. The
facilities for sawing, drilling of large columns,
either for ornament or for lightening large masses
of stone, &c., are inlfenious and are manipulated
with the test skill.”

After the conclusion of this lecture a pleasant
social reunion followed under the auspices of Presi-
dent Gilman, of the John Hopkins University.

The next day business commenced in earnest, it
having been arranged to hold a continuous session,
and thus complete the reading and discussion of
papers before visiting ‘‘ objects of interest.”

Tae CorPER MINES OF VERMONT.

The first paper was entitled ‘' The Cop
of Vermont,” by Henry M. Howe.
that the ancient slates of the Ap hian Range
contained a series of extensive of iron pyrites,
which extend from Alabama to the St. Lawrence.
These deposits occur on a very large scale,
and though they have many of the charac-
teristics of fissure veins, are not generally thought
to be such, but to be true ore beds, their irregu-
larities being due to folding and distortion durin
metamorphism. In the majority of cases, althoug
there are marked exceptions, these deposits pinch
out in depth. In the Southern States the upper
part of the ore body has been decomposed, and the
copper leached out. Below the gossan is found a
rich layer of copper ore, resulting, perhaps, from
the reprecipitation of the leached copper. Below
this again 1s the region of undecom sulphides
which become impoverished in depth.

In the Northern States both the gossan and
richer portion are eroded, leaving the undecom-
posed sulphides exposed at the surface. The sul-
phides continue in depth without loss of their per-
centage of copper, and in some cases are said to
have been enriched. In the Elizabeth mine the
ore has been worked down on the pitch for 1600 ft.,
and in places some 60 ft. in width. At the Union
mine, while the ore body does not extend con-
tinuously to a great depth, yet continuations of
new lenses are found by cross-cutting when the
bed pinches,

r Minee
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ARTILLERY.—No III . and thenurtx a turn of the locking screw it is
ConvERTING WROUGHT-IRON 3-IN. GUNS. | pressed further in and locked. The wrench of the
(F1gs. 44 To 66.) l ocking screw serves also as a handle to withdraw

WhHiLE the attempt to convert the smooth-bore | the bf

ock. This is the Krupp system in short.
cast-iron guns into breech-loading rifles was not a' The gas chock used was the m«f:ell ring. Ex-
success, different results were obtained by a similar | periments were made with both copper and steel.
attempt with the 3-in. wrought-iron muzzle-loading g‘ie copper proved to be the better metal to pre-

rifle (Figs. 44, 46, and 46). This gun was cut off | vent the escape of gas, but it sometimes stuck after |

The threads of the locking screw are partly planed

gun was by the same method. The bore was

enlarged to 3.2 in., and the powder chamber
enlarged. The number of grooves was increased
to twenty-two. This increase in calibre appeared
to give the best results, and all the field guns that
were converted since this one, have been finished
to a diameter of 3.2 in.

It was ascertained that the gas check could be
relied upon to stand 300 rounds without injury.

at the breech to a length of 63.16 in. and bored | firing, thus rendering the opening of the breech a Tae UNrrep StaTes NatioNaL Gux Facrorv.

from the breech to admit the steel breech receiver difficult matter. The steel ring did not stick but

During the Civil War the United States had no

which is united to it by a screw thread. The at times allowed a slight escape of gas. In order 'time for experimenting, and after the close of the
breech receiver was made of Midvale steel tempered  to remedy the defect of each ring a combination | war, gun building was comparatively at a standstill.
in oil ; on being tested, this steel gave a tenacity | ring was made having the base of steel (Figs. b4 |The conversion of guns that has been described was
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CONVERTED WROUGHT-IRON 3-IN, MUZZLE-LOADER.

of 67,600 1b. per square inch and an extension of |and 56), and a lip of copper, thus insuring the hard-
- 0.285 in. per inch at rupture. The receiver was(neua and elasticity of the steel at the base with
slotted to receive the breech-block ; it was bored | the extensibility of the copper in contact with the
and a plus thread was cut on it to correspond to|walls at the seat of the gas ring. This construc-
the screw thread in the gun casing. Figs. 47 and ! tien secures, through the extensible copper, a close
48 show this breech receiver separate. It was then igas-tight contact at the sides of the seat of the gas
screwed in place and secured by a small steel pin | checks in the chamber of the gun, while the steel
inserfed at the joint. The rifling of the gun was l base prevents any sticking to the breech-block.

not aliered but the grooves were continued along 'Tasuk XI.—Ballistic Particulars of the 3.2-in. Wrought-
the breech receiver. The steel breech-block was | Iron Converted Rifie.

made on the sliding-wedge system. The front face;  Calibre ... ... .. 3.2 in.
was perpendicular to the axis of the piece, and the 'II::;;!'.}:E a:,’ef g e ;;3%?3 ”
rear face was inclined at an angle of 1 deg. 30 min. Weight of gun ... ... ... 826 1b.
The movement of the block was regulated by two | " 5:‘811 12,,
guide grooves (Figs. 49 to 51). The only mechanism | ’ charge 3,
connected with the breech-block is the locking {fm‘l‘m decity 2155'463%';"
screw (Figs. 50, 52, and 53), which is placed in a | uzzle velocity... .. .. se0

cylindrical recess at the rear of the block, and,
when the “lock is in position, locks into a female
thread, v nch is cut in the rear face of the slot of
the breec. receiver.

Ranges at differen

15 ,, 4978,
angles

20 deg. 5879 yd.= 3.34 miles
{ 0 . 3986 ..

5 ” ”
Another conversion of the 3-in. wrought-iron

§ Fig. 55.
\
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o
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all that was attempted. At various times Boards
were appointed to consider different methods of gun
construction and to make reﬁorts to Congress. It
was finally established that the built-up gun, com-
posed of steel hoops, was undoubtedly the gun of
the future.

Designs for guns of various characters and dimen-
sions were adopted and appropriations made for
their construction.

The National Gun Factory was built at the Water-
vliet Arsenal, near Troy, New York, and though
many guns have already been built there, a large
increase in the plant is to be made o as to greatly
increase the capacity of the works.

The policy of the Government is to get the
forgings from private foundries, where they have
been prepared, oil-tempered, and rough bored
under the direction of a Government inspector
stationed at the foundry. The forgings are shipped
to the National Factory, and the gun completeg.

The first steel built-up gun that was made was
completed during the fiscal year ending June 30,
1884, and was a piece designed to be used as a
horse artillery piece and had a diameter of 3.2 in.

The first piece was made from open-hearth steel,
which was ?urninhed by the Midvale Steel Com-
pany, and consisted of a steel tube, forged and
annealed, a jacket, trunnion hoop, sleeve, and key
ring, all of steel, forged and oil-tempered. Being
an experimental gun, a number of changes were
necessary during manufacture. The weight of
the gun was 793 lb. The gun was subjected
to a severe test of 1800 rounds, and still re-
mained in a serviceable condition. It showed a
very satisfactory endurance, range, accuracy, and
rapidity of fire. The maximum charge fired was
3.76 1b., which gave a mean velocity of 1749 ft., and
a pressure (maximum) of 37,2560 lb. The mean
range for an elevation of 20 deg. was 6479 yards.
An average of more than 900 rounds gave a rapidity
of fire of 70 rounds per hour. The maximum and
minimum rapidity of not less than 46 consecutive
rounds were : Maximum, 46 rounds in 26 minutes,
or a rate of 120 rounds per hour; minimum,
50 rounds in 79 minutes, or a rate of 38 rounds per
hour. The Revite d'Artillerie, January, 1885 (the
above test of the 3.2in. breech-loading rifle took
took place in 1885), reports comparative trials by
the Commission of Belgrave for the Servian Govern-
ment, with a Krupp 3.3-in. gun of the Dutch model
of 1882 and a De %ange 3.15-in. gun, model of the
French artillery. The rapidity of fire was : For the
Krupp 3.3-in. gun, 30 rounds in 34 minutes, or a
rate of about 563 rounds per hour. For the De
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MODERN UNITED

(For Description, see Page 397.)

STATES ARTILLERY: STEEL FORGINGS FOR 3-IN. RIFLE.
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LITERATURE.

Continental Electric Light Central Stations, with Noles
on the Methods tn Actual Practice for Distributing
Electricity sn Towns. By KiLLINGWORTH HEDGES,
M.Inst. C.E,, M.LE.E. London and New York:
E.andF. N. épon. . .

THE present is a very opportune time for the issue

of a work such as that before us. Manymunicipalities

are burdened with provisional orders for electric
lighting which they do not quite know how to utilise.

To defend their territories from the intrusion of

private companies, they obtained from Parliament

the right to undertake the work themselves, and
now the time has come when they must do some-
thing to prevent these powers from lapsing.

But immediately they commence to bestir them-

selves they find themselves bewildered among the

advocates of high and low-pressure systems, of
alternate and direct currents, of fixed, motor, and
battery transformers, of systems with and without
batteries, and of two-wire, three-wire, and five-wire
distributions. It is not always easy for the elec-
trical engineer to decide which system is best
adapted to a certain town, supposing him to be
entirely free from prejudice, and it must be nearly
impossible for the average alderman to obtain clear
ideas on the subject. Even if he come as a depu-
tation from his town to the Exhibition at the

Crystal Palace, and listen most attentively to the

representatives of the various firms gathered there,

he is more likely to lose his faith in the veracity of
his fellow-men than to gain a clear conception of
the merits and demerits of the various systems.

He will probably arrive home more puzzled than

he left it. To such a man Mr. Hedges’ volume

promises aid, as it should show him how far each

i
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system is used on the Continent, and afford him
some clue to the conditions under which each may
be a%plied. He will, however, need to exercise
considerable caution as to this latter point, as the
selection of a particular system is often influenced
by considerations that are neither mechanical nor
scientific.

