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THE CUNARD TURBINE-DRIVEN QUADRUPLE-SCREW

ATLANTIC LINER

THE Mauretania and Lusitania are sister-ships.
They are, however, the production of different |
firms, both experienced in merchant shipping '

work, and distinguished for origin.lity. so that the

vessels differ in a hundred and one details. No

apology is therefore needed for entering upon a de- '
scription of the Mauretania so soon after our com-

prehensive review of the design, construction, and’
performance of the Lusitania, especially as we pro-
poee to devote particular attention to these varia-
tions, and to some details which have important
influences in the development of maritime practice.

The Lusitania has given full promise in her Atlantic
performance of achieving the highest expectations of
all concerned, and of realising in service the splendid
results got on the trial. In looking forward to the .
fulfilment of these aims the scientist is more patient
than the ‘‘ man in the street,” because better in-'
formed, and more conscious of the difficulties of '
securing at onoe the precision in o isation essen-
tial in all ships, but more especially in vessels like
the new Cunarders, with such extensive machinery,
made up of immense unita, and necessarily distri-
buted over such a large area as 600 ft. by 88 ft.

The Mauretania, in her preliminary trials, has
given promise of equally good results, and pext,

ear we shall probably have a very interesting

iendly competition between the two ships. Such
data as may me available must influence future
progress, because of the differences in the form of
stern in the two vessels and in the proportions of
the propellers, which have had very careful con-
sideration on the part of both firms. Those in-
tercsted in marine propulsion do not require to be
reminded that results vary also with ditferences in
the longitudinal position of the propellers, their
distance from the hull, the size of boss, the ratio
of blade to disc ares, and of pitch to diameter. The
comparative propulsive efliciency realised in these
two vessels may therefore be analysed with con-
siderable gain.

We do not proposc again to 1eview the develop:
ment which the Mauretania, like the Lusitania,
signalises in Atlantic shipping. That has been
dove time and aguin, and «uite lately in con-
nection with the lattor vessel (rce ENGINEERING,
August 2, 1907), but it is important, in view of much
that has bheen written during the past few weeks
about the enormous coal cousumption of modern
liners, to make somo analysis of the progress in
thermodynamics from this particular standpoint.
It is easy to offer comparisons botween the coal
consumption of sn immenty Mauretania and the
relatively amall and slow steamer of twenty or thirty
years ago. The important consideration is the ex-
penditure for work done, and this is a point too
often lost sizht of. W hen cffort is made, even with
a moderate approximation to accuracy, to reduce
Atlantic econcmy to a common standard of com-
parison, it is found that the ethciency of the new
shipa rtetlects the highest credit on engineering.
W hat one has to consideris the coal burned per umit
of work done, or per ton-mile, as the railway statis-
tictan has 1it. It hizher speed 18 demanded, -
creased size is exsential, since oven with the best
result every 100 hoise power added involves an
addition to machinery weight of lp(i'roximawly
14 tuns, and to the area occupied of about

'sccommodation per passenger has increased by over

40 square feet. To soccommodate this the ship,
must neceesarily be larger. This in turn involves
a further addition to power to maintain the same
‘l&nd, and thus the one reacts upon the other.

e displacement is also influenced by the pas-
senger accommodation. It is not enough to know
that in about thirty years the number of cabin
passengers carried has increased from 210 to 1027 ;
what is more important is that the average cabin

260 cubioc feet, and that the public, with the growth
of wealth, seck for greater luxuries, and are willing
to pay for them. The average fare for first-class
Rlnngers in our latest ships is as high as 40l

e value per square foot of deck area is, there-
fore, as great as formerly, and it is poesible also
that the earning power per ton of displacement is
as great, mince the progress in engineering, and in
propulsive efficiency or economy, advanced
almost at the same rate as the size of the ship.
Certainly, with human nature as it is, the fastest
ships can always command a good revenue, and
thus the Cunard Company are sure to earn that
high financial reward wh'w{ their enterprise merits
—at all events until the new ships are excelled.

Confining ourselves now to the question of
propulsive efficiency, we give in Table I. a sugges-
tive record of progress of Atlantic steaming at the
eud of each decade since the advent of the Cunard
Company in 1840. The reader, in noticing the
cval burned, should reflect carefully on the great
cost in power of large additions to speed.

TasLE L.— Projress of Atlantic Steaming. i
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We have given the results at the end of each
decade rather than with reference to each ship, as
this more unusual division affords a clearer indica-
tion as to the rate of progress in speed and efli-
ciency. In tho second column there are given the
times taken on the outward voyage, and in the third
column the average speeds. It will be noted that
the progress, while ateady, has been at a diminish-
iny rate in recent years, but it must be remembered
that the power necessary to add to 22 and 23-knot
speeds is enormoualy greater than to the 20 knots
of seventeen years ago. This is made clearly evident
by the fourth and fifth columns, which give re-
spectively the displacement tounage and the indi-
cated horse-power of the propelling machinery. The
proportion of power to displacement is stated in
column 6, and here we have at once a measure of ,

“MAURETANIA'"

increase in power required for higher spced. It
will be noted that in forty-seven years the speed has
doubled, but the power per unit of displacement has
multiplied more than three times. is is a very
satisfactory result, and still more so isa comparison
with the ships of seventeen years ago. Two factors
account for this higher propulsive efliciency : one,
the increaso in tho length of the ship; and the
other, the better results attained with present-
Wpellen, not only because of their more
isfactory proportions, but because of their
deoper immersion. Very little advance had been
e between 1840 and 1880 upon the length of
ships, 450 ft. to 500 ft. being about the limit,
while the draught was seldom over 23 ft. In the
period from 1880 to 1883—when there was a great
step in advance owing to the construction of
Cupard, Guion, and White Star liners—-this re-
striction, prescribed by the dimensions of the
docks, severely handicapped the designers. Even
the Umbria and Etruria were only 500 ft. in
length, with a draught of 23 f{t. Since then, how-
over, progreas has been marked. The Campania
was made 600 ft. long ; the Germans added 100 ft.
more in their series of very fine ships, and arranged
for a draught of 29 ft. Oace again the Cunard
Company have forced the r-ee by making their new
veasels 790 ft. long over all, with a draught of 33 ft.
8in. The harbour authorities are awaking to the fact
that this increase in length and of draught is an
imsrovoment from the propulsive point of view,
and consequently aro arranging for suitable docks
and deeper river and harbour ap, hes.

The most interesting figures in the table, however,
are in the last column, giving the coal burned per
100 tons of displacement per nautical mile. This,
the nearest approximation ible to the consump-
tion of fuel unit of work done, is instructive, as
it brings within compass not only the gain from the

 less resistance consequent on greater length and
"fiver lines, and from deeper

immersivn of pro-
pellers, but the advantages of higher steam pres-
sures, heated air for draught, feed-heating, fuller
utilisation of steam expansion, and other con-
tributing influences towards economy in marine
machinery. It is truly a striking fact that in the
67 years speed has been multi lieg threefold, while
the coal used per 100 tons of displacement per milo
has been reduced by 50 per cent. This fact alone
is impoitaut, in view of what has been written
regarding the heavy coal bill of modern ships.

The iutluences st work bave been many. In
the early Atlantic liners the stean pressure in the
old side-lever paddle-wheel engines was 12 lb., and
although this increased to 26 lb. in the ’sixties,
the samc type of machinery was adopted, cylinders
having increased from 724 in. to 100in. in diameter,
and the piston stroke from 82 in. to 144 in. Then
came the era of the screw propeller : first, with
horizontal trunk eugines, driving direct, as in the
Inman liners; with oscillating geared engines in
the early Cunard liners ; and tinally, with the in-
verted or hammer type, as we know it to-day. The
cylindrical boiler meanwhile took the place of the
box tubular type. The compound engine was not
early adopted on the Atlantic. In 1880, when the
first ‘¢ greyhounds' were built, they had three
inverted cylinders and three cranks, working com-
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pound, with a pressure of 100 Ib. They were
the first of the vessels with only nominal cargo
capacity. The triple-expansion enfine was adopted
on the Atlantic in 1887 ; quadruple expansion en-
gines were fitted in the Ivernia in 1899. By 1890
pressures had increased to 180 lb., and although
they attained a maximum of 225 lb. in the Kaiser
Wilhelm II., there has been a decrease for the
turbine machinery of the later shipe.

The Mauretania, like her oonsort, represents
undoubtedly a high effort at steam economy, and
this probably accounts for the remarkable result

in the last column, in view partioularly
of the high speed attained. It is realised that in
turbine efficiency higher vacua and, consequently,
fuller expansion are more important than very high
steam pressures, since every inch of vacuum above
28 in. 18 equal to a reduction of about 6 per cent.
in the steam consumption per brake horse-power,
whereas experience showed that in reciprocating
ractice high vacua may occasion an actual net
increase in steam consumption. Again, in the new
Cunarders, the exhuust steam from the many auxi-
liaries is utilised for heating the feed-water in the
surfaco feed-heaters. The exhaust from the turbo-
generators is utilised in the contact feed-heater,
as is also the vapour from the feed make-up
evaporators. The use of the heaters results in the
temperature of the feed-water being raised to over
200 deg. Fahr. Another element in the economy
is the heating of the furnace gases on the Howden
system. The stokeholds are arranged with fore-
and-aft bafle-plates, so that the air from the cowls
rnmdown the outer compartments to near the
evel of the stokehold floors, and returns in the
centre along the boiler uptakes to the fan-inlets;
8o that, befure even it enters the nest of tubes in
the uptakes, to be heated by the escaping hot gases
from the furnace—an important part of the Howden
system — it attains a fairly high temperature.
hus the temperature of the nu;it, at the furnace
door is about 260 deg. Fahr.

By the introduction of a supplementary dry-
air pump in addition to the ordinary Weir pump,
a high vacuum is attained. Experience on the
Cunarders shows that with this system a vacuum
of over28 in., with a barometric reading of 291 in.,
is easily realised. There are many other instances
of modern developments to ensure high efficiency,
but enough has n said to show the general
trend, and explain in some measure the high
economy attained in present-day Atlantic liners, as
indicated by the last columnn in Table I.

HIGH BPEED IN MERCHANT AND
NAVAL SHIPS.

British engineers must be awarded the credit
for this economy, and it is satisfactory to reflect
that, alike in size and speed, wo now hold the
premier position. We have all along contended
that only the rtunity was required to enable
the British marine constructor to attain first place,
because an analysis of the fastest ships in the
merchant service, as well as in the various naval
fleets, shows that Britain still holds the field.
From Lloyd’s list we have prepu'ed Table II.,
which shows that while Britain owns forty-eight
steamers which exceed 20 knots in speed, foreign
countries possess only thirty vessels, and ten or
eleven of these were constructed in this country.
It is true that in ocean liners our position is

Tasix L. —List of Steamers Exceeding 20 Knots' Speed
tn the British and Foreign Merchant Fleets.
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not so favourable, as Gerinany possesses five
vessels of between 22 and 23} knots, against our
six, and, excepting the Mauretania and Lusitania,
the fastest of our ships is of 22 knots speed.
In Channel steamers, however, wo have long held
the premier position, and the problems which have
beon solved in the design of the thirty vessels
between 1000 and 700 tons gross register, some of
them steaniing frum 234 to 24 knots, have eminently

fitted British builders for undertaking the work of
constructing a Lusitania or a Mauretania, so that
it is fair to reckon these smaller vessels in making
a comparison of fast merchant craft.

British supremacy is further indicated by a corre-
sgonding oonsideration of the number of warships
of over 20 knota' speed owned by the various
Powers. We have 82 vessels exceeding 20 knots in
speed, whereas the other Powers combined have but
211. Practically all of these ships are over 1000
tons. Thus there are 203 naval ships of over 20 knots’
speed, as compared with 78 merchant vessels of this
:Eeed. This comparison once again demonstrates

e stimulating influence on naval architecture and
marine engineering arising from the demands of
naval defence, and this influence reflects also upon
the merchant marine. One-fourth of the high-speed
ships owned by foreign navies have been constructed
in British yards, so that of the 293 vessels nearly
one-half are the product of British marine works.
This is gratifying, as is also the fact that of vessels
exceeding 256 knote’ speed, we have, in addition to
the Mauretania and Lusitania, eleven cruisers,
while foreign Powers possess only three, and these
are small craft ; between 24 and 25 knots we have
three, and foreign Powers five ; and between 23 and
24 knots we have eighteen, of which seventeen are
armoured, a condition which severely handicaps the
marine constructor in the development of s .
Foreign Powers have six armoured ships of this
sgeod, and twenty-seven ordinary cruisers, and of
these we have constructed about half.

TasLx II1.—British and Foreign Warships (excluding

Torpedo Craft) with a Speed of over 20 Knots.
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Thus, as regards the number of fast war and
merchant ships, Britain occupies a favourable posi-
tion ; and with the advent of the Mauretania and
Lusitania we have recovered the first place on the
Atlantic, which has been held by Germany for ten
years. Not for over fifty years had the winning
flag been separated from the Union Jack, and even
then it was only for a very short time. Germany
undoubtedly deserves its place because of its com-
mercial enterprise, and we welcome German competi-
tion in the belief that it will continue to atimulate
British ship-owners.

THE *“MAURETANIA” AND HER COM-
PETITORS.

In giving the dimensions of the Mauretania,
in Table V., we place side by side corresponding
figures, not only for the sister-ship Lusitania, but
for the fastest ships of other nations. The data
given are suggestive of the great advance which
we have made since the Campania and Lucania
were built by the Fairfield Company fourteen years
ago, and particularly of the advance made on the
German resultas.

Table V., on the opposite page, is suggestive from
many points of view. The new Cunard liners have
a length of 8.65 times the beam, whereas the high-
8 (terman ships have a length of 9.23 times the
beam, and the American ship of 8.50 times the
beam. Too much importance, however, should not
be attached to this proportion of length to beam.
Dock accommodation has had a restricting influence
of varied degree. German ships, owing to the
limited draught in the North German ports, are
placed at a disadvantage, and therefore the ten-

dency has evidently been to accommodate the need
for t displacement in length rather than in
depth. There are those who doubt whether the
German lines will attempt to excel the Mauretania
and Lusitania with a correspondingly large ship ; the
impression prevails, rightly or wrongly, that if
they essay the task they will attempt to do so with
a moderate-sized vessel on the lines of the Kaiser
Wilhelm II., reducing the size béeliminnt.ing all but
first-class passengers. The difficulty, however, is
one of accommodating machinery, and we should
welcome such an enterprising move by our German
friends, as it would throw considerable light, not
only upon the ibilities of practical success, but
also upon the financial balance.

Another point which will interest the reader is
the relation between power and diaphoement, but
as we have entered upon this question already, we
may pass on to the ratio of grate surface to heating
surface, and of heating surface to power developed.
In the case of high-sgeed German ships it will be
seen that the ratio of grate surface to heating sur-
face is 1 to 34, whercas in the Mauretania it is
1to0 38.8. The boilers in the Kaiser Wilhelm II.
are, however, worked on the open stokehold sys-
tem, whereas the Cunard liners are worked on
the Howden system. 1Iu the case of the Deutsch-
land, which is on the Howden system, the ratio
of grate surface to heating surface is 1 to 38. The
French builders, who also adopt the Howden
system, have a grate area of 1 to 37 of heating
surface. As to the proportion of heating surface
to power, it will be noted that in the Mauretania
there is for each unit of power 2.33 square feet of
heating surface, a8 compared with 2.68 square feet
in the open stokehold boiler system of the Kaiser
Wilhelm II., 2.35 in the Howden boiler arrange-
ment in the Deutschland, and £.26 in the Howden
system in the United States fastest steamers.

More interesting, however, is the performance
of the ships on the Atlantic, and even at the risk
of repeating ourselves, we think it well to give
here a short statement of the recent record per-
formances, including the best so far made by the
Lusitania. This last ship, however, along with the
Mauretania, will, we are convinced, still further
reduce the time, and will maintain on the ocean
an average speed of 26 knots under normal con-
ditions.

TABLE IV.—Some Recent Atlantic Record Performances.

H
Best
Record-Breaking Steamers. I Time. 8peed | Day's
| ' Run.
—_ _ )
days hrs. min. knols
In 1840, Britannia’ strip—Liverpool to,
In 1862, Bootia's trip—_Liverpool i + © © |~
n , ‘e tri verpool to ,
New York . P—O“ ol g 2% (7i 13 —
B twarde 1 4 - -
Servia, 1884 (I)iomewudo ‘ (ot 2.3 5; ' - —
utwards | 1 -_ -
Oregon, 1884 .. .. {JorSh. ' § 16 s | = | =
America, 1884. Homewards e : l: :? | w—; b_l
. Outwards . .4 1}
Umbria, or Etruria .. E"omc::;rd" 6 3 3 | ;&; _w
. Outwards 5 14 | b
Paris, or New York .. Homewards, 5 19 57 | 20.1 )
Campanis, or Lucania, { OQutwards , 6 7 28 |x1.82( 662
1904 .. . ..\Homewards 5 8 38 22.01| 583
Kaiser Wilhelm der (Cherbourg- | 5 15 20 2281 680
Groese, 1902 Sandy Hook
Kaiser Wilhelm der) Sandy Hook- 5 10 0 |28 563
Grosse, 1901 Plymouth |
Deutechland, 1908 .. (Cherbourg- 6 11 64  2316| —
New Yor! |
" 1900 New York-' 5 7 388 2361| —
Plymouth ! '
Kronpeinz  Wilhelm, [ Cherbourg- | 6 11 67 ,28.00| 581
1008 | 'Sandy Hook |
Kronprinz  Wilhelm, ) S8andy Hook- 5 8 18 2847 661
1901 Plymouth | i
Kaiser Wilhelm 11, (Cherbourg- "6 12 44 2812 583
1004 Sandy Hook
Kaiser Wilhelm ll..“s;ndy Hook-: 6 8 16 23.58| 561
1906 Plymoult.h . o a1
. § Outwards 19 52 24000 617
Lusitania ** { Homewards 4 22 53

‘ 23.0]__]_ »—

The Deutechland’s westward mean speed of 23.51 knots, made
over a long course, and not, therefore, a record in point of time,
is equivalent to steaming from l'.sueen.town to Smd{ Hook in
about 4 days 23 hours ; and the Kalser Wilhelm IL.’s homeward
mean speed of 23.58 knots would bring her to Queenstown in a few
minutes' less time.

THE CONCEPTION OF THE ‘ MAURE-
TANIA"”: THE CONTRACT.

The Lusitania's achievement is the first fruit of
several years of careful comsideration, not only of
the economical, but of the practical, possibilities of
such a high speed. As we have pointed out on pre-
vious occasions, the British nation, in view of its
long record of successes in merchant shipping and
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ship-owning, looked with something of disappoint-
ment at the success in speed of the German ships,
and consequently they welcomed the completion of
an agreement between the Government and the
Cunard Company for the construction of two ships
which should be capable of maintaining British
commercial prestige. As these vessels will perform
useful service in the event of war, and will carry
the mails, the financial arrangement between the
British Government and the Cunard Company is
based on sound commercial principles, and cannot ,

"industry, which dates back about fifty years, the

work carried on, with some exoeptions, was the oon-
struction of oargo steamers; but in recent years
there has been a distinct advance, and we find
in the list of ships turned out each year a greater
variety, and a larger number of the higher class.
It is true that one or two firms have, by making
warship work a speciality, achieved great sucoess ;
but here we are concerned ,with merchant-ship

work.
The Cunard Company, as has always been the

North-East Coast was supplied from the Wallsend
Slipway and Engineering Company ; and it is a
further significant fact that the manager of the
establishment, who is responsible for the design
of the machinery—Mr. Andrew Laing—was asso-
ciated not only with those six ships, but with
many of the Cunard liners built at Fairfield on
the Clyde. The confidence, therefore, which the
Cu Company had in ordering the machinery
from his firm was the result of intimate acquaint-
ance with his work. Great developments have

be regarded in any sense as a shipping subeidy. 'case, were guided by experience, and it should be | been made in the equipment of the establishment.

The payments muie are for work done; nor are' romembereg that the contract for the Mauretania | The chairman of the company, Mr. Thomas Bell,

they exceasive for the duty to be discharged. Apart | was largely a consequence of the proved success of | whose portrait we give on page 614, has by his

altogether from the advantage of high-speed for the ' previous Cunard liners built and engined by the | great commercial experience ocontributed much to

carrying of mails on such a service, where the Tyne firms named, and by intimate acquaintafoe |this improved status of the company, and, along

yolume of business communications is very exten- | with the producing facilities of the eatablishments | with his co-directors, has encoursged the policy of
TABLE V.—SHOWING DIMENSIONS OF THE ‘“ MAURETANIA " AND HER COMPETITORS.
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Neme of 8bip .. .| v Mauretania”  * Lusitanta - | Krooprincsssin - 0 Kaleer | peyiohiang.n | **Oampanie” and ! “ B Paal and | “ La Provence.”

. | : : - -

Name of bailders . 'Swan, Hunter, and John Brown and| Vuloan Company, Vuloan Company, | Valoan Company, 'Fairfield Company, ' Cramp, 18. des Chantiers ot
Oo.* Wallsend: Oo., Olydebank of Stettin of Ktettin of Btettin ] Glasgow 1 of Philadelphia | ’A‘:I‘llm de 8t
on-lyne | H re

Name of owning company .. (yunud Cunard NwtbOudun ' Nontb Oyﬂ‘mu tiamburg - American Cunard ! American ' FPrench

i oy

Year whea bulle . ’ 1907 1907 1907 1903 1900 F 1803 ! 1806 1006

Leogth over all . 90 ft. 785 ft. 08 ft. 4 la. 706 fL. 6 in. 684 ft. | 622 ft. 854.2 ft. 507 1t. 1§ in.

Length between perpendiculars .. ‘ 700 ,, 760 ,, 062 ft. 9 in. o83 ft. 0as ft. 9 in. 600 ,, | 635.8 ,,

Bresdth.. .. .. 8, 88, T 7 ,, o7 ft. asfe. 3in 63 ft. 64 ft. 7} In.

Depth, moulded | mf Sin. 0 ft. 4§ in 441t 2in, 521t 8'ln. "t 411t 6in. . 411t 8 in.

Gross tonsage . . 32,000 32,500 tons 9, 30,000 tons 16,502 tone | 12,500 tons : 11,629 tons 18,750 tone

Drasght R l 311 6in. 38 1t 6 in. 30 1t 201t 20 1t 26 ft. ' 26 f1. 26 ft. 9 im.

U . 4,000 tons 38,000 tons 17,000 tons 26,000 tone 23,620tone ' 18,0tone ' 16,000 tons 19,160 tons

Number of passengers (first) (7] 668 729 778 003 i 600 320 4“2

w “ (second) 404 400 318 43 i 400 200 . 132

Machi & (third) ‘ wuhnu’%umy John Brown and| Vulran Com Vulean Gor Vuloan Con MﬂcldTCuc:mpn ' Cram St Nasaire

achinery makers .. S '‘John Brown ulcan + Vulean Oom, 8 ‘uloan Company, . mp, . (3

t and Kngineering Co., Clydebank of Ntel y of memrny ol suul':n Glasgow Y ol l’hlhdzlphh ! Company
Company | !

Type of engine Parsons turbine  Parsons turhine(d sets, four-cylin- ¢ eets, ¢ - cylinder| O-cylinder, quad- ' B-cylinder triple- 6-cylinder quad.

» I der  quadruple- qudruplo-’npm- ruple-expansi expansi I ruple-expansion

| expansion sion
Number of cranks .. | [] [} 4 3 [} )
Diameter of cylinders | Four of 37.40 in. : FPour of 37.4 in.; four Two 36.6]1 in.; one Two of 37 in.; one of Two of 28 in. ; one Two of 47.2 le.;
fourof 49.21in.; of 49.21in.; fourof 73.61in.; one 1039 79in. ; andtwool of B85 in.; one of two of 76.21n.;
fourof 74.80i0.; 74.8 in.; four ¢! in.; two 1088 in. 98 in. 771n. ; and twoo! and fourol 88.1%
four of 112.20in. 1122 in. ' 77 In. in.

Stroke of pletoa .. .. .. . T87 in. 70.96 in. TeNin, o in. €0 in. 6.9 in.

Number and t; pe of bollers Cylindrical : 23 25cylindrical; 23) 12 double-ended ; 12 double-ended ; 12 double ended ; 12 double - ended ; , 6 doubleended ; . 21 single-ended
double-snded ; ¢ double-ended.| 7 single-ended 7 single-ended 4 single-coded 1 single-ended 4 single-ended

| single-ended 2 single-ended |

N“h'm'd'm T1es) et in. 196 It per in.[2$80.8 o 1 lb.m ! !'.!Olb.l“ § 165 1b i in | 201b o In. 208 v i

Steam re . . v o in. . persq. in. . r 8. fo, 225 et wy. in. . i . tq. 3 . per ¢q. in.

Total beating murtace wodosg it s sdosg | 101000 my 107,60 aa it sidoken 0 snoobe i 60380 s 58,342 m. M.

. KTSte ares .. o 4,000 4,048 L9710 ,, s " L1883 ,, 2.6%0 ,, I 1L144 i 1, "
Draught .. . .- ! Howden's Howden's Open stokehold Open stokehcld Howden's Open stokehold Howden's ' Howden's
Total indicated horee.poser i 65,000 68,000 45,000 38,000 and 40,000 36,000 | 30,000 18,000 30,000
Highest mean speed on Atlantic passage 26 knots*® 28 knots*® 23.5 knots * 23 lofll knots | 23.25 to 23.51 knots | 22.01 knots 21.08 knots | 22 knots*

' estimated
Revolutions per minute 180 180 [ ] ¢ s ) 76 80
- . e -

sive, the new ships are important acquisitions from
the naval poiot of view.

The ships have been designed and built under
the direction of the Admiralty to meet naval con-
ditions, and the work from beginning to end has
been supervised by Mr. C. G. Hall, a member of Sir
Philip ‘cm -tnd{ The machinery is entirely under
the water line, the steering-gear and the rudder are
similarly tected, while the coal - bunkers are
arranged to still further reduce the possibility
of damage from artillery. The ships, moreover,
are each to carry twelve 6.in. quick-firing 'Funa
(see Fig. 53 on the two-page Plate C. They
have thus an armament equal to some of the
modern first-class cruisers costing a million ster-
ling. The Maurctania and her consort may not
be able to carry on a long fight, but with thoir
immense speed, and with a radius of action at
full » equal to that of some modern cruisers at
less f the speed, these vesscls will be able
to do great service as scoutas. Moreover, 20 kunots
is the rate at which they can atcam for about six
days, whereas no cruiser will be able to maintain
over 23 knots for more than 40 hours,

When the agreement had heen come to between

the GGovernment and the Cunard Line negotiations

were entered into for the conatruction of the two!
ships. At this time of day it is not neccssary wi
repeat the story of these negotintions, however in-

It is enough to say that Lhrou,_.{lhnut all

teresting. tha
vicissitudes there secmed continuit

{' in the prob- |
ability that vne of the vesscls would

be built by

Meaars. Swan, Hunter, and Wigham Richardson, | respect.

Liniited, and be engined by the Wallsend Slipway '
and Engineering Company, Limited. This fact
and the success of the Mauretania, so far, carrying
distinct promise of complete realisation of the re-
quirements of the service, demonstrates more than |
any other circumstances the great advance in the !
shipbuilding industry on Tyueside. There is no

gninsaying the fact that in the early years of the|of the scven Cunard liners which originated on the

and the experience of the staffs. The Mauretania
is the seventh Cunard liner built in recent years
on the North-East (‘oast, as shown in Table VI.
It will be noted that the builders of the Mauretania
were also responsible for the Altona, Ivernia, and
the Carpathia, the two latter veesels of the inter-
mediate class, which have proved most desirable

Tanig VI.—Tyne. Buslt Cunard Liners.

} - 1
£ . % =
. = H cd
- 5 i3 A
© ‘ £ £3 el e vE
i - 58 Fe|z i
- P I & = - =
1N Altonia NSwan & Hunter, Furnenss, 17,700( 4,000 11§
| Limited | Westygarth, !
| & Co,, lad. !
1~90 Veria Armstrong, Wallsend, 7,830 2500, 11)
Whitworth, & Nlipway &,
Co. Engineer.
ing Co, Ltd. .
1 Ivernia Nwan & Hunter, " 24,400 1,000 16
Limited | )
1903 Brescia I.l. L. Thompeon, TAM] 2500 11§
| & Bons {
1t Carpathin Swan & Hunter, E- RO TR RET LS 14
" Limited
1t Nlavonia  Nir J. laing ] “ 1000 6,000 133
1907 Mauretania Swan, Ilunt-r.' :tn_ull.lm,um B3

and  Wigham
| Richardson, |
Limited ‘

ships from the point of view of economy. Indeed,
these two steamers, which have quadruple-expansion
engines, are regarded as exceptional in this latter
It was therefore not surprising to those
conversant with the progress of Messrs. Swan,
Hunter, and Wigham Richardson, under the direc-
tion and chairmanship of Mr. G. B. Huater, D.Sc.,
to learn that his firm had been entrusted with the
building of the Mauretania.

