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THE ATLAS WORKS.

HE ATLAS WORKS at Sheffield, which were founded about fifty years
ago, have acquired a world-wide fame as the birthplace of the British
armour-plate industry, as the first works producing steel by the Bessemer
process apart from the establishment of the inventor, as the plant from
which steel rails were first twrned out in great quantity, as well as for the
possession now of some of the heaviest forging presses. The works were
organised by Messrs. John Brown and Co., and upon Mr. Brown, as head of
the establishment, Queen Vietoria conferred the dignity of knighthood in 1867,
as a recognition of the part which the eompany had played in the clothing
of our great ships of war with armour. Mr, Brown had carried on business at
Orchard Street and at Furnival Street, in Sheffield, in a L-.{ja|11pm';|,ti\‘<_-.]_\_' small
way, but it was not until 1854 that he took the tide upon the flood which
led to fortune. At that time he acquired what was known as the Queen's
Steel Works, previously carried on by Messrs. Armitage, Frankish and Barker.
He reorganised the establishment, renamed it the Atlas Works, and secured
as partners Mr. John D. Ellis and Mr. William Bragge. In the early years
of the history of the works, all three of these gentlemen directed their great
skill and energy to the development of the business. Sir John Brown retired
in 1870, Mr. Bragge died in 1884, but Mr. Ellis continues as Chairman and
Managing Director. displaying the same inventive genius, ripe judgment, and
active supervision as of old.

One or two faets will serve to indicate generally what these coadjutors
have done for the business. The Atlas Works, when they became the property
of the three partners, covered three acres; now the area is 36 acres at
Sheffield, 78 acres at Clydebank, and about 150 acres of surface and 7,000
acres below ground at Rotherham Collieries : besides which the company are
owners or part-owners of other industrial properties of considerable magnitude.
In 1854, the works of the company were valued at £14,050: to-day they
are worth 21 millions sterling.

The greater part of the 36 acres within the boundaries of the Atlas
Works are covered with buildings. There are in the works forty-three

furnaces for reducing the iron and other metals used in the various processes

b




2 THE BEGINNING OF STEEL MANUFACTURE.

-

of manufacture, which necessitate the use of 400 tons of coal and 100 tons
of coke each day of the year. There are ten hydraulic presses, including
one of 10,000 tons power, and thirty-three steam hammers to work the hot
ingots, some of them 80 tons in weight, down to the approximate form of
the finished product. For manipulating heavy weights there are ninety-four
travelling cranes, two of them having a capacity of 150 tons, one of 100 tons,
and most of the others of 50 to 60 tons; in addition, there are fourteen
Iocomotives in the works, for conveying the products from one shop to
another on the many miles of railway running like a network throuch the
establishment. There are 307 machine tools, many of them of oreat
power, for planing, turning, boring,
and otherwise shaping the forgings
and eastings to finished dimensions.
They are driven by prime movers
developing an aggregate of 12,000
horse-power, which is transmitted to
the tools lareely through the most
efficient medium of electrieity.
Although the area occupied by
the Atlas Works at Sheffield has
increased twelvefold since the works
were first eommenced, the actual
turnover of the company has multi-
plied one hundredfold, from £30,000
to  £3,000,000 sterling per annum ;
and this fact in itself affords a clear

evidence of the beneficial influence
Tae Fzsr Srean Haoorer v Use of modern mechanical methods. The

IN SHEFFIELD. ol i
output fifty years ago probably did
not exceed 5,000 tons per annum, whereas to-day it is close upon 100,000 tons,
[n all the works of the company the 20,000 workers employed earn in
waces about £1,250,000 per annum sterling.

When the Atlas Works were commenced, spring steel was made almost
entirely from imported iron, mostly of Swedish and Russian manufacture ; but
the founders recognised that a good English iron could be produced to take the
place of the Swedish material, and the first important step taken was the
erection of twelve puddling furnaces for making steel-iron.  These furnaces
had a capacity of 120 tons per week, and there was introduced in conneection
with them a steam-hammer by X?lh’lll.\'l.]]. which it 1s of historieal interest to

note was the first steam-hammer in use in Sheffield, The production of “.J.B.




BESSEMER STEEL. 3

steel-iron” from this plant practically marked the beginning of the great steel-
producing industry of Sheffield from British raw materials. The metal produced
proved so satisfactory that a great demand was created. Meanwhile, Brown's
original works at Furnival Street and elsewhere had been transferred to the new
establishment in Savile Street, and the wanufacture of steel springs and buffers
was continued with inereased diligence and success. 1t was about this time, too,
that Brown introduced his conical spring buffer, which soon became almost
universal, owing to the fact that it solved the problem which had troubled
railway engineers for the first ten years of the railway era, as it took up the
shoek due to the violent concussion of wagons with solid buflfers and connected
by loose chains. To meet the developing trade a second steam-hammer, by
Naylor, was acquired, and in 1858 a 12-in. rolling-mill was laid down for work-
ing bars. At the same time an extension of the area of the works was found
necessary, and ground was acquired from the Duke of Norfolk, on the further
or north side of the Midland Railway, which still interseets the works.

In 1858, Sir Henry, then Mr. Bessemer, found in the partners of the Atlas
Works that outside encouragement which subsequently helped greatly to over-
throw the strong wall of prejudice against his process of manufacturing steel
in converters. 1t is true Sir John Brown was not at first enamoured of the
system ; but the success in Bessemer's own establishment, which adjomned the
Atlas Works, and in which Bessemer steel was made at a cost of £20 per ton,
was convineing, and an arrangement was entered into under which Brown and
Ellis both became important factors in the ultimate commercial success of the
new process. The first order which the firm secured for Bessemer steel rails
came from abroad. The difficulty of obtaining a trial in this country is indicated
by the fact that a twenty years’ guarantee had to be given before the clients
would accept the new metal. For years the firm were the greatest steel
rail-makers in the world, but the establishment of competitive works near the
sea coast, conferring as it did an advantage owing to the absence of overland
rates for exported material, ultimately compelled most of the inland establish-
ments to abandon the steel rail trade, which was also given up at the Atlas
Works in 1874, Other trades of more importance had meanwhile been adopted.

The firm, too, were among the first to manufacture steel plates for ship-
building, Bessemer steel being first used for this purpose about 1836, although
the introduction of the open-hearth furnace ten years later brought about
a change ; and, as will be stated further on, Siemens furnaces were laid down
to meet the growing demand. For the rolling of Bessemer steel for tyres,
plates and angles, and other purposes, mills were put down about 1858.

But a greater step forward, and one of national significance, was the com-

mencement of the manufacture of armour plates, and that by an entirely




1 THE FIRST BRITISH ARMOUR PLATES.

new process. The first experiments were made at the end of 1859 ; and instead
of adopting the practice of hammering the metal in the plate form, as was
in vogue abroad for the first armour made, the Atlas Works put down a mill
for rolling breoad bars to the required width, and these were piled upon each
other suecessively, and the resulting piles re-rvolled and welded together in
sufficient numbers to make the desired thickness of armour plate. The first
mill had rolls 24 in, in diameter, and was actuated by two beam engines of
300 horse-power.

The “ Warrior” and “ Black Prince,” the first vessels of the British Navy
to be built with armour, had 44 in. plates, and the belt, secured to 18 in.
teak, extended for 212 ft. of the total length on the water line of 382 ft.
As to the resisting power of these plates, which was enormous for those
times, but most insignificant when compared with the vresults of to-day,
we shall deal in writing on the evolution of modern armour : but it
may be here stated that in the next three ships specially  built with
armour plates — the “ Minotaur,” * Northumberland,” and *Agincourt™—
the thickness was inecreased to 5% ins, the total weight of armour being
in the earlier ships 1,350 tons and in later vessels 2,100 tons. But in several
existing wooden ships, notably the “Royal Oak” and “Royal Alfred,”
G-in. plates were bolted on to the *wooden walls.” The success of the early
plates brought other makers into the field ; but in eompetitive trials where
four or five plates from different establishments, including some from the
Royal Dockyard, were tried, Atlas plates stood the impact of nine projectiles
while the others sucenmbed at the fourth blow.,

The demand of the naval architect was then for increased thickness, as
Whitworth and other gun-makers were working diligently to make the attack
on the plates more powerful. To meet this there was laid down at the
Atlas Works in 1863 a mill with 32-in. volls driven by powerful engines,
and an entirely new shop was erected and equipped with immense tools for
machining the heaviest of armour plates. One of the shops, with its
modernised machinery of to-day, is illustrated on the Plate facing this page.

Even i 1863, the l'ulli]l.ﬂ mills and machine tools installed were in
advance of the immediate requirements, for we find that in H.M.S. “ Hercules,”
of 1868, the main belt was only 9 in. thick, and in H.M.S. “ Alexandra,” of
1877, 12 in.; the “Dreadnought,” of 1875, marking almost the maximum

reached with a few 14-in. plates on her turrets. The arca of each plate was
also gradually inereasing, but even in this respect the plant at the Atlas
Works was equal to the demands, for when the Lords of the Admiralty
visited the works on the 9th of April, 1863, to witness the first plates
rolled by the new mill, they saw plates 12 in. thick and up to 20 ft. in
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THE ELLIS-TRESIDDER COMPOUND HARDENED PLATE. ]

length turned out, and naturally expressed high appreciation for the enter-
prise of the company, who had in this work spent nearly a quarter of a
million sterling.  Although the cost of these early wrought-iron plates
was naturally mueh less per ton than that of the plates of to-day, which
have to undergo many expensive and complicated processes, their cost per
unit of area protected from a given attack (and this is the only reasonable
basis of a comparison) was substantially more than the naval architect
is now called upon to pay for modern plates. A ship that in the early days
would have carried a dead load of 2,500 tons of armour, ean now for a
smaller expenditure have the same protection for a less weight than 1,000
tons, so that there is set free more than 1,500 tons for extra guns, more
powerful engines, greater coal capacity, more armour, or other purpose the
naval architect may think expedient.

There have, however, been several intermediate stages in the evolution
of the plate of adamantine hardness made to-day, and Mr. John D. Ellis, the
chief of the Atlas Works, has taken a prominent part in this process of
improvement. About the year 1877, guns had so inereased in power that
it was considered impossible to produce a wrought-iron plate which, while
of reasonable thickness, eould withstand the attack from the later 80-ton
guns, and the compound plate then came to the front. This was a plate
with a steel face and a wrought-iron back (the former representing about
one-third of the total thickness), which under Mr. Ellis’s patent were united
by a process designed to insure not only a perfect weld but a comparatively
hard face

an important feature entirely lacking in the wrought-iron armour.
This face offered so much initial resistance that the projectiles of the time were
broken up, or, if they struck at an angle, they glanced off. The all-steel plates
introduced about the same time, offered, perhaps, equal resistance to attack.
but lacked toughness, which in the case of the compound plate was supplied
by the iron back. As the steel plates were thus more liable to break up, eom-
pound plates continued in use where thick armour was required.

As far back as 1871, the idea had occurred to Mr. Ellis of applying to
iron armour the principle of cementation, and, a patent having been applied
for, a plate so treated was subjected to firing test. The result, however, was
not encouraging, owing to the omission of chilling treatment, which at that
time was thought impracticable in the case of such large masses as armour-
plates. The patent was therefore allowed to lapse, and nothing further was
done for the perfection of cemented armour at that time. In 1891,
however, Captain Tresidder, a member of the firm of John Brown and Co.,
devised a method of chilling armour-plates for which varions British and

foreign patents were taken, in the specifications of which mention was made




6 PROGRESS IN VARIOUS DEPARTMENTS AT THE WORKS.

of the suitability of the process for giving dead hardness to the face of any
[)I:ltt) where high ecarbon was present, whether the face was separately made,
as by the Ellis compound process, or super-carburised by eementation, as tried
by Mr. Ellis on the oceasion above referred to. The engraving facing this
page illustrates this method of chilling plates, first introduced at the Atlas
\\'I'Ul'k.‘w' :lnll now Illlivlfl':‘:?l”)’ ill]ljpt(ﬂ'.].

In connection with this important development in the process of
hardening armour, we have a further instance of the many cases wherein
seientists in different parts of the world work at the same time,
but without knowledge of each other’s research, towards the same end
\-\«ri t;]l Hi“li IEL!‘ i-‘?‘H“Q. ! l:'ﬂ'\'!):\'_. i1l A]jl{.‘ril’_‘.;l}[ (,'-ngini_'l_‘-]'. l]fUl 1](_'.1 11 l‘xle‘.!'i—
menting contemporaneously with Captain Tresidder to produce a cemented
and chilled plate, and there was one day between the respective
applications for patents, the one in America and the other in England.
The Sheffiecld inventor’s date was the earlier, but ultimately, after much
negotiation and consulting of lawyers, forces were joined for commercial
reasons.  This ecombination of the cementation and chilling processes marked a
great advance : a 7-in. plate so treated being a mateh for a 6-in. shot of 100 1b,,
striking with a velocity of 1950 foot-seconds; whereas formerly it required
a thickness of 10} in. of all-steel or compound armour to meet this attack.
The Krupp process still further inercased the resisting power of armour; and
almost immediately on its introduction in 1896, the plant at the Atlas Works
was altered and extended at great expense to suit this latest system.

But the interesting subject of armour development has carried us some-
“'l].‘].t l}llt lJiI ouar (‘:hl't'ﬂltl]();_{i(:;l.! ()I'lil,'.]', rI.I],l' 'Il'l{-l,]]}' (_'h?],]'ll‘_';l"..“; II{,’.l'_'.l'HH.lt-il.tl[‘.{] I}.\ ty]li_‘
introduetion of the Bessemer system in 1858, with its converters, new forge,
and rolling mills, the laying down of immense armour-plate rolling-mills and
machinery, and other improvements, suggested to the management, in 1864,
the expediency of converting the co-partnership into a limited liability com-
pany, with a capital of one milllion sterling. Sir John Brown was the first
Chairman, but six years later he retired, and by natural selection was succeeded

by Mr. John D. Ellis, who continues in the position of Chairman and Managing
Director.  One of his first acts was to insure for the eoncern a large measure
of ir::lu]::-ndvnr-n,h_\-‘ the I_Jlll'{‘}l:l.-h_‘ of iron-ore mines in H]min, Lincolnshire,
and Northamptonshire ; and also of coal mines, an arrangement which has
proved profitable. At the same time, blast furnaces were erected at the
Atlas Works, so that the Company were able to convert the raw material from
its natural state into the finished product—armour-plates, forgings, ship-building

materials, railway plant of all deseriptions, &e.  The last-named manufacture

had enormously inereased, and at this time the works produced vast quantities
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RECENT IMPROVEMENTS IN MARINE BOILERS.

of steel rails, while their weldless steel tyres, introduced in 1865, were
quickly appreciated.

As to marine work, similar enterprise was shown. A special press for
flanging boiler-ends was laid down in 1879, and as soon as the Siemens open-
hearth process for making steel was introduced, furnaces were put down,
and, in addition to the rolling of plates, the casting of propellers, propeller
bosses and the like was undertaken, The triple compounding of steam
engines encouraged the use of higher boiler pressures, so that a demand
sprang up for heavier shell-plates, as well as for a form of furnace that
would offer a greater resistance to collapse than the smooth eylindrical type
hitherto used. This led to the production at the Atlas Works, in 1885, of the
Purves patent ribbed flue, which rendered very valuable service to the marine
engineer, The Serve tube, whereby the evaporation for a given tube surface
is increased, adding considerably to the efficieney of the boiler, was introduced
in 1890, a new mill being invented for rolling the special strips with the
longitudinal ribs: these strips, after being bent and welded, form the tubes.

Reference may also be made to the Ellis and Eaves system of draught
for boilers of all kinds, both marine and land. This was first introduced
in 1893, and, having proved efficient, is widely adopted. The air-heating
tubes are arranged in nests on the top of the boiler, so that the waste gases,
with muech of their heat still unabsorbed, travel along the outside of these
tubes on their way to the suction fan at the base of the funnel; while the
air to assist combustion in the boiler furnaces enters the tubes from the
stokeholds, and passing through them, becomes heated by the waste gases to
the extent of between 200 deg. and 290 deg. Fahr., or by over 200 deg.
above the temperature in the stokeholds. Thus the heated air entering
the furnaces greatly improves the combustion and the economy of steam
generation. The “Robert ” process of steel casting, which we shall describe
later, was introduced in 1889,

These and other similar inventions, as well as the improvements in railway
material, have from time to time necessitated the reconstruction of various
departents of the works, while increased demand for all manufactures has
involved additions to the plant, and thus the resources of the works have
been greatly developed. During the past two or three years, for instance,
the company have, at an enormous cost, almost doubled their producing
capacity, large armour-plate machine shops have been added, and electric
power adopted for driving the tools. Generally, the capacity of the works
for supplying armour has been increased to about 10,000 tons per annum.
During the last ten years, armour has been constructed for fifty British

warships, and for naval ships for Japan, Russia, Spain, Norway, Sweden




8 NEW PLANT : PURCHASE OF CLYDEBANK SHIPYARD.

and Holland. Two hydraulic forging presses are in constant use, one of
them of 4,000 tons power being employed on marine shafting, cun-forgings,
and similar work, while the other, exerting a pressure of 10,000 tons, is
l‘ll]]'llij.\'l“[ rlll[_\' on the ll]:\](ill_'_:‘ of JLl'lnnlII'—'[i]::tl'. There is .'I]l:ll;_"}-iirlt'. it &
horizontal press of about 2,500 tons power, while another (uick-acting
press, just completed, with a power of 3,000 tons, has probably the
finest installation yet devised of such accessories as re-heating furnaces,
overhead eranes, &e. The machine shops for forgings, &ec, are equipped
with the most powerful and modern machinery, including lathes up to 80 ft.
in length by 60 in. eentres, and boring machines to cut a hole 15 in. in
diameter out of the solid at 1 in. advanee per hour. With this plant the
heaviest shaftings and forgings have been produced, not only for British
but for many foreign warships and merchantmen,

The fact that the company make many of the requisites for
warships and merchant steamers—armour-plate, boiler material, flues, tubes,
engine shafting, and forgings generaily —prompted the management to
aequire the famous Clydebank shipbuilding and marine engineering works,
which during their fifty years of previous existence had acquired a high

repute, alike for warships, Atlantic “greyhounds,” and merchantmen of

every type. The works were well equipped, new tools having been added
from time to time as the ambition of the shipowner and naval designer
called for larger vessels and higher speeds; but, since taking over the
establishment in 1899 the company have greatly increased the produeing
capacity, constructing new shops, and providing modern tools to improve
and cheapen the production.  The Clydebank yard has seven shipbuilding
berths ranging up to 900 ft. in length, while foundations have been provided
to permit of the construction of vessels whose launching weight may be
9,000 tons within a limited area. In addition, there are several berths for
smaller eraft. Practically, everything is done within the establishment
fer  the complete equipment of these ships, and the average annual
output of new machinery over a period of years has been in excess of
60,000 indicated horse-power.

This historical review of the company and the works owned would
(‘.1"1‘f..‘1i||[.\' be iIIL‘HIH]':]i_'[u without a reference to the fact that in 1903 an
arrangement was entered into whereby the Norfolk Works, at Sheffield,
of Messrs, Thomas Firth and Sons, beecame practically, although not nominally,
allied with John Brown and Co., Limited, so that the latter company thus
considerably increased its resources for the supply of ordnance, projectiles,
steel castings, forgings, &e.

As supplementary to the narrative we have given, something may be
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said as to the general organisation and capacity of the Atlas Works.
The works can produce in a year:

TONS.
Armour-plate e e . s 10,000
Forgings ... 20 5,000
Flues 2,000
Castings )
Railway material ... 20,000
Pig iron ... 45,000
All other ... 10,0100

94,500

In addition, of ecourse, there is the large output of iron-ore and coal from
the mines, of which we shall give a description later.

Reference should also be made to those general arrangements of lighting,
heating, and ventilation which are important factors in the efficiency of such an
establishment. Light and power for the Atlas Works generally are provided
from a central station, in which there are six sets of combined steam engines
and dynamos, each capable of generating 165 kilowatts when indicating 250
horse-power, the pressure of the econtinuous current being 220 volts. This
power station is illustrated on the engraving facing page 8. The boilers with
which it is equipped, four in number, are of the Ellis and Eaves induced draught
type. There is another battery, consisting of four eylindrical and a Babeock and
Wilcox water-tube boilers, the latter fitted with Serve tubes for experimental
purposes. A fan driven by a Parsons’ steam turbine is also installed. Tt has
been the practice at the works, in providing such plant, to arrange for experi-
ments as to steam generation, and the water-tube boiler named was fitted with
the special purpose of determining by actual trial the relative advantages of
this type, as eompared with the ordinary cylindrical boiler, when run with and
without Ellis and Eaves draught, and also to ascertain the result of the
applieation of Serve tubes to water-tube boilers generally.

The electric motors employed for driving machine tools are, as far as
possible, standardised to reduce the number of spare armatures, &e., kept for
emergency. There are several small motors for various duties requiring less
than 4 horse-power, but standardisation is applied to motors ranging from
4 horse-power up to 75 horse-power. Enclosed, or partially enclosed, motors were
originally adopted ; but experience proved that machines of the open type could
be worked satisfactorily even in the dust-charged air of a steel works, without
prejudicing the efficiency or unduly inereasing the repair bill; and they were
therefore ultimately preferred, because of their less size and weight per unit of
power. The controlling arrangements of the motors are almost exclusively wet

switches, which have been found more satisfactory than metallic resistances.




10 VENTILATION AND HEATING ! LABORATORIES.

The works generally are lighted by are lamps running four in series, and the
offices by incandescent lamps taking the full pressure of 220 volts.

In the construction of the more modern shops, ventilation involves no
trouble because of the size and height of the roof ; the frequent opening of larce
doors for the passage of the traffic affording sufficient fresh air, while louvre and
other arvangements in the roof prove satisfactory for the exhaust. But the
heating question is always one of great difficulty, especially in the winter
season. Almost every possible scheme that had been adopted elsewhere was
considered by the management of the Atlas Works, and many plans and
estimates were prepared; but, in the end, it was agreed that the best vesults
were obtained by the placing of small stoves at frequent intervals in the shops,
each with its own chimney. Most of these stoves are fired with eoke, and the
remainder with coal-gas produced in the gas-works within the establishment,
used for flue-welding, and partly for lighting. Gas cooking-ovens are also
provided in all the larger shops, and for a sufficient period before each meal
time a man i1s in attendance to supervise the hl_’;lti‘rl.f_: of the workmen’s food :
so that in this, as in other arrangements, everything is done for the comfort
and eonvenience of the workers,

There are extensive laboratories where all material as it arrives in the raw
state, or as it leaves in a complete form, is subject to examination, samples being
taken for chemical analysis and mechanical tests. The chemical laboratory,
fitted with the usual appliances, has a staff of fourteen chemists, and a oreat
many of the analyses are by combustion. In the case of many of the
productions tests are made at frequent stages; in armour manufacture, for
instance, there are three or four chemical analyses and five or six mechanical
tests. The measure of chemieal hardness of armour is determined from drillings
taken from the plate, analysed in layers of one-eighth of an inch by the
combustion method.

The mechanical testing department has a 50-ton horizontal hydraulic
testing machine of the Buckton type, as well as an old-fashioned dead weight
testing apparatus, still useful and accurate, although slow. There are two
lathes, four planing machines, able to deal with pieces 3 ft. square by 3 ft.
6 in. high, a rotary machine for milling, and other appliances, along with a
press of 6GOO 1b. pressure for cold bendine. All these machines are practically
kept working day and night, the aim being that nothing shall be sent from
the works except it be thoroughly reliable. For railway work there is the usual
drop-test apparatus; but these and similar appliances will be dealt with when
we come to deseribe the process of manufacturing the various produetions of
the company.

It will readily be understood that in an establishment equipped with so
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many mechanieal appliances, there is great need for an extensive engineering
and repair department; indeed, many of the special tools are constructed
as well as designed within the works, The engineers’ turning and erecting
shop for such purposes includes in its equipment lathes, several planing
machines, slotters, and special shaping tools, all of whieh are driven electrically.
The shop is commanded by two cranes, one lifting 12 tons and the other
5 tons. The importance of the department is indicated by the fact that the

engineering staff includes six hundred and fifty men. There is also a large

boiler shop, about 7

2 ft. long, for carrying out repair work on the many steam
generators within the works. In this shop there are two radial drilling
machines, one of them with an arm 5 ft. long; the larger punching machines
make 1% in. holes in 1 in, plates, the bending rolls take plates of similar
thickness, and there are two machines for plate- and angle-shearing and
punching. There is a 50-ton overhead travelling erane, and four jib cranes
of 30-ewt. capacity. In a large pattern shop, a numerous staff is engaged
preparing moulds for the armour plates, each of which sometimes requires
several of these owing to the variation in form to suit the lines of the ship or

the contour of gun-hoods, &e. We may conclude with a list of the manufactures.

AT SHEFFIELD.
Armour plates by the Krupp, Harvey, and other processes.
Marine and other engine crank-shafts.
Shaftings of all kinds.
Gun and other forgings.
Projectiles of all types.
Patent ribbed boiler flues.
Serve patent ribbed boiler tubes.
Ellis and Eaves induced draught apparatus.
Patent deadweight safety valves.
Robert patent and crucible steel eastings of all deseriptions
for engineering and colliery purposes.
Siemens’ erueible and all kinds of tool steel.
Rolled and forged bars, angles, iron and steel tee rings, &e.
Railway tyres, axles, springs, buffers, &e.
Patent wrought steel wheels.
Foundry and forge pig iron.
Patent bulkhead doors, with operating mechanism.

A1 ULYDEBANK.

Warships and merchant steamers of all types.
Steam and other yachts.

Marine engines and boilers.

Auxiliary machinery of all types for steamers, &ec.




STEEL MANUFACTURE.
g'l‘lil'}L productions, whether cast or forged, have their origin in certain
b raw materials bountifully supplied by Nature: and Messrs. John Brown
and Co.,, by their possession of collieries, iron mines, blast-furnaces, &c., have
the advantage of being to a great extent independent for the supplies
of ore, coal, and pig-iron for their steel-melting furnaces. Soon after they
developed the manufacture of “steel-iron,” in the early years of the history
of the works, and thereby put an end to their importation of iron for all steel
manufacture, the management recognised the importance of owning iron-ore
mines, and of smelting the mineral earth. They, therefore, purchased, in
1871-2, iron-ore mines in Spain, Lincolnshire, and Northamptonshire, and
several coal mines in England; and constructed in the north-eastern part of
the works in 1873, three blast-furnaces with a producing capacity of 1,000 tons
per week. These are partly seen on the engravi

. o2 s PO L
ing given on page 13

v
These furnaces, which have continued in use and have done vood work,
will probably be replaced shortly by others of the most approved modern
pattern.

For the manufacture of steel, principally for marine forgings and armour-
plates, there are six open-hearth furnaces, conveniently arranged with the
usual accessories, in a building 480 it. long with one span of 74 ft. The
two engravings on the Plate facing this page illustrate respectively the
process of charging and teeming the larger furnaces. The smaller furnaces
are used for general work, while those of larger capacity are entirely
given over to the melting of steel for armour, experience having
shown that better results are obtained, especially with delicate special
alloys of metals, by using large furnaces, and thus obviating the necessity
of mixing the products of several furnaces. During the last few years, the
Siemens foundry at the Atlas Works has been entirely remodelled, and
there are several features which merit notice. The safety of the men during
the casting of ingots, weighing up to 50 and 60 tons, has had special attention,

and the ladle with the molten metal is never Hna'p:‘n:h_wl from eranes.

