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PREFACE TO THE FIRST EDITION.

T'he Scientific and general Engineeving literatuve at the present
trme 1s of a very extensive and vavied chavacter, but however
valuable it may be to those who make it a study, the ordinary
veadey will natuvally find such volwmes unintelligible and uninter-
esting. It has, thevefore, occurved to the Author—who has had
thirty five years' experience in vavious branches of the profession—
that a brief outline of its history; a description of the innev life
of the Works and those comnected with them ; the system of
management in great establishments ; and the construction of ships
and engines, might prove intevesting and instructive to veaders of
all classes, if treated tn a free and wnconventional style.

In fuvtherance of this object, the language employed in this
Work has been made as simple and as free from technicalities as
possible, while a few of the experiences of private practice, a variety
of wuseful information, and a sprinkling of amecdotes have been
added, for the purpose of giving a little animation to the whole.

While endeavouring to impavt in a pleasant way as much
professional knowledge as possible, the writer has specially dedicaied
Chapter VI to those numerous people who * wish to know what to
do with theiv boys.” It is also hoped that Chapters XXIV,
XXV and XXV, will be instructive to those who desive a glimpse

of the secvets of private practice.
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vi PREFACE.

The tntention has been to try to intevest everyone, but the
difficulty of doing this is so appavent, that the kind consideration
of the gemevous veader may pevhaps be move casily extended to one
who has done his best, though conscious of numerous failings.

Many thanks ave due to the authors of various books, papers,
and perodicals, who have supplied information vegavding the cavly
history of Railways, Canals, and Steam Navigation; to Mr. B.
H. Thwaite, C.E., for revising the MS.; and to the firms who
have sent photographs, &c., from which the Enginceving Views
have been taken. Refevence will also be made to many other sources
of knowledge on similar subjects which in the following pages
have only been briefly touched upon. It is hoped, thevefove, that
this volume may not only afford instvuction, but prove sufficiently
intevesting to vepay perusal.

J. W. C, H.
LivErroolL, May, 1887.

PREFACE TO THE SECOND EDITION.

The highly appreciative manney in which the first edition of
this Work was vecetved by the press and by the fublic, has induced
the Author to make many improvements and tmportant additions,
but without alteving in any way the style of writing which has
made the book so popular. The text has been cavefully vevised
throughout, and so much fresh information given concerning the
latest phases of Engineeving, that it is hoped the volume wiil become
even move acceptable than its predecessor.

J. W. C. H.

30 NORTH JOHN STREET,
LIVERPOOL, September, 1889.
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CHAPTER 1.

STEAM NAVIGATION—CANALS AND RAILWAYS.

First steamer to India—Defects in Machinery—]Junins Smith and ** British
(Queen "—First voyage of * Sirius” and * Great Western "—The
pioneer Cunarder ‘¢ Britannia "—DBridgewater Canal—Liverpool and
Manchester Railway—Railway Mania—Difficulties of Railway
Engineers — Q.C. of the period — Woosung Railway — Japanese
Students in England.

Tue history and the practice of Engineering are so varied
and comprehensive, that it will be rather difficult to com-
press them into a very small space, nevertheless, their
leading events may be touched upon, and their principal
features referred to, in the following pages. People
generally seem to have a pretty fair knowledge of the
legal and medical professions—some of the unamiable
may say, ‘““a great deal too much "—but they also
possess, so far as can be learned, somewhat limited ideas
concerning the education and inner life of the engineer,
and for reasons which will afterwards be explained.

It is, indeed, surprising, that while the Arts and
Sciences flourished in ancient Greece and Rome, and
works in earth, and brick, and stone, attained colossal
dimensions, the mechanical branch of engineering was
asleep through all those ages, and only wakened up at the
beginning of this century with a giant’s power, transform-
ing our modes of travel and manufacture, and revolution-
ising the world in fifty years. It may be mentioned,
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however, that mechanism of a minute and philosophical
description had been developed in a variety of ways during
previous centuries, but was chiefly employed in the con-
struction of wonderful clocks, such as those in Strasburg
Cathedral and elsewhere, toys of various kinds, and other
useless, though, no doubt, ornamental curiosities. All of
which led to the great future, when the wheels, and
pinions, and shafts, then employed, would be reproduced
on a vast scale in mill gearing, and in the innumerable
details of powerful steam engines and constructive
machinery.

Leaving out of sight for the present the primitive
efforts of Mr. Miller of Dalswinton, to introduce miniature
steam navigation in the year 1788, and passing over the
advent of the * Comet” on the Clyde, in 1812, and also
the coasters which subsequently arose, we come down to
1825, when a bold effort was made to steam to India.
The merchants in Calcutta had offered a premium of a
lac of rupees for the first voyage out and home, averag-
ing seventy days each way, and this at last resulted in
the fitting out of the paddle-steamer ‘ Enterprise,”
of 470 tons, and with engines of 120 horse-power, by
Maudslay.

She sailed when completed, but with so many vital
defects in her machinery and arrangement that the wonder
is she ever arrived. For example, unprotected cylinders,
and an equally naked boiler, created such intense heat that
the men could not work below in safety. Her entire cargo
consisted of coals and stores for an expected run of thirty-
five days to the Cape, and in consequence of a quantity
of coals in bags having been stowed on-the top of the
boiler to gain extra space, the ship caught fire. The
average speed on the voyage was five knots an hour, and
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the time occupied amounted to one hundred and fourteen
days, forty of which were under sail, and eleven at
anchor. In every respect the undertaking was a com-
plete failure. It, however, exposed defects which the
engineers were quick to rectify, and her commander,
Lieutenant Johnstone, R.N., received f10,000 for his
arduous services.

In 1832, an American Doctor of Laws, named Junius
Smith, was fifty-four days in crossing by a sailing ship
from London to New York, and thirty-two on the return
voyage to Plymouth, which was quite too much for him.
He, therefore, carefully considered the subject, and at
last became convinced that “ any ordinary sea-going steamer
could do the distance in fifteen days with ease.” He then
energetically set about organising a company in London
for the purpose of building Atlantic steamers, but, like
the railway people before him, was considered by many
a semi-lunatic. Persevering, however, in spite of all
opposition, particularly from the sailing-ship proprietors,
and supporting his opinions by many calculations based
upon facts, he succeeded in forming a company with a
capital of (100,000, which enabled him eventually to
build the * British Queen " of 2,400 tons !

The failure of the contractors caused a serious delay,
but she was at last completed, and left London on her
first voyage in July, 1839, arriving in New York fourteen-
and-a-half days afterwards. In the meantime, Dr. Smith’s
firm had chartered the ¢ Sirius,” of 700 tons, for a voyage
out and home, and started her from Cork on April 4th,
1838, while another company had specially built the
“Great Western,” of 1,340 tons, which sailed from

Bristol on the 8th, their respective runs being eighteen
and fifteen days.

Droits reserves au Cnam et a ses partenaires



4 ENGINEERING, POPULARLY CHAP. 1.

Both vessels arrived in New York the same day, and
were received with salvoes of artillery, and the joyous
acclamations of vast multitudes on land and water. Their
captains and officers were almost deified, and the people
ran wild with excitement over the great and long wished-
for event. Captain Hoskin took charge of the * Great
Western,” and Lieutenant Roberts, R.N. — subsequently
lost in the ** President ” — commanded the * Sirius.” A
passenger in the former contributed a very interesting
description of the voyage, and their reception in New
York, to Chambers’s Fournal of the period.

The ¢ British Queen’s ” owners now proceeded with
the building of the * Britannia,” which was put on the
station in 1840, to carry the mails between Liverpool
and Boston, &c. The first voyage occupied fourteen days
eight hours, and those in the ship received a perfect ova-
tion from the inhabitants on their arrival, and it i1s said
that Mr. Cunard, who crossed in her, had eighteen
hundred invitations to dinner sent to him within twenty-
four hours afterwards.

Charles Dickens crossed in the ¢ Britannia,” and one
of the most interesting chapters in his American Notes, is
occupied with an account of the voyage. A notable
event in the history of this pioneer Cunarder was the
cutting of a channel, 100 feet wide and 10 miles long,
through the ice which filled Boston harbour in 1844, to
enable her to sail at the specified time, thus disappointing
the hopes of the jealous New Yorkers, who said «“ Boston
was an icebound port in winter.” The contract price for
the work was 10,000 dollars, but it cost 20,000; numerous
tugs, however, kept the ice in future from consolidating,
and thus prevented a recurrence of the difficulty. This
new era in civilisation, successfully inaugurated by Dr.
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Smith, was the forerunner of an immense traffic, and of
a wonderful rapidity of communication between the two
continents, which has been swiftly developed down to the
present time.

The original name of the ¢ Britannia’'s ” firm was now
slightly altered to the  British and North American Royal
Mail Steam Packet Company,” but as this grand and
impressive title was too ponderous for daily use, it
was changed to the ** Cunard Line,” whose long-sustained
fame is before the world, and needs no further comment.

CANALS AND RAILWAYS.

Simultaneous improvements were now made on land,
some of which, canals, for example, were of much earlier
date than the introduction of steam navigation. In 1760,
the roads around and between Manchester and Liverpool
were so wretched as to be often impassable, and the trade
of Manchester, small as it was, found its way on pack
horses to the Severn, down which it was floated to Bris-
tol.  The Duke of Bridgewater, who at this time ardently
studied engineering under Brindley, proposed connecting
the two towns by means of a canal, and soon afterwards
began its construction. Want of capital, however, for
carrying on the work compelled him to sell off nearly all
he possessed ; he borrowed small sums from his tenants,
and, as a last resource, mortgaged the Worsley Canal—
his first scheme —to a London firm, who gave him suffi-
cient money to enable him to complete the undertaking
to Runcorn.

[t must be borne in mind that all previous English
attempts in canal engineering had simply been to widen
out existing ditches and small streams, whereas those
just mentioned were cut through solid ground, involving
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careful surveys and difficult and costly works, such as
bridges, viaducts, &c. Now that Manchester had a
direct outlet to the sea, its trade went up with a bound,
and Lancashire manufacturers flourished.

The Bridgewater Canal ultimately brought in a
revenue of about £100,000 a year to its proprietors, who
became very exacting in many ways. It was frequently
blocked by an excess of traffic, and in winter often frozen
up, so that goods sometimes occupied as much time in
transit as they did in coming by sailing ship from New
York. To try to remedy therefore this unendurable evil,
the Liverpool merchants held a meeting, with Mr. Joseph
Sanders as president, and the result of their discussion .
was that George Stephenson should be applied to for
advice on the subject. Having gained useful experience
on the Stockton and Darlington, and previous colliery
lines, he immediately proposed a railway. The county of
Lancaster was in arms against such an idea ; the landed
proprietors, the little villages and towns, and all the
country houses too, declared that they would not have
their territory desecrated by such an innovation, which
was sure to bring with it many serious evils. The
unkindest cut, however, came from the canal people, who
waged a war of extermination against a/l railways.

The surveyors had a rough time of it, and by the
merest chance the bill before Parliament was passed.
The line was accordingly commenced, and thus began
the Liverpool and Manchester Railway, which, with
Stephenson as engineer-in-chief, was successfully opened
with great éclat on September 15th, 1830, and through the
fabulous prosperity which almost at once attended 1it, set
every one on fire for other similar schemes. Hudson, the
« Railway King,’ was deified because he had made
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£ 100,000 in one day, and helped others to be  success-
ful;” but he led many to ruin, and when he fell, it was
like Lucifer. A few kind friends saved him from absolute
penury, and he often said afterwards that his happiest
days were when he sold linen behind his counter in the
city of York.

Some idea of the extent of the speculative mania,
which existed at this time, may be gathered from the fact
that from 1823 to 1844 the total cost of completed lines
had been f70,681,000; those in progress in the latter
year were estimated at £67,360,000; but in the same
year, there were fourteen hundred and twenty-eight pro-
jected railways, with an estimated capital of £701,243,000,
many of which were only gigantic frauds. In the amus-
ingly satirical ¢ History of the Glenmutchkin Railway,”
in Blackwood, the rise, progress, and end of one of these
ethereal schemes is fully described.

At this period, lawyers and engineers quickly made
large fortunes; the former received immense fees, not only
for their professional labours, but also for doing nothing ;
or, at least, for withholding their services from others
who wished them. The engineers had a regal time of it;
but they were worked like slaves, and, in many cases,
were not in bed for a week at a time, in their anxiety to
finish the Parliamentary plans for a new line by a certain
day, or they would not have been received.

Holding, as they did, the key of the position, they
were bullied unmercifully when in the witness box by
opposing counsel, under, over, and through every possible
and impossible phase of the question, and required not
only to be masters of their art, but masters of strategy
as well, to enable them to carry their point. They had to
know how to advance their crushing statements under
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fire from the enemy’s batteries, and when to retire behind
their defences. If the scientific witness were too closely
pressed, he had one safe retreat at all times, into which
none could follow him ; he would retire into a thicket of
algebra, from which he could shoot forth a furious volley
of arguments relating to sines and co-sines, tangents and
co-tangents, optical squares and chord angles, zenith
distances, equatorial axes, the curvature of the surface of
a spherical triangle in relation to the ellipticity of the
earth, and so on, until his persecutors were glad enough
to let him alone.

What magnificent opportunities, too, the Q. C. of the
period had for the display of forensic genius! Under his
eloquence one would have imagined that raising embank-
ments, crossing rivers, and penetrating mountains, was
quite an elegant recreation. ‘¢ The talent of the engineer
would easily overcome every obstacle ; in short,” he con-
tinued, ¢ there never was a line so advantageous in every
respect, nor one which would prove so remunerative to
the shareholders.” The opposing counsel, however, did
not quite entertain the same views. He, too, could give
2 brilliant oration, but concluded kis remarks by observ-
ing that ““ he had the greatest confidence in the ability of
his learned friend, who had spoken so truly on many
points, but opinions differ, and he had every reason to
believe, from what their engineer had informed them, that
although the tunnels, bridges, and embankments, could,
no doubt, be successfully executed, it would be at such an
enormous cost, as to entail a heavy loss, if not ruin, on all
concerned in the undertaking; therefore he, for one,
would not sanction the scheme.” In this manner, rail-
ways, in early days, were lost or won.

They are now spread nearly all over the world, and
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have. at last, made a good beginning in China, where
there is unlimited scope for extension.

In 1875, Messrs. Jardine, Matheson & Co. conceived
the idea of constructing a small railway from Shanghai to
Woosung, g miles. It was only a tentative scheme,—
just to see, in fact, how the Celestials would take to it.
The ¢« Woosung Road Company " was therefore formed,
and the line commenced, Ransomes and Rapier, of
[pswich, supplying the locomotives and other requisite
machinery. When the line was opened in 1876, the
people were enthusiastic—many thousands of visitors per
day coming to see it work. There were, moreover, none
of the dreaded ¢ disturbances of the spirits of the air and
earth,”—everything went well,—the adjoining land went
up in value, and a magnificent future seemed to be in
store for all. Unfortunately, however, the dispute, which
at this period arose between the British and the Chinese
Governments, in reference to the murder of Mr. Margary,
gave the authorities an opportunity of alleging a griev-
ance in the matter of the railway; and, although
everything was done that could be done by the more
enlightened officials to retain the line, the whole of the
obnoxious plant and machinery were dismantled and
shipped to Formosa, where they lay for years rotting and
rusting in the mud.

Thus ended a professionally successful, but diploma-
tically unfortunate scheme, which was expected to have
been the beginning of the Railway System in a wvast
empire possessing only the most primitive means of
transport.

They manage these things better in Japan, where
engineering has not only been warmly received, but is

making astonishing progress in all branches. They have
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an Engineering College at Tokio, under English profes-
sors, and, in railway matters, are making rapid advance-
ment. Those who come here to learn are most indus-
trious, and, as a people, they are very intelligent, as the
following example out of many will show. Itis said that
on one occasion a new steamer had gone out for a trial,
but, on her return, the Japanese engineer, somehow or
other, forgot, at a critical moment, his ¢formula for
stopping the engines.” No time was to be lost, so he at
once drew his fires, put the helm hard over, and gave the
ship a little practice in circle sailing, until the steam was
used up; he then anchored. Very many students have
come to this country, and in numerous instances com-
peted most successfully with their British associates, and,
only recently, two of them carried off first prizes in
Sir William Thompson's class at the Glasgow Univer-
sity.

There are many amusing as well as ghastly stories told
in connection with our own railways—the following may
lie between the two extremes. There used to be on the
North British line, a driver who was profanely called
« Hell-fire Tom.” The name originated in this manner.
Coming along the main line one day on his unattached
locomotive, he discovered, when too late, that a bridge
had fallen in. There was not a moment to lose, and he
couldn’t stop, so putting on full steam, he came down at
a fearful speed, and with one supreme effort made in the
engine leap the chasm in safety !

On another occasion—which I well remember—a cow
strayed into forbidden territory, and would not move off
in time to clear the express which was approaching.
Down came the engine—bang went the ‘coo,” as
Stephenson himself had predicted—and in a twinkling the
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whole of the machinery was interlaced with the flesh and
bones of the annihilated animal. In America, buffaloes
often get on the road in the same manner, but the *“ cow-
catcher 7 pushes them off and thus prevents the possi-
bility of accident.

The ghastly stories are very numerous, but refer
chiefly to early days. In this respect, however, England
and America are far ahead of any other nation. The
most appalling disasters that have happened in this
country, were the fall of the Tay Bridge, and consequent
destruction of a passenger train which was running over
it at the time, and the burning of the Irish Mail at
Abergele, in Wales.

Many similar calamities of a modified description
have occurred in the United States, but were it not for
the *“spark arrester,” which adorns the chimneys of
American locomotives, cities and towns, villages and
hamlets, forests and prairies, would all be exposed — as
they formerly were—to wide spread destruction through
the sparks thrown out by the wood fires of Transatlantic

engines. Now, however, such evils are almost unknown.
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CHAPTER Il

GENERAL ENGINEERING.

Fairbairn and Hodgkinson's experiments—Britannia Bridge— Fairbairn's
Canal Street Works—Begins Shipbuilding at Millwall—Heavy
Losses—Character of Sir William Fairbairn—Whitworth’s Machin-
ery— Different kinds of Marine Engines—P.5.N. Company and the
Compound Engine—History of a ¢ New and Improved " Design—
Lucrative Inventions— Value of Good Machinery—What it did at
the North London Railway Works—Richard Roberts.

DurinG the time that railways and steam vessels were
being established, engineering in other branches was
springing into vigorous life. Penn, Maudslay, Napier,
and others, were rapidly simplifying, skilfully proportion-
ing and generally improving the construction and arrange-
ment of engines and boilers. Mill-gearing, another most
important branch, received all attention from Fairbairn,
who greatly benefited the mill proprietors by introducing
his improved shafting, engines, water-wheels, &c., to their
works. He also developed the best proportions and
designs for iron bridges of every description. In con-
junction, too, with Professor Hodgkinson, of Manchester,
he entered upon a most elaborate and careful series of
experiments and calculations relating to the strength of
columns, girders, trussed beams, &c., which were of the
highest value to the profession.

On such points little was known at this time, theo-
retically or practically, it was all guesswork, which
resulted, naturally enough, in very serious disasters.
Another subject of very careful investigation was the
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art of “ Construction,” which every engineer knows is all-
important, neutralising as it does, when defective, the
most accurate calculations and plans.

The wonder of that day was the Britannia Bridge
over the Menai Straits, but neither Fairbairn nor Robert
Stephenson would venture to construct it until a com-
plete series of experiments on a grand and costly scale
had been made, to verify their calculations and confirm
the abcuracy of their designs. In this branch of En-
gineering, variations in size range from the colossal
“ Forth” down to the smallest foot-bridge. In style also,
there is extreme diversity, and, in most cases, separate
computations and sets of drawings have to be made, to
suit the ever-changing conditions of general practice.

The late Sir William Fairbairn carried on for fifty
years an increasing and most lucrative business, and his
Canal Street Works, in Manchester, were considered one
of the finest establishments in this country for general
engineering. He also started, in 1835, a large ship-
building and marine establishment at Millwall, where he
built upwards of one hundred vessels during the thirteen
years the works were in operation, the largest orders for
which came from the Admiralty and East India Com-
pany. Partly owing to the distance, however, between
the two places, his frequent and prolonged visits to the
Continent, and other causes combined, Millwall caused
him a loss of £100,000 in twelve years, which he fortu-
nately covered by his profits in Manchester.

This was a time of great anxiety, and notwithstanding
his immense energy, perseverance, and buoyancy of
spirit, he had fits of melancholy, during which he fancied
he saw every possible aud unhappy contingency. When
the railway system began to spread, the canal people
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thought they could, to some extent at least, compete with
it by the use of high-speed steamboats. A series of ex-
periments were therefore made by Fairbairn on a little
iron vessel named the ** Lord Dundas,” but so conclu-
sively did those efforts demonstrate the impossibility of
high speed ever being attained, on account of the shallow
and narrow channel, that the project was abandoned.

This great engineer was one of those intellectual
people who are never happy unless they are fully occu-
pied. He had extreme earnestness of purpose—work was
a necessity of life, and business a pleasure. He was also
unceasingly occupied with his pen, his pencil, and his
draughtsmen, in planning, scheming, and improving.
Besides all this, he was a most able and “proliﬁc writer of
books and papers for learned societies on practical
science, and his treatises are among the best ever written.

He received many marks of distinction from foreign
governments, and 1n England his principal titles, besides
knighthood, were D.C.L., and LL.D. Simple-minded
and amiable, good, kind, and courteous to all, he became
A universal favourite both at home and abroad.

Born in 1789, and sustaining throughout a long and
arduous career a highly honourable character, which may
be taken as a model by all aspiring workers, Sir William
Fairbairn passed away in 1874, but his name will long
live in what he has done.

Another “eminent,” who flourished contemporaneously,
was Sir Joseph Whitworth, but his line” differed from
Fairbairn’s, inasmuch as he devoted himself almost
entirely to constructive machinery, or machines for mak-
ing engines and other work, such as those for turning,
planing, slotting, boring, &c., which every engineering
establishment possesses to a greater or lesser extent.
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When 1 thought about commencing business, it was
intended that I should enter an Edinburgh bank, and
application was accordingly made in furtherance of this
object; but as it proved there would not be a vacancy
for two years, I had to look out for something else.
Strangely enough, I had a great love of engineering and
architectural drawing, in which I made rapid progress.

This induced one or two of my friends to propose that
I should learn practical -engineering, and efforts were
made in that direction to accomplish their wishes on
my behalf. There was one serious drawback, however,
and that was that I did not like the idea.

Jim Macfarlane, a young friend of mine, was at that
time a pupil in Hawthorn’s locomotive establishment, in
Leith, and had to get up at five in the morning, to enable
him to be at the works by six. He was also obliged to go
in « dirty clothes—which an old and excellent uncle of
mine rather objected to—and when he hadn’t time to trim
himself up, occasionally came among us in his war paint.

He used to speak about the strictness in the works,
what they did if he came late, and what they didn’t do
if he did something else, and how they were fined for
‘‘ jobbing,” or making tools of any description for them-
selves. All this set me more against it, but it was of
no avail, as I had lost my father in a far-off clime
when very young, had only my own efforts to trust to,
and had to take what I could get, and that was a
start in practical engineering, which a kind friend was
fortunate enough to obtain for me.