We learn from the title-page that the accounts
contained in the volume are compiled in part from
the reports made for the congress of the German
municipal authorities, on the occasion of their
visit to the International Electrical Exhibition at
Frankfort on August 26 to 29, 1891. This fact
explains the very unequal way in which the dif-
ferent inatallations are treated. Some of them are
described in considerable detail, while others are
dismissed with very brief notices. The engravings
likewise vary between good and very bad indeed.
The volume is diatinctg a medley in which much
that is valuable is overlaid with a great deal that
is superficial.

Part I. is devoted to high-pressure distribution
with alternating currents and transformers. It
comprises accounts of nineteen installations, of
which nine are by Ganz and Co. Among these are
included the Tivoli installation of 23,000 lamps of
16 candle-power, and that at Rome with 24,000
lamps. The Vienna installation of the International
Electric Company has 25,000 lamps, and is the
largest of the alternate current systems described.
All the rest, with the exception of that at Madrid of
18,000 lamps, have less than 10,000, so that the
are of very moderate dimensions. The Tivoli
station is the most interesting of the series, as its
turbines give 2000 horse-power and the current is
transmitted 19 miles to Rome at a pressure of 5000
volts, with a fall of potential of 20 per cent. The

Check Ring. p.ysa.%uﬁwcm Fig.63. LeverhandigPins.  Fig.70.Nut.
e .

s,

- §o

12735 T s
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current is carried on bare copper wires, and is
reduced to 2000 volts before it enters the network
serving the consumers’ transformers. The descrip-
tion of the Roman station contains a fairly com-
plete description of the Ganz machines, and is the
most detailed of any in this portion of the book.

Part I1. deals with the low-pressure distribution
by continuous currents, either direct or with
secondary batteries. The installations exceeding
10,000 lamps are: Hamburg, 12,000 ; Hanover,
30,000 ; Dusseldorf, 20,000; Berlin, 140,000 ;
Elberfeld, 14,000; Paris, Place Clichy, 19,500 ;
Vienna, 10,000. None of these are described in
any great detail, but sufficient is told to give a
general idea of their scope and method of opera-
tion. It is perhaps fortunate that these short
accounts are from different hands, as this insures
some variety in their treatment. In certain cases
the cost of construction and working is given with
some minuteness, while in others the works, both
inside and outside, are illustrated by numeroys
engravings. In the latter case it is noticeable haw
large and commodious are the foreign stations com-
pared with our own.

The third part of the volume may be labelled
¢‘ Miscellaneous.” It commences with a good
account of the Lauffen-Frankfort power transmis-
sion experiment. Then follows an account. with
very numerous engravings and but little .etter-
press, of the measuring instruments of Ha:tmann
and Braun, of Frankfort. Conduits for :lectric
mains occupy the next three pages. Thca come
load diagrams, load factors, network, intcrests of
gas companies, and the cost of electric lighy abroad,
followed by tablesand a glossary of tech* -al terms.

This work is evidently prepared foi the use of
non-technical readers, and such being the case, it
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Selected Casts Showing Remarkably Low Silicon and
Sulphur.
Silicon. Sulphur.
Trace. 0.017
Trace. 0.036
Trace. 0.0
0.035 0.033
0.047 0.047
0.093 0.019
0.093 0.021
0.088 0028
Trace. 0.025
Trace. 0.089
0.02¢ 0028
0.047 0 030
0.047 0.038
0.083 0.022
0.093 0.030
Weekly Averages.
. 'Per Cent. of Product
| Avcrage. ‘ Highest. above Limit for
Week Bading  __ T,
| 8.8, s ‘ 8. 8i. 8.
1887, ' !
April18 .. . 0.465 0062 0.887 0096 675 ' 6.5
w 80.. .. 0.452 0.085.0.677|0.086 .. | 7.50
May 28 .. 0.245 0.050 | 0.658 . 0.091 . 740
Juned .. 0.281 0.03 0.490 0.088 . 6.25
June§ .. 0.245 | 0.085 |0.747 [0.170 650 | 16.00
July 4 .. {0.31210.024 | 0.700 0.005 825 | 11.26
August 8 0.350 ' 0.024 ' 0.980 | 0.082 13.15 10 60
w 29 . o.zm:o.om.o.m’t.obo 250 |
September 5 .. 0.285!0402||0.560 0088 1150 ., 7.00
October 10 0.208 0.029 |0.746 0.148| 12.

| 18.60

i

alloy, seems to show us another source whencc
primitive man might have obtained his bronze.”

'The mineral was shown and was prettily coloured
in yellow and green. Whether its discovery will
tsﬂ'ect;1 the prohibitory tariff on tin-plate was not
stated.

(T be continued.)

MODERN UNITED STATES
ARTILLERY.—No. IV,
BreecE MECHANISM OF THE 3.2-IN. RIFLE,
1889 MobaL. (Figs. 102 1o 122.)

TrE principal parts of the breech mechanism
are : the breech-block, the carrier ring, the obtu-
rator, the lever handle, the bronze handle. The
threads of the block are planed off along three sec-
tions (Fig. 119, page 429) as is usual in the inter-
rupted screw system, so as to allow the block to
slide through the base ring, the locking or unlock-
ing being performed by one-sixth of a turn of the
bloc It is recessed to receive the obturator
spindle (Fig. 108), which passes completely through
tge block and is held by a nut and spring. The
lever handle lugs on the block (Figs. 102 and 104)
carry the lever handle whose motion is limited by
a projection on the right lug. The front portion
of the block is reduced to allow it partially to enter
the gas check sector (Fig. 104). On the left of
the block is a stop groove, into which a stop enters
and permits the longitudinal motion of the block.
The Y:tch groove is in two parts, one longitudinal
at the front ond of the block, and the other trans-
verse at the rear end (Figs. 104 and 119). The stem
of the latch drops into the front groove when the
block is withdrawn, and into the rear groove when
the block is revolved into its firing position, in each
case unlocking the carrier ring. At the front end
of the longitudinal latch groove is a locking recess.
The transverse latch groove gradually increases in
depth as it recedes from the longitudinal groove.
The guide groove is the cylindrical recess at the rear
of the block in which the guide sectors move when
the block is rotated.

The carrier ring (Figs. 102,104,107, 114, and 116)
has three projections on its interior surface which
fit in the slotted sections in the block during
its longitudinal motion and %nide it.

The latch-pin (Fig. 109) fits in a recess in the
carrier ring, and by a spring is constantly pressed
against the breech-block. As the latch has a
length that is greater than the width of the carrier
ring it always projects into the jacket or block, so
by this means the carrier ring is always locked to
the block or jacket. The inner end of the latch-
pin rests on the slotted section, locking the ring
and jacket, except at the ends of it travel, when it
drops into the recesses in the block, thus locking
ring and block. The front face of the latch hasa
recess into which fits a hardened stud, fixed to the
rim face of the base ring. This stud forces the
latch outward when the glock is closed until the
outer end is flush with the carrier ring. In this
position its inner end is just above the inclined
plane leading from the slotted sector part of the

way down the locking hole, so that the block can be
shoved in, and the inner end of the latch riding up
the inclined groove to the slotted sector, forces the
latch out into the jacket and locks the carrier ring
toit. In order that the stud may act on the latch
a hole is drilled through the front face of the carrier
ring. The carrier ring supports the breech-block
when the latter is withdrawn, and allows it to be
swung around out of the way for ]oadin%e Either
the De Bange or Freyre obturator may be used in
this gun,

Inthe De Bange obturator (Figs. 106 and 106)
the agindle has a mushroom-shaped head, and
extends through the block, terminating in a screw
thread on which is screwed a nut. This nut rests
against a spiral spring, which in turn rests against
a shoulder in the block. By means of this spring
any set, given to the pad by the firing, is taken up,
and the fracture of the spindle near the nut is pre-

| block, as a lug or cam on its head fits in a recess in
the carrier ring, thus preventing any tendency of
l the block to rotate. It acts as alever to rotate the
block, and when rotated, if the gas check sticks, by
ressing down the lever handle, great power is
;grought by means of the cam to start the block.
To assist in withdrawing the block a bronze handle
is attached to it by means of screws.
The action of the breech mechanism is as follows :
Suppose the breech closed and the gun ready for
firing. Inthis position the threadson the block
- have engaged in the threads in the base ring ; the
gas check is pressed tightly forward in its seat;
the lever handle is vertical ; its cam in the recess of
the carrier ring ; the lower end of the latch is at

| the end of the transverse groove in the block, so
. that the outer end of the latch is withdrawn' fram
‘ the recess in the jacket, and the carrier ring is un-
!locked. This prevents any chance of bending the

BREECH MECHANISM FOR 3.2-IN. RIFLE, WITH FREYRE GAS CHECK.

vented. The spline screw holds the nut on the
spindle, and prevents any tendency to come off
when the block is rotated and the pad sticks.

The pad is made of asbestos and tallow pressed
to shape in a press, and then covered with canvas.
It is held by gascheck cups of steel, so shaped that
the enlarged centre part acts as a reservoir, and
the narrower pads in contact with the bore and
spindle more effectively prevent the escape of gas.

The Freyre obturator (Figs. 120, 121, and 122
differs from the De Bange obturator in its shape an
material. The spindle has a head at its forward
end, its front surface plane, and its sides conical
with the large base to the front. The gas check
ring has the cross-section of a right-angled triangle,
and fits accurately the conical surface of the head
of the zpindle ; 1t is slightly longer than the head
in the direction of the axis of the bore. The rear
surface of the ring is against the block, but the rear
surface of the head is not in contact, and can only
be brought so by a heavy pressure which will
ex%md the gas check ring.

he spring around the spindle acts on a shoulder

on the block, and one on the spindle, and tends to

R'll.f” the spindle forward, and relieve the sticking.

e nut prevents the spring from forcing the

spindle too far forward, and also regulates its
tension.