As regards the machinery builders, there was
even less room for surprise. The machinery for six

rogress. In ten years since Mr. Laing's appoint-
gont the ooverec{ area of the works8 hnppr;n
doubled and the production increased threo-fold,
while the class of work done is much higher.

The large measure of prestige which the Tyne, as
a shipbuilding district, gains by the suocess of the
Mauretania is, therefore, due to the association
of Mr. G. B. Hunter and Mr. Andrew Laing in
this, as in other important, work.

THE DESIGN OF THE SHIP.

The preliminary designs put forward by both
oontracting firms were naturally the subject of
much consideration, and it was arranged by the
Cunard Company that both ships should be, as far
as possible, similar in design. There have thus
been frequent conferences, and it is gratifying to
say that the one aim of all the firms concerned
was to achieve the best result without reference to
individual or company credit.

Thefirst design prepared by Messrs. Swan, Hunter,
and Wigham Richardson, t{e builders of the ship,
was got out in the latter of 1901. The first pro-

was for a vessel 700 ft. long by 70 ft. wide, to
steam 24 koots on a draught of 30 lyt.. 6in. In the
next year the length and width were proportionately
increased, the one to 750 ft. and the other to 75 ft.,
and at the same time, with a slightly reduced
draught, the firm were pre to guarantee 26
knots. Following upon this were a succession of
models, most of them 750 ft. long, but varying in
beam from 76 ft. up to 82 ft. In November of 1902
the Cunard Company invited ‘rropouls for a vessel
750 ft. long, 76 ft. in beam, and 52 ft. deep. From
this point the advance to greater beam, proportionate
to length, was a noticeable feature, and at the same
time thore was a steady development in the over-
all length. So far, however, the idea was for
reciprocating engines, driving three screws, and in
July, 1903, when the second outline specification
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| i
was issued by the Cunard Company, it was for two
triple-screw steamers 750 ft. long by 76 ft. beam,
to steam continuously at 24§ knots. The present
dimensions were arrived at early in 1904, and at
that time a series of models were tested at the tank
at Haslar, when the Swan and Hunter scheme for
a vessel 760 ft. long by 80 ft. beam, and 60 ft. 3 in.
moulded degth. proved most satisfactory. Ulti-
mately, as the result of further experiments, the
leading dimensions of the ship were fixed as

follow : —
Length between perpendiculars .. ... 760 ft.
Leogth over all ”
Breadth, extreme ... v
Depth to shelter-deck ... 60 ft, 6 in.

The type of machinery was also the subject
of very careful research, and the Cunard Com-
pany appointed a commission to inquire into the
whole circumstances, and to offer suggestions
on the question. Here also the story of the proce-
dure is a familiar one, and has been reviewed in
EnqgineeriNG. It is only right, however, that in
such a complete review of the ship we should again
name the members of the Commission. Mr. James
Bain, the marine superintendent of the Cunard

Ft'g ’ A. Elgctric Motors.

To the experimental work in conmection with
turbines reference will be made in describing the
machinery. But here mention ouiht to be made
of the great service the Hon. Charles Parsons,
C.B., has rendered in the invention of his turbine as
adopted on these new Cunarders. To his genius,
indeed, the success of the vessels is largely due, and
the engineering world, no less than the firms con-
oerned, render him full credit for this great advance
in marine engineering.

EXPERIMENTS ON FORM OF SHIP AND
PROPELLERS.

The long and valuable series of experiments
carried out by Dr. R. E. Froude at the Govern-
ment tank at Haslar, under the direction of Sir
Philip Watts, K.C.B., Director of Naval Con-
struction, {ielded valuable results regudiug the

roblems of ship resistance and propeller efficiency.

he e:ipeed performances of the two ships have
roved the accuracy of these ewerimental data.
ut Messrs. Swan, Hunter, and Wigham Richard-
son, and the Wallsend Slipway and Engineering

Company, very properly decided, early in their

B&B° . Motord
C&D Dramed uudaalg;r

STORES

H. Thrust Block.
I. Balance tndi
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the forward part of the launch. As shown in Figs. 1
and 2, there were four shafts in the model, each
driven by its separate motor, and with regulators
fors varying from 160 to 950 revolutions. The
coupling served as a self-recording torque dynamo-
meter designed on a well-known principle (Fig. 6).
The illustration shows three bevel-wheels, two of
which are keyed to the motor-shaft and propeller-
shaft mpqtively,' while tmetll)tre wheel regolv;a
on a swinging axis su a8 i , the
extension of which is rgex;orded byy. pe;peli-llnﬁ on the
drum D, which is made to revolve slowly during
each trial. A representative diagram is shown in
Fig. 4, representing the torque recorded during
fourteen runs on the measured distance, as indi-
cated by numbers, while a, b, ¢, d are tests with
the launch moored in order to ascertain the zero
line from which to measure the heights of the
diagram, and thus to eliminate any errors due to
friction, &c., in calculating the torque and shaft
horse-power. The constant of the instrument was
ascertained by frequent tests with a Prony brake
on the pulley provided for this purpose (see Fig. 5).
No appreciable differences in the scale of the records
were found in these tests—a proof of the suitability

Fig.$.
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Company, was the chairman—an t%pointment not
alone due to his official position, but because of
his intimate knowledge of the conditions of
Atlantic steaming. Engineer-Rear-Admiral H. J.
Oram, O.B., Engineer-in-Chief of the Navy, was
able, by consent of the Admiralty, to act as a
member, and his close contact with all scientific
and practical questions in marine propulsion, as
well as his initiative, enabled him to render v

useful help. Other members were Mr. J.e'?.
Milton, Chief Engineer-Surveyor at Lloyd’s ; the
late Mr. Harry J. Brock, of the firm of Mesars.
Denny and Co., of Dumbarton; Mr. Thomas Bell, of
Meeasrs. John Brown and Co., Limited ; Sir William
H. White, K.C.B., of Messrs. Swan, Hunter, and
Wigham Richardson, and Mr. Andrew Laing, of
the Wallsend Engineering Company. It is not
necessary again to review the work done by this
Commission. Their recommendation was in favour
of tho adoption of the Parsons turbine, and this
recommendation was accepted by the Cunard Com-
pany, and by the contracting tirms, with commend-
able courage. The results have justified this step,
but it would be idle to ignore the fact that the step
taken involved grave responsibility, and necessi-
tated a large amount of experimentzl work and
care in meeting all the problems in the construc-

tion of unita of such maguitude.

F1as. 1 To 3. ExperiMENTAL ELectric LAUNCH.

negotiations with the Cunard Company for the con-
struction of the ship—now about four years ago—
to carry out themselves experiments, which proved
highly suggestive. ~With a 474-ft. launch, an
exact model of the proposed Mauretania, they were
able to carry out tests impossible in the Govern-
ment tank, as the model more closely approximated
to the conditions and method of propulsion in
the ship than do the experimental tank models.
The launch was made to a scale of one-sixteenth of
the size of the large ship, as compared with a
forty-eighth in the case of the tank models, and
the trials were carried out in the Northumber-
land dock on the Tfyne. The depth of water in the
dock is over 24 ft., so that with a draught of
2 ft. 0] in. the speed could not be appreciably
affected by insufficient depth of water. Currents
were naturally absent, which simplified the obeer-
vations and was conducive to accuracy. The dis-
tance available for the speed trials was about a
quarter of a mile, after allowing ample space at
each end for regaining speed after turning.

The drawings reproduced above show tge general
arrangement of the machinery. The boat was
built of wood, and changes were thus easily made
either in the entry or in the form of stern. The
motive power consisted of electric motors, supplied
with current from the storage batteries placed in

‘of this instrument for accurate measurement of

turning moments. Fig. 6 also shows the arrange-
ment for measuring the thrust on the propeller-
shafts, the ball-thrust bearing being so supported
that the thrust is indicated directly by a spring-
balance. The number of revolutions of the shafts
were ascertained in the trials by electrical counters
and by tachometers (see Figs. 1 and 2). The speed
was measured in the usual way, by running over a
measured distance, and taking the time by a stop-
watch. The velocity of the wind was measured
during each run by an anemometer, while the mean
direction of the wind was noted.

These wind measurements were found to be
absolutely necessary to ensure accuracy of the results
of speed and power, as it became evident after a
number of tests that enormous errors can be made
by taking simply the mean of two runs in opposite
directions—i.e., with and against the wind. This
is clearly illustrated in Fig. 7, which shows curves
of revolutions for various speedsin a comparatively
strong wind, in comparison to the results obtained
during the next day, when the weather was prac-
tically calm. For 6} knots speed, the mean power
with and against the wind, is in this case about
20 per cent. higher than in calm weather. These
investigations were utilised for drawing conclusions
with regard to the full-size ship, and a series of ex-
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periments were made with deck erections on board
the launch equivalent in proportion to those of the
ship. The results obtained were utilised for calcu-
lating, by means of the law of comparison, the
offect of winds of various directions and velocities
upon the progress of the ship at sea. To give some
u}' oa of the wind forces in question, it may be men-
tioned that the Mauretania, when travelling at 206
knots speed, will require about 12 cent. more
power against a 25-knot wind than is required in
calm wt;athor. the elec N

At the inning of the tric-launch experi-
ments oonl:s‘mblo dificulties were experieﬁd
through the foulness of the launch's bottom, which
increased irregularly after some time of exposure ;
cleaning with a brush proved useless in dealing
with this difficulty, ss it wes impossible to ascer-
tain how far the cleaning extended, so that the
amount of extra resistance due to fouling became

maneuvring qualities, &c., when taking the results
comparatively would soarcely be diminished.

In addition to tho resistance experiments, an ela- |
borate series of trials were made with tho launch when
fitted with electrically-driven propellers. These,
as well aa the other experiments, were entrusted to
Mr. M. Wutl, a member of the builders’ professional
staff, under the consultative guidance of Sir W. H.
White, K.C.B,, a director of Messrs. Swan, Hunter,
and Wigham Richardson and Co., Limited. These
latter teats were directed to ascertain the efliciency
of propellers witl: different sizes of boases, diameters,
pitches, and blade areas, the influence of various |
athwartship and longitudinal positions for the
propellers, the comperative advantages of ordinary
twin, triple, and quadruple-screw arrangements,
and other problems.

Tests were n'so made in regard to the effect of
trim. The wave profile was measured at the various

i
!
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thereby leas traceable. Several weeks of expori-!
menting, however, furnished sufficient informa- |
tion with regard to the amount and the quickness '
of fouling that a way was found to overcome thesc
difficulties. By avoiding foulness as far as possible,
and by applying comparative tests for its measure-
ment, the effect of fouling was practically elimi-
nated from all the results. A reference to Fig. 7
will show the difference in the number of revolu-
tions for a given speed, due to fouling after a
period of about seven weeks, and it may be men-
tion that the difference in power at full specd
amounted to fully 25 per cent., and differences (uite
as large were obtained in about two weeks when
the fouling was not interrupted by speed trials.
Although the indicated horse-power for the ship
had been ascertained by tank experiments, as
mentioned above, a verification was attempted
with the launch. To apply the law of com-
parison, with correction K)r skin friction, the
resistance of the launch had to be ascertained
by towing. The method adopted for this pur-
is illustrated in Fig. 3, showing the gear
E(;“which the launch was hauled along a rope
(fixed on one end) whose horizontal pull, represent-
ing the ship reaistance, waa recorded by the dyna-
mometer connected to the rope and fixed on shore.

WAVE PROFILE (NEICNTS EXASGERATED)
THE CURVE ALARLSINTS TNE MEMN OF THE 8 TRIALS

LXVIII. Tt will be noted that the blades are
rhaps, narrower, especially at the root, than
18 the practioe with turbine propellers. Importance
was also attached to the proportion of the boss.
Trials were also made with cones of various angles,
and consequently of varying length, abaft of the
propeller boss. It was asceitained, further, that
the thickness of the blades of the propellers had
influence on the efficiency. It is of considerable
importance to note that the propellers proposed
as most suitable by various authorities varied in
efficiency as much as 12 per cent., which means
that 8000 indioated horse-power might have bcen
:ﬂent in excess of what ia neceseary to drive the
ip at 26 knots at sea. The final achievement of
these numerous propeller experiments was an in-
crease of the number of revolutions per minuto of
the full-size propellers, from 146 to 175, without an
appreciable reduction in propellor efficiency.

Fig. 8. STOPPING DISTANCES
POR YARIOUS SPLLOS.
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| should turn inwards or outwards.
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Another interesting series of experiments had
reference to the question of whether the propellers
The inner pro-
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trials by meana of floating weights along each side

t,

! pellers were from first to last arranged to turn out-

! wards, and it was found that there was no material
difference with the outer propellers turning inwards
or outwards. Inturning screws were adopted.

A problem associated with propeller efficiency
thad reference to the rate of flow of stream-lines
from the propeller. The wake was measured b
current-meters at various positions relative longi-
tadinally and horizontally to the centre of the pro-
peller. The experiments threw considerable Light
on the effect of the overlapping of pro%ellen.
It was found that the water disturbed by the
forward propeller was spread over a large area
before it reached the Af)teﬁropeller. In the Maure-
tania the forward propellers are 78 ft. 11 in. in
advance of the aft propellers. This distance was
idecided upon as the experiments showed that in
’nuch case the forward propellers would not appre-
ciably interfere with the efliciency of the aft pro-
pellers.

With regard to the distance between the for-
ward propellers and the side of the ship, various
experiments were made, and on these the unl'}g&
ment adopted in the Mauretania was based. The

In applying the resulta to the full size #hip a satis- of the ship recording graphs, and one of these is question of the relation of the propeller to the

factory syreement with the previous tank experi- produced in Fig. 6. . : ) ]
7 l Tests were made with propellers of various sizes sidered, and a series of trials were made to

ments was exhibited. DBut even if this had not,

been the case, the value of the electric-launch and proportions.

' manweuvring of the ship was also carefully com-

These cxperiments contirmed measure the diameter of the circles with various

experiments with regard to detaila in the design, the design of the propellers which have been titted. | rudders, and also with and without the deadwood

by studying their etlect upon speed, horse-power, | These are wel

| shown in the engraving on lel

cut away forward of the rudder. The diameter of
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gain general information regarding the intricate
problems of ship resistance and propulsion.

It may be added that since all questions con-
nected with the design of the Mauretania were
investigated, Messrs. Swan, Hunter, and Wigham
Ric n, and the Wallsend Slipway and Engi-
neering Company, are, with characteristic enter-

614

the circles, by altering the aft body and the size of
the rudder, was reduced to 75 per cent. of that of
the circle made with the first launch model. Tests
were also made of the turning circle of twin and
quadruple screws using the rudder, and the quad-
ruple screws were found to give better.results.

he various questions and problems experimented

on may thus be sum — rnu, continuing the experiments on the same
1. Effect of aperture in deadwood between inside | lines in connection with propeller problems.
llers.
Prg?.Eﬂ'ect of cutting away the deadwood as adopted| THE SUPERVISION OF THE WORK FOR
«for both the full-size shi THE CUNARD COMPANY.

3. Effect of position gf.‘ outside propellers longi-
tudinally and of their distance from the hull.

4. Comparative efficiency of proposed four-screw
arrangement, and of ordinary twin-screw arrange-
ment with large ﬁropollen. as used with reciprocat-
ing engines. e experiments showed that the
oﬂgcienoies of both systems are about equal in this

Valuable suggestion has from first to last been
made by practically every official of the Cunard
Company, so that the ship embraces not only the
experience of the firms responsible for her con-
etruction, but is the embodiment of many years of
close study of the requirements of the Atlantic

passenger service.

Mr. William Watson, the chairman of the

5. Best direction of turning (inside or outside)
Cunard Company, has from the beginning taken a

for shafts with regard to propulsive efliciency.

6. Effect of dragging screws when part of the
machinery be disabled.

7. Comparative distances and times for stoppi
ordinary twin-screw steamer and turbine vessel wil:ﬁ
proposed arrangement, and with the available astern
power. The results are given in Fig. 8, page 613.

8. Astern speeds obtainable with proposed ar-
rangement.

9. Steering and turning by rudder, and by
screws.

10. Most suitable propellers, with regard to high
number of revolutions and high efficiency. Twelve
sets of propellers of different proportions were
tried for this purpose. |

11. Form of wave profile. The illustration, !
Fig. 6, shows the comparatively small height of
bow and stern wave. , fallen considerable responsibility in connection with

12. Various other measurements were made, as, ' the settlement of the details of construction, and
for instance, measurements of the relative velocity ' their great experience and their onthusiasm for the
of the water at different distances from the hull, | Cunard Company have at all times enabled them
including the speed of the wake at various posi-|to give most material help. Mr. James Bain is
tions longitudinally, also trials to ascertain the one of the duyens of the Atlantic service, and we
amount of skin friction on surfaces similar to those | are specially pleased to be able to give his portrait
of the electric launch, and other experiments tol in this issue, as he i1 50 well known and so deservedly

work, being in the earlier stages associated with
the late Lord Iuverclyde, alike in the inception
and carrying into effect of the ambition of the
British nation to be supreme on the Atlantic.
Altogether Mr. Watson'’s very long aoquaintance
with Atlantic transport has been particularly useful
in connection with the work. He has had as close
ally the vioce-chairman of the company, Sir W. B.
Forward, while Mr. M. H. Maxwell and Mr. J. H.
Beazly, as members of the Shipbuilding Com-
mittee, have rendered useful services. The same
remark applies to Mr. A. D. Mearns, the general
mapager of the company, and Mr. Branfield, the
secrotary.

On the technical officers of the company there has

close personal interest in the supervision of the|pan
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respected for his wide knowledge and eminentl;

practical judgment. Cautious, yet progressive, his
policy has ensured that great m{msuli'e of reliability
which has ever characterised the Cunard steam-
ships, aud has enabled them to attain such a
high position of public confidence. Mr. L. Pes-
kett, the naval architect for the Cunard Com-
pany, has naturally been intimately associated
with the design, and icularly with the arrange-
ment of the deck cabins; while in the
ment of the navigating appliances he has had ge
advantage of Captain Dodd’s wide acquaintance
with these matters. Mr. George Thompson, the
superintending engineer of the company, will be
responsible for the upkeep and maintenance of the
wachinery, and in a large measure also for ita
success on the Atlantic. He has bad a splendid
training for this work, having for a long time
being associated with Messrs. Harland and gWolﬂ'a
ships. The builders and engineers of the Maure-

tania will feel ample reliance in confiding their
work to the experienced staff of the Cunard Com-

y.
The Mauretania in service will be commanded by
Captain John Pritchard, a native of Carnarvon,
who has been in the Cunard service for over twenty
ears. His appointment to the Mauretania makes
it almost unnecessary to say that he has been in
command of the principal ships of the fleet, and
has thus gained a large experience in his work.
He has been captain of the Carmania, Caronia,
Campania, Lucania, Etruria, Saxonia, and Ivernia,
so that he has already won the confidence of the
travelling public. It is, perhnman interesting
coincidence that Captain Pritchard, thirty years
ago, took delivery (as captain) of the smallest ship
ever built by Messrs. Swan and Hunter, and has
now similarly taken away the largest vessel con-
structed by the company.

The chief engineer of the ship is Mr. John Currie,
a native of Ayr, who has also been in the Cunard
service for many years, and was employed in
superintending the machinery for the Caronia
and Carmania, of which he was formerly chief
engineer. He has thus an intimate knowledge of
the turbine system; and it is also important to
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mote that he was the head of the machinery depart- | economy in the Ivernis, built and engined by|the Mauretania.

It is significant that there are

ment of the Lucania when she made her record |the same firms as have built and engined the|only 69 in the mv'ipt,ipn department, while there
voyages. He it was who developed such a high | Mauretania. We append here a list of the crew of | are 393 on the engineering staff.

LIST OF THE CREW, DIVIDED INTO THE DEPARTMENTS OF NAVIGATION, ENGINEERING, AND PERSONAL.

TasLe VII. —List of the Crew.

Taoie VII.—(continued).

TasLe VII.—(continued).

Nawigation ; Refrigerating engine: rs 3 2

Captain and officers ... 9 Firemen ... ... .. 204 28

nartermasters . 8 Trimmers 120 2

ains ... . 3 Greasers ... 33 10

Carpenters and joiners . 3 — 393 7

Lamp-trimmer and yeoman 2 Personal : . .. 2

Masters-at-arms . 2 Doctor 1 3, bar-keepers, &c. .'?l

Marooni telegraphists 3 Purser .. 1 .. 367
Seamen .. 40 o Amistant pursers 2 — 476
. - Chief steward ... .. 1 .

Engineering : Chief steward's assistants 2
Engineer officers 33 Chef 1 . Grand total ... 938
Py a
/ - V

THE CONSTRUCTION OF THE SHIP.

THE BUILDERS OF THE SHIP.

The Wallsend Shipyard, where the Mauretania
has been built, dates from 1872. Of this concern
the late Mr. C. S. Swan was the principal partoer,
but soon after his death, in 1873, Mr. G. B. Hunter
became the head of the firm. From the first,
progreas has been continuous, alike in the size and
character of the vessels built. As a shipbuilder Mr.
Hunter has the advantages of hereditary inclina-
tion and sound practical training. His forebears
were connected either with the sea or the building
of ships. This applics to his father, his grand-
father on both the paternal and maternal sides,
and to his other relativea. Indeed, he was born
in a shipbuilding atmosphere, and served his ap-

renticeship as a shipbuilder with the Pilea of
gunderl.md, a fauuly which greatly contributed

to the early prosperity of the iudustry on the
North- East Coast, having been identitied with the
formation of Sir William Gray and Co.'s yard,
and of Mesars. Furness, Withy, and Co.’s establish-
ment. Mr. Hunter, when he completed his appren-
ticeship, although barely twenty years of age, was
given charge of the drawing-office and of the work
at Messrs. Pilea’ yard. But he wisely decided to
widen his experience, and spent two years with
Messrs. Robert Napier and Sons when Mr. (after-
wards Sir) William DPearce was head of the con-
structive department. For a year or two after his
return to the North-East Coast he was a tner
in the shipbuilding works at Sunderland of Messrs.
Austin and Hunter, and in 1879, as we have said,
became a partner in the Wallsend Shipyard.

In 1895 the tirm became a limited liability com-
pany, with Mr. Hunter as chairman, and with a

strong board of directors. Since then developments
have taken place, the works of Messrs. Schlesinger,
Davis, and Co. beiug added to the Wallsend yard,
while in 1903 the tirm amalgamated with Meears.
Wigham Richardson and Co., of Neptune Works,
Walker-on-Tyne,a firmn which since 1860 had won
a high repute, not only for the building of ships, but
also of machinery. The repair work of the Puntoon
and Dry Dock Company, founded in 1832, was also
purchased, and the combined concerns now known
as Messrs. Swan, Hunter, and Wigham Richardson,
Limited, have a river froutage of some 4000 ft. and
an area of 78 acres. They are located about three
wiles to the east of Newcastle, on the north bank
of the river, at a point where there is a bend, so
that little difticulty is involved in launching such
large vessels as the Mauretania.

As to the recent progrees of the company, the
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table below of the output of the two establish-
ments is interesting testimony. Prior to 1897, the
output had only twice exceeded 40,000 tons—
in 1889 and in 1893 ; whereas since 1897 the pro-
duction has never been as low as this figure, and
has often been twice as large, while in 1906 it was
three times this total.

The Mauretania is herself the best testimony to
the capabilities of the establishment, and when
we come to describe the building of the hull we
shall have occasion to refer to some of the out-
standing features. There are four built-up berths
in addition to the twelve open berths, making
sixteen in all. The plater's shed is arranged close
to these building berths. The new furnaces which
have been built for dealing with angle-bars, &ec.,
are heated by producer-gas, which gives uniformity
of heat. Powerful hydraulic and electrically-driven
tools are fitted in the sheds.

For installing the boilers on board ship the com-
pany have adopted a floating-crane with a lifting
capacity of 150 tons. The pontoon on which this
crane is mounted has its own propelling machinery,

and 68 ft. beam, was fitted with twelve Temperley ' vessels up to 350 ft. long. The capacity of the
transporters, and arrangements were made so that works, which has now its 804th vessel on the stocks,
two warships could be dealt with at each side, and ' is, however, more fully exemplified by a descrip-
could be loaded with coal with great rapidity ;' tion of the building of the Mauretania than by any
indeed, the whole of the coal is mechanically  elaborate narration of the machine-tools fitted, and
manipulated. 1with this brief historical note, we shall return to

The establishment, it may.be added, includes our description of the work on the hull of the
the Wallsend and Neptune Shipbuilding Yards, Mauretania. Here, however, we may interject
which are contiguous (Fig. 13, Plate XCI}%.). "the remark that in carrying out this work

The marine engineering works at Neptune are Mr. G. B. Hunter has more than proved the
& dry dock 550 ft. long and 76 ft. beam, with | efticiency of the staff. It was peculiarly appro-
a_depth on the entrance sill of 26} ft. ; in. priate that the director most intimately associated
addition there are two floating docks, to take'with him in the actual work of construction

le— . SHELL HYDRAULIC RIVETED BETWEEN UPPER AND SHELTER DECKS .
g. ! SILICON STEEL e
gz ; . ‘SAICON STEEL POUBLINGE T T o

’.

Elrtprosgapr oy, 5 R v,
= LGN LTI D peirispapensioissssipessayssssssopisssessressssys)iHe I0IAY

! v,///////);//'i//)‘////’///'///,, B s b
i -
/077077777 SRR TR

F1es. 16 To 20. CoONSTRUCTIONAL DETAILS oF THE HuLL.

so that it can be readily eent to any part of the
river.

In Table VIII., annexed, a reference is made
to outstanding work done during the past ten
yoars. The firm have built many high-speed pas-
senger ships in addition to those for the Cuvard
Company, to which reference has already been
made. One of the notable ships is the Princess
Victoria, constructed for the Canadian Pacific Rail-
way Company, and capable of steaming at 22 knots.
Note may also be made of the Osmanieh, for the
Khedivial Mail Steamship Company, and of the
turbine-steamer Immingham, for the Great Central
Railway Company’s North Sea traffic. Many floating
docke have Leen constructed at the Wallsend yard,
among the number being one of 16,500 tons capacity,
for the British Admiralty, safely towed to Bermuda;
another, of 12,000 tons capacity, was built for the
Spanish Government, and sent to Havana. A third,

of 11,000 tons capacity, was coustructed for the:

Stettin Maschinenbau Actien-Gesellschaft Vulcan.
Many others have been built for foreign and
home clients, the dimensions ranging, as in the
case of the Bermuda dock, to 515 ft. by 126 ft. in
clear width. Mention should also be made of a
tloating coal depit, built for the British Admiralty,
to take 12,000 tons of coal. This craft, 424 ft. long

TasLk VIIL—Productions of Messrs. Swan, Hunter, and | should be Mr. C. S. Swan, the son of the originator
Wigham Richardson and Co., Limited, 1897-1907. of the firm. Mr. Swan has brought to bear upon his
- : ST - : - — | work great skill and experience, together with tactin -

e : T dealing with delicate questions, and has in a large
g E“g‘ ! :E . measure contributed to the rapid and successful
= &= | 88% termination of this great undertaking. The yard
% S 1 ZeE Prowminent Bhips, &c. manager, Mr. Christopher Stephenson, has tackled
. ;-E' E.. | =2 2 all the oon;t«ructioml rol)llems :itll: ca::d ang
¢ 3 | 28 | g2¢ courage ; and as regards the plans and the speed an
i % A strml:8 th calculations, Mr. % W. de Rusett and
| total Mr. } . Meuwissen deserve high commendation.
1897 | 48,570 18,217 66,787 Havana DPontoon Dcck, s.s.

’ ! Monarch, as. Idabo.
1808 ' 68,608 '27,320 96,016 T.S.-8. America Maru, t.-s.s.
1 Ultonia, Stettin Pontoon Dock.
1800 ? 42,722 . 9Q 751 31.‘.’78 T.-8.8. Ivernia.
100 | 42580 3484 770574 — . ;
101 | 49,057 | 87,355  §6,442 S.8. Lake Manitoba, s.e. Patri- In the construction of the hull three outstanding
] clan, s Lake Michigan, two features call for special description: the berth
pontoon docks

THE CONSTRUCTION OF THE HULL.