No sooner, however, did I see Whitworth's machinery,
with which the works abounded, than all my objections
vanished, and 1 became almost fascinated with it, and
from that day to this have never ceased to take a deep
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interest in every thing relating to the profession. On
this point, however, I shall have more to say further on,

In the first place, Whitworth’s machines were remark-
able for extreme elegance and simplicity of design; in the
next place, their fitting together was absolutely faultless ;
and lastly, their finish could not be surpassed. I saw
other people's productions as well, but they were common-
place in comparison, although they did good work. There
was one lathe in particular, which was made by a firm in
L.eeds, who subsequently acquired celebrity; but for badly
constructed wheels, complicated arrangement of parts,
and ugly outline, I have seldom seen anything to equal it.
The foreman said it was “ only fit for the melting pot.”

There is nothing of such vital importance in all manu-
facturing processes, from that of making a match box
or pin to the colossal engines of the * City of Paris™”
or “ Umbria,” or, indeed, large or small work of any
kind, as good machinery. By this term I do not mean
machinery which merely looks well, or works well, but
that which turns out the best work with the greatest
rapidity. In our time of extreme competition and very
low profits, nothing else will do, and hence it is not
uncommon to find the most admirable machines and
engines set aside as useless, on account of some small
improvement which effects a great saving, and soon
repays the money expended in obtaining it. Nowhere,
perhaps, has this been more remarkable during late years
than in the iron and steel manufacture, and in steam
navigation.

I remember the time when almost every engineering
firm had its own pet type of engine. John Penn had his
« pscillators '" and ** double-trunk,” the latter of which he
made in large quantities for war vessels. Napier had the
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“ side-lever,” which he put into all the Cunard steamers
of that period. Tod & McGregor highly valued their
“ steeple " engines, which they supplied to the Inman and
Peninsular and Oriental Companieé, as well as others;
and Caird, Denny, and a few more, made an immense
quantity of the “inverted direct action” species, which
were of the same family as those now so generally used
in ships, but of a different construction.

The other kinds referred to have become obsolete, as
the two cylinder compound, and, eventually, the triple
and quadruple expansion engines proved to be more
economical.

In all these engines there was a vast amount of excel-
lent work done by hand, which is now executed by
machinery, and the engineers of that time had splendid
opportunities of learning practically what those of the
present day will never have in their power. As may be
supposed, however, labour of this description was slow
and expensive ; the increased use of machinery has,
therefore, greatly lessened the cost of production, and
wonderfully expanded manufactures of every conceivable
kind, which has been most beneficial to the world at
large; but, in this respect, a very great amount of
prejudice has been shown, in connection with the
introduction of engines as well as machines.

About the year 1852, John Elder,—who had been
educated in Napier’s, but was now the head in the marine
department of his very eminent firm,—introduced, in a
greatly improved form, what had been known as the
““compound engine,” invented in 1781, and first used in
the steamers “ Union” in 1829, and ** Le Corsair Noir”" in
1842. Many of Napier’s splendid ‘ side levers” were

taken out of steamers to be re-engined with those of the
B
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new type. The Pacific Steam Navigation Company, who
owned them, quickly saw the great advantage they would
derive by adopting it in their numerous ships, thus
reducing considerably the consumption of coal, which
was rapidly swallowing up their profits, and from
that time until the year 1887 they used no other
description.

Here, then, was a splendid and economical engine
thrown into the market, which had been most success-
fully tested on long voyages, and possessing virtues
hardly anyone could see but the great Company just
named. The Cunard people clung pertinaciously to the
old *side levers” which had helped them to fame and
fortune; the Inman Company were quite as faithful to
the ¢ steeple” and ‘‘horizontal” engines they had
learned to esteem ; and all the other people had their
own favourite types which they would not relinquish,
even for the new one.

In the year 1868, I happened to be in the employ of
Messrs, Laird Brothers, whose Birkenhead Iron Works
did an immense quantity of work of every description and
of all sizes for home and foreign governments, and for
the merchant service, jogging comfortably along with
the old and universally recognised systems of marine
machinery. Unconsciously, however, a change was at
hand of which we little dreamt. Some one outside of
the Pacific Company discovered that the  Compound”
was, after all, a first class and very desirable engine,
and we got our first order to ‘“ convert”” a large steamer—
the ¢ Belgian.” Like an epidemic the idea spread amaz-
ingly, it came upon the world like a flash, and plenty of
similar orders came pouring in; at one time for a new

ship and engines, at another for the alteration of one
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or two more, and we were all kept extremely busy for
several years.

Now why was this “ good thing " not discovered by
the general public long before 7 The Liverpool and other
shipowners had it working in their midst for many
years, and yet could not appreciate its value. I suppose
the answer is “ prejudice.” The writer and others asso-
ciated with him have also, in a small way, been the
victims of this unhappy failing, as the following narrative
will show,

Some time after 1 began private practice, two sea-
going engineers came to me in the hope that I could help
them with a not by any means matured idea of theirs,
and put it into practical form. This idea took the shape
of an extremely rude sketch of a “ New and Improved
type of Compound engine ” with Corliss valve gear. I
told them I had about as high an opinion of this gear as
they possessed, on account of the ease with which it is
worked when exposed to high steam pressures, and also
from the fact that in America it had for a long time been
most successfully used on land and sea, and also in this
country on mill engines, ** but,” 1 said, you will find the
British public won't adopt it on the water, particularly
when it was tried in one Liverpool steamer and taken out
again.”  Well, they would persist in having their own
way, so after stretching a large sheet on a drawing board,
and making a preliminary sketch, I began the design
with diameters and stroke of pistons, and steam pressure
of 100 pounds per square inch as a basis,

I had frequent visits from these worthies to see how 1
Was progressing, or ““ getting on,” and to hold conferences
on important points. Alterations were suggested, lines
taken out and put in again, shafts were removed, levers
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shifted, and the position of every detail rectified so as to
approach perfection as nearly as we could.

What earnest discussions we had over those engines !—
sparing neither time nor trouble in our anxiety to obtain
the very best results, which we aimed at quite as much in
this speculative design as if it had been for a mail steamer.
Our individual proposals were sometimes unitedly con-
demned, or in other words, what was statically right,
proved to be dynamically wrong. They were plain men
with small means, and 1 saw clearly that I would get
very little for my trouble, but did my best for them never-
theless. They were also good, experienced, sea going
hands, who knew well what they were talking about, and
we accordingly got along most pleasantly.

At last the design was finished, complete in its
details—two elevations and two plans—but our ideas
having developed faster than we imagined, we unitedly
condemned the whole thing. The engines looked ‘ too
sprawly,”—not compact enough,—but that was my
clients’ fault, so we at once began No. 2 design.

This time we shortened the stroke six inches, and
made a sweeping alteration in the position of the low
pressure cylinders, still adhering, however, to the Corliss
valve arrangement, and the result was a plan which
pleased us all. We now had a quantity of lithographs
taken of them, with printed descriptions, which were
sent to shipowners and engineers throughout the country.
The general opinion was that the design was excellent,
almost everyone liked it, but the Corliss valves were
condemned on all sides.

We were not going to be sat upon in this way, so we
made a third attempt. *“ Now,” I said to my clients,
«we'll cut out the obnoxious Corliss gear for the high
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pressure cylinder, and treat them to the piston valve,
equilibrium type, easy to work, you know. Keep the
common slide valves for the low pressure cylinders as
before, and let all the pumps and other gear remain
exactly where they are.”” We also designed an * Im-
proved marine boiler.”

At last success smiled on our continued efforts, for the
general opinions now were—“a very nice arrangement,
indeed ; "—* fine long connecting rod ; "—* very compact
and symmetrical;’'— very get-at-able;"—and so on.
The valve gear was also approved of, and the boiler
received great praise, indeed, an eminent authority in
Liverpool, himself an engineer as well as shipowner,
spoke most highly of both; but when I asked him if he
wouldn't introduce them into his own fleet, he said, * they
had never been tried ; his own special engines gave him
every satisfaction, and he did not wish to make altera-
tions ; besides,” as he wisely added, ¢ if anything should
go wrong at sea, it is not the cost of repairs that I dread,
but loss of time on the voyage.”

Everyone seemed to have similar opinions, too, and
asked if they had “ been tried ? " We said “no,” and that
was enough, they all waited till *“someone else '’ made the
experiment before they would have anything to do in the
matter, and thus our work in the end went for nothing. I
like to point a moral, as well as adorn a tale, if 1 can, and
I think the moral is this: avoid, as much as possible,
dabbling in big and expensive things. Our engines would
have cost thousands of pounds to make, and therefore
people were afraid of them. Had we, however, designed
an improved pencil-holder, or something similarly useful,
to sell by the million, the plans for which could have
been sketched in a few hours, my clients might have
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made a fortune, as some people have done through the
most trivial, but nevertheless popular, inventions.

A few individuals have made immense incomes out of
simple devices they have patented, but certainly did not
originate. In this respect, schoolboys have unconsciously
disclosed a perfect mine of wealth by means of their
ingenious discoveries. If, for instance, anyone had—about
thirty years ago—turned inside out the pockets of some of
those youths, there would have been found amongst other
treasures, a small piece of lead pencil stuck into the nib
end of a steel barrel pen, the other end of which contained
a plug of india rubber. Sometimes slate pencil and a
piece of rag were used instead, but, at any rate, this was
the germ of the now well known india rubber tip pencil,
which has yielded a profit of £20,000 to the patentee,
merely from royalties paid by its manufacturers.

The ¢ return ball,”” with elastic cord attached to it, is
another schoolboy invention which brought in a revenue
of about £10,000 a year to the person who appropriated it
in legal form. Long ago, those youths sometimes fastened
to their feet two little flat boards on wheels, and then got
some one to haul them along. This was the beginning—
the crude idea—of the roller-skate, the patentee of which
made nearly a quarter of a million sterling through the
working of his ‘invention.” Truly the boys deserve
looking after in more ways than one.

Mr. Fox realised £170,000 out of his ¢ paragon
frame " for umbrellas, and the owner of the * stylographic
pen’” made £40,000 a year by his discovery. A few
patent toys have also produced magnificent results, but
one of the most profitable novelties of the present day
has been the sewing machine, which was invented by
Elias Howe in 1844. After the idea had flashed upon
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him, he worked upon it earnestly for years, struggling
with poverty, until his beautiful mechanism was per-
fected, and eventually his income rose to £100,000 a year.
Wheeler and Wilson were each equally prosperous, and
Mr. Singer left behind him as clear profit from the
same source, three millions of pounds.

Fortunes may still be made in a similar manner, if
people can invent something really useful,—like the per-
forating machine for stamps, etc.—something that will
save time and labour, or catch, in some way or other, the
popular taste. It may appear strange, but it is neverthe-
less true, that the shareholders’ available profits, derived
from some of our most stupendous railway undertakings,
fade completely away when compared with the mag-
nificent results of the humble and inexpensive Switchback
lines, whose lives are short and merry, and wonderfully
beneficial to all concerned.

In the history of this branch of engineering, there are
indeed many dark shades. Fortunes have been lost,
health has been ruined, hopés have been blighted, even
by the most deserving people, while trying to win the
success which, after all, was achieved by others who
profited by their labours. Fortunes have also been lost
by those who thought they had discovered something of
real value, but had not done so. The aim of designers is
to make their schemes remunerative, but between a pro-
fessional triumph on the one hand, and commercial
prosperity on the other, there is sometimes a very wide
chasm. Probably there may not be a demand for the
article even when perfected, or perhaps the cost of
manufacture is too great to enable it to compete success-
fully with what is already in existence. Occasionally,
however, the so-called *improvement '’ is only the dream
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of an unpractical enthusiast, whose aim may be to
produce perpetual motion, or something approaching it,
if possible. The history of inventors abounds with
cases similar to those referred to, but perhaps enough
has been said to shew the difference between two
distinct and well known classes of ingenious experimen-
talists.

The field of invention is vast and varied, and open
to everyone, regardless of age, sex, station, or means,
but it is often very disappointing, and those who enter it
have frequently to exercise sound judgment combined
with unlimited patience and perseverance under difficul-
ties, to enable them to attain their desired end.

Good machinery is absolutely necessary in conducting
every kind of manufacture rapidly, successfully, and pro-
fitably, and perhaps one of the best illustrations I can
give, relative to the * constructive” species, is to be
found in the history of the North London Railway.

This line was opened in 1850, but its locomotive
works were not built until five years afterwards. In the
meantime, a gigantic traffic had sprung up, and when the
making of their own engines was added to that of repair-
ing, they were nearly overwhelmed with work which the
superintendent was obliged to execute at all hazards.
So great was the strain thrown upon the establishment
at one time, that the Directors hardly knew how to deal
with it. The men were working on night and day shifts
doing repairs, but in spite of this, no engine could be
spared long enough to enable its defects to be properly
rectified at one lying up. It is said that goods trains were
worked in the dead of the night, with the engine leading
tyres so loose that they had to be run only at such speed
as would enable men to follow them with lanterns and
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hammers to see that they did not come off. I fancy,
however, that this is a mythical story, but it nevertheless
had a foundation of truth.

The fact was the line and workshops were taxed far
beyond their capacities, and, to tide them over the diffi-
culty, special, and in some cases very simple machinery
had to be devised. Besides this, there were little things
known as ‘‘ appliances,” which helped very materially in
rendering assistance, and to crown all, a most admirable
system of management was planned and carefully worked
out in every little detail. These united and well directed
efforts eventually produced the happiest results.

Constructive machinery has now attained great perfec-
tion, and nowhere is this more observable than in vast
establishments, such as the London and North Western
Railway Works at Crewe. All the fixed and movable
plant, including bridges, canal boats, locomotives, steel
rails for the lines, steel plates, &c., for the steamers at
Holyhead, and everything else, great and small, is
made on the premises by means of special machines and
engines, which execute everything to perfection and with
great rapidity. The same remarks may also apply to
similarly colossal and unique establishments of another
description, such as the Elswick Works of Lord Arm-
strong & Co. at Newcastle, and those of Sir Joseph Whit-
worth & Co. in Manchester, where some of the most
costly and gigantic machinery in the world is to be found.
The former, however, is now closed against non-official
visitors. In Messrs. Platt Brothers’ Works, at Oldham,
and also those of the Singer Sewing Machine Co., on the
Clyde, constructive machinery of a more or less delicate
kind is employed in the manufacture of textile mechanism
and appliances in the one case, and of the American

Droits reserves au Cnam et a ses partenaires



26 ENGINEERING, POPULARLY CHAP. 1I.

invention, combined with steam-boilers of a special
description, in the other.

All these works are interestingly instructive, both to
professionals and non-professionals, as they are among
the best and largest of their class in this or any other
country. The Elswick establishment alone employing
fully 13,000 hands, Platt Brothers at least 5,000, and
Crewe about 16,000 in all departments.

The term ““ special ” is applied to everything which is
used for one particular purpose, and, in locomotive and
some other establishments, there is such a large quantity
of details of a similar kind and size constantly in hand,
that the adoption of the generally useful machines of a
““ marine ” work would neither be desirable nor economi-
cal. Having had a turn among locomotives myself, I
cannot admire those branches of engineering which
change men and boys almost into automata, as they
are kept such a long time doing the same thing, and, in
too many cases, of such a simple character, that it might
easily be learnt in a menth. So far, however, as the
apprentices are concerned, a good premium protects
them from this evil; and in the manufacture of engines
for ships, and also a great variety of heavy * general”
work for pumping, winding, mill-driving, and other pur-
poses, it cannot well exist.

To carry on the indescribably miscellaneous assort-
ment of everyday manufactures, such as wood-work, and
metal work of every conceivable description, there is an
immense quantity of machinery employed, which would
astonish an outsider. For example: a ‘‘splint ” machine,
in the hands of a boy, will cut splints for at least 10,000
matches in one minute, and even this can be greatly
exceeded. There is, however, no establishment 1in Great
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Britain so instructive in this respect as Woolwich
Arsenal, on account of the extreme variety of the
machinery employed in the production of everything,
large and small, connected with warlike stores and
appliances on a gigantic scale. This vast institution
covered in 1866 three hundred acres, and during the
Crimean War employed 15,000 men and boys night and
day.

The last class to which we shall refer is that most
important one used so extensively for all textile fabrics in
silk, wool, cotton, alpaca, &c., which the united efforts of
many able engineers have done so much to improve. To
them alone the ladies owe a debt of gratitude, for enabling
them to obtain every article of dress they wear at such
extremely low prices, and to no one ought they to
be more thankful than the late Richard Roberts, of
Manchester.

He was a man of great ability, and one of the most
prolific and useful inventors of his time. To the highest:
practical and scientific knowledge, he added the qualities
of great perseverance, and studious research. Ultimately
he became a partner in the firm of Sharp & Roberts—
now Sharp, Stewart & Co.—but, after coining wealth for
the cotton spinners, and benefiting the world at large, he
unhappily died in poverty, and left his family to be
provided for by others.
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CHAPTER III.

DUMBARTON AND THE CLYDE.

My apprenticeship in Denny's 1852—Great prosperity in the various
Works—Engineer Workmen—Strikes in the Shipyards— William
Denny hands over a large contract to Caird & Co.—Later Strikes
among Coal and Iron people—Belgian Iron Trade—How Strikes
begin—Generalship of the Masters—The *‘ Delegate "—Unhappy
Workmen-—Dumbarton at this period —Disastrous Storm-—Death of
William Denny—Engineer Foremen—S.S. * Yorkshireman ''—The
Penalty—The Wreck—A good Speculation.

IN the end of 1852, I entered the works of Messrs.
Tulloch & Denny, now Denny & Co., for the purpose
of learning marine engineering.

Dumbarton at this time was a very quiet place, pro-
vided you kept out of hearing the clattering of hammers
in the ship yards with which it abounded. If you walked
down the main or “ High" Street during the day, you
were forcibly tempted to ask ¢* Where are all the people?”
as the only individuals visible were a few stragglers, or
one or two shopkeepers standing at their doors looking for
customers who were at that time elsewhere. At one end
of this street stood the Parish Church, and a little
distance down, the ¢ Elephant and Castle” and ¢ King’s
Arms” hotels rose to view, then came a bridge across
the Leven, and proceeding onwards to the other extreme
end, you arrived at the beautifully situated place where
all the engines and boilers were made for ships built in
three of the yards. The engine works were washed on
two sides by the Leven,—a broad outlet of Loch
Lomond,—and were also fully open to the Vale of Leven,
and the charming mountain scenery of Dumbartonshire,
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In short, there never was a work of this kind so pleasantly
located,—to my knowledge at least.

In fine evenings everyone was out promenading, the
magnates of the town and others marching up and down
the centre of the High Street, while the workmen, in a
similar manner, occupied their leisure time in crowding
the street generally. An air of peace and serenity pre-
vailed everywhere, except in some late working establish-
ment, and on Sundays this was of a very marked char-
acter, as all traffic by land and water had ceased.

Such, then, was the place where I had to reside for
the next few years, the monotony of which was only
broken twice a year by a fortnight’s holiday in July and
December, and by occasional brief visits to Glasgow. In
former times, Caird of Greenock had made all the engines
that were required for the ships built by the Dennys, but
in 1850, the establishment I had just entered was opened
to meet a want which had been increasingly felt, and the
result was, that for a long time afterwards, they had as
many orders in hand as they could possibly execute,
indeed, for about two years, eight and ten o'clock work
was the order of the day—or night,—for most of the
hands.

The men and boys were remarkably steady, respect-
able, and well conducted, and during the whole period 1
was among them, often worked a great deal more than six
days a week on account of ¢ overtime,” which many got
tired of however, although ¢time and a quarter” from
six to eight, and “ time and a half " from eight to ten,
were considerable advantages in a pecuniary way, Such
was my opinion then, of those employed in the engineer-
ing department, and such it has ever been, but no similar
commendation can 1 give the shipbuilders, who were,
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without exception, the most cantankerously unmanageable
crew I have ever seen. They were very fond of drinking,
and much liked striking. At one time the rivetters would
strike, and the ‘ holder up” boys go off for a holiday.
Then the youths would have a turn at the same employ-
ment, and their masters—the rivetters—“go on the
spree,” compulsorily or otherwise, generally otherwise.

Next in order came the platers, who thought they
might try their fortune, and the carpenters and joiners
followed in the rear. Thus they went on by stages until
some one found out that * union was strength,” then they
all struck. I remember on one occasion Mr. William
Denny had received an order for four steamers of 1,000
tons each, which were to be built with all despatch. No
sooner did this become known, than the men thought it
would be a fine chance for obtaining more pay, and
accordingly struck at once. This was a very imprudent
movement on their part, as the work was not quite
begun. Mr. Denny therefore rounded on them cleverly,
by immediately handing over the whole contract to Caird,
and left them to come to at leisure. We, in consequence,
lost the engines.

Another striking era, with which, however, 1 was
not associated, occurred about the year 1876. This time
it was among the coal and iron people of Wales. Iron
ran up by degrees until it reached the highest price
ever known, which was very embarrassing to engineers
and shipbuilders. Coal was also advanced to fabulous
rates, thereby causing the British householder much
annoyance and loss. It was curious to note how these
two classes of workmen, while studying their own indi-
vidual interests, played into each other’s hands, until
they were, we might say, masters of the situation, and
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enriched by conquest. Such, at least, was my own
opinion, when I heard of them wearing sealskin jackets
and caps, and also gold watches. Luxurious living, too,
was highly prized, and first-class travelling on railways,
&c., was frequently adopted, all of which became, for a
time at least, somewhat unfashionable.

There is an old saying that “every canine animal has
his day,” and I think the aphorism quite applicable in
this case. The colliers and ironworkers had now reached
the summit of their ambition, but, like old Rome and
ancient Greece, their glory trembled in the balance and
then departed. Things righted, as many, though not all,
do in time, and the two products of the earth gradually
came down in price until they were lower than they had
ever been; but this was only part of the play. A great
deal of mischief had been done by the iron people, from
which they have never recovered.

The Belgian manufacturers, seeing the state of affairs
here, at once began to open a connection with this coun-
try, which, in course of time, became most powerful and
damaging. They commenced supplying us with all sorts
of iron beams, girders, and bridge or roof-work generally,
and at such low prices, that English iron for such pur-
poses was almost driven out of the market, and even now,
with our own materials so extremely cheap, their impor-
tations are extensively used in all kinds of building
constructions.

At one time those continentals bought our iron ore,
worked and manufactured it for themselves, and delivered
it in England for much less money than we could do on
our own territory ; and the reason was this. The Belgian
workmen were very steady and reliable, they had longer
hours and less pay than the British, and were content
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to live in a style corresponding to their position, and,
above all, to keep sober. Those who know this subject
intimately have also their tales of disaster to relate on
a gigantic scale, of men and women impoverished and
trade ruined; such, I believe, was the case with the
once prosperous business of iron ship-building on the
Thames.

The annoyance such men as I have mentioned cause
their employers is sometimes very great. Say, for ex-
ample, a large firm gets an extensive order to execute
with all possible speed, under, it may be, heavy penalties
for delay beyond the time specified. In the first place,
their estimate, which must be adhered to, has been based
not only upon the current prices of material, but upon
current wages as well. Whenever the contract is signed,
the work commences, and the greatest activity reigns in
all departments.