The lever handle, when the block is locked,
hangs vertically, and in this position locks the

latch. On this delicate pin depends the whole
working of the breech mechanism, as it prevents
any premature longitudinal motion of the breech-
block, by which its screw locking threads might be
injured.

To open the breech-block, grasp the handle and
lever, raising the latter ; rotate the block as far as
possible to the left. This rotation frees the screw
threads and brings them opposite the alotted
sectors, so that the block can%e withdrawn. The
slotted sectors on the block have come opposite the
guide sectors on the carrier ring, and the latch,
riding up the inclined transverse recess, has
unlocked the carrier ring from the blcck, and
locked it to the jacket. Unless this were done, an
attempt to withdraw the breech-block might rotate
the carrier ring. Draw the block out as far as the
stop bolt willallow, and when out to its full length
the latch drops into its recess, unlocks the ring, and
the block and ring can be swung around to the left
and the breech is open for loading.

To close the breech, swing the carrier ring arourd
sharply into ylace, and the retracting pin on the
base ring will unlock the latch from the block, and
allow it to be shoved in, locking the carrier ring
and jacket, by forcing the latch out into the jacket,
When the breech is shoved in as far as it will
go, one-sixth of a turn to the right engages the
screw threads, and the dropping of the handle

locks it,
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The severe test of the proof gun shows how per-
fectly this breech mechanism works :

TaBLe XIIL.—Ballistic Particulars of the 8.2-in. B.L.

Steel Rifle.
Total length ... 90.70 in
Length of tube... 86.20 ,,
» jacket 27115 ,,
" trunnion hoop 8.80 ,,
" sleeve 1330 ,,
" key ring ... 3.00 ,,
- riflin, 70.925 ,,
" powdger chamber ... 10.00 ,,
" shot chamber ... 2.073 ,,
" breech-block 6.10 ,,
Diameter of exterior, maximum . 9.66 ,,
e ”» minimum 460 ,,
Number of grooves ... ... 24
Twist uniform, one turn in ... 30 cal.
Weight of gun ... 829 Ib,
Preponderance... 50 ,,
Weight of charge . 3.75 ,,
» projectile ... ... 1356 ,,
Length of travel of base of projectile
in bore... ... 782in.
Initial velooity ... . ... 1750 ft. sec
Pressure ... 35,000 lb. per sq. in.
2 deg .. 1608 yards
4, 270 -,
6 . 040 )
_ 8 3640 .
Ranges for dif-  J10 ,, 4160 ,,
ferent elevations| 12 ,, 4835
14 . 5285
16 . 5702 .
18 . 6100 ..
\20 6500

THE OCRYSTAL PALACE ELECTRICAL
EXHIBITION.—No. XI.

THE exhibit of the Weymersch Electric Battery
Syndicate sets forth the case for primary hatteries
as a source of current where small or occasional in-
stallations are required ; and it is claimed that for
household use, where the demand for light may be
very fluctuatiog, there are numerous cases in which

"(7l. 7s.), and depreciation arqe not reckoned ;

ENGINEERING.

ment of carbons for arc lighting, as, for example,
plain, coppered, cored, and fluted. Carbon blocks
to be used as brushes for dynamos and motors are
also shown, and there are carbon resistances with
lead contacts, cells, tubes, plates, battery cylinders,
and microphone carbons, in addition to other
articles made of hard carbon.

Waterlow and Sons show nsaper strips wound
into disos for the various recording telegraph appa-
ratus, including oiled paper for use with the Wheat-
stone high-speed machines. In addition they have
rolls of cloth cut into narrow widths, down to } in.
Such strips are occasionally more useful than the
thick-edged tapes for insulating or distancing ;
besides being much cheaper.

The two stands of Benham and Froud include
some excellent and neat brass and ironwork of
ornamental character, also a special exhibit to illus-
trate church lighting by incandescent lamps, a
chancel being fitted up with altar and accessories.
The model dining table fitted for incandescent
lights by Messrs. Graham and Biddle, of Oxford-
street, is interesting as showing some ingenious
fittings for connection, besides dealing also with
the decorative side. Fowler, Lancaster, and Co.
show general fittings, ammeters, voltmeters, and
various switches. On this stand is to be found a
material which appears similar to the well-known
‘* rulcanised fibre,” and is described as Delaware
hard fibre. It is shown as tubes, bushings, sheets,
rods, washers, gear wheels, and small articles.

Mr. A. P. Lundberg not only shows the ‘‘ unique”
switch which we have already described, the
principle of which we have illustrated (see page
146 ante), . but has also thoughtfully designed
ilwitches of other sorts, cut-outs, wall sockets, and
' other fittings, and near at hand is an exhibit of arc
* {lamp and microphone carbons by Herr Jooss, of
Stuttgart.

An electric engraving pen in which the cutting
shaft is actuated by a contact breaker motor, and

ibut these items may often be so trifling as
to be almost put on one side. Then again on
. the small motor side of the question, we should
 have for about 6s. worth of fluids and zine, a force
, of between one-seventh and one-eighth of a horse-
| power for about twenty hours, a purchasing rate for
imotive energy which would be exorbitant from

M:—’}D

|

14

MCok NCol ©Cals
N Eash  0° o~

' F[ E&M‘.

A

L N L
Fig 2.
@e(g Tens @ Units or..u.. @
/] Q 2 (4 Py
> oot oo 005 FORL
‘0 o' 0 oo ~ o||F &
° ~O ooo O; »O | Q’a O’ 5% @

? p QO¢ ,Gp QO‘ ,’O‘O QO‘ :,": 0
@ @ @ Mghtatnc @

the generation of current by a primary battery
mnyﬁmve real advantages over a dynamo and motor
engine.

The battery is a chromic acid battery in which
the chromic depolariser is kept in contact with the
carbon plate only, by the use of a porous cell. The
outer part of the element containing the amalga-
mated zinc and the acid (hydrochloric in ordin
cases), is one cell in a varnished teak trough, eac
trough consisting of six elements and weighing
about 1 cwt. Taking the electromotive force of
each element at 1.3 volts we have 7.8 volts for each
trough of six cells. If one of these troughs of six
cells is used to illuminate two 7 volts 16 candle-
power lamps, the required current of 16 to 16
amperes is said to be maintained for about twenty
hours, and at a cost of about 3s. 4d. for charging
materials, and rather less for zinc. This makes
the cost of a 10-candle light a trifte over 1d.
an hour if the cost of attendance in charging
the battery, interest on the cost of the battery

; the point of view of the regular user of considerable  substantially similar in character to that referred
powers, but is by no means grohibitive when a small . to as made by Messrs. Coxeter and Son (see page
Emotor is needed to drive domestic or other smal]i3l4 ante) is shown in action at Stand 123. The
, machines forshort periods. Exhibited on the same ' motor part being somewhat too heavy for con-
i stand as the Weymersch battery is Mr. J. F. Wiles’  venient handling when the instrument is free, the
| crescent course-indicator, an arrangement by which whole apparatus is suspended by a spiral spring,
‘ the course of an approaching vessel can be recog-  so that the pencil-like point hangs loosely almost
nised at night. An incandescent lamp (or any;in contact with the metal plate to be engraved.

other light may be used) is inclosed in a lantern,;, Mr. P. Howard shows an arrangement for
the tmns‘parent part of which forms the circum-  registering the time elapsing between seeing a
ference of a frustratod cone ; the circle resulting'light disappear and ressing a button ; this being
{from the section of the cone being opaque. | intended to be us princlﬁally as & measure of
The axis of the cone is set horizontally, and personal sluggishness in shooting at a moving
over the axis of the ship. Under these circum- object. The arrangement for registering time is a
stances a ring of light will be seen when the ship is | tuning-fork giving 260 vibrations a second and
steering directly towards the spectator, and as the  kept in steady vibration by a short electro-magnet
course alters, the opaque centre will shift to the |and contact-breaking arrangement placed between
right or left, showing a crescent instead of a ring the branches of the fork. As a shutter drops,
of light. Lacombe and Co.’s exhibit of carbons at a style on one limb of the fork makes contact
stand No. 114 is small as regards amount, but inte- | with a strip of smoked paper on a revolving drum,
Iresting as regards variety, and includes an assort- and the vibrations are recorded until the push of
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MODERN UNITED STATES
ARTILLERY.-—No V.
CARRIAGE FOR 3.2-IN. GUN, 1889 MobEL.
(F1es. 123 1o 134 )

Ix a previous article was described the success
of the first steel gun built by the United States;
the question, however, of providing a suitable
carringe was not as easily solved. The gun, of
3.2-in. in calibre, built up of steel, was made
according to designs based upon mathematical calcu-
lations, and proved an instant success; the car-
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Ishock of recoil caused by the increase of the charge

incr lfactured in 1887, and which,.on proving itself
and muzzle energy of the projectile. fully suitable, was.adopted as the carriage for
The necessity of an all-iron or steel carriage the 3.2-in. breech-loading steel field gun {Figs. 123
became urgent, and a carriage was built which has ! to 139).
gradually developed into the veryserviceable mount- ' The flasks (Fig. 127), shown in cross-section
ing of the present day. The two cheeks were in the drawings, were forged into shape while
made of y-in. steel plate, stiffened by angle iron hot, between cast-iron dies 8 ft. long, by one blow
riveted to the inside edge, and also reinforced by of a 15-ton hammer falling through a distance of
a small plate between the axle and trunnions. The 6ft. The male die rests on the anvil, while the
axle was of wrought iron and braced to the trail by female die is bolted by heavy timbers to the head
rods, attached to the axle just inside of the wheel. ' of the hammer. The plates, from which the flasks
. The elevating device consisted of two screws, the

were to be formed, were heated to a white heat

WHEELS FOR 3.2-IN. FIELD GUN CARRIAGE.