1902

61,220 1 41, ‘ 560 F _ | structure and the handling of materials, the use of
10 dueo th‘i,:nm docks, a8 Car-| licon steel in preference to carbon steel for those

126,021 T.:&h?mh:ﬁ:m. 'ﬁ: Os-| Swan, Hunter, and Wigham Richardson, Limited,

|
: q.-t.-s.8. Mauretania

VA3l — Lo 66,452 F 'r:::{"fn‘;‘g:lziﬂ::l;o:r Natal, | parts of the ship subject to the most severe su:ains
L1900 | — | — 74302 Coal dépot for Britwh Govern. | from hogging and sagging, and the hydraulic rivet-
‘ : ment, tloating dock for Suez ing of the principal parts of the structure. We pro-
. [ . g na ! direct attention to these points.
190 - - RTTARN i k, t.se  PosSe todirect a lese po! .
! m:‘ ! | e 'ﬂ'ﬁﬁ..." oating dock, t.-85 To facilitate the construction of the ship Messrs.

Pre®, | themselves constructed a double berth, which is
well shown in Figs. 14 and 15 on the two-page
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Plate XCIX., and on Fig. 17 on the previous page. for closing rivets in the double bottom, &c. This
The dimensions of the berths illustrated are as and the illustrations of constructional details,

follow : — Figs. 16 to 20, are taken, along with much of the
Ft. data given, from the papets read at the Institution '
Length of shed over all of columns .. 682 of Civil Engineers and the Institution of Naval Archi-
Leogth of rcof, including overhang at tects by Mr. E. W. deRusett, who, as naval architect '
“,:'d':_: ':l‘:" of weat shed. ander which 8 of the builders, has been intimatel§y associated with
Mauretania was boilt .. ... .. 85 the design and construction of the Mauretania.
Width clear of east sheds ... .. 100 Below we reproduce comparative croas-sections
Height of cplu}nm.hov:gfound to under- of the Mauretania and the Great Eastern, from
side of principals or girders, south end... 133 Mr. Foster King's paper, read at the sprin
Hzl:‘ n‘;a”:‘.':’"";: ‘b‘.’;:‘.:‘l"l"::m"d meeting this year of the Institution of Naval
touth end ° pn "’ 105 Architects. The ocomparison is instructive ; it

. h shows the greater beam of the new ship—87 ft. 6 in.
In the width there are thiee lattice posts at 5G-ft. against 83 ft.—and the flatter floor and bilge-keels,
centres longitudinally. That in the centre is 10ft. which make the modern #hLip steadier. It should
Ly 12 ft., and thoee at the sides 10 ft. by 11 ft., be remembered that the Mauretania has two decks
secured with 14-in. bolts on concrete foundations, above the shelter-deck, so that in every way she is
18 ft. by 16 ft., with a depth of 5 ft., resting on larger. The cellular structure of the Great tern
eight piles driven 30 ft. to 35 ft. into the subeoil. reflectathegeniusof Brunel,andthe variation inscant-
Thete are cross-girders carrying the roof and sup- lingsindicates the progress since made in metallurgy.

Fia. 21.

porting electric traversing-crancs. The berth is' The depth of the double boitom of the Maure-
roofed over with glazing, and is well lighted by tania is b ft. in the boiler-rooms and holds, and
arc-lamps, so that work cao proceed independently 6 ft. in the engine - rooms, extending well up
of weather or of natural light. A feature which to the bilge. There is a flat keel-plate 50 in.

distinguishes from others this berth, and the other
constructed by the firm at an earlier date, is the
arrangement of the cranes. The rails on which
these run are on the bottom booms of longitudinal
girders suspended from the transverss members
supporting the roof principals.  Therce are several
tracks, and on these there are four 5-ton and four
3-ton electric travelling cranes.  These cranes aro
shown in Fig. 17. In each cnso the jib is sua-
pended from the carriages and works horizontally ;
the jibs of the 3 ton cranes are at a lower level, so
that they may eanily pass under the carriages of
the adjoining 5-ton cranes.  Several could be con-
centrated on a heavy load, and as much as 40 tons
might thus be dealt with, In the earlier stages
of construction jibs were fitted on the vertical

wide, made up of three thicknesses of metal, a
total of 3} in. The middle plate is .Y in. thicker
than the garboards, to allow of their being placed
Jin ition after the keel-plates and longitudinal
keelson bars were riveted. The butts of the
‘keel-plato are not strapped, as it was found there
,would be sufficient margin of strength with-
_out doing this. By the omission of theso strape
about {in. of draught wae eaved. This was of
'great importauce oonsidering the small margin of
"dead-weight that it is possible to allow in a vessel
i of this character on the given maximum draught of
water. The centre strake is 1 in. thick, having on
each side seven longitudinal girders 4§ in. thick,
with intercostals }j in. thick, all secured together
and to the eholl and floor-plating by 43-in. by 4-in.

members of the building berth, as shown in|byA:.in. to 43-in. angles. The bottom shell-plating

Fig. 17, for carrying the heavy gap-riveters utilised

118 1] in. thick ; the inner floor-plating 3§ in. The

seams of the bottom shell-plating of the vessel,
where hydraulic riveting was resorted to, are
arranged clincker fashion, so that the machines
could close the work strake by strake. The frame
bottoms are josgled. The bottom shell-butts are
double strapped, the inner strap having three rows
of rivets, two of which are close pitched, the outer
row being wider spaced. The outer strap is doublo-
riveted, with edges bevelled, to reduce resistance.
There is very little rise in the bottom. The
bilge-keel, to minimise rolling and to add strength
at this part, is 240 ft. long and 3 ft. deep. Nor
the three-fifths of the length of the ship, from near

. the stern forward, the frames to the shelter-deck

are spaced 32 in. apart, while forward they are at
26-in. intervals, and aft 25-in. The side framing
consists of 10-in. channel-frames extending from
the tank margion-plate to the shelter-deck with
closely-spaced web-frames. The beams on all the
decks are also of chaunnel section, and have turned

. knees to secure lightness.

CoMpPARATIVE SecTioNs oF THB ‘ MAURETANIA " AND THE * GREAT EasTERN.”

The skin- plating is, on the side of the ship
from 33 in. to ;§ in. At the shear-stiakes, as shown
in Figs. 18 and 21, it s, for 105 ft. aft of amidships,
and 120 ft. forward of amidships, $} in., and is
for even a greater length doubled, of silicon steel,
and hydraulically riveted. This precaution has
been taken, as will presently be explained, be-
cause of the sagging and hoyging stresses due to
the vessel being supported alteroatively un waves at
bow and stern without oomplete support in the
centre, and riding over a wave without sufficient sup-

rt at the ends. These, with such a long structure,
involved heavy bending moments, the maximum
being slightly over a million foot-tons. The gl:dt.ing
of the topai!e, where the doublings occur, to
be 80 arranged that the inner edge of the landing
was kept at the top, so that each plate could be
riveted up in due order. This will be observed by
reference to Fig. 19. The deck-stringers, &c., are

correapondinily heavy. The heavier plates at the
turn of the bilge and the sheer-strake are 40 ft.

‘long, and weigh from 4 to 6 tons; the ordivary
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shell-plates are 34 ft. long, and weigh 2} to 3 tons. |

A feature of the hull is, as we have said, the use
of silicon steel : the éxtent to which it was aaopted
is shown by the hatching on Fig. 16, page 616,
the double - hatching showing where the sheer-
strakes are of double thickness. High-tensile car-
bon steel was also used for bulk-heads, &c., but
chief interest centres in the silicon steel adopted
where stresses were greatest. A saving in weight
was also aimed at, but, determined to coucede
nothing in weight, it was laid down in the specifi-
cation that such steel must have the following
qualifications under normal conditions: — 1. An
ultimate tensile strength of 34 to 38 tons per square
inch. 2. An elongation of not less than 20 per
cent. in 8 in. In addition, it rhould satisfactorily
stand the following tests :—Temper tests; oold-
bending, normal, annealed and tempered; fatigue
tests ; and mechanical tests. This silicon steel was
subject to apecial tests for ultimate tensile strength,
elastic limit, and elongation, by Mesars. David
Kirkaldy and Son, London, on strips 11 ft. long by
2 in. wide, having a length for extension of 100 in.
The results proved to be quite satisfactory, the
test-pieces being 0.77 in. ang 1.49 in. thick respec-
tively. The average of Lloyd's tests of high-tensile

carbon and silicon steels made by Mesars. J.!

Spencer and Sobns, Newburn, for ship purposes
were as follow : —

TABLE IX.—Results of Steel Tests.

High-Tensile
Normal Conditions.  High-Tanelle Carbon Silioon

Number of samples .. .. © ' 5 |. s .
Thickness of plates varied from ¢ to }4 in. 8 to {3 in.| {3 to {] in.
Average ultimate strese i

tons pereq. in. 364 37.8 36.85
Elongation in 8 in.  per cent.  22.5 92 22.7
Elastic limit  tons persq. in. 222 20.8 21.6

V10011110001,

-

COMPRESSED AIR INLET.

LTY]

Fio. 22. 8kctioN or River-HEATER.

In view of the results attained, a further reduc-
tion of 10 ?or cent. in the scantlings where high-
tensile steel is employed (makiog 20 per cent. in all)
night have been reasonably e, a8 A fair in
of strength would still have been secured above the
mild-steel basis, especially as the midship scant-
‘lings, and the tapering of the aame towarda the ends,
were based on the static stresses the vessel would
be subject to when mounting and leaving a wave of
the abnormal length of 760 ft. by 38 ft. high from
hollow to crest. In determining the extent of
taper, due consideration was, of course, given to the

fact that the moment of incrtia of the end sections !

18 necessarily less than that of the midship section,
‘owing to the form of the vessel.

In carrying out tho tests of the material, it was
observed that to punch a hole § in. small and
rimer out to full size reduced the strength of
the sample less than if the hole had been drilled
the full size, and because of this it was decided
to Ylunch the high-tensile steel plates up to 4 in.
in thickness with holes } in. lees in diameter, and
then rimer them out to the full diameter re-
quired by the rivet. By punching the holes small
and rimering them, as described, the saving in labour

was about 10s. plnta';, or about 30 per cent. less
than electric drilling. All the holes in high-tensile
steel above # in. in thickness were drilled, and the

rag of the hoﬁe was remdved bya aﬁecinl tool, which
at the same time removed the sharp edge of the
hole and produced the requisite taper for the neck
of the rivet.

High-carbon steel was adopted in all the main
transverse and longitudinal bulkheads extending to
the upper deck. The lower portions of these are
18 M. thick, thence % in. to the lower deck, 3’5 in.
to the main deck, and above this they are ;% in.
The stiffening bars are of ordinary mild steeq, of
channel or angle sections. Silicon steel was used
for the top sides, and doublings where shown in
Fig. 18, page 616 ; also for the stringers, decks, and
doublings on the shelter deck for the full width
between the ship’s side and casings, and stringer
and adjoining strake on upper deck for a width of

elongation not less than 20 per cent., and an elastic
limit of 13 to 16 tons per square inch. The rivets
are 1} in. in diameter, and are s in acoord-
ance with Lloyd’s rules for mild steel of equivalent
strength. Considering that the rivets were softer
than the high-tensile plates they connected, special
provision was made to minimise the shearing effect
on them by rounding the edges of the drilled holes
by the special tool to which reference has already
been made. A pressure of 50 tons was put upon
the rivet when closing.

Hydraulic riveting was adogbed in the following

rts of the structure—viz., the keel-plates, centre
E.eelson, garboard strake, and shell-plates within
the range of the double bottom ; also the connec-
tion of shell to stem and stern castings, floors,
frame bottoms and top bars, tsn:nﬁu ers, web
frames, reverse-bars to frames and side knees,
and also] the ygirders formingthe engine-seating.

(Y

Fic. 23. SterN Framing IN THE Works oF THE DarLiNngToN Forek Co., Lrv., DaBLINGTON,

8ft. 6in., and for a length of about 500 ft. amidships
on the shelter-deck, and about 480 ft. on the upper
deck, tapering off at the ends. The remainder of the
slntiug to the sides of the casings on the upper

eck 18 of high-tensile carbon steel, extending for
400 ft. in length. By the employment of gigh-
tensile steel a reduction of 10 per cent. on the
basis of scantlings of mild steel was allowed, and
a corresponding reduction in the thickness of the
bulkheads where made of this material. The result
has been a saving in weight of about 200 tons, with
an appreciable increase of strength in the top strue-
ture. The silicon and high-carbon steel were not
annealed. The edges of seams and butts were

planed. Experience showed that high-tensile and
mild steel would work well together.

The authorities at Lloyd's Registry, from their
"experience up to date, strongly recommended that
"the rivets used for the whole structure, including
the silicon and high-carbon steel, ehould be made
of mild ingot steel ; consequently this material was
adopted, although it has since been urged by man
that silicon steel might also have been used wit!
better results, as in naval practice. The rods had
an ultimate stress of 26 to 30 tons per square inch,

The topside platinpg and doublings were also
hydraulically riveted for a length of 520 ft. amid-
ships, and the shelter-deck stringer and doublings
for a length of about 440 ft.

The eight hydraulic riveting-machines employed
were of three sizes, having gaps b ft., b ft. 6 1n.,
and 6 ft. respectively. Theb-ft. 6-in. gap machines
were found to be the most serviceable for general
purposes. They were each fitted with an adjust-
able arrangement by which the pressure could be
brought to bear directly through the axis of the
rivet at whatever angle the plating lay, the result
being that very little troub?e was experienced in
pressing the rivets fairly into the countersink. The
machines were supported by trolleys running in the
roof of the shed under which the vessel was built,
also from derricks which were guyed from the
standards of the shed, as shown in Fig. 17, page
616, the trolleys and derricks being so arranged
that they could be readily moved to any required
position within their range of action.

The shell-rivets called for very careful considera-
tion, both as regards the convexity of the head and
taper of the neck, and their length in proportion
to the thickness of the plates they connected.
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THE BULKHEAD ARRANGEMENTS OF
THE SHIP.

In the design of the ship the sub-division of the
hull was a matter which reccived the most careful
consideration, and the very conservative regula-
tions of the Board of Trade Committee, which
investigatod this question and prepared rules, have
been more than met in order to ensure absolute
safety. There are 12 main transverse bulkheads, as
shown on the elevation and plan on the preceding
pege, and intermediate wing bulkheads are fitted
in the side buakers, dividing them into spaces
about 40 ft. long. There are thus 173 water-tight
compartments or flats.

At the forward end the main compartments are
small, 80 as to minimise danger due to collision.
The longest of the compartments is the forward
boiler-room, which is over 90 ft.; but as the
width of the ship is considerably reduced owing
to the fining of the lines here, the area of the
compartinent is not so great as might be sug-
gested by its length. Any two of the compart-
ments may be flooded without materially affecting
even the trim of the ship. It will be noted,
further, that the coal-bunkers are arranged along-
side the boiler compartment right fore and aft,
and that the main machinery space is divided into
three compartments by longitudinal bulkheads, so
that for nearly 350 ft. the ship has an inner and
an outer skin, not only on the bottom, but on the
sides, and sufficiently far apart to prevent the
effect of oollision, or grounding, making a rupture
in the inner plating. This inner plating, too, has
been as carefully constructed as the outer shell of
the ship.

The pillars are of Mannesmann tube in all the
'tween-decks. Here, too, it may be noted that in
the boiler-rooms strongly-built pillars of channel
section are fitted immediately below the continuous

irder, which forms the fan-room and casing sides
tween the lower and main decks. The shelter-
deck forms the top member of the equivalent
girder, the deck above boil:ﬁ of comparatively light
scantling. The pillars in all the 'tween decks are
of Mannesmann tubes.

It has been impossible to dispense with bulk-
head doors, especially in the machinery compart-
ment ; but the next best alternative has n
accepted in the fitting of a system for controlling
by hydraulic gear the doors through the bulkheads.
The system adopted, the Stone-Lloyd, is con-
structed by Messrs. J. Stone and Co., Limited,
Deptford, London. Hydraulic power ie generated
b{ pumps in the main engine-room, which are
always in operation, and which maintain at all
times water pressure in the hydraulic supply system
shown in the sectional plan on the preceding page.
The- pumps discharge into a system of piping
carried throughout the ship. These “Eipes extend
to the forward boiler-room bulkhead, and here
there is fitted a screw-down valve, the operation of
which admits pressure into a subeidiary pipe-line,
simultaneously closing all doors. This valve is
operated by steel wire and chains from a pedestal on
the bridge. The captain, or other officer, liberates
the valve-handle by moving aside a clutch-gear,
which until then retaios the handle in the *‘ open”
position, and in turning pressure into the closing
Eipe causes the ringing of large gongs at each

ulkhead-door station, as a warning to all in the
compartment of the impending closing of all
means of communication. The controlling valve,
which is of the ram-and-slide-valve type, is
arranged so that when pressure from the sub-
sidiary pipe enters the valve-casing the slide-valve
is driven to the position for closing the door. The
valve has three ports, the central one being the
exhaust, while the second admits pressure for
opening, and the third for closing, the door.

The valve has been arranged so that in the event

of the doors having been closed from the bridge,
the pressure may be relieved in any one case, in!
order that a man imprisoned within a water-tight
compartmemt may release himself. For this pur- |
pose there is a spindle through the centre of the
ram of the valve z)r the whole of its length. This|
spindle is at one end in contact with a lever, which
can be operated by a handle working through wire
connection on each side of the bulkhead. The
lever drives the spindle through the valve-ram,
and opens a small apring-loaded valve on the end
of the ram, allowinyg the pressure water above the
ram to escape down through four grooves cut in,
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the spindle. At the same time the lever drives
back the valve-ram, actuating also a slide-valve,
which liberates the pressure water from the
cylinder holding the door closed, and admits the
pressure to the other side of the cylinder to open
the door. When the man within the compartment
releases the handle of tho lever, in order to esca;
from the compartment, the pressure in the main
system again shuts the small spring-loaded valve
on the top of the ram, and forces the spindle out-
wards, so that the door is re-closed by the pressure
in the main system. It will thus be seen that
while all the doors may be simultaneously closed,
the men in the compartments have at their band
the power to re-open the doors for a sufficient time
to enable them to escape ; but it is necessary that
they should hold the handle operating the lever
continuously if they wish the door kept open con-
tinuously, otherwise the main-pressure system will
keep the door closed. The door in all cases closes
slowly, and has considerable power to break up any
obstructions.

THE LAUNCHING OF THE SHIP.

The launching of the vessel called for as much
forethought and care as the solution of the problems
of design and construction, especially in view of
the immense weight, which on this occasion was
16,800 tons, including the launching-ways, and in
view also of the comparative narrowness of the

Fig. 26,
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at the moment the stern floated a pressure at the
forward cradle of probably about 9 tons to the
square foot; this pressure affected not only the
fore cradle and the ways, but the floors and tank
girder construction. Subsequent examination,
however, showed that evelgthing had been of suffi-
cient strength to withstand the great thrust, which
was caloulated to be 3700 tons, decreasing to 1600
tons as the bow left the ways. The greatest statical
lifting moment was when the forward perpendicular
was about 209 ft. from the end of the ways. The
greatest draught aft before lifting was about 33 ft.,
while the maximum moment against tipping was
calculated at 420,000 foot-tons. These and other
results and calculations are set out in the diagram,
Fig. 43 on page 622.

he ways were placed at 25-ft. centres. They were
constructed of pitch pine, excepting at the forward
end ; but because of the high pressure at the moment
of lifting, the sliding-ways at the forward end,
and the ground-ways at the after end, were of oak.
Instead of using elm rubbers, spiked and bolted
to the outer edge of the ways, as is more usual, the
outer timber was 2 in. thicker than the others,
and this formed a strong guide 2 in. deep, as will
be secn by reference to the various sections of
the ways reproduced opposite. The average length
of the timbers forming the ways was about 35 ft.,
and the butts were connected by 3-in. iron
straps, with two through-bolts at each side of
the butt. For facility in moving the ways after
the shig bad floated, the sliding-ways were built
up of three lengths on each side of the ship, the
bolts being omitted at the junctions of these tec-
tions. The standing ways, it will be seen, were
supported by side shores, as shown in Figs. 28
and 29, and by angle-stays and brackets between
the ways to counteract any outward thiust. An-
other point in connection with the ways is their
distance from the ground ; and this is shown not
::ll»ly in the sections, but also in the following

o :—

LONSITUDINAL SECTION SHOWING DECLIVITY.

Fias. 26 anp 27. DEeTans or PiLixe or SHIPBUILDING BrRTH.

river into which the vessel had to be launched.
In the first place, special provision had to be made
to ensure a thoroughly sound foundation. The
berth, therefore, was carefully piled, the number
of piles driven being over 16,000. These were
13-in. by 18-in. timbers, and their length averaged
from 30 ft. to 35 ft. They were driven at 4-ft.
centres in the longitudinal line, as shown in the
figures above. Pitch-pine beams, also of 13.in.
by 13-in. timbers, of a length of 36 ft., connected
the piles, being secured by oak dowels, 3 ft. long
and 2 in. in diameter. Over these horizontal
timbers, again, there was, throughout the entire
area of the berth, a floor of 12-in. by 6-in. timber.
The gradient of this floor is shown in Fig. 27,
above.

On this foundation were laid the keel-blocks,
which were in groupe of five, about 12 in. apart,
with 3-ft. intervals between the groups. This
arrangement facilitated communication from one
side of the berth to the other. The cap-blocks were
of oak, 12 in. by 8 in. As the floor of the ship was
constructed, additional support was provided by
four rows of shores under each alternate frame and
on each side of the centre line. The bilge-blocks
were at intervals of about 50 ft.

The keel was laid with a declivity of 0.494 in. per
foot, and the standing ways forward of 0.545 in. per
foot, and for the remainder of the length 0.564 in.

r foot. The camber was 21 in. in the whole
ength of 794 ft. The standing ways extended from
64 ft. abaft of the fure perpendicular to 98 ft. abaft
of the aft perpendicular. The sliding-ways had a
bearing length from the fore end of the cradle to
the heel aft of 635 ft., and as the width was 6 ft.,

i the total area of bearing surface was 7620 square

feet, which gave a pressure per square foot of 2.20
tons, when the total weight, including the cradle,

TaBLE X.—Distance Bclw:ud‘ Launching- Ways and

Grou
. Way Heel Amid- Fore End
- ' Ende. Oasting. ships.  Cradle.
B o nd fein, i tt in. I I u;.
Standing ways above 16 1 2
) " belowceel.‘ 5 ai 35 16 1 2
Keel above ground .. .72 5 4 .57 8 4}

Standing-ways above mu?d ]l; iclo»ut point 6 [t. aft A.P.,
11 n.
Sliding-ways below bottom plating at closest point, 8 ia.

The construction of the forward and aft parts of
the cradle are so well shown in the section that it
is scarcely n to enter into any detailed de-
scription. It will be seen that a strong shelf plate
of steel was attached to the skin-plating of the
ship, and was supported by knee brackets in order
to form a buttipg surface or a bearing for the
vertical members of the poppets. The foremost
timbers were slightly canted inwards. Four 2-in.
tie-rods were fitted, as shown, to brace the port and
starboard cradles together. The rods were connected
under the keel by a pin through eye-bolts, which,
when the vessel was afloat, could be withdrawn by
levers, so that the port and starboard sides of the for-
ward cradle could be separated from each other after
the launch. It will also be noted that 3-in. round
bar stays were put in from the keel to the upper
part of the poppets, to prevent any canting out-
ward at their heads in the event of the vessel being
slewed by wind and tide prior to the fore part being
water-borne. As a matter of fact, however, the
wind at the time of launching was light, not ex-
ceeding five miles, and, moreover, was direct end
on to the travel of the vessel. It will be noted from
the cross-section also that five layers of soft wood,
making a total thickness of 14 in., was laid over

was taken into copsideration. There was, however, | the sliding ways to facilitate the distribution of



621

ENGINEERING.

Nov. 8, 1907.)

m mm“ -MHL FAVLS 3!:/

I U DO .

D0 (T Do

LT T IO 6T T TR eeposiea

%
S TI\ :m

o T I

TRV UV TTIY 804

‘FOIS SIINS

ua« NO 31V3d 343

D K N | f -
6z 6o \

Ownows
2a0@y 1935 N9 0

o r - o L L o N \ot.;:uﬁ,
% owmow3 40 411411390
——— e S OnnowS 40 411417330 -~ - ONNO¥3 JAOEY AL s p— —is Ly ——
% aNnows 40 441411IR0 - - W -1 0N mee—————pe R - SFAVM ¥FAO 4Tiva L L
— fad 0 96 -

R .0 #0190 ¥IMO? . U

w355 g00wb e e —

AP 4 pulhdfut G
' : 1 #3¥0 §IMOT . —
— D . g
) — —r WM N39O0 eSedA e
) V390 #311INS - —
w390
N\ W399 1voe ANIISIN
N 4 —————— e S — .
T -
— . TINDIS b
. _— 2 g3
1u908 |
|
4

ATAVHD ANV SAVAHDNIHONAYT dHL A0 STIVILIAd



622

ENGINEERING.

[Nov. 8. 1907.

the thrust over the whole of the cradle. The ver-
tical members of the cradle were connected by
chain lashings, and by narrow plates and angle-bars,
as shown in Figs. 34 and 35 overleaf.

The amidship part of the cradle is well shown.

The driving wedges were of pitch-pine and about | anchor near the up-stream bank of the river.
7 ft. 6in. long; here they were only single, butl

forward and aft they were double.

STARTING LEVRRS

, 400 TO TRIGCE NS
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The aft cradle was constructed under the spectacle
framing for the pro;)eller shafting, and the vertical
members were held in place by a large angle-bar
riveted to the shell. The poppets here were also
inclined inwards, and three large timbers were
carried from side to side to prevent splaying.

On the standing-ways there was laid from 1in. to
fin. of tallow, next } in. of tallow and train oil mixed
in the proportion of 2 (o 1, then soft soap in blubse
about 6 in. apart, with train-oil sprinkled on the
top. On the sliding-ways there was laid, before
they were turned in on the top of the permanent
ways, § in. of tallow and } in. of tallow and train-
oil, with soft-soap in blobs The tallow was put
on with brushes. The total quantity of tallow
thus used was 14} tons, of soft-soap 1 ton 2 cwt.,
and of train-oil 113 gallons. This lubrication of
the ways commenced about a month before the
date of the launch ; the weather was favourable.

Thesystem of releasing the ship when all was ready
for launching is illustrated by Figs. 38 to 40,
annexed. There were eight triggers, placed four
abreast, the forward set being 180 ft. aft of the fore-
most poppet, and the second set 139 ft. further aft,
as shown on the plan, Fig. 20. As to the details of
this arrangement, given on Figs. 38 to 40, it is
sufficient to say that when the clip was pulled back
by the rod, worked from the bow of the vessel, the
casting shown in oross-section fell sideways, and the
trigger dropped, leaving the vessel free. The rods
from each pair of triggers were led to the bow and
connected to a crank, which was turned by hydraulic
power, so that all t.riﬂgem were released simulta-
neously. There were hydraulic rams of 400 tons
preesure abutting on the head of each of the sliding
ways, to start the veasel if necessary, but they weire
not brought into use.

As shown on the diagram, Fig. 43, the time occu-
pied in the first 6 ft. of travel was 7 seconds, while for
the794ft.—the total lengthof the standing ways—the
time was 65 seconds. e whole distance travelled
by the ship was 951 ft., the total time taken being
70 seconds. The maximum speed was 23} ft. per
second, equal to 14 knots, and the maximum
acceleration was 0.87 ft. per second per second.

The bringing of the vessel to a state of rest was
sucoesafully accomplished. The principal method
adopted is well shown on the elevation and plan,
Figs. 28 and 20. There were six sets of drags on
each side of the ship, consisting, in the case of five
sets, of heaps of chains, weighing about 80 tons,
and the remniningrﬂnir of armour-plates, weighing
about 100 tons. e total weight of the drags was
1060 tons. Each heap was cunnected by an 8-in.
steel-wire hawser to eye-plates fixed to the shell-
plating, as shown on the elevation and Fig. 37. The
chains were coiled, and the connecting strap was
carried round the forward part of the heap, so that
the heap had to be pulled over before being jerked
along the ground. In this way the load was put on
gradually. The first drag came into activn when
the vessel was about 30 ft. from the end of the
ways, and the last when the ship had travelled
80 ft. from the ways. The vessel was stopped when
the stem was 93 ft. from the end of the ways

The draught forward was 11 ft. 74 in., and aft
21 ft. 45 in., with a mean of 16 ft. 6in., the total
weight being 16,200 tons, which excludes the
000 tous due to the launching cradle,

In view of the width of the river relative to the
length of the ship, it was important that the veesel

should be as soon as ible swung into line

with the channel, and to facilitate this a wire-rope

THE NAMING OF THE SHIP.