The men knowing this, or their ¢ delegates” for them,
at once organise a strike, and try to compel the masters
to give them an increase of pay. Well, now, what is to
be done, with the whole establishment in full swing? If
the employers agree to give what is asked, they may be
put to serious loss; if they do not, the hands may leave off
work, and perhaps a greater disaster arise on account of
the penalty, unless protected by the * conditions of con-
tract.” The best course to pursue, in similar cases, is for
the men to stay where they are and be content, but they
will not always do this. A medium course is to settle the
matter by arbitration, as the lesser of two evils, and a
third is to treat them as Mr. Denny did, provided the
work has not gone too far, and will not involve the firm
in another harassing difficulty—¢ breach of contract.”
You will, therefore, clearly see the unhappy complications
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which may arise, almost at once, through the conspiracy
of a set of discontented, and, it may be, drunken and
dissolute workpeople.,

It i1s deeply to be regretted that such a state of things
should exist, but I am afraid it will continue, so long as
men and women are what they are. 1 do not, however,
blame the “hands” so much as I do the * delegates,”
who are only men advanced from the ranks, and dressed
in a little brief authority. Their pay is, I think, about
{2 a week with all expenses; besides this, they go about
“like gentlemen,” which is a coveted honour. For these
valued benefits, they of course feel that something must
be done in return, just as you or I would, under similar
circumstances, and thus an honourable feeling is degraded
into acts which cause heavy loss, if not ruin, to the
employers, and incalculable misery to those who have
been led into them. If you wish to study the subject in
all its bearings, and if you should desire to fathom the
inner workings, and even terrible crimes, such a system
educates people to, the newspapers for the last twenty
years will give the necessary information.

When I speak of crimes, no matter of what kind, as
well as minor evils, I think most people will allow that
they are all mainly due to one blasting, blighting,
desolating curse, which pervades the British Isles,—the
love of drink. When I take a retrospective glance at
the people I have known in the various classes of society,
the amiable and kind, the geod and true, those whose
prospects were bright, as well as those from whom the
sunshine of life had departed, men and women, gentle-
men and—ladies / it seems to me as if the English
language did not contain words strong enough wherewith

to crush the grim fiend, and yet I believe there is a
C
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quotation from Lalla Rookh which will be sufficiently
powerful. '

It refers to the veiled Prophet of Khorassan who,
when disclosing his horrible features to Zelica, ex-

claimed :(—

¢ Here,—judge if hell with all its powers to damn,
Can add one curse to the foul thing I am.”

So awful was the sight, when he raised the veil—that—

-

“ The Maid turned slowly round,
Looked at him,—shricked,—and fell upon the ground.”

The poor “heathen Chinee destroys himself just
about as surely by opium smoking, but when in the
seventh heaven of delight, through the use of the fatal
drug, he is an inert, insensate, harmless morial, whereas
when our people use their beverage too freely, they
become raging demons, and this makes all the differ-
ence.

When I went to Dumbarton, I was young, very
prejudiced and conceited, and a great deal more ignorant
of the world than I hope I am now. At this period, there
were no reading rooms, no lectures, and no enter-
tainments of any kind, beyond an occasional * Grand
Concert” in the Odd-Fellows’ Hall, by Glasgow stars,
among whom Stembridge Ray, Gus. Lloyd, Sam. Cowell,
and others used to shine. Miss Emily Ray, too, at that
time very young, assisted in a small way. When not
enlivened by these festivals of song, the town was
extremely dull in the evening. Fortunately for me, how-
ever, Sheriff Steele,—an intimate friend of ours from his
boyhood,—and his good lady, who resided there, helped in
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no small degree, by their kindness and attention, to make
my few years residence among them more agreeable.,

I had not been long in the works before I discovered
that it would be a source of great pleasure and advan-
tage if T could get permission to sketch and take dimen-
sions of the engines in progress during leisure hours, and
draw them out fully at home. This privilege I succeeded
1n obtaining, and during the whole of my apprenticeship
esteemed it all the more highly because engineers at that
time were very jealous of anyone in their employment
taking notes, and as “leisure time’ proved to be part of
the dinner hour, as well as Saturday afternoons and
summer evenings when necessary, I had always plenty to
do. The system 1 adopted was this :(—every detail, big
and little, about the engines, was overhauled and care-
fully sketched and dimensioned, so that I could from the
rough particulars make complete general drawings at
home—plans, elevations, and sections, to scale.

[t was splendid and fascinating practice, but it often
gave me more work than I cared for, and very frequently
allowed me only four-and-a-half hours’ sleep, when the
drawings had to be sufficiently far advanced before the
engines were taken to pieces in the erecting shop. No
one, perhaps, could have made a greater hobby of any
employment than I did of mine, and I rather fancy that
if the Firm had had any idea that the plans of every
kind of engine they made were to have found a place
in my portfolio, the favour would not have been granted.

One of the memorable events that happened in my
time was the storm of February 6th, 1856. We were on
that occasion working till midnight, erecting the engines
of the “ Min,” a China steamer, and, as one of those so
employed, T went home for tea at six. A calm prevailed,
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but soon afterwards the wind began to rise in gusts, until
about eleven o'clock, when we were in the middle of a
perfect West Indian Tornado, and as the works were fully
exposed, we felt the tempest in all its fury. Call it a
cyclone, hurricane, or anything else you please, there was
one thing very certain, and that was, that things seemed
as if they were going to pieces, and had the great doors of
the building not been securely stayed inside with timber
props, they would have been blown in, and great damage
might have resulted.

Since that eventful night, I have witnessed many a
terrible storm, but never one so destructive to property,
or one which left its marks behind it for such a length of
time. Helensburgh stone pier was destroyed, and many
house windows blown in, tall chimneys, etc., thown
down, and amongst a variety of other disasters, was the
wreck of Tod & McGregor's building shed, which had
recently been erected in Crystal Palace style, at a cost of
£15,000.

A correct knowledge of the force of wind is most
essential to an engineer, but strange to say, until after the
Tay Bridge came down, the greatest authorities on the
subject differed very widely. Some said one thing, and
some another, but no one seemed to know what the
greatest wind stresses really were. If this disaster had
not occurred, we might still have been in the dark, but
that terrible calamity caused a searching enquiry to be
made with the view of elucidating facts which were
certainly mysterious. In this respect, however, the engi-
neers of the Forth Bridge have done good service to the
profession, by making a series of experiments on a very
large scale, which enabled them to ascertain, not only
the ordinary storm pressures per square foot, but also
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what those extraordinary and unaccountable blasts of
intense severity over a small area sometimes amount to.
In this, they have been to some extent successful, as it
has at last been officially decided that the greatest wind
pressure to be safely allowed for on all flat and fully
exposed wertical surfaces, need not exceed fifty-six pounds
per foot.

During a recent excursion to the country, I came to
know something about atmospheric disturbances which
might be useful to scientists in general.

While our party were visiting the residence of Mr.
Worsley, near Winwick, Lancashire, he showed us a
part of his grounds which had been injured by a storm
some years before. Upon questioning him closely about
it, he told me that, when at its height, a blast of most
intense and concentrated energy had swept over his
garden, cutting like a knife through some rhododendron
bushes, and snapping off two large trees near the root,
besides doing other damage. The strange part of it was,
that outside of what we might call the line of fire no
mischief was done. In the tropics, however, such expe-
riences are by no means uncommon.

Another event that happened at Dumbarton in those
days, was the death of Mr. William Denny—7he Denny.
He was of short stature, and had a very mild, gentle,
unassuming manner. He also was the genius of the
family, and had conducted most successfully the very
celebrated establishment over which his father had
reigned before him. The day of the funeral was a day of
silence, as the various works were closed, and we all
escorted his remains to their resting place. Thus passed
away from among us, at an early age, one to whom
Dumbarton owed much of her prosperity.
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We had very good and steady foremen amongst the
Engineers—one of whom became the head of a work
of his own in Greenock, the name of the firm being
Rankin & Blackmore. Another of our foremen was
William Campbell, a fresh-coloured, light-haired man.
A great word of his was ‘¢ tosh "—to finish—¢ tosh”
this, and “tosh” that. On one occasion he said to
me, * You better tosh off that air-pump crosshead and
get it out of hand.” At another time he observed, « Now
I wish you would tosh that hand pump gear a little
better, and keep the people from glowring atit.,” This
pump was to go on the deck of a new paddle steamer,
named the ‘¢ Yorkshireman,” which was nearly com-
pleted, and as 1t was to be exposed to the weather,
I thought high art quite unnecessary—a tale, however,
hangs by that ship.

She was constructed under a penalty of f1oo a
week for delay, and Mr. Archibald Denny, who built
her, lost fgoo through this transaction; but, on her first
voyage, she was wrecked in the Belfast Lough, and took
my deck pump down with her to the bottom, where she
lay for some months, broken in two. Messrs, Denny now
bought the hull for (1,850, raised it and had it towed
to Dumbarton, put on the stocks, and lengthened. Her
fine side lever engines were brought to our department
in pieces, and a terrible condition they were in through
rust. We, however, cleaned, polished, re-erected, and
painted them, till they looked as good as new. The vessel
was treated in the same manner, and when completed
was sold under the name of “Waterloo,” for f£20,000,
bringing her builders a net profit of, it was said, £10,000.

Mr. Campbell afterwards became superintending-
engineer to a Steamboat Company at Fleetwood, and
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Mr. Rankin only recently departed this life. Two better
men it would have been difficult to find. Mr. William
Wallace was the chief draughtsman, and a very good one
he made. When, however, we built the first steamers,
« Canadian,” ¢ Indian,” etc., for the Allan Line in Liver-
pool, he became their superintending engineer, and has
successfully occupied the same position ever since.

The rank and file are all scattered, many of them are
prospering in different parts of the world, and some have
found a resting-place in ocean depths. .

There was one among them 1 must refer to, however—

He had been a foreman

his name was James A—
in Caird’s, but was dismissed for drunkenness. They
had given him another trial with the same result, and he
therefore came over to us as a' common workman. |1
have never seen a man who could do good work with
greater ease; he was indeed a splendid hand, and as his
station was close to mine, we had many a yarn about
things in general. A tall handsome fellow he was, too,
and in every respect but one most pleasant and sensible.
Retrospectively glancing through the vista of many
years, I cannot but feel thankful that wrought steel and
cast steel—those abominations for hand workers in
modern practice—were almost unknown at that time in
marine establishments. Had it been otherwise, I really
do not know what we should have done, or how we could
have made pleasant progress, with such refractory metals
to operate upon as are now constantly employed in
general engineering. Wrought iron was much about the
same as it is at present, but cast iron has been so much
improved in strength by scientific treatment, as sometimes
to resist almost everything but machine tools, which are

consequently more useful than ever.
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The judicious employment of various metals has thus
been the means of greatly reducing the weight of
machinery, and this in itself is an important advantage
for shipowners and others. We may only add, that the
training apprentices received in Denny’s, in everything
that required skilful hand labour, was of such a nature as
to prove valuable to those who afterwards went to foreign
lands, and were thus cut off to a great extent from
good workmen, and from high-class appliances of every
description, which is a great deal more than can be said
of workshop practice at the present time.
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CHAPTER IV.

GLASGOW AND OCEAN STEAM SHIPS.

Dumbarton as it is now— Neilson & Co., Glasgow—Tod & McGregor—
S.S. “Bengal 7 for I, and O. Company—First Sunday Steamer on
the Clyde—River Steamers * Columba " and ** Lord of the Isles"—
Great Works on the Clyde—Cunard Atlantic Ships in 1850
Mediterranean Liners, 1852—P.S. ** Persia”’—Robert Napier &
Sons—Compact between Cunard, Burns and Maclver.

I LerT Dumbarton in 1857 to enter, as a draughtsman,
the celebrated establishment of Messrs. Neilson & Co.,
Hyde Park Foundry, Glasgow, but only recently had a
prolonged opportunity of revisiting the old and well-
remembered scenes of early days on the banks of the
Clyde. One day I paid a visit to the little town I knew
so well, but it was as changed to me as Rip van Winkle's
village was to him after his twenty years' sleep. I looked
for relics of bygone days, and saw only a few. I went to
my old works, and did not see one I could recognise, but
was most courteously received by Mr. Denny, and shewn
through the present splendid establishment. I walked
over the remains of the past, which had not yet been
obliterated by modern improvements, and thought I could
see again the well-remembered faces of my contempor-
aries. But it was only fancy, and had it not been for
those around me I should

Have felt like one
Who treads alone
Some banquet-hall deserted,
Whose lights are fled,
Whose garlands dead,
And all but he departed.
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Having carefully surveyed everything I saw in the
shops and drawing office, I must give Messrs. Denny &
Co., great credit for their elegance in design, and also
for the elaboration and carefulness with which their
drawings are executed ; nor must I omit to mention the
four young ladies, whose work I had much pleasure in
examining, and who trace those drawings so admirably
in every respect.

Messrs. Neilson & Co. were, in my time, considered
the best ¢ general” engineering people in Glasgow, and
made marine, locomotive, pumping, blowing, &c., engines,
and a variety of other work. They had such a large
business that the firm eventually removed to the suburbs,
where they built a very extensive and carefully arranged
establishment, and devoted their whole energies to rail-
way engines, large numbers of which were sent to India
and other foreign parts.

Tod & McGregor, of Clyde Foundry, Glasgow, was
another celebrated firm I had the honour of being asso-
ciated with. After a very long and successful career,
however, they closed their premises a few years ago—the
Inman S.S. ¢ City of Richmond” being their last ship.
At one time they were constantly building vessels for the
Peninsular and Oriental Company, whose last paddle
steamers, the ** Ganges” and *‘ Singapore,” were built, I
think, in 1852. At that time the screw-propeller was
becoming better known, the above Company, therefore,
gave it a trial by requesting Mr. Tod to build the S.S.
“ Bengal ™" for them, and so highly pleased were they with
the performance of this ship, that paddles were discarded
ever alter,

Amongst the numerous ships which followed for the
same Company, was the ¢ Delhi,” which had vertical
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trunk engines, but owing to the Indian Mutiny atrocities
at this period, they changed her name to ‘ Nemesis "—or
the * Avenger.” The Inman Company also gave them
many vessels to build, having in nearly every case Mr.
Tod's steeple engines. Their machinery was elegantly
designed : light, strong, and highly-finished in all the
parts above the cylinders,—which lay at the bottom of the
ship. The engine-room had also abundance of natural
light, and every detail was easily accessible and easily
seen; whilst those on the starting platform, or on the
upper deck, could take in at a glance everything around
them. With many other firms too, these engines were
very popular, for paddle as well as for screw steamers of
all sizes.

Tod & McGregor were also greatly in favour with the
Egyptians, and especially with the Pasha, for whom
they built several beautiful steamers having oscillating
engines, one of which—the « Faid Rabani,” or * Light of
Heaven,”—was fitted up as a steam yacht in magnificent
style, and at a cost of {70,000. It was reported that on
one occasion she ran upon a bank in the Nile, and as
they could not well get her off, His Imperial Highness
became so enraged that he went about the ship des-
troying the costly ornamental work with his own
hand.

Mr. Tod died in 1859, and Mr. McGregor, of the ship-
yard at Partick, six weeks afterwards. Mr. William Tod,
the eldest son, now assumed the management of the
engineering department, and I entered his drawing-office
in 1860. This gentleman was without exception the most
genial and kind-hearted engineer 1 ever knew in Scotland.
He was highly esteemed by all, was rich, and had a good
business, but «died young,’ and this, unhappily, may be
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said of too many of the choicest and most promising
people we have known in life.

Another Clyde Foundry worthy was Mr. R. F. Pearce,
the business-manager, and formerly of Chester. There
are people we sometimes meet who have an unhappy
talent for looking on the dismal side of everything, either
in expectation or in possession, and for colouring their
surroundings with Payne's grey or neutral tint, not to
mention Indian ink or lamp black. If the sun shines, or
the flowers bloom, or the health-giving breezes blow, they
think they are for others, but not for them, and all
because these unfortunates are unable to extract the sting
from the nettle,—the bitter from the sweet in life,—and
either do not know, or seem to forget, that the world in
general is pretty much what we make it for ourselves.

There are others, however, who, in the midst of
anxiety, and perhaps trouble, are bright and happy,
though often cast down, and still more happy when the
end draws near, because they are masters of the art of
painting their thoughts and actions with liquid sunshine,
and helping to tint those around them in a similar
manner. To a large extent Mr. Pearce was one of the
latter. He was essentially a ‘“happy man "—one who
never seemed to feel he was getting older, or that there
was any care and anxiety in zis part of the world at least.
He enjoyed his own jokes immensely, and much liked
sometimes to come into our office to tell some funny
story, and ask kindly for all of us. He too, I regret to
say, has recently departed, but with me the memory of
those two good, kind friends, will be ever green.

One of the ancient remains of the Clyde Foundry is
still to be seen on that river in the shape of the old
paddle steamer ¢ Inverary Castle.” She was built in
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1839, but, during the interval, has had at one time a new
bow, at another a new stern, and, after that, she was
lengthened. When I had the pleasure of seeing her come
into Rothesay some years ago, with her saloon filled with
flour and meal bags to feed the Highlanders, she looked
as smart and youthful as if only a few years of age. One
of her crew told me about the alterations in her hull, and
emphatically added, * Her plates were very tough, sir.”

I well remember the advent of the first Sunday
steamer, “ Emperor,” on the Clyde, in 1855, and also the
how! that ran through Glasgow and down both banks of
the river when the ¢ Sawbath breaker " made her appear-
ance. The ¢ Nelson’ followed. Her owner, however,
was excommunicated, along with his family, from their
church ; but those who helped to do this did not think it
any sin to put their own vessels on the slips, to clean,
paint, and otherwise titivate on the Day of Rest.

For twelve miles below Glasgow the Clyde is almost
as artificial as the Suez Canal, and during the early part
of the present century was only navigable to the Broomie-
law during spring tides, by vessels drawing about eight
feet of water. The only communication between the city
and places down the river in those days was by boats,
and a story of the period is, that one dark or foggy night
a party went on board one of them for a row to Greenock.
They started, and in the early morning one of the oars-
men cried out, *“ Hey, Jock, here’s Dumbarton Castle !”
“ Where ? ” said his friend at the other oar. * There,”
said he, pointing to what on closer inspection proved to
be the Broomielaw after all. They had toiled all night,
quite forgetting that the boat was moored by the stern!

The river steamers have always been celebrated for
their speed and beauty, and have caused as much rivalry
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among their builders and engineers as if they had been
ocean liners. At the present time some of them are truly
magnificent, and may be said to have no equals in
Europe. Especially is this the case with the ¢ Columba™
and ¢ Lord of the Isles.” The former goes to Ardishaig
and back the same day, or a distance of 180 miles in
about eleven hours, including numerous stoppages, and
the latter to Inverary and back, or 218 miles in thirteen
hours. It is interesting to contrast these vessels with the
earliest steamboat ¢ Comet,” an engraving of which is
annexed.

The * Columba ™ carries the mails, and is 316 feet
long, by 50 feet broad over the paddle boxes, her draft
being nearly 6 feet. The deck saloon, which runs about
three-fourths of her length, and full breadth of ship, is
elegantly fitted up in the Pullman car style, and below
this is the dining saloon, where 140 can sit at table with
as much comfort and style as in a first-class hotel. At the
post office, letters and+telegrams are received, and money
orders paid. There is also a hair dressing establishment,
a bathroom, a bookstall and fruit stall, a cloakroom, and
two circular tables for writing letters, at which ladies and
gentlemen are so constantly engaged during the season,
that I am afraid the description I have given has now
been read by the public in many thousands of their
epistles. Besides a handsome piano at the end of the
saloon, they are otherwise well off for music, as there is
generally a good instrumental band on deck, which
greaty adds to the enjoyment of a trip which only costs
six shillings for the whole day.

The vessel, externally and internally, has the finish
and appearance of a modern Cunarder, and is propelled
by a pair of splendid engines at a speed of 22 miles an
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hour. The *¢* Lord of the Isles,” on her run to Inverary,
although not quite so large, can do 23 miles in the same
time. The following well-known story is told about the
Kyles of Bute, through which these steamers pass every
day :—

When the late Mr. Charles Maclver went to live at
Rothesay, he engaged John Taylor, an old man-o-war’s
man, as pilot for his steam yacht. The first time Mr.
Maclver sailed through the dangerous * narrows,” he
said to his Ancient Mariner :

““ Now, are you sure you know this place well 7 ”

““Know it?" said John, “I ken every rock on this
coast, from Cape Wrath to the Mull o’ Galloway—there’s
one o' them,” he coolly added, as the ship bumped
against a sunken reef, apparently in proof of his asser-
tion.

It is on the banks of the river where the great exten-
sions are to be seen that have taken place during the last
twenty years, in connection with the engineering and
shipbuilding establishments for which the Clyde is so
famous. The largest of these are the works of the Fair-
field Shipbuilding and Engineering Company, and the
Singer Sewing Machine Co., which have been already
referred to. The enclosed ground space of the latter
amounts to 46 acres, and the land now covered by
handsome buildings is 22 acres in extent. Their foundry
alone is 448 feet long, by 352 feet wide, while the other
parts of the works correspond to this, and are from one
to four stories high, giving, on the whole, a handsome
appearance from the river. To drive the machinery,
engines of 1,600 and boilers of 2,000 horse power are
required, while the extent of railways throughout the
factory amounts to 23 miles.
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Amongst the numerous steamships built on the Clyde
in early years were the Cunard Atlantic liners, which in
1850 were as follows : —

Caledonia../1250tons 500 h-p.| Niagara .. 18ootons|700 h-p.
Hibernia... 1400 , | 550 , |Europa... 1800 , [700 ,
Cambria....1400 , | 550 , |Asia ...... Ii2250 « |Boo
America ...|1800 , | 700 , | Africa ...'2250 . |Boo
Canada ... 1800 , | 700 ,

All the above were paddle-wheel vessels, the general
length of the six largest being from 275 to 300 feet, and
beam from 40 to 42 feet. Their steam cylinders were go
inches in diameter, with an 8 feet stroke of piston for the
700, and g feet for those of 800 horse-power, while the
diameter of the wheels was from 32 to 36 feet.

In 1852, the Cunard Company established steam com-
munication between Liverpool and the Mediterranean
ports, and in that year made a new departure of great
importance. Previous to this, their fleet consisted
entirely of timber built ships as above: they now,
however, gave an order for the iron screw steamers
“ Alps" and ““ Andes,” to Messrs. Denny, of Dumbarton.
Their engines, of the ¢ beam " description, had powerful
spur gearing, to increase the velocity of the propeller,
and were of a type frequently employed in those days,
but which, for practical reasons, has long since been
abandoned. Other similar wvessels followed, and on
March 3rd, 1855, the iron paddle steamer ‘¢ Persia' was
launched from Napier's.

What a sensation this ship caused on the Clyde while
building! The largest vessel hitherto launched on that
river was Tod & McGregor's P. and O. steamer * Simla,”
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of 2,600 tons, and 6oo horse power; but here was a
paddle ship of the unheard of size of 3,500 tons, and goo
horse power, The descriptions given in the newspapers,
must, I think, have caused every young engineer to wish
he was in the Lancefield Foundry, helping to make her
truly splendid machinery. Many a discussion we had
about her in Denny's—indeed, before the order was
settled, the general hope was that our firm might have
the building of the vessel, since we had a reputation good
enough for anything. As our erecting shop, however,
was not quite high enough in the roof, and the cranes
hardly strong enough for such colossal engines, we were
content to let Napier get the contract.

The “ Persia’s” length over all, was 3go feet, breadth
over paddle boxes, 71 feet, and depth 32 feet. Her hull
was immensely strong, and every care was taken to make
her the best, safest, and quickest ship at that time afloat.
Mr. David Kirkaldy, of London, who was then in the
Lancefield Works, made the most exquisitely finished
drawing, in many views, of the ship and engines, that had
ever been seen, and was the first of its kind admitted to
the Royal Academy.

When Commodore Judkins was in command of this
vessel, a passenger one day found fault with the wine,
and added—

“Can’t you give us something better? ™

“No, sir,” said the Captain, ‘“it is the best I have in
the ship, but when we arrive in Liverpool you shall come
and dine with me, and I'll give you some that you will
like.”