inner one working inside of the outer and placed onthe male die, and held in place by
one, which was hollow, and which worked | four spring pins. The hammer was then allowed
inside'of a nut pivoted to two brass sup- to descend to the proper distance, and from that
ports attachéd to the trail. Just in rear pointto fall fairly, and rest on the plate until the
of the elevating screw and between the visible heat had disappeared. This one operation
cheeks was a tool-box. The brake was corrugates, flanges, and givés the form to the plates.
a straight bar of wood, supported by the The trail ends embraced by the trail plates and
trail parallel to the axle. At the ends lunette-are .then finished by a former, and the
were iron shoes which could be tightened flanges trued by means of a gas flame and hammer.
on the wheels by means of clamps. The The excess of metal on the flanges is first removed
handspike was of iron, and when not in’ by a grindstone, then by a milling machine, and
use folded back on the lid of the chest. |finally fitted with a file. The lower flanges of the
- It was found on trial that this carriage l outer plates project inwardly, and serve to unite
developed several points of weakness and | the brackets to the axle-plates (Fig. 125).

required alteration. The material of which| The trunnion pieces and cap squares are forged in
the axle. was made was changed from |dies under an ordinary drop hammer. The brackets
wrought ‘iron to steel, and the cheeks are further united by transoms, between two of
were stiffened by flanging instead of by which is the tool-box, for an oil can and necessary

riveting on angle irons. Certain other tools. In the trials of the various carriages no
dimensions were also altered to increase trail handspiko stood tho test as well as the wooden

_ Fig 132. Section on Line A8 . the strength. On account of the lack of | one. Even_this did ‘not hold out. To further

T TT | proper machinery at the foundry where 'strengthen it, the hgmdsplke, made of selected

the cheeks were made, the flanging had hickory, was sawed in half lengthwise, and to

Scale to be done by hand, and to this was replace the part sawed out, a piece of sheet steel

L R S B2 ® __ Hinches “attributed a certain weakness that de-. yy in. thick was laid between the halves and the

LIMBER FOR 3.2-IN. FIELD GUN.

riage for the
experiments, .

The advisability of using iron or steel in the
field gun carrriage had long been recognised. In
1866 and 1867 experiments were made by Colonel
Rodman and Colonel Benton. It was not, how-
ever, until 1880 that the e¢xperiments were con-
ducted systematically.. At that time the 3-in.
wrought-iron field gun, which was the field piece
used flurm_g the Civil War, was being converted, as
glescr_lbed in a previous article, into a breech-load-
ing rifle. Its power was. greatly increased, while
‘the increase in weight was small. In its original
form, a wooden carriage, built on the stock-trail
system, proved to be sufticiently strong, but with

the converted gun, it bro

gun was the result of several years’

ke up, due to the greater., changes which were applied to the carriage manu-

whole bolted together and secured by bands by
iron.

The elevating screw was similar to the one de-
“scribed above, being a screw within a screw (Figs.
123 and 124). The flasks being wide enough to
allow the breech of the gun to descend between
them, the crank operating the elevating screw was
placed on the right side of the trail, so that, when
-using high angles of elevation, it could be as easily
used as at any other time.

The brake, as shown in Figs. 123 and 124, con-
sists of a rod carrying, at one end, a shoe to go
over the wheel, and having the other end sur-
rounded by a spiral spring contained within a tube
This tube is keyed above the axle, and being cccen-
tric the shoe can, when the brake is held vertically,
pass over the tyre of the wheel. Asthe wheel
revolves the brake tightens until finally the friction
becomes so great that the revolution ceases and

veloped later. The axle still proved too

weak. The initial shock of the recoil

was too great for it to stand. The
question of adopting some device similar to that
used "in the Englehardt and Gruson carriages
'was discussed, but it was decided that until it
was shown that a simple axle could not be made
strong and light enough, such devices should not
be empluyed.. It was acccordingly proposed to
strengthen the axle by riveting above and below
it two steel boiler plates of the form shown in
Fig. 125. On trial it was found that the axle thus
altered withstood the test of firing perfectly. The
axle being thus determined upon, the question of
putting the requisite strength in the other parts
. was solved with comparative ease, except the de-
' tails of the brake. number of experiments led
 finally to the adoption of a braké, and also to other

1
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the carriage slides. By running the piece to the
front the brake is locsened. When not in use the
brakes are held in a vertical position by being keyed
to the guard rails of the seats, situated over the
axle on either side of the piece. A short sponge
and rammer are carried between the cheeks.

A new brake has recently been tested, and having
stood the test of 500 service charges will probably
replace the one described above. It differs from
the old one in the form of the spring, being a bow
instead of a spiral spring; while the former did
very well in firing, it was not adapted to use
when travelling, since after descending a hill,
it was necessary to halt in order to remove the
brake. With the new bow spring this is not neces-
sary. The spring lever operates a locking bolt in
the end of the brake. This bolt has bearingsin the
brake on each side of a longitudinal mortise, and
passes through a slot in the sliding tang of the
hook, placed in this mortise. The part of the bolt
embraced by the slot has two opposite rectangular
grooves, and at the hook end the slot runs into a
hole the size of the bolt, so that when in this hole
and the grooves at right angles to the slot in the
tang, the hook is locked. When turned with the
groove parallel to the slot the hook can be drawn
out until stopped by the other end of the tang. At
the other ens of the spring lever is a handle termi-
nating in a fork, which embraces the brake-rod
below the shoe. When the fork is over the brake-
rod the hook is locked, and in this
brake is ready for use. A quick pull will loosen
the fork from the brake, and then being turned at
right angles to the brake, the hook can be pulled
out sufficiently to loosen the brake, and the shoe
can be removed from the wheel without arresting
the progress of the gun.

The wheels used in the United States service are
what are known as the Archibald wheels. The
nave, as shown in Fig. 129, is in two parts, and is
made of malleable cast iron. In case a spoke is
broken the nave can readily be taken apart and a
new spoke put in. The spokes are made of well-sea-
soned hickory and shaped at the ends like voussoirs
of an arch (Fig. 133). They are set in place by a
powerful radial pressure, much greater than they
will ever be called upon to bear in practice. A
dish is also given to them to give stiffness to the
wheel, (Fig. 134). The wheels are made interchang-
able in the field service.

In order to bring the working spoke in & vertical
position a certain set was given to the axle in order
to offset the dish of the wheel. This was found to
give good results, and also by this set the mud was
thrown clear of the piece.

LiMBeEr FOR 3-IN. RiFLE, MobpEL 1889.
(F1as. 130 To 136.)

The limber has a steel axle and wheels of the
same kind and size as the piece. Theaxles of both
piece and limber are made tubular, thus giving a
much greater strength for the same weight of
metal. Experiments were made with steel chests
for the limber, but it was found that to be as light
as required for the service, the steel would not be
thick enough to prevent the penetration of a rifle
bullet, which would render it irreparable and non-
waterproof. A wooden chest was therefore adopted
and thoroughly ironed.

The ammunition chest has three compartments.

The two end ones for the projectile and the centre
one for the cartridges, which are thus in a measure
protected. Each limber carries 42 projectilesand 44
cartridges. The chests are covered with heavy
cotton duck, thoroughly saturated with raw linseed
oil ; they form a seat for three cannoneers. The
l)iece is limbered up by means of the usual pintle
hook and secured by a key. The projectiles stand
on their bases, and the chests are made just high
enough to allow the lids to close. The chest is
consequently a very low one and the projectiles
and cartridges can readily be removed. The centre
of gravity isalso very low, and therefore the danger
of overturning is reduced to a minimum.

Under each end of the limber chest is a cylin-
drical water-tight iron box for carrying unbroken
boxes of friction primers and spare obturators.

The caisson (Fig. 136) is constructed in a similar
manner to the limber. It consists of a limber
made interchangeable with the limber of the piece,
and of a body which is limbered up in the same
manner as the piece. The body carries two chests
and one spare wheel. The chests are all inter-
changeable and can be quickly shifted from one

sition the|
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TABLE XIV.—CoMPARATIVE TABLE oF FikLD AND HoRsSk BATrErRY GuNs AND EQUIPMENT.