The alternative method adopted, of running the metal into ladle carringes

travelling on rails, which are lifted bodily by means of hydraulie hoists
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on to a cantry over t wastine pit. is 8 oreat s - - :
’ EumiEy over the casting pit, is a great safeguard against accident;
so that 1t 18 not surprising to note that, althouch 20.000 tons of incots
- - e = . = L o ¥ = :
varying from 30 to 60 tons, have been made sinee this arrancement was
- . . L= :

adopted, no aceident of any kind has taken place.

m .

I'he more modern furnaces were at the time of their erection well equipped
with electric charging overhead eranes of 50 tons capacity, and these having
Y = =

proved satisfactory, similar cranes have been fitted in connection with the

Ar tHE Brasr FurNaces

older furnaces. The whole of the steel-melting department is served by two
overhead eranes of 150 tons and 100 tons capacity respeetively, the former being
steam-driven and the other electrically operated. The gas producers in con-
nection with the open-hearth furnaces are of the Duff design, worked by
steam, and the whole arrangement, notwithstanding the frequency of change
and improvement to meet developing trade, continues very satisfactory. This
steel house is in close proximity to the 10,000 ton forging press, and
armour-plate ingots are delivered direct to that press on transfer bogies
while yet hot, although, of course, they require to be reheated before being
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worked. About nine ingots are cast each week for armour alone, and these
vary from 30 to 60 fons; those for marine shafting run up to the larger

limit ; while there are oeeasionally east smaller ingots for rolling into bars,
plates, &e., and for forging into tyres, axles, and the like. The subsequent

operations on these several ingots will be described later.

The firm has long been noted for the splendid results got with its crueible
steel. In this department there are several melting furnaces which are almost
entirely devoted to the manufacture of high-class steel for tools, and with
such o success that, although almost every tool-steel in the market is
accorded a trial at the works in the search for the very best, the company’s
own brand is at present unsurpassed. On the Plate opposite there is reproduced
a photograph taken of a number of “ turnings” from various metals, cut off’ by
tools formed of the company’s steel, and used in their ordinary work in
lathes, &e.  These illustrations, taken in conjunction with the following Table,
giving the composition of the steel cut, and the speed, feed, and depth of
cut, testify to the value of the company's erucible steel for cutting tools -

ft. in. 1.
No. 1. Hard steel, .6 earbon, .8 manganese ... 1) per minute, Y feed, i cut.
No. 2. Mildsteel, .25 ,, b 5 200 " P Ll e
No., 3. Steel, s 3 o i P it} 54 |!4‘. 53 1%
No. 4. Hard steel, .5 ) & B A 21 t3 &, #
No. 8. Very heavy shaft, considerable vibration ... 10 i 'I o & .
No. 6. Mild steel, .25 carbon, .5 manganese ... 5b R i
No, 7. Steel, 3 e 0 i 70 " T
No. 8, Steel, 260 s 1 = e dod = e
No, . Mild steel, heavy shaft - a0 s i - 4

Corner picces.  Armour shavings,

With the exception of No. 2, the samples of *turning " were taken off dry ;
Nos. 1, 3, 4, 6, 7, and 8 came off deep blue in colour,

There are five tilt-hammers for working the tool-steel after it has been
melted in the crucible pots. These hammers vary in power from 30 cwt.
downwards, but such hammers are also utilised for general forging, principally
for locomotive work.

In connection with the steel foundries, where such a multiplicity of
work is carried out, special references should be made to the “Robert”
patent process, in which, by the use of a special type of converter, it is
possible to make steel castings of such a mild and tough quality, that they
are largely employed for purposes where only forgings were formerly considered
permissible.  The “ Robert” steel foundry is illustrated on the Plate facing
this page. These steel castings are being very largely used for locomotive
work, wheels, centres, horn bloeks, slide motions, eceentric straps, buffers,

plungers, &e.; while in electrical work they arve admirably adapted for those
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parts of dynamos where high magnetic permeability is necessary. The “Robert”
steel has also the advantage that it can easily be welded. After being
sufficiently blown in the converters, the steel is teemed into a ladle, and its
condition is then such that it maintains its heat for a considerable time,
so that a subsequent “blow,” or even two, can be used for the same casting.
It will thus be understood that a smaller number of converters are re-
quired tor large castings than would otherwise be the ease. The size of each

=

individual converter, too, may be less when several can be used for large
operations. The turn-over gear of the converter is driven by an electric
motor, which is rapid in its operation and well under control. The “ Robert”
steel foundry is equipped with a 10-ton and 5-ton electric crane, as well
as a large number of differential travelling pulley blocks on swinging jibs, and

includes all the latest appliances for cutting runmers, &ec.




THE EVOLUTION OF THE MODERN ARMOUR
PLATE.

A STUDY of the successive stages in the perfection of armour plate, and of
- the contest waged by the metallurgist against the gun and projectile
maker, is as fascinating as the story of armour manufacture, with its many
delieate processes for earburising and hardening; and the records of no firm
afford fuller scope for such a review than do those of John Brown and Co.,
for—as has been stated in our first chapter—they were the first to produce
plates for the protection of British warships; they succeeded in making a
successful compound armour later to meet the harder projectiles fired with
increased energy; they were the first to try a cemented plate in England ;
they were the pioneers of the now universal process of water-quenching, and
were equally early in their adoption of the modern process known as the
Krupp system, the highest attainment of which, so far as resistance for a
given thickness or weight is concerned, iz represented in the armour of a
modern barbette, as illustrated on the engraving facing this page.

The first plates for H.M S. “ Warrior " and other vessels were made by what
seems now a simple proecess, but which, nevertheless, ereated great interest when
first applied. Sir John Brown deseribed the system in a paper read at the
Institution of Mechanical Engineers, as follows :—* Several bars of iron were rolled
12 in, broad by 1 in. thick, and were cut 30 in. long. Five of these bars were
piled and rolled down to another slab, and these two slabs were then welded and
rolled down to a plate 1} in. thick, which was sheared to 4 ft. square. Four of
such plates were then piled and rolled down to one plate, measuring § ft. by 4 ft.
and 2 in. thick. Lastly, four of these were piled and rolled to form the final
and entire plate. There were thus welded together sixteen thicknesses of plate,
each of which was originally 1} in. thick, to form one plate 4} in. thick.
In this operat ion, from 8,500 to 4,000 square feet of surface had to be pc}l'fv(_‘f-ll\'
welded by the process of rolling.”

The first of the series of armour plates, on the engraving facing page 18,
illustrating the evolution of modern armour, shows one of these wrought-iron
plates after being tested. It seems to be none the worse, but the attack was

feeble, the velocity being comparatively low. The plate had a backing of
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ARTILLERIST versus ARMOUR PLATE MAKER. 17

18 in. of teak, and the weapon used was a Whitworth rifled gun, firing an
80-1b. shot. The wrought-iron plates continued to increase in thickness and
in area, and with the heavier rolling mills put down in 1863, the number
of bars or plates required for the finished product was considerably reduced,
and t]}cml:y the rislk of blisters was lessened. Armstrong, as well as
Whitworth, were on the side of the artillerist, and the gun (on the Woolwich
system) adopted in the early sixties consisted of a steel barrel with a series
of wrought-iron coils shrunk over it. The tube, being of steel, gave a hard
surface and a homogeneous material for rifling. f\]llzz]n—hm:]illg, however,
continued in vogue, the first system of breech-plug proving unsatistactory. The
old 68-pounder guns opposed to the earlier plates used a charge of 16 1b. of
powder, The newer weapons were considerably more powerful, their shot
anging up to 400 1b, and their charge to 70 lb. of powder for the 18-ton gun :
but even so the 9-in. armour of the period defied these weapons, and, when the
“ Hercules ” wrought-iron armour was made, even a 600-1b. shot was found of
little avail.

Ogival-pointed shot of chilled cast iron were introduced. This was the
invention of Sir William Palliser, by whose name they have ever since been
known. The type is not quite obsolete to-day, being cheap as well as effective
so long as the plates attacked have a soft surface. By the 'seventies, the
guns had still further increased in weight, a slower-burning powder had been
introduced, and an increase in the length of gun enabled higher veloeities
and a greater striking cnérg}-‘ to be developed ; the 38-ton guns of the
“ Devastation” of 1873 were 16 calibres long, and fired an 800-1b. projectile
with the initial veloeity of 1,540 feet per second, capable of perforating 17 in.
of wrought iron at a range of 1,000 yards. This weapon necessitated
hydraulic mechanism, which the ingenuity of Armstrong brought into vogue:
and the ultimate limit of the old plate was reached in the case of the
“Inflexible,” which had 24-in. armour in two thicknesses; 12 in. proving quite
ineapable of resisting the attack of such a weapon. This ship had also
16-in. guns of 80 tons in weight, firing 1,700-1b. shot with a charge of 450 Ih.
of powder.

Victory, however, did not rest long with the artillerist, as, in 1879,
Mr, J. D. Ellis introduced his compound armour with satisfactory results.
This armour consisted of a wrought-iron back and a separate hard steel
face welded together, the latter being hard enough to wreck the Palliser
projectiles, while the former lent toughness and afforded support to the mass.
The wrought-iron back and a specially-rolled hard steel plate were first

prepared and erected on edge parallel to each other, with a narrow intervening
distance-piece between them. The box so formed, having been heated to a high
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temperature, was held in a vertical position in a pit, where it could be subjected
to pressure by an hydraulic ram. Molten steel was then poured into the box,
and formed a more or less perfect union between the hard steel face and
the wrought-iron back This hardness was only comparative, as the face
plate could easily be punched and even machined, though the latter was
a matter of some difficulty. The hardness, at any rate, was enough to
break the delicate point of the Palliser shot before it had attained sufficient
penetration to receive support from the walls of its own indent; and, as
soon as the point was broken, the whole projectile went to pieces and
could penetrate no farther. The compound system brought back vietory
to the armour-maker : a plate thus made, 10 ft. by 51 ft. and 11 in. thick,
received the attack, in 1881, at Shoeburyness, from four projectiles fired
from a 9-in. gun, with a total striking energy of 14.869 foot-tons, equal
to 1470 foot-tons per ton of the plate. Three of these projectiles were
of chilled iron and one of cast steel; but the plate stood the trial well,
for although the steel face was cracked the back continued whole. Two
further rounds of cast-steel projectiles were fired at the same plate from a
A8-ton 12.5-in. gun, with an energy of 11,824 and 11,695 foot-tons respectively.
This very severe punishment only served to prove the satisfactory character
of the process.

The era of the compound armour lasted for many years, and one of the
most interesting of the tests of the period was a competitive trial in 1889,
condueted in Holland, when a ¢ Brown” plate, 11 in. thick, withstood the
attack from a Krupp gun of 1l-in. ealibre and 28-ton weight, firing Krupp
forged steel projectiles of 556 1b., with a collective striking energy of 7,078
foot-tons for the three shots. Two of these projectiles broke up “like
chilled iron,” and the plate, remaining intact, was pronounced the best of
the competing targets, which represented the latest products of the leading
armour-plate manufacturers of Europe.

The 1»1'i111_‘i|::1| competitor of the compound armour as made by two or
three firms, was the solid all-steel plate, which, although at first considerably
inferior, became a serious rival as knowledge of the metallurey of steel
inereased.  The all-steel plate was not designed to break the point of the
shot, but to offer throughout its mass a greater average resistance than the
compound plate, which, in order to avoid eracking, consisted largely of wrought
iron of low tenacity, and depended mainly on the power of its hard face to
destroy the shot. The two systems, compound and all-steel, were for a long time
of about equal resisting power, and the next step was the introduction of
srf_’"i\‘:ll—]J:Iilltl.Nl shot, made of very }li_&:]l—g‘l'zulu i.l_il'}_"‘k'.tl n[.g_‘:,'l, altlll II:U'I_EU!II_‘I{ h}-‘
a seeret process until the point could easily scrateh

lass.  This hardness,

gl




VIIL.

PLATE

2ng w1 ddnoyy
*LGRT

WALV I HOOWHY

-aqw) ] ut-gl ddonoy
*168L

HO  SATHHS TVOIHOLSIH

.,53;‘ M.;:._ 5
LGB

Gl

FOS

.Ir
|







|
|

THE FIRST SPECIALLY HARDENED PLATE. 1:9

which exceeded that of the Palliser shot, had the great additional advantage
that it was associated with a high strength of cohesion, so that the face of
the compound plate, which shattered the original Palliser shot, was no
longer able to so deal with the new projectiles; and thus, the chief advantage
of the hard face being neutralised, it fell behind in the competition with
the all-steel plate of greater average vesisting power.

The desideratum was now to restore to the compound plate its lost
power of breaking up the point of the projectile before it had time
to penetrate any distance and make a support for its own delicate
point.  Captain Tresidder ecarried out many experiments at the Atlas
Works, with the view of rapidly chilling the face of armour plate
to attain the necessary hardness, and, after obtaining fairly satisfactory
results with ecold air and steam impinging along the face, he tried to
effect a uniform chilling by water, driven on to the surface of the plate
by a great number of small jets, at a pressure sufficient to prevent the
formation of steam globules, which otherwise, he reasoned, would prevent
the desired sudden and uniform abstraction of heat from the steel. This
it will be vecognised, is still one of the primary elements in the latest
processes for hardening steel armour ; and the results of several trials made
with the Ellis-Tresidder chilled compound plates proved that the research
work was in the right direction,

The first plates thus treated were tried at Shoeburyness in 1891. To
ascertain the preeise effect of the treatment, portions cut from the same plate
were treated in different ways, some of them by chilling and others by oil-
hardening, and each was subjected to the same attack. The blows which
perforated the samples oil-hardened in the ordinary way had little effect on the
water-chilled samples, The forged steel projectiles were shattered by the
latter, just as the”Palliser shots had been in the earlier days. Throughout
a series of five comparative tests, the same result was obtained, the projectiles
all breaking up without effecting perforation. This system of armour is
represented by the sixth plate in the series illustrated on the engraving
facing page 18. Hadfield forged steel 100-1b. projectiles were used against
a small 9-in. plate, which withstood the attack of five shots having an energy
equal to 900 foot-tons per ton of plate ; while a second and larger plate,
9-in. in thickness, similarly withstood an attack amounting to 942 foot-tons
of energy per ton of plate. In October of the same year, a 10}-in. plate,
measuring 8 ft. by 6 ft. was subjected to trial on H.M.S. “Nettle,” under
serviee conditions. Five shots were fired from the G-in. gun with a charge of
48 1b. of E.X.E. powder: three of the 100-lb. projectiles were of Holtzer steel,

and two were Palliser chilled iron shot, the energy developed in each case being
¥
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2708 foot-tons; yet the plate, as reported by the late Captain Orde Browne, R.A.,
stood the test well, so proving the eomplete success of the chilling process.

Curiously enough, the first ”'m‘\'v_\' 11]:1h.' was beine tried in the United
States at the same time as the Ellis-Tresidder plate in I*‘,nglnnr'l, The latter
proved the practicability and utility of rapidly chilling armour plates from
a high temperature: the former showed that an all-steel cemented plate
was eminently adapted for such treatment. The Harvey system may be
said to have combined two processes for application to all-stecl plates; of
these the one upon which most emphasis was laid in the patent specifieation
wias that of eementation or super-carburisation ; the other, which the same docu-
ment  dismissed in a few words, referred to a subsequent chilling of the
cemented plate, by either dropping water upon it from a perforated tank or
by immersing it in a flowing stream. Mr. Harvey was not an armour-plate
malker: if he had been he would probably have omitted from his specification
all details of the well-known process of cementation, and at the same time
elaborated the deseription of the chilling, where difficulty really existed.

Having obtained success with his process in America, Mr, Harvey approached
the Enropean manufacturers with a view to their adoption of his system, and his
patent was at once challenged by that of Captain Tresidder. In the end, the
Harvey Company bought from Messrs. John Brown and Co., the entire
rights for Great Britain and Europe of the Tresidder patents, the Harvey
Company of New York similarly acquired the American rights, and the Soeidté
Harvey of France purchased the French patents. It thus results that chilling
by the Tresidder process has been earried on in all countries, and is still part of
the present-day Krupp system.

|'1‘1_:]|:|]:1.'_\' the best results oot with a chilled compound |:|.-|t.u were those
obtained at a test in August, 1892. The plate in question was 10 in. thick,
and measured 8 ft. by 6 ft. It was attacked by five Holtzer forged steel
projectiles fired with full charge from a 6-in. gun, the striking energy of each of
the five being 2,708 foot-tons, equal to 316 foot-tons per ton of Ir|r!,f:c,-. All of the
five projectiles were broken up, and the plate, at the termination of the test,
“ appeared as stiff and strong as at first,” as reported by the late Captain Orde
Browne, R.A.  The centre blow made most impression, principally because of a
small blister, which when detected at the works had been investigated by nh'i]l]ug_
and the hole subsequently closed with a small serew plug.  The blow fell
exactly on this defect, but even under those circumstances the penetration was
very slight.  Several plates of the same manufacture gave similarly satisfactory
results, but there was never any question that the cemented all-steel plate was a
better subject for chilling than the compound. Therefore, the Harvey plate held

the field ; and as a measure of the progress made at this time, it may be mentioned
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that a plate of 10} in. in thickness could withstand attack from a 9.2-in. 25-ton
gun, whereas a 104-in. compound plate usnally succumbed to blows struck by
specially hardened forged steel shots from a 6-in. 5-ton gun. In other words,
the resisting power in three or four years had increased by 50 per cent.

There was a general feeling, soon after this plate was adopted, that some
degree of finality had been reached; but Messrs. Krupp, of Essen, sprang a
surprise upon all by perfecting a process, whereby an all-steel plate made of
excessively high-grade material could, by a very elaborate course of treatment,
be endowed with, not only a face as hard as glass, but also a back as tough as,
and much stronger than, wrought iron. The Krupp plate is the plate of to-day,
and some idea of its immense resisting power will be formed when it is stated
that it is a mateh for a blow that would conquer a wrought-iron plate of from
two-and-a-half to three times its thickness. As a matter of fact, plates made by
the Krupp process for the broadside of ships seldom now exceed 9 in. in
thickness, but for barbettes the usual thickness in first-class battleships is 12 in.

Before recording the vesults attained with various thicknesses of Krupp
plates, we may indicate briefly the salient features in the process of manufacture,
The material used in the latest plates is a multiple alloy of iron and other metals,
and is excessively delicate: so much so that a large ingot ecast from it, if laid
down to cool would almost inevitably Hy to pieces. Messrs. John Brown and Co.
ss.  After the steel
has been tapped into the ladles, these are haunled al[:)tlg on rails and raised by an

have their steel furnaces, therefore, close to the hydraulic pre

hydraulie lift to higher level rails which run over the casting pit. Here the
steel is teemed into a trough, and thence direct into the huge ingot moulds. As
its melting point is so high, it solidifies upon losing quite a small proportion of
its heat, so that it can be taken almost at once to the re-heating furnace
preparatory to the treatment under the 10,000-ton press, There it is slabbed
down to approximate thickness for rolling in the large mill, special steps being
taken to remove a peculiarly adhesive scale that forms upon it. During these
several operations the plate frequently requires re-heating, and furnaces for
the purpose are provided in convenient positions.

The plate leaves the mill with an allowance for machine surfacing—a
process which is most costly and tedious, but which has been less universally
insisted on by the British Admiralty since Messrs. Brown submitted rough
rolled plates in 1899 to a series of firing trials which demonstrated that the
rough face did not in the least degree detract from the resisting power. For
this purpose, five 100-1b, shots were fired at a 6-in. plate with the full velocity of
1,960 ft. per second, and the result demonstrated that, from the point of view
of resistance to attack, the machining was a waste of time and money. The

British Admiralty, however, consider such planing desirable for other reasons;
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and in this country armour |:]:Ll.w~ are still machined on the surface, unless
there is special arrangement to the contrary.

The plate is not allowed to cool, after being rolled, but is at once passed to
the re-heating furnace, and when brought to the required temperature undergoes
the first stage of speeial heat treatment peculiar to the Krupp process, which, if
properly conducted, renders it extremely tough. This eontinuity of treatment
and care to avoid cooling is not dictated by economical considerations, but is
rendered necessary by the sensitive nature of the material. After the heat
treatment, the plate is planed and machined to approximate dimensions, and then
is passed to one of the 16 cementation furnaces in the works, where the face
hecomes chemically harder by absorption of earbon from charcoal, with which its
face is kept in contact during a long exposure to high temperature. The plate
is further submitted to several heat processes. It is then set under a (,000-ton
bending press, to the approximate form which it will have when fitted on
to the hlli}'l. |,le1-].\', it 'llllfli_'l‘lu;{_}f_‘-\' a final heat process, followed ]'." (‘]liﬂin;_;'_
whereby it acquires intense face hardness. Any alteration or machining
subsequent to this last treatment has to be done with powerful electrie grinding
machines, as no cutting tools can make any impression upon the face. The holes
in the back for the bolts, which attach the plates to the ship, are afterwards
bored and tapped, and the plate is then finished, and ready for the ﬂr]n:_:
test or for despateh to the Dockyard.

The success of manufacture of modern plates may be indicated by a hrief
review, with illustrations, of the vesults of the trial of plates of various
thicknesses; and first, we take a 12 in. plate, about the heaviest now made,
and used principally for barbettes and conning towers. This plate, illustrated
on the engravings facing this page, measured 10 ft. by 7 ft, the precise thickness
being 1141% in, and the total weight 15 tons. Three shots were fired from
a gun of 12 in, the largest, calibre now adopted in any navy ; the projectiles
used were of the Holtzer armour-piercing type each weighing 714 1b., and
striking with an energy of 17,060 foot-tons, equal to 1,138 foot-tons per ton
of the weight of the plate. The engravings afford convineing evidence of the
splendid results obfained against an attack which would have made three
clean holes in a wrought-iron plate of more than twice the thickness. This
test, which was carried out at Shoeburyness on July 21st, 1898, was under
British Government direetion.

Another plate, illustrated in our Chapter on Warships, is one of those
manufactured for the Japanese battleship “Asahi,” built by the company at
their Clydebank shipyard. In this case the target was 8 ft. square and 8.8 in.
thick, cut from a plate selected by the Japanese authorities out of a lot

already made for the main broadside belt. The results are peculiarly
)
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TESTS OF ARMOUR FOR JAPANESE AND NORWEGIAN WARSHIPS. 23

interesting, in view of the fact that doubts had sometimes been cast upon
the degree of severity of English trials with Holtzer projectiles, the American
projeetiles being held up as more powerful, and therefore subjecting the
plates which they attacked to much greater strain. The plate in question,
however, achieved the very marked success shown in our illustrations
when fired at with three projectiles made on the most highly-vaunted
American process—that known as the Wheeler-Stirling—and thus the results
dispose of the doubts referred to. The plate weighed 10.175 tons, and had

12 in. of oak backing, with a skin plate 1} in. thick. The projectiles
were fired from an 8-in. gun, and being of 250 1lb. weight, with striking
velocities of 1,854, 1,964, and 2,039 foot-seconds respectively, had energies
of 5991, 6,687, and 7,208 foot-tons respectively. The resistance actually
exhibited by the plate made it equal to 20} in. of wrought iron or 2.22
times its own thickness. The projectiles were completely shattered, and the
only injury sustained by the plate was the usual splintering of its face
round the points of impact, and a few superficial hair eracks on the face,
so fine as to he almost invisiblee No other eracks whatever could be
found, and the only indications on the back that the plate had been
subjected to such a severe trial were three smooth bulges, the most
prominent being only 1} in. in height. Such marks on the back, as are
shown in our illustration (for instance, across the upper bulge and near the
top central bolt), are merely irregularities of the surface, and existed before
the plate was fived at.

As representing 6-in. armour, which is the most largely adopted, we
illustrate, on the Plate facing page 24, the front and back of a plate, § ft. by
6 ft., made for two Norwegian coast-defence ships, the exact thickness of
the plates being 5.9 in, while the backing was of oak 24 in. thick, with
a 1l-in. skin plate, all arranged to represent the structure of the broadside
of the vessel. The tests were made by the Norwegian Government officials,
on November 10th, 1899, the gun used being of 6-in. calibre, and here
also Wheeler-Stirling projectiles were used, the weight being 1024 1b.  The
official trial was an attack of four shots, and these were delivered at
energies of 2,664 foot-tons. It will be seen that in no instance was
there any crack, the perforation being about 3% in.,, while the height of the
bulge on the back varied between 1} in. and 1§ in. It was then agreed, with
the consent of the Norwegian authorities, to supplement the attack by two
extra rounds at inereased velocity, so as to determine the ultimate limit of
the plate; but it should be clearly understood that contract conditions
had been more than eomplied with, and the whole of the plates accepted.

The fifth projectile was fired to give a striking velocity of 1,997 ft. per
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second, equal to an energy of 2,834 foot-tons, and the penetration was found
to be only 41 in, leaving a dent at the back of the plate of 1} in. The

sixth round was at considerably increased power, the veloeity being 2,211

foot-seconds, and the energy 3.392 foot-tons, yet the 111'I|!<ll‘itti:=[1 was but
5 in., the ]h'i;ﬂtt; of the |:1]ill_:‘|' at the back |u-il|_-,f .2‘ 1. All of the six

projectiles were smashed to pieces. The last round, it will be seen, fired at
an energy equal to 678 foot-tons per ton of plate, was eflectually resisted,
and proved that the plate was practically equal to 2.7 times its thickness
in wrought iron. As to the mark made on the bhack of the plate by No. 4
[Jl'rrj:-(‘t-”v. it was z‘t.('t‘,b]li;ml as an l’xslmpln‘ of “a ease which oeeurs in certain
rave instances, where the blow is so truly normal to the plate surface and
the projectile so good, that the point, instead of being broken, retains mueh
of its Hll;l.l'lilli'h‘.‘{,“ (See |'>I‘.'I~'r-at_'.\.,":\-'. Naval Annual, 1900 Edition, page 324.)
Our series of test records may be completed by a reference to the
official trial of a 4-in, plate on the 3rd July, 1900. This plate was the

usual Portsmouth size of 8 ft. by 6 ft., but being only 313 in. thick, and

opposed to the attack of the 6-in. shot of 100 Ib., only two rounds were

fired, at a \‘z‘|u(.‘it-ly sufficient to lll']'rill‘:l-i'r‘ 84 in. of \\"l‘lllllz‘ilt 1ron. Both of

these rounds were Ill".ri_‘:l-{.-'.‘.ll_. and the face of the ['rl.—th- was not ]H'll\'ll'.‘t.l'-l't| at
all, but driven back locally, just over the area of the impact, to the extent
of about 11 in.

As a record of progress we give a Table showing the figures of
merit for the various types of armour, as constructed by the company in
the suceessive stages of the evolution of armour. This shows the relation of
the thickness of the wrought iron that would have been perforated by the
attack to that of the aetual thickness of the plates fired at. Thus, the G-in.
|\'I'1I|!l= ]Il;t.t-i'. which we have deseribed, withstood a blow which would have
perforated a wrought-ivon plate 17 in. thick, or 2% times its own thickness.
Therefore, its ficure of merit was 2.75.