The “Persia” arrived in due time, so also did the
banquet.

“ What do you think of that wine? " asked the host.
D
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« Splendid! some of the best I ever tasted.”
“I am glad you like it, for it is a bottle of the same
quality you had on the voyage!”

In 1862, the iron paddle steamer * Scotia ' was built
by the same firm for the Cunard Company, She was of
still larger dimensions than the ¢ Persia,” but as it
soon became fully apparent that the screw was the best
means of propulsion for ocean navigation, paddles were
henceforth abolished. In 1879 this once famous ship was
sold to the British Telegraph Construction Company,
who substituted compound twin-screw engines for the old
side levers, and otherwise altered her to suit their own
requirements.

At this period none of the great Engineering people
in the Clyde district attained such high celebrity as
Robert Napier. This was attributable to two main
causes,— one being the antiquity of his establishment,
and the other the excellence of the work he turned out,
in design, material, and also workmanship, which could
not be surpassed. From the time that Mr. Napier
obtained the engines of Junius Smith’s steamer, ** British
Queen,” to complete, owing to the failure of Claude
Girdwood & Co., her first contractors, his business
increased greatly, and a most important event in his
career was a visit he received from Mr. Cunard, in 1839,
relative to the formation of the British and North Ameri-
can Steamship Company, which they unitedly had the
honour of originating.

In consultation with Mr. Cunard, who had purposely
come over from America to carry out a scheme, the great
results of which he clearly foresaw, Robert Napier deve-
loped what proved to be the best arrangement in connec-
tion with the first four ships of the newly created line,
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and at once obtained the contract for their engines, while
the vessels themselves were given to Mr. Wood, of Port
Glasgow, to build. Long previous to this, however,
Messrs. Burns, of Glasgow, and Maclver, of Liverpool,
who had been running coasting steamers for several
years, amalgamated their undertakings in 1830, and this
firm of Burns & Maclver was, at the time Mr. Cunard
came to England, one of the most prosperous shipping
Companies in Great Britain. When, therefore, the pro-
posal to form a great Atlantic steamship organisation was
made to those gentlemen by Mr. Napier, they at once
agreed to it, and the result was the foundation of what
ultimately became the well-known “ Cunard Line.”

Sir Samuel Cunard may therefore be regarded as its
originator, and now that so many years have rolled away,
it may only be added that his enterprising partners, the
MacIvers and the Burnses, have proved themselves to be
amply capable of sustaining the grave responsibility they
then assumed.

Tod & McGregor, who in later years were considered
the wealthiest engineers in Glasgow, also turned out
large quantities of splendid work, but amongst their
workmen they had not a good reputation, as so much
importance was attached to the speedy execution of a
contract. Mr. William Tod, however, rectified this 1n
his usual happy way. On the other hand, Napier's was
not only a very steady, but a very comfortable place to be
in, and, so far as I could learn, men were never found
fault with for taking what some might think a long time
to what they did, provided it was of the very highest
character.

This system, however, occasionally involved Mr.
Napier in heavy loss. For instance, the first of the
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ironclads, or ‘“batteries,”” as they were then called, proved
a financially disappointing business for him as the builder,
but so pleased were the Government with the way in
which the contract had been carried out, that they
liberally made good the loss which had been sustained.
At other times, however, he was not so fortunate.

It was by no means easy for visitors to get inside
either the Lancefield or the Vulcan Works if they were
known to be engineers; anyone else, however, the pro-
prietors did not greatly object to. Twice did I try,
though unsuccessfully, to obtain admission, but when in
later years I could send in my card as a ‘ Consulting
engineer,” | was courteously received, and allowed to
inspect everything. For their kindness I now thank
them. By this time, however, the charm was broken, as
I had become intimate with marine engines of all
descriptions in other places.

On this point, Messrs. Laird Brothers were most
generous, and, during the time H.M.S. *“ Agincourt™ was
building, from twenty to thirty visitors a day were fre-
quently allowed to go through the establishment, after
signing their names in a book, and giving a trifle to the
Birkenhead Infirmary. One can hardly think, however,
that this liberality to outsiders was purely disinterested,
because, not long before, the ¢ Alabama ™ had left their
yard on a secret mission organised by her owners. As all
the world knows, her career called forth very strong
expressions of opinion in America towards the British
Government, and I therefore fancy that the public were
freely admitted, so that all might see for themselves that
there were no more lurking pirates on the premises to
give cause for international quarrels.
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CHAPTER V.

THE BIRKENHEAD IRONWORKS.

Difference between Marine and Locomotive establishments—Description of
the Birkenhead Iron Works—The Firm—The Staff—Pupils in
Drawing Office—BRilly Taylor’s *“ Unlucky " Dinner—latal Tea
Party in Chester—Troublesome French Pupil—Chief Engineer of
[{.M.S. “Captain "—Foremen and Workmen in the Birkenhead
Tron Works—Value of “old hands "—Foremen in Small Works—
The ** General Utility " Engineer—H.M.S. ¢* Euphrates.”

THE only establishment on the banks of the Mersey to
which I shall refer will be the Birkenhead Iron Works,
because I had the honour of being on the staff for many
years, and therefore can speak confidently of much that
I was intimately acquainted with. The number of men
employed amounted to about 4,000, but, a few years ago,
upwards of 6,000 were on the books, and considerable
occupation was given to others in the foundries which
supplied the firm with brass and iron castings, and copper
work, and also in the great forges where the heavy
wrought iron parts were made.

In this respect there is considerable difference between
marine and locomotive works, the former giving out all
their heavy forgings, and in many cases all their castings,
to other people, as it is more economical to do so owing
to the extreme variations in size that exist in steamship
engines. The railway engineers, on the other hand, have
no such variations, as locomotives do not alter much
either in dimensions or in description; hence they make

all their own castings, brass, copper, and all other work,

Droits reserves au Cnam et a ses partenaires



56 ENGINEERING, POPULARLY CHAP. V.

and are thus completely self-contained in their operations.
Everything, however, in the way of plating, as in boilers,
tender water tanks, side frames, etc., are given to the
rolling mills,

Besides the 4,000 men just mentioned, the Birkenhead
Ironworks had a large staff of able foremen and experi-
enced draughtsmen, both in the engineering and ship-
building departments, and also a full complement of
clerks in the general office. 1 cannot say how long some
of the foremen have been in the works, but I know that
the late Tom Williams, of the ship yard, was about forty-
five years on the premises, and some of the others also for
very extensive periods. The establishment comprised a
pattern shop; one light, and two heavy turning shops;
two erecting shops, in the last of which the most powerful
engines in existence could have been fitted up; a boiler
shed—which has recently been superseded by a very
spacious and admirably arranged new building outside
the works ; an extensive smithy, containing several steam
hammers, and all other appliances for executing ship and
engine work generally. At this end of the premises were
placed a large joinery and cabinet-making shop; also a
saw mill, with complete assortment of machines for
sawing, planing, mortising, etc.

Over the smithy was a spacious mould loft, where the
sections and plans of the vessels were drawn full-size on
a black floor, so that the greatest accuracy might be
ensured in their construction ; and, adjoining this, was a
drawing office, for preparing a few of the necessary plans

on paper. In the same locality were to be found the
rigging loft, storerooms, and buildings containing the ship
constructing plant, including plate bending, punching and
shearing, planing, drilling, and other machinery.
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At the other end of the works stood an extensive
building containing all the principal offices, keeper's
rooms, and a model room, which contained a large
collection of very handsome models and oil paintings of
ships built by the firm. Next to this, were the paddle-
wheel and also the armour-plate shops; the latter of
which was part of the second of the heavy turneries
referred to, and contained shafting lathes, planing, dril-
ling, screwing, and other machines; also a most powerful
hydraulic press, for bending the heavy armour-plates
cold.

Lastly, we may add a large shed full of shipbuilding
appliances, where all the frames or ribs of the vessels
were bent to shape on a large iron face-plate. The erect-
ing shops were swept longitudinally and transversely by
very powerful overhead travelling cranes, and, the larger
of the two had, on one side, a few valuable machines,
including one of gigantic size for planing and slotting
work of the heaviest character, also a lathe, whose face-
plate was 15 feet in diameter, and bed of great length., As
the foundations of these buildings had been excavated out
of the solid rock, the floors were beautifully clean com-
pared with others. The practice, however, adopted at
Woolwich Arsenal and elsewhere, is a good one, as the
floors are composed of hexagonal pieces of wood bedded
in the ground with the end fibres uppermost—as in
wood pavements—which makes them easy to keep clean,
and in other respects is very suitable.

The amount of medium and small sized gear in all
engines is very considerable. This is sent to the light
turnery, where it is operated upon by machines and
appliances of every description for rapidly executing first-
class work. Nowhere is this more observable than in

Droits reserves au Cnam et a ses partenaires



58 ENGINEERING, POPULARLY CHAP. V.

locomotive and machine making establishments ; in such
places the visitor will see quite a forest of belts, shafts,
pulleys, etc., and everything arranged in the most sys-
tematic order to suit their own class of work, and facilitate
every operation to the utmost.

There were five graving docks, two of which were
covered, and under their roofs H. M. Ships * Agincourt,”
“ Buphrates,” ¢ Captain,” ** Vanguard,” and other vessels
were built, while another was used as a fitting-up basin
for ships getting in their machinery and masts, previous
to being taken to the Birkenhead docks to finish. There
were also six building slips, which, in conjunction with
the graving docks, had, during my time, sufficient employ-
ment to keep them in full operation for many years.

The heads of the firm were very good in giving us
most spacious and handsome offices, and, indeed, every-
thing that tended to make us comfortable. In this
respect, however, many first-class works of the old style
are very deficient. Sometimes we all received invita-
tions to a grand dinner, which latterly was given in the
large general office.  The first banquet I had the honour
of attending was on the occasion of the launch of H.M.S.
“ Agincourt,” and the last immediately before the mar-
riage of the senior partner. At this entertainment
there were about 150 clerks, draughtsmen, foremen, and
visitors. A most excellent dinner was provided, and
afterwards there were a great many speeches, one of
which the author was kindly asked to contribute. Some-
how or other his humble effort gave great pleasure to the
whole company, but inasmuch as he had to return
thanks for ‘ the ladies,” it is most likely the subject of his
remarks was the cause of their enthusiasm, and, in that
case, it shewed their good taste.
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The manager at this period, contrasted materially n
disposition and appearance with Mr. R. F. Pearce, of
Tod & McGregor's, as the former was sombre, and did
not say much ; while the latter was bright, lively, happy.
Had they both been on the stage, one would have made a
splendid heavy tragedian, and the other an equally
admirable light comedian of the Charles Mathews type.
The gentleman I am referring to, however, was one of
the best managers [ have ever known.

He was kind and good to all, and had a quiet,
pleasant way of speaking to people,—even when things
went wrong,—that did him great credit. He never hurried
us with our work, unless pushed for time; but under all
circumstances would have nothing that was not done in
the very best style. And if anything were wrongly made—
which rarely happened—through an error in the draw-
ings, he would point it out to the draughtsman, and
mildly say: ¢ I am surprised that one of your experience
could have done such a thing, don't let it occur again.”
The amount of time spent on plans he supervised was
considered of little value compared with excellence in
design, proportion, and arrangement. This was specially
the case when the drawings for a new type of engines had
to be worked out, involving every kind of alteration as
one’s ideas became developed and matured, until at last
perfection was arrived at as nearly as possible under the
circumstances.

In the engineer’s office, to which I was attached, there
were at least twenty draughtsmen and apprentices—
English, Irish, Scotch, American and Brazilian, and, as
the last named were foreigners, I must say a few words
about them.

Eugenio Lopez de Gomensauro—whom we may call
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the head of the tribe—was a perfect Adonis, elegant and
refined in taste, and a remarkably pleasant little fellow
besides. He was very steady and attentive, had appa-
rently no faults, and, so far as we knew, no vices. He
returned to his country, and, although possessed of
influence, as his father was an admiral, T believe his
expectations were not guife realised.

Next in order came Antonio De Silva, a mild dis-
positioned, amiable youth. He was a hard student, and
took care to read the best and newest scientific books.
If he got too much tracing to do, he would go off for a
day or two to study his literature, and leave his work to
be finished by others. A painstaking gentleman he was
in what he liked, and what he did not care for he tried to
avold. Just before he left the works, he gave a party, to
which we were all invited, but as two of us, including
myself, were absent, we were asked to dine with him at
his lodgings. When we arrived at the house, he received
us in his shirt sleeves, made us heartily welcome, and
then left us to take care of ourselves for a time.

It turned out that he was cooking the dinner down-
stairs! but came up now and then to see how we were
progressing. At last the feast was spread, all in good
order, and to his own entire satisfaction. I really forget
now what the banquet was composed of, but we did ample
justice to the good things, which were so admirably
cooked and so liberally provided, and altogether we spent
a most pleasant evening. What has become of De Silva
1 do not know, but I have no doubt he has found his
culinary attainments very useful in a far-off clime, and I
also hope that his studies have been remunerative and
pleasantly profitable.

José Ferreira, another of the tribe, was as dark com-
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plexioned as if he had lived for many years under an
African sun. He was a merry youth, took things very
easily, and seemed to make the study of engineering a
sort of elegant recreation. He used to place his drawing
board on trestles, and, leaning back on his stool against a
chest of drawers, looked the very picture of indolence
and good humour when, with tongue lolling out of his
mouth, he idly played with his instruments, and made
personal remarks upon those around him, with whom he
was much amused. Ferreira also went home to Brazil,
but not long afterwards revisited his old establishment,
and, from what he said, it appeared as if the world had
ot treated him as kindly as he wished.

A sad event happened at this period to an English
pupil named Billy Taylor, who was then amongst us. He
was a fine, amiable, good looking, studious boy, one who
promised well, and was quite a general favourite. On
one occasion, however, thirteen of us, including DBilly and
myself, sat down to dinner in a Birkenhead hotel, quite
well and hearty. When our number was mentioned to
him, he made some slighting remark, such as, *What
did he care? He could eat his dinner just as well.”
Poor fellow! By a curious coincidence, within a fort-
night we had the melancholy duty of laying him in his
grave.

On another occasion I went with a large party of
ladies and gentlemen to Chester. Under Dean How-
son's able guidance we spent fully an hour in rambling
over the beautiful cathedral, then had a walk around the
ramparts, and, after that, tea. QOur party was now
divided, and it was again discovered that the table I
was at contained thirteen. Well, I didn’'t care a single
pin, but said little. One of the gentlemen, however,
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following on Billy Taylor’s lines, made a frivolous
remark about it, and lo! he caught cold that very
evening when we were rowing on the river, and in three
weeks was dead. Still more remarkable is the fact
that the night before the Liverpool and London S.S.
“Cheerful” was run down by H.M.S. “Hecla,” in
the Bristol Channel, thirteen people left the former at
Plymouth ; the same number sat down to tea, and fhirteen
were drowned.

There are a few superstitions that ignorant people
still cling to, but it seems astonishing, in our time of
enlightenment that they are not all consigned to oblivion.
I cannot, for example, bring to mind a single instance of
a ship’s keel having been laid, or the vessel herself being
launched, on a Friday; and, so far as the shipping adver-
tisements are concerned, one would suppose upon reading
them, that it was not considered proper to start an ocean
liner on that day. In some cases, however, private com-
mercial reasons may be the cause of this. There is a
well known story told of a shipowner who said, « He
didn’t believe in any such rubbish, and would expose the
fallacy to the world.” In proof of his statements, he laid
the keel of one of his ships on a Friday, launched her on
a Friday, and named her the *“Friday.” She began her
first voyage on a Friday, but from that time to the pre-
sent has never been heard of !

Some of our drawing-office pupils were studious and
persevering, others not so. A few seemed to consider
engineering as a kind of doubtful amusement, and two or
three of these gentlemen retired from the profession when
their apprenticeship was out, and tried something else.
They had a magnificent school of practice before them,
and, if they had only availed themselves of it as they
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should have done, might have become, with fair opportu-
nities, successful engineers.

In this respect, foreigners set us a very good example.
They come here, pay all attention, and try to pick up as
much as they can to take away with them. From this
cause alone, a Frenchman in Napier's gave a great deal
of trouble to the firm. He had been in some Continental
technical school, and went to the Lancefield Works to
study practice, which he did in the most persistent and
audaciously appropriating style I ever heard of.

This youth took notes of everything he could lay his
hands on, and although reprimanded by my old and
esteemed friend, the manager, for doing so, continued to
trace and copy drawings in the office for his own use—
and with the help of others too. He was sent into the
works, but, when there, got some of the apprentices to
assist him in making figured sketches, and also in taking
down the names of the makers of every machine in the
place, despite the foreman’s remonstrances. The firm at
last became tired of him, so he politely departed in
accordance with their wishes, saying at the same time,
« He had all he wanted.” It may be mentioned, how-
ever, that his people in France had given Mr. Napier
large orders for ships and engines, which, of course,
covered much that was disagreeable.

One of our frequent visitors during the time H.M.S.
«Captain” was building was Mr. George Rock, her
appointed chief engineer. He was “a fellow of infinite
jest,” or, as Mark Twain would have said, *full of
laugh,” and, as he was far on in years, put me much in
mind of King Cole, for he was just as merry. His
relations had advised him to retire from the Navy, as he
had been long enough in it, but he preferred staying a
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year or so longer in the service so that his pension might
be increased.

Not long atterwards, the ship sailed on her last cruise,
taking with her Captain Cole, R.N., the inventor of the
turret system, and poor George Rock also, and, during
the squall on that eventful night in the Bay of Biscay,
the vessel went down suddenly and drowned nearly all
on board, including the two gentlemen I have named.

The foremen and workmen in Messrs, Laird Brothers’
establishment were, so far as I could judge, similar in
character to those 1 knew so well at Denny’s, but,
having had little to do with either, I cannot say much
about their peculiarities. Mr. Young, of the pattern
shop, and Mr. Barton, of the erectors, were the two I saw
most of, however. The former had been a long time
in Maudslay’s, and was a very fine specimen of his class,
but, being somewhat aged, was generally called, in our
office, “Old Young.” In Smiles’ ““Life of James Na-
smyth,” the latter, while describing those associated with
him in the Bridgewater Foundry, at Patricroft, refers
most kindly and interestingly to his various foremen, who
were such valuable assistants.

For my own part, I look upon the heads of depart-
ments in the workshops, much in the same light as the
non-commissioned officers in the army. They have
considerable responsibility, as they stand between the
masters and the men, and their object is to please the
former by getting as much good work from the latter as
possible, and, at the same time, to be kind, just, and not
overbearing to them. Some foremen are very disagrec-
able and exacting, and cannot keep their ‘“hands™ if
they can get employment elsewhere, as they dislike such
overseers far more than bad masters, because they are
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always among them. When both, however, are cood,
the men take much greater interest in their work, and
the result is a happy state of things all round. In the
establishments of some large employers of skilled labour,
this has been pre-eminently the case,

In my early years, foremen had more to do in one
sense than they have now, because first-class engineering
firms get up their drawings so completely in every respect
that the men work to them implicitly, whereas, long ago,
a great many little details were left out of the plans to
save trouble and expense in the office, and thus the
foremen had often to use their own discretion in giving
the necessary instructions to turners, fitters, etc., which
caused considerable loss of time. There are other ways
in which careless or imperfect working drawings are per-
nicious, but this will be referred to under another head.

The chiefs of the executive are simply good, steady,
reliable ‘workmen, advanced to a higher position. They
have little or nothing to do with science, but are eini-
nently practical in their respective branches, and are
able sometimes to give valuable advice to those above
them, and, however accomplished an engineer may be,
he can always learn something to his advantage in con-
ference with these workshop lieutenants.

A thoroughly organised staff of foremen and workmen
is of the utmost importance, as their complete knowledge
of the system adopted in the establishment they belong
to greatly facilitates the execution of a contract. This is
fully recognised by the managers and partners of great
firms, who often take orders at prices which will yield no
profit, simply to keep the men together and the works
going during dull times. When an old and experienced
proprietor dies, and his sons succeed to the business, this
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state of things is still more keenly felt, because the young
men are thrown upon their own resources, and, unless
they have used their time well in getting as much inform-
ation as possible, will find themselves entirely in the
hands of their assistants, so far as practiéa] and scientific
work is concerned.

Many of the great engineers of the past superintended
everything personally so long as an increasing business
would allow them. Fairbairn, for example, controlled all
his own departments from the drawing office downwards ;
and led such an active life, scheming this, and planning
that, improving his details, and altering his arrangements
of machinery to suit the end in view, that his great
success was, we might say, the result of untiring efforts,
sound and extensive knowledge, and great administrative
ability.

When young engineers, therefore, take up the reins of
government, relinquished by their fathers who have won
fame for themselves, they cannot but feel that they are
resting upon a reputation acquired by others before
them, and hence will be seen the great necessity for
keeping the * old hands" together, who know so well the
late commander’s ideas upon all those points which
unitedly and individually insured success. We are quite
aware, however, that with but little practical knowledge
on the part of the new government, the works may never-
theless be admirably conducted; but, in that case, they
must have an accomplished manager to look after things,
as well as the regular staff already mentioned, who will
run as much as possible upon the old lines.

The same reasoning may apply more or less to all
complicated employments; but, with that of the engineer,
it is often necessary to use the highest skill, in order to
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avoid great errors of judgment which, if acted upon, may
produce terrible results. In proof of this, we have only
to refer to some of the great disasters of the last twenty
years, and, in some instances, to the very simple causes
which created them.

In large works, the foremen occupy a very comfortable
position, are well paid, and have permanent employment,
notwithstanding the changes induced by dull times.
They do nothing but superintend operations, and *‘ go
about,” as the saying is, *like gentlemen.” Mr. Barton
and Mr. Young always wore dress hats, and were,
therefore, the swell lieutenants of the Birkenhead Iron-
works. The former supervised the erecting shops, and
the colossal machinery in his department, but had
able leading hands under him to take charge of each
pair of engines, and see that everything was properly
done.

Mr. Jones, of the light turners and fitters, had a
forest of belts, drums, and pullies, to clear with his head.
Mr. Ashton, of the boilermakers, had many curiously
curvilinear corners to calculate, consider, contemplate,
and contend against in /Ais part of the premises; and
Mr. Williams, of the ship yard, had a great variety of
cantankerously crooked crannies and crevices to crawl
and creep into. These gentlemen were, therefore, obliged
to be content with ordinary felt hats, which, in their
respective cases, suited admirably. They all had their
own peculiarities of mind and manuer. Any information,
however, you wished from them at anytime, was kindly
and pleasantly given, and everyone I have named, as well
as the others, knew exactly what had to be done, and
how to do it to perfection.

In small factories the foremen are required to assist in
E
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many ways, and are for this reason called * working
foremen.” In a Glasgow establishment, about forty years
ago, one of these overseers had taken on a “ new hand,”
who soon afterwards asked for a file.

« What d'ye want a file for ? " asked the chief.

““ To file they j'ints.”

«Weel,” said the gaffer, “If ye canna mak’ a j'int
wi'oot filin’ "—that is to say, by chipping—*ye're no
worth a big big D!” This, at least, is the euphemistic
translation of the speech, in conformity with the require-
ments of modern language.

In very small places, a foreman may be anything and
everything in all departments, and get little for it too.
He may also have to do the work with or without what
we call “drawings "—a chalk sketch on a board or bench,
or the point of an umbrella trailed over the dusty floor by
the master, being often considered sufficient for the pur-
pose. 1 once heard of an establishment of this descrip-
tion at Galashiels. An order had come in for a small
engine, and the proprietor and foreman were holding a
consultation about it.