The honours of the launch were performed by

was laid from the after end of the ship to an the Dowager Duchess of Roxburgh, who named

rope connecting the ship to this anchor was arranged
to become taut soon after the vessel left the ways.

.ﬂ.g. 38 ewvarion rarecim 384

The the vessel the Mauretania. This, it is interesting
to recall, was in old times the name of the most
north-western part of Africa looking right across to
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The anchor was dragged 120 ft. without, however,
having any appreciable effect upon the ship. The
anchor was dropped from the bow of the ship
to prevent the vessel returning too near the
ways,

Six tugs took the vessel in charge, and brought her
alongside the two large dolphins, which had been
constructed in the river, as shown in the photo-
gr1aph reproduced on Plate LX1X., to serve, in the
absence of a wharf, as fenders for the ship during
her fitting out. A special steel lattice-girder gang-
way had been constructed, and this was supported
by shears built of steel work and used earlier in
connection with the lifting into place of the stern-
brackets, ¢,

Gibraltar, the ** Fretum Herculeum ” of the Ancients.
It corresponded to the present Morocco and the
western portion of Algierts. Mauretania reached on
the south to the Atlas Mountains, and was originally
separated from Numidia on the east by the River
Mulucha, now the Muluya, although at later date
it extended as fur east as the Ampsaga. In ancient
timos Mauretania produced large quantities of corn
and valuable timber. The sister-ship Lusitania, it
may be noted, tukes her name from the old Roman
province of the Spanish peninsula. Under the
Emperor Augustus the peninsula was divided into
three provinces. Ome of these was named Lusi-
tania, and until quite recent times was regarded as
practically identical with the present kingdom of
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Portugal. As a matter of fact, however, the
Roman vinoe of Lusitania lay wholly on the
south side of the River Tagus. It was famous for
its wines, a fact which, it may be recalled, was
recognised by Tennyson in *‘ Will Waterproof's
Lyrical Monologue.” It will thus be seen that
there is appropriateness in the selection of the names
of two prosperous provinoes, adjacent, yet belong-
ing to two different continents, and their choice 1s
consistent with the practioe of the Cunard (‘ompany
of taking the names of the ships from ocountries
famous in ancient and classical history.

THE ARRANGEMENT OF THE DECKS.

—

There are nine decks in the Mauretanis, seven of
which are entirely above the load water-line. The
eighth, the orlop deck, is entirely given over to
machinery, with the exception of the gmrd holds,
where insulated space is provided in connection
with the carriage of uupﬁliel for the cuisine depart-
ment, and for perishable cargo (see Plate C).
The other decks, which are, as far as possible,

iven up to the accommodation of passengers, are

esignated by lctters, from the boat-deck down.
wards. Corticine has been largely used for deck-
covering in lieu of wood, to save weight. The
boat-deck, which extends over the greater part
of the centre of the ship, contains some of the
finest en suite rooms, shown in Fig. 50, Plate C.
At the forward end, well abaft these, are the first-
class library, the grand entrance hall, the firat-class
lounge and music-room, and the tirst-class smoking-
room. These are exceptinn&lly fine apartments,
the height of ceiling bomg 11 ft. 9 in., but in the
centre in each case there 1s a large dome of great
height, which gets rid of the cramped feelin
experienced in even the public rooms on bos

ship.

'ﬁro library extends across the deck-house, being
33 ft. long by 56 ft. The walls of the deck-house
are bowed out to form bay windows, which is an
improvement upon the ordinary flat walls character-
istic of ships. ?ho lounge is similarly treated, and
this room is 80 ft. long over its greatest dimension,
and 56 ft. wide. The smoking-room is all that such
a room should be, as will presently be proved when
we come to describe and illustrate it. It is 53 ft.
long and 50 ft. wide. Abaft this is the veranda
ocafe, which, as in the Lusitania, is sure to prove a
popular resort. There is formed in the roof a
dome, which makes the veranda bright and
sttractive. The second-clasgs lounge, it will be
seen, is accommodated in the deck-house aft on this
level, and forms also the ontrance to the second-
class quarters. There is splendid mmenading
s on this boat-deck, and the ts, if an
obatruction from some points of view, afford pro-
tection from wind and sun for passengers on the
deck chairs. .

The promenade-deck, which is designated B, is
without a single public-room, except at the stern,
where the second-class drawing-room and smoking-
room are located. In the first-class s there are

a large number of cabins. In this part of
the ship there are, on port and starboard, the reyal
suites, while along each side of the main deck-bouse
are en suite rooms. In all there are on this level
six rooms with single berths, sixty-four with two
berths, and thirty-two with three berths. An
interesting feature here, as in the Lusitania, is the
closed-in gangway at the forward end of the deck-
house. The front of this is closed, so that cru
sengers, even when they are not allowed on deck
in stormy weather, may from this vantage point
view the splendid effects of the ship driving through
a head wind and storm at full aread. In front of
this point of observation is the forecastle head, as
shown in the plan, with all the anchor gear, &c., to
be described later. To provide better deck space
on the promcnade and boat-decks, these decks
have been extended 20 in. beyond the line of
the shelter - deck — an arrangement which was
adopted ia the previous (‘unard vessels, the
Ivernia and Carpathia —built at Wallsend.

On the shelter-deck there is not a single cabin in
the first-class quarters. Right at tho forward end

are the very powerful Napier engines for working !

the anchor gear ; abaft that, on the starboard side,
is the general room or lounge for the third-class
passengers, and on the port side the smoking-room,
with & companion-way leading to the third-class
dining-saloon below, and to the third-class cabina
on the main and lower decks. The third-class

galleys are accommodated in the main deck-house,
and close by is a set of the refrigerating machinery
used in connection with the rooms for the storage
of supplies for the kitchen department. Alongside
All::. 18 the very exte:nivowl:v;to for ti:w t irdd-
c passengers, and, sti er, the n
stairway to %he third-class rooms. The .i%r: of
the ship for a oonsiderable diatance aft of this
is plated up to the promenade-deck level, so that
the third-class passengers have not only con-
venient rooms, but a protected promcnade, and
abaft that an open promenade. Indeed, the
arrangements made for the third-class passengers
are exceptionally fine, so far as public and private
rooms are oonocerned. Coming now to the accom-
modation oa the deck-house for the first-class
passengers, it will be seen that on the grand stair-
way there is a children’s dining-saloon and nursery,
with adjacent compartments for the stewardesses
and other servants attending upon the children.

With access from the grand entrance are the
doctor’s and purser's offices, and abaft is the upper
floor of the first-class dining-saloon. This is one of
the finest features of the ship. It has a sitting accom-
modation for 142 persons, and surrounds the well,
which is surmounted by a dome. This, under some
conditions, may be adapted asan d l: carterestaurant.
The Cunard (‘ompany have preferred to follow the
usual course, with this important modification—that
passengers may elect to dine at any hour, and may
choose for themselves from an ample list a special
menu without extra charge ; this arrangement has
proved very popular, and the company are to be
commended for their enterprise in this direction.

It will be seen from the plan of this deck that
the hospital accommodation 1s put abaft the fourth
funnel and entirely separated from the other part
of the ship. The engineers, it is interesting to
note, are located around the engine hatches in very
complete and roomy state-rooms, with a separate
mesa-room. They are thus near their work, a fact
which is also noticeable in connection with the navi.
gation officers of the ship. These are housed on the
navigation bridge abaft of the chart-room, &c.,
with a separate mees-room, so that the ofticers,
whether on or off duty, are easily within hail of the
officer on the bridge. The captain's room is imme-
diately below at the forward end of the boat-deck,
with a good look-out ahead. Right aft, the shelter-
deck is given up to the second-class passengers,
and here, it will be noted, there are several very
fine rooms.

On the upper deck there are dining-saloons for
all three classes of passengers, that for the third-
class being forward, for the first amidship, and for
the second near the stern, while the remaining part
of the deck amidships is oocupied with first-class
state-rooms. Around the engine-hatch are the
quarters of the kitchen department, including the
immense galley, and abaft the second-class dining-
room there are more state-rooms for the passengers,
the extreme stern being given up to the stewards
and officers in the ship. The first-class dining-
Aaloon on this deck has a length of 87 ft., and a
width of 87 ft. 6 in., whilo the height is 11 ft. The
principal saloon, it may be interpolated here, is
62 ft. 6 in. by 66 ft., with a height of 9 ft. 3 in.
There is sitting accommodation in the lower saloon
for 328 passengers, so that in all, excluding the
aoccommodation in the children's room, there is
space provided for 470 first-class passengers. In the
second-class dining-saloon 251 passengers may dine
at the same time.

The main deck is given up entirely to state-
rooms, and as figures are given on the plan on
Plate C., showing the accommodation in each de-
r-ﬂ.ment. it is scarcely necessary here to particu-
arise. It will be noted that the firomen and other
engine-room and stokehold workers are located
above the machinery, with separate entrance and
exit to and from their work. mmennde space is

rovided for them on the shelter-deck, fenced off

rom the third-claas and second-class passengers.
The whole of the lower deck forward is arranged for
state-rooms for third-class passengers, while amid-
ships is a coal-bunker, with one compartment under
the engines for the storage of supplies. The coal-
trimmers are accommodated alongside the engine-
casing, and abaft are the mail-rooms, with accom-
modation for stewards, &c. The orlop-deck, as we
bave already said, is devoted entirely to machinery,
with coal-bunkers on each side of the builers, to
provide against the effects of collision, or of pene-
tration by an enemy's shot whon the vessels are
used for scouting or for Admiralty duty, This

lare the tirst to be visited, as

orlop-deck well shows the arrangement of the steer-
ing-gear, to which we shall refer later.

By way of summarising the accommodation we
annex Table XI., showing the number of rooms, of
the different sizes, on each deck. It will be noted
that there are 2563 rooms for the accommodation of
the 563 trst-class passengers, 133 rooms for the
464 second-class passengers, and for the 1138 third-
class passengers 278 rooms.

TasLe X1.—P A i

v

tion on cach Decl.

One- Two- Three- Number
— Berth Berth Berth of Pas-
Rooms. Rooms. Rooms. sengers.
First-class—
Roat-deck state-rooms .. 3 °6 55

" en suite ,, .. 4 8

Promenade . deck state -

rooms .. .. .. 64 16 182
Promenade-deck en suite

rooms .. .. .. . 16 48
Promenade - deck regal .

suites .. . . ] .. .. 8
l'prer-derk state rooms 10 13 39 153
Main-deck rooms .. .. 8 19 21 109
Shelter deck (Children‘s room.)

Total .. i 3 12 92 568
Total of first-class rooms .. 258
Total of first-class passengers .. 563

Two-Berth Four-Berth  Number of
Rooms. Rooma. Passengers.
8econd-class—
Shelter-deck — 24 o
Upper-deck 14 25 128
Main.deck 20 50 240
Total 3¢ 90 461
Total number of second class rooms. . .. 1_3! )
Total number of second-class passengers .. 464
Two- Four- 8ix- Eight- Number
— Berth  Berth ' Berth Berth of Pas-
Rooms. Rooms. Rooms. Rooms. sengers.

13 118 10 4 500

- 18 [} - 108

18 '] 6 [} 436

berths — - —_ - 4

Total .. 31 215 22 10 1158

Scating Accommodation of Dining-Rooms.
First-class upper .. .. .. . 142 persons

First-class lower .. . . s,
Second-class dining 251,
Third-class dining 6%

THE DECORATION OF THE SALOONS.

If it were poesible to give a complete description
::utihe ﬁrst-chhu uloonll on tbc;d nrl:.hms, the
ing of suc iculars would, perhaps, prove
tcdioug to many mt it is neverth‘;?eu dea’:-nble
to attempt a somewhat detailed account of the
work for two reasons. In the first place, never has
the interior of a ship had more careful thought
bestowed upon it, nor has such an earnest desire
after purity of style been manifested ; and, second,
much of the work having been carried out in the
sixteenth-century style of Krancois Premier, and
the Italian Renaissance of that period, a few lead-
ing thoughta may— to those leas initiated in the art
of those times—prove helpfiil to a fuller apprecia-
tion of what the directors of the Cunard Company
have sought, and succeeded in effecting. *

The portion of the work of the ship to be first
described is that carried out by the firm of Mesars.
W. Turner Lord and Co., London. - The original
desigus for all the first-class saloons were :ro?red
by the well-known architect, Mr. H. A. Peto,
the styles which he first suggested having been
adhered to throughout, and he is to be congratu-
lated upon the admirable results attained. Some
idea of the extent and importance of the work with
which Messrs. Lord have been entrusted may be
obtained from the list following :—The dining-
saloon ; restaurant, or upper dining-saloon ; smok-
ing-room ; the staircase entrances to the promenade,
upper, shelter, and boat-decks ; the cages of the
Waygood electric lifts ; and aluminium e enclos-
ing the well of staircase ; the two suites of regal
rooms ; and fifty-four en xuite rooms.

THE STalRwAY AND ENTRANCE HaLLs.

We give first a description of the stairoase and
grand entrances, since these rortions of the ship
rom them access is

C
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TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “MAURETANIA.

Fi1c. 68. THE GRAND ENTRANCE ON THE BoaT-DECK.

some antique wrought-iron work
of the sixteenth century, but what
troubled the directors of ‘the Cu-
nard Company was the weight of
such a grille in iron or bronze,
and it is to Mr. W. Ernest Lord,
under whose guiding hand the whole
of this contract has been carried out,
that the suggestion of using alu-
minium is due. The saving in weight
has been nearly 20 tons. The metal
involved more trouble in the working
than either iron or bronze, owing
to its strange greasy nature. This
trouble was, however, overcome, and
the pleasing tone, unlike that of
any other metal, gives a cheerful-
ness to the sombre walnut woodwork.
If any portion of the staircase is to
be admired more than another, it
is the bureau front with its grille.
The effect is most successful.

The lift-cages are also of interest,
and quite unlike the ordinary type.
One has often wondered why nearly
all cages are entirely lacking in good
design ; the few momenta one spends
in a_lift may as well be spent in
harmonious surroundings as with
offending woodwork. In the case of
the Mauretania not only the interiors,
but the exteriors of the Waygood lifts
have been designed to harmonise with
the adjoining decorations, for these
cages are seen from the whole of the
staircase.

THE SMOKING-RooM.

Fi1c. 59. Seat IN THE GRAND ENTRANCE.

the whole of the work of the staircase and asserts itself, but all blend in a thoroughly har- | through
entrances there is the charm of simplicity ; no | monious manner. variously

ome piece, or panel, of carving or woodwork| The design of the grille was adapted from| The
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the smoking-room is the same as
the staircase — viz. '~ sixteenth century
Italian; but it differs, inasmuch as it s
far richer in the carvings, and, in addi-
tion, is relieved round all the panels
with an inlaid border. An unusual fea-
ture in the main portion of the room
in a jube extending along the length
of the room, divided into recesses with
divans and card tables (Fig. 61), the two
recesses at one end of the room being
fitted up with writing tables, viving the
users perfect seclusion. The windows in
these recesses are of unusual size for
ship-work, and have been maoat succens-
fully treated with' semicircular arches,
giving every appearance of the windows
of a private house.

of the doors, with their carved column =
having clear glass between. The carved acchitraves

QUADRUPLE-SCREW CUNARD LINER

Fic. 60,

| JTERT S

Fiurt-CLass Syoxina-Roow, Looking Arr.

Fiusr-Crass SMOKING-SALOON, NTARBOAKD SIDE,

What is most helpful in this room is its grand | chosen fc

and pediment overdoors are most successful, as will | height, which is greatly enhanced by the wagon-

be secn from Fiy. 6V, annexed.

jheaded  roof.

This roof is divided into three | being bet

“MAURETANIA.”

sections, with some moet beautifully-
modelled plaster-work, which also runs
as a frieze round the lower part of
the wagon immedistely above the carved-
wood cornmice, and embraces at the ex-
treme ends of the room two pictures,
one representing ‘‘Old New York," and
the other ** Old Liverpool.” This roof,
with its plaster - work, has been all
finished a vellum colour.

The strengthening girders between the
shafts to the engine-room have atforded
the artista a fine opportunity of producing
a most pleasing effect, the sides being
filled in with open-work jube, giving snug
corners for small parties, and the space
over the central opening is surmounted
by a flat coffered oeiling, terminating
with a cresting, the upper part being
left clear, with fine columns on each
flank. Fig. 61, annexed, will give an
idea of these details.

THE DINING-SALOONS.
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from the more crisp models which are so acceptable
to true lovers of art.

To appreciate fully the work it will be well to
carry our mind back to the period which gave birth
to this style, and to try and realise what forces
were at work to render the general form and feeling
80 much akin to the Italian work of the same period.
As far as art in France was concerned, for many
years prior to the dawn of the sixteenth century
the thic style had reigned supreme. The
workers had produced a variety of designs, which
call forth from us of the present day the greatest
admiration for their wonderful inventive skill and
their pure conception of the highest art ; but, as in
all things, *‘familiarity b: contempt,” so it
was with the French artist and craftsman of about
1480. The Gothic style seemed to have reached its
zenith, and was now on the decline, and the workers
were ready and anxious to take advantage of any
new suggestion coming in their way. At such a
time, therefore, it was of the highest importance
that the genius of the nation should be turned into
a right channel, and fortunately for those who love
the beautiful, we find that the French and Italian
nations, both possessing such natural gifts in art,
were thrown together, and an influence was brouiht
to bear upon the minds of the French which quickly
resolved itself into the style we have now under
considoration. ' At first the two styles were not
easily merged, and one may find existing examples
of work when a series of panels are alternated—one
pure Gothic and onc Italian, each keeping its

taken in seconding the artist’s wishes. An art critic
in going through the rooms said that never before had
he seen such delicious rendering of Francois Premier.
Some of the most delightful and delicate work is
that upon the stiffening bulkheads, which run at
right angles to the outer sides of the ship. When
one oonsiders that all the carving has been worked
out of the solid wood, we realise that, apart from
the skill of the carver, the work must have been
most laborious.

By the help of photographs we are enabled to
ive some illustrations of these two rooms (Plates
XXIII. and LXXIV.), but at best the idea they

oonvey must be imperfect. They will, however, help
the readers to gsin some insight into the scheme of
decoration, and it may be seen how the designer’s
aim has been to kee

the larger and lower room
richer in carving, le

ing up to the simpler treat-
ment of the np;)er dinin%- oon, and finishing with
the crowning feature of the groined dome. The
interlacing of the groins has n most carefully

anned, with small plaques at the cross-sections
introducing signs op the Zodiac. The centre

rtion of the dome is raised upon a number of

lustrades, terminating in a gilded convex disc
which forms the flat, or ceiling.
electric Jight is reflected, shedding a soft warm glow
over the whole room. A word, too, may be said
here about the sconces in the upper dining-saloon,
which are well worthy of attention, being repro-

duced from a fine pair of antique silver ones. Even
the design of the carpet Measrs. Lord reproduced

Against this the

carved mouldings, is upheld by mahogany and
gold columns, of exquisite workmanship, each
with its cap and base of rich gold, encasing the
stanchions, which are unavoidable in so large a
’spsce. On three sides of the room are panels of
Aubusson tapestry, on which many weavers have
been working during the past year. By their
perfect colouring and exquisite design these
tapestries, which are illustrated in Plate LXXV.,
give a final note of perfection to the whole. From
the ceiling hang chandeliers of gilt bronze and
crystal, so cleverly arranged that, although the
crystals appear to hang loose, and have the light
effect of such hanging, no motion of the ship gm
turbs them, and the lights themselves are com-
pletely hidden. The curtains, hanging with their
soft folds against the dull gold of the carved curtain-
boxes, are of a charming cream silk, and, with their
flowered borders, give a tone both sumptuous and
refined. The carpet is of a slender trellis design,
with blush-pink roses trailing over a pearl-grey
ground, and forms a perfect foil to the splendid
furniture with which Messrs. Mellier have em-
bellished the room. The chairs, of polished beech,
with their costly coverings of eighteenth-century
brocades, are the epitome of luxury and comfort,
,and they are fitly matched by the parquetry-panelled
oocasional tables placed at convenient intervals.

TaE LiBraRY.

It is with reluctance that one leaves this room to
' go to the library, of which three views are given on
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own oharacter. This was, however, soon to be
overcome, and within a short time we trace how
well the French workers assimilated the Italian
designs, imparting, however, their own natural
renderini. One i8 tempted to mention examples
to show how this influence of the Italian was work-
ing in the minds of the French craftsmen ; but to
do so would be a digression, and the study must be
left to those enough interested in art to seek it out
for themselves.

To return now to the panelling of the dining-
saloons. After the final acceptance of the scheme
of decoration by the directors of the Cunard Com-

ny, the next decision was as to what wood should
E: used. One of the first objects to be attained
was lightness; and as white painted woodwork was
to be avoided, sycamore was suggested. This,
however, proved to be impossible, and the choice
finally fell on oak, which was to be kept light in
tone; and Mcasrs. Lord are to be congratulated
upon the pleasing colour which they have, after
various experiments, been able to produce, it being
entirely freo from that disagreeable yellow tone which
too frequently makes the oak-work of the present
d:{ 8o common and uninteresting. The next con-
sidoration was the preparation of a variety of
designs and models, one of the greatest charms of
the early French work being that no piece of
carving 18 an exact reproduction of its neighbour.
A casusl glance proves how well the artist has
realised these traditions of the style. Even now
all was not accomplished. To produce designs is
an all-important factor ; to find models is also an
absolute necessity ; but the greatest difficulty was
yet to present itself —namely, to tind men artistic
enough to be entrusted to give the true feeling to
the work, for, while many men are available to
carry out the later styles, few can be found to give
the right expression to that of the sixteenth century.
The work, however, had been confided to a firm with
a high reputation for reproducing the feeling of the
styles of days gone by, and the result proves how
well the carvers must have entered into the spirit of
their work, and what keen interest they must have

from a fine antique Italian velvet. The colour is a
most pleasing tone of cerise, which again adds to
the cheerful and comfortable appearance.

Tae Louxde.

The lounge and the library have been decorated
by Messrs. Ch. Mellier and Co., Albemarle-street,
London, and upon entering them one is transported
in a moment from the cold realities of a modern
steamship Lo the exquisite taste of a French salon of
the eighteenth century. Thick carpets, comfortable
chairs, soft colourings, and bright, but carefully-
shaded, electric lights, all combine to give an atmo-
sphere of luxury and beauty hitherto considered
impoasible even in modern steamships. The style
is mfluenced by the revived appreciation of the
beauties of the Louis Seize period, but the colour-
ing is original in its charming blending of har-
monising tints. -

Altogether, the lounge, which is illustrated on
Plates LXXV. and LXXVI., gives a wonderful
impression of quiet grandeur, with its panels of
beautifully - grained mahogany, dully polished a
rich brown, each lit by its surrounding moulding
of gold, and relieved by slender pilasters of fleur
de pecher marble of a lilac hue, with caps and
plinths of sombre ormolu (Figs. 69 to 72). The
mantelpiece (Fig. 72), of the same materials, is in
itself a work of art, and accentuates the feeling
that one is in some great palace of a

Eut age.
The white ceiling of simple design, with boldly-

Plate LXXVII.; but here again a scheme of deco-
ration no less effective greets the eye. The first
impression is that of a shimmering marble ingrained
with silver, but in reality the panels are of sycamore,
stained a delicate grey, and treated in a novel and
beautiful manner, the whole impression being one of
lightness and grace. The eye wanders with plea-
sure from the magnificent carvings to the handsome
bookcase with its semi-circular doorsand gilt trellis.

Carrying out the general scheme of softness of
colour, the mantelpiece here (Fig.73) is of pure white
statuary marble, which, together, with the grate
of toned ormolu, conveys a feeling of great retine-
ment. As in the lounge, the glass-panelled swing-
doors, with their delicately chased and %ilt-bronze
mouldings, are worthy of observation. The ceiling
is again white, and the effect of the elliptical dome,
with its slender tracery of design, is exceptionally
beautiful. The cool grey and gilt tones have a
charming relief in the deep rose pink of the cur-
tains and carpet, and in the exquisite designs and
colourings of the chairs, the frames of which are of
light mahogany. These are specially worthy of
mention, as, without exception, they are authentic
Louis Seize designs, and one at least is an exact
copy of the beautiful original in the possession of the
decorators. It is impossible to speak in terms of
too great praise of the architect, Mr. H. A. Peto,
under whom Messrs. Mellier have worked. His
exquisite taste and ingenuity have overcome what
seemed at first insurmountable difficulties. It is,
indeed, hard to believe, when gazing upon the
beauties of these rooms, that underneath the costly
and magnificent woodwork is hidden the crude iron-
work of a modern steamship.

Tre RecaL Surres.

.Coming to the regal rooms, one is immediately
impressed by an air of delicate refinement through-
out the suite, which comprises drawing-room,
dining - room, two bed-rooms, bath-room, and
private corridor, all starting off from the main
alleyway on the promenade-deck, arranged as

shown on the plan on this page (Fig. 80). The
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period selected for decoration is a simple form
of the Adams style, which is admirably suited to
rooms of this scale, and has been as charmingly
carried out by Messrs. Lord. Four illustrations
of the regal suite are given on Plate LXXVIIL
Oan the port side the drawing and dining-rooms, with
their wide communicating sliding-doors, are both
panelled in East India satin-wood, the veneers of
panels being laid acroes the angles couverging to
centres with just sufficient carving to make the
rooms interesting. In the drawing-room gilding
has been added, and a silk tabouret, i a charming
tone of green, has been used in the wall-panels,
the carpets throughout the suite being also green.
The rooms are supplied with statuary marble
chimney-pieces and electrio radiators.

The two bed-rooms are Georgian in character,
with carved mouldings, the wall panels being
covered in silk, corresponding to that used in the
two reception-rooms. They are tinished entirely
in white, while the furniture is mahogany, the
whole effect being so thoroughly homelike that it is
difficult to imagine oneself on board ship. O)n the
starboard side the suite is carried out in very
similar style, with the exception that a delightful
tone of rose is substituted for green, and in the case
of the two reception-rooms, the wood chosen for
the dining room is fiddle- back sycamcre, most
charmingly treated and inlaid.

The drawing-room, also in tiddle-back sycamore,
of a soft grey tone, is inlaid very delicately with
holly wood ; this colour of wood, with the warm rose
carpet and silk hangings, is very pleasing.

SreciaL Ex Suite aNp State Rooss.

We next come to the special state and ¢n suite
rooms, some 54 in number, many of which have
likewise been entrusted to the firm of Mesars. WV.
Turmer Lord and Co. to decorate and finish.
These rooms, with the reual suites, were, however
undertaken by Mesars. Morison, their Edinburgh
branch. A planof an en siite room is given inFig. 81.
The style selected throughout these roows is the
same as in the case of the Royal rooms, but a
most interesting variety has been obtained by a
judicious choice of woods, silk hangings, and

neral colouring. Without going into minute

etails, one feels at a glance the daintiness
prevailing, and it is indeed diflicult to say which
effect is the more pleasing. To our mind, one of
the most charming is the pear-tree room, with its
inlay of holly wood and ita cream and green
upholstered surroundings. Then, again, we have
the tiddle-back sycamore, which delicate cclouring
is relieved with inlays of green wood in the pilasters
and frieze panels, and with its refined moulded
cornice snr nelled ceilings, silk hangings, and
carpets, carefully selected to be in barmony, this
forms a very agreeable room. Another noticeable
room is that in which the sycamore is of a soft grey
colour ; in this case the relieving inlay is in holly
and pear tree. Then, again, there are several
varieties of white rooms, the mouldings being
carved, and in some cases the furniture is in
fine mahogany. Other rooms are panelled ia satin-
wood, which is always a satisfactory wood to use.
This is inlaid with faded mahogany, which gives a
good result.

No one can fail to realise the immense care
which has been devoted to secure the comfort of
the traveller in every way. Moat of these rooms
have recesses, curtained off from the room, fitted
up most luxuriously with washstand in fine onyx
warble. In many of the rooms the wall panels
have been covered with cream silk, with, in some
cases, a border of embroidery, taking up the
colours of inlays on panelling and on the carpets;
in other cases the panels are framed with a tine lace
laid on a contrasting colour, and embroidered at
the sides.

Tue NUrsery.