Germany. France. Austria. Italy. iEnglmd. United States. Russia.
| ! i ! R
-~ ~ - -~ ~ ~ ~ -~ ~ . B b= .
: > 2 P B > > © . £ ~ ®©
Calibre of Gunsand & £ | 8 £ £ £ |8 |&8 ’ 3 i3 $s |52 S5 B
odel. 5 5 2. 3% |4 s & |2 | § E® EB |gvl2T 3
[ % - ? ] s 3 2. - -k 33 A
S 2 g £ 1d 3 |d |8 & s, B0 |S3 =8| &
< P L O I e P sz e c8 g >,§ &
€l Eo5 Ei= Sis €  Er  E® | ED T : 3 g 20! 3o —t
38 & 8k 3% |88 .3% 85|38 <8 £8 ¥ 5% 3% =8
*~ & & & s 1 = & & o s~ |[J3F|mv . ¢
———— |—— ——|— —_ —_
Weight of gun .. .. 8 990 946 1166 | 658 . 1(71 | 650 | 1082 784 8 820 800 i 10°0 1377
» carriagewithgun 1804 : 2059 2096 26556 | 1681 | 2256 | 1627 | 2885 (W] 1760 | 1995 1837 | 2129 | 2677
»” limber .. «. 1440.8 1435.3 841.86, 1193.64 (1247.4/1388.8 826.6 1222.1 ) 083 16| 1081.87 | 140.8 | 1433 . 1476.27
» ammunition .. 555 666 @ 467 ' 565 | 478 I 616 | 450 | 582 626 573 786 363 | 545 | 566
” cajseon .. 2806 | 3272 5 | 3380 | 2881 | 3000 ' 1916 | 8468 3141 2362 2349 | 3088 | 3086 | 3022
,»  ammubnition 1244 | 1383 1333 | 1669 | 1407 | 1783 ' 1120 | 1918 | 1087 | 1719 © 2204 | 1635 1635 | 1699
Number of projectiles per | |
gun.. .. . ../ 154 136 161 141 | 152 - 128 | 142 | 130 | 110 ' 200 $31 167 | 167 | 127
Weight of shell .- 11.2 1544 1233; 17.5 9.5 14 . 9.3 | 148 125 | 7.6 13.5 115.18 1518 27.6
”» shrapnel <12 175 12,64 18 | 10.5 " 15.76 | 9.25 | 14.74 1256 10.5 1356 116,22 15.22 ° 24.47
" cl .o .. 27 33 338 4.18 2.1 3.3 | 1.87 13.19 40 1 I 3.76 8 3 4
Number of projectiles car- | [ ! !
ried on gunand limber.. 43 36 34 29 40 84 44 38 38 | 5 44 22 32 19
Same on caisson .. .. 86 77 87 K 112 94 | 102! 102, 72 150 132 90 90 5¢
Initial velocity ft.-sec. 1325 1456 1607 1492 | 1386 1469 | 1381 | 1489 1720 1282 © 1756 | 1350 1450 1550
Ranges . . .. 6196 65657 7656 7535 | 65000 5000 | 3543 | 3500 7930 | 3972 0500 | 7000 7
For elevationsof .. deg. 25 25 25 26 |17 1015 12| 10 10 25 20 20 126 16 23 b
Number of horses to tean 6 [} [ 6 6 6 4 [} 6 | 6! [ 8 6! 6
Composition o({ guos 6 6 6 6 8 8! 8 8 6 | 6' 6 (] I 8 8
battery caissons 8 8 9 9 8 8 8 8 6 6! 9 9 12 16
Weight per horse, gun ; | i |
team . .. Ib. 661 712 68 | 788 | 670 | 703 | 705 | 712 672 | 572. 632 611 © 723 786
Weight per horse, caisson ‘ | | ! |
team . .. Ib. 690, 775 675  8i1 | 715 I 7 | 759 ] 781 7 | 680 . 759 787 | 786 | 7868
N 4 1

position to another. The caisson provides seats
for nine cannoneers.
Besides projectiles and cartridges the caieson is

arranged to carry:

handled shovels } By suitable attach-

ments underneath

Two lon

,» Ppickaxes
One spare pole
Two :‘:ge‘ Between the chests
Bail of outer bucket
Four watering buckets (in around *floor-
‘“‘nests” of two each) ... rods” in rear of
rear chest
One or two lanterns ... } In interior of buckets
Two paulins on the chests
One manceuvring hand-  Right side along the
spike side rail
One section of picket  Coiled around spare
rope wheel axle bolster
One spare wheel On spare wheel axle

TaBLe XII1.—Weights of One Section of 3.2-in. Batlery.

Ib.
Weight of gun 829
v carriage ... 1300
' equipments 31
' limber ... 957
v equipments ... 74

» ammunition ... 7.
Total weight of piece 3793
‘Weight per horse 632
,»  Of caisson ... 2216
" equipments 132
' ammunition 2204
Total weight of cairson 4553
Weight per horse ... 759

It will be seen from the above Table that the
weight per horse is well within the limit required
for mobility. During the Civil War the weight of
the heaviest field piece used was 646 Ib. per horse.
In spite of the fact that the roads were poorer than
any that the artillery of the future will be called
upon to travel over, the piece was found sufticiently
mobile to meet all requirements.

The initial velocity given in Table X1V. for the
3.2-in. breech-loading United States gun gave a

ressure of 35,000 lb. per square inch ; a powder
gas recently been tested which gave a slightly
lower pressure and an initial velocity of 2040 ft.
per second. This powder will probably be adopted
for the gun, unless a better one is discovered.

HarNess For 3 IN. RirLe, MobeL 1889,
(F1Gs. 137 anpD 138.)

The harness used during the war was similar to
the ordinary draught harness of commerce. This
harness had many objectionable features when
applied to artillery and with the modern steel field
piece was adopted a new harness which has proved
itself greatly superior to the old one (Figs. 137
and 138).

The new harness has the same bit, saddle, bridle,
halter, &c., as the cavalry, and as far as possible is
made similar to the harness of commerce, so the
time required in instructing recruits would be as
small as possible. All bright metal work is avoided

hd Welgt;t_ol gu;: ul:rin;e-n;;i limber 2482 1b.

as l.‘;z.tl:mcting attention and taking time to keep in
order.

The collar is hinged firmly at the top and fas-
tening with a spring catch at the bottom, and to
the collar are permanently attached the hames. A
stout leather tag, ending in a ring, is attached to
the hames, and through the ring runs the trace of
the lead horses. A lead horse can thus be quickly
taken out without interfering with the motion of
the other horses. The breeching is the most
noticeable feature. It is in the form of a Y,
whose stem passes under the horse’s belly, up
between his fore legs, and is attached to a neck-
yoke, supported on the end of the pole. This
arrangement is of great use in stopping suddenly,
as it prevents any tendency of the collar to ride up
the horse’s neck and any oblique pull which might
throw the horse. The details of the harness are
plainly shown in Figs. 137 and 138.

THE INSTITUTION OF NAVAL
ARCHITECTS.

Tuis Institution’s annual spring meeting—for
we suppose it may now be taken for granted that
there will be an annual summer meeting also—
which was brought to a conclusion on Friday even-
ing last, was fairly auccessful on the whole. There
were fewer papers than usual, twelve in all, and
as there were no more than three in any one of the
five sittings, it follows that on each of three occa-
sions only two pa‘f)ers were read and discussed. This
we look on as a distinct advantage; it is far better
to do a little work well than to do a great deal in-
differently. It isto be hoped that the Council will
continue the policy of keeping the number of con-
tributions within reasonable limits. The great
flaw in the meeting was that there was no boiler
paper. Last year Mr. Yarrow’s brilliant contribu-
tion on this subjcct was the notable feature of the
meeting, but since then the phase of the subject
has become far more acute. The trouble with
Navy boilers is certainly explainable, and it is
equally certain it might Wiﬁil advantage be ex-
plained. We believe is was arranged at one
time that one of the Admiralty professional
officers should contribute a paper on this sub-
ject, but the appointment of the Committee
of Inquiry which has recently commenced its
labours naturally put a stop to this. Perha
before the next meeting of the Institution is held
the evidence and report of the Committee will have
been published—for the Government will hardly
refuse a Blue-book, as such a course would indicate
that things are far worse than we have now any
reason to suppose them to be—-and such a publica-
tion will remove the necessity for silence now im-
posed on the Admiralty engineers. We may
therefore hope that this important question may
be well thrashed out at the next meeting.

There were only two purely eugineering papers
on the list at the meeting. Mr. Yarrow’s contri-
bution on ‘‘ Balancing Marine Engines” and that
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The Art and Craft of Cabinet-Making, a Practical Hand-
boo:'Co By Davip DesyiNg. London: Whittaker
and Co.

THis book is professedly designed ‘‘to supply

amateurs and young professional cabinet-makers

with a reliable guide ;" and, doubtless, it is well
designed for that purpese, but in the present day,
when all the trades are becoming so specialised and
sub-divided, there are few who may not find some-
thing instructive. Nevertheless, Mr. Denning
does not go out of his province, and it may here
be as well to indicate what he looks on as the
boundaries of that province. ‘¢ The cabinet-maker,”
he says, ‘‘ does not profess to be either a turner,
an inlayer or marquetry cutter, a fretsawyer, or

a carver ; he makes up the things and has plenty

to occup{ him in so doing. Suppose we take, b

way of 1illustration, a sideboard or a cabinet in whic!

there are turned columns, carved parts, marquetry
panels, ard one or two bits of fretwork. In addi-
tion to the construction of the article, the cabinet-
maker would get out the square pieces to be turned,
the pieces to be carved, lay the marquetry veneers
on tge panels, and prepare the pieces for the frets.

To a certain extent the turner, the carver, the fret-

sawyer, and the marquetry cutter, are subsidiary to

him ; their work is decorative, his constructive.”

That is all very well for the conditions of modern

trade, but the amateur will prefer to do his decora-

tive work himself, and, indeed, look upon it as the
chief element in the construction.