Figure of Merit (being Relative
Quality of Plate, Thickness of Wrought Tron

to give Kgual Resistance).
Wrought ivon oy 1
Compound or plain steel 1.20 to 1.25
Harvey 1.9 to2.2
Krupp 2.3 to2.8

Before departing from the subject of the tests of armour-plates, it may
not be without interest to offer a few remarks as to the formule in use in
different countries for caleulating the perforation of armour. In Britain, the
formula most generally in vogue—until its inaccuracy at high veloeity became
apparent a few years ago—was that of Fairbairn, which gave the perforation

of wrought iron. The French systems are those of Gavre and De Marre,

|
|




NT-9 40 HOV{ UNY LNOUF

) N[-Q X4 HOVLLY LIV HIVT] d40%3]

TKOL) ONIMI-M01

e e, ot

= ‘UG YBU] B A BRI AN (DI paYEa)

B *ai]°00 § NMOHE NHOD "sHSSajY

= AS OEHNLOVANNYH

Py ‘1934 QAN LT3 § 'E1VIJ HNOWHY_HON] §

§'4 ¥961 A'S
“y'oN

iy

‘s 2z A'S

9%0p.

‘$'4 8261 AN
170N







FORMULE FOR CALCULATING THE PENETRATION OF ARMOUR. 25

also for wrought iron: but the last-named scientist has a new formula for
wrought iron and a separate formula for what is called ordinary steel, which
is now the standard formula on the Continent. In Germany, up till recently,
a formula by Krupp was employed, but it has now been superseded by
De Marre’s. The most recent formula, and that now adopted in this country,
is by Captain Tresidder, of Messrs. John Brown and Co.,, Limited. De Marre’s
formula for ordinary steel, which is most largely adopted, except in England,
for home trials, is as follows :—

e
e Py
1330% x -
where
¢ = decimetres of ordinary steel perforable.
P = weight of shot in kilogrammes.
V = striking velocity in metres-second.

o = dinmeter of shot in deeimetres.

In using this formula, plates are compared by the respective co-efficients
required for multiplying the wvelocity satisfying the formula, when the
actual thickness of the ]_llill'.tj is substituted for e to bring it to equal the
velocity the plate can actually stand.

But wrought iron is, after all, the most reliable basis of eomparison,
owing to variations in the quality of other metals; and we may add the
Tresidder formula, based on perforation of wrought iron:—

. P V3@

=

8163 x o

the notation being as above, except & means decimetres of wrought iron
perforable. In using this formula, plates are compared by their ©figure of
nierit,” which is e divided by actual thickness of plate. Cases in which it is
possible to compare the practical aceuracy of the formule are very rare.
One interesting instance was, however, reported from Essen as follows:

Messrs. Krupp had two plates of identical quality; one was 250 millimetres
thick, and was found to be just matched (nearly, but not quite, perforated)
by the 283-millimetre projectile of 233 kilogrammes, striking at 611 metre-
seconds. It was desived to exactly match the other plate, which was 200
millimetres thick, with the 210-millimetre projectile of 95.6 kilogrammes.
De Marre’s formula was employed to caleulate the striking velocity for this
purpose, and gave rvather more than 652 metre-scconds, which was the
observed actual striking wvelocity, but the shot went ecompletely through,

showing that 652 metre-seconds was too much. Tresidder’s formula would

have given 641 metre-seconds, or about 36 foot-seconds less.




THE MANUFACTURE OF ARMOUR PLATES.

FNHE large amount of research work resulting in the developments in the
processes of manufacturing armour plates, reviewed in the preceding
chapter, suggests that in the provision of plant for carrying out the work
corresponding enterprise must have been exercised; and an examination of
the establishment, and particularly of the rvecent improvements in plant,
supports this idea. We have already written about the open-hearth furnaces
for the melting of the steel used in the various departments of the works,
and there is no need here to refer further to these, except to remark that
the large furnaces of 40 tons capacity for armour-plate work are acid-lined.
The composition of the steel for the specially hard armour plates now

manufactured is of such a nature that great precautions are necessary up

to a certain stage, as otherwise there would be much risk of disintegration

of the mass. Thus, only a very short time is allowed to elapse between the
teeming of the metal into its mould, and the removal of the ingot for
treatment under the hydraulic press. During the pouring process, too, it
is necessary for men to continually stir the liquid steel with long rods, as
the melting point is so high that it is ready to seolidify almost immediately
the metal is at vest. When the mould, which is usually of 40 to 50 tons
capacity, is filled, it is allowed to stand for a certain time, according to ifs
dimensions, and is then stripped from the ingot, ere yet the steel has become
completely solidified in the interior. In this state the ingot is removed to
the re-heating furnaces, there to be prepared for going under the hydraulic
ram of 10,000 tons power.

These re-heating furnaces are of the bogie type, the bottom running on
rails, The ingot is thus easily lifted on to the furnace bogie by the crane,
after which it is run into the furnace. These furnaces are of sufhicient
capacity to take an ingot 20 ft. long and 12 ft. broad—a measurement which
has never yet been reached. One is fired with gas, the other with coal:
but experience has not shown any superiority in one system over the other.
As soon as the bogie is run into the furnace, the front is bricked up, and

a short time suffices to bring the ingot to the I‘l_'fillil'l'f] i‘(%tn]u-l':s.turi,- for

forging at the 10,000-ton press, illustrated on the engraving facing page 27.
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10,000-T0N HYDRAULIC PRESS, 27

i

This splendid hydraualic appliance was laid down in 1895 ; it is the
largest of its kind in this country, and is only equalled by one of the same
dimensions now at work in Ameriea. Its total power, 10,000 tons, is arrived
at by multiplying the area of the ram—which is about 4,000 square inches—
by the working water pressure of 21 tons per squave inch. This press is
in addition to three others now in the Atlas Works, and was provided not
only to enable the heaviest of ingots to be slabbed without undue loss in
heat, but also to insure a high rate of production and such a duplication
of plant as would preclude the possibility of any accident to a press
temporarily stopping armour-plate making.

The general eonstruction of this huge machine is very simple. It consists
of a heavy cast-iron erosshead at top and bottom, with four massive steel
columns, fitted with cast-iron protection slides, which act as guides for the
main ram. The cylinder is a steel foreing, and is jacketed, and the ram
is of cast iron with a cast-steel crosshead. The press is fitted with a pair of
horizontal edging cylinders of 2,500 tons power, for lateral squeezing; and,
running in line with the anvil, there are horizontal gantreys fitted with
hydraulic pushers. These are shown clearly in our engraving on the Plate
facing this page. This combination of hydraulic eylinders enables the ingots
to |

e handled quickly with the minimum of labour, and without any
chuck or other appliance being connected to them. The ingot is lifted direct
from the truek of the re-heating furnaces by one of two 150-ton steam
travelling cranes—there is one overhead on each side of the press—and by it
placed on one of the horizontal tables. The remainder of the work is done

by the hydraulic rams, with much more f;wilitu\' than is |>:).-'.silp|{;: with overhead

cranes pulling about porter bars attached to the ingot. Moreover, the .

movements are more precise and more under the control of the foreman
forger. The work of the hydraulic pushers is further facilitated by the
l‘ll‘::.\:iﬁiou of a system of live rollers l'i;__;ht up to the anvil.

The power for these great hydraulic appliances is developed by a

powerful engine of special design, one of the most efficient details being the
governing arrangement, necessary owing to the wide variation of the load
on the engine, which, in less than a minute, may vary up or down between
150 and 3,000 horse-power; yet, under such severe conditions, the mechanism
so controls the engine that one hardly realises that sueh enormous changes
are taking place. Steam is supplied from two of the company’s special
type of marine boilers ; nominally, these are of 1,200 horse-power capacity,
but the company’s system of induced draught and Serve tubes enables them
to meet without inconvenience the frequent, but short, periods of maximum

demand,—3,000 horse-power.

|
|
i




28 PRESSING AND ROLLING ARMOUR PLATE INGOTS.

The efficiency of the installation is most satisfactory. [ngots received
in the press shop, 42 in. thick, are in three heats reduced to from 12 in.
to 18 in., according to the finished thickness specified; at the same time
the edges are trimmed, the headers and the serap being cut up into pieces
of 15 ewt. to 30 ewt, ready for charging into the Siemens furnace again
for re-melting. During the time of the maximum demand for armour, two
ingots of from 30 to 50 tons weight were dealt with every 24 hours, giving
a production at the rate of from 20,000 to 25,000 tons per annum. A
]I];;‘]l tl{‘j_';]'i'L‘- of economy is realised i.!'lllu t}ll_‘. mechanical 1Jl!i!]t of \'Il_:\\'_
the steam consumption per unit of power being exceptionally low. The
engines work the press direet, without the interposition of accumulators, and
by automatic governing the power changes immediately in dirveet ratio to
the resistance offered, which again varies according to the area of metal
exposed to the forging tools and the temperature of the mass. The moment
the pressure is removed the governor shuts off steam, opening the valve
again when the necessity arises.

The inj_-;n,, reduced to a slab of not more than 18 in. thick, is taken
from the press to the rolling mill shop, and is once more re-heated, the two
furnaces provided alongside being able to take in plates 11 ft. wide. These
furnaces arve also of the bogie type. The truck, with the heated slab, is
run on an incline right down to the train of rolls; these are 36 in. diameter
by 11 ft. wide, and are driven by engines of sufficient power to deal
with plates ranging up to 22 in. in thickness. This rolling mill is

illustrated on the engraving facing this page. The plate leaves the rolls
when 1t is reduced to the approximate finished thickness, a little being
left in the majority of cases for surface machining—for the removal of the
rouch face.

In this condition it is passed to the hardening department, where it is
subjected to the first stage of the special treatment, and here it is rendered
tongh but not hard. This first operation requires the use of a furnace of
the bogie type, which can take plates up to 37 ft. long by 11 ft. wide, and is
constructed on the principle of the Siemens furnace, with regenerative chambers,
the current of gas and air being admitted from each side alternately. There
are four such furnaces, and they are heated by twelve Dowson gas producers,
built under ground level but with 2 ft. at the top above the surface, so that
the coal can easily be passed from a truck on to the firing platform at the
level of the tops of the producers. After being in one of these furnaces, for
a period of time varying with the thickness, the plate is chilled by means
of a sprinkler apparatus, as first designed by Captain Tresidder, one of the

Direetors of the company, and now adopted practically in all countries, This
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CHILLING PROCESS : MACHINE SHOPS. 29

apparatus is illustrated on the engraving (Plate IIL) facing page 6. The
appliance, it will be seen, is very simple: there is a bottom grid of perforated
water pipes, over which the armour plate is laid on supports provided with
spiral springs to insure that during the chilling operation the plate will be
uniformly supported, notwithstanding any irregularities of shape. A moveable
top with corresponding grid is provided for placing over the plate; this upper
part travels on rails, and automatically makes a water-tight conneetion with
the pump deliveries. The plate, in its heated state, having been placed over
the lower grid, the upper sprinkler is brought over it, and the discharge of
four large Pulsometer pumps is suddenly diverted to forece a supply of
water at 30 Ib. pressure through the network of pipes, and from the
numerous pin-holes thousands of jets of water impinge forcibly upon both
surfaces of the plate. This sprinkling eontinues for from half an hour to over
an hour, according to the thickness of armour being treated.

The plate 18 now ready for machining, but before this is done, it 1s “ sealed ”
by pneumatic tools working with an air pressure of about 80 1b.; each tool is
mounted upon a standard placed alongside the plate, so as to have a universal
swivelling movement, in order that the tool may work at any angle: any
number of tools may be used on the same plate at one time. The immense

rapidity and deafening noise of the stroke suggested to a humorous workman

a name for the machine, which, strange to say, is considered highly descriptive
though hardly polite—* the Missus’s tongue.”

The planing and general machining of the plate is done in one or other of
the six shops devoted to armour-plate work, and equipped with 83 machine tools
of immense size and power. The shops range up to nearly 600 ft. in length, with
a width of 60 ft., and the work is facilitated by the provision in each bay of a
crane of 50 or 60-ton lifting

L=

capacity ; eleetric power has gradually ousted
the original rope drive in all cases. A view of one of these shops is given
on Plate IL, facing page 4 A most important and tedious operation is
the planing of the surfaces of the plates: a practice still insisted upon by the
British Naval authorities, because, although it is admitted to have no influence
on resistance to attack, it is considered that the rough surface affects the speed of
the ship. There are in all 41 planing machines in the works, the largest a
serew planer capable of working surfaces 15 ft. wide and about 10 ft. high.
Several others take jobs 14 ft. wide. Some of these heavy planers are
shown on the illustration of one of the large machine shops, reproduced on
Plate XIIL, facing page 30. The new tools, as a rule, are serew planers;
the rack type is not approved of for such heavy work,

Many ingenious details to ensure economy will attract the attention of the

mechanie visiting these shops, apart altogether from the electric driving system
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which is the rvesult of much experimental work. One noteworthy feature in
connection with the planing machinery is a new method for raising and
lowering the cross-slides on the planers, without necessitating the continuous
running of idle pulleys. This is a great waste of power in ordinary practice ;
moreover, these pulleys are liable to seize and become fast pulleys at any
moment, involving the possibility of a serious breakdown, At the Atlas
Works, a swinging countershaft is attached to the wall below the line
shaft, with open and cross belts to two fast pulleys on the shaft of
the planing machine, which actuates the liftine and lowering of the
cross-slide.  This countershaft is driven by a belt from the line shafting
above it in the wusual way ; but as 1t 1s swung I'.\' means of a vertical
serew provided for the purpose, and is caunsed to approach some inches
nearer to the line shaft without appreciably aflecting its distance from the
planing machine, the belt between it and the line shaft continues normally so
loose that no driving and no wear takes place. When it is necessary that the
cross-slide should be raised or lowered, all that requires to be done is tomove the
swinging countershatt downwards by means of its screw, whereby the belt is
tightened and commences to drive.

Much the same principle is applied in connection with the traverse of one
of the large slotting machines. Fast and loose pulleys are usually fitted, the
latter running continuously ; but at the Atlas Works these are dispensed with.
Instead, a very loose belt is employed between the motor shatt and the machine
shaft that actuates this power traverse ; a jockey [m”v_y 1s ]rl'::\'iulwl on a hinge, so
that by pulling over a long lever, the machine attendant ean bring the pulley
into hard contact with the underside of the loose belt, thereby giving driving
tightness to it and causing the table to move. By this means, too, the machinist
can more l‘“‘l.!f'tllsl“{\' HI’-H]I the traverse at any lmilli ll.\' l'l'li'ilf‘*illl',_'" the lever.

Another improvement is in connection with the use of a magnetic cluteh
instead of shifting belts, for reversing the motion of side planers and slotting
machines. It has been usual in such cases to adopt open and cross belts, which
are shifted by a belt striker, so that each in turn comes upon the fast pulley ; but
belts continually being shifted in this way have a very short life. With the
magnetic cluteh, which is fast with the shaft, the open and eross belts are not
shifted at all, but the eluteh, which is wound upon both faces, ean have either
side energised as a magnet by the automatic movement of a small switch. This
magnetism causes it to adhere firmly to the loose pulley on that side, and so gives
to the shaft the motion due to the open and eross belt alternately.

But to return to the story of the progress of the armour-plate; after
||;L\'ET1;_F the surfaces }r]a]iw]. the :'11;_;'1'.4 trimmed, and other |1|:1:-]|illiltj_;' done,

the surface is subjected to a shot-blast operated by an air pressure of 80 Ib,,

1
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THE CARBURISING PROCESS. a1

which- drives a hail of very fine cast-iron powder (called shot) against the
surface of the plate, removing any dirt and giving a cleaning and polishing
action. This shot, it may be incidentally stated, is made by pouring cast-
iron, in a molten state, into a stream of water, which simultaneously pulver-
ises it and hardens each particle.

The plate is then ready for another, and important, process in connection
with the hardening—for eementation or carburising—which is ecarried out

Sporrrxe Macaixe Excacen v TroineG PraTes.

in special furnaces. These, like most of the armour-plate furnaces, are of
the bogie type, and are 22 ft. long and 12 ft. wide.

The preparation for carburising may be briefly described. The bogie,
which forms the floor of the furnace, is run into the furnace with, as
a rule, two armour plates upon it, and with their faces in direet contact
with earbon. The front of the furnace is bricked up, the fire lighted, and
the two plates are left in the fire for days, great care being taken to
maintain the temperature at such a degree that carbon will be absorbed

|




22 BENDING ARMOUR PLATESs.

to the desired extent by the front surface of the plates, The furnaces for
this carburising process are illustrated on the engraving facing this page.
Upon being withdrawn, each plate has to be bent to the required
shape to suit the lines of the ship or the barbette for which it is intended.
The press for this purpose is of 6000 tons power, and takes a plate 10% ft.
wide, There are three hydraulic eylinders, each 3 ft. in diameter, with

a working stroke of 3 ft. The water pressure is 2 tons per sguare inch.

R
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Bexpiyg Arvovnr 1§ 6000-Tox Hypravnio PrEess.

The press is supported by two side standards formed of armour plates,

7 in. thiek, 26 ft. high, and 9 ft. wide: they are bedded on ashlar stones

]FLI'] I]I l't}T“‘T‘i'.t[‘, (I-‘I]“ C‘\']i]-l‘lr.'l'-i"!, tlll‘ Ir'ams ()i.‘ ‘\'}]i(_’}l \\_[_I]'I\_ ‘1]‘!\\‘2.1“'.“;, are
supported on a base plate restine on bars fitted into the sides of the
standards. The adoption of three separate cylinders enables either

the centre ecylinder, or the two side ones, to be worked independently,
so as to economise water and time when less than the full pressure suflices
for the work. The three hydraulic rams have a common head, which weighs
about 35 tons. The plate to be bent is supported on packings suitably
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HYDRAULIC BENDING PROCESS AND 1TS RESULTS. <

arranged. Any desired variation of height, within the limit of the capacity of
the press, is attained by packing blocks being placed in slots in the side standards
to make up the distance, and to support the press-head at the level required.
The complete press weighs about 200 tons, and with all its accessories oceupies
a special shop.

The two sets of y s for maintaining t

Lhe two sets of pumps for maintaining the water pressure have each
three steam cylinders, 15-in. in diameter by 12-in. stroke. The pumps have
2-in. pistons, and 1.15-in. rams; their capacity is 30 gallons per minute at

22 ewt. pressure per square inch, or 10 gallons at 66 ewt. per square inch.

Surery ror Two 12-In. Guns MousTeEp oN DArBETTES.

The pumps work direct on the press. The accessories inelude a 70-ton
electric crane, with a 25-ton electric crane for lighter loads: while alongside
there are two reheating furnaces of the bogie type. The extent of bending
sometimes requived is indicated by the engraving on this page and on
Plate VIL, facing page 16.

There is a smaller bending press for dealing with thinner armour, the
total power being 2,000 tons. This is a separate installation, and can be used
for plates up to 6 in. thickness, so that it forms an important adjunct even to the
main armour-plate work department. The cylinders are 36 in. diameter and 3 tt.

stroke.




THE HEAT TREATMENT FOR HARDENING,

After the bending operation, the plate is taken to the machine :~']n:|: to have
its approximately final shape given by edge planers, slotters, and surface planing
machines—operations being carried out in the shop which is illustrated on
the engraving on Plate XV., facing this page.

The armour is next returned to the h.‘ll“]i'tl-lll_'_"' H]ll]il, Lo ('rll]l]llk'll' the
process there, The 1l|:1t-1' 18

re-heated in gas-fired bogie furnaces already
deseribed, and when brought

to a certain uniform temperature, is dipped
vertically in a tank of oil, of
containing 40 tons of oil, and
cireulated.

After the oil

which there are two in this department, each

surrounded by a jacket in which cold water is

bath, the plate undergoes further heat treatments, and
the inevitable warping thus oeceasioned has to be corrected by the 6G000-ton
bending press. After the final heat treatment, change of form can only be
given in one direction, as

without breaking it. To meet this condition, the tendency in originally

bending a plate is to err on the side of

it is lllliti' i\ll}:l!h.‘-‘”llh to streteh the hard face

increased convexity, so that, in
flattening out the plate subsequently, the front surface will actually be
compressed instead of stretehed,

At various stages of the process the p]:t.l_q_- is subjeet to very close

examination, and test pieces are taken from it to make certain that it meets
the required condition. After its cementation
ascertain by analysis the amount of earbon
page 10.

treatment, holes are drilled to

taken up, as alluded to at

The maintenance of a steady and correct temperature in the furnaces

employed for the heat treatment is of such great importance, that records have

to be taken every half-hour day and night. Many different types of pyrometers

||=1\'v F!L._‘i'” ll'ii'il, Illl[ l’x]h’l'il_‘nﬁ‘i_‘ has .‘é}lt_r\\'n L]m[, “H_! Hi]llll]vn{. lIll_'tIl[Jl_] ]n'ﬂ\'l_"]

conducive to the oreatest accuracy. The system of t.l-l||1u-|‘.-1.t.1n'1-—l,:1kin_i_" HOW

adopted is to place in the furnace a hollow eylinder of metal, whose weight

is first accurately determined with a chemical balance; when this has attained

the temperature of the furnace, it is dropped into an exactly-measured

quantity of water; and the extent to which this water is heated, shown

by a thermometer and scale suitably divided, indicates to the attendant

whether the temperature of the furnace is maintained at the correct
l|(‘.g]‘l"l‘.
When the shape of the plate has been corrected to conform to the moulds

or patterns supplied to govern it (such patterns being in requisition at

various earlier stages as well), it is taken to the erecting shop for fitting
to its neighbours.

Some idea of the extent and equipment of this shop

will be formed by reference to the engraving on Plate VII., facing page 16

Ly
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DRILLING HOLES,

-
o

illustrating the building of a barbette on the floor, and by the illustrations
on pages 33 and 37. ;

Afterwards, holes are drilled and tapped in the back for the bolts by
which the plate is finally to be attached to the ship’s side. The engraving on
this page illustrates one of the splendid tools used in this work. These

MacHise ror Drinnose axp Tarrine Hores v Back or Armour PraTes.

bolts, which are of speecial form, are inserted from the interior of the ship,
passing through steel plating, wood backing, and into the back of the
armour. The company have recently reconstructed the department where

—

these armour-plate bolts, nuts, and washers are made, so as to ensure not only

efficient results but rapidity of manufacture and economy, many of the
| tools being automatic in their action,




GRINDING EDGFES OF HARDENED PLATE.

The plates, after they have passed through the successive processes
described in the preceding pages, are as hard as the hardest tool, so that
ordinary machining is impossible; and thus any trimming that requires to
be done is earried out with special grinding machines, one of which is illustrated

on this page. These tools are arranged so that they may grind a plate set at
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BrpcrrRicATLY-DriveN Grinpiza MacriNe ror Trivse Epces oF Harpengen PLATE.
any ang]:--.; and some idea of their size and power may be formed from the fact
that the electric motors driving them at a high speed arve frequently heavily
overloaded, although of 40 horse-power. When it is necessary to alter the
surface of the hardened armour-plates, this is done by portable emery
wheels driven by eleetric motor through a flexible shaft.

Most of these modern ship-plates require a large number of small holes in




FINISHING ARMOUR. f

their face for the attachment of torpedo-booms, pipes, &e., and these holes have
to be made oceasionally after the plate receives its final hardening, while even
larger holes sometimes require to be made at the same late stace in the

manufacture. For this woerk, electric annealing plant is employed to locally
soften the spots where the holes are to be drilled. This plant consists of an
alternating current generator, its exciter, and a stationary transformer. It
is driven direet by a 40-horse power motor, and provides an alternating

current of 100 amperes at a pressure of 300 volts. This current is passed to

Erecrine A& Barrrnesare’'s BrROADSIDE ARMOUR.

the transformer which constitutes the annealing apparatus, It has two large
copper pole-pieces, which are kept from getting unduly hot by water circulation.
The voltage is reduced in the transformer from 300 to 3, and the volume of
current increased from 100 to 10000 amperes, sufficient to rapidly cause a
red heat when passing across a portion of the plate from pole to pole of the
transformer. The heat is maintained for a few minutes after it has reached
a point sufficient to set fire to a stick of pine, and then the current 1s
gradually reduced to allow the heated spot time to cool, without recovering
hardness from the chilling effect of the surrounding mass. The whole operation
only takes a few minutes. It is then found that the spot between the poles

K




38 ERECTING SHOP,

of the transformer—2 in. or 3 in. diameter—has been rendered soft enough to
drill, but the points where the pole-pieces have actnally rested are even harder
than they were before.

The erecting shop has a floor of planed iron plates, and is 217 ft. long l:_\,-
48 ft. wide, the height being 40 ft.; a 50-ton travelling erane does the work of

manipulating the plates. It is one of the four large shops recently added

to the establishment, and is used for putting together the belts, casemates,
shields, conning-towers, &e,, so as to make certain of perfect fit of each plate

to its neighbour before being sent to the shipbuilding yards. The iron

plates forming the floor rest on concrete foundations so solidly laid that their

level has not been thrown out by the huge concentrated weights they carry.

It will thus be seen that, from first to last, creat ingenuity and

experience, as well as enterprise, is called for in the arrancement and
equipment of an armour-plate department, so as to secure reliability as well

as economy in the manufacture of armour,




FORGINGS FOR GUNS AND ENGINE SHAFTS.
FIW'H superiority of the hydraulic press over the steam-hammer for forging

- large work has been much discussed for many years,and the importance
of the issue has been intensified by the steady incrcase in the size of shafting,
alike for warships and for Atlantic liners. The power to be conveyed to the
propeller through one shafting has now reached 20,000 indicated horse-power,
while 10,000 to 15,000 indicated horse-power is quite customary; so that the
ingots to be forged may require a diameter of 60-in, and more. The largest
steam-hammers which may be constructed can scarcely exert a force suflicient
to work an ingot of such proportions to its centre; and thus, through force
of circumstances, the forging press has become practically a necessity for
high-class work. But even apart from this, the gradual squeezing action of
the hydraulic press is for all purposes more effectual and less severe on the
metal than the sudden blows of a hammer. With hammered shafts unsoundness
has often been found in the eentre and underneath the collars, due largely
to the “drawing ” tendency of the hammer; whereas with hydraulic forging
the continuous pressure has preeisely the opposite effect, and tends to solidify
the metal.

When forging operations on a large scale were commenced at the
Atlas Works in 1887, the company laid down a forging press of 4,000 tons
power, served by two 150-ton overhead cranes, and among the first orders
secured was one for the shafting for H.M.S. “ Melpomene,” and the Hamburg-
American Atlantic steamer “ Normannia.”  Since then, with but short
interruptions, this department has been working day and night on shatting
and on gun forgings.

The largest shaft yet made in this country for a land engine was

completed by the company in 1901, It was a crank-shaft of over
80 tons weight, for the engine of an electric traction station. A

general indication is afforded of the size of the shafts completed in
this department by the illustrations on Plate XVI., facing page 40. These
two views show shafts in the process of being turned in hecavy lathes.
Both shafts were made for electric machinery —one being an ordinary
crank shaft, with a straight length for carrying the generator. The




40 SHAFTING FOR MERCHANT AND WAR SHIPS.

diameter in this case is 24 in., and the total weight of the shaft, as shown
in the engraving, is 22 tons. In the other illustration, the cranks are of
the dise type, and the lathe is shown simultancously boring the holes for
the pins of two dises. The total weight of this shaft is 82 tons.