The nursery, which has been furnished and
decorated by Messrs. J. Robson and Sons, of
Newcastle-on-Tyne, has been most appropriately
treated. It is in mahogany, emmelledp white, and
the pancls have a series of quaint paintings of the

well known levend of *‘ Four and twenty black- ’ or satin,

besides rooms for four stewardesses and two
matrons, open off the children’s room.

PusLic Rooms ror THE 8ECOND-CLASS
PassENGERS..

A well-known authority on steamship decoration
who happened to enter the public rooms for the
second.class passengers before reaching the saloons
for the first-class ngers was, later, surprised
when told that he had not been in the princigsl
rooms of the ship, so satisfactory did he consider
these second-class rooms. This may be appreciated
by a glanoe at the engravings which we publish on
Plate LXXIX., illustrating the smoking and draw-
ing-rooms for the second-c passengers. A sug-
gestion of the variety of treatment here, as well as
in the first-class, is afforded by the fact that no
fewer thsn thirty varieties of timber have been
used, and that throughout there has been a
determination to seck for effect from the natural
grains of the vatious woods. Consequently very
careful selection had to be made to ensure the
desired results. Mahogany of African growth,
and osk from Austria, have been extensively used.
Of the latter, something like 50,000 square feet
have been cut up for parquetry flooring, while
sycamore, satin-wood, high-figured teak, birch,
beech, ash, and pear-wood have becn used in the
ship with very satisfactory results. All the rooms
for the second-class passengers, ase well as several
for the first-class, bave been carried out by Mesars.
Swan, Hunter, and Wigham Richardson, {aimited.

The smoking-room, illustrated by Fig. 82, opens
aft from the grand entrance on the promenade-
deck, and is decorated in accordance with the ideas
of the late Georgian period. The work is carried
out in mahogany, inlaid with English boxwood and
burr mahogany. The ughohunng of the chairs
and sofa seats is in dark blue velvet-pile morquette.
Over the inlaid linoleum on the floor are dark blue
Brussels carpet runners. Overhead is a dome,
which is well shown in our engraving.

The drawing-room for the second-nlass passengers,
which is illustrated by Fig. 83, Plate LXXIX., 18 on
the same level, opening from the grand entrance for-
ward. Here a fine effect is produced by the adoption
of maple with gold decorations. The general atyle is
of the Louis 8eize period. The dome, of obscured
ghm;‘}vith gilded m:t‘;‘l {:::ework, enhances the
general appearance of the large square windows, and
assists .uﬁ further the illusion thlnt the room is in a
country house rather than on board ship. These
windows are of special oonstruction, patented by
the shipbuilders, and are fitted with an obecured
glasa screen in front, which can be lifted or closed
at will. The upholstery is in crimson frieze velvet,
the Brussels carpet and curtains beiog in tints to
harmonise.

The second-class dining-saloon on the upper deck
opens direct from the grand entrance, and, as we
have already said, has a length of 61 ft., is the
full width of the ship, and has a height of 10 ft.
Here also the Georgian period is simulated in furni-
ture and decoration, the design being carried out
in oak and parquetry flooring to suit. In the
centre of the room, and rising to a height of 19 ft.,
is a domne, from the centre of which there is sus-
pended an electrolier. A feature of the room is
the massive oarved oak sideboard.

On the boat-deck level there is a lounge, and
from this Jevel there is the grand staircase leading
to the various decks below. The floors of the
entrance halls are laid with rubber tiling in asimple
design of black and white ; the staircase is in teak.

StaTtE-Roous.

We reproduce on Plate LXXX. two representa-
tive state-rooms, one for the first-class and the other
for the second-class passengers. A comparison of
these two rooms is most striking, and demonstrates
the great comfort ensured for the second-class pas-
sengers. Neveral of the first-class suite-rooms have
been decorated by Messis. J. Robson and Sons, of
Newcastlo-on-Tyne, while the others, including
that illustrated, have been carried out by Messrs.
Swan, Hunter, and Wigham Richardson. The
first-class state-rooms, as a rule, are carried out
entirely in one wood, either mahogany, oak, walnut,
The lower beds are, in many caxes, in

Lirds  baked in a pie,” by a happily-iuspired - brass, and the upper bed folds up. The first-class
srtist. llis work is sure to bo a continuous source room, it will be noted, has the lavatory in a recess,

of delight to the little ones.

provided. As in the public rooms generally, the
windows are square. A lavatory and pantry,

) ' _Dining-tables and ! curtained off from the room itself, an arrangement
scata of suitable height for the little passengersare | which will commend itself to all passengers.

In
other rooms, where a recess has not been possible,
there has been titted the usual folding-down basin,

with fold-down table over it. The chests of drawers
in most cases have also a table that may be
drawn out. In the berths under the shelter-
deck advantage has been taken of the space be-
tween the frames to construct a cupboard which will
always be useful. There are abundant conveniences
for stowing away the articles required on the voyage
in these cupboards, in the wardrobes, in the lava-
tory recesses, &c., as well as in the chests of
drawers. There are many other small commendable
features. For instance, the ordinary hook for
securing the door slightly ajar rattles with every
movement of the ship, and is disturbing both by
day and night to nervous passengers. Meests. Swan,
Hunter, and Wigham Richardson have adopted the
Phipps patent cabin-hook (Fi%. 87). The feature of
this, the invention of their former joiner, is the
spring which holds the hook perfectly rigid in the
eye-bolt, in which there is also a rubber lining.
On the inside of the wardrobe-doors there is a
tension-lever to prevent the door closing when it is
left open at any position. The lever works in a
slotted guide, which is arranged to offer sufficient
frictional resistance to prevent the door itself
moving. There is in each state-room a metal
fitting to allow a small table to be secured for the
use of passengers, either for diving, writing, or
reading. But it is impoesible within reasonable
limits to indicate the originality of many of the
forty-two articles of bardware in the ordinary first
or second-class cabin. In Fig. 86 we illustrate a
butt-hinge, which is emﬁloy in wany instances.
Notice, too, may be taken of the angle of the
handles on the drawers, which conform to the natural
angle of the hand when moving the drawers.

Tae Rooms ror THE THirD-Cirass PassExoEss.

The public rooms for the third-class passengers
are on the upper and shelter-decks forward, and
the sleeping accommodation on the lower and main
decks. Two main staircases extend from the main
to the upper deck, one giving direct accees to the
dining-saloon on the upper deck. This dining-
saloon is 84 ft. long and the full width of the ship.
The height of the apartment—10 ft.—makes it
both light and airy. Revolving-chairs are -
vided, and 330 persons can be aocommodnbetfr:t
one sitting; but the other rooms may also be used
for diners. The dining-roomn proper is panelled in
polished ash with teak mouldings, and the floor is
covered with corticine. The sidelighta are screened
by sliding sashes fitted with coloured obscure glass.

On the shelter dock two other apartments—the
smoking-room and the ladies’ room—are provided
for the use of third-class passengers. The smoking-
room on the port side is 50 ft. long, 24 ft. wide,
and over 9 ft. high. The ladies’ room, on the
starboard side, is 50 ft. long, 20 ft. wide, and over
9 ft. high. Both are panelled in polished ash,
with teak mouldings, are provided with revolving
chairs, and are generally similar to the dining-

saloon.
THE KITCHENS.

The galleys, pantries, bakery, confectionery-
room, and knife-cleaning room for the first-class
accommodation extend for a distance of 130 ft. the
full width of the ship, and the fittings are for the
most part by Messrs. Henry Wilson and Co., Limited,
Liverpool. Situated on the upper deck between
the first and second-class dining-saloons, a handy
service is ensured to both. KElectricity plays a
large part in the culinary operations on board the
vessel. The main cooking range, heated by coal
fire, is 24 ft. long by 8 ft. wide. In addition,
there are four large steam boilers, twelve steam
ovens, three large electric grills, and various
roasters driven by electric motors. The pantries
are fitted with carving-tables, bain maries, electric
egg-boilers, electric hot-plates, electric grids, and
electric plate-washers. In the baker's shop there
are numerous ovens and an electrically.driven
dough-mixer. The confectionery-room is fitted
with a long marble-topped table, an ice-cream
machine, &c. Four electrically-driven knife-clean-
ing machines are provided in the room specially
set apart for this operation. Lifts are arranged from
rthe galley to the engineers’ and officers’ mess-
'rooms on the deck above and to the store-rooms
 below. The third-class galley, on the shelter-deck,
is 48 ft. long by 28 ft. wide, and is fitted with
‘Iarge cooking - range, vegetable - cookers, steam
boilers, &c. The galley is connected by means of a
lift and a staircase with the third-class pantry below.

In connection with the commissariat department
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there are extensive cold-storage chambers, and two
complete installations of refrigerating machinery
have been supplied by the Liverpool Refrigeration
Company, Limited. The installations are of the
carbonic anhydride type, that for the storage of
ships’ provisions being in connection with chambers
having a total area of 13,000 cubic feet; but as these
installations correspond exactly with those on the
Lusitania, it is unnecessary here to give a further
description.

HEATING AND VENTILATION.

The whole of the ventilation and heating of the
Mauretania, as of the Lusitania, was carried out by
the Thermo-Tank Ventilating Company, Glasgow,
and is probably the best thought-out scheme yet
applied to any steam-ship. Air is supplied either
in a heated or cooled state, according to the outside
temperature, to every room and every alleyway,
while the foul air is exhausted. The system has
been described previously in ENaINEERING,* bLut
the drawings which we reproduce on this and the
opposite page are of exceptional interest, as they
indicate the arrangement of a typical installation—
that at the casing of the funnel second from the bow.

It will be noted from the section of the second
funnel-casing (Figs. 88 and 89) that there are three
thermo-tanks arranged on the port and starboard
sides respectively. All of these three thermo-
tanks are inter-connected by means of a trunk fitted
with a valve, so that, if found necessary, one
thermo-tank may be arranged to assist the other by
the mere opening or closing of the valves. From
each of these thermo-tanks a vertical trunk is led
down in the light and air spaces, with branches along
the spaces between the beams, and with connections
to forward and aft in the main trunk, boxed in out
of sight behind the woodwork. An examination of
the drawing will show the louvre where air is
admitted or extracted, as the case may be. As
a ocertain amount cf loss of temperature takes place
in the transmission of heated air through the
trunking, it was necessary to arrange for other
thermo-tanks situated on the lower decks for
supplying air to the third-class accommodation.
It wmill be noted on examination of the trunks,
indicated with a dotted hatch-line, that the fresh
air is drawn in at the top of the first-class and
third class promenade-decks, this being done $o
provent the admission of smells or dust, which are
:;lwkn associated with the funnel and galley hatch-

eck.

The air, in nost cases, is admitted in the centre
of the ceiling of the first-class state-rooms, the
louvre being worked by means of a controlling
handle arranged in a convenient position on the
panels of the state-rooms. When the warmed or
cooled air is being supplied to the cabins, the air
is extracted by means of the light and air-casing
communicating with the funnel-deck, and as the
whole of the bath-rooms and w.c.’s are connected
to powerful exhaust-fans, there is no possibility of
vapour or smells permeating the living quarters.
It will be noticed that the louvres are placed at the
level of the decks in the public rooms, and, as
a general rule, this method has been adopted
throughout. In the state-rooms, however, the
louvres are arranged in the ceilings, as it is found
from experience that the positions indicated give
the best results. ‘

In arranging the trunking near the funmel-
casings, great care has been taken to prevent any
heat being carried through the trunks from the
funnel-uptakes, as, of course, in hot weather, when
the air has to be delivered ocold to the rooms, it
would be impossible to do so if the trunks were
carried too near the funnel-casings.

The first-class accommodation is ventilated and
heated by 29 thermo-tanks, placed, as we have
said, on the top of the boat-deck, half the trunks
for these being led into the public and state-rooms.
The secoud-class accommodation is served with nine
thermo-tanks on the boat and shelter-decks, whilethe
third-class, including otlicers’ and crew's quarters,
are served by 15 thermo-tanks, making a total of
03 in all

As stated above, the fresh-air supplyto the various
thermo-tauks is vbtained from gratings opening out
on the promenade and shelter-decks, in order that
soot from the funnels, or smells from the gulleys
which exhaust above the boat-deck, may not tind
their way 1uto the passengers’ quarters through the

¢ See page 143 ante.

thermo-tanks. On the other hand, when exhaust-
ing, the thermo-tanks discharge the vitiated air
from the public rooms and cabins above the boat-
deck. The electrically-operated fan at the top of
the thermo-tank apparatus, when supplying air to
the rooms between decks, draws it from the at-
mosphere, passing it through tubes in which, if the
temperature is cold, steam is supplied 80 as to heat
the air, the pressure of the steam being about
30 1b., with a relief-valve to blow off at 100 lb.
There are valves for controlling the passage of air
and for regulating the steam-pressure, and conse-
quently the temperature. At the same time, the air
is humified by means of a special valve admitting
steam in a fine spray through the small needle-
holes in the copper hoop surrounding the heater.
The thermo-hnfs are capable of changing air, either

from above, a8 owing to the situation of the thermo-
tank no trouble is likely to arise from the
presence of coal-dust or smells. It will be noticed
that in this thermo-tank a water-proof cowl-head is
fitted, so that in the case of wet or stormy weather
no rain or spray is carried down to the rooms
below. On the left-hand side of the nearest
thermo-tank there will be noticed the steam and
exhaust-valves, the exhaust-valves being fitted with
a steam-trap designed so as to Fass only water, and
thus prevent any wastage of steam, should the
steam or exhaust-valve be carelessly set. On the
steam-valve there will be noticed the relief-valve,
already described, and on the front the three air-
regulating valves. By the movement of these
valves the thermo -tank may be either set to
exhaust or to supply air, or the temperature
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by exhaust or supply, in the various compartments

may be varied to suit the requirements of the

to which they are connected from six to eight times | rooms below.

per hour, and of maintaining a temperature of
at least 60 deg. Fahr. with an exceptionally low
temperature outside. The thermo-tanks are inter-

connected, so that on the breakdown of any one’

the supply can always be obtained from another.

Fig. 90 illustrates one of the thermo-tanks situa- | for various p

THE ELECTRIC LIGHTING.

For supplying electricity for lighting the ship,
and for running the large number of motors used
-—for hoists, ventilating fans,

ted in the third-class quarters. The electric motor and other appliances in the machinery-room, to

for driving the fan will be seen on the left of the
illustration, with the special controller for starting
it and regulating its speed.

tank placed on the top of the boat-deck house.
In this particular thermo-tank the valves are set
so that the air is exhausted from below, as will be

noted from the mushroom over the heater being'

open.
Fig. 92 illustrates the top-suction deck type
therwo-tank—that is to say, the air is being drawn

be referred to later—there is an electric generating
station abaft the main engine-room. ere are

 four turbo-generators, ‘each of 375 kilowatts capacity
Fig.91illustrates the bottom-suction type thermo- .

at 110 and 120 volts, fitted by Messrs. C. A.
Parsons and Co., Limited, Heaton-on-Tyne. The
turbines were designed to give full load when
exhausting into a back pressure of 10lb. They run
the dynamos at 1200 revolutions, and are capable

1of an overload of 10 per cent. for two hours.
i’[‘hese turbo - generators gave very satisfactory

results on trial. At half-load the water consump-
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tion was 60.60 lb. per kilowatt hour, at three- |starboard sides of the ship respectively, illus- | other generator panel. The diagram of connec-
quarters load 52 1b., at full load 48 1b., the back- |trated in Fig. 93, on the next page. These are |tions given for the port board, Fig. 94, shows

re in each case being about 5 1b. The other | separated by s bulkhead, so that any accident | the arrangement and equipment adopted. The
most interesting feature of the electric installation |to the electric -u? ly is isolated, though discon- | generators, which are all similar, 375 kilowatts,
is, perhaps, the switchboard. necting awitches allow them to be worked bogechor| 115 volts, shunt-wound turbine-driven machines,

Fii. 90, Tuzrmo-Taxx IN THIRD CLans QUARTERS. Fis. 91. Borrom-Stcrion Tyre THERMO-TaNK.

Fi. 92, Tor Stetion Iron-Tyre Tuesvo-Task.

The switch-year o wize of the
Mauretsnia constat which wonld
serve for many a 1 land. The

. switchboard, which 2d by Messra.

Ferranti, Lumited, of Hollinwood, Manchester,
oonsists of two similar boards for the port and
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The switchboard and exchange apparatus, illus-
trated in Fig. 95, is contained in a room amidships
set apart for the purpose. The central battery
system is employed, and the power panel is placed
at the top of the switchboard, as sbown in the
flustration. The distributing frame is of the ver-
tioal type, fitted with 120 pairs of fuses in the upper

and the same number of pairs of arresters
and heat-coils below. The space between the fuses
and arresters is used as a cross-connecting field.
The current is supplied from either of two batteries,
each consisting of 13 cells, which are housed close
to the switch-room. They are controlled from the
board and charged through a lamp resistance direct
from the ship's supply, which is at 110 volts.

Fui. 95.

Calling is done by merely lifting the receiver,
which causes a very small opal lamp to light on the
switchboard. The two groups of lamps can be
seon in Fig. 115, oppusite the head year of the
operator, wiich is hung at the side of the board.
'l'|l):ero are no relays for the lamps, as it was found
quite practicable for the 24-vclt calling-lamps to be
worked by the current from the 26-volt battery
pessing through the instrument when the receiver
was lifted. The exchange junction-lines terminate
at the board in self restoring drops.  The lines are
carried from the board in lead-coverod wires to
each side of the ship, where they terminate in
speciai buxes, the terminals being platinum-tipped
bronze springs. A number of similar boxes are
fitted in the landing-staye. containing the terminals

of the junction lines from the town exchange. .

These boxes are distributed so that one of them is
accessibile wherever the ship is berthed. A lenuth
of Hexible cal le, wath terminals at each end in & box
containing 10 plutinum-tipped studs, connects the

ship_;it;h the near;ot— l;nd-box. The flexible cable
.is run underneath the flooring of the landing-stage.

SANITATION.

In carrying out the sanitary work on a ship of
the dimensions of the Mauretania many considera-
tions have to be borne in mind. This can be easily
understood when one remembers that the n-

rs and crew equal the population of a small town.

he general arrangement of the water - supply
system, as well as the question of ventilating soil
and waste-pipes, have to be considered from many
standpoints, and after that, the best and most ser-

viceable type of fittings with proper connections.

TELEPHONE SWITCHBOARD,

For iustance, the trouble arising from concussion
in the pipes is serious. Awkward bends are in
some cases unavoidable, and loud jars, when
valves are closed, are not only objectionable to
the paasengers, but involve considerable damage
to pipes, &c.

In designing the various appliances required
on the Mauretania, two important aims were the
securing of completo absence of concussion, and a
perfect connection between the water and soil-
|pi ses and the fittings. Messrs. Doulton and Co.,

Limited, Lambeth, who carried out the complete
'wanitary arrangements, lave made a valve that
{weets theso requirements, and the same principle
.18 found in both the Hushing-valves for closets and
the valves for baths and lavatories. In each case the
valve is clowed by the pressure, but instead of
sharply cutting off the supply when released, it
shuts off slowly the time being adjusted by a regu-
lating screw. A section of this valve is given in
Fig. 9 on the next page.  Each valve is entirely non-

concussive, and there is not the slightest jar in any
pipe after use. To operate the valve, the handle is
pressed which opens the relief-valve B, and allows
the water under pressure above the plunger C to
escape through the port D. The space above the
plunger, it will be noted, is in direct communica-
tion with the supply through the opening E, which
is fitted with a screw to regulate the supply to the
area above the plunger. e pressure being re-
leased in the area above the plunger, the latter is
lifted by the pressure on its underside, opening
the valve and flushing the closet. The valve is
olosed by the pressure of the water acting on the
top of the plunger C, the area on the top being
larger than underneath. The rate at which the
valve closes is regulated by the screw E, thus allow-
ing any desired amount of water to pass through
the closet, and at the same time preventing con-
cussion or water-hammer in the pipes.
In all cases the connections to waste or supply-
E‘l are made just under the deck, as shown in
1g. 98. The supplies to the closets and lavatories
are carried through the deck, and secured by a fly-
nut and connected to the main pipe by means of a
nut and screwed liner ; a fitting can thus be discon-
nected without any trouble—an important point
when a ship is at sea. Figs. 99 to 101 show a storm-
valve, also used with the closet. The patent storm-
valve consists of a hinged plate balanced by a weight.
When the contents of the closet are discharged, the
plate is deflected to a vertical position, thus leav-
ing a perfectly clear outlet. When discharge ceases,
the weight raises the plate and clotes the valve,
and in case there is a back pressure the plate is
closed more tightly. This patent obviates the
necessity of bending the soil-pipe into a horizontal
position, which has to be done when the ordinary
storm-valve is used. The new valve can also be
placed on soil-pipes at the end of ranges of trough-
closets.

A few details of the various fittings may be of
interest. The closets in the first and second class
are of the wash-down type, but the outlet is flanged,
and is 6 in. or 8 in. above the deck. Attached to
this outlet is a white-metal box, which encloses
the valve—Doulton’s patent storm-valve. This, as
already explained, allows a perfectly clear discharge
of the contents of the pan, while the valve prevents
any backflow. It is also accessible for repair with-
out removing the closet. The closet therefore has
the cleanliness of the wash-down with a deep seal to
the pan, in addition to the advantsges of a single-
valve pattern. A trouble with many shipe’ closets
is the heaviness of the pull in opening the valve.
In this case the valve is placed on a pedestal at the
side of the closet attached to the bulkhead, and by
pressing a small knob the valve is opened. The
action is very easy. As described above, the regu-
lating-screw can be adjusted to give any aftercharge
required, so there is thus no need to keep the hand
on the valve. The pedestal acts as the supply.

For the third-class 1Punngen a door-action
arrangement is used. The valve is made on the
same priuciple as the first and second-class, but is
actuated by the opening of the door. The closet is
flushed when the door 18 opened on entrance, and
again when the user leaves.

The lavatories are, of course, of various patterns
and marbles, onyx and other choioe qualities being
used in the state and regal rooms. The wastes are
concealed, and combine waste and overflow. The
action is simple, and the standing-pipe is easily
removed. The valves have lever action, and are
self-closing and non-conocussive. Some lavatories
for the crew are made in white vitreous porcelain,
cnamelled iron, and some in slate. All valves and
wastes are made so that the basins fill and dis-
charge quickly.

The baths are cast iron, enamelled inside and out
with white vitreous porcelain. This enamel has a
smooth, gloesy, lasting surface, and equals earthen-
ware for durability, while it is very much lighter in
weight and better in appearance. Kach first-class
bath has a white-metal skeleton spray with shower.
Each fitting is governed by a Doulton patent
mixing valve (Fig. 102), by means of which the water
can be regulated to any temperature by a slight
movement of the lever. Cold must be turned on first.
This prevents risk of scalding. The supply to the
bath enters at the bottom, thus avoiding steam, and
is noiseless. The arrangement of this is pretty clearly
shown in the sketch. On a handle being turned
towards *‘cold ” on a dial, the valve A A is raised,
allowing cold water to pass, the hot water being
checkccf by the ring B, which is turned to fit in the

b
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centre chamber C. On turning the handle further
towards *‘ tepid,” this ring is raised clear of the
chamber, thus allowing the hot water to mix with
the cold already flowing. When the handle is turned
full to “ tepid,” the ring D in the outer chamber E
comes into proximity with the bottom of the brass
seating F, checking to a great extent the flow of
oold water, the hot water still flowing freely. The
valves are specially arranged so t it is im-
possible to get more than a certain temperature, in
order to prevent sc;lding. A thermometer is fixed
to each valve, so that the bather can at once see
the temperature. The shower is in pottery, and
the perforated plate can be removed for cleansing.
The waste is large, so as to allow the bath to empty
quickly. The connections to su¥ply and waste are
as before described. The baths for the other class
of passengers, and for crew, are of the same material,

N
N
\
N
D
N
N
N

-
the only differer.ce being in the size and:fittings,
some being without showers.

The urinals are of the latest circular-backed pat-
tern, the backs being semi-circular, and made in
the finest white glazed fire-clay, so shaped, with a
returned rim, that neither urine nor water can come
in contact with any joints. The bases disc! into
a ohannel which is covered by a white-metal hi
grating. This grating is removable. The divisions
are in marble, varying aocording to the class. Each
range is flushed by an automatic tank connected to
spreaders, which cleanse the backs. A separate
pipe is carried from the tank to a sparge pig above
the channel, so that every part that may be soiled
is oleansed automatically. The urinal is perfectly
water-tight, easy to fit, and has very few joints.
The urinals for the crew are in vitreous porcelain
enamelled iron, and consist of a trough and divisions,
but made so as to be fixed clear of the bulkheads.

All the first-class fittings are heavily silver-

lated. A number of automatic flush-tanks have
Eeon supplied for cleansing lengths of soil-pipe ; this
is a general practice on shore, but is a new de-
parture in marine work. These tanks are arranged
no as to fill at given intervals, and when full the
whole contenta of the tanks are discharged.

The whole of the sanitary fittings have been
manufactured by Messrs. Doulton and Co., Limited,
of Lambeth, London, and they have also carried

out the entire fixing. When putting the work in
hand they were instructed that the installation was
to be as ect as possible, and to be in advance
of anything previously made for ships’ use, either
at home or abroad. ese instructions have been
acted upon, and while fully studying the comfort
and convenience of the ers, there is an
elaborateness far beyond what has been before
supplied to any ships. White metal is used for all

iping and castings, and this is heavily silver-plated.
fn fact, there are few of the most modern hotels
that oould claim equality with the Mauretania in

this respect.
NAVIGATING APPLIANCES.

- Everything has been done to make the navigating
appliances perfect, and to give the captain on the

Fig.9s.

SECTION 8.8.

SN T

1290.8)

\ )
\

2222)

bridge complete control over the ship. On the
exceptionally large bridge he has telephonic or
other communication with every part of the vessel,
and tell-tales to indicate that his orders have been
carried out, whether in the engine-room, in the
steering-room, or at the capatan and anchor stations.
The steam steering-gear has been fitted by Mesesrs.

Brown Brothers and Co., Edinburgh, in a special
com ent under the water-line at the rudder-
head. It is controlled by the well-known Brown
telemotors. An interesting and novel equipment
is the electric whistle operator and telegraph,
which makes use of electric energy to do the work
whicg formerly devolved on the officer of the
watch.

ErLecreRic WHISTLE OPERATOR AND TELEGRAPH.

The “* 8tellite ” electric whistle operator and tele-
?uph. which has also been fitted to the Royal
achts, is to render more certain signalling and
the giving of warnings by whistle from the bridge,
and also to relieve the staff on the bridge of
the tedious duty of sounding the whistle at short

and regular intervals for long periods of time. The

Fiqg.700. SECTION ON LINE C.C. ¥,

Fig.707

instrument combines the function of giving singl
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blasts or automatically-repeated blasts of definite
length and at definite intervals, with a telegraph
whereby Morse or other code signals may ge
sounded on the ship’s whistle. The action of the
whistle is controlled from the bridge, and that
of the telegraph -from .the chart-room or pilot-
house. o ¢ il

The a tus consists of four essential parts,
oonnectelt)ip:;;ether by conductors and on an elec-
tric circuit. The whistle is fitted with an operator
consisting of a valve worked by an electro-magnet.
The working of this magnet is controlled by a com-
bined switch on the bridge, which has three posi-
tions—‘ Off,” *‘Om,” and *‘ Automatic.” A special
clock is provided for keeping the contact closed for
six secondsin every minute, and, hsezlg. there is a
teleEnph key for Morse or other code telegraph
work. The operator fitted to the whistle steam-
pipe contains a main valve, worked by an auxili
valve, which in turn is controlled by the electro-
magnet. The magnet is placed in a water-tight metal
case. A double wire connects from this part of
the apparatus to terminals in the clock-case. The
combination switch is weather-proof, and from six
terminals in it wires are connected to terminals in
the clock-case, two of the latter being on a circuit
supplied with current from one of the dynamos.
The clock and the telegraph key are also connected
with these terminals in such a way as to provide
the necessary contacts and breaks for working the
whistle automatically or as a telegraph. If the
switch-handle on the bridge be moved through
90 degrees from the ‘‘ off” to the ‘‘on " position, a
distinct blast, of long or short duration, is given,
and ean be repeated at will. The electrical control
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ia quick and certain in action, and superior to the
ordinary hand-lever, especially where, as in this case,
the bridge in some distance from the whistle. A
hand-lever is, however, provided as a stand-by, but
in no way interferes with the action of the electric
operator, nor does this apparatus interfere with
the hand-lever working.