The book opens with a chapter on antique
furniture, the manufacture of which is so im-
portant and promising an industry in the present
day. The author gives some amusing instances.
A “grandfather ” clock, dating from a period
anterior to Huyghens ; a mahogany sofa said to
have been used by Henry VIIIL., and a genuine old
oak sideboard of the Elizabethan period, the pro-

rty of a popular actor, and having a plate-glass

g:ck. The word Chippendale is responsible for a
great deal, as Mr. Denning says. Chippendale
chairs, one would think, must have the property,
hitherto supposed to be distinctive of the organic
part of creation, of reproducing their kind. Kven
this miraclo is exceeded in the case of some Chip-
pendale chairs ‘* black with age, two or three hun-
dred years old, and made of mahogany.” Later on
we have a hat and umbrella stand of the reign of
Queen Anne. The short sketch given of the his-
tory of furniture production, which may be said to
have commenced, so far as domestic furniture is
concerned, with the latter end of the Tudor period,
is interesting. The author tells us that most of the
old oak furniture was not ‘‘richly carved,” but
that many really interesting ancient specimens are
spoiled by the dealers in being prepared to meet
tﬁg views of uninstructed persons as to what is
the correct thing. Even dates are not altogether
to be relied on as proving the genuineness of work,
for there is no more difficulty in carving them than
any other device. The author makes no reference
to *“ worm-holes,” which are generally considered
a sort of hall-mark of antiquity in the case of furni-
ture. That they are, however, not more reliable
than dates, the following incident may serve to
show. A gentleman lately, who had made a large
fortune, doubtless in cotton spinning, wished for
some antique furniture for the ancestral hall he had
recently completed. He applied to a dealer who,
curiously enough, had just the articles required.
As there was some delay in delivering, the gentle-
man called at the warehouse, and on entering was
startled by a loud explosion. ‘‘What’s that?” he
said to the clerk, who must have been a very green
hand. *“Oh, they are just putting the worm-holes
into your antique furniture.” Now, although the
gentleman was not learned in antiquities he was
pretty shrewd, and when he was shown the
articles, he asked what the little holes were. ¢ They
are made by the worms, sir,” said the dealer.
The cotton spinner took out his knife and duga
small pellet from the bottom of a hole. ‘ What
do you call this?" he said. ‘‘Well, sir,” replied
the dealer, ‘“you see the worms make these
holes to lay their eggs in and that must be one
that never got hatched.”

The author stands up for his craft and has his
gibe at the architects, who are by some considered
the only persons capable of designing artistic furni-
ture. Such success as they have attained, we are
told, is solely due to the fact that when an architect

is employed the price admits of good work being

done. They cannot ‘‘get away from the idea that

they are designing buildings.” Nevertheless the
autﬂor has a feeling of strong admiration for Sir

Charles Eastlake.

From the interesting chapter on antique furniture
the book proceeds to discuss the fundamental

(uestion of words used and gives hints on the

important detail of buying timber, together with

methods of measurement. There are also instruc-
tions on such subjects as the methods of seasoning

and drying, levelling boards, waste in cutting, &c.

A short chapter is given to glue and its preparation,

and another to nails, incﬁxding screw nails and

dowels. These are both necessary chapters to the
beginner, more especially the former. Perhaps
there arc more amateur carpenters who go wrong
with their glue-pot than in any other way. The sub-
ject of tools occupies the larger part of the work.
llustrations and descriptions are given of all the
ordinary hand tools ; after which there are descrip-
tions given of the appliances which the operator
may make for himself. The grinding and sharpen-
ing of tools and general directions of the method
of using them closes this section of the book.

After this we get to the section which gives in-

structions upon the method of carrying out the

general operations, such as making joints of
various kinds and other structural details. The

construction of parts follows, and there is then a

separate chapter on the use of glass in furniture.

The problem of designing in its better sense is

naturally beyond the scope of the book, but some

unpretentious examples are given of the common
objects. There is a chapter on veneering and
another on cabinet brasswork, the rest of the book
being devoted to construction of various types of
furniture. On the whole the book is well fitted for
the purpose for which it is designed, namely, for
amateurs and beginners who require a modest and in-
expensive guide; the matter being well selected, the
descriptions clear, and the information sound. There
are several wood engravings illustrating the text.
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MODERN UNITED STATES
ARTILLERY.—No. VL
3.6-1n. Heavy FierLp Guw.
(Fics. 139 aND 140.)

THE 3.2-in. steel rifle that has been described
in preceding articles is intended for use as a light
field or horse artillery piece. The carriage, which
has been described, and which is at present used
with the gun, is eventually to be replaced by a
lighter carriage, a8 soon as a suitable one has been
constructed, and thus make the piece and carriage
light enough to meet the requirements of mobilit;
which will be demanded of it. The carriage, whic
has been illustrated, is to be the carriage to be
used with the heavy field gun.

This gun is a 3.6-in. steel breech-loading rifle,
weighing 1215 1b. It is composed (Figs. 139 and
140) of a tube, jacket, locking ring, and sleeve.
The tube is 83.7 iu. in length. The powder cham-
ber is 14 in. long, and has a thickness of walls
equal to 1.15in. It ends in a short conical slope
connecting it with the chamber in which the base
of the projectile rests, which chamber has a dia-
meter of 3.75 in., and terminates in a conical slope
connecting it with the bore. The bore is 67.65 in.
long. The exterior of the bore for a distance of
34.6 in. is turned concentrically with the axis, and
then a shoulder is left against which abuts the
jacket.

The jacket and trunnion hoop are in one forging.
At the rear of the tube will be noticed a lip, and
a corresponding projection on the jacket. By
these two shoulders any tendency of the jacket to
slip forward on the tube is avoided. Between the
jacket and tube is allowed a shrinkage of 0.007 in.,
the exterior of the jacket being 6.2055 in., and the
interior of the jacket 6.199 in. The tube is
secured in an upright position, breech up; the
jacket is expanded 0.02 in., dropped over the tube,
and secured in place. The locking ring, of a cross-

section shown in Fig. 140, securely locks the tube
and jacket, and prevents any tendency of the
jacket to slip to the rear on the tube. The locking
ring is cut in halves, longitudinally, placed in posi-
tion, and secured by the shrinking on of the sleeve.
The breech mechanism is the same as described
for the 3.2-in. rifle.

TasLk. XV.—Ballistic Data of 3.6-in. Field Gun ( Figs.

139 and 140.)

Calibre 3.6 in.

Weight ... 1215 1k,

Total length 7.5 ft.

Length of bore ... ... 22.7 calibres.

Weight of powder charge 4.631b

» projectile ... .. 20 ,,
. of cgnuge to weight of

Ratio of) projectile ... 1to 4.8.

weight ) of projectile to weight 1 to 61.5.
. of piece ...

Initial velocity 1554 ft. sec,
Muzzle Total ... .. .. 334.8
ene;gy {per ton of gun } 609.7

per pound of powder 72.3

Preesure, poun r square inch 36,800

Range for 20 deg. elevation,

yards .. . 6070

At first glance an artillerist would undoubtedly
deem it strange that a modern field gun should
have been designed to give such a low velocity as
15664 ft. per second. A gun should be designed to
meet the requirements of the country where it is
to be used. It is almost beyond the bounds of pos-
sibility that the gun would be used anywhere but
in the western hemisphere. America is largely a
rolling wooded country, and the range would
generally be much shorter than in Europe. The
gun would be called upon, as a rule, to dislodge an
enemy from hehind entrenchments, or protection of
some kind, and a plunging or curved fire would in
this case be preferable to a direct one. It will be
noticed that the length of travel of the base of the
projectile in the bore is less than 20 calibres, and .
consequently, if compared with a Canet gun, 46
calibres or more in length, it might almost be con-
sidered a howitzer. It hasa heavy projectile, and the
shrapnel it fires contains a large number of balls.
It is undoubtedly an excellent gun for the service
for which it was designed. Fig. 1404 is a view of
the 3-in. mountain gun, carriage, and limber.

The projectiles that are to be used in the field
guns of the United States are the shell and the
shrapnel. The weight for the 3.2-in. piece is 13 1b.,
and for the 3.6 in. piece it is 201b.

AMMUNITION FOR 3.6-I1N. F1ELD GUN,
(F1as. 141 To 144, AND 149, 150.)

The shrapnel are of two forms, one with the
bursting charge in front (Figs. 140 and 141), and one
with the charge in rear (Figs. 142 and 143). The
shrapnel, shown in Fig. 140, consists of a drawn
steel tube, an independent base, and a receptacle
for the powder charge, which also contains the
screw thread for the fuze. The tube is slit and
bent over the powder charge, thus holding it in
place. In order to hold the ball in place, and to
prevent the shock of discharge from forming a
solid mass of them, it is necessary to separate them
by some material. Inthe earlier forms of shrapnel
this was done by filling the shell with the balls,
and then pouring in between them melted resin
and sulphur. It was found that while this served
the purpose for which it was intended, it rendered
the shrapnel less effective on exploding, since the
balls did not act as individual projectiles, but
were held by the sulphur and resin in masses,
each containing a number of balls. In the modern
shrapnel shown, the matrix consists of layers
of cast iron, with cavities in which fit the balls,
By this means the matrix, instead of adding a use-
less weight to the projectile, really increases its
efficiency, since, on the exploding of the bursting
charge, it will be broken into a number of effective
fragments. In this shrapnel the balls are 4 oz. in
weight and 162 in number. They are loaded from
the rear, alternately a separator and a layer of balls,
and when filled the base is screwed in. Between
the base and the separator next to it is a disc of
cork to act as a cushion, and prevent any tendency
of the separator to break when the shrapnel is fired.
The bursting charge consists of 23} oz. of fine pow-
der. This charge is sufficient to open out the slit
end of the tube, and as it will then offer a greater
surface, it will be resisted more by the air, and the
balls will move on. It is found that the lateral
dispersion caused by the rotation of the projectile
is generally too great, so that the main object is
to increase the velocity of the balls in the direction
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of the trajectory, and to decrease this lateral dis-
persion. A bursting charge in rear will increase
the velocity in the direction of the tangent, but
the central tube of powder, to communicate the
flame from the fuze to the bursting charge, will
add to the lateral dispersion.