Of marine shafts a very good example is given on the illustration on
this page, which shows a four-erank shaft for a modern steamer, the twin
engines of which were designed to develop 30,000 indicated horse-power.

The governments for whom shafting has been made include the British,

._Fn.]nm:um-, French, Russian, and Spanish. Amongst the ships of note in the

Crang SHAFT ror Four-Cyrpizper BExcine v Larme,

merchant marine with John Brown and Co’s shafting, mention may be
made of the Hamburg-American Company’s twin-serew steamer “ Normannia ”
the Peninsular and Oriental Co.’s liners “Australia” and “ Himalaya”; various
South African mail boats; the International Co.’s twin-serew liners “Vaderland”
and “ Zeeland”; and the Orient-Pacific liners “ Orient” and * Orontes.”

In view of the fact that the 4,000-ton forging press was commenced when
there was little experience in the mechanical world of such hydraulic appliances,
the Atlas plant has proved most satisfactory ; but in order to avail themselves
of the extensive improvements since effected in this branch of engineering,
the company decided, at the end of 1900, to establish a completely new press

department, embodying all modern aceessories. The older press continues
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THE NEW FORGING SHOP WITH 3000-TON PRESS. 41

to do gu_‘lut] work ; but there is a ];n'l__l;c demand for (_",t_!l]ll}?ll'.a].K‘l\'t,’.!y small i'.lJl‘lg"illlf._r:.‘-'\,
which lose their heat rapidly and require a very quick-acting press, and for
these the new equipment will be specially utilised. This new equipment has
many interesting features, all tending to ensure efficient results.

The new forging shop, of which a view is given on Plate XVIL, facing
page 42, consists of two bays, 180 ft. long, with a span in each case of
60 ft. The whole of the ground floor is commanded by two cranes of
over 100 tons capacity. Electric power is adopted for traversing the crane,
while hydraulic mechanism, with heavy and light purchases, is fitted for
lifting the loads. Hydraulic gear manipulates the forging when it is being
worked in the press. This latter arrangement was adopted, as it is of
primary importance in connection with rapid forging to seeure that instantaneous
movement which hydraulic power gives. Both cranes are controlled from
the _-g“ri)mll.[ level, there being three positions in the shop where one man
can direct all the movements of each of the cranes, The hydraulic power
for operating the cranes is obtained from engines, entirely independent
of the press pumps, and is transmitted to the crane through a system of
walking pipes placed on the outer portion of the crane gantrys. Such
walking pipes have frequently been used up to the moderate lengths
of 40 ft. to 50 ft.; but there is, in this case, a special arrangement of
walking pipes eovering a distance of 150 ff., enabling the cranes to operate
over a very much larger area than has hitherto been customary. The new
forging department is in close proximity to the Siemens furnaces, and
the ingots are delivered therefrom direct by railway wagons. The press
cranes are so arranged that the block hook comes within a very short distance
of the centre of the press, which facilitates rapid manipulation of the job,
and avoids the use of excessively heavy balance weights.

The press, which is well shown in the engraving on Plate XVIL, facing
page 42, has a power of 3,000 tons, there being two hydraulic eylinders, 28 in.
in diameter with a 5-ft. strolke, working at a pressure of 2} fons per square
inch. The top and bottom entablatures, as well as the cylinders, are steel
castings, and the columns are steel forgings. The press is very rapid in its
work, upwards of twenty-five strokes per minute being easily attainable. The
main hydraulic pressure is supplied by a three-cylinder high pressure pumping
engine in close proximity to the press, and working direct without an aceumu-
lator. An air-vessel is fitted to maintain a constant pressure and supply of
water to the suction-valves, and thus there is the minimum of noise and vibration,
when the engines are running under full pressure at the high rate of 100

revolutions per minute. The periods during which the maximum power 1s

applied to the press ave very frequent, owing to the rapidity of its operation;
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but they are of very short duration. The load on the engines is thus a severely
varying one, alike as to degree and frequency; but the governing arrangements
are so effective that the influence on the speed of the pumping-engine is reduced
to the minimum,

The press is fitted with special hydraulic pushers for working hollow

forgings, such as gun-tubes, cylinder-liners, &e., as with such jobs especially

good results are obtained by a rapid stroke. The work of forming such hollow

ONE oF THE MAcHINE SHOPS rorR COMPLETING SHARTS.

forgings possesses some special features. The ingot-head is cut off in the lathe,
and a hole made through the centre in-a horizontal machine by a D-bit. The
ingot is then re-heated in a furnace at the forge, and afterwards conveyed to the
press anvil on the mandril on which it is ultimately to be forged. The forging-
press draws the ingot down on the mandril, the job being supported meanwhile
from the hydraulic crane. Portions from 5 ft. to S ft. in length are thus forged
at each heat, and hollow ’r'n‘.l'j_{in;_fﬁ \';ll'_\'ing' in h.-ngl‘h up to 50 ft. have been
produced by the company with very satisfactory mechanical results.

The machine shop associated with this forging department consists of three
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LATHES FOR CRANK SHAFTS. 43

bays, two of them 160 ft. long and 35 ft. and 31 ft. wide respectively : while the
third is 194 ft. long and 52 ft. wide; the height of 84 ft. enabling the 70-ton
travelling erane to conveniently manipulate the immense jobs undertaken with-
out interfering with the work being done on the floor. One of the bays of this
shop is illustrated on page 42, and this view, together with the engravings
on Plate XVL, and on page 40, demonstrate that the shops are well equipped
with the heaviest class of machine-tools, nearly all the well-known makers
being represented in the department. There are about fifteen lathes, varying
from a length of 80 ft. by 48 in. centres to a length of 50 ft. by 66 in. centres,
and all are triple- or quadruple-geared. Some of the tools recently introdueced
have exceptionally wide pulleys for high-belt speeds, in order to obtain the
necessary power for utilising to the utmost the special tool-steel made and
used by the company for heavy cutting at high speed. The boring machines
are of massive proportions: a 15-in. hole ean be bored out of the solid to

form a gun-tube, at a speed of 1 in. per hour. The boring of shafts with

holes of 8 in, to 10 in, diameter is done at the rate of from 3 in. to 5 in.
per hour.

Amongst the interesting tools in this department is the crank “pinning”
machine. When the Admiralty and some foreign governments commenced using
double-throw crank-shafts in large engines, so as to bring the balancing forees
of the reciprocating parts as near to each other as possible, with the view of
veducing vibration, it was found impossible, in turning the erank-pins in an
ordinary lathe, to overcome a certain amount of spring which made it difficult
to maintain true centres. A large erank-pinning machine was therefore erected
at the Atlas Works at great expense. In this machine the erank, instead of
rotating, as in the ordinary lathe, lies in a rigid position while the cutting
tool rotates ; and thus the pin ean be made absolutely round and perfectly true
with the axis of the crank in every direction. This splendid tool consists of
longitudinal and cross-girders, supporting a large frame free to be moved along
the girders and fitted with an internal wheel, carrying the tool-boxes. These
boxes ean be advanced to, or retired from, the erank-pin centre, and at the same
time are narrow, so as to be able to work between the ecrank-webs. The erank
rests upon, and is bolted securely to, the gil‘:lm.‘.‘.ﬁ of the machine; while the
wheel revolves and the tools operate on the pin and on the ends and sides of the
web without necessitating any re-setting of the job.

The other tools of the department consist of several large slotting machines:
one of them ]1;|,\'ing a stroke of 8 ft., and the necessary dl'ming and \.;Orin;::"

machines. Special loading arrangements are provided for the despatch of the
productions,
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MARINE DEPARTMENT.

FPYHE Atlas Works have long had a close association with marine un;;im-{‘rin_f__:,

apart altogether from that developed in connection with the manufacture
of armour-plates : a rvesult probably attributable to the tendency towards
research work in connection with steam plant and machinery generally
Experiments with the boilers in the works, in order to reduce as much as
possible the smoke nuisance, led My. J. D. Ellis, the Managing Director,
and the Company’s engineer, to design a system of mechanical draught
which, insuring more perfect combustion—the primary solution of the smoke
problem, necessarily added to the efficiency of the steam generator; and
this, the Ellis and Eaves system of induced draught, is now largely applied
on shipboard as well as in land stations. The outstanding features of the
arrangement are the placing of an exbausting fan at the base of the funnel
to induce draught, and the interposition of an air-heating system between
the smoke bhox and the fan inlet, so that a large proportion of the
heat in the waste gases is utilised to raise the temperatures of the incoming
air, which passes a](mj_: ducts |>1&tl:(‘.t] on either side of the smoke box, and is
discharged both above the fire-bars and through the ash-pit into the fire,

The arrangement secures all the general advantages of mechanical draught,
and has several additional recommendations peculiar to itself. With a well

designed and carefully proportioned boiler—and Messrs. Brown wisely lay down
conditions under which the maximum efficiency is assnred—it is possible to add
to the generating capacity per unit of weight and size of boiler to the extent of
from 30 to 40 per cent., giving a proportionately higher horse-power for a given
weight, or reducing the weight for a corresponding horse-power. There is also, as
we shall presently show, increased economy ; and it is usually possible to burn an
inferior quality of coal than where natural draught is relied upon. In the closed
stokehold system of forced draught there is the great disadvantage that all
ingress and egress is stopped ; while in passenger ships dust is driven out of the
stokeholds through the decks and into the cabins, owing to the high air pressure
in the boiler compartment. The induced hot-air feed not only overcomes these
objections, but ensures a more perfect combustion within the furnace, as hot air

unites more freely than cold air with the gases given off by the fuel. There is
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thus less chance of the gases finding their way up the funnel without ignition
within the boiler, which means that there is a considerably reduced quantity
of carbon emitted from the funnel in volumes of smoke. Again, less of the
heated air is required per pound of coal consumed for complete combustion
than when cold air is used. It is possible, also, that the draught in the
closed stokehold system, travelling in pockets of cold air, may do harm to the
junction of the tubes and tube-plate, owing to sudden variations in temperature ;
but with heated air there is no possibility of such injury. In the Ellis and Eaves
system, with an induced, instead of a forced, draught, there is no tendency
of dust to be driven into the stokehold from the ashpits or through the
fire-doors and smoke-box seams; nor is there any likelihood of accident to
firemen from the opening of doors without due regard to air-pressure valves.

In earlier arrangements of induced draught, one great obstacle was
that the high temperature of the furnace gases at the base of the funnel
destroyed the fan, but with the Ellis and Eaves system this disadvantage is
overcome by the abstraction from the waste gases, before they reach the fan, of
a large proportion of their heat, which is then used for raising the tempera-
ture of the air delivered to the furnace. Thus, in one instance, where the Ellis
and Eaves arvangement is fitted, carefully collected data showed that while the
temperature in the stokehold was 74 deg., the air drawn from the stokehold
through the air-heating system for use in the furnace was raised to
350 deg. ; while the temperature of the waste gases, which, when measured at
the smoke-box was (50 deg., was reduced by passing first through steam

o

superheaters, and afterwards through the air-heaters, to 380 deg. There

was
thus absorbed from the waste heat going up the funnel, 275 deg., which was
converted into useful work—(1) in the superheating of the steam ; and (2) in
the heating of the air before it entered the furnace to assist combustion.

These results were obtained on board the S.S. “Inehkeith,” which has the
Ellis and Eaves boiler system, and has in combination with it superheaters for
increasing the temperature of the steam driving quadruple expansion engines.
3y this arrangement, probably the highest economy in steam propulsion yet
realised was attained, and the results are therefore of interest. The “ Inchkeith”
has a dead-weight carrying apacity, when loaded, of 5700 tons, and when
steaming on the North Atlantic at 1259 indicated horse-power,the coal consump-
tion per hour was at the rate of 0.98 Ib. per unit of power developed by the
main engines throughout the prolonged trial. The quantity of water evaporated

from and at 212 deg. Fahr. was 12,72 1b. per pound of coal, 82 per cent. of the
calorific value of the fuel being utilised, showing that the efficiency of the

boiler, as a steam-generator, was exceptionally high. In ordinary practice,

i.e., without superheating and with triple-expansion engines, the results have
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48 ECONOMY OF FELLIS AND EAVES INDUCED DRAUGHT.

proved almost as satisfactory, the coal eonsumption being 1.3 1b. and 1.4 Ib. per
unit of power in certain cases. As to the increased rate of eombustion, it is
found that in Atlantic liners, 28 1h. to 30 Ib. ecan be economically consnmed per
square foot of grate, in intermediate steamers 25 b, and in ocean “ tramps ”
20 1b. to 22 Ib. per square foot of grate.

The arrangement of the induced draught appliances on board involves
the least inconvenience. While the fans are placed in the uptake, their
driving engines are removed entirely from the stokehold. As a rule, they
are placed on a platform in a recess in the encine-room, so that they are
always in view of the engincers: the shaft from the engine to the fan is
well supported with water-cooled bearing blocks. The system, too, admits
of an easy regulation of the draught to secure the required rate of combustion
for any quality of coal used : the passage of air to any one furnace can
be temporarily shut off to enable the furnace to be eleaned; and the pressure
of air may be increased .-'{3|1:|.|'.-|.1.1~1.\' in any boiler, to ecompensate for one boiler
being temporarily shut down for repairs. In addition to the induced dranght

drawing all dust with it into the boiler, it promotes a cirveulation of air

down through the ventilation cowls, so that the temperature is, as a rule,
cooler in the stokehold than in the engine-room. Recently the Ellis and
Eaves system of induced draught has been applied to both Lancashire and
water-tube boilers, with most marked success as regards increased economy,
steam-producing capacity, and freedom from smoke.

With the adoption of the Serve tube, which is another of the manufactures
of the Atlas Works, and is formed with a number of internal ribs, oreatly
increasing the efficiency of the tube surface, the ratio of heating surface to the
grate area may be very considerably redueed, and the size and weight of the
hoilers lessened. A combination of the Ellis and Eaves draught system with
its economy, and of Serve tubes with their high steam-generating efficiency, is
doubly advantageous in the case of channel steamers and ocean liners, where
space as well as weight must be economised to reduce the size of the ship and
its displacement tonnage, or to add to the accommodation for passengers.
The eombination gives the same volume of steam for over 30 per cent. less
heating surface ; the saving in weight per 10,000 indicated horse-power
being about 140 tons. As every square foot of passenger space on an
Atlantie liner is worth much, the importance of this reduection is at once evident.

On pages 46 and 47 there is reproduced seetional diagrammatic drawings
of two boilers, one construeted on the ordinary systems for natural draught,
and the other, on the same scale, for Ellis and Eaves dranght and with

Serve tubes: and the seetions, in juxtaposition, show at once the economy

in space oceupied, while the fioures eiven indiecate the difference in
1 [ =] o
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weight per horse-power developed. The diameter of the ordinary boiler is
15 ft. 6 in, as compared with 12 ft. 6 in.in the case of the company’s steam
generator; the relative heating surface being 2072.6 square feet and 1230.6
square feet, and the ratio of heating to grate arca 29.8 to 1, as compared with
28.7 to 1, but all the important dimensions are given on the diagrammatic
drawings reproduced. The only explanation necessary is that while the arrows

marking the course of the products of combustion have single heads double
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heads are given to those indicating the flow of draught from the fans
through the air-heating tubes and the ducts at the side of the boiler to
the furnace and ashpit. ;

The boiler furnaces, constructed at the Atlas Works, are of a type
which Messrs, John Brown and Co. commenced to manufacture in 1885:
the first of these Hlues were fitted with plain ribs about 9 in. apart, the
intervening space being straight. Thus the metal was thickest and its stnm;;l-th
oreatest at the point of largest circumference—an arrangement which
offered great resistance to collapse. About 1896, a further development

M
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was made in the design, the intervening space between the ribs being slightly
curved to reduce longitudinal stiffness. A third improvement was made
in the section in 1898, to make the change from the thickest part to the
thinnest part more gradual, the eurve from the apex of one rib to the apex
of the other being of uniform radius, forming a camber. A fourth modification
has been made in the form of the rib, while maintaining that straight line
of the original flue which facilitated the work of stoking, and a fifth modifi-
cation has been introduced to combine the advantages of the eambered type,
number three, with a ;__ﬁl':ulu:\.l[\' increasing thickness. The sections rv]urm]tl(rt‘n]
on page 49 show the progressive steps whereby a uniformity in the thickness
of the metal is now obtained, giving a gradually thickening rib, ensuring
equable expansion and contraction, with the maximum of strength.

The plant for the manufacture of these Hues includes many speeially-
desiened appliances, the whole aim being to minimise stress upon the metal
and ensure absolute reliability. 'T'he ingots are usually cast in sizes to
enable two tlues to be rolled from each ; they are slabbed down in the roughing
mill, and the finishing rolls form the ribs. Both mills are driven from

the same engines as the armour-plate rolls, and the reversing gearis worked

by hydraulic power. Cranes of 10-ton and 20-ton lifting power serve
the mills, whiech have other useful aceessories, including a pair of shears with
14-ft. blades for cutting the plates after they have been rolled. The plates
thus cut to approximate dimensions arve taken from the mill into the flue
department, a building 358 ft. long, with two spans each 43 ft. wide, and
with a height of 26 ft. A corner of this shop is shown on one of the
engravings on the Plate facing this page. There are here ten eranes ranging
up to 8-tons power, conveniently arranged alongside the several machines used
for completing the flues. Two flue-plates are first placed back to back under
a slotting machine, and shaped at the ends to be tlanged ; this work is done
in pairs, so that the plates will formm right and left-handed furnaces respectively,
The pieces cut off the plates at this operation are used for test purposes by
the engineers of the company’s customers, and by examining boards, such as
the Admiralty, the Board of Trade, [1[[]_\'IIH‘ Jritish (.‘-l)]‘ljil}'?ltiﬂll. Bureau
Veritas, Germanischer Lloyd, &e., all of whom grant the highest formul:
for the (‘dlrI]}l:l-TI_\'1.‘-§ furnaces, &e.

The 11‘|.‘l[t'.‘-’- are then bent at an hydraulic press—one of the Hl}{;-(j'.i;ll

appliances of the firm. This machine consists of a table carrying adjustable

ribs, on which the part of the plate to be bent rests, while under it are
three eylinders used in the bending uln_’]‘ait.inn. A “fuller,” or heavy bar, is

fixed rigidly to the framework of the machine, but is removeable for the

withdrawal of the flue when curved. The flat Hue-plate is placed between the
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fuller above and the supporting ribs below, and the latter, rising by the
operation of the hydraulic power, bend the plate in sueeessive widths to
a curve, the radius of which is reculated by the distance apart of the
supporting ribs and the duration of the pressing action. As soon as the
curvature conforms to the template prepared, the pressure is removed,
the plate advanced to bring a new portion under the fuller, and the bending
operation repeated.

Thus formed to cireular shape, the flue is taken to the welding machine.
The edges to be welded together are cut on the bevel, but at the ends of
the flue, where flanges have to be formed for connection with the front of
the boiler and with the combustion chamber at the back, square edges ave
left, while at the same time the thickness is there slightly greater than in the
ribbed portion. The weld is made with a glut in the ease of the ribbed
flue, and cambered. The welding machine is a ecleverly-devised tool, and
is illustrated by one of the engravings on the Plate facing page 50. The
anvil is carried on one large bracket, the steam-hammer over it on another :
and arrangements are provided to enable any length or diameter of flue
to be supported immediately on the anvil, the position of which is fixed.
Thus, for lateral movement the platform on which the flue is ecarried
can be traversed by means of gear on the rails placed under the floor level.
For vertical movement, to suit different diameters of flue, the platform with
rails, &e., can be raised or lowered, and for rotary movement side-bearing
wheels are fitted to the movable platform. Both of the arms ecarry gas-
furnaces and blowers, coal-gas being preferred because it 1s considered “easier”
on the material. For the purposes of this process, there is a large coal-gas
producing plant within the works, with all the auxiliaries, including retorts,

yurifiers, and two ocas-holders with larce storace capacity. The
] 2 o = = o
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in the welding machine is perfectly mixed within the blower, and not

at the point of contaet, as is the usual praetice—a difference in method
which tends to more uniform temperature at the point of welding. The
hammer is operated by steam, and the work is very quickly and effectually
carried out, the tflue with its earriage being traversed along immediately under
the gas-fires and hammer.

The flueis next taken to the rounding machine, also operated hydraulically.
This tool has a central columm, against which the flue is pressed by suitable
shaping blocks conforming to the various flue sections. The outside block

is given a reciprocating wmotion by hydraulie eylinders, and the pre

sing of
the flue in this way against the inner eolumn, takes out any irregularities
due to welding, &c. The heat at which this shaping operation takes place

is between 1100 deg. Fahr, and 1200 deg. Fahr. The flanges for seeuring the
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flue to the shell-plate and combustion chamber are next formed in hydraulie
presses. The flue is then trimmed to its exact dimensions by cold band-
saws, with specially-designed tables which can be moved in any direction,
radially, wvertically, or horizontally. Slotting machines of special design
are used to trim edges which it is not possible to reach with saws. The flue
is pickled at a suitable stage in the proceedings, usually before flanging
and dressing ; and after this operation it is finally annealed in an upright
furnace with a movable truck Hoor. The furnace is air-cooled, so that
there is no chance of alteration in form. Thus completed, the flue is passed
to the boiler-maker.

The maximum width of plate worked into flues is 10 ft. 6 in,, which
constitutes the length of the Furnace, while the maximum internal diameter

of the finished furnace is 54 in. and the minimum 26 in. The plates range

from 7 in. to 23 in. in thickness. Board of Trade test results show that the
breaking loads of the material per square inch range between 25.89 bons with
an elongation of 30.5 per cent. in 10 in. and 28.06 tons with an elongation of
27.3 per cent. under normal conditions. Board of Trade requirements are
from 26 to 30 tons, with 20 per cent. elongation.

Serve tubes, to the efficiency of which we have already referred, were
introduced in 1888, and are manufactured in sizes varying from 3} in.
upwards for marine purposes, while for locomotive purposes the sizes recom-
mended are from 2} in. to 2§ in. These tubes arve very largely adopted, not
only in British ships, but in the French Navy and Merchant Serviee, and
in several of the North German Lloyd vessels. The shop for the manufacture
of these tubes is 234 ft. long, with three bays, giving a width of 134 ft. and
a height of 26 ft. The tubes are rolled from slabs with special rollers for
!‘rrl'hlilif_"' the ribs. To pn-pza,r:-. the tube for \\'t.']llill_'_L', there are l.I‘HlllEn't—
shaped funnelled rollers, with a special mandril having grooves to suit the
ribs of the tube. The welding is also done in the tube mill, after which the
tube goes through a mangle for straightening and smoothing it. It is then
eut to length, bored at the ends to remove the ribs for a short distance so as
to enable it to be expanded into the tube plate. In the ease of stay tubes
the ends are further staved up by an hydraulic ram, while the tube is secured
by two dies at top and hottom. Stoppers are also made at the Atlas Works
for closing the tube when necessary, and speecial serapers are provided with
groves to fit the ribs. These latter are made in two pieces, welded together
at one end, and plied out at the other with slots to suit the ribs,

Another notable marine auxiliary is the Van Ollefen lifting gear for
doors fitted to water-tight bulkheads in maehinery and other compartments of

steamers. The I'HI'_:'P-'l\i]I.'_{' on the IJIJllle-l[l‘ page shows the _‘_"1’II“I'?I1 mechanism, It
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SHIP BULKHEAD DOOR GEAR.

consists of a rack and pinion, ratchet and pawl, with brake-gear, and is made
partly of malleable iron and partly of steel, and machined in the usunal way.
It will be seen that the pinion wheel for operating the rack, secured to the
vertical door, is mounted on the same shaft as the ratchet and brake-wheels, and
that this shaft is operated by a hand-wheel, which, however, is not shown on
the square end of the shaft prepared for it. In opening the door, the brake
is first put on lightly, and while the hand-wheel is turned, the pawl prevents
the door from dropping backwards. The door being fully opened, the brake

is serewed tight, and a safety-pin is placed in position, through a series of

Van Onceren's Liprmve Grear ron Warertionr Bvikaesn Doors.

holes in the various wheels whereby the brake-wheel and rack are locked.
The operation of closing the door is preceded by the removal of the safety-pin
while yet the brake-block is firmly screwed against its wheel. A turn of
the shaft clears the pawl, which can be withdrawn by its spring being
released ; and the working then of the brake-wheel regulates the speed at
which the door is to be dropped; the complete release of the brake causing
the door to fall instantly. The gear is made to work right- or left-handed :
that illustrated is for left-hand. One advantage of this Van Ollefen system
is, that should a piece of coal or other obstruction prevent the door from
completely closing, the automatic mechanism does not interfere with the door
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being forced down by stokers, or others in the vicinity, working the
wheel operating on the pinion-wheel shaft,

Several other marine specialities are manufactured by the company in
addition to these deseribed, ag, for instance, steel chequered plates for engine

eylinder tops, engine room and stokehold Hoors, plates, companion ladders, &e. ;

but it is searecly necessary to refer to these in detail.




RAILWAY MATERIAL.

["1.' was for the production of railway material—wheels, tyres, axles and

springs, as well as rails, &e.

that the Atlas Works were first organised ;
and although other departments—mnotably armour-plate manufacture, the forging
of shafts, guns, &c., and the making of the accessories of marine engineering—
have long since developed an importance which far surpasses that associated
with the original productions, a great volume of railway work is still done
and must continue, in view of the popularity of many specialities produced
by the company. The annual production of railway materials, including
castings, totals 20,000 tons, and embraces all types of tyres, engine and
wagon axles, eranks, erank-pins, slide-bars, piston, coupling, and connecting-rods,
laminated springs of every deseription, buffers with volute, conical, and spiral
springs, rope pulleys and mining wheels, and many different forms of forgings
and castings. For this work, in addition to the open-hearth foundry, there
are several shops, the most important, perhaps, being that in which the tyre
mill is placed, together with the steam-hammers. This building is 193 ft.
long, with three bays of 59 ft., 46 ft., and 58 ft. span vespectively, the height
of the roof being 27 ft. There are several cranes, ranging up to 10-tons
capacity, all driven by electric power. Many of the 30 steam-hammers
in the works are utilised in connection with this department.

Tyres for railway and tramway vehicles, I'L'*l)l'r"Ht!lll.illg in their finished state
an ageregate weight of close upon 5000 tons, are made each year. For the
casting of the ingots, which are now square in form in place of the once universal
cheese shape, several moulds are mounted upon a cast-iron bhed fitted with
i central funnel, into which the metal from the open-hearth furnace is teemed,
and from which it Hows through fire-brick channels to the bottom of ecach
ingot mould, whence in filling it rises to the top. This arrangement obviates
the chances of blow-holes forming in the centre of the ingot. Chemical
and mechanical test-pieces are taken from each cast, and if the results are
satisfactory, the work of manufacture proceeds. The head is cut off
under the hammer, and the weight of the ingot taken: it averages about
IS ewt. After being reheated in one of four furnaces adjoining the tyre
mill, the ingot is forged down under an S-ton hammer to a round bloom, a

N
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central hole is punched, and through this a mandril is put for eonvenience in
subsequent manipulation. This is the operation in progress under the steam
hammer in the foreground of the upper illustration on the Plate facing this page.