If the switch be turned through another 90 de-
grees, the apparatus is set to work automatically,
and the clock in the circuit controls the lengths of
the blasts and intervals. Onoce set with the switch
over in this position, no further attention need

Fia. 103. Crain-CanLs.

be given to the sounding of the whistle on the

of the staff on duty. When the combination switch
is in the * off " position, the telegraph key may be
manipulated in the ordinary way, to convey by
the sound of the whistle, or even by the cloud of
steam issuing therefrom, :ﬁl.uln to stations or
other vessels. The clock n winding eve

days. This apparatus was supplied by the Electric
and Ordnance Accessories Company, Limited, of
Birmingham.

CaBLE AND ANCHOR GEAR.

As in the case of nearly all large merchant ships,
the windlass and capstan-gear are of the well-tried
Napier type, manufactured by Messrs. Napier
Brothers, Limited, of Glasgow. For the cable-
holders, the vertical spindles are 16 in. in diameter,
in deck bearings, and with Napier's patent differen-
tial brakes, which are exceptionally powerful, being
able to hold a load, when riding at anchor in heavy
weather, of about 268 tons. The spindles are
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worm gear to the main windlass engines. These
enFinu are of unusually massive build. The
oylinders are 20 in. in diameter, and the stroke
is 14 in. Steel, cast or forged, has been largely
used in their construction, with the exception of

linders or side-casings, which are of special
close-grained cast-iron.

CaBLes AND MOORING-CHAINS.

i The mooring-cables, chain-cables, and mooring-

bit for the Mauretania were manufactured b
+ Messrs. Brown, Lenox, and &o., Pontypridd,

Fia. 104. Mooring-CanLr.

South Wales. A
,illustrated b&l Fig. 103, and the links are 3] in. in
diameter at the smallest part, and 22} in. in length.
The whole cable weighs, with shackles, about
130 tons, the total length being 1900 ft. Each

oable a huge swivel-piece is inserted, and each
weighs 134 cwt. The end links on the swivel-

pieces are made of 4}-in. iron, and the swivel

alone weighs 6} cwt.

i The Cunard Company had tests made of three links

at Lloyd's proving-house, Netherton, Staffs, and,
under the Admiralty strain of 198.8 tons, each link
elongated nearly } in.

of any kind, although the load was nearly 90 per
cent. above the Admiralty stress.

The mooring-cable is illustrated in Fig. 104,
and the mooring-block in Fig. 105. The moor-
ings. weigh over 200 tons, and the patent link
mooring-anchors 12 tons apiece. The four bridle
chains are 720 ft. long, and the main chains are
made of square links, each about 4 ft. long,
and weigh 4 owt. apiece. The swivel connec-
tion shown in Fig. 104 weighs 4485 1b., and each
shackle 711 1b. e links of the buoy pendant

The statutory breaking:
streas of 266.7 tons was then applied, the result

are of 4}-in. iron, and weigh 243 Ib. apiece,

Fie. 105. MooriNG-Brock.

rtion of the chain-oable is while the end links weigh each 336 lb., being of
| b§-in. metal.

Craxes axp Hoists.
Mention may be made, too, of the cargo-oranes

joining shackle weighs 4} cwt., and the end or supplied by Mesars. John H. Wilson and Co.,
lour!mchor shackles 7} cwt. each. At the end of the, Limited, of Sandhills, Live

1; of four electrically-
. operated boat-hoisting winehes, by Meears. Laurenoce,
Scott, and Co., Limited, of Norwich ; of four deck-
cranes, as well as four bagtage and mail-hoists, by
Mesars. Stothert and Pitt, Limited, of Bath. These
appliances, however, correspond exactly with those
in the Lusitania, so that there is no need here to
repeat the details.
It will thus be
the ship, so far as

ised that from first to last
eesrs. Swan, Hunter, and

being a further elongation of the links by about, Wigham Richardson’s work is concerned, is the
{in. An attempt was made to test the three most complete embodiment of the highest attain-
links to destruction, but the full power of the | ments of naval construction, whether regard be
testing-machine, of 350 tons—one of the most'had to strength of structure, beauty of decoration,

werful in the oountry — failed to break the oconvenience in equipment, or reliability in navi-
carried to the shelter-deck, and are connected by links. There was no sign of fracture or defect gatiom.

THE CONSTRUCTION OF THE MACHINERY.

THE WORKS OF THE TURBINE
MACHINERY CONSTRUCTORS.

Before entering upon a description of the machi-
nery of the Mauretania, it may be interesting to
give a short review of the ptosrm of the construc-
tors of the machinery—the Wallsend Slipway and
Engineering Company, Limited. is company
onginated in 1871, under the chairinanship and
active management of Mr. Charles Mitchell, of the
tirm of Sir W. G. Armstrong, Mitchell, and Co., a
shipbuilder and engineer, who did much for the

development of Tyneside. He had the co-operation | boiler and engine-shop for repair work, and in 1881 has continued the active
of several shipowners, the original idea bemny to|extensive new shops were erected.

organise a ahip-repairing establishment ; and for
this purpose slipways were constru

The manufacture of marine-engines for ships

cted, with | built by other firms in the district was commenced

repair-shops, which have since been replaced by in 1874, and under Mr. Boyd's réyjime the firm
immense engineering works. Here, as in many gained high repute for economical merchant machi-
other Tyneside concerns, the broad, intelligent nery. Mr. Mitchell continued as chairman of the
policy of Mr. Mitchell is still reflected. The first company until his death in August, 1895, and he
ship repaired was in 1873, and in the spring of | wae succeeded by Colonel H. F. Swan, C.B., who
1874 Mr. William Boyd became managing director, | had been identitied with him in the early years of the
in succession to Mr. C. S. Swan, who began ship- | undertaking. Colonel Swan resigned the chairman-
building in the Wallsend yard. The growth of the ship in June of 1903, when the present chairman,
repairing business induced developments from time ' Mr. Thomas Bell, who has been for nearly 14 years a
to time, the it of these being the erection of a;director of the company, was appointed. Mr. Bell
licy which was initiated
gan, the directors then

in 1897, when a new era
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being fortunate in enlisting the services of Mr.
Andrew Laing, who had been trained on the Clyde,
and had been a director and manager of the en-
gineering department of the Fairfield Works. He
was associated with Mr. Bryce-Douglas in the
design and construction of machinery for a long
sucocession of high-speed merchant ships and war-
ships, and counvincing testimony to his ability, as
well as to the credit of the Kairfield Works, is
afforded by such instances of satisfactory design
and manufacture as the Umbria, Etruria, Cam-
pania, and Lucania, the prodecessors in the Cunard
mail service. As to speed, there is no need here
to write ; their best performances have been set
out in Table V. on page 611. In regard to dura-
bility, it need only be said that the Ktruria has
steamed 1,618,000 nautical miles, and the Umbria
1,680,000 nautical miles, or an average of over
70,000 nautical miles per annum, and both have the
same engines and boilers as when new. Both are
still popular, and do comparatively efficient work

instructive to notice the advance in the maximum
horse-power of any one set of engines, and in the
appended table this information is clearly stated.

ese facts, combinod with the success of the
six earlier Cunard liners engined by the Wallsend
Works, and the experience of the Cunard Com-
pany of Mr. Laing's work, make it easy to under-
stand why the Cunard Company entrusted the firm
with the construction of the machinery for the
Mauretania. Moreover, Mr. Laing has organised a
staff of experienced assistants, including Messrs.
Robert Traill, Kobert Wallis, Gilbert Campbell,
Joseph W. Tocher, Thomas Taylor, Thomas
McPherson, John M. Nicholl, John Carr, and Wil-
liam Mathews, with Mr. Matthew Murray as secre-
tary of the company.

The Wallsend Company have, it should be re-
corded, carried out a gargo amount of research on
the subject of burning liquid fuel in boilers of
merchant steamers. Their experience commenced
as far back as 1883, but at that time the system was

even after their twenty-three years’ service. The

simple and crude. For many years they carried

on a series of experiments with all classes of
burners, and finally patented a burner known
as the Rusden and Eeles, in which steam is used as
the medium for a%mying the oil. About 100 vessels
have been fitted by the company on this principle.
The great objection, however, to the use of steam
in spraying the oil is that large evaporating plant
has to be fitted to make uf) for the steam thus lost.
To overcome this difficulty, the company a few
years ago made exhaustive experiments with the
Korting system, wherein the oil is sprayed into the
furnace under pressure, by means of pumps, without
either steam, compressed air, or other agent. It
was found that this plan worked with such
success that the company have now finally adopted
the system in their general work. Only a few
weeks ago a large steamer was completed on this
plan, the results obtained on the trial trip being
highly satisfactory. Other vessels are now being
fitted. This system can be worked in conjunc-
tion with either forced or induced draught with
economical results.

. !

Fi1o. 118. Tax ParrerN SHoP AT THE \WALLSEND ENGINEERRING WORKS.

Campania and Lucania, which came out in 1893,
have stcamed—the former 1,042,000 nautical miles,
and the latter 1,030,000 nautical miles, or over
80,000 nautical miles per annum. Up till recently
they were the fastest British ships on the Atlantic.

In view of his training and experience it was
only natural that Mr. Laing should pursue a policy

of development, not only in the organisation and |

equipment of the Wallsend Works, but also in the
size and importanoe of the work carried out. The
works during his réyime have been largely recon-
structed, and the area under roof has in ten years
been increased by 86 per cent. —from 133,000 square
feet to 250,000 square feet. The highest class of
work has been undertaken, of which the Mauretania
is 8o far the culminating point. Mr. Laing has
also brought the works to a prominent place in

to warship machinery, and the firm have
now in hand, amongst other work, the turbine

machinery for one of the new battleships of the
Dreadnought type— II.M.S. Superb. 8 to the!
producing capacity, we have from our annual returns !
prepared a statement showing the output in the ten
yoars prior to Mr. Laing’s appointment, and in the
ten years subsequent to his taking over the manage- ‘
ment. From this table it will be seen that the total
for the past ten years is much more than double!
that of the preceding ten yoars, and that the aver-:
age is over 54,000 indicated horse-power, as com-
pared with 26,000 indicated horse power. It isalso

TasLe XIL—IUlustrating Progress of Wallsend Slipway

.and Engineering Works.
| .
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| 261,450
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1308 08,10 400 | 11,0 1ne. Ruxsian ice-breaker Ermaek.
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1900 51,750 220 5,000 " 1. M.S. Espiegle.
1001 46,630 2350 . 4,500 " H.M.8. Odin.
1902 69,150 3550 ~ 12,500 w  HM& Challenger and
R.M.S. Carpathia.
1903 42,360 2500 | 6,60 Including R.M.S. Slavonic.
104 41,400 2000 1 6,000
1005 66,~00 3200 28,50 [ncluding H.M.8. Warrior.
18 115,600 8250 To,000 " R.M.8. Maurctania.

!

501,080

It was also found, after considerable experience,
that one of the great drawbacks in connection with
the burning of liquid fuel was the difficulty in
obtaining the oil free from water.- In order to
remove the water numerous experiments were
carried out, 80 as to arrive at a system which would
separate the water from the oil without in any way
interfering with the supply to the burners. Finally,
the Flannery-Boyd patent system of settling-tanks

"| was invented, and such tanks are fitted so that

while the oil is being
one set of tanks, ot
water from the oil.
The Wallsend Slipway and Engincering Works
cover an area of about 2b acres, being on the north
bank of the Tyne, with a river frontage of about
1200 ft. The general view of the works, which
we give on Plate CI., affords indication of their
extent and importance. On the land side there
'is the North-Eastern Railway, from which there
are oxtensive sidings into the works, so that
|direct communication is established ~with all
(parta of the country. On the cast side—that
to the right of our engraving — there runs the
Willington Gut, which has %)een dredged and
widened, and alongside is a jetty of 1000 ft. in
length, which affords splendid berthage for large
ships. i
Almost every department has been reconstructed,
including the offices, as the higher class of work

supplied to the burners from
ers are used to separate the
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doune required a much larger designing and drawing
stafl than formerly.

The offices are divided into two parts, the one a
two-story building, with basement, 110 ft. long by
60 ft. wide, accommodating the commercial depart-
ment, estimating department, tracing-office, board-
room, and private rooms. The other part is a one-
story building, with basement. On the ground-
floor is the drawing-office, in four bays, each
60 ft. long and 22 ft. wide, running from east to
west, wi wuvin'lgl;-hod roof, so that all light is
from the north. e splendid light got by this con-
lﬁ'ucﬁ:ll: im‘ohd.':;ulyd :humud sut;tent.io:‘;vhon one
enters the building, and this and the
ment are well shown in the view onmbo Lw
Fig.111. At thesouth-west corner a part is screened

SECTION LOOKING FORWARD ON FRANL
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| Plate LXXXI. On this same Plate an illustration
| of the tracer's-room is Kublished (Fig. 112).

! As to the various shops where the Mauretania
: machinery has been constructed, we published a
few years a description of the o?ui ment of
'the establishment.* Our narrative of the build-
ling of the boilers, turbines, &e., will involve
'reference to many of the important machiue-tools.
It ie, however, interesting to note the leading par-
ticulars of the various shops. We may refer first
to the rn-shop, illustrated on the olppoaito
wo. ig. 113. It is a separate single-story

uilding,

180 ft. long by 70 ft. wide, in two bays,
built of steel framing. e roof is entirely of glass,
while the sides and ends are covered with corru-

| gated sheet-iron. At the end of one bay is the

187

Rg%8

.
-

T T

SR

R e Sttt sttty

Ve

PRSP (NP IO —-—
100080000

| 100nscennsns

NN

e

= 3 . f

Lowgr

T
off as a service-room, from which all drawings, &ec.,
that may be required by the draughtsmen are sup-

ied. is service-room is in direct communica-
tion with the fireproof safe, where all drawings and
tracings are stored. Of this safe, situated in the
basement of the building, an illustration is given
on Plate LXXXI., Fig. 110. The arrangement is,
as shown, very convenient. The fluor space, of
44 ft. by 30 ft., is almost entirely covered with
racks for tubes containing the tracings or negatives
for sun-prints, or with drawer-stands ; and each set
of machinery has a drawer and n
signated by the contract number. Inthe basement
there is also a HU-ton testing-machine, of the latest
design, by Messrs. Crow, Harvey, and Co., Glas-
w. The photographic department is also in the
ment. and here the company have one of
Messrs. J. Halden and Co.'s continuous photo-
copying machines, of the double pattern, copying
two tracings at oue time, and a continuous com-
bined washer and electric dryer for taking the
prints when they leave the copying-machine. A
view of this department is given in Fig. 109 on

ative tube de- |

! wood-working machinery, conveniently situated as
regards the wood-yard, and along one side are the
turning-lathes. Adjoining the pattern-shop is a
building 90 ft. by 60 ft., and in this most of the
valuable patterns are stored.

' The boiler-shop, which is well shown in the

: various engravings of the Mauretania boilers, is in
four bays, two of which are 260 ft. long, one 310 ft.

"long, and one 330 ft. long, giving a collective width

rof 220 ft. The bay which is 330 ft. long is 75 ft.

’ wide, with a height of 60 ft. to crane-rails, with two

overhead travelling.cranes of 70 and 100 tons liftin

i capacity recKective y. The smaller bays are noes

{ for the machining and preparing of the plates, the

-final assembling of the boilers being done in the
large bay. It may suffice in the way of the descrip-
tion of the machine-tools if we state that the plates
of the boilers of the Mauretania were for double-
ended boilers 37 ft. 9 in. long, 7 ft. 8 in. wide, and
15} in. thick, weighing 7 tons 3 cwt.; that for
single-ended boilers the plates were heavier (7 tons

* See ENaINEERING, vol. Ixxiv., page 695.
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6 cwt.), their length being 27 ft. 10 in., their width
10 ft. 8} in., and the thickness 1§} in. ; that the
total weight of the larger boilers, without mountings
or water, is about 100 tons each, and that the
average output of the works is three normal-sized
boilers per fortnight. Views of the boiler machine-
shops are given on Plate LXXXII. In the boiler-
shop no new machinery was required to undertake
the work on the Mauretania. Amongst the principal
machines in this department may be mentioned

the plate-edge plsningmachine by Messrs. Hugh
Smith and Co., of Glasgow, with a stroke of
35 ft. 6 in.; vertical

ghte-bending rolls, by
Mesars. T. Shanks and Co., of Johnstone, cap-
able of dealing with plates up to 12 ft. 6 in. wide ;
snd an hydraulic riveting-machine, with a 12-ft.
gag.hby essrs. Hugh Smith and Co., Glasgow.

e erecting-shop and machine-shop oconsist of
two bays. The machine-shop bay is 430 ft. loniby
75 ft. wide, and the onctinéiahop bay, which is

uite new, is 640 ft. long by 60 ft. wide, the top of

e crane-rails being 43 ft. above the floor-level,
and the height above the rails to the underside of
the roof being 8 ft. In the machine-shop bay are
three overhead travelling-cranes, besides numerous
light hydraulic cranes on girder columns for serving
the machines. In the erecting-shop bay there is
one 30-ton and two 856-ton electric travelling-cranes,
also three 7-ton and one 3-ton hydraulic eranes
fized to columns supporting the travelling-crane
rail - girders. The turbine-shop is illustrated by
Fiﬁ‘los on Plate CI.

ference need only be made to the heavy
machines used in the construction of the turbines
of the Mauretania. The lathe in which the rotors
were turned was made by Sir W. G. Armstrong,
Whitworth, and Oo., Limited, Manchester, and
is e;soble of t.kiln%in work up to 18 ft. dismeter
by ft. long. e turbine-casings were bored
and grooved in a circular ﬂll:ning-mlchino by the
same makers, the table of this machine being 20 ft.
in diameter, and the available height for work 13 ft.
The horizontal joints of the casings were machined
in a vertical and horizontal planer, by Messrs. T.
Shanks and Co., Johnstone, which is capable of
oovering a face 26 ft. by 23 ft. These machine-
tools are illustrated in connection with the work
on turbine and rotor-casings on Plates LXXXVI.
and LXXXVIL

The iron-foundry is 210 ft. by 120 ft., and com-
prises a oentre bay, with a lean-to annexe. The
centre bay is 52 ft. wide, and in this are the over-
head travelling cranes, capable of dealing with the
heaviest weights. Caatings up to 30 tons are made
here, while the annexcs are utilised for the smaller
ocastings, and are well supplied with hydraulic and
hand-power cranes fixed to the main columns of the
building. There are two cupolas, the blast for
which is supplied by a Roots blower driven by a
variable-speed three.phase motor. There are also
a number of core-drying stoves ranged along one
side of the building, and opening into the foundry.

The brass-foundryand coppersmith’s shop is 1201t.
by 70 ft. wide. In the brass-foundry are two over-
head travelling-cranes, and at one end there is s

it capable of taking in long shaft-liners. The
rass-furnaces and core-drying stoves are ranged

along one side. In the ocoppersmith’s shop there
are the usual machines n for this kind of
work, prominent amongst these being two hydraulic

bending presses for copper pipes. The blacksmith's
shop is 160 ft. by 75 ft., and alongsido it is the
plumber’s shop, 160 ft. by 40 ft., and both of
these are well equip| with tools and machinery
necessary for carrying on those branches of the
busineass.

For repair work, which is of an extensive
nature, there is a graving dock 540 ft. long and
66 ft. wide at the entrance, the depth of water over
the sill at ordinary spring tides being 25 ft. The

umping machinery of the dock oconsists of two
gﬁ-in. centrifugal pumps. There are also two
slipways, each 1000 ft. in length. and capable of
dealing with veesels up to 270 ft. long and 2400
tons register. Between the alipways and the
graving dock is the shipyard shed, 220 ft. by 40 ft.,
equipped with modern machine-tools and other
appliances, besides bending-slabs, furnaces, &c.
he whole of the machinery in the works is
driven by three-phase electric-motors, the smaller
machines in the shops being driven in groups,

and the larger machines independently. A large
air-compressing plant forms part of the equipment
of the works, with mains through all the shops and

leading to every part of the yard.
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THE ARRANGEMENT OF THE PROPELLING
MACHINERY.

The plans and sections on the two-page Plates,
CII., CIIL., and CIV., on Plate LXXXIII., and on
the preceding page, afford a clear idea of the general
arrangement of the propelling machinery in the ship.
It is, however, exceedingly difficult to convey, with
the assistance of drawings alone, an adequate idea
of the immensity of the machinery. It must be
borne in mind that the height from the platform-
level to the top of the engine-room skylight is 79 ft.
The reader will furthorge asgisted by the photo-
graphs we reproduce. An explanation of theee
general drawings will form a convenient preface to
the fuller description of the important units and of
the system of constructing these. As shown by the
eminvingn on Plate CII. and on p’;ge 635, the
boilers are arranged in four rooms. e forward,
or No. 1 boiler-room, has five double-ended and
two single-ended boilers, and in the others there
are six double-ended boilers. This arrangement
forward became necessary owing to the fining of
the ship’s lines. In No. 1 boiler-room there is
on each side forward a ballast-pump, made by
Measrs. Carruthers, of Glasgow. These pum
are of the duplex type. On the starboard side
also is the auxiliary feed and ash-ejector pump,
whilst on the port side, in the corresponding
position, there is placed a refrigerating - pump.
The auxiliary machinery in No. 2 boiler-room
consists of an auxiliary feed and ash - ejector
gump of the duplex type, made by Messrs. G. and

. Weir, and an auxiliary feed-pump, also by
Messrs. Weir, and of the same capacity as the
main feed - pumps in the engine-room. These
pumps are' p at the after bulkhead of No. 2
room. In No. 3 boiler compartment there is the
same arrangement of pumps at this bulkhead on
the forward side, the bulkhead in this case being
suitably recessed to receive these. In No. 4 boiler-
room, at the aft bulkhead, is placed an auxiliary
feed and ash-ejector pump. In each boiler com-

ent there are two of See’s ash-ejectors and
two of Crompton’s ash-hoists. All the ash-ejector
pumps are of the same capacity, and all pumps in
the boiler-room spaces are in to prevent
access of dust.

Adopting still the forward-to-aft order, we
first review the arrangement of machinery in
the main engine-room, as illustrated by the
views on Plate CIII., Figs. 119 and 120, and by
Figs. 124 and 125 on Plate LXXXIII. It will be
seen that there are four shafts, the two wing
shafts being driven by the high-pressure tur-
bines, and the two inner shafts by the low-
pressure turbines, astern turbines being also fitted
on the latter shafts. There is a longitudinal
bulkhead between each high-pressure turbine and
the proximate low-pressure turbine. Thus there
are three turbine compartments, those on the port
and starboard side respectively, having the high-

pressure turbines, with a central room containing |

the two low-pressure and astern turbines. ln each
turbine-room there are ingenioualy-disposed pumps
and other auxiliary engines in convenient places
at various heights. On the forward turbine-room
bulkhead there are the main feed-pumps, one set
in each high-pressure turbine-room—those at the
sides—and two sets in the low-pressure turbine-
room—that in the centre of the ship. There are
two sets of evaporator. machinery—one for making
up the boiler-;:d, and the other for ship pur-
poses generally—at the forward end of each high-
pressure turbine-room. Aft of this, in the port
room, are placed the fresh and condensed-water
pumps, and in the ocorresponding place in the
starboard room a refrigerating pump. The water-
service pumps, two in number, are arranged in the
centre of the ship between the astern turbines in
the low-pressure turbine-room ; these pumps are of
the duplex type and were made by Messrs. Car-
ruthers, of Glasgow. Aft of these are the fire and
sanitary pumps. The six oil-pumps are also in
the centre of the ship botween tho low-pressure
and astern thrust-blocks. These are placed well
below the floor-level on the turbine-seating, a well
being formed in the floor for acvess to them. The
four hotwell pumps are located at the aft bulk-
head in the low-pressure room, the bulkhead being
recessed at this place to receive them. The four
bilge-pumps are erected against the longitudinal
bulkhead ai the wings of the low-pressure room.

These pumps are of the single-cylinder double-
acting type, and made by Meesrs. G. and J. Weir.

The two main condensers are situated in a sepa- |
rate compartment aft of the low-pressure turbine- i
room, and abaft of this, in two compartmente
separated by a centre longitudinal bulkhead, are|
the auxiliaries for the main ocondemsers, the cir- '
culating pumpe being placed in the wings in each
compartment, and the wet and dry-air’ Eumps
against each side of the longitudinal bulkhead.
In the starboard room there is, in addition, a duplex
pump for supplying water to the turbo-oil-coolers.
Above these compartments, on a flat at the level
of the orlop deck, are the four turbo-generators,
two in each of the rooms, which are divided by a
fore-and-aft bulkhead.

In rooms aft of the high-pressure-turbine rooms
in the wings of the ship, and over the high-pressure-
turbine shafts, there are on the starboard side the
auxiliary condensers, with all their auxiliaries—

and in the high-pressure turbine rather less than
§ in. per foot. The high-pressure turbines, as shown
in the plans and sections, are in advance of the
low-preesure, the centre of the former being about
20 ft. forward of the centre of the latter, while the
astern turbines are still further forward, the inter-
vening space being about 10 ft., and within this is
located, on the shaft, the thrust-blocks. This
arrangement of turbines, it will at once be recog-
nised, reduces to the minimum the length of the
steam-pipe connection between the exhaust end of
the high-pressure turbine and the steam inlet of
the low-pressure turbine. Moreover, it facilitates
the disposition of the auxiliary machinery in the
engine-room ; but it will be understood that,
although the high-pressure and low-preesure astern
turbines alternate in the longitudinal line, they do
not at any point overlap. As to the length of shaft,
that can readily be gauged from the plan and sec-
tion. The centres of the outer propellers are

TABLE XIII.—LisT OF STEAM AUXILIARIES,

Size of Size of | Stroke
Naxs or Puxp, Number| Makers. Type of Pump. Steam- Water- of PosiTiox 1N SHIP.
Oylinders, | Cylinders. | Pump.
Main fesd-pumps .| 4 pairs | G. and J. Weir, | Singlecylinder | Two 181n. | Two 13} in. | 30 in. |Forward engine-room bulkhead!
Limited double-acting high-pressure and low-pres-
sure-rooms.
Auxiliary feed-pumps | 2 pairs | G. and J. Weir, | Single-cylinder | Two 18in. | Two 134in. | 30 in. |l pair aft bulkhead of No. 2
Limited double-acting ler-room ; 1 pair forward
bulkhead of No. 3 boiler-
. room.
Am;llhry feed and ash- 4 G. and .{ Weir, Duplex Two 14in. | Two10in. | 14 in. [One in each boiler-room.
ejector m|
Hotwell pumps 4 G. and J. Weir, | Single-cylinder | One 12} in. | One 14} in. | 80 in. |Aft end of low-pressure tur-
Limi double-acting bine-room.
Wet-air pumpe ..|4twin | G. uag! J‘ . Weir, Be-ml,i d:’)nble- Two 14in. | Two 40 in. | 24 in. |Auxiliary machinery-room.
m| cylinder
Dry-air pumpes. . ..| 4twin | G. “ﬁ’ .: Weir, [Quick revolution| Two 7in. | Two 24 in. 7 in. |Auxiliary machinery-room.
m|
Main circulating-pamp| 2 sets |W. H. Allen, Son,|Quick revolution| Two 18 in. |Four impel-| 10 in. jAuxiliary machinery-room.
and Co., Limited . :l.i"' 42in.
am.
Auxiliary circulating- 2 |W. H. Allen, Son,|Quick revolution| One 7 in. |One {mpel-| 6 in. |Auxiliary condenser-room.
pump and Co., Limited :i'i:'m. 36 in.
Auxiliary air-pumps .. 2 G. and J. Weir, | Single-cylinder | One 10 in. | One 22 in. | 12 in. |Auxiliary condenser room.
Limited single-acting
Oil-pumpe [] Q. and J. Weir, |8inglecylinder| One 7in. | One 8} in. | 15 in. |Low-pressure-turbine room.
Limited double-acting
Water service pumps 2 J. H'u?dm()o.m Duplex Two 7} in. | Two 10in. | 12 in. |Low-pressure turbine room.
Turbo-oil-cooler; water| 1 Duplex Two 2} in. | Two 2} in. in. |Auxil - machin
nrvl&rump and Co., Limited 4 4 % (“.l:lrym inery room
Wasbh. and fire- 1 G. .};‘\:elr. Duplex Two 12in. | Two 10in. | 10 in. |Low-pressure-turbine room.
pump
Sanitary pumpe 2 G. and f Weir, Duplex Two 12in. | Two 10in. | 10 in. |Low-pressure-turbine room.
jm
Bilge-pumps .. 4 G. and J. Weir, | Single-cylinder | One8in. | One 10in. | 21 in. {Low - pressure - turbi room
Limited double-acting (wingy) ne
Ballast-pumps . . 2 J. H.mc‘:réuthen Duplex Two8in. | Two10in. | 10in. [Forward end of No. 1 boiler-
0. room.
Fresh and condensed 2 J. H. Carruthers Duplex Two 6in. | Two 6in. 6in. (Port high - pressure - turbine
water pumps and Co. room.
Retrigerating pump .. 2 |Liv 1 Eogi- Duplex Two 6 in. | Two 7§ in. 6in. [No. 1 boiler-room and star-
neering Company board high-pressure-turbine
room
Stone-Lioyd .. .. 2 J. Stone and Co. Duplex Two18in | Two6ln. | 15 in. |Port auxili di -
Bulkhead valve; 2 Brown Brothers | Single-cylinder | Oae 10in. .. 12 in. {Forward I‘ogjm‘:;m::
Brown's engine room bulkhead
Mancuvring  valve ; 2 Brown Brothers | Single-cylinder | One 12 in. .. 15 in. |Low - pressure - turbine room
Brown's engine longitudioal bulkhead.
Evaporator feed-pump 2 u:lcrpo&: Engi- Duplex Two 6in. | Two 5in. 6 in. |High-pressure-turbine rooms.
aeering Company
Evaporator brine ,, 2 Liverpool Eagi- | Single-cylinder | One 4 in. | One 44 in. 6 in. |High-pressure-turbine rooms.
peering Company | double-acting
Distiller  circulating| 2 Liverpool Engi- Duplex Two 8 in. | Two 9 in. 8 in. |High-pressure-turbine rooms.
pumpe neering Company

air and circulating pumps, the surface heaters, and
the main and auxiKnry feed-filters, whilst in the
port room there are the Stone-Lloyd pumps for
operating the mechanism of the water-tight doors.