The shrapnel shown in Figs. 143 and 144 con-
sists of a cast-steel head and base and a drawn-
steel tube body. The screw for the fuze is in the
cast-steel head, and is connected with the powder
cavity by a drawn brass tube. It coutains 1456
balls of 4 oz. in weight, which are thoroughly oiled
and then imbedded in a matrix of plaster. The
bursting charge weighs 3} oz, which, being
situated in rear by means of the diaphragm just in
front of it, sweeps the balls out to the front, thus
acting as an aérial gun, increasing the velocity of
the balls in the direction of the tangent.

For a field gun to use a solid shot against ani-

mate objects would pmctic%lz.reduce its efficiency !
i

to that of a small arm. le a shell would be
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dies to increase their density. The head and tube,
which are made, as before stated, of drawn steel,
are placed in an electric welding machine, and in
less than one minute are joineg together. Next
the brass tube which carries the flame to the pow-
der cavity is crimped in at the upper end. The
half-formed shrapnel is then inverted, the oiled
bullets placed within, and the matrix of plaster-of-
ris poured around them. The diaphragm, which
orms the front end of the powder cavity, is then
put in, and the tube cx"impeg0 to it. The base is
then welded on, and the projectile is made one
Eiece. It will be noticed that after welding the
ase has a shoulder that presses against the dia-:
phragm, and supports it against the shock of dis-,
charge. Before welding the tube is slightly longer
than it is after the operation is finished. The
burrs on the outside of the projectile, caused by
the welding, are then ground off, but those inside |
are allowed to remain and strengthen the shrapnel.
The groove for the band is then cut, of the form

—_———— ——————=
one point, and that is at the end Z. Opposite Z is
a cavity closed by a tin cap C%, which the first gas
formed blows off, and thus the eomposition does
not burn under an increasing pressure of the pow-
der gas, and consequently burns more uniformly.
To set the time composition the ring C is rotated
until the time indicated by the scale comes opposite
the zero, which is marked opposite the point o.
The cap A is then screwed down tight, holding the
composition in place. The wire d, which is suffi-
ciently strong to hold the plunger D during
transportation, is narrowed just below the screw
thread. The shock of discharge shears it off at
this point, and the fulminate slides to the rear.
The fulminate d? is ignited by the point F, and
the flame passes through the radial holes b, and
ignites the time composition at Z. This composi-
tion burns around until it comes over the channel o,
and through this the flame quickly passes to the
cavity K, igniting the powder in it, and from there
to the bursting charge. The cap G, cylinder H,

more effective, the number of its cangerous frag- |shown in Fig. 148. The band, of a cross-section and base I are fluted, as shown in Figs. 166, 1567,

Fi1o. 140a.

3-IN. MOUNTAIN GUN, CARRIAGE, AND LIMBER.

ments is comparatively small, and hence its prin- |shown in the same figure, is annular, and is set by 'and 159, in order to provide channels, through
a powerful radial press. The canister used is what | which the flame from K could pass to the bursting

cipal use is against earthworks. The shrapnel is
pre-eminently the projectile of the field gun, and
the value of a field gun will depend mainly on the
efficiency of its shrapnel. It is interesting to note
the development of the shrapnel. The earlier ones
consisted of a spherical shell, into which were put
the balls, and then the powder poured in. This
required a large bursting charge, and in transporta-
tion the balls triturated the powder. During the
Civil War the form of shrapnel used is shown in
Fig. 146, and was known as spherical case. The
balls, which were made of lead, were imbedded in
a matrix of melted resin and sulphur, and the
cavity for the powder was afterwards bored out.
The furthest step in advance in the spherical shrap-
nel was known as the Boxer diaphragm shrapnel
(Fig. 146). The shell was of cast iron ; the balls
imbedded in a matrix of coal-dust which would not
hold them as the sulphur did ; the powder charge
was separated from the balls by a wrought-iron
diaphm%m. One of tho early forms of oblong
shrapnel is shown in Fig. 147. It consisted of a
cast-iron body B, and wooden head H held to the
body by a wrought-iron case. The fuze was
screwed in at F, and the flame communicated to
the powder charge C by the tube T. The powder
cavity was made slightly conical to facilitate un-
loading. The disc D swept the balls out to the
front. The wooden head took up a lot of useful
space, and the body was too thick to give a large
enough cavity for the balls. These objections
marked some of the efforts in the development of
the modern shrapnel, of which the one represented
in Fig. 143 marks the furthest advance. It was
desired to have a strong base to resist the pressure
of the powder charge in the gun, and a thin body
to give a large cavi{y. This shrapnel is manufac-
tured as follows: The head and base are of cast
steel, which are heated and compressed between

is known as the Sawyer canister. It consists (Figs.

149 and 150) of a malleable iron case, cut by tan-
gential grooves to facilitate its breaking up at the
muzzle. The balls are held in place by a tin disc |

pressed in on top. i

Fuzes For FieLp Gu~y AnmuniTion, (Flaes. 161 1o !
163.)

The fuze that is used with the shells and shrapnel
is known as the Flagler combination fuze, shown
in Figs. 151 to 163. It is made of brass, and is
conical in shape, as shown in Fig. 153, so that
when screwed in place it completes the point of
the shell or shrapnel.

The disc C is made of pewter, since it is less
affected by atmospheric changes, and contains the
time composition. It isgraduated in seconds, and,
after being set, it is clamped by screwing down the

cag‘A.
he cross-section is shown in Fig. 161. The
plunger to ignite the time composition is shown at
D, which is held in place during transportation
by the copper wire d ; d? is the fulminate which is
ignited by striking the point F ; bb (shown also in
cross-section in Fig. 162) are four radial channels,
by which the flame is communicated to the time
compogition P. O is the channel connecting with the
powder at K, bywhich the bursting charge 1s ignited.

The impact fuze consists of tge base I, shown
also in Figs. 169 and 160, against which rests the
point A ; around this point is cast a lead plunger R,
so that the point of h is just below the top.
Around the plunger is a fluted brass cylinder H.
The fulminate for the plunger is contained in the
fluted brass cap G. Tﬂe same powder magazine K
answers for both time and impact fuzes.

The action of the fuze is as follows :

The time composition P can be ignited at but

e

charge. Should the grojectile strike before the
time composition had burnt around to the opening
channel o, the bursting charge would be ignited by
the impact fuze. Its action is as follows : The
lead plunger R, on the shock of discharge, together
with the cylinder H, will be thrown back on the
base I, thus leaving the point h projecting. During
flight the fulminate in G is protected by a thin zinc
disc, just above the point h. On impact, however,
th:;(f»oint together with the plunger is thrown for-
W, with sufficient energy to pierce this disc,
ignite the fulminate contained in the cap G, which
ignites the powder K, from which the flame passes
through the fluted channels, around the plunger,
to the bursting charge. Another fuze in use is a
variation of the one just described, and differs from
it only in a few particulars. The time plunger D,
instead of being held by a wire d, is made with a
shank that passes up to the point. Through this
shank runs a pin which cannot be broken, and
thus the fuze is absolutely safe during transporta-
tion. Before loading this pin is withdrawn, and
the plunger then is held by several lugs, which are
sheared off by the shock of discharge. The time
composition is contained in a lead tube wound
spirally around the cone. A scale is marked
around the tube, and to set the fuze for any time a
hole is Eunched through to an inner cavity. To
insure the certainty of ignition of the time compo-
sition, a ring of powder is placed around the outside
of the channels . The flame from the fulminate
ignites the ring of powder, and the flame from this
is large enough to be certain to ignite the time
composition. The impact fuze is the same as that
illustrated in Fig. 161.

This fuze, on being tested recently, gave most
excellent results. At a range of one mile an
average of 10 out of 11 burst 80 ft. in front of the
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MODERN UNITED STATES ARTILLERY: 3.6-IN. RIFLE AND AMMUNITION.
(For Description, see Puge 485.)

Fuze

Fiy /g.;."
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3.6-IN. HEAVY FIELD GUN.

SHRAPNEL FOR J.6-IN. FIELD GUN.

2
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Section. T U.

FLAGLER COMBUSTION FUZE. EARLY FORMS OF SHRAPNEL, CANISTER.
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target. It is probable that in the course of time
one fuze will be adopted for gencral use, but it will
require a long test to settle which fuze is the best.

THE INSTITUTION OF NAVAL
ARCHITECTS.
(Concluded from page 462.)

CONTINUING our report of the recent meeting of

the Institution of Naval Architects we have now to

ive the proceedings of Friday the 8th inst., the

ast day of the meeting. On the members assem-

bling at 12 o’clock, Lord Ravensworth again
occupied the chair.

THE STRENGTH OF STEAMERS.

The first paper taken was Mr. A. Denny's con-
tribution entitled ** Some Notes on the Strength of
Steamers.” Mr. Denny holds the opinion that fine
vessels can be built of lighter scantlings than full
vessels. This he stated in the discussion on Mr. T.
C. Read’s paper ‘‘On the Variation of Stresses on
Vessels at gen due to Wave Motion,” which paper
was read before the Institution in 1890. Since then
Mr. Denny has made calculations on the subject,
and the results he gives in a Table which forms an
appendix to his paper. The steamers selected are
supposed to be loaded to their legal draught with
coal and a homogeneous cargo. When they arrive
at the end of their voyage with the coal consumed,
they are supposed to meet waves the same length
as they are, and of a height equal to one-twentieth
of their length. The comparative stress is worked
out with the steawmer poised upon such a wave, the
crest of the wave being amidships ; these being the
most severe conditions. In one case the Table
shows the comparative stress to be 9.76 tous. This
vessel is 350 ft. long by 44 ft. wide and 32 ft. deep,
and the midship area coeflicient is.93. Mr. Denny
contends that if it be safe to strain the full vessel to
9.76 tons, it is equally safe, and perhaps safer, to
strain the fine vessel the samne amount. The author
has followed out thie method in practice in nume-
rous cases, and found it so far true. The Table
shows how much smaller the stresses are in small
than in large vessels; and it also shows that, in
regard to fine and full vessels, what holds true in
large vessels also holds true in small vessels. The
effect of the rate of stowage is shown by the Table
in vessels of a varying coefficient of fineness.