The bloom is next hammered round its edee to consolidate the metal,
and to ensure that the edge will be concentric with the hole. It is then
placed on a “beak horn” under the hammer, while suitably shaped tools
roughly form the fHange, the diameter of the hole in the same process
beine  inereased. The hammer in the distance in the upper view on
Plate XIX. is shown forming the flange.

After being flattened out, the roughly-formed hoop is reheated and passed
to the tyre mill, which is eapable of finishing to exact dimensions hoops
ranging up to 14 £ 3 in. in diameter; but the plant, although it has been used
for the supply of nearly every railway in this country and on the Continent,
has never been taxed to its fullest capacity as to size, the diameter of tyre
seldom exceeding 8§ ft. For preparing volls for the mill the company
have an ingeniously arranged slide lathe with 5 ft. face plate. In addition to
the mill, there is in this department a useful 7-ton hammer, for cogging
small ingots and for general forge work.

After oil treatment, and in some cases annealing, 2 per cent. of the
tyres made ave subjected to severe tests, either under an hydraulic press,
with a 30-in. ram exerting a pressure of 135 tons, or under a 1-ton tup, dropped
from heights varying up to 45 ft., until the desired compression is obtained
one-sixth or one-cighth of the diameter of the tyre. The latter method of
testing is more largely adopted. Mechanical test-pieces are sawn from the
tyres Hll]{}t't.'t-n'l| to this L'tJIJl]ll't'.*Hi'!II test, and for this purpose a :-'].u'('i.-1| SW
has been provided. There is a wide range in the requirements of railway
engineers as to the strength of metal used: from 30 to 50 tons per square inch,
with an elongation, in the case of the milder steel, of 25 per cent. in 3 in.,
and with high-tensile material of 15 per cent. in 2 in,

Axle ingots are also east in groups, the bed for the moulds in this
case being able to acecommodate some thirteen or fourteen moulds; the
ingots usually give 18 ewtl. of sound material after the head has been
removed,  But before proceeding with the rolling of the ingots, a representative
ingot from each blow is analysed, and thoroughly tested. Should the result
be satisfactory, the work on all the remaining ingots is proceeded with,
They arve either rolled in an ordinary mill, or knocked down by one of two
S-ton steam hammers, using suitably-shaped tools to form the variations in
diameter on the axle constituting the collar, the journal bearing, and

the wheel seat. One in every 50 axles thusmade is tested under the I1-ton

tup, the axle, for this purpose, being placed on bearing surfaces of from 3 ft. 6 in.
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LOCOMOTIVE AND OTHER BSPRINGS. i

to 5 ft. apart ; whilst the height from which the tup is dropped varies from
18 ft. to 30 ft.; the material usually stands a tensile stress of from 25
to 40 tons per square inch, with corresponding elongations. An engraving on
Plate XIX,, facing page 56, illustrates one of the machine shops for finishing
axles, &c.

The laminated springs are manufactured in all lengths and sizes, in somne
cases being only a few inches, and in others as much as 8 ft. long, and
varying in weight from about 6 1b. to 7 ewt. All deseriptions of springs come
within these sizes, such as locomotive, carriage, elliptie, van-door stop, cheek,
wagon, and buffer springs.

Locomotive springs are placed first, as these are made a special feature
in this department, of which an illustration is given on Plate XX, facing
page 58. The material comes to the department from the mill as rolled
bars, slightly concave in the transverse section on both sides, so that the
edges will always lie close together. The bars are cubt to the required
lengths in a special shearing machine, the spear-point end being formed by
punching. The hole in the centre of the plate is then either punched or
drilled, according to size. Where the ends of the plates have to be tapered,
they are heated, and run between a pair of eccentric rolls, which gives the
required taper, whereupon the plate is “swung off” from the centre under
a pair of shears, and the end made quite square, and the plate formed to
the exact length at the same time. Whilst still hot, the slits and studs are
formed on the plate under the same machine. The studs on the one plate
work in a slot in the plate above to prevent lateral slip, while at the
same time the slit is long enough to permit of longitudinal movement. This
end is obtained in most foreign work by having a rib and groove rolled
in the bars.

At the other end of the forging shop, there are seven vertical drilling
machines for drilling the spring hoops, the solid-head engine and carriage
backs, and the hole in the centre of the plates. A grinding wheel is placed
at the end of this shup, mainly for the purpose of grinding the hoops and
rounding the ends of the plates. In the smith’s shop all the engine and
earrviage top plates, serolls, eye-plate, halt-moon and rolled eyes are made,
and all engine, earriage, wagon, and buffer hoops also.

All springs made are fitted by hand, which gives the best results. Two
men work together

a fitter and viceman—and the plates are heated in three
large furnaces. The first plate of the series forming the laminated spring,
after being heated, is brought to the proper eurve and camber with the
assistance of a plate or ecrib of the right curvature, and is subsequently

quenched in water to harden it. After being hardened, it is placed in the
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furnace again until it is a dark red heat to temper it, and whilst in this state
any alteration the water has made in the curve is corrected by hammering
on a hollow anvil ; if twisted, the plate is straightened in a viee. The next
|J|-‘lI-I' iz then !It'ull_'_f]H ont of the furnace, and after ]H-'lll.:' bedded to the first
plate, the two are both fastened at one end in a vice, and the men, standing
one on cach side, press the hot plate to the first one, workine alone the
whole length of both edges with special tongs, so as to make the second fit
well to the first plate. It is then similarly hardened and tempered, and
corrected by hammering. The shop in which this fitting work is done
forms the subject of the upper engraving on the Plate facing this page.
The spring is finally bolted up and tested.

The testing is done by placing both ends against bearines on a table,
while steam pressure applied to the centre flattens out the spring repeatedly,
in most cases quite straicht, in others for suitable distances accordine to the
strength and camber.  Any plate that is hard breaks, and one too soft
separates from the next at the ends: the former is destroyed and the latter
re-havdened.  The spring is further examined to see that the fitting of the
plates is quite elose, and that the spring stands at the proper eamber.

In most eases, a subsequent test is made to ascertain the carrying power
of the spring.  Hoops are fhen put on, securing the spring in the centre, and
after being finally examined and painted, the springs are ready to be despatched,
and only leaving the works after their reliability has thus been severely
put to the test.

In the buffer department there are 9 shops, having in all 61 tools,
including lathes, planing machines, drills, milling machine, slotters, horing
and serewing tools, cold saws, &ec., besides 12 hammers, ranging up to 5 tons
power, and 2 spring coiling machines, 1 seragg, eccentric rolls and drop.
[n addition to the making of the buffers and their springs, the same tools
are utilised for the E'nl';_'\'illg' and turning, &e., of the bolts, nuts, sleeves,
sockets, &e., required for securing armour plates on warships.

The buffers consist of (1) a round box, with a flanse for securing it to
the carriage framing; (2) a spring, either of conical, volute, or spiral form,
to take up the concussion due to two carriages coming together; and (3) a
plunger, with its outer flange for striking against its opposing buffer, and
an inner flange connected with the spring placed within the box. This spring
buffer, it will be remembered, proved of enormous advantage in the carly
years of the railway era. Here also we find that same difference of opinion
amongst railway engineers as to the character of the metal to be used as was

noted in connection with tyres: for the plunger some prefer wrought iron,

others cast steel or mild forged stecl, while for the box east iron is sometimes
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used, but more frequently ecast steel or wrought iron. Where such workable
metal is adopted the plate is bent over in the hammer to a circular form
and welded, the shape being subsequently improved by swaging between
two half-round hollow tools under the steam-hammer ; the splay-out is done
on a mandril of trumpet shape, and at the same time a flange is formed at
the bottom. The plunger is constructed in a similar manner, the head and
bottom being welded onj; a hole is made in fthe bottom for securing the
spring. Both box and plunger thus formed are sent to the machine shop,
there to be turned and planed to the exact dimensions.

Another type of buffer, known as the rod buffer, is manufactured and
largely used. The plunger is made out of a Dloom, either of mild steel or
iron, drawn out and headed, and is thus in one picee ; the hoxes are treated
in the ordinary manner.

The springs for use within the boxes are made from bars. A hole
formed at one end serves to attach the bar to a winding mandril, which,
when set in motion in the coiling machine, twists the heated bar, an attendant
meanwhile keeping it pressed against the mandril. The spring is hardened
in oil at the same heat, and afterwards, tempered ; but where the ends have
to be shaped by a smith, the spring is re-heated for subsequent hardening
and tempering. Spiral springs are wound on a special mandril, like a square-
threaded screw. The springs are tested by a piston operating in a steam
eylinder, driving the spring until it is perfectly flat against a stop. The

= frm

three items forming the buffer are then fitted together.

Wheels for various purposes, and espeeially for collieries, are made of
forged steel, according to the Eyre patent, and they have proved very popular,
owing to their combining great strength with lightness. They are forged
from solid blocks of steel, and are practically unbreakable—a fact proved
quite unintentionally by an accident which recently happened in a Seotch
colliery, where a train of wagons ran away from the top of a steep incline.
Although the wagons were smashed to pieces, the Eyre wheels, with
which some of them were fitted, remained uninjured, while ordinary cast-
steel wheels were completely destroyed.

In the process of manufacture the material is first hammered into a bloom,
and then flattened out with special shaping tools to form a dise, with
bosses on the top and bottom for centring, and four sprageing holes, equi-
distant from each other. It is next blocked to shape, and the flanges formed,
while the inner part of the disc is bent outwards, so that the flange and
this bend together form a reverse curve; the wheel is then bored for the
axle through the bosses originally left in the centre, and the flange or tread
is turned in an ordinary lathe. The machine shop for finishing wagon

9]
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wheels is illustrated on Plate XX, facing page 58. Finally, the wheel is
contracted or pressed on to the axles, which are also constructed in this
department. The hole bored for the axle, as well as the bearing-piece of
the axle, is oval in section—an arrangement which proves of great advantage
in colliery work. Usually both are round, and the spragsing of the wheels
in the mine involves such wear as to ultimately loosen the axle: but with
the oval axle in the Eyre wheel there is no chance of such loosening. The
projecting end of the axle is riveted over, except where there are outside
bearings, when the ordinary system of keying is adopted.

[n the course of a series of tests, made independently, an Eyre solid
foreged steel wheel, 14 in. diameter, with a 13-ton load, only compressed to
the extent of 4 part of an inch, while a cast steel wheel of similar diameter,
when tested with the same load, compressed to the extent of 5 in, or
twenty

times more. The forged steel wheel only compressed to this extent
(% in.) when bearing a load of 34} tons. The cast steel wheel had one of
its spokes broken with a load of 19 tons, while the forged steel wheel, with

the same load, compressed only to the extent of % in.




PROJECTILES.

S we have already said in our introductory chapter, Messrs. John Brown

and Co. entered into an arrangement, in 1903, with Messrs. Thomas

Firth and Sons, Limited, whereby the Norfollkk Works of the latter company

became practically, although not nominally, allied with the Atlas Works, so

that the resources of the company were thus considerably increased, one or
two manufactures being added to their already long list of productions.

The Norfolk Works, which adjoin Messrs. Brown's establishment, have

a productive capacity of 40,000 tons of steel per annum. The manufactures

are, for the most part, similar to those of the Atlas Works, consisting of

forgings for ordnance work, shafting, &e., steel of every kind (ineluding

crucible steel of the highest quality for tools), and railway materials, with

the important addition of projectiles. The machine tools in use are able

to deal with the largest forgings that the engineer may require; but as the

v

processes of manufacture are more or less the same as those carried out at
the Atlas Works, and described in the preceding chapters, we do mnot propose
to deal completely with the plant at the Norfolk Works. We make an
exception, however, of projectiles, as they are not manufactured at the Atlas
Works. Indeed, it was partly the desire to be able to produce this important
element in the completion of a warship for fighting service that induced
Messrs. John Brown and Co., Limited, to acquire the Norfolk Works, which
have for many years been prominently and favourably known for their
shot and shell. Messrs. Firth’s connection with this department of industry
dates from the days of the old round shot, which they produced from crucible
steel with the assistance of dies. They have since taken a leading part in
all the succeeding stages culminating in the modern capped armour-piereing
shell, with its great penetrating power : the contrast offered in the illustration
on the next page, and those on Plate XXI., is therefore interesting.

Perhaps the greatest step mwade was in connection with armour-piercing
shot, in which interest was first awakened about the year 1886, when the
compound armour had successfully resisted the attack of the ordinary forms
of pointed projectile. In that year chrome-steel shot, made in France, and
treated under a secret process, pierced the hard face of compound plates,
and passed through the wrought-iron back without being broken up.
Several projectiles made according to this proecess were brought to England,
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and tested by the Government authorvities, who, convinced of the superiority
of the shot, decided to encourage British makers to undertake their
manufacture. Messrs. Firth thereupon commenced a course of research work,
which resulted in  the ||I'nlilll'“|m of |II'1I_‘|{‘{‘iiII'H which gave even better
results in some instances than those obtained under the French process, and
ultimately they acquired the manufacturing rights of

this system from the
owners—the Firminy Company of St. Etienne.

Large orders were obtained

almost immediately from the British Government, as well as from Spain,

ouxn  sHor oF 50 Years Ado.

Japan, and other countries, and so successful were the company that they
passed upwards of 2000 shot within a year without a single definite failure.

We reproduce below, and on page 63, photographs of several representative
compound plates after attack by such armour-piercing shot, the projectile as
it appeared after perforating the plate being shown with the armour. A
complete triumph was thus established over the compound plate.  The
ballistie information regarding each test illustrated is also given :—

6-1v. Anmovn-Prercive Suor versus 9-ix. Compousn PrLaTk.
{(Fired December 14th, 1888.)
Shot struck 1} in. left of cenfre and penetrated, recovered from second layer of backing
whole, set up in upper part of body to 6,248 in, \\'L'II::CIE[ 100 1b., range H._’t yru'll.‘-:.
striking veloeity, 1,811 ft. per second, striking energy 2,230 foot-tons.
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9.2-18. ArmMoUR-PIERCING SHOT sersus 14-mv, Compounn PLate.

9.2-in. shot, fired March 28th, 1894, against 14-in, compound plate, penetrated whole
without cracks, but slightly set up in body. Diameter of shot-hole in plate 9.3 in.
Weight 580 1b., range 153 yards. Striking velocity 1,958 ft, per second, striking
enercy 10,009 foot-tons,

10-1¥. ARMOUR-PIERCING SHoT versus 16-1v, CoMpousn PLATE.

10-in. shot, fired March 22nd, 1895, against 16-in. compound plate, penetrated plate and
butt, and recovered whole, umeracked. Diameter of shob-hole 10.2 in. Weight
503 1h., range 1441 yards, striking velocity 1,958 ft. per second, striking eneray
13,368 foot-tons.

With the introduction of all-steel, cemented and chilled, armour, the shot-
maker was no longer able to penetrate plates whose thickness was one and
a-half times the diameter of the projectile, as was the case with compound
armour.  With the ordnance then available, it was even difficult to penetrate
plates equal in thickness to one calibre. This disability, however, only
served as an incentive to improve the manufacture of projectiles; and the
company set aboub a series of experiments which led to considerable modifi-
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cations in the composition of the steel of whiech the shot was manufactured,
as well as to ehanges in the method of treatment by annealing, hardening, and
tempering ; while at the same time an alteration was made in the form of the
projectile, as the result of experience gained during trials,

The conditions of contracts then were that the shot should pass entirely
through a plate equal in thickness to the calibre of the gun—the diameter
of the ]H'“ji'l‘“l"—\\'il-}l“llt being broken up. Even with these modifications
it was found that this result was impossible of realisation against the
specially-hardened Harvey plates ; and, as many ordnanece authorities were
of opinion that the projectile would do more damage in a warship if it
broke in passing through the hull, battery, or proteetive deck armour
plating — provided the particles also passed through —it was decided that
projectiles would be accepted if they met this amended condition.

The first method tried to attain this end was the insertion of a burstine
charee in the core of the projectile; but experiments demonstrated that the
force of impact against the plate frequently caused premature explosion
of the bursting charge, so that the projectile failed to effect the maximum
damage even to the armour, apart altogether from destruction within the
ship. This difficulby was overcome by still further improving the quality ;
but the authorities then increased the severity of the test by determining
that the projectile should be fired against the plate at an angle of from
20 deg. to 30 deo. from the normal line of five.

With the nlujch of still further inereasing the [n-m:trn.ti\'v power of
armour-piercing projectiles, other developments took place, which culminated
in the fixing of a eap on the point of the projectile. As far back as 1889,
i_‘.xpm'inn»l'tis were tried in different countries to determine the efliciency
of the oft-repeated proposal of fixing on the mnose or point of the shot
a cap of soft iron, or very mild steel, to minimise the full force of impact,
and enable the point to remain more or less in contact, so as to do its work
of perforation more effectually. The ecap served also in some sense as a
lubricant. Plates which could not be penetrated by an uncapped shot were
completely traversed by a shot fired with one of these wrought-iron caps.
The Russian naval authorities first ealled prominent attention to the eflicieney
of capping the shot, in the course of trials at Ochta in 1894. The opinion
publicly entertained then was that the caps were secured to the shot by
magnetic attraction ; but this was found on experiments by some manufacturers
to bLe fallacious. Messrs. Firth were the first to offer capped shot to the
British Government—a few weeks after the Ochta trials. The 6-in shot first

tried easily passed through a 6-in. specially-hardened plate. The maximum

effect is attained when the eapped shot strikes the plate at right angles,

|
|
|
]
|
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the advantage diminishing in the case of angle fire, and disappearing at
about 30 deg.

The company make their caps out of the best wrought-serap iron, and
their form is well shown in illustrations on the Plate facing page 62. The
cap for a G-in. projectile weighs 41b., and the method of fixing it to the projectile
is not only simple, but involves very little preparation upon the projectile,
so that it may be applied to ammunition already manufactured. The attach-
ment is made to a ring of solder sweated on near to the point of the
projectile, as shown, and subsequently screwed with a thread to correspond
with the one turned on the inside of the cap, also shown in the cap lying
alongside the projeetile. A right-handed thread is preferred, so that the
gyration of the projectile in its flight tends only to tighten the cap in
place. This system of fitting is not only eflicient, but has the advantage
that it ean be carried out in a few minutes on any projectile already
in service.

The suceess of the capped shof, and its power to completely perforate
armour, increased the desire.of the authorities to have such a projectile as
would break in pieces when passing through the hardest of plates; and, in
1900, armour-piercing shell to carry a bursting charge were first ordered by
the British Government. It was abt one time considered better tor the shell
to break up into many small fragments after passing through the plate, m
order to effect the greatest damage to mechanism and personmnel in the interior
of a ship, within casemates and gun-houses, or under the protective deck
of fast cruisers; but the tendency now is to secure a shell which breaks into
a few larce fragments, as each unit is then more destructive. Probably, in
the future, it will be the aim to secure armour-piercing shell which will
remain whole until after they pass completely through the plate, breaking
up afterwards owing to the ignition of the bursting charge.

We illustrate on the Plates facing pages 64 and 65, the front and back of a
number of typical armour plates after they were attacked by armour-piercing
shells during 1903.  These tests were made against Krupp non-cemented
plates, ranging from 4} in. to 9 in. in thickness, and established the great
success of the armour-piercing shell made by the company, and illustrated
on the Plate facing page 62. The particulars of the trials follow :—

13.5-1v. Armour-PiercimNg SHELL versus 9-15. Krupe Arsour.—13.5-in. armour-piercing

shell, fired March 6th, 1803, against 9-in. Krupp nen-cemented plate at 30 deg. to

normal to line of five. Penetrated. Weight 1,250 1b., striking veloeity 1,765 fb. per
second, striking energy 26,628 foot-tons.  (See bottom views on Plate facing page 64.)

12-15. LicET ARMOUR-PIERCING SHELL versus 7-IN. Krurp Armoun,—I12-in. (light) armour-
piercing shell, fired March 25th, 1903, against 7-in. Krupp non-cemented plate ab
30 deg. to normal to line of fire. Penetrated. Weight 714 1b., striking velocity
1,832 ft. per second, striking energy 16,612 foot-tons.
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L0-1x, Armovr-Prerciye SHELL versus T-18, Krupr Arvovr.—10-in, armour-piercing shell,
fired April 28th, 1903, against 7-in. Krupp non-cemented plate at 30 deg. to normal to
line of fire, Penetrated. Weight 500 1b., striking velocity 1,878 ft. per second,
striking energy 12,224 foot-ftons,  (See top views on Plate facing page 64.)

.28, ArMour-PIErcING SHELL versus T-IN. Krupr ArMovr. —9.2-n, armour-piercing shell,
fired March 5th, 1903, against 7-in. Krupp non-cemented plate at 30 deg. to normal
to line of fire. Penetrated. Weight 380 1b., striking velocity 1,931 ft. per second,
striking energy 9,822 foot-tons.

8ax. Armouvr-PrerciNe Suers versus 45-1x. Krupe ArMovR.—8-in. armour-piercing shell,
fired April 16th, 1903, against 43-in, Krupp non-cemented plate at 50 deg. to normal
to line of fire. Penetrated. Weight 180 1h., striking velocity 1,765 ft. per second,
striking energy 3,887 foot-tons.

G, Arvovr-Prercisa Suern versies 4h-ax, Kruee Armour.—6G-in. armour-piercing shell,
fired January 28th, 1903, against 4}-in. Krupp non-cemented plate at 20 deg. to
normal to line of fire. Penetrated. Weight 100 1h., striking veloeity 2,027 ft. per
second, striking energy 2,848 foot-tons. (See top views on Plate facing page 65).

As a further indication of the success achieved by the ecompany’s armour-
piercing shot, without the cap, we reproduee on the Plate facing page 62 an
engraving of a 6-in. shot, which weighed 101 1b.,, and attained a striking veloeity
of 1,930 ft. per second, developing a striking energy of 2,609 foot-tons. The
projectile is illustrated as it appeared after it had passed through the plate, and
indicates that little damage was done to it, and that it justifies its description
as being of “superior quality.” The following is from the official report —

Effect produeced on Front of Plate.—Punching action, but approaching perforation. Size of
hole 6.1-in. horizontally by 5.9.in. vertically (this measurcment has been carefully

verified) ; damage 8.4-in. by 7.0 in, Face metal removed over an aren of 9.5 in. by
8.0 in. Nodish. Hole coppered all round. One radial erack on each side of shot-hole.

Effect produced on Projectile.—Recovered projectile whole,  Passed through plate with
ease sufficient to admit of no movement of plug. No appreciable setting up, passes
gauge ecasily.  Point perfect.  Small picee chipped off vim of base. Seored on one side
to about 4.0 in.  Hole in card civeular at 44.235 yards from plate.

The penetration of this shot was thus theoretically determined as equal to
5471 in. in the case of Harveyed steel armour, and 5.273 in. in Krupp
cemented armour —results eminently satisfactory against modern armour.

The company manufacture all forms of projectiles for all guns, and also
ammunition for the smaller quick-firing weapons.

The manufacturing departments of the Norfolk Works utilised for the
production of projectiles include the steel producing plant, the forge and press
deparbments, and extensive machine shops. For the melting of steel for
projectiles and similar purposes—tool steel, &e.—there are 196 crucible holes,
each accommodating two crucible pots; the capacity is over 5,000 tons per
annum, The lower engraving on the Plate facing page 65 illustrates the
crucible shop. All projectiles were at one time made from erucible steel ; but
in the miore modern systems of manufacture, especially where special alloys are
utilised, it has been found as convenient and efficient to utilise the

Siemens-Martin - open-hearth furnaces at the works for this as for other
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purposes. There are four of these in the Norfolk Works, one of them having
a capacity of 45 tons, two of 25 tons, and one of 10 tons; so that with
the combined capacity of these furnaces it would be possible to meet any
emergency demands for projectile work without interfering mueh with the
l_}l'i‘[{ﬂ}ll'l\" l){_‘.?'l.ct'_‘? p}‘[_u]ll('.t.iOnH f')F th(} C’U]lll)il-ll‘}-'. Tl]g(_'lth' 'F'I'l'_)]'ll l'hfj Ht-t“&]-lﬂf““;ing
department are sent to the forge, where they are worked into bars under
hammers, ranging from 12 to 3 tons in power.

The process of manufacture differs according to the final form which the
projectile is to take. When it is intended to make armour-piereing shot, the
blanks—as the embryo projectiles are called—are bored and turned, then
hardened and tempered, gas checks or copper bands being subsequently fitted
on. Blanks to be manufactured into armour-piercing shell are sent to the
punching and drawing shop, where they are dealt with by a series of hydraulie
presses, varying from 500 tons to 100 tons in power. The first process consists
in the formation of a cup at the base of the pointed blank, to facilitate the
subsequent drawing down into a hollow cylindrical form. The press for the
latter purpose, illustrated on the Plate facing page 66, is of the horizontal
double-headed type, of 300 tons power, having a eylinder 16 in. in diameter,
and a stroke of 72 in. The shell cylinder is next machined, hardened,
tempered, examined and tested. As a rule, two shells out of every lot of
400 are selected for proving: one for firing over water, to be recovered on
the receding of the tide for examination, while the other is fired at armour
plate. The lyddite shell of forged steel is manufactured pretty much in the
same way as the armour-piercing shell

An important part of the work is done in the forge, which is fitted with a
modern 12-ton hammer, as illustrated on the Plate facing page 66. This hammer
has a large furnace on each side of it; there are also two 7-ton hammers,
with two furnaces each, a 5-ton hammer with three furnaces, and a 3-ton
hammer with two furnaces. All these furnaces are for reheating the blanks.

For the machining of the projectiles to the correct finished form there
are five machine shops, some of them arranged for doing special work upon
all sizes of shot, in order to econcentrate as far as possible the experience
oained. Two of these shops are illustrated on the Plate facing this page.
In these several machine shops there are 146 machine tools, many of them
of special type. The tool for forming the ogival, or pointed nose, is a particular
pointing lathe, the eutting tool accommodating itself to the lessening diameter
of the nose by means of a radius bar, secured at one end to a fixture on the
frame, and at the other end operating a cross-slide, which again actuates the
cutting tool. One of these machines is shown to the right of the bottom
engraving on the Plate facing this page. The groove for the copper band is
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cut in an ordinary lathe, with ribs in wavy lines, so as to prevent the band
from rotating independently of the projectile in its passage through the rifled
bore of the gun. This band is pressed into the groove on the projectile in a
special hydraulic press of the horizontal type with a 15-in. cylinder. For
this special duty there is mounted on the ecrosshead of the ram a die
representing half the eircumference of the ring, while the head of the press
carries a similar die corresponding to the other half; the projectile, with
its ring, having been placed in position, the hydraulic pressure exerted
through the dies forces the ring at all points of contact into the groove
p!'l‘|1:Ll'w] for it.

The projectile, after being hardened, is finished to its ultimate true diameter
by means of grinding machines, of which there is a large collection specially
devised for the varied work of the company. These machines are fitted with
horizontal spindles for holding the projectile in front of the grinder. The
spindle is provided with a hand-traversing slide, so that the machinist has
complete control over the operation, and can ensure that the orinding is done
to suit the gauge. All so-called solid shot have a small hole bored down the
centre, and even shell drawn down hollow in the press are sometimes turned
internally. This work is done in boring mills of the horizontal type. The
shells are steam-heated internally, prior to the process of lacquering, and the

time- and percussion-fuse blocks are screwed at the base in the ordinary way.

It will thus be seen that the company’s facilities for the manufacture
of projectiles are not only modern, but have been developed by the best of all

possible processes—during a long and successful experience.