On Table XIII on this page we give a com-
plete list of the auxiliary engines in conmnection
with the propulsion of the ship.

THE MAIN TURBINES.

As we have already stated, there are six turbines :
two high-pressure and two low-pressure for going
ahead, and two high-pressure for going astern.
The two high - pressure ahead turbines are,
as already explained, placed in the wings of the
ship, while the two low-%r‘:mure shead, and the
high - pressure astern turbines, are connected to
the inner shafts. As shown on the plan, Fig.
120 on Plate CIII., the low - pressure shafts
are at 9 ft. 6 in. centres from the middle line
of the ship, while the high-pressure shafts are 27 ft.
from the middle line of the ship, so that the dis-
tance between the high-pressure and the low-pres-
sure shafts is 17 ft. 6 in. It will bo noted that, as
seen in , the shafts are parallel with the middle
line of the ship, whereas, as shown in the elevation,
Fig. 119, they are at a slight angle to the level of
the keel, the rake in elevation in the case of the
low-pressure turbine being about y% in. per foot,

78 ft. 11 in. forward of the inner propellers, the
two inner propellers being 12 ft. 10 in. in advance
of the aft perpendicular. This location of the
propellers was determined after very counsiderable
experiment, as has already been described.

ROTORS AND CASINGS.

In the construction of the turbines a different
method was adopted from the procedure followed in
connection with the Lusitania. For the Maure-
tania the discs and gudgeons, as well as the
shaft and drums, were oonstructed of Whit-
worth fluid-pressed steel, which, as is well known,

ives & most reliable and homogeneous metal.
ith the object of getting the maximum strength
and rigidity with a minimum weight, it was finally
settled that there should be as few parts as pos-
sible, and that all stiffeners should be solid, and
form part of the drums, so as to avoid any distor-
tion or straining when heating up or cooling down,
and with this object, together with that of securing
a truly-balanced drum, all of them were machined
both inside and outside, as well as all the ribs and
stiffeners. It will interest our readers to know
that when all the three large low-pressure drums
were screwed together, and the gudgeons and discs
bolted in and tried in the lathe, the combination
was found to be perfectly true,
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As a oonsequence of this precision and homo- | pressure rotor complete is over 72 tons, of the low-
ity there was no necessity for testing the | pressure rotor 126 tons, and of the astern rotor

by spinning the turbines in the shops after .60 tons. Views of the turbines oompleted are given ! following was the mode of manufacture of the
construction. The various parts were fitted up in jon Plate LXXXIV., and on the next pege.
the ship, where the first upin under steam was; The rotors are built up of the usual units, with a from 120 tons of a special quality of steel from

al
vessel

aot.her by bolts, to which,
the drum. In order to

=
and low - pressure rotors, and of two
“ongtln in the case of the astern rotors. The

| enormous low-pressure drums, which were made

en little more than a week before the spindle for each end, on which there were secured ' Siemens-Whitworth furnaces, run into an ingot
od to sea, when it was found that all  double disos coupled
the turbines were absolutely true in balance. This ' again, there was bol

mould 8 ft. in diameter, and whilst quite liquid
subjected to an hydraulic pressure of 12,000 tons.

bold step has afforded a splendid proof of the facilitate the connection of the disos, the shaft at' After the ingot had cooled down it was parted off,

Fis 120

Fia. 127.

Firis, 126 anp 127. Oastinus ror TURrBINE-CasINas,

character of the Whitworth metal, and of the
accurate workmanship. This is the more pro-
nounced when the dimensions are taken into con-
sideration. The high-pressure drum is % in. in
diameter, with blades ranging from about 2} in. to
about 12 in. long, while the low-pressure drum is
140 in. in diameter, with blades ranging from
about 8 in. to 22 in., and the astern drum is 104 in.
in diameter, with blades ranging from about 2 in.
up to 8in. In all three instances there are eight
stages of expansion. Perhaps, however, a better
idea can be formed of the magnitude of the work
when it is stated that the total weight of the high-

this point was made slightly conical ; this point also
was oconsiderably larger than at the bearings or in
the intermediate length. The greatest diameter in
the case of the high-pressure turbine is 3 ft., in
the case of the low-pressure turbine 4 ft. 4 in.,
and of the astern turbine 3 ft. 3 in. In all cases
the shafting is hollow. The over-all length of the
turbine rutors, including the bearings, is, in the
case of the high-pressure turbine 45 ft. 8 in., of
the low.pressure turbine 48 ft. 17 in., and of the
astern turbine 30 ft. 1} in.

The drum, which was bolted to the discs, was
made up in three lengths in the case of the high-

and then bored for hollow forging and enlarged to
about double its original diu:glmr, with the flanges
and stiffening ribs forged thereon. The next
operation was the rough turning and boring all
over, after which each drum was thoroughly
annealed, 80 as to remove all internal strees, and
thus avoid any tendency to distortion. The drums
were then fine-bored, turned, screwed, and shrunk
together, with the results previously mentioned,
and finally, owing to their enormous size, shipped
by special steamer, vid the Manchester Ship Canal,
to the Tyne.

The metal of the finished draums varied in thick-
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ness from 1% in. to 244 in., but at the point of
junction it was almost trebled in thickness to form
an internal flange where the parts were bolted
together, and here the buttress thread was turned
80 that the parts could be screwed together at the
flange preparatory to the fixing of the bolts. The
connections were made while the metal was hot.
The buttress thread obviates any possibility of the

metal opening out at the outer points of connection

daring contraction.

The turbine-casings, illustrated on the preced-
ing page, are of cast iron, and were made b
Messrs. Fullerton, Hodgart, and Barclay, Limited,
Paisley. In the case of the largest piece, which
weighed over 35 tons, there were upwards of 100

ieces of mould and cores, each of which had to

adjusted and fixed in its exact position. The

Works a number of experiments in order to test
the various methods of rooting, binding, and
shrouding the blades. Early in turbine work he
became a strong advocate of the segmental method
of building up the blades, alike for rotors and
casings, realising that this means afforded at least
equal security and accuracy with the separate
system of blading
work of completing the turbines to be done much
"more rapidly, because the segmental sections
could be built up contemporaneously with the
' manufacture and machining of the rotor and casing.
Indeed, in the case of the Mauretania's turbines,
one of the turbines was completely bladed in
14 days ; and when it is remembered that the total
number of blades in this rotor was 50,000, it will be
recognised that the system, from the point of view

, at the same time enabling the

1139. The Willans and Robinson ment com-
mended itself for the roots, but the Parsons
| method of binding the blades was adopted.
It has been urged by some that the bending
of part of the blade over the base-plate of the
root, a3 shown on the plan in Fig. 139, tended
to punish the metal ; but tests were made to ascer-
!tain the tensile strength of the metal before and
i after the stamping to the bent form, and these tests
gave results viic were quite satisfactory. Vibra-
tion tests were alsq carried out to test the effect of
the various methods of fixing the blade-roots.
Having fixed upon the system to be adopted, the
Wallsend Slipway and Engineering Company
secured spocial machinery for carrying out the
| various operations, and they have now one of the
| best-equipped blading departments in the country,

Fio. 129. Toe TursiNgs IN THE WALLSEND ENGINEERING SHors, witH HiGH-PREssURE TURBINE IN FOREGROUND.

iron used was of various selected brands, re-melted
into pigs to make sure of it being homogeneous ;
test-bars were cast on every casting, and tested
considerably above Admiralty requirements. Each
of the castings, after being taken out of the mould,
cleaned and fettled, was put into an annealing
stove, and so re-heated up to from 800 deg. to
900 deg. Fahr., at which heat it was kept for
24 hours ; afterwards it was allowed to cool slowly,
and only taken out of the annealing furnace when
quite cold. This, besides annealing the castings,
had the effect of taking away any strains set up
during the contraction of the metal after being cast.
It is very creditable to the workmen employed upon
these castings that not one of the large moulds was
defective in any way.

The bladed portion was made separate from the
ends. These latter are in two pieces, with a
central joint. The bottom portions of the steam
and exhaust ends are cast in one with the bearing
stools, and the thickness of metal varies from
1} in. to 23 in. The portions of the casings which
carry the blades were cast separately from the steam
and exhaust ends, and these parts were fitted
together and attached to the ends with a circum-
ferential joint. The usual longitudinal division was
made to enable the casing to be lifted for the
examination of the rotor. The metal in the casing
is about 2% in. thick, and, as shown in the various
drawings and photographs reproduced (see Plates
LXXXIV. and LXXXYV.), it is well ribbed. The
bolts used were formed of silicon steel of a tensile
strength of from 34 to 37 tons per square inch.

BLADING EXPERIMENTS AND MANU.
FACTURE.

U

The subject of the blading of the turbines has
received equal, if not greater, consideration than
the forgings for the rotors and the castings for the
casings, and in the initial stagea of the work Mr.

Laing had carried out at the Wallsend Engineering

Fig.1%6 (g.137.
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of time, confers a distinct adyvantage. A segment
and a complete ring of blades aro illustrated on
Plate LXXXIX.

The question which remained to be determined
had reference to the best system, and quite three
years ago'a series of experiments were entered.
upon in order to test various possible systems of
segmental blading. In view of the deep packing-:
pieces required for the larger blades, different
methods of side caulking for securing the roots
of the blades were tested, and the detail draw-
ings reproduced above are, from this point of
view, interesting. These are more or less self-
explanatory. There was devised a system of
stringing the blades at their roots, along with the
distance-pieces, in combination with a continuous
shroud at the tips (Fig. 137). The Willans and
Robinson system was also tested, and two other
systems of {)lsding, as illustrated by Figs. 138 and

. Parsons root system.

whether regard be had to independent blading, to
the Willans and Robinson system, or to the later
On Plate LXXXVIIIL. we
reproduce, in Fig. 141, an engraving showing

t of this department. The blades are delivered
in rolled bars, and are cut to length in one of
several Taylor and Challen stamping - presses.
Where the Willans and Robinson system is to
be adopted a similar tool stampe the root of each
blade to form the right angle, shown on the
plan in Fig. 139, for insertion into the segmental
root-plate. A corresponding machine makes the
indent for the Parsons binding-strip near the
tip of the blade, while a small milling-machine
fines the point of the blade to that gouge-pointed
shape which i8 now universally adopted in order
to obviate any effect from the seizure of the blade
against the proximate surface when running. The
blading adopted in the Willans and Robinson
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system necessitated the construction of an ingenious
to8] which mills out the groove for each blade at the
correct position in the foundation plate of the

t. The' blades are then assembled and
sscured to these root-blades.

With the Parsons system of root-fixing, adopted
for the machinery of the British battleship Superb,
now being made at the Wallsend Engineering
Works, the system of manufacture is only slightly
different. The blades are similarly cut to length,
the indent made where required for binding, and
small tools used for boring the hole, by means of
'pt.ilzl:li-‘ht:mwodg.:! Th w&t:ermm dol:f
wi o W w on pl
take the curves ool nding to the blade, are
similarly cut to length bored. For the
assembling of the blades and distance-wedges,

ings are made to correspond to part of the
circumference of the rotor or the casing, and these
form cheeks, which are bolted together with a
distance-piece, ocorresponding to a groove in the
rotor or casing. In building up one segment or
length of g, the wire is through the
hole in one blade and secured ; distance wedge and
blade are alternately strung and tightened up in the
groave between the cheeks by means of a caulking
tool ingeniously formed with a groove on the lower
side to fit over the wire. The stringing completed,
the blades are trued up in the vertical line. The
next operation is the insertion of the binding wire,
after which the Iacin:g i:lrut. on around the binding
wire and blades with silver solder heated by gas
blow-pipes. The rapidity with which the work is
done resultsas much from the deftness of the opera-
wrl['n‘i:o to experience, as from the admirablespecial
appliances devised for each operation. To ensure
experience each man carries out one opont.iou. and
thus cutting, drilling, lacing and caulking, trueing,
binding, and soldering are each done by separate
workmen. The segments are finally filed up to
remove trimming, &c., and are then ready to be
inserted in the rotor or casing. This, as we have
already indicated, may be rapidly done. The seg-
ments, being numbered .ecordmg to their exact
position in the turbine, are assembled and caulked
into the grooves, firt with wooden mallets, and
later with ial caulking tools, so formed that
they can be inserted between the blades to abut
on the caulking-piece.

GLANDS, BEARINGS, THRUST-BLOCKS,
SHAFTING, &c.

The turbine-glands surround the spindle where
it leaves the turbine-casing in order to obviate, in
the case of the high-pressure turbine, the leakage of
steam from the casing, and in the case of the low-
pressure turbine the leakage of air fron the atmo-
sphere into the casing and thence to the condenser.

e glands are of cast iron, with a horizontal joint,
and are bolted to the gland recess at the casing ends.
The packing is of the point or V type, with very
small clearance, with the addition of rings of steam-
pockets. There are at the outer ends Ramsbottom
rings of *‘ Ajax " bronze. In the case of the high-
pressure gland there is one stean-pocket either, to
take reduced steam or to leak off to the condenser,
as the conditions of runving may require. In the
case of the low-pressure and astern glands, there are
two steam pockets : the inner one, arranged to leak
off to the end of the third expansion of the low-
pressure turbine, the other to admit reduced steam
at suflicient pressure to preclude the pasaage of air.

The bearings for all the turbines are of cast
iron lined with white metal on their running sur-
faces. The outer wall is in the form of a sphere,
which works in a dished pedestal, in order to ensure
an equal preesure upon all parts of the length,
notwithstanding any possible deflection of the shaft.
The bearings are arranged for internal water circu-
lation; the bearing cap is also of cast iron, but has
no water circulstion. At the centre of each bearing
there is titted a safety strip of ** Ajax'" bronze
115 in. below the white metal. This was fitted so
that if the white metal by any chance geta heated
snd runs, the rotor will rest on the safety strip,
and the blades on the rotor will still be kept clear
of the casing, while at the same time the casing
blades will not rub against the rotor surface.

The thrust-block in the case of the high-pressure
turbine is at the forward end, while, as we have
already indicated, it is, in the case of the inner
shafts, between the low-pressure ahead and the
astern turbines. The thrust-block is of cast iron,
with a bolted steel bush for holding the thrust-

639

rings ; these latter are of -metal, with white
metal on the rubbing face. e top portion of the’
thrust-block takes the steam thrust, and the bottom
portion the propeller thrust. The block in all
cases is on a sole-plate of its own, and can be
moved in a fore-and-aft direction for the pur%e
of adjustment by means of powerful bolts. )
upper portion, which, as we have said, takes the
steam thrust, can be moved relatively to the under
portion ; this allows for the adjustment of running
clearances in the thrust-rings. The thrust-shaft is
bolted on to the main turbine-shaft by the usual
oouplings and bolts.

or adjusting the dummies, which are of the face
type, for the high-pressureand low-pressure turbines,
and which run with very fine clearances in an axial
direction, the whole block is moved either way to
give the necessary clearance. The dummies in the
astern turbine are of the radial type, so that the
lateral adjustment of the low-pressure dummy does
not affect the clearance of the dummy in the astern
turbine. Midway along the dummy there is a
pocket formed, which is connected by a pipe to one
of the succeeding expansions. In the event of the
pressure in this pocket being greater than in the
expansion to which it is connected, a portion of
the steam is allowed to leak into the expansion, the
remainder escaping to the exhaust.

At the casing ends there are fitted micrometer

uges, which enable the exact clearance of the

ummies to be ascertained while running.

The line shafting is 20 in. external diameter and
10 in. internal diameter ; the maximum length of an
one pieoce in 23 ft., and all is of 28 to 32-ton steel.
All the shafting was made by Sir W. G. Armstrong,
Whitworth, and Co. The ocouplings are 35 in. in
diameter by 4} in. thick, and are coupled together
by tapered bolts having hexagon ictdl The
p{ummer-bloclu are of cast iron, lined with white
metal on the be.ring surfaces, and are arranged for
internal water service on the bottom. Ordinary
syphon lubrication is fitted, as is also external water
nervioe.

The propeller-shafts are all 30 ft. 13 in. long and
22} in. in external diameter, with a 10-in.-diameter
hole. The gro ller-shaft liner is of i:r:-mohl. in
one piece, the diameter over the liner being 24] in.
A view in the shaft tunnel is given on Plate XCV.

The atern-tube ia of cast iron, the minimum
thickness of metal being 3 in.; the forward and
after bushes are of gun-metal, fitted with lignum-
viti strips. Each propeller-boss is of cast steel.
The three Llades are of manganese-bronze, and are
attached to the boss with high-tensile steel studs
and manganese-bronze nuts.

There 18 a set of turning-gear to each line of
shafting, placed, in the case of the outer shafts, at
the aft end of the high-pressure turbine, and in the
oase of the inner shafts at the aft end of the low-
pressure turbine. The consists of an electric
motor of 30 brake horse-power, capable of taking
double the load at starting. The drive from
the motor is by a Hans Renold chain, which works
on to a wheel {eyed on the first-motion worm, the
worm-wheel of which is again keyed on the second-
motion worm-shaft, which is vertical, and gears
into the gun-metal worm-wheel on the turbine
shafting. The bracket which carries the firut and
second-motion worms rests on a machine-bed, and
can be moved in and out of gear by means of a
screw. The gear is arranged to make one ocom-
plete revolution of the shafting in 8} minutes, and
the motors are interchangeable with the lifting-
gear motors.

Forced lubrication is applied to the main bearings,
and there are six of Weir's pumps fitted in &e
centre engine -room between the low - pressure
ahead and the astern turbines, to maintain the
pressure. Four of these suftice for the duty, so
that two are stand-by pumps. The soctions are
cross-connected, so that any pump can draw from
either set of oil-drain tanks, port or starboard.
The oil can be supplied to the bearings either by
the pumps direct or from an overhead gravitation
system. In the discharge from the pump an oil-
cooler is interposed on one of the upper plstforms
near to a downcast ventilator. There are two pipes
to each bearing and thrust, one from the overhead
tank and the other from the pump direct. The
pressure due to gravity from the tank is from b lb.
to 10 1b. per square inch. There are four large
tanks for reserve oil, and on the end of each bearing
there is an il save-all. The drains from the Iatter
are taken into the drain-tanks below the astern

turbines. Iu the case of the high-pressure steam

ends and the low-pressure-steam ends the drains are
led into the casing ends below the bearings. The
casing end forms part of the same casting as the
steam end of the turbines, and it is consequently
important to maintain an equable temperature
throughout the casting, so that there may be the
minimum of variation consequent upon unequal ox-

ion. The outlet for the oil in the casing is
therefore at a high levol, to ensure that there will
dwnio be in the casing a large gathering of oil,
which is at aboul the same temperature as the shaft,
within the ing. There is thus the minimum
effect upon the dummy clearances due to unequal
expansion in the whole bearing. Sight-glasses are
fitted in the drain-pipes from each bearing, enabling
the engineer to see the amount of oil which is
passing through.

THE TURBINE LIFTING-GEAR.

There are six sets of lifting-gear, one for each
turbine, and for each set there is a 30-brake-horse-
power motor, capable of taking double load at
starting, interchangeable with the turning - gear
motors. The general arrangement of the lifting
mechanism is well shown on the plans and sections
on Plates LXXXIII. and XCVIII. Oa the motor-
shaft there is keyed a spur-pinion, gearing into a
spur-wheel on a shaft which runs the full length
of the turbine, but at a considerable height above
it. From each end of this shaft there is driven,
by a Hans Renold chain, a wheel keyed on the
worm-shaft of the main lifting-gear bracket. This
worm-shaft drives & gun-metal worm-wheel, sup-
ported on ball-bearings, and forming the nut in
which the lifting-mwt work. The lifting-screws,
one at each end, are 7 in. in diameter and 1§ in.
gitch. The main lifting-gear brackets are bolted

own to strong beams running between the longi-
tudioal bulkhead and the casing side at the
main-deck level. The columns for guiding the
casings and rotors are 7 in. in diameter. y
are bolted to the turbine - casing, and, where
pnctieable. extend to the underside of the lift-
ing-beams, or to deck-beams. cases where
it is not possible to carry these columns up
to beams, owing to interference with the main
turbine connections, they are stopped short and
braced at the wg..‘:fm running across to the
longitudinal bulk . ere are two columns at
each end of the turbine, and guide-brackets on the
casing embrace these columns, as does also the
cast-steel crosshead connected to the main lifting-
screws. In lifting a casing the ends of the steel
crosshead engage the underside of the guide-
brackets, and when the casing has been lifted the
requisite height, forged ateel columns are inserted
between the top and bottom horizontal flanges of
same. This prevents the casing coming down, but
leaves the crosshead free to return and lift the

rotor. For lifting the rotor a cast-steel strap lined
with white metal is slung round under the shaft
between the ing and the gland, and the cross-

head is lowered until it comes in contact with the
top of the shaft. Bolts are then passed through
the crosshead and these screw into the strap; the
rotor can then be lifted.

This gear can also be used for turning out a main
bearing as follows :— A strap ie bolted round the
lifting column, which prevents the cross-head com-
ing quite down on to the shaft; the bolts proviously
referred to raise the steel strap, and hence the
shaft. A forged steel strap is bolted over the shaft
to the bearing. The shaft is then turned round
by the turning-gear. As the weight of the shaft is
taken on the cast-steel strap, the friction between
the strap bolted to the bearing and the shaft is suffi-
cient to turn out the bottom half of the bearing ; the
steel strap meanwhile acts as a bearing, and being
lined with white metal, prevents injury to the shaft
at this place.

Preparatory to the lifting of the high-pressure
turbine casing and rotor, the exhaust branch is
carried aft on & special trolley. The steam-
strainer is also, by a trolley, swung into the wings
of the ship, and by means of chain-blocks the rotor
bearings are raised a sufficient height to clear the
lifted position of the rotor-spindle. The casing
and rotor are now ready for lifting. The high-
pressure casing has to be lifted through 4ft. 10 in.,
and the time taken in the operation is 15 minutes.

In the lifting of the low-preesure casing and rotor
it is necessary, first, to dispose of the upper por-
tion of the steam-inlet branch, which is slung on a
beam under the main deck, the lower portion
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swung round to rest on the casing. The
cast-ron portion of the main exhaust branch is
dismantled, the forward part being placed flat on the
oasing, whilst the other three parts are carried in
alings at the sides and aft of the turbine. The rotor
bearings, by means of chain-blocks, are lifted suffi-
cient to clear the shaft when in its lifted position.
The low-pressure casing and rotor are then ready
for lifting. The time taken to lift this casing is
20 minutes.

In the astern casing the exhaust-pipe has to be
first raised sufficiently to clear the fPt;d position
of the casing. This is done by having the
exhaust-pipes hinged a certain distance along, and
by taking out a wedge-piece between the pi
and the exhaust branch the pipe is free to g
swung up, and hung from the underside of the
main deck. The strainer is moved along the casing
to clear the exhaust-pipe, and the rotor bearings,

by means of chain-blocks, are lifted a sufficient
height to clear the lifted position of the shaft. The
astern casing and rotor are then ready for lifting.

THE STEAM DISTRIBUTION AND VALVE
IN THE TURBINE-ROOMS. .

Of equal interest is the arrangement for the
distribution and ocontrol of the steam through the
sucocessive turbines, and especially the arrangement
made to ensure rapid manipulation of the valves,
80 as to secure quick manwuvring of the ship.
In this connection we confine ourselves to the
arrangement within the turbine-machinery rooms,
leaving the boiler equipment until a later period.
As shown in the drawings of the general arrange-
ment of the main machinery on Plate CIII.,
there are two lines of main smm-pims entering
the engine-rooms, the two forward boiler-rooms
being connected to the port main steam-pipe,
and the two aft boiler-rooms to the starboard
main steam - pipe. These pipes are 24 in. in
diameter, and made of lap-welded wrought iron,
with screwed-on wrought-iron flanges. In these
two pipes on the engine-room side of the bulkhead
are placed the stop-valves, which are operated
by a Brown steam and hydraulic engine. This
engine can alsu be operated by hand. It is con-
nectod to the governor-gear by shafting common
to both valves and to all four turbines, so that if
any one of tho turbines exceeds n predetermined

speed, the gear would close both of the stop-valves
on the bulkhead. In order that either valve may
control the machinery in both engine-rooms, there
is a cross-connection.

Here there may be properly introduced a de-
scription of the governor-gear, and its connection
with these main valves. This governor - gear,
which is of the Aspinall type, is driven off the
forward end of each line of main shafting
through a worm and worm-wheel keyed to the
shaft at right angles to the main shaft, and from
one end of this is taken the crank and connecting-
rod for driving the lever carrying the Aspinall
governor, while from the other end there is taken
the drive for the tachometers. The governor
makes half the number of revolutions of the tur-
bine. In the event of excessive speed, the pawls
on the Aspinall governor come into contact with
the trip-lever, which is connected to the horizontal

Fi1a. 144. STARTING AND MAN®UVRING GEAR.

shaft extending across the engine-room, and
actuates, through a lever, the valves of the Brown
engine for the main steam-valves. Between the
trip-lever of each turbine governing-gear and the
shaft across the engine-room is a slotted end, so
that in the event of any one turbine exceeding the
speed, it would operate the shaft controlling the
stop-valve without disturbing the governor-gesar of
any of the other turbines. By a similar means
the Brown engine can be set in motion to open
the main valve without being connected to the
governor-gear of the turbine which had exceeded
the speed limit. The slot in this case is formed in
the rod, which is connected to the hand-lever of
the Brown engine. Owing to the cross-connection
both valves may be closed in the emergency
described, but either may be opened by hand,
enabling the steam to pass to any of the twin sets
of turbines.

The steam, after passing through the main valve,
enters a separator of the spiral type, from which the
water is drained, either through a trap or straight
into the hot-well. Steam from this separator passes
either through the high-pressure regulating valve,
which, like the main steam-valves, is of the
equilibrium type, or to a manceuvring shut-off
valve, which is of the piston balanced type, and
thence to the manwuvring valve of the equili-
brium type.

This last valve, as its name suggests, is only
used for manwuvring, when the high-pressure tur-

bine is usually thrown completely out of action.
Thus, in going out of gurbonr or entering
port, where there are frequent changes in the
direction of rotation of the propellers, the centre
shafts only are used, and on such occasions the
mancuvring valve, which does all the work, is
therefore of very considerable importance, and its
operst.il::f mechanism of great interest. It has an
18-in. inlet, and consists of double valves fitted with
the Bevis-Gibson disc.* The feature of this disc is
that in order to overcome the play which sometimes
arises in equilibrium valves, due to unequal expan-
sion between the valve and the valve-casing, the
upper valve is fitted with a light disc, secured to the
round body by a junk-ring, while the lower valve
has the ordinary mitre face. The valve when closed
rests on the mitre face, and the steam acting on
the light disc keeps it down to the face and makes
a steam-tight joint. One of the two valves controls

the admission of the steam to the low-pressure
turbine for going ahead when mancuvring, and the
other regulates the steam supply to the astern
turbine on the same shaft.