« What size am I tae mak’ the seelinder? " asked the
gaffer.

¢« Oh,” said the person addressed, “mak’ it that size,”
scribing a circle round him on the floor with the point
of his boot.

« And maister, what stroke wull T gie her ?"

One stride over the *stour”—dust—and, ‘ Gie her
that,” settled the preliminaries.

This engine was probably of the horizontal kind, with
a steam cylinder eighteen inches diameter, and three feet
length of stroke; all the details, such as piston and con-
necting rods, valve gear, etc., having been made no
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doubt in a rough-and-ready style from sketches such as
we have mentioned.

An old and versatile friend of mine ultimately pos-
sessed a small establishment of his own in Leith., He was
highly accomplished in every sense, and combined in
person all the appointments belonging to such establish-
ments, as he occupied the posts of proprietor, manager,
draughtsman, foreman, cashier, clerk, and bookkeeper.
He took in his own orders and saw them duly executed,
but, in spite of every effort, could not succeed financially.

The engineers in the Birkenhead Ironworks were
steady and well-behaved, and, in this respect, much
the same as those in similar places. The shipbuilders
also conducted themselves satisfactorily ; at least, during
my stay of nearly nine years in their midst, I never heard
of them acting indiscreetly at any time, which was cer-
tainly very creditable to all concerned, and especially
so when the same class of workmen have, within a
recent period, given much trouble elsewhere by their
conduct.

There were many accidents, fatal and otherwise, in
the shipyard during my time. This I attribute to the
dangers incidental to shipbuilding, such as falling into
dry docks, stepping on to planks not properly fixed, and
sinking through holes in the decks which should have
been well covered over, and so on; as a class, however,
they are, from some cause oOr other, too often very care-
less. To give an example. One evening when H.M.S.
« Euphrates " was lying in the fitting-up basin, having
her engines put in, I went along one side of the main
deck to the engine room, but returned by the opposite
side. In doing this, however, in semi-darkness I fell
through a small open hatchway, which had been left
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uncovered, and came down so heavily upon the wooden
coaming, that I thought some of my ribs were broken.

Fortunately, however, they were not, but had it not
been for a ladder which providentially caught my feet,
and prevented me from falling into the hold, the con-
sequences might have been as serious as they had been
for others. In about three days I was quite well again,
but have good reason ever to remember that ship, which
it may only be added, is considered by some people the
finest of the five similar transports built at that time by
different firms for the Indian transport service. This,
however, was only a natural result of the carefulness in
design, selection of material, and of every little detail in
ship and engines, from first to last, which characterised
all the productions of Messrs. Laird.

The general arrangement of engineering and ship-
building works depends greatly upon the extent and con-
figuration of the land they occupy, but, in any case, the
fixed and movable plant and other details do not vary
much. From the brief description already given of the
constructive machinery in the famous Birkenhead estab-
lishment, a very fair idea may be formed of the interiors
of all other places of similar magnitude. The character
of the men of all ranks who conduct operations only
seems to follow the natural law of improvement by kind
treatment from their superiors. Those, however—men-
tioned in this chapter—with whom I was so long and so
pleasantly associated, may be considered excellent speci-
mens of the people who successfully conduct some of the
most important undertakings of modern times.
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CHAPTER VI

APPRENTICES.

Different kinds of Apprentices—How they get into Works—Premiumed
Pupils in England — The Clyde System — Origin of I'remium
System—Maudslay’s objections to Pupils— James Nasmyth in carly
days — His troublesome Vouths at Patricroft — The use of Idle
Apprentices — ¢ Marine Works "' — ** General Works ™ —** Special
Works "—Cause of false steps in entering the profession—Lives of
the great Engineers—IHistory of Harland and Wolffi—Workshop
Practice, past and present— Prospects of Engineers at home and
abroad—** Repairing Works "__Tools and Instruments for Pattemn-
Shop and Drawing Office—Working Dress.

I uave known very many apprentices, good, bad, and

indifferent, premiumed and free, in works and offices,

some of whom no doubt hoped to occupy important
positions in after life, although they had a strange way of
qualifying themselves for such appointments. A few ot
those who paid entrance fees seemed to have a high

opinion of the efficacy of their father’s gold, and also a

strong belief that the prestige of the great firm they were

with would make their path to distinction smooth and
easy. This was very complimentary, no doubt, both to
the parents and to the eminent firm, but any earnest
efforts on their own part to benefit by surrounding
advantages seemed to be quite a secondary affair. The
following sketch may help to illustrate the characteristics
of one of these pupils.

Charles Hardinge is a youth of sixteen, just leaving
school,—he has one brother in the army and another in
the navy; his father is a barrister ; and he has also an
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uncle in London, who is a rich merchant. This gentle-
man considers the advancement and pay of the officers in
both services very unsatisfactory, but hearing from others
that engineering is a * good profession,” he fancies it
would do for his nephew, and accordingly tells his brother
so, adding, at the same time, “that it is often very diffi-
cult to know what to do with a youth, and Charley
doesn't seem to have made up his mind on any subject.”

Application is now made to several well known firms
for his admission as a pupil. They all say ‘ they have
not a single vacancy at present, and may not have one
for some time to come.” A firm 1s at last discovered,
however, who promise to do what they can ; and, in about
six months afterwards, Mr, Hardinge, upon payment of a
handsome premium, has his son fairly installed in a
celebrated locomotive establishment. His mother, who
comes to see him settled, boards him with a suitable
family in a good locality, and leaves the youth to take
care of himself. As he lives so far away from the works,
he soon finds out that the half-hour allowed for breakfast
is too little to enable him to return in time. The firm is,
therefore, appealed to; they are asked to let him come at
nine instead of six in the morning, as “ he is not strong.”
They say ‘it is against their rules to do so,”"—* sets a
bad example,”—and so on, but eventually the point is
conceded.

This shortening of the ordinary hours interferes seri-
ously in course of time with steady work; but the kind
foreman treats him as a “ young gentleman,” and gives
him plenty of simple employment which there is no
hurry for, such as cutting quantities of stud bolts to a
certain length, or polishing hand rails and other things.
If he is occasionally ¢ ill,” as he says, and off duty, the
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foreman makes few remarks, but takes care that all the
really good practice he might have had is given to
others with more robust constitutions, and of more
regular attendance.

When he gets into the drawing office, he comes in for
a vast amount of tracing, because he cannot do anything
else ; and has even to learn the simplest rudiments of
drawing and the use of his instruments, which he ought
to have known well long before. Every one likes him, as
he is a fine, gentlemanly youth—amiable and humorous
also. He writes very many letters in office hours, and
larks about in great style, to the annoyance of the
draughtsmen who have serious work in hand, but to his
own amusement. Becoming in time a goodish tracer, he
is promoted ; that is to say, he now copies drawings
and makes details, with the help of those around him,
from other similar details, refreshing himself at frequent
‘ntervals with a few holidays ; but, the manager is con-
ciderate, or, perhaps, has long since discovered that it
is “no use saying anything to that fellow.”

At last his apprenticeship expires, but, as he has not
taken any real, practical, foresighted interest in his work,
and has looked upon home study as a myth, he finds in a
short time that his services are no longer required, and
leaves with a certificate which states, that * he has served
a five years’ apprenticeship with us, and has been in our
employ as a draughtsman for six months.”

If they can manage to squeeze in something about
being *steady and attentive, and conducted himself to
our entire satisfaction,” they may do so on his father’s
account ; but, most likely they will not, as first-class firms
are very particular on this point, and sometimes say too
little. The name of the great people he has left gives
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young Hardinge a good standing, but such appointments
as he wishes cannot be obtained; so after waiting a
considerable time in the hope of *something suitable
turning up,” he enters the drawing office of a locomotive
and machine making establishment as junior draughts-
man, at, say, thirty shillings a week, and here we shall
leave him for the present.

Apprentices in the works are of a very miscellaneous
description, and comprise the sons of noblemen, pro-
fessional men of all ranks, commercial, and manufactur-
ing people, tradesmen and workmen; and the varieties
of character are perhaps as comprehensive. Some are
industrious, and some are not ; some are well bred, and
others are the reverse; some are enterprising and per-
severing in lines of thought and action too numerous to
mention; some are witty, and others dull, In short,
every class of society, and every shade of morals and
disposition —the good and the worthless — are to be
found among the youths of a great engineering establish-
ment.

They obtain admission in three ways: firstly, by
influence ; secondly, by money; and, lastly, by both.
The first system is, I believe, exclusively adopted now in
Scotland, and the two latter seem to be largely used in
England, thus forming what we may call two distinct
systems,—the premiumed and the free,—whose operations
[ shall endeavour to describe. In works on the Clyde,
even of the highest celebrity, no premium is taken, and a
boy gets into them because his father, or uncle, or some
other relative or friend has given the firm orders for
ships, engines, or machinery of any kind. IPerhaps they
have been otherwise useful, or may indeed from pure
friendship, have a sort of claim upon the kind assistance
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of Messrs.‘Sﬂ-andS{), who in cases of this kind will
gladly do all they can.

Some engineers have so many friends of this descrip-
tion. that it is extremely difficult to find an opening in
their works or offices; and, as frequently happens in
other pursuits, a long period may elapse between the
application and admission. On the other hand,—and as
[ found it,—the latter may quickly and unexpectedly
follow the former; at any rate, you must take your
chance, and this applies even to places where premiums
are accepted. Both systems, however, are defective.

In the first instance, a premium is paid as an entrance
" fee, and also to enable the pupil to obtain certain advan-
tages which those who do not pay are not expected to
possess. This, everyone must allow, is very fair; but,
unfortunately, it opens out a serious evil that I have seen
and known, which is injurious to the boy, and bad for
every one concerned. When the young gentleman thus
begins his career, he is frequently treated too indulgently,
or at least not kept sufficiently in check. He may work,
or be idle ; he may be steady, or the reverse; and may,
indeed, be a source of great annoyance to foremen and
leading hands, if they are occupied with important work
upon which no time must be lost. And all this arises
because a handsome premium has been paid, which
imposes too many restrictions on one side, and gives too
much liberty on the other.

I fancy, however, that engineering firms may some-
times consider it the best policy to say as little as possible
about the vagaries of their apprentices, lest they may
offend good clients, who might perhaps transfer their
favours to other quarters, and thus it may often be safer to
bear the ills they know, than fly to those they know not of.
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Well do I remember a pupil who came to the ship
drawing office of the Birkenhead Iron Works in my time.
His father was a very celebrated marine engineer in
London, who had won his way to fame and fortune by his
own merits, and wished his son to have a good oppor-
tunity of learning shipbuilding amongst people with whom
he was intimately acquainted. This youth evinced from
the first a sort of aristocratic dislike to labour, and his
amusements were of a diversified character, one of which
was, | belie've, to sit at times upon the entrance rails of
the general office and admire the clerks, or note those
who came in or went out. On one occasion, a partner of
the firm came upon him suddenly in this attitude, and’
was at once saluted in a sprightly, off-hand, friendly
style, with—

“Well, Henry, are you coming out to hunt to-day ? "

They did not send the youth off quite, but we heard
that a polite letter had been written, asking his father to
take him away. What happened behind the scenes I am
unable to say, but soon afterwards the young gentleman
departed. In another sphere of usefulness, however, he
developed latent talent, and eventually became a partner
in his father's firm.

Having briefly described what may be termed the
English side of the apprentice question, I shall now
endeavour to treat that of the Scotch in a similar manner.
In doing this, however, I think I am correct in stating
that, at the present time, none of the engineers in the
Clyde district take premiums, although in earlier days
some of them did so; but there is reason to believe that
this habit entailed upon them so much unpleasantness
and loss, that it was ultimately abolished. They now
virtually say to intending pupils, “ We'll take you if we
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can, and not charge anything for doing so, but you will
have to work steadily and attentively, keep good hours,
and behave yourselves, as you should do, or we shall have
to part with you.”

So fully was this principle recognised and acted upon,
that its results were highly beneficial, at least to those
apprentices I was associated with in Denny’s, Neilson’s,
and Tod & McGregor's. In Denny's, for example, where
I knew them best, they had an excellent character for
steadiness and good conduct generally. They rarely lost
even a quarter of an hour at 6 a.m.; they attended to
their duties, and were hardly ever away except on special
occasions, for which they obtained leave. We were a
very healthy race, too, and seldom lost time from indis-
position of any kind. We were a merry lot also, and got
along pleasantly and happily, and some of us have done
well in various parts of the world.

Iooking, then, through the vista of many years which
lies between the time I am now writing about and the
present, I have every reason to speak favourably of those
who were my contempcraries\when an apprentice. This,
however, 1 attribute in a great degree to the excellent
system adopted in the establishment, which, however, has
recently been much improved in various ways. As an
example of wonderful steadiness in a young engineer, 1t
may be added that a well known, highly esteemed, and
most prosperous shipowner in Liverpool was never once
late during the whole of a five years’ apprenticeship-

Napier's was a favourite place in those days, and very
comfortable for good men in all departments, but they
had the character of being very strict with their pupils,
some of whom were dismissed because they did not attend
properly, or were otherwise careless. The foreman’s
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authority in this, as in all other similar establishments,
was supreme, as it is not considered etiquette for masters
or managers to interfere with, or give directions to, men
or boys. Turners, fitters, etc., were discharged at a
week’s notice, or received instant dismissal on the fore-
man’s own responsibility, for misconduct, and although
in some places an apprentice could have been easily
enough sent away for a time, they were not dismissed
before a statement of the grievance had been made to
the manager or principal, and a conference held as to
what should be done. In practice this system worked
admirably, and caused remarkable steadiness among
those who, in after years, no doubt realised its advan-
tages.

From what has been said, therefore, on this subject,
the whole question may appear simple enough. In other
words, you may pay for your son's admission to a
Work, and, if an idler, he may do what he pleases, and
at the end of five years have only a general sort of
smattering—a very superficial knowledge indeed—of that
valuable practical branch of the profession he will
never again have such an opportunity of acquiring. On
the other hand, get him in without a premium if you
can, and he will either have to do what he is told or
go elsewhere. In many cases this is certainly the
best plan, but there is another aspect of the question
which is complicating, and which will be referred to
further on.

The premium system, in its application to good
marine establishments, is, to some extent, unnecessary,
unless it provides for ample practice in the drawing office.
Its legitimate objects are, however, too often neutralised
by the conduct of those upon whom it is intended to
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confer benefits, and to confirm my own ideas on the
subject, I may add those of others well qualified to
judge.

The system originated, no doubt, in the persistent
eflorts of those who had means, to get their sons into
engineers’ offices and works in earlier days at any cost.
They offered handsome fees, and were in some 1nstances
additionally supported in their applications for admission
by powerful private influence. On the other hand, engi-
neers themselves were so overwhelmed by the number of
these applications, that they were compelled to ask high
premiums, and thus probably Brunel's, and others’ since
his time, ran as high as £1,000. At present, however,
the sum generally required by great firms in England is
£100 a year, when sufficient influence is not forthcoming
to enable them to take the youth without payment.

In 1829, a Mr. Nasymth of Edinburgh, started from
Leith in a sailing smack, and after a four days’ voyage
arrived in London. He took his son with him in the hope
that after an interview with Mr. Maudslay, whom he had
previously known, he might succeed in getting the youth
installed in his celebrated establishment. Mr. Nasmyth
could not pay for his son’s admission, and although he
knew that Maudslay and Field had ceased to take pupils,
he nevertheless made the attempt.

They were both received most kindly, and upon the
elder Nasmyth explaining the object of their visit, Mr.
Maudslay replied, I must frankly confess to you, that my
“experience of pupil apprentices has been so unsatisfactory
that my partner and myself have resolved not to take any
more of them, no.matter at what premium,” and the
reason was, as he said, ‘because they gave the firm

so much annoyance by irregular attendance, — setting

Droits reserves au Cnam et a ses partenaires



80 ENGINEERING, POPULARLY CHAP. VI.

a bad example to others,—and, on the whole, being
such disturbing elements in the work of the establish-
ment.”’

A ramble through the works was now proposed, to
enable the visitors to see the fine machinery they con-
tained, and upon observing the beautiful engines which
drove it, young Nasmyth was so delighted that he begged
for employment in any capacity, which rather surprised
Mr. Maudslay, who said to him, “So you are one of #at
sort, are you? Bring your drawings and models to-
morrow at noon, and let me see them.” This was accord-
ingly done, and so astonished was the great engineer with
the ingenuity and skill displayed in these productions,
that he at once decided that the boy should have a week
to himself, to enable him to see as much as he could of
London, and then be employed as an assistant in his
private and admirably arranged workshop and office, in
which he remained for several years.

This youth became in time the celebrated James
Nasmyth of Patricroft Foundry, whose reputation was
little, if at all, inferior to Fairbairn’s, and his own
experience of pupils may be thus given. “ We had a few
apprentices who paid premiums,—in some cases we could
not well refuse to take them,—and yet they caused a great
deal of annoyance and disturbance. They were unsteady
in their attendance, and consequently could not be
depended upon for the ordinary operations of the foundry.
They were also careless in their work, and set a bad
example to the unbound. We endeavoured to check this
by agreeing that the premium should be payable in six
months’ portions, and that each party should be free to
terminate the connection at the end of each succeeding
six months, or at a month’s notice from any time. By
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this means we secured better conduct on the part of the
apprentices.”

Slavish, or even constant labour of any kind is not
desirable. We are all the better for a little amusement,
and a hearty laugh does us quite as much good now as it
did to those who attended banquets in the time of the
jesters, or even as it sometimes does among the barristers
in our law courts, but there is a very great difference
indeed between this legitimate relaxation and the con-
tinuous hilarity of those who ought to know better.

I must not, however, be too severe upon these festive
young gentlemen, as they are very useful to us. The
profession is terribly over-stocked, and if every youth
who entered it persistently aimed at getting by his own
merits to the top of the tree, some of us could never
expect to be promoted. Things are bad enough as
they are, but they would be overwhelmingly so if the
young idlers in our works and offices did not keep a
good many ambitious ones out, and cause them to try
something else. What we have said, therefore, on this
subject, has been only through a desire to explain the
true state of the case for the guidance of others ; and
£ the hints thrown out in this chapter are the means
of preventing people from sending their sons to engi-
neering when they have no capacity for it, and also
from spending money and time uselessly when they
might be better employed, it is probable that what has
been written will not be in vain.

I have mentioned in the previous pages the disadvan-
tages of the premium system, and now propose to shew
the benefits it confers.

In marine establishments the work is always chang-
ing. In the olden times this was especially the case,
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when no two orders were alike, and when every possible
variety of paddle and screw engines were frequently being
made. Even at the present day, when one type,—the
direct action triple expansion engine,—is almost uni-
versal, there are great variations constantly arising.

For instance, in places like Elder's or Maudslay’s, an
order may come in at one time for a tiny pair of launch
engines you might almost carry in your arms, and at
another, for those of 10,000 or even 15,000 horse power in
one set alone. This extreme diversity of size necessitates
great alterations in design and construction, to suit the
ever changing circumstances of each particular case.
Hence it will be seen that a good marine work is the
best school of engineering in existence, and often a
source of fascinating study to those who practise in it.

To general engineering establishments a similar line of
argument may be applied, but in places where a large
quantity of special machinery is made, say for flax and
cotton spinning and other textile manufactures, also
steam winches, and a variety of work which is got out
rapidly and extensively, the men and boys are, by the
division of labour system, turned more or less into autom-
atons. They are kept, for a very indefinite period,
turning this, planing that, and boring something else, also
fitting up details, say connecting rods, valve gear, shaft
and wheel work, etc., until those who wish for a change
of employment are completely wearied on account of the
extreme monotony of their occupation.

No doubt the extra pay for work of this kind is an
encouragement to those who will never be anything more
than workmen of a special description, but for appren-
tices whose aim is to rise to the higher branches, such a
system is disadvantageous in every respect, ILooked at
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from a commercial point of view, it is, no doubt, good for
the masters, and perhaps also for the men, on account of
greater remuneration thus obtained, but nothing could be
worse for gentlemen apprentices, who are not protected
from it, and this is what the payment of a premium does,
or ought to do.  Under these circumstances it therefore
becomes a source of great advantage, so long as, for the
reasons already given, it is not abused.

In locomotive work, even at the best, there i1s too
much sameness in description, and very little variety in
size. For example, passenger and goods engines on our
main lines have their cylinders generally from 16 to 18
inches diameter, and a large establishment may perhaps
get an order for 50 of the latter from India ; not long after-
wards 40 more might come in for Australian or other
lines, to the former size, and at another time a lot more
of 17-in. cylinder engines for English railways. Thus
involving an immense quantity of details, similar in
kind and size, which have to be executed by the division
of labour system.

That so many false steps are made in the choice
of engineering as a profession, 1s attributable, on the
one hand, to a want of proper knowledge of what is
required of them by those who wish to enter it, and on
the other hand, to unsuitability, or want of application, on
the part of those who feel somewhat inclined to study it.
The former is not to be wondered at, when we consider
the private nature, generally speaking, of a vast amount
of engineering employment. Of course there are great
schemes, which everyone knows about, such as the Forth
Bridge, etc., but there is also an immense variety of
excellent practice constantly carried on, of which few,

indeed, outside of the interested people, have any idea.
F
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The error of judgment so many make in such matters,
scems to be an idea that the practical and scientific
branches are easily learnt: that drawing-office work is
simple ; and that, as a whole, neither energy nor patience
are necessary. Never was there a greater mistake, as
those who have been successful know well. Locomotive
engineering may be comparatively easily learnt. Marine
needs a much longer time to acquire; but those who aim
at private practice, or foreign appointments, which throw
men entirely on their own resources, and necessitate a
thorough knowledge of many branches, will find that
close and prolonged observation and study confer advan-
tages of inestimable value.

If we study the lives of some of the great engineers,
such as Watt, Fairbairn, Penn, Maudslay, Nasmyth and
others, we shall find that they owed their prosperity to
innate energy, industry, skill, and opportunity from first
to last, and we might also add, the possession of that
useful quality which enables people to make whatever
they undertake a pleasure instead of a labour.

The history of Sir E. J. Harland, the celebrated ship-
builder of Belfast, is briefly given in Smiles’s admirable
book, Men of Invention and Industry. In a chapter written
by himself, Mr. Harland interestingly describes his appren-
ticeship in Stephenson’s, at Newcastle, and his employ-
ment in the marine works of J. & G. Thomson on the
Clyde, as a draughtsman. After this we find him occupy-
ing the post of manager at Mr. Toward’s on the Tyne,
and soon afterwards at Belfast in a similar capacity until
1852, when he became sole proprietor, ultimately taking
in Mr. Wolff—of Whitworth training—as partner.

‘The rise and progress of their immense establishment
is given in detail, and throughout the narrative one can-
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not but see that industry, intelligence, and perseverance,
during a long career, have 1In this case been fully
rewarded.

Looked at broadly, engineering is so complicated in
its higher ranges, and composed of such an infinite
variety of details, the arrangement and proportions of
which have to be carefully worked out, that we can only
excuse indifferent students upon the supposition that
they are financially independent, or that they really have
no conception of what lies before them.

Some people are born engineers ; these need no com-
ment, as they are quite able to look after themselves.
Others are engineers by education, having, like myself,
been obliged to take to it almost against their will.
Whilst a few are totally unsuited for it, and ought to have
been, we might say—anything else. In my own case,
however, a love of drawing proved invaluable, and
enabled me at starting, and ever afterwards, to take a
deep interest in all I saw relating to machinery, and it is
this same taste for mechanical drawing which so often
indicates who should be engineers, and makes all the
difference between those who will never be anything else
but ¢ hands,” and others who show that they have heads.