WARSHIP CONSTRUCTION.

OHN BROWN AND CO., Limited, decided in 1899 that, as the firm
2 constructed so many of the most essential components of ships of war
and of commerce, as deseribed in the articles on the preceding pages, they
should also build the ships and their propelling machinery. An examination
into the equipment and reputation of several establishments resulted in
the acquisition of the Clydebank Works. Since it was construected in 1873,
this establishment, situated on the Clyde, near Glasgow, has added to the
naval and merchant fleets of several nations a long line of vessels of the
highest standard and success. Beginning with the smallest elags, the sloop
of war, advance has been made, step by step, to the largest battleships and
cruisers in the world, with the result that the management and staff have
aceumulated an experience which enables them to undertake naval work
with an assurance of absolute suecess; and at the same time inspires the
naval authorities of Britain and foreign countries with confidence in ordering
such work. They also possess an experimental tank in which to conduct
ship-model tests according to the system first introduced by Dr. Froude, by

which means it is easy to determine the design that will give the greatest
propulsive efficiency, and ensure the highest speed for a given weight
and power. As the company are alone among warship-building firms in
the world to own such a department, they are in an exceptionally
tavourable position to undertake the design of foreign warships. This tank
is deseribed in a special article later (page 111). By the aid of the special
plant in use, the work of naval construction can be effected expeditiously,
efficiently, and cheaply.

Before giving a deseription of the shipbuilding and engineering works
some reference may be made to the warships built at the Clydebank
establishment. All need mnot he referred to, for the number constructed
or engined is now about 60, measuring 180,000 tons displacement, while
the machinery aggrecates nearly 500,000 indicated horse-power. Several
large battleships are included in the number: H.M.S. * Ramillies” is now
the flag-ship of the officer second in command of the Mediterranean squadron ;
H.M.S. “Jupiter” is one of the ships in the Channel squadron: H.M.S.

@
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“Hindustan” is the ]-'II';:'t-n't. \\':H"%]li'[r .\"'t ordered ; while the -FHII.'H]!-H- ]l:ll’-i‘il'x]ﬁ]l
“Asahi,” is amongst the largest in the navy of the Island Empire of the Pacific.

In describing these battleships, one is tempted to glance retrospectively at
the successive stages in design due to the developments in armour in which
John Brown and Co. have taken a prominent part. The 4} in. and 6 in. armour
of wronght iron made in the early days at the Atlas Works enabled a belt
to be constructed practically for the whole length of the ship. Later, with
thicker armour, it was found necessary, owing to considerations of weight,
to comcentrate the guns within a central battery, so as to afford them the
maximum of protection alike in depth of belt and thickness of plate. To
increase the are of trainine of the guns, a recess was at the same time formed
for oung at ecach of the eorners of the citadel, and this ]H':LL‘I.il'.v, |1s~\'1'ln1n'll
in the “ Hercules"” and “ Alexandra,” brought into prominence the principle,
of bow- and stern-fire. The further development of gun power as well as of
armour necessitated a still greater concentration, and forced the adoption
of the turret which was fitted to the “ Devastation,” 1873, for her 35-ton cuns;
a breastwork being formed to enclose engines and funnel hatches as well
as to protect the base of the turvets, while the broadside belt was narrowed
down and the freeboard limited to 3 ft. In the * Inflexible,” everything
for the fighting of the ship was concentrated within the citadel, which had
to be of 24 in. wrought-iron in view of the high power guns then available,
so that only one-third of the length of the wvessel could be protected, the
ends being left unarmoured.

The introduction of eompound armour greatly influenced battle-ship
design, and the vessels of the * Admiral” class (1887-8) formed a new departure,
which was carried still further in the battle-ships built under the Naval
Defence Aect, of which the © Ramillies,” of 1893, was one. In this case the
main belt was of 18 in. armour, with 4 in. of nickel steel on the strake
above it extending to the main deck, so that the depth of broadside protected
was 14 ft. 9 in,, enabling the freeboard and the gun platform to be considerably
higher. This armour, too, extended for 65.2 per cent. of the ship's length.

By the adoption of the proeesses of cementation and water sprinkling
which greatly hardened the surface of the plate, a further increase in the
armoured area was made possible without adding to weight ; the whole
of the belt of about 15 ft. in depth in subsequent ships was made of 9 in.
armour, as it was found almost equal in resistance to the 18 in. armour
in the preceding ships. This was the arrangement in the “ Majestic” class,

to which the “Jupiter” belongs : and thus, although the total armour decreased

in weight from 4633 to 4,260 tons, the later ships were more effectually

protected, owing to greater area of armour.
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With the introduction later of the Krupp process, improving the
protective power of plates for a given thickness, the depth and length of the
broadside protection was still further increased. Thus as the power of the gun
developed, the naval architect had first to contract the armoured area.
because greater thickness of plate was required to protect the vital parts,
of the ship; but each successive improvement in the hardening of the armour,
oiving oreater resistance to penetration per unit of weight, made it possible to
provide wider and longer belts. Thus the “Hindustan,” the third of the
modern British battleships built at Clydebank, has practically the whole of
her broadside clad in cemented armour, the water-line strake being for the
greater part of the length of 9 in. in thickness, thinning to 4 in. towards
the ends, while the upper strakes arve of 8 in. and 7 in. in armour. The
guns within the battery are separated by armoured partitions. The number
of guns has been increased, there being four of 12-in. calibre and four of the
9.2-in. type—all in barbettes, with ten 6-in. quick-firers. The displacement
has gone up from the 14,150 tons of the *Ramillies” to 16,350 tons. The
speed is 181 knots, as compared with the 18 knots of previous ships.

The Japanese ship “Asahi” one of the finest battleships built, presents
several interesting features. In the first place, the vessel was completed
and tried within 30 months of the laying of the keel, and some suggestion
of the immense work involved in the design and construction carried out
in this period is afforded by the fact that no fewer than 2500 drawings
and tracings were required for the guidance of those engaged in the putting
together of this mass weighing 15200 tons. Her length is 426 ft. 6 in
over all, and 400 ft. between perpendiculars; the extreme breadth is 75 ft.
2} in,, the moulded depth 43 ft. 7} in.: ready for war with 1,200 tons of coal
in her buniers, her draught is 27 ft. 3 in.

As to protection, the side plating is 9 in. thick, and all of it was supplied
from the Atlas Works of the company. The engravings on the next
pages are interesting in this connection, as they have been prepared from
photographs taken from a section of the “ Asahi” submitted for firing trial
on December 2nd, 1898 : the results are set out in detail under the engravings.
This armour extends for a length of 250 ft. amidships, and the central
citadel thus formed is completed by traverses or bulkheads extending
obliquely to the centre line of the ship, and enclosing the bases of the
barbettes which protect the mountings of the heavy guns, At the ends
of the ship there is side armour, varying in thickmess from 7 in. to 4 in.
The upper part of the citadel is protected by G-in. armour, and the middle

deck as well as the protective deck proper are armoured. For the protection

of the mountings of the pairs of 12-in. guns at each end of the citadel,
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The above engraving has been made from a

photograph of the front of a plate, and the illus-
tration on the opposite page from one of the back
of the same plate made for the Japanese battle
ship ** Asahi,” after the gun attack prescribed by
specilication of the Imperial Japanese Navy.

Doubts have sometimes heen cast upon the
severity of srmour-plate trials made in England,
on the ground that Holtzer shot are usually em-
ployed ; that the Holtzer process of manufacture is

an old one ; and that the Americans in particular

have so improved upon it that shot made by their
processes are far more formidable, and so confer
more credit on the plate that succeeds in defeat-
il'l‘[_.; lll('ll]. ll wis 1]|U|"'1'\Fl'|.‘ l.[L“'itll.'l.l to use the

most  highly-vaunted * Wheeler-Sterling,” pro
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Barriesame ** Asamn”

jectiles as shown in the following particulars of
the test :
Dimensions of plate .8 ft. by 8 ft. by 8.8 in.

Weight, ... el | 10,175 tons
Nature of backinge ...12in. of oal, and a skin
plate 1} in. thick
Number of hlows Three
Projectiles L8 in. armour - plercing

steal of 250 1h, \U'i;_']l[_
made by Messres, Sir
W. (. Armstrong,
Whitworth and Co.,
Limited, on the
* Wheeler - Sterling ™
proce

5,

The results shown by the engravings prove that
the doubts expressed are :_’_I"illlll"{'Hb%. The follow-

ing Table gives the ballistics of each of the three
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shots with their caleulated penetrating power on
wrought iron :—

| Second ! Third
tomnd. | Round.

, foat-tans
Eness of wronght|
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It will be seen that all the projectiles were
completely shattered, and that the injury sus-
tained by the plate was confined to the usual

| . -
splintering of its face round the points of impact, | Captain Kondo.

** Asamr,’

JAPANESE

and a few superficial hair cracks in the face so
fine as to be almost invisible. No cracks what-
ever beyond these could be found in any part,
and the attack left no mark on the back except
the three smooth bulges, of which the most pro-
minent measured 14 in. in height. Such marks
in the back as the illnstration shows (for instance,
across the npper bulge and near top central holt)
are merely irregularities of the surface, and
existed before the plate was fired at. They are
shown up more by the veflection of light from

above. The Japanese Government was repre-
sented at the trial by Admiral Matsunaga, Cap-

tain Mukoyama (Naval Attaché), and Constructor
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there are built eireular barbettes, rising from the level of the protective
deek to a height of 22 ft. 4 in. above the normal water-line, the thickness
of the plating being 14 in. The guns themselves are shiclded by a 6-in.
hood, which of course revolves with the weapons and their machinery. Each
of the fourteen 6-in. guns arranged along the broadside is placed within
a casemate, having 6 in, armour on the front and 2-in. plating at the
rear,

The 12-in. guns have an arc of training of 120 deg. on each side of
the fore-and-aft line of the ship: all four can thus be used on either broadside.
Two of them, and four G-in. guns fire ahead, and the same number astern, and
the ship is thus able to fire upon an enemy which she may be chasing four
projectiles of 850-1b. weight and thirty-two 100-1b. shots per minute,
representing a total weight of 6,600 1b. Four 12-in. guns and seven 6-in.

quick-firers may engage in a broadside action, and thus

o

eight 1:I'trjl'(,'l‘-i|l~r-: of
850 Ib. and fifty-six shot, 100 Ih. in weight, can be discharged each minute.
The total weight of shot per minute from the broadside is nearly six tons, with
a collective striking energy of nearly a million foot-tons. In addition, there is a
large installation of small guns, including twenty 12-pounders, eight 3-pounders,
four 2}-pounders, and several Maxim rifles. The total weight of metal discharged
per minute from all guns is 11} tons, representing a collective striking energy of
1,337,130 foot-tons. Foursubmerged tubes are earried in two rooms; one at each
end of the vessel, the tubes being arranged for 18-in. torpedoes, of which 16 are

carried. The vedette boats, which have the high speed of 16 knots, are
2

fitted with tubes for discharging 14-in. torpedoes. The stowage of ammunition
has been arranged so as to minimise transport, and to avoid any erossing
of the lines of supply to guns of different calibre, while adequate hoists are
provided for all the guns. It is in the perfeeting of such details, which
greatly influence the efficiency of a ship in action, that long expericnce
in warship design and construction carry their full value.

The * Asahi” proved not only a well-protected and efficiently armed
vessel, but a fast and economieal steamer. The t-l‘ip]t.'—i_'xp:Lllh'intl engines
with which she is fitted developed on the full-power trial, 16,360 indicated
horse-power, which gave the vessel a speed of 183 knots, notwithstanding
that at the time of the trial she had an extra load on board, so that her
displacement tonnage was 15,340 tons. This fact ensures that the designed speed
of 18 knots can be maintained when the vessel is overloaded with war supplies, as
must certainly be the case when going into action. As to the economy on
a long-distance trial, she ran at a speed of 17.5 knots on a coal consumption
of 1.6 1b. of fuel per indicated horse-power per hour. In other words, the

vessel, notwithstanding her immense displacement of 15,340 tons, was




XXVI.

PLATE

aamdy SIONY JegE Jo0

NVHLVIAGT ,,

HUSINUD) AEUOONTY HSILIYG SH]

1







THE DEVELOPMENT OF THE MODERN CRUISER. i

propelled at this high rate of speed for 91 tons of fuel per hour, equal to
1180 1b. per mile travelled.

The Clydebank Works have produced a great fleet of eruisers of almost
every class, and have taken no inconsiderable share in the evolution of the
modern type when designing vessels for foreign governments; their list
includes the small eraft which “ police ” the distant islands of our great Empire ;
the “scouts” that serve upon the fleet of fighting units; the fast cruisers
which patrol the great highways of commerce; and the powerful armoured
cruisers which can oppose the commerce destroyer of the enemy, or even take
their place in the line of battle with some chance of doing etfective service.
Here as in the case of battleships, it is instructive to glance at the influence
on design resulting from the development of armour.

In the days of St. Vincent, the Nile and of Trafalgar, all ships, whether

3-deckers or frigates, could afford to dispense with protection, because the

opposing guns were not of great penetrating power, the general aim being
to capture prizes rather than to sink the enemy’s ship. With the introduction
of more l:r[_m'cri"ul 2Uns, armour was found necessary, but the enormous \\'eight
of effective broadsides so reduced the .Rpe(-.t.l that difference of opilliun prevailed
as to the merit of the protection afforded by such armoured belt as the weight
speed attained

conditions made possible as against the advantage of the highe
by the utilisation of the weight in augmenting the power of machinery. In

1889, there were built for the British Navy several belted eruisers known as the

“ Australia” elass, one of which—the Aurora—was engined at Clydebank. "Their
narrow 10-in. belts of compound armour, extending for about two-thirds of the
length of the vessel, conferred advantage ; but the weight involved such a
reduction in the size and power of the propelling machinery, that the speed was
less by about two nautical miles per hour than it might otherwise have heen.

This was demonstrated at the time by the design and construction at the
Clydebank Works of a high-speed cruiser for the Spanish Navy. On a
length of 318 ft. 6 in., and with a displacement of 5,000 tons,it was found
possible to accommodate machinery of 12,000 mdicated horse-power, which
gave a speed to this Spanish cruiser of 20} knots, as compared with the 18 knots
of the Aurora. The essential difference was that the one ship had an
armoured broadside belt, the other depended for protection upon a deck varying
in thickness from 8} in. to 4% in. which covered in the “vitals.”

The oain in speed settled the day in favour of the protective deck type, the
available quality of armour rendering broadside protection too costly in weight
to admit of the thickness of the plating on the ship being suflicient to ward off

attack by the high-power quick-firing guns then in use. Besides, foreign navies

were favouring commerce-destroying eruisers in which reliance was placed on
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high speed and rapidity of gun fire rather than on armour protection. The
British and other navies were reinforced by cruisers of this protective deck
class, and quite a succession of vessels were launched at Clydebank, including
the “Terrible,” of 14,200 tons, which, with machinery of 25000 indicated

horse-power, developed a speed of 22} knots: and the Europa” and

+

Front View or Oxg Spr or Excines or A Mopery Cruser (30,000 INDIcATED
Horse Powenr).

“Ariadne” of 11,000 tons, which, having engines of 18,000 indicated horse-power,
steanmed at 20§ knots.  The protective deck in those vessels was formed
with very considerable rise of arch, so that the real resistance presented to
sidelong shots was greater than would be the case were the same thickness
(6 in. to 4 in.) placed at right angles to the line of fire. These protective
decks rise from a point on the broadside 7 ft. below the load line to about
the water line in the centre, so that even with the ship rolling there is
little chance of exposure of the part of the hull under this deck,

The design of eruisers, however, was completely changed by the introduction




RECENT ARMOURED CRUISERS, i

of the system of hardening armour, rendering 6-in. plates more than equal
to the 10-in. compound armour of the former eruisers in vesistance to penetration
by shot. It became possible without a great demand on weight to effectually
armour the broadside, and thus the later large eruisers have been so designed,
The “Sutlej,” and “ Bacchante,” built at the Clydebank Works for the British

Biack View oF ENGINES oF ONE OF THE LARGEST AND SWIFTEST URUISERS IN THE

Brirsim Navy.

Navy, resemble the “ Europa” and Ariadne,” but differ in having 6 in. of
hardened steel on the broadside for more than three-fifths of the length, and
for a depth of 11 ft. 6 in, while at the forward end there'is 2-in. nickel steel
reinforeing the ordinary shell plating of the ship. Armoured bulkheads of
5-in. steel form something approximating the citadel of a battleship, while
all the quick-firing guns are in separate casemates of G-in. hardened stecl.
A further improvement was made in fitting these vessels with a how-and
stern-chasing gun of 9.2-in. calibre, in place of a pair of 6-in. guns fitbed in

the earlier ships of the * Buropa” and “ Ariadne” type. Without any increase
it I Y Y
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in length, the defensive and offensive qualities were thus greatly improved,
while the speed was slightly greater: 21 knots being attained with engines
developing 21,000 horse-power, although the displacement of the ship was
12,000 tons.

The “Leviathan,” which marks the highest point of present-day success
in cruiser work, includes the best characteristies of the © Terrible,” but has a
G-in. armour belt for 320 ft. of her lencth, the depth of this armour being
11 ft. 6 in., while armoured bulkheads and casemates ave also provided. This
vessel is 500 ft. in length and 71 ft. beam, and, when drawing 26 ft. of water
she displaces 14,100 tons. Her machinery, of 30,000 indicated horse-power,
illustrated by views on the two preceding pages, are supplied with steam
from 43 water-tube boilers, and on trial a speed of 23} knots was attained. With
her pair of 9.2-in. guns, sixteen 6-in. quick-firers, and seventeen smaller guns,
she undoubtedly constitutes a formidable addition to the British Fleet.

On the same lines, a smaller ship with proportionate fighting qualities

¢
has been adopted, and to this eclass the Clydebank works are contributing
the “ Antrim.” The length is 450 ft., the displacement 10,200 tons, and with
engines of 22,000 horse-power a speed of 23 knots is to be realised. The side
belt is of 6-in. hardened steel, the bow- and stern-chasing guns are of 7.5 in.
calibre, and there are five 6-in. cuns on eaeh broadside. This class of ship is
much superior to the protective deck cruiser of ten years ago, which had a
speed of only 20 knots, and had guns less effective in rapidity of fire and
striking energy.

In the development of such armoured eruisers, the Clydebank Works took
an early part. In their Japanese cruiser Chiyoda,” built in 1889, there
was side armour of 41 in. thick to keep out small explosive shells, while
the protective deck was of chrome steel, 1 in. thick; in this arrangement one
finds a suggestion of the modern armoured cruiser. But it is not possible
within limited space to describe all the many varied types of war-vessels
built at the Clydebank Works, so that we must content ourselves with a
passing reference to second-class eruisers and torpedo-boat destroyers. Under
the Naval Defence Act, there were built the ©Thetis,” © Terpsichore,” and
“Tribune,” of 3400 tong, which, with engines developing 9,000 indicated
horse-power, attained a speed of 20 knots. Two eruisers of similar type were
also built for the Australian Fleet, the “Ringarooma” and the “ Tauranga,”
of 19 knots speed, Seven “scout” eruisers were completed within eighteen
months in 1884-5, and continue to do eflective duty. Seven gun-boats were built
for Spain, in connection with the Cuban revolt of 1895, within three months

of the signing of the order.

In the evolution of the modern torpedo eraft, the works have likewise taken
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an important part. Tn 1886 the torpedo boat “Wiborg” was constructed for the
Russian Navy. The “ Destructor,” built in the same year for the Spanish Navy,
was intended primarily for destroying torpedo boats, and the speed of 213
knots was developed with the use of triple-expansion engines of 3,500
indicated horse-power, The success of this vessel encouraged the management
to enter confidently upon the construction of later torpedo-boat destroyers.
The first three easily developed their speed of 27 knots with 4,000 indicated
horse-power ; while since then eight vessels of 30 knots and one of 32 knots
have been built for the British Navy.

Although not a warship in the usual acceptance of the word, the twin-screw
steamer “Moskva” built for the Russian Volunteer Fleet in 1898, may be referred
to in this chapter, because, while used for merchant serviee between the Blaek
Sea and the Russian ports in the Far Bast during peace time, she has been built,
like all vessels of the fleet, so that she can be utilised for ecruiser duty in the
event of war. She is of 7,300 tons gross, her length over all being 508 ft. State
rooms have been provided for T4 first-class and 50 third-class passengers
or officers, on the upper and main decks respectively; while on the main
and lower decks, 1,536 ecmigrants or troops may be carried. She is a
smart-looking vessel, and her speed of 20 knots, maintained on a long-distanee
trial, when the twin serew engines were developing 15,500 indicated horse-power,
will enable her to do good service in war. Arrangements have been made for
carrying eight guns of 4-in. calibre, and an equal number of 3-in. weapons.
The magazines are arranged under the water-line, with hoists for serving the
ouns; the coal bunkers are fitted alongside the machinery space, and afford
protection at the water-line against gunfire. Very large hospitals are arranged ;
heavy derricks may enable the ship, with her large engine shop, to be of service
in repairing small eraft, when associated with a fighting fleet; and in the
destruction of commerce she, acting separately, may do considerable damage
with her rapid-firing guns. She has bunker capacity for 1,600 tons of coal,
which, at full speed, gives her a radius of action of 2,700 sea miles.




NOTABLE MERCHANT VESSELS BUILT AT THE
CLYDEBANK WORKS.

rlTII]"] Clydebank Works began with engineering in 1846, and the shipbuilding
- yard was laid down in 1851 ; hut operations were not commenced on the site
now oceupied until 1873, the marine engineering branch being removed from
Glasgow ten years later. Almost from the first the establishment achieved
a prominent place, largely by its suceess in the production of Atlantic liners:
thus the annals eontain many creditable entries associated with such historieal
vessels as the Cunard liner ©“ Russia” of 1867—the iirst of the serew steamers of
that fleet, the “Bothnia"” of 1874, the “Servia,” the largest ship in 1881,
the ©Aurania” which participated in the first of the high-speed contests
engaged in by a suceession of Clydebank steamers, including the ¢ America,”
“New York,” © Paris,” and others. But there is no need to enlarge upon
the ereative ability of the establishment so far as high-speed steamships
are concerned, in view of what we have written on 21-knot, 22-knot, and 23-knot
warships, because the attainment of speed in a warship involves even more
difficult problems than those associated with high-speed merchantmen. There
is, first, the necessity of minimising the length of a warship, so as to reduce
as far as possible the target area presented to the guns of an enemy, and
length is one of the dimensions conducive to high speed; similarly, the
weight of mnaval machinery must be cut down to the lowest limit, in
view of the equally important claims of defensive armour and of the guns that
give the fighting power. Thus, in modern ecruisers the machinery weight
is o redueed that 12 horse-power must be developed for each ton allowed,
whereas in modern high-speed merchant steamers the ratio of power to weight is
only from 6 to 7 horse-power per ton. Moreover, cruiser machinery has to be
accommodated within about 75 per cent. of the superficial area allowed for
the engines and boilers of merchant vessels. It is thus a comparatively
simple matter to build a 23-knot or 24-knot merchant steamer where speed
is the first consideration, alike as regards weight and space available,
The latest ship completed for the Cunard line, and apart from the work in

hand, is the “Saxonia,” illustrated in the engraving opposite, and combining
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passenger and cargo carrying, and with high economy. The “Saxonia,” is 600 ft.
long, 13,960 tons gross register, and accommodates 188 first, 200 second, and 428
third-class passengers, and has a cargo measurement capacity of 20,000 tons, and
a dead-weight capacity of 12,700 tons. This vessel has proved exeeptionally
economical ; we have results ascertained by a committee of engineering experts,
appointed by the British Admiralty to make exhaustive tests as to the efficiency
of her boilers and machinery, for comparison with the results attained in war-
ships. The eruisers tried for comparison were not built at Clydebank, and
need not here be named. This committee fitted up eclaborate appliances to
ensure absolute precision ; and although it is not possible here to quote all the
details from the official records, one or two of the results may be given.

In the first place, it was found that the coal consumption in the “Saxonia ”
worked out to 1.29 lb.—a result unapproached in the naval service. The
thermal efficiency of the boilers, “the proportion of heat or energy developed
from the fuel,” proved to be 823 per cent., whereas in the case of the Naval
ships it was only 65 to 68 per cent. The boilers, too, supplied a larger
quantity of steam for each pound of coal burned—12.33 1b. as compared with
from 9} 1b. to 111b. in the naval ships. The engines, which are of the
quadruple expansion type, as designed at Clydebanlk, also gave a high efficiency :
each horse-power was developed from 1347 lb. of steam, whereas the ex-
perience in the warships was that 14 Ib. to 16 1b. of steam was necessary at full
power; and thus the thermal efficiency of the main engines comes out at
17.2 per cent., as compared with 13 to 15 per cent. in the naval ships.

As an indication also of the satisfactory character of the workmanship,
it may be said that the water lost by the boilers and machinery in this
vessel, developing about 10,000 horse-power, was only 2.76 tons per hour : a
fact which proves that there was practically no leakage. These results, which
are the outcome of most careful independent investigation by highly expe-
rienced engineers, at once attest not only the satisfactory character of the
design, but of the work carried out at Clydebank. For we have here a ship
which carries a large population of passengers and heavy cargo, for an expen-
diture in fuel equal to 3% 1b. per hundred ton-miles.

This is a most popular type of vessel at the present time, attaining a

moderate speed with high economy, and yielding a large revenue alike from
passengers and cargo. Four such vessels were constructed for the International
Navigation Company’s service between New York and Antwerp. The engraving
on the next page shows one of these vessels, the “ Haverford,” being launched.
These steamers take 11,000 tons of cargo, as well as 342 first, 194 second and
626 third-class passengers, travel at a speed of 16 knots, which is enough
for most purposes; and yet, by reason of the adoption of the company’s Ellis
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and Eaves system of induced heated draught, and of Serve tubes in the hoilers,
this satistactory speed is got with a very low fuel constmption,

In addition to this economy, there is ensured absolute safety so far
as this can be realised by the minute subdivision of the interior. the duplication
of all machinery, and the inclusion of the shafting within the ship structure

for facility of inspection.  As to comfort, the arrangements are equal to

Lavyen or moi ** HavErrForD,”’

those on the best of modern ships. The dining-room, to seat nearly 200
passengers, occupies the full width of the ship in the centre of its length,
and is decorated with oil paintings forming panels, relieved with most beautiful
carving. The drawing-room, on the promenade deck, is of large size, 36 ft.
wide, and painted in white enamel with panels of striped silk, the upholstery being
also of silk ; the large square windows are fitted with Cloisonné class panels,
beautiful in their effect by night as well as by day. The smoking room offers
sumptuous lounges ; the woodwork is of fumed American oak upholstered in red
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leather, while the wall panelling has oil paintings representing scenes in the towns
of the Low Countries. There are a Jarge number of state-rooms for single
passengers, and many family cabins; so that it will be seen that so far as
comfort is concerned, such vessels offer the same attractions as the expensive
high-speed liners.