The valve-operating mechanism had, therefore,
to be arranged to ensure that both valves could not
be opened simultaneously, but that both valves
might be closed at the same time. On the oppo-
site page is & drawing illustrating the mechanism
of the valves. It will be seen that on the end of
the valve-spindle there is a lever connecting with
both spindles. From the centre of this lever there
is a spring compressed between the valve-casing
and the lever, which tends to keep both valves
closed. Mounted on each valve-spindle at a higher

int is a sliding-block, which is connected by
inks to s common lever fulcrummed in the centre.
This lever is attached to the Brown steam and
hydraulic engine used for actuating the gear. When
the engine moves, it acts, through the fulcrum lever,
to lift one of the sliding-blocks until it comes into
contact with a shoulder on one spindle, whereby
one of the valves is opened. The other end of the
fulcrummed lever, being depressed, pulls the block
attached to it downwards, and as the latter rides
loosely on the spindle, this valve is not affected.
The return stroke of the engine brings the ful-
crummed lever to the horizontal position, pulling

* See Proceedings of the North-East Coast Institution
of Engineers and Shipbuilders, 1902,
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the block down the spindle. At the same time the | to the body in order to reduce friction as much as!outlet—31 square feet—the valve can be closed
spring closes the valve. possible. The port reats on two gun-metal rollers, | within two minutes. In the case of the 60-in.
This manwuvring valve is worked from the start- | which run on a machined gun-metal path, the!valve, which controls the exhaust from the high-
ing-pedestal (of which an engraving is given on the | rollers being fitted with roller-bearings. | pressure turbine to the condenser direct, where
opposite page, Fig. 144) by the inner wheel shown.!| The mechanism for operating the valve is also ' the exhaust area is 20 square feet, the mechanism
This wheel works, through mitre-wheels, spindles  illustrated on Plate XC. There is a special elec- is exactly the same, the only difference being that
terminating in the screw which operates the valve | tric motor mounted on a bracket secured to the the valve has one instead of two spindles for
of the Brown engine. When the piston is in ! valve casting. The motor spindle is supported at - opening and closing it. At the starting pedestal
mid-position, both valves are closed ; the forward : its outer end on a corresponding bracket, and has ] tE:ro is an index fitted to show the action of the
stroke opens the valve which admits steam to' upon it worms gearing into worm-wheels keyed on ! valvoafter the actuating lever has been manipulated.
the astern turbine, and the backward stroke the screwed forged-bronze spindles for opening and | The exhaust-pipe from t.hei:.ifh-pre-uro turbines

operates the ahead valve.

a oonnecting-rod which shows on the startinga bevel gear for operating the vs.ve by
estal the position of the manwuvring valve.
n the event of the Brown engine breaking down,

| the mitre shaft

Through one of the ' closing the valves. Theee are supported by gun-
aliding-blocks already deecribed there is drivonf :

There is also
there i mall md‘ N

ere is a s spur-w geared
into a larger wheel, the spindle of which latter is

metal tubes to prevent saggin,

Rg.1#7

Fios. 1456 axD 146. MaNKUVRING VALVE AWD ACTUATING GRaR.

there is a hand-pump at the starting pedestal
which enables t manwuvring valves to be
opened and closed by water pressure in the Brown

E oosan steaming, however, this mancruvring
:;l.ve will not be in opc::io? :‘he steam from
separator passing to the high-pressure regu-
lating-valves l(mf-. 147 and 148). This is a
24-in. valve, o of cast steel, and is operated
by hand-gear throuqll‘nh the larger wheel on the
starting pedestal. o gear, although operated
by hand, is of very powerful type, and oon-
sista of 2 worm and worm quadrant keyed to a
crank-shaft, with a rod connecting to the valve-
spindle. The arrangement is such that the valve
is just closing when the crank is near the dead
oentre, so that a very powerful closing effort is
developed. The arrangement has also this advan-
tage—that it takes a very small number of turns to
ogen the valve: from full-open to full-closed, about
12§ turns of the hand-wheel. Besides being
opened from the starting pedestal, this high-
regulating-valve has also an auxili
K:nd-gur in the high-pressure-turbine room, whic
operates the same spindle through bevel-gear.

The area of the exhaust port from the high-
preasure turbine is about 31 square feet, and con-
nections have been formed so that the high-pressure
turbine may exhaust either to the low-pressure
turbine or direct to the condenser. These ocon-
nections are controlled by valves, the exhaust-valve
to the low-pressure turbine being of the sluice type,
76 in. in diameter, and the exhaust-valve from the
high-pressure to the condenser direct of the same
type, and 60 in. in diameter. Generally the two

ves are of the same design, and similar iu their
operation. On Plate XC. we illustrate the 75-in.
sluice-valve, which was constructed by Meaars.
Glenfield and Kennedy, Limited, of Kilmarnock.
The valve was made for a working pressure of 30 1b.
to the square inch, and the body was cast in halves,
which were afterwards machined and bolted together.
The actual valve or port is of circular box form, the
face of which is of gun-metal of heavy section,
sttached by gun-metal pins. A similar ring is tixed

passes through the longitud bulkhead dividing
the engine-rooms, and copper expansion-pieces are
fitted at this point, asillustrated in Figs. 161 and 162,
below. In order further to avoid a steam-pipe oon-
nection to the ship-work a steel frame is titted in

Fiax. 161 ann 162. ExransioN Pigces ForR STEAM-
Pires THROUGH BULKHEADS.

"screwed with a fine thread, on which travels a nut,

the latter at the end of the travel coming in contact
with a link for throwing the motor switches out.
These valves also are operated from the starting
pedestal ; the levers for this pur are the two
outer onea from the centre line of the ship, as shown
in the photographs reproduced on the oprocibe
page. I‘s’ otwithstanding the great area of the

ngular
‘built up of four plates with flanges, and well

Figs. 147 axv 148. Hicu-Paessur® ReGuLaTING GEAR AND OPERATING GRAR.

the bulkhead, having a sliding-piece with suitable
packing, as illustrated, which accommodates any
movement, vertical or horizontal, in the steam-pipe
due to expansion or contraction, and at the same time
precludes any slight vibration of the bulkhead
affecting the exhaust connections. In the exhaust,
direct into the main condensers from the high-
turbine, sim&n ot‘)'n&eet:::lok h::l ange
where the pipe passes through the . e
exhaust frol:np:ho high-pressure turbines into
the main exhaust-pipe from the astern turbine,
which is 6 ft. 3 in. in diameter, and joins the main
turbine,

irect to the condenser.
box

exhaust from the low-
which latter is connected
The main exhaust trunk is a recta

stayed internally, as shown in the photograph re-
produced in Plate XCI. This construction was
adopted as it enabled the trunk to be taken
to pieces easily, to allow the turbine-casing under
it to be lifted close up to the bend of the ex-
haust connection into the condenser. The bend is
of steel plates riveted, and to this bend the astern
exhaust is connected. Some idea is suggested of
the size of this exhaust by the engravings on
Plate XCII.,, and the opening, it may be said,
is 10 ft. 6 in. by 15 ft. 6 in. Copper expansion-
pieces are fitted between the exhaust-bend and
the sliding-plate on the transverse bulkheads which
separate the engine-room from the ocondenser-
room. This expansion conuection allows for ver-
tical rise, or athwartship play, due either to expan-
sion or vibration of the ship's structure. On the
after side of this plate there is another ocopper
expansion-piece, sonnecting to the exhaust branch
of the main condenser.

At the steam inlet on each turbine there is a
strainer, the body of which is of cast steel fitted
with a cartridge of perforated brass.

To enable the pressure in the succeesive stages
of expansion within each turbine to be ascertained
gauges have been fitted on all turbines ; but instead
of a separate gauge being adopted for each stage of
expansion, there are only two in each turbine, each
fitted with a three or a four-way oock, so that by
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Sands

and adequate oiling arrangements.

~ The main air-pump installation consists of four ' by theee
sets of wet-air pumps, and four sets of dry-air discha

pumps. The wet-air pumps, made by Measrs. G.
nndgfw P o y

eir, Limited, are of the beam twin type, fully illustrated and described in
ocach set having two steam-cylinders, and two | August 2 last,
pump-barrels. Two sets of pumpe draw from each '
condenser. The dry-air pumps, also nade by:
Messrs. G. and J. Weir, are of the twin enclosed jenters at the bottom and

type, there being two steam-cylinders and t wo pump
valves in each set.
air pumpe draw from each condenser.
the dry-air

with pisto
for a 7-in. stroke.

melal, are above the ateam cylinder, and tho
air passes into the barrel above the bucketa through
round openings, and is forced through the head-
valves on the up-stroke of the pump. Increase of
temperature is checked by a small supply of circu-
lating water which passes through the air chamber.

Two hotwell tanks are situated under the main
condensers, and are arranged to be worked together
or independently. Four hotwell pumps by Meassra.
Weir are placed at the after end of the low-
pressure room, and are thus in close proximity
to the hotwell tanks from which they draw. The
arrangement is such that any pump can draw
from any tank, and any pump can discharge to
either heater on the port or starboard side. The
steam supply to the pumps is controlled by a float
in each hotwell tank, which vperates a control-cock
taking the steam from the auxiliary range.

stuffing-boxes are provided with gun-metal discharge sides.

Two sets of both wet and dry- auxiliaries bein
A section of ' tubes. The ex
pumps is given in Fig. 168, annexed.
These dry-air pumps have 7-in. steam cylinders
n valves, and 24-in. air cylinders adapted
The air-chambers, of gun-.rators, exhaust into this heater.

Esch pump is also fitted with
'a direct steam connection. The water is drawn
umps from the hotwell tanks, and is
through the main-feed filters, made by
the Harris Patent Filter Company, and already
NGINRERING of
¢161. From thefilters the water

through the surface feed-heater, made by
essrs. G. and J. Woir. In this heater the water
through the
tubes, which are vertical, the exhaust from the
circulated on the outside of the
ust steam therefore gives up to
. the feed-water its heat. In sodoi:ﬁ it is condensed,
I and returns as water to the hotwell tanks. Allthe
! auxiliaries, with the exception of the turbine-gene-
This surface-

heater was fitted so that full advantage could be
taken of the heat in the exhaust without the dis-
advantage of oil heing admitted into the feed
aystem, The feed-water then passes either to the
direct contact feed-heater, or direct to the feed-
pumps in the boler-room.

The exhaust fiom the turbo-gencrators passes
into the direct-contact heater, as does also the
vapour from the feed-make-up evaporators. The
direct-contact heaters-two ia number—are also
by Messrs. G. and J. Weir, and are of their usual
type, the exhaust ateam mixing directly with the
feed-water, and thus further raising its tempera-
ture.

rin the engine and boiler-rooms, and is
.into the main-feed rangces.
The | main-feed pumps in the engine-room, and the feed-

The water noxt passcs to the feed-pump suctions
ischarged
There are four sets of

outlet from this cock passes on to another control- ' discharge pipes are so arranged that each boiler-
cock regulated by the tlat 1 the direct contact  room can be fed by one of these pumps through an

heater.  The outlet from this cock is connected to independent pipe. The auxiliary-feed and ash-
the steam iulet salve on the pumps  The pumps cjector pumps, of which there are four one in each
aro thus controlled on both the suction and | boller-room—were made by Messrs. G. and J.

' Weir, and are of the duplex tgpo. They are con-
. nected to either range of feed-discharge pipes, asare
"also the two sets of auxiliary feed-pumps in the

‘boiler-rooms. The distributing valves for the
boilers are placed on the bulkheads at a convenient
position in each stokehold.

THE BOILERS.

There are twenty-three double-ended boilers and
two single-ended boilers, the collective firegrate
area being about 4060 square feet, and the heating
surface about 169,000 square feet. In each double-
ended boiler there are eight furnaces, and in each
single-ended boiler four furnaces, thus making 192
furnaces in all. These furnaces are of the Morison
suspension type, and were made by the Leeds

Fics, 168 Axp 169. Drv-Air Puups rorR Main CONDENKERS,

Forge Compmg. There is a separate combustion-
chamber to each furnace, and the construction of
these and of the boiler-shells is well shown in the
engravings on Plate XCIII. The boiler shell-
lates and stays are of high-tensile silicon steel of
rom 36 to 40 tons per square inch, supplied by
Messrs. J. Spencer and Sons, Newburn.

Aipended are the average tests of the shell-plates
and butt-straps which are supplied for the boilers
of tho Mauretania : —

Shell- Plstes :

Tensile strength ... 36.937 touns per &q. in.
Elongation ... ... 20.90) per cent. in 10 in.
Elastic limit 21.83 tons per aq. in.
Butt-Straps - X
Tensile strength ... 37.122 tons per sq. in.
Flongation 21.27 per cent. in 10 in.

Flastic limit 21.38 tons per aq. in.

Silicon steel was adopted after considerable experi-
mental work, undertaken by the makers in order to
satisfy the requirements of the of Trade,
Lloyd's, and other registry societies. The result was
to greatly reduce the weight of the boilers. The
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front and beck ends are, however, of ordinary ’from 226 to 460 revolutions per minute. No- | cubic feet of air per minute against a water pres-
mild steel. The uptakes are of the usual construc- | voltage and overload automatic releases are fitted | sure of 1 in. when running at a speed of 900 revo-
tion, built of steel plate, there being an inner and |to these controllers, giving complete protection | lutions per minute. The discs for these fans are
an outer casing, with an air space between. The to the motors under all conditions. When running | also of special brass sheeting. The motors are of
boilers are fitted throughout with Silley's patent I at the lowest speed the approximate output of air | the four-pole series-wound type, and are each cap-

Fia. 172. Uprake ror Six BoiLErs.
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Fia. 173. THe Circvrating Puses FOR THE AUXILIARY CONDENSERS.

from each fan is 17,000
against a water pressure of
The fan-room is well
Messrs. Allen’s single-inlet
Each fan is driven by 1
enclosed type, and is caj
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switch gear being mounted on enamelled slate slabs
fixed in a ventilated iron case having a hinge
door for access, the operating handle alone being
ex .
e sluice-valve motors are of the semi-enclosed
compound-wound type and are reversible; the
ocontrollers for operating them are placed inside
the starting-pedestal.

Table X1V. on the preceding page gives a list of
the motors in the machinery department.

AUXILTARY PUMPS.

The fire-pump was made by Messrs. G. and J.
Weir, and is of the duplex type. The sanitary
wmps, of which there are two, are also by Messrs.

eir, and are of the same type and size as the
fire-pumps. They are illustrated in Fig. 178,
annexed, and the dimensions are given in the
table of auxiliary machinery on page 636. The
fresh-water and condensed-water pumps are of the
duplex type, and were made by Measrs. Carruthers,
of Glasgow. Both pumps are arranged to draw
from the fresh.water tanks aft, and also from
the reserve fresh-water tanks in the double bottom.
The fresh-water pump discharges through a filter,
and from there the water is directed forward,
aft, or amidships. The condensed-water pump also
discharges forward or amidships, but can -also
discharge to the hotwell for feed-make-up purposes.

THE MACHINERY IN THE SHIP.

on Plates XCI. to XCVIIL. are
from pho rs of the machinery, and these
not only afford some indication of the immense
units in the ship, but suggest the great thought
and experience which were involved in the disposi-
tion of the mechanism, in order to ensure, as far
as possible, acceesibility and supervision. The
view, Fig. 179 on Plate XCV., shows the start-
ing-platform looking towards the port side. A
view of the various wheels, levers, and gauges
appears on page 640, but, as it was taken in the
sgop. it does not adequately convey the exact state
of the case. This starting-platform is on the
turbine-room level, and the engineer has in front
an inner wheel, shown to the left, for working the
manceuvring valves, an outer wheel for the main
high-pressure regulating-valve, and beyond, al-
though not seen in the photograph, are the levers
for the sluice-valves, &c. The %:uges record the

ressures, vacuum, &c., and the larger dial shown
18 for indicating approximately the revolutions.

As this is the alpha of the machinery, so the
photograph on tho same plate, Fig. 180, is the
omega, since it shows the shaft alleyway with the
propeller shaft. This view illustrates also the boss-
ing out of the ship. The line shaft is 26 in. in ex-
ternal diameter and 10 in. in internal diameter, the
couplings, well shown in the engraving, being 35 in.
in c{)iameter by 4} in. thick. It will be noted that
the bearings are of great length.

On Plate XCVI. there is a view of the turbo-
generators, which are described on page 628. The
turbines are of the high-pressure type, and exhaust
into Weir's direct-contact heater. There are four
sets, two of which are included in our engravings,
while beyond may be seen one of the switchboards,
of which a description is given on page 629. To
the left of the engraving are shown the tops of
the steam-cylinders of the circulating-fumps.

The other view on Plate XCV]. is from a photo-
graph taken at the after end of the low-pressure
turgine-room looking athwart the ship. To the
right is the bulkhead separating the turbine-room
from the condenser-room, and 1n the distance the
longitudinal bulkhead dividing the hi*h-prmure
from the low-pressure-turbine room. To the left
is the connection between the exhaust port of the
low-pressure and the exhaust bend into the main
condenser. When it is desired to raise the rotor of
the low-pressure turbine, this cast-iron portion of
the exhaust is dismantled, the forward part being
placed flat on the casing, while the other three

rts are held in slings abaft the turbine. The
{:twm platform is over the shaft rotated by the
low-pressure turbive. Notice may be taken of the
very heavy stiffness of the bulkhead, and there may
be seen, although, perhaps, indistinctly, the expan-
sion-joint in the athwartship bulkhead, where the
exhaust bend passes through to the condenser-
room.

The view, Fig. 183 on Plate XCVIIL,, is taken
on the top of the boiler, at No. 2 starboard

4

The ongnvinﬁ

aft boiler. This indicates the roominess of the|

platforms, and it may be stated, also, that the

temperature is comparatively low. The various
ipe connections and the valve from one of the
ilers can be seen.

The other illustration on Plate XCVII. is some-
what unique. It is a view taken from the platform
over the turbines looking upwards to the skylight.
We have already pointed out that the height from
the platform level to the top of the skylight is 79 ft.

On Plate XCVIII. there is given a view in the
main turbine-room looking forward. This, how-

ever, conveys but a vague idea either of the extent

Fio. 178. WasH-DEck

of the engine-room or of the great size of the tur-
bines ; indeed, it is impossible to get such a photo-
gn&h. The illustration, however, is instructive.
It shows one of the main bearings, and one of the
lifting-gear brackets with the two columns for
guiding this bracket durin‘g1 the process of lifting
either the upper part of the casing or the rotor.
The lifting-s!
is also seen. To the left of the engraving are
several of the auxiliary engines, principally pumps,
with their steam connections.

Fig. 186, Plate XCVIII., gives a view in the
pump-room. In the centre is the port inner shaft,
which is operated by the low-pressure turbine.
The engines for driving the main circulating-pumps
are shown on the higher platform to the left of

t, which is screwed at its upper end, | High

the engmvini, while below are the pump inlet-
valves. To the right of the engraving are the main
air-gumps, and beyond them the longitudinal bulk-
head, which divides the pump-room illustrated,
from the starboard pump-room, which exactly,
corresponds. ?

These photographs, however, as we have already :
stated, do not convey a clear idea of the magnitude |

of the equipment, and in our description we have

only succeeded in suggesting to the thoughtful
reader the reflection that the experience, ingenuity,
and thoughtfulness in carrying out the undertaking
were equal to the courage and responsibility in-
volved in guaranteeing the results. The whole pro-
fession will, we are sure, associate themselves with
us in congratulating the contractors upon achieving
a success worthy of their efforts.

The photographs reproduced in connection with
the description of the ship have been taken by
Messrs. Bedford, Lemere, and Co., London, Mr.
William Parry, of South Shields, and Mr. J. 8.

AND Sanitary Pumes,

Dodds, staff photographer of Messrs. Swan,
Hunter, and Wigham Richardson, Limited.
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ArLtyiNitd.—The aluminium industry is at present
thowing an unprecedented activity ; works are being
extended in England, Canada, the United Statee, &c.,

and new works are being erected. In Norway, two or
| three waterfalls a1 being exploited for the manufacture
Lof aluminium, and the furge Neuhausen Company, in
Switzerland, in addition to its old establishments, is
building two new works in Canton de Valais, where two
| waterfalls of 20,000 and 18,000 horse-power respectively
are bemg explunwd for the purpose. roluly aluminium
works are approaching completion at Papoh and Boesi
"and new concerns are being formed in Belgium  an
France. In the latter country the companies Froges and
I Pichiner are conatructing aluminium works at a couple
' of good sized waterfalls, which will increase their output
wuh some {#W) tona u vear. La Socicte d'Electrochimie
and La Socite dea Forces Motrices de 1'Arve are going
lw apply reapectively 4000 horse-power and 12,0C0 Lorse-
! power for the same purpose.
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QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANIA”

Fic. 62. THE SMoxkING-RooM, LooKING FORWARD.

Fia. 63.  SyokinG-RooM.  View rrow Sine oF FIREPLACE. Fia. 64. Syokinc-Rooyd. View ofF FIREPLACE.
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QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANIA”

Fia. 65. Lower axp Uprper Divinc-Sarooxs anxp Dowe,
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QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANIA"

Fi1c. 66. View IN Lower DiNING-SALoON.

Fii. 67.  Urrer DINING-SALOON, OR RESTAURANT.
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;QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANIA"

i

Fio. 82, THE SMOKING-SALOON FOR SECOND-CLASN PASSENGERS.

Firo. 83 Tue Drawing-Room ForR SECOND-CLASS PassgNGERS
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QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANIA"

Fic. 84. STaTE-R0OM FOR FIRST-CLASY PASSENGERS.

Fia. 85. StaTe-RooMm ror SECOND-CLAsS PASSENGERS.
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THE WORKS OF THE CONSTRUCTORS OF THE MACHINERY.

THE WALLSEND SLIPWAY AND ENGINEERING COMPANY, LIMITED, WALLSEND-ON-TYNE.

Fia. 114. THe BoiLkr MAcCHINE-SHOP.

Fic. 115, Tuoe BoiLer-FrLaNcING SHop.
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THE TURBINE MACHINERY OF THE SHIP.

Fic. 132, Low-Pressure Drum oF Fruip Pressep SteerL; Sir W. G. ArMsTRONG, WHITWORTH, AND Co., LrD., MANCHESTER.

Fia. 133. Low-PresstRE Rotor IN LaTHE AT WaLLseND WORKS.
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TURBINLE MACIIINERY OF THILI SHIP.

Fii. 134.

Fra. 135,

Rotor asv THrust-Suarr or Hica-Pressvxe Turpise.

Bottom Harry or Casina oF Low-Pressvre Terpise.
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THE TURBINE MACHINERY OF THE SHIP.

Fio. 140, PaRT oF TURBINE-CASING IN CIRCULAR PLANING-MACHINE AT THE WaALLsEND WORKS.

Fi:. 141.  TunrBINE-BLADING AT THE WALLSEND WORKs.




SN GINEERING Novewser 8 1907,
/\ B o )

THE

PLATE LXNXXIX.

TURBINE MACHINERY OF THE SHIP.

Fi:. 142.  Skovests or Low.Presstre Rotor-Brapise.

Fro. 143.  Cowrrete RiNe or Low-Presstre Rotor-BrLapise.




PLATE XC.

ENGINEERING, Novemper & 1907,

THE TURBINE MACHINERY OF THE SHIP.

Fu:. 160,

Frs. 149 1o 160. 75-IN. SLUICE-VALVE, WITH OPERATING-GEAR.
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\,\§Q‘NEERIN(;, NovEuper 8, 1907. PLATE XCIL

~ .

Fi..

164.

THE TURBINE MACHINERY OF THE SHIP.

Fii. 163, Expatst-Besps oF Low-PRi~sstre TURBINFs.

Arter-Esxp oF Tor Huar o Low-Presst ke Tornizve-Casing i8n Verrical Ao HorizosTar Praser At THE WaLisenp WORKS.

K]



1907.

ENGINEERING, NovEMBER 8,

PLATE XCII
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PLATE

NQ YN EERING, Novexses 8, 1907.
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PLATE XCIV.' ENGINEERING, NovemBer 8, 1907.

FUNNELS AND BOILERS.

Fic. 174. FuNNeELs IN ERECTING-YARD AT THE WALLSEND WORKs

Fie. 175.  View 1N Stokkenonn No. 3.




XCvV.

PLATE

1907.

NovEMBER 8,
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PLATE XCVL

—

ENGINEERING, NoveMBer 8,

Fia.

THE MACHINERY IN THE SHIP

Fic. 181. View IN THE Turso GENERATOR Room. (See Paqye 646 )

182 ArteR-Exp or Low.Presstre-TerriNE RooM, LOOKING ATHWART THE SHir. (Sve Paye 646.)

1907.




ENGTNEERING,

Novemper 8, 1907,

PLATE

XCVIIL.

THE

MACHINERY

Fi.

e, 184,

183,

VIFW LOORING

View at Tor or BoilvLkks.

IN THE

(See Page 646.)

vt Excine-Roos Haten, o (See

SHIP.

Page 646.)




PLATE

XCVIIL

ENGINEERING, NovkMBER 8,

1907.

THE MACHINERY IN THE SHIP.

Fio. 186. View IN THE MaIN TurBINE-RooM, LOOKING ForWARD. (Sce Page 646.)

Fia. 186. View 1IN THE Pumring-ExcINe RooM.  (See Page 646.)




ENGINEERING, Novemper 8, 1907.

Fia. 14.

THE WORKS OF THE BUILL

MESSRS. SWAN, HUNTER, AND WIGHAM

Fic. 13. GenEraL ViEW OF THE S)

SuirsuiLbiznG Bexti, snowiNe CoNsTRUCTION o¥ DousLe BorroM orF 1HE ‘‘ MAURETANIA,” LOOKING FoRWARD ; NOVEMBER 26, 1904.




PLATE XCIX.

ERS OF THE "MAURETANIA’"

.ICHARDSON, LIMITED, WALLSEND-ON-TYNE.

BUILDING WORKs rroM Tus River Tyasm.

Fie. 156. SurpsuiLpiNg Bekti, wiTH THE * MAURETANIA "IN FRaAME; FEBRUARY 23, 1905.
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ENGINEERING, Novemser 8, 1907.

Fia,

THE WORKS OF THE CONSTRUCTORS OF

THE.- WALLSEND SLIPWAY AND ENGINEE

Fic. 106. GexeraL VIEW OF

107. Tue BoirLers or THE ‘‘ MAURETANIA " IN THE BowLkr-ERkcTING SHor.




PLATE CI.

THE MACHINERY OIF THE “MAURETANIA”

{ING COMPANY, LIMITED, WALLSEND-ON TYNE.

tHe WoRrks rroym THE River Tyws.

Fia. 108, Tur TursINE-SHOP.




ENGINEERING, Noveuser 8 1907.

GENERAL ARRANGEMENT OF THE

CONSTRUCTED BY THE WALLSEND SLIPWAY AND E




PLATE CII.

BOILERS OF THE “MAURLETANIA”

JdNEERING COMPANY, LIMITED, WALLSEND-ON-TYNE,

Feat 10 [4 20 30 L d S0
(R . s — e P X % KR




ENGINEERING, Noveuser 8, 1907.

GENERAL ARRANGEMENT OF THE

Fig.119

CONSTRUCTED BY THE WALLSEND SLIPWAY AND
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MACHINERY OF THE

PLATE CIIIL

“MAURLETANIA

ENGINEERING  COMPANY, LIMITED, WALLSEND ON-TYNE,



ENGINEERING, Noveuszr 8, 1907,

]

GENERAL ARRANGEMENT OF THE

CONSTRUCTED BY THE WALLSEND SLIPWAY AND E

=

Fig. 121.

SECTION AT FRAMES 74,80,AND 86
LOOKING PORWARD

um

I.I.l.l-].l.l'l.l,|.|.-|“|.| —_— —_— —— _ ——
1
I
y— i
....
\ M
& ;
N
I K
. P
D / y I n
: 7/ w
- i o~ 8
| it .._. ﬁ . y; <
i JH ) A
. I A\ v
it S ST wvh:. ...... RS | ¥ N . /
it \ 5t et e | 1 T A /
J 1 i 4l It ! @ Wy
[\ N \ \: /— Ay % 0 ‘ ,m)ﬂ\w_
\ [e) N
T ) (G i_.uo& A \..\.. \\
! N\ & Q /) /
| N RS 2 \
+ N\ e T v
|l : s,
L A i Vo G W
) u § == wﬁ = N
nn m. ”
5 =
@ T
-.,, !
et :
.\\\\ti\.\\\\
.
L

232 X




ACHINERY OF THE “MAURETANIA’

INEERING COMPANY, LIMITED, WALLSEND.ON-TYNE.

PLATE CIV.
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