A youth's surroundings may have occasionally origin-
nated the idea that engineering was an easy-going profes-
sion. His father, for instance, may be a barrister who
apparently does nothing but watch law cases in a Court
of Justice, and one or two of his uncles may get a very
fair income as clergymen by preaching two short written
sermons, without a spark of vitality in them, on Sun-
days, and taking recreation for the rest of the week;
and, therefore, for want of information on the subject,

engineering may sometimes be looked upon in a similar
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light. Another very strong reason why so few people
have even the most superficial knowledge of its require-
ments, is that the mechanical branches are only of recent
date, whereas civil engineering and the other professions
I have mentioned are of great antiquity.

Thirty years ago, workshop practice was very different
indeed from what it is now, as a great amount of time
was spent in acquiring sufficient manual dexterity for the
proper execution of difficult and important parts. Now-a-
days machinery does almost everything, and thus prac-
tical instruction has been robbed of its charms and
general usefulness. If a youth, therefore, is content to
remain as a workman, and take the ten-thousand-to-one
chance of being a foreman, or become a sea-going
engineer, the training he now receives will be sufficient
for the purpose; but for those who aim at higher
positions, their whole future hangs upon a thorough
knowledge of the scientific branches practised in the
drawing-office, which, as already stated, are only open to
the privileged few.

In view of all this, the best plan appears to be to
send the ambitious ones for about three years to the office
of some good mechanical engineer, where they will be
carefully educated in drawing office routine, including the
construction, application, and arrangement of machinery
details. A large amount of valuable knowledge may thus
be acquired, which will greatly assist them to understand
what is done in the Works, and extensively enlarge their
future prospects.

Those prospects are not quite so encouraging as they
were in earlier days, because there are now so many
engineers in the field. But although England may be
overdone in this respect, engineering enterprise is extend-
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ing so rapidly abroad that many good appointments are
to be had in other lands for those who are capable of
holding them. This, however, depends largely upon the
manner in which the apprentice employs his time when
surrounded with advantages. An excellent thing to
observe in life is—Do not wait until your rich relations—
if you have any-—or your poor, but kind, relatives and
friends help you out of a difficulty. Act for yourself with
all the power and ability you possess, and they will think
all the more of you for doing so, and be more inclined to
give their aid.

If you cannot command the winds, you can spread the
sails, and well-directed and sustained efforts are generally
rewarded in some form or other, and frequently in the
most unexpected manner. The art, therefore, of doing
as much as possible for one's self is highly to be com-
mended, and especially so because some of the most
eminent men in the various walks of life have, in this
respect at least, been most diligent.

During the early American war, a gentleman in plain
clothes occupied himself on one occasion by having
a quiet walk among the soldiers, just to see how
they were getting along. He came at last upon a man
in a very unhappy state of mind, whom he tried to
comfort.

«« What is the matter with you, my good friend 2" said
the visitor.

«« Boo-00-00,” replied the soldier, ** here’s a job 1 want
done, and can't get anyone to do it for me."”

«Can't you do it yourself? "

«No, sir; I am the sergeant-major of the regiment!”

¢« Indeed! Can I be of any assistance to you 2"

¢ Thank you, sir, I wish you would.”
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The visitor set to work. Bang went one thing, splash
went another, and in a short time the *job” was finished.

17

« The next time you want anything done,” observed
the departing stranger, “send for General Washington !

Said a lady to me one day—

« The So-and-So's have got their son into the engi-
neering establishment at Blanquetown, without paying
any premium, and they are giving him six shillings a
week to begin with!”

“ Quite right, ma’am,” 1 replied, * he may well have
such liberal treatment, because he is only in repairing
works, where he will not learn much, and where they will
make a machine of him.”

So it was, and is, and ever will be in such places, so
long as they are what they are. With the exception of
the Crewe Works, and others of similar nature, where, in
addition to continuous repairs, they make their own loco-
motives, there is really nothing that an ambitious appren-
tice need trouble himself with, even, if possible, for
double the above pay. The reason is this:—In those
establishments—marine included—the work is connected
with damaged, worn, or broken details, which may have
been long in use, and require renewal in some form or
other. Pins of wvarious sizes have to be turned, new
brasses fitted, valves of different kinds need rectification,
the working gear needs touching up in various places,
broken framings want patching, and so on to the end,
amidst greasy dirt of the most atrocious nature. The
patterns are very limited in number, as well as in size,
and the drawings are just what might be expected in
places where no new machinery is designed or made.

Hence, for all these reasons, a repairing shop is in
every respect the worst possible school of thought and

Droits reserves au Cnam et a ses partenaires



Droits reserves au Cnam et a ses partenaires



q_.__ _,

* -—__._._ _

L—

____ 1l
:2

INTERIOR CF A MODERN PATTERHN

SHOP,

Droits reserves au Cnam et a ses partenaires



CHAP. VL. AND SOCIALLY CONSIDERED. g1

practice a youth can enter. People generally do not
know this, and the poorer members of the aristocracy are
quite ignorant of it, fancying all the time that their sons
are highly favoured by being admitted for nothing to
what they consider a great * engineering establishment,”
and getting, besides, the sum of six shillings or more per
week for their valued services.

The annexed plate shews the interior of the pattern-
shop at the Neptune Marine Engineering Works, New-
castle-upon-Tyne. Those who enter this department in
any locality must provide themselves with a chest of
tools for working in wood, which may be had for
about £6, but in the iron departments, files, chisels,
hammers, and all other appliances, are supplied by the
firm. In the drawing office, however, every draughts-
man and apprentice needs to have his own instru-
ments, that is, a 36-inch ebony-edged tee square; one
ditto 45° set square, 8 inches long, and another of 60,
1o inches in length; two oval section 18-inch boxwood
scales, one of which will be divided to %", 1" 3" and
" to the foot, and the other similarly to %", 3" 14"
and 3 inches. One of Faber's n.i.H. pencils, a good
piece of vulcanised indiarubber, and, say, three good
colour brushes will complete this part of the outfit. The
most important thing, however, is a box of instruments
of first-class quality, and of book form for conveniently
carrying in the pocket, the cost of which need not exceed
£3, even for those who love luxury.

The best place for obtaining the squares and scales
above mentioned, is Mr. W. F. Stanley's, Great Turnstile,
Holborn, London, which I can confidently recommend to
architects, as well as engineers, having used his produc-

tions for the last twenty-five years, and supplied them in
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every case to my own numerous pupils. Such instru-
ments last a lifetime, and, therefore, well repay the care
bestowed upon their selection.

The dress of the engineer should be of the slimplest
character, and perhaps no materials can be better suited
for the purpose than good Navy blue serge and white
duck. For dirty work, the latter is very useful in the
form of ‘ overalls,” as it can be so easily washed.
Especial care, must, however, be taken when ordering a
suit, as the tailor, having in view the fashionable style of
trousers, breeks, or galligaskins, will probably make them
much too tight to allow for future shrinkage, and thus
cause considerable discomfort afterwards, not to mention
the attenuated appearance they will certainly give to the
legs of their unhappy wearers.
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CHAPTER VIIL.

CIVIL ENGINEERING.

Meaning of the term ** Civil Engineer " _The Great Pyramid— Ancient
Suez Canal—IHero of Alexandria—Archimedes—Their Mechanical
genius—Euclid—A Dream of Antiquity—Great Tunnels—Railway
Ferry Boats—Bridge Engineering at home and abroad—Drainage
and Reclamation of Land—Gigantic Pumping Operations—Origin
of the Goodwin Sands—Freaks of Rivers in India and China—
Gradual Elevation by Silting process—Vast Tnundations and change
of Bed—The Hoang o, etc.—Scouring and Deepening process in
Rivers, etc.—Ordnance Survey of United Kingdom.

As the exact meaning of the words * Civil Engineer” is

very important, and has given rise to much discussion,

the Council of the Institution of Civil Engineers con-
sidered it desirable to state the sense attached to them by
the Institution.

The charter defines ¢the profession of a civil en-
gineer” as ¢ the art of directing the great sources of
power in nature for the use and convenience of man,”
and some examples of this definition are given. But it
was pointed out by Thomas Tredgold, who drew up the
« Description of a Civil Engineer, ' —partly embodied in
the charter—that * the scope and utility of civil engineer-
ing will be increased with every discovery in philosophy,
and its resources with every invention in mechanical or
chemical science.” Consequently, since the charter was
drawn, the range of practice of the profession has become
much enlarged.

Thus the practitioners in this art may now have to do

with many classes of work ; for example :—
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1. Works for facilitating and improving internal com-
munications—as roads, railways, tramways, navigation
by canals and rivers, bridges, and telegraphs of various
kinds.

2. Works connected with the sea-coast, and for
facilitating communication between the sea and the land,
such as harbours, docks, piers, breakwaters, sea-walls,
lighthouses, etc.

3. Works for facilitating communication across the
seas, including naval architecture, iron shipbuilding, and
the construction and laying of submarine telegraph
cables.

4. Works for the reclamation, irrigation, or drainage
of land; and for the prevention or the regulation of
floods, including the improvement of rivers, as arterial
drains.

5. Works for cities and towns, such as sewerage,
water supply, lighting, and street improvement.

6. Large and massive buildings generally, in their
scientific and mechanical arrangements.

7. The operations of mining and of metallurgy, so far
as they involve the application of mechanical science.

8. The design and construction of the mechanical
prime movers, such as steam engines, water-wheels, and
other hydraulic motors, windmills, electric and other
engines.

9. The design, construction, and adaptation to prac-
tical use of machinery and mechanical appliances of all
kinds.

10. The design and manufacture generally of all large
and important metallic structures, including artillery,
and other munitions of war.

This is a comprehensive but by no means complete
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catalogue, and if an estimate is attempted to be formed
of the work done under it during the last century, and of
the effect this work has had on the development of trade
and commerce, on finance, on government, on every
branch of industry, and indeed on every possible aspect
of human interest, it must be admitted that the pro-
fession of civil engineering has become truly a great
power.

It is important to define accurately what is meant by
the prefix “ civil.”

There has sometimes been a disposition to confine this
word to those who practice in works of building and
earthwork construction, such as railways, roads, har-
bours, docks, river improvements, and so on, to the
exclusion of engineers who are engaged in some of the
other branches of engineering enumerated.

There is no authority for such a limitation. The
meaning of the word “civil” is quite clear when the
history of the profession is borne in mind.

The earliest application of the term * engineer =’ was
to persons in military service, and down to a compara-
tively recent period it was only known in this application.
But when the construction of public works in England for
civil purposes began to take a large development, their
designers, finding their work analogous to that of military
engineers, adopted the same term, using the prefix “civil”
to distinguish them. There is reason to believe that
Smeaton was the first civil constructor of large public
undertakings who called himself an engineer, and who
used accordingly the distinguishing compound title.

The term ¢ civil engineer’ implies, therefore, an
engineer who is a civilian, and it is intended to include all
classes of engineers who do not belong to the military
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service. This, it may be added, is the meaning now
attached to the words by the ¢ Institution."

When we think of the stupendous edifices, and other
great works of ancient days, it is astonishing that the
people of past ages were so ignorant of the prodigious
power we now use so eflectually, and which, strange
to say, is in its successful application only about a
hundred years old. Had they only possessed a little of our
knowledge on such points, what an immensity of labour
and time it would have saved them !

The ancient Suez Canal, during its excavation, is said
to have cost the lives of 120,000 people, and the Wall of
China occupied for a long period the efforts of every third
man in the empire. We have also reason to believe that
no mechanical appliances of any kind were employed
upon either of them during their construction.

Briefly told, the Canal was a scheme originated by
Darius the First for connecting the Red Sea with the
Mediterranean; but so gigantic did it appear to the

people—who were afraid it might be the means of inun-
dating the country—that they caused the priests to stop
all the works.

We are also informed that the causeway, leading from
the quarries to the great Pyramid, required the labour of
100,000 men for ten years, and 360,000 additional men
were required for twenty years in building the Monument
itself. As the Canal was excavated by the labourers or
slaves paddling out the sand and mud with their unaided
hands; and the colossal stones of the pyramid were
pushed along and lifted, partly by the use of rollers
underneath, and the sheer force of the multitude, it will
at once be seen that the methods adopted were of the

most primitive description, and entailed an enormous
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amount of severe and unnecessary exertion, which a few
of our modern machines would have abolished.

Amongst those who flourished in ancient Greece were
three very remarkable men. One was Hero of Alexandria,
another was Archimedes, and a third was Euclid. The
the two former touched the very borders of our system of
mechanical engineering, but were unable to develop their
ideas sufficiently on this subject.

Hero flourished about 130 B.c, and his extremely
primitive steam engine, named the Aolipile or ¢ Ball of
MEolus,” was almost identical in principle with the
« Barker's Mill” of our own time. He also employed
steam as an agent in giving life-like actions to the gods of
the period, and thus deluded their worshippers, who
attributed those movements to Divine interposition.

A writer in the Quarterly Review observes that:
« Archimedes was a profound genius; he drew from
his intellectual treasury a rich store of the most curious
theoretical discoveries, and of the most useful practical
inventions. He maintained a rank among ancient
philosophers, similar to that of Newton among the
moderns. He may also be considered the father of the
science of statics and hydrostatics, for to him we owe
the true theory of the equilibrium of forces in machines,
and also in the pressure of fluids. He understood the
theory of optics, as is evident from his invention of the
burning mirrors, by means of which he set fire to the
Roman fleet at a furlong's distance. e was a man of
taste and activity, and combined in an extraordinary
degree theoretical knowledge and practical skill.  His
discoveries in pure geometry alone would secure for him
the admiration of all ages, as he travelled in so many

unbeaten paths, and adopted methods to aid him in his
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investigations which were so admirable, that antiquity
has assigned him the first place among geometricians.

“ When we contemplate the extraordinary effects pro-
duced by the machines of Archimedes, we cannot but
lament that so great a man should have been infected
with the ridiculous notions of the Platonists, which would
not allow them to leave anything in writing, relative to
the details of mechanical contrivances In consequence
of this, posterity has unfortunately lost not only the
benefit of those particular inventions, but also the high
proficiency in mechanical arts to which an acquaintance
with them would naturally have led.”

Plutarch tells us —in his Life of Marcelius — that
Endoxus and Archytas were the first to give attention to
the science of mechanical engineering, which was so
highly developed by Archimedes not long afterwards.
Plato was greatly annoyed at this, and inveighed against
them for ¢ destroying the real excellence of geometry, by
making it leave the region of pure intellect, and thus
become sensuously associated with bodies which required
so much servile labour in order to perfect them.” In
this manner practical engineering was separated at the
outset from mathematics, and although regarded with
contempt by philosophers, it was nevertheless reckoned
amongst the military arts.

Archimedes had a mind so exalted that, in accordance
with the ideas of the Platonists, he would not condescend
to leave behind him any writings upon what he himself
considered the wvulgar business of mechanics and the
useful arts, preferring rather to immortalise in his various
treatises the sublimely intellectual science of pure mathe-
matics, in which he was so profound.

Thus we have a distinct reason given for the applica-
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tion of steam to the various systems of modern engineer-
ing remaining a dead science throughout all those
centuries, until James Watt arose, and, with a few
master strokes of genius, laid the foundation of its pre-
sent world-wide extension in ten thousand and one
different forms.

We cannot now learn much more of the history of
Euclid than is generally known, nor is it indeed necessary
to do so. Those, however, who have studied his analyti-
cal science must be fully aware that it is the only pure
and exact science we possess, and one that is entirely free
of all terms such as “very near,” ““just about,”  some-
thing like it,” and so on. It is not surprising, therefore,
that some people are fascinated by it, as the logic of
mathematics is crushing,—the reasoning beautifully clear
and simple, though at times requiring profound considera-
tion,—and its statements incontrovertible. Besides this,
there is such variety in. Euclid's problems and theorems,
and so much practical benefit to be derived from them,
that they become invaluable to those who need their aid
in many ways.

If it were possible for those three worthies to revisit
the earth, and witness the changes that have taken place
since they left it, how they would stare and rub their eyes
in blank amazement, wonder and surprise! How they
would solemnly gaze all around in mute astonishment,
and, after recovering themselves a little, begin to chatter
away in choice Greek about what they saw and what
they thought of things in general! I can imagine the
scene,

There stands the trio of grave, thoughtful, antiquated
gentlemen, with the stamp of intellect on their handsome
features. Archimedes breaks the silence with—
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«« Well done the Moderns!”’

« Very well done!” says Hero.

«« Remarkably well executed !’ adds Euclid.

¢ Ah!" says the Alexandrian, “didn’t I just give them
the start with my steam engines? Didn’t I shew them
how the thing could be done ? If I had only lived a little
longer, wouldn't I have James Watted them—quite ?
But, dear me ! have they taken all this time?—all these
centuries—to find out for themselves a practical solution
of the grand ideas I had on my mind when Death
snatched me away ? It is indeed astonishing ! ”

« T quite agree with you, sir,” observes the mechan-
ician. “ Their engines and machines, and wheels and
shafts, are admirable, but I am surprised to hear they are
not even one hundred, years old. What in the name of
all the gods and goddesses, have they been doing or
thinking about for ages past? Is it possible that much
of what they pride themselves on was known to myself ?
My mind was so filled with magnificently useful schemes
I hoped to accomplish that it is hard to say what I would
have done if the Destroying Angel had not paid me a
visit and put a stop to them ; and to crown all, those old
fools the Platonists would not let me write out my
valuable experience for the benefit of future ages.”

«“ Very sad indeed to see such folly,” the mathema-
tician musingly observes. ‘¢ What a benighted race these
Moderns must have been to take so long to find out
for themselves the grand improvements you made In
engineering. 1 am glad to see, however, that they
appreciate my science, which is reflected in many of
their works. They have simplified the solution of many
of the problems and theorems which fascinated me in
ancient Greece, but the truths contained in them remain
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unaltered. 1 left twelve volumes behind me, and, if
Marcellus had only left me alone, it is difficult to say how
many more I might have given them. That wretch, the
Caliph Omar, had an idea that if the books in the
Alexandrian Library agreed with the Koran they were of
no use, and if they didn’t agree they should be destroyed,
so he fired the building, and deprived the world of four of
my best treatises. Too late now to restore them.”

The ancient sages again smile and laugh at the
“ stupidity of the Moderns.” But why this sudden lull
in the merriment ?  Wherefore that thoughtful expression
which clouds their noble faces? Ah! their time is up,
their frolic is ended, and they know it. . . . We try
to scan a great but distant railway bridge which has been
pointed out to us by Archimedes, and as we turn round to
speak to him about it, find to our astonishment that all of
them— have vanished !

It was only a dream—a dream of antiquity ; but fanci-
ful as the idea of their visit has been, the fact remains
that two of them at least have left a fame and a name
that will endure to the end of time, and serve as noble
examples of what the higher ranges of the intellect could
accomplish under great disadvantages in days of yore.

Civil engineering as it was, and as it 1s, are two very
different things indeed. When railways in large numbers
had to be constructed; when canals were greatly in
demand ; when the road system throughout the country
was being developed; and when, in these three cases, an
immense amount of highly skilled labour was required,
and few in the land possessed the requisite experience,
engineers prospered greatly, large fortunes were fre-

quently made, and good incomes easily obtained. Now,
G
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however, Great Britain has become so overrun with
railways, roads, and canals, that there is not much left to
be done at home in this direction. On the other hand,
<o enormous is the demand for similar undertakings in
foreign countries, and so extensive are the resources of
modern civilisation, that a bright future appears to be
«till in store for the engineering profession in all its
branches.

Since the present Suez canal was completed, other
gigantic projects of a similar nature have been brought
forward from time to time, and are now in progress. The
most prominent of them, however, are nOw SO well known
that further comment is needless.

Another branch of civil engineering that has been
wonderfully developed in later years is the science of
tunnelling, which even yet appears capable of great
extension. The Mont Cenis and St. Gothard tunnels
were great undertakings, but they sink into insignificance
when compared with what has been proposed, or what
may yet be thought of in the near future, by enterprising
speculators. From an engineering point of view, there
is apparently no serious obstacle in the Channel Tunnel
scheme, beyond its prodigious cost of from fifty to eighty
millions sterling. Three gigantic steamers, however, of
great beam, and capable of carrying loaded trains at all
times, would probably perform what 1is required in the
most satisfactory and economical manner. Indeed, Sir
John Fowler and Mr. B. Baker have designed an excel-
lent Channel ferry on this principle, the total cost of
which is estimated at two millions only.

At Granton, near Edinburgh, where the Forth is five
miles in width, and greatly exposed to storms, this system
has long been successfully adopted. And across the

Droits reserves au Cnam et a ses partenaires



CHAP. VII. AND SOCIALLY CONSIDERED. 103

three mile wide Straits of Carchenas, near San Francisco,
four lines of trains, amounting in all to fifty cars, are
ferried across at one time in the easiest possible manner,
by means of a steamer 450 feet long, and 130 feet broad.

The difficulties attending the excavation of the Mont
Cenis Tunnel were very serious, owing to the extreme
hardness of the rock, but they were most successfully
overcome by the aid of excellent machinery, and so
accurately were operations conducted from both sides of
the mountain at the same time that the junction in the
centre was all that could be desired. A sad story is
related in connection with a similarly important under-
taking.

At the Inter-Oceanic Canal congress, held some years
ago in Paris, there sat among the leaders of the enterprise
a grey-haired and intellectual-looking man, with a some-
what melancholy expression of countenance. The assem-
bled visitors congratulated him upon the approaching
termination of one of the grandest engineering schemes
of the century. Turning to a friend who stood beside
him, he said :—

¢ 1 have worked all my life for a little renown, and a
little wealth, and now, in the moment of my triumph, I
find that neither is worth the trouble i1t has cost me.
Indeed, the only use of the money I have made is to
help those who are less strong and less happy.”

The speaker was Louis Favre of Geneva, the con-
tractor for the famous St. Gothard Tunnel, which had
just entered upon its eighth and last year of construc-
tion. He went straight from the congress to Airolo, at
the mouth of the tunnel, and was shewing the levels to a
French engineer, when he suddenly complained of cramp,
called for a glass of water, and instantly expired.
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In future years, some ambitious promoter of great
schemes may endeavour to form a Company for the
purpose of working what he proposes to call the *“ Anglo-
American Submarine Railway Company Limited,” the
object of which is to unite the Old and New Worlds by
o tunnel underneath the bed of the Atlantic. But here
we must draw a line between the practicable and the
impracticable, and, so far as we can see at present, apply
2 word which Napoleon said was not to be found in the
French dictionary, and that word was—** Impossible.”

Civil engineering also includes the designing and
construction of bridges, in timber, iron, brick, and stone,
and there is probably no kind of structure in which more
ingenuity and fertility of resource have been needed than
‘1 those which cross rivers, ravines, etc., requiring in
most instances to be specially adapted to the ever-varying
conditions of site, locality, width of span, loads to be
carried, such as those which are created by railway,
road, or foot-passenger traffic, and we may also add the
caprice, fancy, practical considerations, and taste of the
designer or promoter.