Many of our large companies have had, at one time or other, additions
to their fleets from the Clydebank Works—the P. and O., the Hamburg-
American, the Royal Mail, the Union Company of South Africa, as well as
the International, American, and Red Star lines; but it is scarcely necessary
to enter into details regarding the successes of all such vessels. The latest
vessels constructed for the South Atlantic were of 6,060 tons gross register ;
and although they had not the speed of the North Atlantic liners, they
offered the same luxury for the 214 first and 56 second-class passengers
carried. The New York liners in twenty-five years have inereased their
spce{l from 151

to 231 knots; but commercial considerations operate against
a corresponding advance in steamers trading to South  American
or South African ports. The number of passengers is yet comparatively few,
and the necessity of depending upon freight for revenue determines the type
of steamer, while the long distance between coaling ports also encourages the
minimising of fuel consumption. Thus a vessel of the type of the “Saxonia,”
burning 7} ewt. of coal per mile steamed, is for such trade immensely
superior to the express liner consuming about a ton of coal per mile steamed.
Such high speed on the South Atlantie voyages would not permit of any cargo
being carried, and would necessitate coal-bunkers having a capacity of
6,000 tons. There has, however, been progress in these long voyage passenger
ship, for in twenty-five years they have increased in tonnage by about 100 per
cent., in cargo space by over 150 per cent., and the bunker capacity has also been
doubled. At the same time there has been an increase in speed, so that the
voyage to the River Plate, with calls at Spain, Portugal, and Brazilian ports,
has heen reduced from twenty-eight to a little over twenty days; the trip
to the West Indies from thirteen to eleven days, and to the Cape from sixteen
to about twelve days.

In recent years, a great change has taken place in the design of Channel
steamers. Although the screw propeller was readily adopted in the ‘fifties
for coasting steamers, the side-paddle wheel was still preferred where high
speed was concerned, because, with the limited draught necessary for the
shallow waters of most of the Channel ports, difficulty was involved in the
adoption of the serew propeller, which requires to be deeply immersed to insure
efficiency. The solution came with the adoption of twin-secrews and the
increased number of revolutions of the modern engine: this the Clydebank
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Works were among the first to recognise. The two factors named enabled
the diameter of the propellers to be greatly reduced, so that their efficiency
with limited immersion was inereased, Most beneficial results have followed.
There is not, for instance, the same reduction in speed in rough weather as
with side paddles.

Amongst the large number of such high-speed twin-serew Channel steamers
built at Clydebank Works, reference may be made to the series of successful
ships built for the London and South Western Railway Company, beginning
with the “ Frederiea” in 1891 : the latest, the “Alberta,” was built in 1900.
The wvessel, illustrated on Plates XXIX, and XXX, is 270 ft. in length, 35 ft.
6 in, in breadth, and 22 ft, 9 in. in depth, the gross tonnage being 1250. There
are 11 water-tight bulkheads, dividing the hull into twelve compartments;
and the whole of the internal arrangements are such as to insure the greatest
comfort for the 130 first-class passengers, and 50 second-class passengers,
dining-saloon, drawing-room, and the other luxuries of the large Atlantic
liners being here reproduced for the comfort of those travelling by day or by
night. The trip from Southampton to Havre occupies six hours, as compared
with the eight and three-quarter hours of the ships of ten years ago. The
“ Alberta” has made the passage in a little more than five and a-quarter hours
the speed of 20 knots being realised with about 5000 indicated horse-power.

In paddle steamers the Clydebank Works have a splendid record. Amongst
the most popular of such vessels are the “Iona,” “ Grenadier,” and * Columba,”
the last probably the best-known river steamer in the world ; and although
she is now many years old, she still carries her 2,000 passengers every day
of the season, at a speed of 18 knots, with a steadiness, comfort, and economy
not equalled by many of the modern boats. Another of the typical steamers
is the “Glen Sannox,” built, with many other paddle steamers in recent years,
for the Glasgow and South Western Company. She is 260 ft. long, and
steams 19.7 knots. Several steamers have also been built for the Caledonian
Railway Company, for services on the estuary of the Clyde.

A reference may be made to the long series of yachts built, and remark-
able alike for their speed and for their internal decorations and comforts.
As typical we take the “Mayflower,” built for an American yachtsman. It
is no mere play of words to say that in the design and construetion of this yacht
neither pains nor expense were spared to make her a credit to her designers
and builders, and a constant source of satisfaction to all fortunate enough to spend
any time on board. The length of the “Mayflower” is 275 ft. on the water-line
and 321 ft. from fiddle-head to taffrail ; the breadth is 36 ft. 6 in., and the depth
from the bridge deck 30 ft.; the vegistered tonnage being 1780 tons. As a

brigantine she carries a great stretch of canvas, but for most purposes will
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depend on her twin engines, balanced to reduce vibration,and capable under easy
working of developing 4,650 indicated horse-power, to give a speed of 16} knots,
Her economy is such that she may travel for 2000 sea-miles at full speed,
without re-coaling, or for 6,300 sea-miles at a speed of 12 knots.

We may describe two of the rooms to convey some idea of the work
carried out in such vessels, and also in some modern passenger steamers.
The first is a beautiful palm-decked reception-room, arranged around the engine
casing ; the carved oaken moulding and serolls being distinetly French in feeling.
In the treatment of the engine casings, one might almost say that an unfortunate
necessity has become an unquestionable virtue: the otherwise ugly trunk
being converted into a beautiful

ors
a¢

lery, filled with large elear plate-glass
windows, in richly-wrought iron and brass work, whiech give pleasing light
effects, and, when opened, afford the owner’s guests an opportunity of
watching the working of the engines. The dining-room measures 36 ft.
by 22 ft.; the panelling is of beautifully-carved oak of antique design and
dull finish, the style being that of the Louis XTV. period. There are ten 14 in.
sidelights and two skylights, while a full suggestion of comfort is suggested
by the fire in a eosy recessed hearth at the forward end. Twenty-four persons
can dine in this apartment. The drawing-room, an apartment 21 ft. long
and 32 ft. broad, has also a fireplace, a piano, and card and writing tables ;
while eomfortable chairs and lounges are disposed in a manner more suggestive

of a Mayfair mansion than of a ship's saloon. The decorative work is

exeeuted in oak, carved and painted white in Louis XVI style. The
decks are 9 ft. apart, and the great headroom thus afforded adds materially

to the handsome appearance of all of these public saloons.




THE CLYDEBANK SHIPBUILDING AND
ENGINEERING WORKS.

FMPYHE Clydebank shipbuilding and engineering establishment of Messrs.

- John Brown and Co., Limited, is not only one of the lzlt'j_;_'ust in the
kingdom, ecovering as it does an area of 80 acres, but it is equipped with the most
varied of tools for the production, without sub-contracting, of every type of ship,
from the superbly-furnished yacht down to the utilitarian ©tramp-steamer”
carrying its thousands of tons of cargo; from the “ ocean greyhound,” of which
a large number have been produced in quick succession at the works
to the smart, swift Channel steamer : and from great leviathan ironelad
warships to high-speed torpedo-boat destroyers.

Many shipbuilding firms are content to construct the more important
items of the ship, depending largely upon outside establishments where particular
items of work are specialised. The principal commendation for this practice
is that there is less capital involved in the plant, consequently less loss incurred
during those periods of depression which recur regularly. The Clydebank
establishment, on the other hand; is laid out with the object of doing the
maximum of work upon any ship, purchasing only from outside sources what
may be termed “ proprietary” items, where inventions are largely involved.
The advantage in such case is, that there is not only economy in production
under the one management, but that there is less likelihood of the separate items
il(_'-i'l]lf_f 111_'“\'!_‘]‘1_“1 U“t E)F t-i]]ll'!. ﬂ-]lll t-hL‘l'{}F{}l.‘c intk‘.’}.‘rl!l'il!\!_‘; \‘.'it}l bll(f !,'.lJ]l.“%E?(':llLi\'l,?
progress of the building of the ship. This is almost a necessity in large import-
ant ships, especially naval vessels, where small changes in design are introduced
frequently. The necessity for maintaining the works at their fullest producing
capacity is, of course, increasingly important, and here the whole question of
capitalisation and finance is involved; but we do not propose to enter upon
that here; our object in pointing to this distinctive characteristic of the
Clydebank works is simply to indicate that this desideratum for prompt delivery
is fully realised.

The establishment, which is situated on the north bank of the River
Clyde, about seven miles from Glasgow Harbour, was originally laid out in 1873,
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GENERAL PLAN OF WORKS. 89

but the traditions of the works date back to 1846. The first plan was
conceived not only upon a liberal scale so far as “ elbow-room ” is concerned.
but with due appreciation of the possibilities of extension, a large area of ground
being reserved to the west of the original works ; and since Messrs. John Brown
and Co., Limited, took over the establishment, about four years ago, this
vacant ground has been incorporated into the works, and new nmchinu-shops

View v Wesr Yarp,

and building berths have been laid out, part of this new section being
illustrated above. The general arrangement, illustrated on Plate XXIV,,
facing page 69, includes now six shipbuilding berths in the east yard, and
several in the west yard; while between these two series of ship-eonstructing
slips there is a larce dock for the fitting out of the vessels after they have
been launched. This dock is illustrated on the engraving, Plate XXXI, in
which are to be seen a battleship, an armoured cruiser, a large merchant ship




it ARRANGEMENT OF MACHINERY WORKS.

and small eraft. Angle-iron departments, beam and platers’ screeve boards,
furnaces and machine-tool shops, are arranged at the head of each series of
berths. The earpenters’, joiners’, cabinet-makers’, polishing and wood-workers’
departments generally are in the east yard, contiguous to both the dock and

building .~a|'|}n.~', with plumbers’ and other auxiliary sections close by the docks.

In both sections of the works, too, there are smithies, forces, and light-iron

GENERAL OFFICES AND STACKYARD FOR PLaTes, &c.

shops, and the other departments associated with shipbuilding. The engineering

¢ o
and boiler works are placed at the end of the fitting-out dock, being thus not
only close to the vessels when machinery is being fitted on board, but equi-

distant from the two series of shipbuilding berths. It thus hecomes a simple

matter to convey by the yard railway the machinery and boilers in parts to any
ship while on the slip or in the dock. The engineering section includes also a
large smithy, as well as a brass foundry, copper shops, galvanising department,
&e. The brass foundry is illustrated by Plate XXXII., facine this page

. . (=] o e
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THE SHIPBUILDING BERTHS. 91

In deseribing the works it may be more interesting to review the depart-
ments and plant in the order of their use and importance in the building
of the ship, rather than to adopt an itinerary method ; and it may be said
at the outset that the works have a frontage to the River Clyde of 3,200 ft.,

View arm THE Brinping Berrns.

and that the various building berths have a length varying from 450 ft.
to over 800 ft. Several of them have heen constructed with the view
of supporting the concentrated weight due to the modern armoured battleship
and cruiser, the weight per square foot of surface earried by the lnuuching
ways amounting in some cases to 3 tons. As recards the waterway, no difficulty
has been experienced in sending afloat the immense liners, many of them
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of historical importance, which have already gone forth from the works;
the lines of the building berths in the east yard converge upon the centre
of the River Cart, which flows into the River Clyde almost directly opposite
the shipbuilding works. The berths, as shown in the illustration on page 91,
are equipped with hydraulic 4-ton jib cranes at frequent intervals, for lifting
weights on board during construction.  There are several portable 10-ton eranes
throughout the works. In the large quadrangle immediately inside the entrance,

in both east and west sections, where ship-plates, angles, &e., arve stored, as

Movroisg Lo,

shown in the illustration on page 90, there are 10-ton portable cranes for lifting
the material on to the racks, or on to the trueks for conveyance to the platers’
shed, &c., which again stand between this plate stack-yard and the building
berths. To facilitate the conveyance of material, there are in the works five
miles of narrow gauge, and six miles of standard gauge railway, in direct
eonnection with both the Caledonian and the North British Companies’ systems.

Dealing with the separate departments, one naturally commences with the
monlding loft, where the work of construetion is beoun in the case of all ships.

The engraving given above of this department at once establishes not
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SHIP-PLATERS DEPARTMENT IN BAST YARD. 03

only the size of the loft, but the profusion of daylight admitted. The length
of the loft is 250 ft. and its width is 55 ft.: the roof is of light steel principals
with corrugated iron on the purling, and the sides are entirely of glazing.

In the frame-bending shop in the eastern yard, about 250 ft. square,
there are three angle-iron furnaces, each 61 ft. long, with a large floor area
of cast-iron blocks for setting the frames, as well as screeve boards for
laying them out. There are alongside, also under cover, the usual equipment
of punches and shears, with a special hydraulic machine for cutting off the
ends of channel bars, and a machine for planing both edges of angles at one
operation. A specially noteworthy machine is that for setting the flanges of
angle-iron frames to the required bevel.

In the east section of the works the ironworkers’ machine shed is
350 ft. long by 150 ft. wide, being in three bays, with two lines of shafting
for driving the machines. This shed contains very heavy machine tools;
there are about thirty punching and shearing machines, ranging up to tools
which sheer 1}-in. plates and punch 11-in. holes in the same thickness, while
the gap is 42 in. enabling plates 7 ft. wide to be dealt with. Of special interest
are two double punching machines, of the cam and lever pattern, with twin-
punches at each side. There are two hydraulic manhole punches, capable
of working holes of 36 in. by 22 in., while two other machines of a kindred
nature for eutting elliptical and circular manholes are worked with automatie
feed. Trregularities in the plates, angles, and channel framing of warships,
due to splinter gratings in the air-hatches of protective decks and to other
causes, have made necessary the use of band saws for cutting such sections,
instead of the ordinary hydraulic shears ; and two powerful saws of this type
are in constaut use at Clydebank, in addition to the ordinary cirecular saws,
of which there are four.

There is an immense hydraulic flanging machine, which is illustrated on
Plate XXXIII,, facing this page, for setting plates for the keel and garboard
strakes, as well as for stiffening flanges in bulkheads. It is capable of dealing
with plates of any length, being open-ended, but the machine itself is 25 ft. long.

The tools in the platers’ shed, as a rule, are designed to work plates
up to 35 ft. long and 7 ft. wide. Thisis the length of the bending rolls,
shown on Plate XXXIIL These rolls deal with plates up to 1} in. thick, the
top roller, a solid steel forging, weighing 45 tons. There are two other sets of
volls of slightly less power in this department. The planing machines
number five, and are all of considerable capacity, For straightening plates
there is a mangle with solid steel rollers, taking plates 6 ft. wide and £ in.
thick. There are two plate-cutting machines for light work, as, for instance,

L-l)l'l_}t‘.tl(.‘l=].Jl,l?lt lll:'-.i['.l'()j'l,'t'.‘j, }_i_lLl_l ]‘i\'l_']' ::-t,-L'}i.II]i‘]'HI .H'}]i.'”']_'}lilt-il]"_f_:;_ t-hE_’- HlFlL’]li'II{’ ]Iil-‘:"




4 MORE IRONWORKERS MACHINE SHOPS.

two revolving steel dises, the edges of which slightly overlap, so that when a plate
is inserted between the dises it is cut to the required form ; the machine is
capable of cutting the plates in a curve of very small radius. The shop is
well equipped with radial drills, three of whiech have each three jibs, the ares
deseribed by them intersecting, so that a plate 35 ft. in length may be drilled
without re-setting, There arve three sets of countersinking machines
each with two radial arms and roller tables. The majority of the tools in this
shop are worked from shafting «driven by a steam engine situated close to
the ironworkers' department and, deseribed on pages 109 and 110.

Beav-BeNmya Suep 18 WEsST YARD.

[n the west yard new ironworkers’ machine-shops have been and are now
being erected, and in some respects they will excel, not only in their arrangement
but also in their equipment, those which we have just deseribed. The engraving
on this page illustrates the beam-bending shed being built : the root is
entirely of glass. This shed is 150 ft. long by 90 ft. broad, and in it there
are now herizontal punching and beam-hending machines, vertical punching and
shearing machines, steel circular saws, hydraulic channel cutters, &ec., all operated
by electric motors. Throughout this shed there are five hydraulic cantilever
cranes, with jibs 42 ft. long, and a lifting power in each ecase of 5 tons. The
cranes are so placed that the beams can be taken up at the delivery end of the
shop and passed through the machines to the other end, close to the shipbuilding

berths, withouti any other system of transport.
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SHIP-PLATERS" DEPARTMENT IN WEST YARD. 95

To the west of this new beam-bending shed there is placed a new smithy,
and between them three powerful hydraulie eranes, of large radius, are fitted
for moving material during various stages of the work, The smithy is so
equipped with cranes that the beams can easily be wrought at the fires,
and the work in connection with heam knees, &e., is thus greatly simplified.

The new main platers’ shed in the west yard is also contiguous to the
building berths. It is 360 ft. long by 180 ft. wide, and is built in six bays.
It is equipped with large hydraulic swing ecranes for the easy handling of
material. All the machinery is new and of a powerful type, comprising punching
and shearing machines, plate-edge planing  machines, plate-bending rolls,
plate-straightening volls, countersinking machines, beam-benders, hydraulie
punching and Hlanging machines, hydraulic channel eutters, and cireular steel
saws, and all are operated by electric power. There are two gas furnaces
placed near the centre of the shed, for heating the bars employed in framing,
&e. In connection with these furnaces there are bevelling machines suitable
for different sections of steel framing. On both sides of the furnaces
there arve placed two large screeve hoards, 150 ft. long by G0 ft. broad. One
bay of the machine shed is laid off for building and riveting the frames, &e.,
to minimise work in the building berth during inclement seasons of the
year, and to facilitate work hefore the Dberth is vacated for a new ship,
rJ_-‘Ell‘s }.H'l-:\" llELH il r')ul'-t-‘.']l l_'P\";_‘].']']{:c'.'Ul l'E(‘.(ﬁt;l'i(_‘. t-l‘F].\'l‘.“ill:'_"' crane, \\']Eif_‘l] runs out
clear of the shed at each end, so that it can pick up the constructive material
and lay out the finished frames at the other end,

It will thus be seen that the east and west y;ll'tir-i, so far as wronworkers
are concerned, are practically in duplicate, but the other departments are
more or less concentrated. The general store, which is really the main
distributing department, is almost in the centre of the works. Tt was a wise
provision to make this department a prominent feature, and to insure a
thoroughly organmised system, beeause in such a large establishment there
would otherwise be grave risk of leakage. A view of the store is given on
Plate XXXIV., but it would occupy too much space to review the general system,
Under the same roof there is a well-equipped dispensary and operating room,
and a surgeon is in constant attendance for prompt treatment of any
workmen injured. Although accidents are not frequent, this provision is one
which gives much satisfaction.

Amongst the departments which utilise this store as a main distributing
eentre is the shipyard smithy, illustrated on Plate XXXIV. This building forms
t;]:lLI i_’.il.“%t-(.‘-l'].l L_Nﬂ_ll'l.‘.l:l].'}' U'.tb tlli_'- {'ﬁt-e'll}]I..%]Illll_‘llt'- ’li.l.\'II]_f':' [1‘“'13("-[,- l-f!]]llllllllli(:?.ltil}]l
with the ships on the eastern building slips. There are about 120 smiths’

fires, the blast being supplied by a powerful Roots blower: while in the forge
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there are four furnaces and fifteen steam-hammers, ranging up to 75 ewt,
the most powerful being placed between two furnaces, served by two 10-ton
hydraulic cranes. Adjacent to the smithy is a testing-house with a machine
of 50-tons capacity.

In the modern steamship, particularly for war service, there is a large
amount of engineering work independently of the main propelling machinery,
such as is connected with stearing gear, capstans, cun-seats, hoists, &e., and at

Tar SHIPYARD ENGINEERS' SHOP,

Clydebanlk these are usually constructed in a department of the shipyard
ather than in the engineering works; and thus it comes that there is a
shipyard engineers’ shop. At Clydebank this department is placed contiguous
to the building berths, and the extent of work undertaken is indicated by the
fact that on an average 500 men are employed here alone. The shop is 240 ft.
long by 75 ft. broad, with a fitting bay 80 ft. long by 70 ft. broad. There
is a very complete equipment of fitters’ tools, lathes, planing, drilling, and
serewing machines, and although none of them are of unusual size, they
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are well worth noting. There is a multiple drilling machine, four wheel-
cutting machines, key-seat cutters, and an emery tool-grinder. The fitters’
benches are in a gallery, as are also the stores. As a narrow-gauge railway
runs through the shops, and as there are two 5-ton overhead travelling
cranes, several jib cranes, and a 5-ton hydraulic jib crane at each end, the
department is well equipped for handling heavy products.

As can readily be imagined, in an establishment which sends out a large
number of high-speed passenger steamers and yachts, the wood-working
department is very extensive, occupying about 10 acres of ground, two-
thirds of which is covered by drying sheds. The timber for the joiner
shop is accommodated in a building measuring about 360 ft. long by 125 ft.
broad, and having 112 portable racks and four patent electrieally-driven
radial cross-cut and ripping saws, for cutting timber to the exact sizes
required by the joiners. The store for deck planks is a duplicate of the
Joiners’ shed, the timber being delivered automatically from the planing
machines to any part for stacking. There is ample accommodation for storing
and s:_?:_Lm_mini_:' all wood I'(’.i:ll.ﬁl‘(’.(.l for the deecks of twelve Atlantic liners, and all
entirely under cover.

The saw-mill is new, and is situated at the extreme west end of the
yard. As shown in the engraving, Plate XXXV, the saw-mill itself consists of
two bays, and the roof is of light construction and glazed all over, the effect
heing to secure the full light of day with ample weather protection ; in fact, we
have never seen a more adequately lighted and satisfactory structure. The
building measures about 200 ft, long by 68 ft. broad, The saw mill is econtrolled
in every part by four overhead eleetric travelling eranes, which lift the logs
direct from the river, and store them or deliver them to the machines as re-
quired. The log department is fitted with three vertical log-frames, one German
board-cutting saw, and an American band mill, the eombined eutting capacity
being over 500 logs per week. In the re-conversion and re-sawing of the wood,
the principal machines used are one large deck planer, one lining and flooring
machine, one American planer, one moulding machine, one deal frame, one
improved Casson’s bench, two small saw-benches, two large travelling circular
benehes, one lightning planer, two pendulum cross-cut saws, and two dis-
appearing cross-cut saws., In the saw-room there are seven automatic saw-
sharpening machines for band-saws, one automatic circular saw sharpener, one
automatic blade grinder, one punching machine, and two hand-sharpening
machines.

The wood-drying stove is controlled by a patent thermo tank, by which the
temperature can be regulated at will. The entire installation is driven

by a 300 indicated horse-power compound condensing engine, supplied with
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steam by two Lancashire boilers, automatically fired by Henderson’s
patent stoker for sawdust and chips. The buildings, machinery arrangements,
&e., were designed by the company’s staff.

The joiners, cabinetmakers, and polishers are accommodated in a two-
storey brick building, situated at the head of the building berths in the east
yard, and close to the fitting-out basin. This building is 200 ft. long and

150 ft. broad. A view of the interior of the joiners’ shop is given on

Craxes ar moe Fremze-Ovr Doek.
Plate XXXV, tacing page 97. The collection of wood-working tools is complete,
and is representative of the best British and American practice. It includes
sand-papering machines, dovetailing machines, blind - slotting machines, and
special tools for cutting spiral or fluted grooves of balusters, sheerlegs, &ec.,
with the usual planing and moulding machines. The shavings, &e., and sawdust
are carried off by a pneumatic conveyor direct into the furnaces of the boilers
inan adjacent power station. In the western yard there is a joiners’ store,
where all the finished furniture and fittings are stored until they are required

—
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on board the vessels. The floor over this joiners’ store is occupied by the
riggers’ loft, where all the rigging, ropes, tackles, and other material required
by them is prepared. The carpenters’ shop, which is also in the eastern yard,
contains planing, moulding, and dowelling machines, with band and ecircular
saws, all of the tools having been installed recently.

It may not be uninteresting to introduce here a rveference to the dock or
fitting-out basin (see Plate XXXI, facing page 88). Tt occupies the central
part of the water frontage, and extends for 750 ft. from the river, while the
width of the dock is 320 ft. from cope to cope. The entrance from the river is
137 ft. wide. There is about 2,000 lineal feet of wharfage, and, in addition
to this, a jetty 120 ft. long by 22 ft. broad, is run out from the north end
of the dock—that furthest from the Clyde—so that it is possible to berth
alongside the wharves five vessels of different lengths. The depth of water
at low tide is 25 ft., so that the largest ships may be always afloat. The dock
1s constructed of shect-piling, driven to a depth of 30 ft. below low-water-

level, while above the top of the piling there is a sloping wall with a concrete

| coping.  The facilities for moving ships in the dock inelude hydraunlie and
' steam eapstans, and a powerful steam winch.
I The crane arrangements are wvery complete: on the east wharf, that
| nearest to the engine works, there are sheerlegs capable of lifting 130 tons,
| designed and constructed at the works. The front leg is 138 ft. long between
. centres, and the back leg 180 ft. The back leg is run out by means
. of a screw, with a nut in the cross-head of the leg, the secrew heing 76 ft.
Iil in length, 9% in. in diameter outside, and 8} in. at the botton of the thread.

Separate engines are provided for raising the load and for actuating the

serew : and this arrangement enables both operations to proceed simultaneounsly,
and thus the l“.‘-:]_rr_:r-;;l.] of heavy loads is expedited. The sheerlegs have
sufficient overhang to lower a load perpendicularly at a distance 60 ft.
from the quay wall; they can place the machinery on hoard a steamer of 86 ft.
beam. On the eastern wharf there arve also two 5-ton hydraulie travelling jib
eranes. These cranes are shown in the illustration on the opposite page.

The west wharf is traversed by a 20-ton steam travelling crane, with a
jib having a radius of 47 ft.; the carriage of the crane has a sliding table
which enables the crane to be traversed to any set of parallel rails, and thus
it can work at any distance up to 180 ft. from the quay wall, and for the
whole length of the wharf. On the jetty, projecting into the dock (as shown
on Plate XXXI., facing page 88), there is a 10-ton electric jib crane, built at a

hich elevation, and of very considerable radius, so as to be able to place loads

on ships on either side of the jetty. This jetty and erane are most useful for
the fitting out of paddle steamers, torpedo-boats, and small eraft.
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THE MARINE ENGINEERING DEPARTMENT. 101

We now turn to the engineering

¥
]

¢ department of the works, which
is compactly arranged near to the head of the fitting-out basin. Some idea
of the capacity is provided by the fact that for several years the average
output has been over 60,000 indiecated horse-power per annum, the number
of men engaged in this department alone being from 2,700 to 3,000. A
separate entrance for workers and materials is ]'11'(:\'11[0{.[, and here there
is the same l'ugnhu' method of thn'ing the material in readiness for the
various sections. The main engine-shop consists of a building 410 ft. long
by 360 ft. wide, divided into four main bays, the heicht being about 60 ft.
The respective bays are utilised as delivery departments, large machine shop,
erecting department, and small machine-shops: the erecting bay being placed
between the two machine-shop bays, so as to minimise the distance through
which the various parts require to be moved.