The discussion on &is paper was opened by Mr.
T. C. Read, who said that it would have been better
had the paper given explanations of the method by
which the results quoted had been obtained. It was
twenty years since Sir Edward Reed had read the
first paper on this subject before the Royal Society.
In 188%, Mr. W, MJ Smith, of the Admiralty,
had made a most important addition to our
knowledge of the subject, showing the manner in
which the stresses calculated according to Sir Ed-
ward Reed’s method were in excess, but he antici-
sated that the author had gone on the plan laid

own by Sir Edward Reed. The speaker said that
the experience of Lloyd’s was that a fine vessel was
as likeYy to be strained as a full one, and though
the theory brought forward by the author might
be good, it was unfortunate that the facts did not
coincide with it. He was of opinion that it would
be unwise to build ships on calculations such as
these, and ignore experience. ’

Professor Biles said that no doubt the opinion
attributed in the paper to the late Professor Jen-
kins—** that fine vessels could be built of lighter
scantlings than full vessels”—was communicated to
the author in a private conversation, for he did not
find any confirmation of it in the public statements
of the lato professor. The author said that *‘The
most difticult position for a ship was when meeting
a wave of a length equal to her own, and of a
height one-twentieth of her length, the vessel being
poised on such a wave, the crest of the wave being
amidships.” That was supposed to be a fact until
Mr. Read read his paper in 1890. On account of
the great rise and fa?l of a fine ship the strain was
not greater when on the crest of a wave than when
in the hollow, and the sagging strains were really
the greatest. He would thercfore suggest to Mr.
Denny that he should amend his paper by giving
the sagging moments beside the hogging moments.
It was a question, however, which could not be
settled by any elementary calculations, and the
speaker at some length reviewed what Mr. Read
had set forth in his paper.

Mr. West, of Liverpool, said that he knew some-

thing of the great difficulty of arranging tables of
scantling so ti‘;t. no anomalies should arise. He
had always had a leaning to calculations for
scantling being made on a displacement basis, and
he very much regretted that Lloyd’s had definitely
abandoned the plan, which would prevent such
difficulties as those to which the author had drawn
attention. As to the basis upon which the calcula-
tions were made, the speaker would point out that
the stresses could not be constant, as, in that case,
no riveted structure would support them. It must
be remembered that these figures were comparative
only. It was necessary to give a word of warning,
so that it might not go forth to the world that
ships were strained to nearly 10 tons to the square
inch in ordinary work. Since the speaker was
freed from the reftraints of official position he
could conceive the value of a rule in which the
strain member, according to Mr. Macfarlane Gray’s
formula, should not exceed a certain limit, and the
designer might then be left to produce the longi-
tudinal strength in any way he thought fit, and the
authorities rest contented. In the present day
shipbuilders were so tied that they were simply
contractors for so many tons of ironwork. Safe-
guards were necessary, no doubt, but now the ship
designer was restrained by rules, and his abilities
cramped.

Mr. H. Laird, in reference to Mr. Read’s re-
marks, said that his firm had had a good deal of
experience with sharp vessels, and they had found
that they might safely be constructed with lighter
scantling. The thing, however, which was im-
portant was that the workmanship should be good.
He had never known a ship which had given way
through any fault in material, but a great man
had goubtless failed from the bad way in whicl
the material was put together.

Mr. Denny, in replying to the discussion, said
that if it was Mr. Read’s opinion that full ships
could be built of the same minimum limit of
scantling as fine ones, that did not agree with his
experience, which coincided with that of Mr.
Laird. Professor Biles had made a correction of
what was in the paper with regard to the o§inion of
the late Professor Jenkins; what Mr. Biles had
assumed was (uite correct, for Professor Jenkins
had communicated his opinion privately ; he, how-
ever, was able to read from a written communica-
tion of the latter, who had written that ‘‘a fine
vessel would still have some advantage over a full
one in longitudinal bending moment.” It had
been said that more work was required to be done
upon this question; and that was true, for Mr.
Read’s paper had contained a great many assump-
tions. Mxx)' Biles had said that he hoped the
sagging moments would be added, but the sagging
strains should be taken at the beginning of the
voyage when the bunkers were full of coal, for
then they were the most severe. For his own
part, he had always thought that the hogging
strains were most severe, and he therefore did not
think it necessary to include the sagging moments.
He would, however, put them in the Table in
certain instances.

A Rarpp Stasmiry RouLe.

Mr. W. Hok next read a paper *‘ On the Trans-
verse Stability of Ships tms‘I a Rapid Method of
determining it.”  After dealing with certain
elementary considerations, the author went on to
point out that the present practice is to estimate
the stability of a ship from the amount of lateral
displacement of the centre of gravity ; and numerous
methods of calculating stability, perfected through
the introduction of Amsler’s integrator, have beern
devised for this purpose. On the other hand, the
vertical displacement is generally ignored, except in
solitary cases, such as in rolling of ships, stability
under canvas, &c., but if wanted it is calculated
from the curve of statical stability.

Under these circumstances the author stated |re

that he thought it not in the least surprising that
this vertical displacement of the centre of gravity
is not generally known ; for its production, being
a sequel to that of the righting arm, entails extra
work and time ; especially as the knowledge of a
ship’s stability obtained from the latter is sufticient
for most purposes. The author therefore intro-
duced a method which was a reversal of ordinary
practice. He calculated the vertical displacement
of the centre of gravity first, and then found the
curve of righting arm by differentiation.

The reason for following this course was that it
was simpler. By it he could substitute the plani-

meter for the integrator. The time occupied,
and consequently the cost of production, was about
one-fourth. Although there is a ready and suffi-
ciently accurate method for constructing the curve
of righting arm from the curve of vertical dis-
placement, this method might not he required in
practice, as the latter curve, in conjunction with
the metacentric height-for the upright position,
might be deemed sufficient for ordinary purposes.
What is generally observed in the curve of righting
arm is : (1) Ite nature near the upright position.
(2) The maximum righting arm, and the corre-
sponding inclination of the ship. (3) The angle of
vanishing stability. For all practical purposes,
the curve near upright is fixed by the metacentric
height. Furthermore, the maximum righting arm
and the point of vanishing stability occur at the
point of inflection, and the maximum ordinate of
the curve of dynamical stability respectively, and
are, therefore, known with sufficient approxima-
tion. Some firms, however, fix also certain mini-
mum values for the righting arm at 30 deg. and
45 deg., and therefrom calculate the point above
which the centre of gravity has not to pass.
But in such cases minimum values of the ver-
tical displacement of the centre of gravity
can as easily be assumed instead—say, for in-
stance, 3 in. at 30 deg., and 4} in. at 45 deg.
It then appears that the dynamical curve of stability
can replace the statical curve; and the author
therefore proceeded with a method of stability,
the aim of which was to find the vertical displace-
ment of the centre of gravity relative to the centre
of buoyancy.

The method described consists first of calcu-
lating with the planimeter ordinary curves of
displacement for the upright position and four in-
clinations, viz., 10 deg., 30 deg., 60 deg., and 90 deg.
One of these displacement curves having been laid
down a vertical line drawn from the bottom end
of the curve would represent the draught. It would
then be necessary to measure with the planimeter
the areas between the vertical axis, the displace-
ment curves, and the water lines which cut off equal
displacement on the various curves. This process
would give for equal displacement the distances of
the various centres of buoyancy from their re-
spective water lines. Furti‘:er, the distances of
these centres of buoyancy to lines drawn from the
centre of buoyancy for upright parallel to the re-
spective inclined water lines would be measured or
calculated.

This would be the whole process; for the dis-
tances just referred to are the vertical displace-
ments of the centre of gravity, on the supposition
that it coincides with the centre of buoyancy.
But as the calculations were carried out only for
four different inclinations, it was necessary to draw
auxiliary curves, one for each displacement, the
abscissee of which are angles of heel, and the
ordinates the vertical displacement of the centre of
gravity, in order to find the vertical displacement
for 20 deg., 40 deg., 60 deg., 70 deg., and 80 deg.
by interpolation. Finally, cross-curves as shown
in the paper were drawn, there being one curve
for each inclination, the ordinates of which are
draught and the abscisse the vertical displacement
of the centre of gravity. The theoretical consider-
ation on which the theory was based was given by
the author in an appendix.

Mr. Macfarlane Gray opened the discussion on
Mr. Hok's paper. He said he had not considered
the details of the methods of calculation proposed
by the author. These would be best appreciated
by those having daily experience of such calcula-
tions. He perceived that Mr. Hok had a thorough
grasp of the subject and a fertile mind. In the
present paper there was a new form of stability
curve for the centre of gravity at the centre of
buoyancy. There were two defects in this curve.
The angle of inclination was lost sight of, and it
uired a calculation to make the diagram service-
able for other positions of the centre of gravity.
In the Transactions of the Institution for 1876
there was a paper by the speaker on *‘ Polar Dia-
grams of Stability,” in which the pedal of the
evolute of the curve of buoyancy for the pole at
the upright centre of buoyancy was shown to be a
stability diagram. The paper gave the righting
arm and also the vertical distance between the
centre of gravity and centre of buoyancy for all
inclinations on lines at the respective inclinations
of the deck and the centre plane of the ship. It
was also applicable without calculation for the

centre of gravity in any other position without a
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