In countries such as England, which abounds in
rivers, bridges are invaluable, So long as the population
was limited, intercourse between one place and another
was of the most primitive nature, hence there did not
exist any necessity for our modern methods of sustaining
the continuity of the roads or tracks which then pre-
vailed. The shallow parts of ‘rivers were naturally
selected as the proper places for fords, which could easily
be waded by men and horses when the water was low,
and even in times of flood might be crossed by swim-

ming.
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The magnificent City of Palmyra owed its origin to a
little oasis in the midst of the Syrian desert, which
formed the favourite camping place of roving tribes, or of
caravans on their journey, and thus we have an apparent
reason for the subversion of a natural law, which has
caused towns and great cities to arise chiefly on the
banks of navigable rivers, or on the sea coast.

Towns and villages sprung up at some of the ford-
able localities we have referred to, from which they
derived their names, such as Deptford—* deep ford”
originally—Dartford, Oxford, and so on, and in course of
time the civil engineer was called upon to design and
erect the much-desired bridges, which in many instances
are to this day lasting records of his skill.

Between the simplest and most primitive form of
bridge, consisting of a piece of timber spanning a small
stream, and the colossal structure on the Forth, there is,
indeed, a very wide gulf, and between these two extremes,
bridges are to be found in endless variety, and involving
considerations of the most diversified character. A plank
thrown across a ditch may cost a few pence, and if it
should break in the middle with a passing load, the
the damage will be insignificant; but if, on the other
hand, a structure such as the Britannia Bridge across the
Menai Straits. or that across the Niagara, were to give
way while a train was passing over it, the rolling stock
and all it contained would be annihilated, and one
country at once become severed almost, if not entirely,
from another, so far as the trafic was concerned. Thus
the importance of high-class bridge engineering will at
once be seen.

The Forth bridge, already mentioned, has a clear
headway of 150 feet from the surface of the water. Its
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two central spans are each 1,700 feet in width, while the
other spans—22 in number—are much narrower. The
total length of the bridge, including approaches, measures
upwards of a mile and a half, and the contract price of
the whole was £1,600,000, or nearly £2o00 per lineal foot.

The East River Bridge, between New York and
Brooklyn, is the largest yet constructed on the suspension
principle. It is 6,000 feet in length, by 85 feet in width,
and is divided into three great spans, while its cost has
been about £2,800,000, or £467 per lineal foot.

In India, where skilled labour is not easily obtained,
a special type of bridge is required which involves the
least amount of trouble in erection; and, in places diffi-
cult of access by the ordinary means of transport, the
weight of each part has to be reduced considerably for
convenience in carriage. In the Colonies the rudest
system of construction is sometimes quite sufficient for
the purpose, as a tree thrown across a stream, or a rope-
bridge of the simplest form, spanning a deep ravine, are
equally advantageous to those whose heads are not easily
disturbed, and whose feet are somewhat of the prehensile
kind.

Amongst the most useful and least expensive bridges
on the suspension principle, are those so frequently
employed in mining districts, consisting of wire ropes,
sometimes of great length, extending from a high level to
a low level, such as from a mountain side to an adjacent
river wharf, or to a seaside pier. Trucks containing
minerals, etc., are suspended from these ropes, and made
easily workable by means of grooved pulleys which run
upon them, and thus enable the loaded wagons in their
descent to haul up the empty ones. As the strain upon
the ropes is equal to many times the load upon them, the
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greatest care should be taken to make their end fixings
secure. When this is properly done, passengers as well
as goods may be carried with safety across chasms I,000
feet deep, in any part of the globe.

At Monte Penna a continuous span system 1s adopted
over openings ranging from 85 feet to 2,230 feet, so fully
recognised, however, is the value of this method of trans-
port that it it now extensively employed both at home
and abroad.

The timber trestle railway bridges of America are
very suitable in some localities, but they are complicated
looking structures compared with others. This is spe-
cially observable amongst those of large size, such, for
instance, as one in the far West, which spans a ravine
and is 164 feet high and 1,086 feet long.

These are but a few of the leading characteristics of
bridges in different countries, which require to be adapted
to the ever changing conditions already referred to.

Works connected with the drainage, irrigation, and
reclamation of land, also fall within the province of the
civil engineer, and contribute In no small degree to
the welfare of nations as well as that of private com-
panies and individuals. The reclamation of land on a
great scale gives considerable employment to the mechan-
ical engineer, upon whom so much of the success of the
scheme depends when pumping operations are necessary;
and one of the most notable examples is to be found at
the Ferrara Marshes, in Northern Italy. To give an idea
of the magnitude of the project, it may be stated that the
tract reclaimed covers an area of nearly 200 square
miles, and that the total quantity of water lifted to a
height of 12 feet, by means of four pairs of centrifugal

pumping engines, exceeded 2,000 tons per minute. This
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machinery was made by Messrs. John & Henry Gwynne,
of London, and is said to be amongst the most powerful
of its kind 1n the world.

The reclamation of territory in England has been of a
most extensive character, as vast expanses of valuable
land were two or three centuries ago completely under
water. This has especially been the case on the banks of
the Thames, and also in the great fen district, which was
from sixty to seventy miles long, and from twenty to
thirty miles broad, but now contains about 680,000 acres
of rich pasture. The territory thus reclaimed by the
skill and labour of successive generations of engineers is,
however, only protected from injury by continuous watch-
fulness from day to day.

Works of this kind are among the greatest that energy
and perseverance have ever achieved; indeed the king-
dom of Holland may be said to owe its very existence to
the great dykes that protect it from inundation by the
sea. Almost from Richmond to Gravesend, the Thames
is quite an artificial river, vast tracts of country along
the banks having at one time been completely submerged,
and these, too, owe their present fertile condition to the
labour of many talented engineers, who directed their
attention towards confining the river between its present
boundaries by means of embankments, the failure of
which has often produced great havoc in the neighbour-
ing counties. On one occasion a large part of Kent was
thus laid under water, when the gap in the river wall
became so deeply scoured out by the tide, as to baffle for
a long time the sustained efforts of those most experi-
enced in this kind of practice.

What is now known as the Goodwin Sands formed
at one time part of an estate belonging to the Earl
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Godwin, but the cause of its destruction was unknown
to many in later years. Bishop Latimer,—in a sermon
preached before Edward VI, in the year 1550,—described
the method adopted for clearing up the mystery. He said
that a Mr.—afterwards Sir Thomas—More paid a visit to
the little town of Tenterden with the object of ascertain-
ing the cause of the disaster, which greatly excited his
curiosity. Upon discovering that well-known individual,
« the oldest inhabitant,” he questioned him in the * be
careful " style as follows:—

« Have you known this place long? "

« All my life, sir,” replied the man of one hundred
SUmIners.

“ Do you remember when the Goodwin Sands were
dry land ?”

« Oh, yes, that was before Tenterden church steeple
wor built."”

« Now, tell me, when did the water come in?”

« After the steeple was built.”

« What then do you think was the cause of the sea
covering all that land, and bringing about such a deplor-
able catastrophe?”

« Well, sir, you see, afore the steeple wor built the sea
was far away, but after the steeple was finished it came in
and flooded us—I think, sir, the steeple wor to blame.”

This reasoning was illogical, but the old man told the
truth—the steeple was indeed the cause of the evil !

For ages the Godwin estate had been protected from
the ravages of the sea by a strong embankment, which
was constantly kept in good order. Unfortunately, how-
ever, during several consecutive years, storms Wwere
almost unknown. This lulled the people into fancied
security, and the money which should have gone towards
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keeping the sea wall in repair was applied in beautifying
the village church. Immediately after the steeple was
finished, a great tempest arose—the wall was destroyed—
the land inundated,—and thus it has remained to the
present day.

At no period since the Deluge, has the world been
visited by such an appalling calamity as that which
devastated the rich province of Honan in 1887, the cause
of which was the bursting of the Hoang Ho embank-
ment, and the consequent inundation of a vast territory.
England is happily protected from such occurrences
owing to the configuration of the country, and the nature
of its rivers, but in India and China the case is completely
different, as some of the great arterial streams flow for
hundreds of miles through a flat and alluvial district,
which creates a sluggish current, and consequent deposit
of silt along their whole course. Thus, slowly but surely,
laying the foundation of a serious danger, which the
highest engineering skill is sometimes unable to prevent.

This method of raising a river bodily, extends more or
less over various periods of time, and requires a gradual
increase in the height of the embankments, until at last,
the surging pressure of a mighty torrent causes them
to give way at some weak point. A province is con-
sequently wrecked, the old channel leading to the sea is
forsaken, and a new one is formed which finds another
outlet.

Amongst numerous practical examples of the processes
referred to, the Hoang Ho stands pre-eminent. This river
is larger and swifter than the Ganges, and possesses the
peculiar property of enriching the land through which it
flows by the silty deposit of a previous inundation, and
then again destroying it by overwhelming floods. The
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Po, whose bed is in some localities forty feet above the
Lombard plain, acts in the same manner, and so also do
other similar streams, hence the urgent necessity of
guarding them at all dangerous places. Since its out-
burst in 1852, the bed of the Yellow River has risen so far
above the plain, that enormous embankments, from 300 to
500 miles long, have been constructed for the purpose of
protecting the country from floods. These require very
careful supervision, as any faulty or leaky part will
rapidly insure disastrous failure.

The Hoang Ho is, therefore, a source of great danger
to those who live near it. Its ordinary width is about one
mile,—or the same as the Mersey at Birkenhead,—and its
depth about 7o feet, but when the mountain snows melt,
it rises upwards of 20 feet, and in some places has a very
high velocity.

The freaks of alluvial rivers are sometimes of a sur-
prising character. The Mississippi, for instance, has
obligingly shortened itself nearly 250 miles in 176 years.
That is, it has, from time to time, cut through the narrow
isthmus of an elongated horse-shoe bend, and made a new
channel for itself, to the delight of some planters, who
thus had a navigable waterway unexpectedly opened out
for them, but to the dismay of others, whose estates could
not now be approached for want of water. In India and
China, some of the rivers travel from 2,000 to 3,000 miles
before they reach the sea, and the greater part of their
course lies across dead level plains, so devoid of rocky
boundaries that the water may run in any direction
during a flood, and of this we have many examples.
Amongst them may be mentioned the Damoodah,—a
tributary of the Ganges,—which has baffled the most
skilful engineers; and the Brahmapootra, which, up to
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1830, entered the sea 200 miles eastward of where it now
joins the Ganges.

In 1852, the Hoang Ho burst its bank 250 miles
inland, and cut out a new channel, which discharged its
contents into the ocean 500 miles from its old mouth ; but
the calamity which overshadows all others was the flood
of 1887, previously mentioned, which laid a tract of
country much larger than Wales, or at least 10,000
square miles in extent, from ten to thirty feet under
water, and destroyed the lives of, it is said, nearly seven
millions of people. Although the Chinese built another
embankment, at a cost of £ 2,000,000, it was again carried
away In 1888, thus exemplifying the capricious nature
of these earthwork barriers in Asiatic countries.

This branch of engineering chiefly refers to the work-
ing of rivers and tidal estuaries, and possesses two distinct
features ; one of which involves a correct knowledge of
the silting process, just described ; and the other, of the
scouring powers of running water. When the currents
caused by the tide are sufficiently strong at any particular
place, the scouring effect thus produced will shew itself
by local deepening of the channel, and this is especially
observable in seaports such as Liverpool. The action of
the Mersey on its channel and estuary, clearly illustrates
what takes place more or less in other navigable rivers,
according to the nature of their beds; and the cause of
this action is the enormous volume of water which rushes
through the narrow passage opposite Birkenhead, and
fills the greatly expanded upper reaches of the river. A
vast reservoir is thus formed, which, on discharging its
contents by the ebb-tide, creates sufficient scouring power
to keep the estuary channel sufficently free from silt.

The Forth provides a good example of what may be
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done in time by rapid currents similarly originated, and
passing over alluvial beds. On both sides of Inchgarvie
Island, which forms one of the pier foundations of the
great bridge, the narrow passages have been scoured out
to a depth of 180 to about 220 feet, but shallow rapidly,
as the river widens both above and below. The most
wonderful of all rivers in this respect, however, is the
Saguenay, in Canada, a tributary of the St. Lawrence,
whose astonishing depth of 600 to goo feet is maintained
throughout nearly the whole of its length.

One of the most curious and instructive examples of
the manner in which scour may be created, is to be found
at Coney Island, near New York, where, in 1888, a hotel
three stories high, 465 feet long, by 150 feet broad, and
weighing 5,000 tons, had to be removed bodily, on wheel
work framing, a distance of 239 feet inland. The cause of
this was the construction of protecting sea walls on the
adjacent property, which had thus produced an amount
of scouring power sufficient to carry away the beach in
front of the hotel, and allow the sea to encroach to such
a dangerous extent upon the building, as to necessitate
an alteration of its position.

The greatest work of modern times is the Ordnance
Survey of the United Kingdom, which was begun in
1784, and has been continued without intermission ever
since. At the end of 1885 the staff of Royal Engineers
and Civil Engineers thus engaged numbered 3,240, and it
is now expected that the whole of the survey will soon
be completed. We may here observe that a cadastral
survey is carried on by means of a series of triangles
proceeding from a base line—that is, a piece of level
ground, usually about five miles long—which is measured

by chain in the most exact manner. Upon this base line
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a triangle is formed, and the length of the two unknown
sides computed by trigonometry, From the primary
triangle other triangles are formed and similarly calcu-
lated, until the series, extending like a network all over
the country, is completed. These measurements, how-
ever, have also to be verified by other base lines, termed
‘“bases of verification.”

As an illustration of the marvellous accuracy of the
survey, it has been found that the length of those base
lines, calculated from the original one by trigonometry
through all the intervening triangles, coincides within
four inches of the length actually measured by chain. We
have thus, from one or two measured spaces, a system of
triangulation worked out over the whole country, and its
area and the relative geographical position of every spot
on its surface fixed for all time.

Previous to 1840, a scale of 1 inch to the mile was
largely adopted, after that the 6-inch scale was used: but
the four northern counties of England were re-surveyed,
and maps published to a scale of 25 inches to one mile.
It is impossible to form an adequate idea of the in-
estimable benefit conferred upon the nation by this vast
undertaking. It has proved of great value in matters of
the highest public interest, including the drainage of
land, water works, railways, and engineering projects
generally. And, as a practical example of the public
advantage thus obtained, as well as of the vastness of
the work, it may be mentioned that, on a recent occasion,
no less than 453,000 maps were required by the Boundary
Commissioners to enable them to carry out their in-
vestigations.

These few remarks will perhaps serve to show the
great advantages conferred upon the world by the
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« Civil” branch of the profession. It must be borne in
mind however, that although the ancient undertakings
mentioned in this chapter might well have been carried
out in the past with the aid of the pickaxe, the spade,
armies of workmen, and unlimited time, the mechanical
resources of modern times are now so €normous as to
render Civil engineering, even on the most colossal
scale, perhaps still more of an «“elegant and intellectual
recreation ” than it was supposed to be by some of the
members of the legal profession in the early days of
railways.
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CHAPTER VIII.

PRACTICE OF ENGINEERING.

Preliminaries of Contract for Merchant Ships—For Ships of War—
Conference between Shipowner, Builder and Engineer—Description
of proposed Ships and Engines—The Estimate—Contract settled—
Drawing Office—How Working Plans are prepared—Good and
Bad Engineering—Chief Draughtsman—Results of interference by
unqualified people—Style and system in modern working drawings—
Also in olden times-—Swell Draughtsman from Maudslay's? —
Heliographic Process—*‘ John Russell’s Sailor "—* Urgent " Plans
of Machinery for Ironclads.

S0 FAR as we have gone, the history of engineering has
been very briefly touched upon, because those who wish
to study it fully may do so in many well-known books,
especially those of Samuel Smiles, such as: Life of
George Stephenson ; Boulton & Watt; Lives of the Engineeers ;
Life of Str William Faivbairn; and his recent production,
Fames Nasmyth; all of which will be found interestingly
instructive to those who like this kind of literature.

I have described works on the Clyde and Mersey, and
in the latter have referred to the principals, glanced at
the manager,—mentioned the peculiarities of some in
the drawing office,—explained the duties of foremen and
workmen, and enlarged considerably on the apprentice
question. In all cases I have given my own experience
of them during many years’ practice in their midst, and
now propose to give a rough sketch of the operations
usually adopted in the construction of marine engines
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and ships. Whilst attempting to do this, it is not neces-
sary to refer to any particular establishment, because
first-class firms generally do not vary much in their
system of management. The descriptions, will, however,
be largely drawn from what I knew of the Birkenhead
Iron Works, and other places I have been associated with.

Let us suppose, for example, that a shipowning firm
wish a few additional vessels built for a particular service
and with a certain speed, cargo and passenger capacity,
draught of water, and so on. This would be right enough
for the merchant service, but for home or foreign govern-
ments, the “cargo and passenger capacity” is an unknown
quantity, except in troopships. In gunboats, armed
cruisers, ironclads, and others, a somewhat different set
of conditions is adopted.

If the Admiralty desire an ironclad of say 6,000 tons,
built in a private yard, and in accordance with the latest
and most improved principles, they will either submit
their own plans and specifications to people they invite
estimates from, or they may give only a few leading par-
ticulars of ship and engines, and leave certain favoured
firms to design, in a sketchy style, what they consider the
best arrangement, reserving to themselves, however, the
right of judgment in such matters, and also the selection
of the most suitable firm to whom to give the contract.

In the merchant service this last-named system 1is
frequently employed in a greater or lesser degree; but
at other times the shipowner, through his consulting
engineer, somewhat sketchily designs his own ships,
and then requests builders, etc., to estimate for their
construction in accordance with these plans, and also a
specification, which is a very carefully written document,

giving in detail the leading proportions, material, work-
H
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manship, and other conditions too numerous to mention
here, in reference to the required work. But even in this
case, full liberty is given to engineers to adopt their own
most approved methods of executing those details.

It may so happen, however, that a Company has had
a number of successful vessels built and engined on
suitable terms, and with the least trouble to themselves,
by firms in which they have every confidence, such as for
example in olden times, the Peninsular and Oriental
Company and Tod & Macgregor ; also the Cunard Com-
pany and Napier. Now, if a steamship owner, even at
the present day, wishes to act in a similar manner, he will
hold a conference with the builders, and thus arrange
speedily all that may be necessary regarding the new
‘ships, and in furtherance of his views will pay them a
visit, when he will be most cordially received by the
principal partner,—who is probably the director in the
éhip department,—and also the engineering-manager,
both of whom will, very likely, conduct the Interview
in the following manner :—

The latter gentleman telephones to the drawing office,
« Send down immediately the general plans of engines
801 and 816, The draughtsman, or apprentice who
replies, now opens a large drawer, containing a great
variety of similar plans, in the fire-proof room, and upon
finding what he wishes, takes them downstairs.

« Now,” says the manager to his client, spreading out
the drawings on a large table, ¢ here are the plans of two
fine sets of triple expansion engines we made recently
for the ¢ Hispania ' and ¢ Corcovadore,’ which gave great
satisfaction; they worked remarkably well upon a very
small consumption of coal, and indicated about 4,000

horse-power.
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« Very admirable arrangements indeed,” replies the
shipowner, ¢ and as those of the same type you have
already supplied us with have been most economical,
I think you could not do better than make similar
machinery for our new vessels, but of much greater
power. You are also quite at liberty to introduce any
novelty or improvement you may consider advisable.”

A lively discussion now takes place upon the relative
merits of different kinds of engines and ships, in which
they all join. The senior partner has a good deal to say
about ¢ style of ship,” ¢ watertight bulkheads,” ** economy
of steel in construction, in reference to increased carry-
ing capacity,” and other matters which the visitor quite
agrees with. The manager also fluently describes in
detail his ideas about * long stroke,” ‘‘rate of expan-
sion,” * high-pressure steam,” * simple arrangements,”
«gteel shafts,” ¢ steel boilers,”—so on and so forth—
in all of which he is ably confirmed, in a general way,
by the shipbuilder, until the client feels he is in the
presence of people who know everything, and this causes
him to think that his proposed vessels could not be
placed in safer hands.

During this interview, three talented people have
discussed in the happiest possible manner, and with the
greatest intelligence and ease, a scheme which involves
an outlay of several hundred thousand pounds, quite as if
it were an everyday occurrence. They have all been
perfectly above saying anything that was not absolutely
correct, and free from that colouring which inferior per-
sons so often adopt, but they are, nevertheless, masters of
the art of “ putting things,” and also of clothing their ideas
in expressive and elegant language. In short, this confer-
ence has enabled them to explain all that was necessary,
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and the only thing that now remains is to arrange about
the cost of the ships. Before the ship-owner leaves the
office, the following particulars are agreed upon, on which
the builders are to base their estimate for the vessels,
complete in every respect.

“ Three steel-built steamships, length over all, 460
feet ; beam, 49 feet; depth of hold, 35 feet 6 inches.
Each vessel to have accommodation for 126 first class,
154 second class, and 400 steerage passengers.

« Engines to be of the triple expansion type, and
6,000 indicated horse power. The crank shaft, tunnel
and screw shafts to be of Vickers' mild steel, and the
propellers to be of cast steel, with movable blades.

« Boilers to be of steel of the most approved quality,
with Fox's corrugated furnaces, and capable of carrying a
steam pressure of 160 pounds per square inch.

o Design, material, and workmanship to be in every
respect of the highest class, and speed of ships on trial
trip to be 164 knots per hour.”

The above simple and expeditious method of des-
cribing a shipowner’s requirements is adopted in this
case because, with the exception of the modifications
referred to, the builders know almost exactly, from past
experience, what is desired, as they possess full specifica-
tions of similar vessels supplied to the same firm,
between whom and themselves the greatest confidence
exists. Were it otherwise, a carefully prepared specifica-
tion would have been drawn up by the owner’s consulting
engineer, lithographed copies of which would have been
sent to engineers and shipbuilders who were “invited”
to tender for the contract.

In the course of a few days, our friend the eminent

steamship owner receives a statement of cost of the pro-
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posed addition to his fleet, which is carefully examined
and commented upon in his private office. ¢ These
people,” he observes, ‘“ask a high price for the three
ships and I know I could get a lower estimate else-
where, but they turn out splendid work, and we shall
make up for the extra expenditure by economy in repairs
and maintenance.” The other partners of the firm express
the same opinion, so without further delay, the contract
is handed over to the builders, with strict injunctions
to execute it as speedily as possible.

In bridge, roof, and other work, however, of a more
regular character, * Quantities of Materials’’ are also
added to the specification, and thus estimates can be
given with greater exactness and less trouble. But how-
ever binding this arrangement may be upon both parties,
there is always provision made for alterations which may
suggest and develop themselves as the work proceeds,
involving, it may be, an increase or perhaps a reduction
in the cost, and this is clearly understood by those who
give the order, as well as by the people who execute it.

Tue Drawing OFFICE.

In good establishments, the drawing office is prac-
tically the seat of government. The fact is that this
department locks or unlocks the whole of the compli-
cated and extensive machinery of the works, and a great
deal that is outside of them as well. In short, all the
immense capital that may be provided for carrying out
some great scheme remains idle until set in profitable
motion by the scientific staff, who have to provide plans
and details of everything, large and small, before the
workmen can do anything.

When, therefore, an order is received, such as the one

Droits reserves au Cnam et a ses partenaires



122 ENGINEERING, POPULARLY CHAP. VIII.

we have mentioned, it is at once handed over to the
drawing office authorities, who initiate the first move-
ments. The diameters and stroke of the steam cylinders
having been already fixed, a preliminary sketch design, to
a small scale, consisting of front and side elevations, and
also plan, is begun with the object of ascertaining the
general arrangement of parts, in which numerous calcula-
tions, and large scale details of a temporary character,
and roughly executed, are of great assistance.