- On the opposite page there is a view of the large machine-shop, in which

there are many tools of noteworthy dimensions, Included amongst these are
_ two vertical milling machines, the cutters used varying in diameter up
" to 18 in.: the cross-feed is 6 ft., and the transverse feed is 2 ft. 1 in., the
J movable circular tables being 4 ft. in diameter. There is a treble-geared
i miller, eapable of milling a surface 10 ft. by 4 ft. 7 in. by 18 in. deep, the
l table being fitted with a quick-return power motion. Opposite this latter
| tool is a triple-geared lathe, 20 ft. between centres, with an independent
I motion by serew; the headstock is 33 in, and is provided with rack motion
for quick hand ftraverse; the saddles are arranged so that they will pass
alongside the shifting-head, in order that an extra large job may be faced up.
The face-plate is 5 ft. 10 in. in diameter, and can swing 48 in. and 54 in, clear
of the back and front saddles respectively. There are two other powerful
treble-geared lathes, mounted on one bed, so that a 33 ft. length of shafting
can be driven by both heads. Close by is a large radial drill, having a spindle
5 in. in diameter, and fitted with serew and hand gear; the jib has a 3 ft. vertical
travel, the drilling spindle traverses 8 ft., and the vertical feed is 2 ft. 6 in.
There are five slotting machines, the larger having a 20-in. stroke,
with compound and rotary table, and another with a 16-in. stroke with quick-
return motion, admitting articles up to 5 ft. 4 in. in diameter. Adjoining is a
large treble-geared face-plate lathe, the plate measuring 11 ft. in diameter. There
are together a set of three combined planing and slotting machines, with quick-
return motions. One can deal with an area of 21 ft. long by 171 ft. high, and is
arranged to take a cut of cast iron 1 in. deep at a speed of about 15 ft. per
minute ; a second can slot and plane over a surface 20 ft. 6 in. long by 14 ft.
high ; the third machine can take a job 15 ft. long by 12 ft. high. At the
north end of the bay there is a set of four horizontal universal boring, drilling,
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and tapping machines, and two of these ean operate over a continuous vertieal
surface of about 40 ft. by 10} ft. These powerful machines have bored
cylinders up to 48 in. in diameter, ta.pl_ﬁng and s.‘l',u:]i,l?ng their ﬂa.nges at a singlg;
setting.  One of the 5 in. spindles of these machines is fitted with an
interchanging wheel arrangement for combing or cutting internal serews
of large diameter, by means of a chasing tool held in a small slide on the end
of a spindle. Opposite these machines are two powerful treble-geared

shatting lathes, whose beds are continuous, and with feeds up to 5 in. per

Excine Worgs SaIray.

minute. They are 21 in. centres, and each is fitted with two strong duplex
sliding saddles, each having front and back duplex rests. The front rests
ave arranged for tapered work.

The small machine-shop, illustrated on the opposite page, has a splendid
installation of tools, but mention need only be made of three 12} in. screw-
cutting lathes, whose beds are about 16 ft. long; a 7-in. double-geared self-
acting hollow -spindle, capstan rest, chasing lathe; an 8-in. universal self-
acbing open-spindle double-gear chasing lathe, fitted with a capstan rest:
two 5 in. self-acting lathes ; and 7 lathes ranging from 6 in. to 12 in. centres.
About the centre of the bay there are placed a number of drilling and tapping
7z
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machines, and further southward a multiple drilling machine, arranged to
drill holes 11-in. in diameter by 1 in. deep, at the rate of ten per minute,
throuch steel plates 111 ft. wide by 15 ft. long, or through drums 4 ft.
in diameter by 10 ft. long Amongst other tools, reference may be made
to a band-saw for sawing tubes and eoupling pieces, &e., admitting pieces 2 ft.
6 oin. r]m']r and 4 ft. between the saw and frame.

An important adjunct to these machine shops is the engine works' smithy
illustrated on the preceding page. It is a light structure, with 35 hearths
arranved on either side, with 13 steam-hammers, and there are several air
furnaces. A large number of forgings of considerable size are produced for
the engines of ships and for the ]n-ilwr—ﬁhnl'a requirements.

On the Plate facing this page, there is illustrated the erecting shop,
which is served by two 40-ton overhead travelling eranes, and many hydraulic
jib eranes. At the north end of this bay there is placed a very large surfacing
lathe, the f:lt'.t‘—|:'|.'li\' of which is 12 ft. in diameter, the width across the slide bed
|-z~i|1;_f 10 ft. 8 . There are two tool-boxes that traverse on the slide, and
suitable gears for longitudinal and transverse feeding are provided. The machine
is capable of dealing with very large cylinder covers, parts of condensers,
and also for the important work of machining and buffing eylinder liners
for naval vessels. Adjacent to this machine, but on the west side of the bay, is a
laree vertical boring machine, having a S-in. diameter spindle, and special large
table with 10 ft. travel ; also two laree horizontal boring machines, all capable
of dealing efficiently with the heaviest work of the shop, being provided with
the most approved means of adjusting the work under operation. Adjoining
are two S-in. spindle vertical boring machines, having a 4-ft. travel, The
spindles are fitted with a special arrangement for boring conieal holes, such
as are usually found in propeller bosses, &e.  This arrangement consists of
a parallel boring bar with a groove running its entire length, in which the
tool-holder slides, and is traversed by a serew fed automatically. The bar
carries a cross-head, on which is mounted a traversing top-centre, which engages
the socket of the boring spindle ; in the lower end is formed a socket bearing
of hard steel, which runs on a corresponding spherieal-ended ecentre, bolted
through the frame of the machine, below the level of the ht'll—l:l:lll'.‘-‘-. The
taper of the hole to be machined is adjusted by traversing the top-centre
on the crosshead. Further down the erecting shop are four sets of boring,
tapping, and studding machines, fitted with a milling arrancement.  These
have also level iron beds in front, and can drill over an arvea of 40 ft. by 104 ft.

high. They have 3-in. spindles, having a travel of 3 ft.. and form a

valuable
part of the u||!li]|l|l|.'||1 of the r|:-]:.—1.l'l|r|[-|1|,

The fourth bay, forming the receiving or delivery shed, has a travelling
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jib erane which removes materials from the railway company’s wagons,
depositing them in positions convenient for the travelling cranes in the shops.
There is a separate tool-fettling department ;and the machines specially set
apart for preparing the tools include a universal milling machine, a shaping
machine, milling cutter grinders, Morse drill grinders, emery grinders, and
a number of ordinary grindstones. The upper portion of this west bay

is occupied by the light iron-finishing shop, well supplied with light travelling

Borer Suop, Cextie Bay.

cranes, and the smaller machine tools necessary for this class of work, as well as
hydraulic eranes and lifts for promoting despateh to and from the ground
floor.

The main boiler works are situated in juxtaposition to the engine shops;
the building is divided into three bays, being 410 ft. long, with a total width
of 140 ft. In the two largest bays the ecylindrical boilers are constructed,
and there are several very powerful tools, notably plate-edge planers for
dealing with plates 38 ft. long, and a vertical machine for cutting ovals
for manholes on c¢ylindrical boilers. In the main bay there is a plate furnace
20 ft. long by 10 ft. wide, with a powerful steam-hammer, the whole set

being commanded by an hydraulic erane. There are several powerful flanging
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machines, multiple boring and drilling mwachines, vertical cold-plate rolis,
taking 12-it. 1r|:1i{-.-_ and many ]:nn(;hing, shearing, drilling, and tei]:]\ill;:
machines, besides several large riveting machines, The third bay is largely
utilised for the conmstruction and erection of water-tube hoilers, and of this
department an illustration is given on the preceding page.

The water-tube boiler .‘-||H[h is situated on the Il_:'l'nllllci Hoor of a two-storey
building immediately to the west of the main engine-shop, and is exclusively
devoted to the manufacture of the various parts of sueh boilers. The machines
number in all about 30, and eomprise a three-spindle horizontal boring,
facing, and tapping machine, which finishes the end boxes into which the tubes
are serewed ; surfacing lathes for couplings ; two milling machines ; a number of
emery grinders; and a double geared serewing machine.  This latter consists of
a large hollow spindle mounted on two long bearings, and earrying powerful uni-
versal Hl_'ill—{’i'lltl'ill}j" chucks at each end, which Il_;'l"t]I the tubes to be serewed.
The strong circular frame for holding the six dies employed is mounted on a
saddle, and is fitted with micrometer cones for their adjustment. A slide rest is
also provided for facing, bevelling, and grooving the ends of the tubes; and a
centrifugal pump supplies the necessary lubricant to the dies while serew-
cutting. The lower part of the shop is reserved for the building and testing
of both steam generator and economiser elements.

The brass foundry is situated to the west of the main engine-shop,
the intervening space of 50 ft. being utilised for storing serap and ]':i;_-; iron,
coke, and other foundry requisites. The foundry is 150 ft. wide and 250 ft.
long, and is considered one of the largest and finest in the country, having
ample plant and every facility for carrying out all classes of work. This
foundry is illustrated on Plate XXXII,, facing page 90. The equipment ineludes
air furnaces ranging from 16 tons to 5 tons, drying stoves 20 ft. long by 20 ft.
wide, heavy overhead travelling eranes, and hydraulic jib cranes, 21 ewt. air
furnaces and 32 crueible furnaces, hydraulic and hand moulding machines,
besides rumblers, and eiveular and band saws. In order to make the foundry selt-
contained, there is-a 3-ton l'lll.ll]al for 1||.'||§i|l:,;|‘ the I‘m||1il‘i'|| 1|||}1I||“H;‘ hoxes and
plates, core bars and core irons, and the other cast iron necessary for the depart-
ment. Brass castings up to 25 tons have been dealt with. Adjoining the foundry
are the requisite stores for metal, sand, and furnace coal, &e. ; and elese by is the
hydraulic house, in which is a 60 horse-power and 100 horse-power gas engine,
driving separate three-throw pumps, and supplying two accumulators 15 in,
and 21 in. in diameter respectively, with a stroke of 14 ft.

The brass-finishing shop is illustrated on Plate XXXVIIL 1t forms the upper

floor of the two-storey building; the ground floor is devoted to water-tube

boiler work. The shop is supplied with lathes, milling machines, and screwing
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and grinding machines, a most interesting feature being a number of small
English and American machines of ingenious design for the machining of
duplicate parts. In both of these shops small longitudinal and transverse over-
head travellers are arranged, as well as a powerful hydraulic hoist for the
transport of material to and from the brass-finishing department.

There is a galvanising shop, both for the shipbuilding yard and the engine
works.  The building in which these are arranged has three bays, and is about
150 ft. long by 100 ft. wide; there are three large hot baths and four
acid baths, with two large electro-deposition tanks and a powerful sand-blast,

(GGALVANIZING SHOP,

the power for this latter being supplied by three air-compressors driven by

electric motors. An illustration of the galvanising shop is given on this page.
The sheet-iron shop illustrated on the Plate facing page 108, is one of the
new buildings in the west yard. The two bays make the shop 100 ft. wide,
and the length is 220 ft. The plant in use includes hydraulic stamping presses,
mangles, and shearing and drilling machines, capable of forming the holes simul-
tancously in a complete length of pipe; and as to the extent of work carried out,
perhaps the best indication is that therc are 200 employés in the department.
A new building, 250 ft. long by 50 ff. span, has been erccted in the west
yard, to accommodate the coppersmiths, and, as shown on the following page, it
: A
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is well equipped. Alongside this building is the producer-gas plant, with
cenerators, coolers, and holders.

An interesting item in the arrangement of such alarge establishment is the
system of generating and distributing power. Eleetricity is used on an extensive
scale, not, only for the lighting of workshops, sheds, the interiors of ships
under construction, and of the yard generally, but also for the driving of the
machine tools. There are three separate power stations: one in the centre
of the shipyard, another in the engine and boiler works, and a third close

to the saw-mill and wood departments. The shipyard station is equipped

CoprrersMiras’ SHop.,

with six boilers of the Babeoek and Wileox type, which provide steam for
the sheerleg engines close by, as well as for running the electric generating
sets. I'hey also serve as destructors, being used for disposing of the
sawdust, shavings, &e.,, from the wvarious wood-working shops, and the
rubbish collected from the interiors of ships under construction. The station
is equipped with a fair representation of the best types of steam engines
and dynamos comprising Willans and Robinson’s central valve engines,
Ialliea ¢ - - L P v Aeatl 3 + P . ol 3

Belliss and Morcom’s foreed lubrication engines, and Robey’s high-speed
open engines. The dynamos include such makes as Siemens Brothers,

Crompton, W. H. Allen, Sons and Co, Brush Engineering Company, and the
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British Schuckert Company. The total engine power is more than 900 horse-
power, while the electric output is 700 kilowatts. A large set of Tudor accu-
mulators is provided for supplying current during periods when boilers or
generating sets are shut down, so that there is at all times an uninterrupted
supply of current.

The engine works generating station differs from that in the shipyard, as
the dynamos are run by gas engines, with the intervention of ropes. Four of
the engines are by the Premier Gas Engine Company, three of them each driving
a generator of 80 kilowatts, the fourth driving a generator of 180 kilowatts,
and the other two, by Crossley Brothers, drive generators of 44 kilowatts each ;
the total is thus about 500 kilowatts. The engines are supplied with gas
f]_‘U]I] ])f)\\-’s(:)ll P!'Olhlcel'."}.

The sawmill generating station consists of four dynamos, two of 77
kilowatts and two of 44 kilowatts, driven by rope from the main sawmill engine.

There are in the works about 750 are lamps of 1,000 to 2000 candle-
power, and about 5,000 ineandescent lamps of 16 candle-power. The are lamps
are used principally for outside illumination, and in the interior of the larger
sheds and shops. The incandescent lamps arve used in all the wood-working
departments and offices, and for all beneh work. They are also adapted
for the internal lighting of ships during construction, replacing the old-time
naphtha lamps.

Electricity is largely used for machine-tool driving, the power utilised
in motors amounting in all to about 1,050 brake horse-power. There are
over 150 motors in use, varying in power from 30 brake horse-power downwards.
In the first vlace, there are a number of high-speed electric overhead travelling
cranes in the wood departments, boiler shops, and engine shops: two large
electric jib cranes, one of which is capable of lifting 10 tons at 42 ft. radius,
and the other 5 tons at 60 ft. radius. A number of motors, again, are
applied to general shipyard work, such as shop driving, the new ironworkers’
sheds being entirely driven electrically by motors applied directly to each
machine—punches and shears, plate-bending rolls, plate-straightening volls,
angle cutters, bevelline machines, countersinking drills, planing machines,
sueezers, civeular saws, tool grinders, &e. Motors are also applied to the
lighter elass of work—driving portable drills, pumps, and ventilating fans
on hoard ships under construction, &c. Two powerful electric winches are
utilised for lifting armour plates and other heavy work in connection with
the construction of warships.

Power is supplied to the majority of the machines in the east yard
by a horizontal compound Robey engine, situated at the west end of the iron-

workers’ shed. The engine has eylinders 18} in. and 30 in. in diameter,
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with a stroke of 40 in., and indieates about 300 horse-power. The engine
transmits the power to two main lines of shafting, extending throughout
the ironworkers’ shed, and also supplies power for the shipyard engineers’
shop, which is situated close to the engine. Steam is supplied to the main
engine by four large Lancashire boilers. The boilers are fitted with Proctor’s
patent mechanical stokers, the coal heing raised by a steam elevator and
distributed by means of a serew worm. These hoilers also supply steam
to a Tangye engine of about 80 horse-power, used for driving machinery in
the joiners’ shop, to a small auxiliary engine in the shipyard engineers’ .-:hn]':.
and to 15 steam hammers in the forge and smithy.

An hydraulic pressure system is installed throughout the yard, and is used
for actuating, amongst other tools, the powerful flanging machine (shown
on the engraving, Plate XXXIII, facing page 93), two large manhole
punches, several portable riveters, and a number of cranes and capstans. The
pressure for this system is 1,000 lb. per square inech. For the portable
hydraulic riveters a separate system is used, with a pressure of 1,400 Ib. per
square inch.

The principal offices are centrally situated, and near the main entrance
to the works. They are shown on the illustration on page 90. They include on
the ground floor, model-room, counting-house, engine works drawing office, with
accommodation for fitty draughtsmen, and, alongside, the manager’s office, which
is also close to the engine shops. The first floor has the board room, the private
offices of the managing directors, &e., shipyard drawing offices, with accommo-
dation for 100 draughtsmen, and the tracers’ office ; while on the second floor is
a completely-equipped photographic department. There is a suite of offices for
Admiralty overseers, &e.; while distributed throuchout the works are the time
offices. The shipyard manager has also an office close by the building berths, for
consultation with his foremen, &c.; a system of telephonic communication is in

use: so that it will be seen that, vast as is the establishment, its organisation

overcomes the disadvantages of distance; and thus it comes that work ean be

expeditiously and cheaply done, as the records of the establishment show.
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THE SHIP MODEL EXPERIMENTAL
DEPARTMENT.

DESCRIPTION of the Clydebank Works would not be complete without
l- an allusion to the latest addition, made in 1903, viz, the new
tank for experimenting on ships’ models. It is well known that the
modern developments in the utilisation of models for ascertaining the
resistance of ships were due initially to the late Mr. Wm. Froude, of Torquay.
Under his illuminating guidance the Admiralty experimental tank was
established ; since his death it has been superintended by his son, Mr. R.
E. Froude, who is well known in scientific circles, and has placed the whole
nation under a deep debt of gratitude in this connection.

The building comprising the new tank and the offices in connection
therewith, is situated at the west boundary of the yard, and covers an area
of about 2 acres, The basin or tank, which lies due north and south, runs
parallel with the boundary wall of the yard, and has an extreme length of about
400 ft., a depth of water of from 8 ft. at one end to 9 ft. at the other, and
a width of water of 20 ft. clear. At the end of the tank, where the
models are worked, there are dry and wet docks for trimming the
miniature ships, capable of accommodating a 20-ft. model. At the south end
of the tank a stepped or sloping beach is built for breaking the wash
caused by the models. The tank proper is covered for its whole length
by a roof of 28-ft. span, thus giving a passage of 4 ft. on either side. It
is well glazed, in order to give as much overhead licht as possible. This is
fully established by the engraving of the tank on the Plate facing this page.

Grouped conveniently round the dry and wet docks is the necessary
gear for making the wax models, such as the moulding box, automatic
cutting machine and weighing machines ; ‘also an overhead railway for
conveying models from one place to another, in order to undergo the
different processes preparatory to experiment.

The ecarriage from which the model iz towed through the water runs
on rails fixed on each side of the concrete walls of the tank. Electricity
is used to drive the carriage, and it may be here mentioned incidentally

05!
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model tank. The electric current is conveyed to the carriage by overhead
trolley wires. The dynamometric apparatus is designed entirely to avoid
the use of any devices involving the possibility of friction. About the
centre of the main tank building an observation room is built out for
photographic purposes.

At the north end there is placed a large building, forming an adjunet
to the tank buildings, for the acecommodation of the model makers. This
building is 80 ft. by 40 ft., and is fitted for the construction of finished
models.

As temperature is an important factor in the results of model experiments,
due regard has been paid to this matter. The buildings are heated by
means of hot-water pipes, and the water is heated by calorifiers. The
buildings are fitted throughout with electric light.

The main entrance to the tank is situated on the east side of the
buildings, and adjoining it are the tracing room, superintendent’s room,

and drawing and record offices.




IRON ORE, COAL AND COKE.

TN the early 'seventies, when a great demand was experienced for iron

and steel, owing partly to railway and shipbuilding development, and
to the company’s suecess with armour plate as already narrated, Messrs.
John Brown and Company, Limited, acquired iron-ore mines in Spain,
Lincolnshire, and Northamptonshire, and purchased the Car House and
Aldwarke Main collieries in Yorkshire.  Contemporaneously, blast-furnaces
were built at the Atlas Works; so that the company became independent
of outside sources of supply of raw material, and thus ensured regularity
and economy of production.

Little need be said of the iron-ore mines; hematite is got from the
Spanish, and elayband ironstone from the English, properties, the total
output being about one and a-half million tons per annum.

The collieries have been greatly developed and the mining appliances
improved ; while the Rotherham Main colliery, to work the same coal seams,
was sunk some thirteen years ago, to the south of the town of Rotherham,
and three or four miles from Aldwarke; so that the annual production is
now 1,500,000 tons as compared with 350,000 tons when the mines were
purchased by the company. Some of the best-known seams in South
Yorkshire are worked from all of these collieries—the Barnsley, Swallow
Wood, and Parkgate seams; the Silkstone seam. underlying the whole of
the company’s property at Rotherham, is known to be of good quality and
thickness by the workings at adjacent collievies. At Aldwarke about 2,800
tons are raised per day, at Car House 400 tons, and at Rotherham Main
3500 tons—a total of 6,700 tons of coal; while 2600 tons of coke are made

per week in ovens utilising the small coal separated in screens from the
main coal, and thoroughly washed blefore use in the ovens. Valuable
residual products are recovered from the coke-oven gases.

The Barnsley seam yields a coal second only to Welsh fuel for steam-
raising, and, like the Swallow Wood seam, it is worked on the “long wall”
system, with gates about thirty-five yards apart. The Parkgate seam has
for many years had the highest reputation for its gas coal, and all the

principal gas companies at home, and a great many works abroad, have
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utilised it from time to time. It is also, like the Swallow Wood seam. a
first-rate household fuel, and yields coke of the best quality. The Parkgate
seam is worked by what is known as the “pillar-and - stall” method—
narrow stalls eight yards in width alternating with pillars forty yards in
width, but the latter are subsequently extracted.

Modern mechanical methods are applied in the raising of the coal at
the three collieries, the practice at each differing only in detail. The steam
for the various engines for haulage, winding, sereening, &ec., at Rotherham
Main is supplied from twenty Lancashire boilers, many of them fitted with
the company’s Ellis and Eaves™ system of induced drancht; and at Aldwarke
Main steam is generated for the many engines in use in thirty-one Lan-
:'}I.Hllil'f‘ }IUIIt_‘l‘H. “IELII‘\" {}t‘ t}ll’]l] ﬁ]‘L‘E.l \\’ital Llll.'- \\'?IHL{'! g?.i..‘-'-i_‘.‘-{ rl'l]]ll t-h{‘ (_‘f']‘l\'l‘
ovens,  There is at both centres an electricity - generating station, from
which the surface works and a large part of the underground roads arve
lichted.

At Aldwarke very lone |=‘1|f¢;ths‘4 of 1'0&:1\\-‘:1}'.‘-{: as the result of about

o]

thirty years’ mining operations, have to be maintained, and something like
twenty miles of cables run along the main engine roads. These ropes are
for the most part operated by hauling engines on the surface: but in a few
cases air, compressed on the surface, is conveyed down the shafts to
]'ml_\.mn;l.t.-if'.;ll]"_"—rfl'i\'Pn hauling engines in the workings. In connection with
the Aldwarke works there are five shafts, one of them, the Warren House
Pit, for ventilation, haulage, pumping, and letting the miners down to the
workings, &e., being situated four miles from where the coal is drawn.
The shaft at Car House is only for the raising of coal ; the underground
roadways, being connected with the Aldwarke colliery, are ventilated
from the shafts at the latter. At the Rotherham Main colliery there are
two winding shafts. To ensure safety, no explosives are used underground,
and the lamps are of the most approved type, and are tested before being
handed out to the workmen each day. The two ventilating fans at
Aldwarke have a t‘:l]l:luit-.\' of 450,000 cubie feet per minute ; and that at
Rotherham Main of 400,000 cubie feet,

The coal-sereening arrangements at Aldwarke and Rotherham Main
collieries are extensive, and are designed to ensure uniformity in a large
varieby of sizes or qualities of coal. The whole of the coal, after sereening,
is passed over picking bands for removal of foreign matter. After passing
over the bands at Messrs. Brown's collieries the coal is delivered to brouad-
belt eonveyors, the outer end of which can be raised or lowered to suit the

level of the eoal in the wagon, so that there is ln‘uttiua]l}' no drop and

r,-un.--u:pmntty no 1nr'|-u]\';1gw, The coal in the wagon thus represents a close
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approximation to the standard set by the screens. Extensive sidings, arranged
in connection with the despateh of coals, are connected at both collieries
with the Midland and Great Central Railways. At Rotherham Main there
are 19} miles of sidings, with four locomotives, and at Aldwarke ten
miles, with five locomotives, For the export trade there is wharfage at the
collieries alongside the canal of the Sheffield and South Yorks Navigation
Company, connecting with Hull and other ports.

We turn now to the manufacture of coke from the small coal eliminated
from the large coal and nuts, The small coal, after being thoroughly
washed, is passed on to the coke ovens. There are extensive batteries of
these ovens at Aldwarke and Rotherham Main. The plant at the latter
colliery, which ineludes, in addition to the ovens, residual recovery appliances,
is illustrated on Plate XL., facing page 114.

The coking plant illustrated consists, at present, of 35 ovens. This
number is about to be doubled. By the Simon-Carves system adopted
a much greater yield of coke is obtained than by the old method of manu-
facture in the bee-hive oven; the carbonisation is performed in half the time ;
and, more important still, the valuable by-products of tar, ammonia and
benzol are recovered. HEach ton of coal liberates 10,000 cubic feet of oas
and though part of this is used for heating the ovens and for steam-raising
. in boilers, 30 per cent. is available for general lighting and heating. The

quality of the coke is greatly improved by the coal smudge being pressed
into a solid mass of the same size as the oven before it is charged into the
oven. This operation of stamping, charging and compressing the coke, and
of subsequently discharging each oven of coke, can be performed in less than
40 minutes, the only manual labour required being that of a man and a
boy. The machine which combines all the apparatus necessary for the
above operations is on one base, and is electrically driven.
| The method of recovering the by-produects, and their subsequent conversion
into marketable commodities, is interesting, partly because of its simplicity.
The tar is deposited by the cooling of the gas, and it is then in a marketable
condition. The ammonia is recovered by taking advantage of its affinity
for water ; the ammonia-laden gas is therefore passed through washing towers
(shown in the engraving), into which either water or acid is slowly fed. The
resulting liquid is further treated by steam, when the ammonia gas is
liberated and passes through a bath of sulphurie acid, sulphate of ammonia being
precipitated. The latter product is one of the most valuable nitrogeneous

i manures known. The benzol is abstracted practically in the same manner,
though in this case creosote oil is used as the absorbing agent. The enriched

creosote 1s heated, whereupon the benzol vapour is liberated and condensed as a
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liquid, and as such is sold for gas enrvichment or for dye-making. The resulting
creosote 15 cooled, and again used as an absorbent.

Out of the large surplus of gas about 50,000 cubic feet per day is, after
being enriched to 18 eandle-power at a small expense, used in the distriet
for public lamps and cottage lighting, and for illuminating the local engine
sheds of the Midland Railway Company.

At both Aldwarke and Rotherham Main collieries there are extensive work-
shops, joiners’ shops, smithies, engine-fitter’s department, in which are machine
tools for dealing with repair work throughout the collieries. At Aldwarke,
too, there is an extensive wagon-making factory, where all the railway
trucks utilised by the company in the delivery of their eoal throughout England
are repaired and manufactured. Twenty such railway wagons, as well as 200
corves of 10-ewbh. capacity, as used in raising the coal from the mines, are
manufactured each month. There is also a brickmaking department, with
a producing capacity of 300,000 bricks per month.

[t is scarcely necessary to add that everything is done by the company
for the safety and comfort of the 6000 or 7000 men engaged throughout
the collieries. In all cases plant is in duplicate. The lamp-cleaning depart-
ment is regarded as of the greatest importance, and it is fitted up with
extensive appliances for cleaning and examination, so that each lamp can
be thoroughly cleaned and examined each day before being given out to
the workmen. The company have not been remiss in providing suitable
housing acecommodation for the workers-—as at Aldwarke there are about
170 cottages, while at Rotherham Main the number is 340, with school
and church, so that from first to last the convenienges are most satisfactory.
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