After finding the size of crank shaft, distance apart of
centre lines of engines, and also centres and diameters of
air and circulating pumps, and dimensions of condenser,
etc., the working design is commenced to a scale of at
least one inch to one foot on a sheet of web-paper damp-
stretched on a large drawing board. When this is done,
the general arrangement of details,'which have afterwards
to be separately designed and considered, is proceeded
with, while working drawings of some of the details them-
selves are put in hand.

These are drawn to various scales, according to
circumstances, but 1% inches and 3 inches to one foot,
half size, and for small gear, full size, are very generally
used. Everything has to be most carefully and patiently
worked out with the greatest accuracy and elaboration,
and every dimension figured so that neither scales nor
foot rules need be applied in the shops, except for the
purpose of checking, if required. In this last operation
every line and every figure has to be critically examined,
rectified, or added to, before the draughtsman will allow a
tracing of the drawing to go into the works, and after all
this is done, it is surprising sometimes how errors will
creep in, in spite of every effort made to avoid them.

These inaccuracies, however, are very seldom worked
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to, perhaps they flash unbidden into the draughtsman’s
mind when he is going home at night, the manager may
possibly detect them, but sometimes it i1s the foremen
or workmen who make the discovery, and get them put
right in the office.

[t is at this point where the very highest practical and
theoretical skill of the engineer is most required, and
where any mistake may easily cause serious results if
not detected in time. Numerous calculations have to
be made, verified, and compared with past practice—the
« Theory of strains” is fully worked out, so also is the
«: Strength of materials,” and between these two valuable
branches of engineering science the proper proportions of
all the parts is determined, and the work proceeds.

However excellent, from a scientific point of view,
these proportions may be, they are all more or less over-
ruled by practical considerations, which generally cause
greater strength to be given to the details than theory
alone would indicate, and in this respect good designers
generally keep well on the safe side in everything.
Another most important consideration is ¢ Construction,”
since upon this depends the economical, or, indeed, pos-
cible execution of all the parts, and also the accessibility
of, and facility in working and repairing the engines at
cea. On all these points the skilled draughtsmen, in
whose hands the drawings are now placed, as well as the
manager who superintends them, have many opportuni-
ties of realizing the value of their early training.

It is here, too, that the difference between good and
bad engineering begins to show itself. Under the former,
and with due care and constant vigilance, everything goes
on well, the progress in the shops is rapid and satisfac-

tory, patternmakers, founders, turners, fitters, erectors
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and others all work together, and when the engines and
ship are completed and sent to sea, the result is most
gratifying to all concerned.

With bad engineering the case is very different, since
at the outset, grave errors may creep in which threaten
the life of the machinery. Boilers may be too small,
condensing surface insufficient, steam ports and valves
improperly proportioned ; patterns are made which cause
cracked or unsound castings; forgings, and other parts
are made of an unnecessarily expensive and unsuitable
form ; indeed, much may be done unwittingly to bring in
the end heavy financial loss, decreased prestige, and loss
of clients.

As an illustration of this, it may be mentioned that
while visiting, some years ago, a marine establishment
which had been added to a small shipbuilding yard, I
observed a few wretchedly designed working drawings of
machinery in the shops, and also a curious looking cast-
ing of a “bed plate” in the yard without any holding
down bolt holes or flanges for fixing the engines to the
keelsons. These engines proved a failure,

The same thing happened a few years ago to a large
and costly pumping engine for water works in America,
simply through bad design; and not long since, a large
ocean steamer had new machinery which could not give
out the power required: and another vessel “improved”
boilers which would not work properly until important
and extensive alterations had been made in them.

This, therefore, is the point where three distinct
classes of engineers begin to manifest their powers.
Those who adhere rigidly to old ideas because long
practice has shewn their value, notwithstanding that

better, though newer, systems are within easy reach.
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Those who are always on the look out for novelties, or
rather the numerous  improvements” which enterprising
inventors are so delighted to introduce, and so ready to
prove capable of doing great things. And, lastly, those
who—taking a middle course—reject the old but well
known systems, in favour of modern innovations which
their own sound judgment indicates must be really bene-
ficial. This, it may be added, is the true reason why
marine and other machinery of the present time is so
greatly superior to that of earlier years, in strength com-
bined with lightness, and also in general suitability and
economical construction. The requirements of engineer-
ing drawings, which may represent very many thousand
pounds worth of good work in one order alone, will thus
we hope, be clearly understood.

The presiding genius of the drawing office is the head
draughtsman, whose duties are perhaps more anxious and
harassing than those of any other head of department in
the works. Besides possessing high scientific attainments,
he must have a thorough knowledge of the possible and
impossible, and also the simplest and best systems of
construction. As a complete set of drawings for marine
engines are elaborate, expensive, and require much time
in execution, a large amount of administrative ability is
necessary to keep all the others going, so as to lose as
little time as possible.

When many orders are in hand, the ¢ chief " has a
very busy time, having not only his own special work to
do, but also to supervise every drawing and examine
every tracing made in the office before it is sent to its
respective department. The regular draughtsmen have
all their own responsibility to bear for any mistakes that
may occur through wrong figures or lines, or misinterpre-
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tation of plans for want of clearness, or insufficiency of
views ; and, although the chief draughtsman cannot be
expected to check everything, he nevertheless verifies,
to some extent, the proportions and arrangements of
machinery before they leave his hands. A certain amount
of mental toughness is also required to protect him from
the meddling propensities of heads of firms, and managing
directors or others, whose position may entitle them to
advise professionally, without being qualified to give their
opinions on such points.

However clever and able these gentlemen may be in
general business, they often damage their own interests
as well as those of their draughtsmen by this line of
action. Most of our best modern engineers are thorough
masters in design as well as in practice, and, therefore,
know exactly how to advise, or even to receive counsel
in the drawing office. Others cannot do so; and the
consequence is, that the principal in this department is
sometimes worried when work is in a hurry with their
proposed alterations, which are anything but ¢ improve-
ments.”

There is a vast amount of time thus lost which cannot
be clearly realised, as an alteration made in what appears
to be only one drawing may involve erasures and additions
in many more, which is bad enough if the plans are still
in the office; but expensive as well as troublesome, if
patterns and forgings are partly made from them. If a
director, therefore, fancies that increasing the stroke of
engines, say, from four feet six inches to five feet, when
the details are well in hand, is a trifle, he will be much
mistaken.

A good chief draughtsman in a large marine establish-
ment is accomplished in many ways. He is generally one

Droits reserves au Cnam et a ses partenaires



CHAP. VIIL, AND SOCIALLY CONSIDERED. 127

who has closely and persistently studied everything in his
profession—has worked while others played—and, in
course of time, has accumulated an immense quantity of
rules, tables, memoranda, data, etc., from his own and
from other people’s practice. These are invaluable, as
they enable him to design and proportion the most
important work with facility and confidence, whether for
a firm, or on his own account at a future time.

When, therefore, an inexperienced proprietor says to
him, ¢ 1 am afraid you have not made that strong enough,
or this light enough,” or comes into the office with his
head full of ¢ ideas” he wishes carried out, it will be
easily seen that a principal draughtman’s lot is not
always a happy one, particularly when, 1n addition to
these unnecessary changes, he has to push on the work
expeditiously, see that everything is right, and, 1f any-
thing breaks when the engines are at sea, probably get
the blame of it.

The style in which drawings are prepared is of the
highest importance. The practice pursued in some
offices, of unduly hurrying them, is perhaps more pet-
nicious than that of allowing dawdling and idleness to
prevail, Before a drawing can be properly understood,
the piece of machinery it represents must be clearly and
fully shewn in a sufficient number of views, and if any
one of these is left out through a wish to economise time,
the detail is very likely to be made wrong, unless one of
the foremen insists upon having the additional view put
in. Every engineer, therefore, who designs or executes
work, knows this well, perhaps occasionally to his sorrow.
Another source of error and trouble is sending out trac-
ngs carelessly or insufficiently dimensioned, under the

belief that the foremen or workmen can measure them
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with their foot rules. This, we need hardly say, is a
vicious practice, and entails mischief and loss in various
ways.

In the Birkenhead Iron Works, and other similar
places, every working drawing, large and small, is so fully
and carefully figured, that no one need at any time apply
a rule or scale, except for the purpose of verifying some
doubtful measurement. In this way the work is greatly
facilitated, and the risk of error reduced to a minimum.
Besides this, everyone in the office knows exactly how
things have been made, when referred to in future, and
should any departure from the original become necessary,
the plan is altered, even to the smallest bolt holes,
generally in red lines—to shew the distinction—before
anything can be done with it in the shops.

In olden times they seldom troubled themselves about
office alterations. If the manager saw anything outside
which he could possibly improve, he simply said to the
foreman, “ Make that a little thicker,” or ““ I wouldn’t put
quite so much metal there,” and if the bolts were not
quite to his mind, directions would be given to alter them
from iths to 1-in. diameter, or from 53-in. to 6-in. pitch,
no notice being taken of the drawings, and thus no one
exactly knew where they were unless they saw the thing
when made.

The above described modern system is in every
respect most admirable. With some firms, however, it
has a deterrent aspect because it is costly, and requires a
large staff of draughtsmen ; but the saving of labour and
time and loss from other causes in the works, combined
with easy adaptation of the drawings to similar engines
and boilers in future, is a sufficient recommendation.

The usual practice is for the regular hands to make
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full and correct plans of what is required, and then get
the apprentices, Or perhaps young ladies—as in Denny's,
and elsewhere—to trace them on transparent linen,—if
for the shops,—or on tracing paper if to send by post.
The former is very tough and durable, and lines and
figures in Indian ink or colours can easily be taken out by
washing them delicately with a brush, and drying up with
blotting paper. 1If a similar operation is required for
tracing paper, wet the lines as before, drying with blot-
ting paper, and while they are damp rub them with
vulcanised indiarubber, and they will come out as cleanly
as if they had never been put in.

Writing about draughtsmen and drawings puts me in
mind of a gentleman who came to Laird's when I was
there. He was a handsome, stylish-looking man, of about
thirty-five, and was formally introduced to us all by
Mr. B , our chief. We bowed, smiled, and said
pleasant things, and fancied our new comrade might have
been a swell from Penn’s or Maudslay’s, but when he

made a start he did not seem to know much. The turn-

ing gear for a pair of engines was given him to draw, but
he had to ask what the ¢ pitch line of the wheel " meant.
Ultimately he struggled through somehow or other.
Afterwards he had to make a small scale drawing from a
tracing of the machinery end of an Egyptian frigate, but
here he was out of his depth entirely, and someone else
had to do the plan over again.

We saw no more of our friend after this performance,
but often wondered how the talented Mr. B could
have brought such a duffer ” to the place. My own idea
is, that he must have known him long before as a gentle-
man apprentice with means, one of those festive youths
who can spend five years in a first-class establishment
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without learning anything useful,—and that he may have
exhausted his fortune in various ways, like the prodigal of
old, and, when it was gone, had taken up engineering
again to make a living. Such at least was my theory,
since Mr. B—— was as reserved and reticent in character
as his predecessor, Mr. T——, was frank and genial.

The plan of keeping drawings in the office, and send-
ing tracings into the works, is reversed in some places.
but I cannot see the advantage of it, as the originals get
irreparable damage through rough usage. Sometimes,
however, they are framed and varnished, and that also is
objectionable. At other times the drawings are kept
clean and nice in the office, and heliographs taken of
them. This is a good and rapid method, of copying plans
that are thoroughly matured, and not likely to be altered
in any way ; but when you have the apparatus at hand,
it is not difficult to take new and amended impressions
if required. A full description of the heliographic process,
by Mr. B. H. Thwaite, C.E., is given in The Engincer
of December 24, 1886.

“The various systems adopted in the preparation of
engineering drawings above mentioned, have reference
chiefly to first-class firms, but there are some, no doubt,
who seem to imagine that, so long as they turn out good
work, the plans may be done in any sloppy, off-hand
style. There are others, however, who think differently,
and we commend them for it, especially because there
are so many people in the world who reason like John
Russell’'s sailor. John was a fellow apprentice of mine at
Denny’s, and had been several voyages before the mast.
Amongst the various stories he used to tell us was one
about a coloured sailor on board his ship, who always
exclaimed when he saw anyone do something difficult,
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«Well! well!! well!!! — de man dat could do dat ting
could make a chronometer !”

It may be well to add that the term ““picture draw-
ing,” so much used by engineers, indicates something
very different indeed from what has been referred to.
Plans of this description are of the high art species, and,
while intended to give non-professionals a clear and
general idea of proposed arrangements of machinery, they
are, at the same time, expected to attract their admira-
tion and attention by means of beautiful shading, colour-
ing, and sometimes shadowing as well. Very pleasing
effects, however, of a similar nature, are produced simply
by the drawing pen and Indian ink, but for practical
men, good, clear, steady lines, well laid on flat tints, and
first-class figuring, are quite sufficient.

I have said that we were seldom pushed with our
drawings in the Birkenhead Iron Works ; sometimes,
however, when necessity demanded it, we made a grand
dash to enable us to get finished in time. When the
engines of merchant steamers were in a hurry, we worked
steadily and earnestly at them, and lost as little time as
possible, but some of our greatest efforts were spent
over Admiralty orders in prospect, or for those 1n
possession.

On one occasion we had a tracing of a large plan of
machinery to prepare for an ironclad in great haste. It
was big enough to let a draughtsman into each of its four
corners, and away we drove at it as merrily and heartily
as we possibly could. The lines and circles grew rapidly,
and when they had all been put 1n, we turned the tracing
paper upside down, pinned it tightly round the edges,
and laid on the colours in light flat tints, of prussian blue

for wrought iron, neutral tint for cast iron, crimson lake
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for copper, yellow ochre for brass, and darkened all aper-
tures such as the furnaces of boilers, with washes of
Indian ink. After trimming the tracing all round, we
turned its face uppermost again, and when the finishing
touches had been put in, the plan had a handsome
appearance, and no doubt created the desired impression
on the minds of their Lordships when they received it.

It may be added, that all tracings should be coloured
on the back, as it prevents the possibility of that most
unsightly “running” of the lines or figures, when put
in too strongly. Another reason is, because the tints,
when looked at from the right side, have a subdued and
very pleasing appearance, which they do not possess
on the reverse side owing to the nature of the paper
or cloth.

On another occasion, I had been engaged on a large
“ general arrangement” drawing for a twin screw iron-
clad. To the uninitiated, this costly and important plan
could only appear as a confused, and, in some places,
intensified conglomeration of lines, every one of them,
however, having a distinct practical meaning which will
be referred to further on. As all these lines were in
pencil, and a few additions and alterations had to be
made before tracing the drawing, I had to do everything
myself. Firstly, because the Admiralty wished the trac-
ing as soon as possible, and secondly, and more impor-
tantly, because I was anxious to get away for my holidays.

It was one of those cases where the engineer in charge
of a plan has no time for anything else, and is so carried
away by the urgency of the work, as to stand by it almost
like a slave by day and by night. If this were unduly
sustained, some of our constiteotions would get out of
order, and perhaps bring on an attack of the dismals.
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To avoid such an evil, however, we have outbursts of
hilarity occasionally, which do us great good. So much
indeed has this been the case with myself, that I would
recommend all men and women who are closely engaged
in intellectual work, to relax their earnest efforts from
time to time, turn their minds into a new channel by way
of change, and fancy themselves boys and girls again.

Speaking from my own experience, the application of
this principle has helped to keep me in continuously
splendid health and elastic spirits, for which I am
extremely grateful. Celsus advised those who wished to
keep in good health to have a variety of pursuits, and
think of many things—this, we countersign in full.

After three weeks' close application, the tracing
referred to was satisfactorily completed, and it was cer-
tainly one of the handsomest and most elaborate works
of art that ever left the Birkenhead establishment. I
cleared out just in time to catch the boat for Liverpool,
and then the train for the north, glad enough to get off
for a little change and relaxation. That was many years
ago, but it is nevertheless a pleasant reminiscence of by-
gone and very prosperous days.

These two examples just mentioned will be sufficient
to indicate the manner in which, with willing hearts
and active hands, we carried through our work when
speed combined with excellence were particularly desired,
and will no doubt represent the practice of the present
day in the same place, under similar circumstances.
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CHAPTER IX.

DRAWING OFFICE CALCULATIONS.

Faulty Design and Construction of early Engines—Value of Hand
Sketches—Accuracy in Working Drawings—Two distinct systems
of Calculation—Simple practical rules in general use—DMethod of
recording leading dimensions of Machinery—* Allowances” made
by Engineers—The graphic system of Calculation —Complicated
Rules— How to construct safe Empirical Formulae— Rational Science
Considerations— Drawing Office Practice—Value of Tabulated Pro-
portions--Economy in Design and Manufacture—Office * Tables"—
Sudden changes in Engineering Practice—Costly results of Inju-
dicious ¢ Improvements’ in Machinery.

Tuere is nothing in the whole range of Engineering
which is of greater importance than a correct knowledge
of the science of proportion, as applied to the multi-
tudinous details which unitedly constitute a statical or a
dynamical structure, and this will be apparent to everyone
who studies the subject carefully. There was a time
when engineers had to feel their way by a kind of trial
and error process, but their failures became the pillars of
success. Not only were all the parts of machinery badly
proportioned, but they were also unskilfully arranged, and
this produced many evils of a serious nature.

In the framings of early side lever and other engines,
the architectural orders were much used, and while
massive columns and entablatures may have been con-
sidered beautiful adornments, they were, at the same
time, excessively heavy, and structurally weak at vital
points. The bearings of main shafts heated greatly,
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because the lubricants were squeezed out, on account of
the rubbing surfaces being so small in area as to create
excessive friction. Pins were fractured, one thing after
another gave way, and one detail after another was added
for the purpose of producing greater safety in working.
For instance, some of the early marine engines had no
escape valves on the cylinders; when water, therefore,
oot into them through condensation of steam, or through
priming of boilers, it could not free itself, and thus the
bottoms of the cylinders were knocked out, or the pistons
or covers were smashed.

The early engineers had thus to gain their experience
by sheer practice, and in time machinery became greatly
improved, and disastrous boiler explosions much reduced
in number, as their defects in design and construction
were more fully realised.

There is reason to believe that what is now termed
“ Drawing office practice’” was at this period almost
unknown, and that a large amount of work was executed
either from verbal orders given to the foremen, or from
rough hand sketches. Those sketches have been very
useful, even from the earliest times, and will always
continue to be, because they are the expressed ideas of
their originators, and form the bases of every engineering
scheme as a whole, or as a detailed part. And it is
from those rough, though carefully considered, designs—
dimensioned in accordance with the required propor-
tions—that the exact and elaborate working drawings are
now prepared. A set of these plans ought to be so
complete in every respect that, when the details are made
from them, they should be capable of erection in position
with the least amount of trouble, and thus facilitate the
execution of a contract.
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Even after everything has been done to perfect a new
set of drawings, there is always something to amend as
the work proceeds, and as one's ideas become matured,
which cannot be avoided if the highest excellence is
aimed at. The plans for Solomon’s Temple at Jerusalem
are, perhaps, the finest example of correctness on record,
because all the various parts came into position without
even the sound of axe or hammer being heard on the
premises. It is probable, however, that faulty work was
removed to a distance, and chipped or chiselled to fit.

Two distinct systems of calculation are utilised in the
profession, one of which is adopted by pure scientists and
philosophers—who seem to float in a sea of algebra and
mathematics—and embraces everything that is learned
and perplexing. The other, by practical engineers, who
aim at obtaining what they require in the simplest and
most direct manner. The former is exemplified in some
engineering books, but frequently attains full maturity in
the technical journals, whose pages are sometimes filled
with algebraical and other calculations of a wonder-
fully intricate character. Even practical engineers of
eminence have not been free from this cumbrous system;
and, in some instances, have given in their books rules
and formule very different indeed from what might
reasonably have been expected from them.

In a well known thick quarto, and at one time very
useful volume on Land and Marine Engines, by an
- eminent,”’ as above described, there are—in the 1862
edition—some complicated methods of proportioning vari-
ous details, which is all the more surprising when many
celebrated firms, long before this date, made their splendid
machinery from extremely simple formule. Take, for
instance, the piston rod of an engine. This most
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important detail may be treated scientifically as a solid
column fixed at both ends; or empirically, in accordance
with a thoroughly reliable rule based upon long estab-
lished practice. The most vital part of these rods is the
screw for securing them to the piston. 1f this is large
enough all is well, but if not, a sudden and disastrous
breakdown will take place, no matter how strong the rest
of the rod may be.

To avoid this, care must be taken to give the screw
sufficient area at the bottom of the threads to enable it to
withstand the full tensile strain that will occur at any
time. In other words, find the total load in tons upon
the piston, either from steam alone, or from steam and
vacuum combined:; and, as no greater working strain
should be allowed for than 21 tons per square inch for 223
ton iron, or 3 tons per square inch for 3o ton steel, the
total load on piston, divided by 2} or 3, will give the area
required at bottom of threads for each metal.

In all engines, this true science rule is employed, but
in triple expansion machinery, the body of the piston rod
for the low pressure cylinder is proportioned by means of
the well-known formula D =10, that is:—for a cylinder,
say 100 inches bore, the rod will be 10" diameter if of iron,
and 91" if of steel. For the sake of uniformity and also
interchangeability, the piston rods of the intermediate and
high pressure cylinders-— say 66" and 40" diameter
respectively—are made exactly the same, although they
would be too large for those cylinders if used as single
engines. This, however, is constantly being done, and
forms only one of the numerous instances where practical
considerations overrule the deductions of mere science.

Many other useful rules, similar to the above, were

frequently employed when the marine engine was running
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with 25 or 30 pounds steam, and when the stroke of piston
was generally about two-thirds of the diameter of the
cylinder. Tod & McGregor, for instance, reduced their
calculations to such a simple form, that some of the
leading proportions for any size of engines—say, 60"
cylinders and 3' 6" stroke—could have been given at once,
and in such a way as to lead the algebraical professor
to fancy there were some sleight of mind secrets in the
business. Suppose, for example, that you had asked
Mr. Tod to give you the dimensions of the piston-rod,
crank-shaft, single acting air-pump, branch steam pipe to
each cylinder, and exhaust steam pipe, for the aforesaid
engines, having D=060" and S=42", the calculations
would have been worked out in this style : —

« Piston-rod, D =+ 10 = 6" + 1" for turning down when

worn = 61" diameter.
Crank-shaft, D+ 5=12", but put on another inch for extra
safety,=13" diameter.

Air-pump, D x6=36" diameter; and stroke, D+2=30".
Branch steam pipe, D+ 5=12"—Dbetter make it 13" diamr,
Exhaust do., D+4=15" diameter—quite large enough.”

What! ¢ a regular smash-up, breakdown system, was
it?”’

Well, no ; not exactly. These formule were certainly
empirical, but they saved a great deal of trouble, and
were all based upon practice which was known to be
good and sound by engineers who quite knew what was
wanted, and who modified all their calculations so as to
be on the safe side with everything. Besides this, the
firms who used those beautifully simple rules among the
« fifties” and ¢ sixties,” became famous and acquired
wealth, which were certainly strong recommendations in
their favour. The engines of this period rarely broke
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down, and everything went well—so well, indeed, as to
create confidence all round. I may add, however, that
Mr. Tod’s P.S. “Juno " fractured her paddle shaft and
smashed the paddle centre on her first voyage, but as the
forging was unsound internally, she got another shaft
the same size. Then, again, the S.S. * United States”
mysteriously broke her air-pump crosshead, the new one
was therefore made a little stronger; thus exemplifying,
in these two cases, practical rules which are constantly
used by all designers of machinery.

They had in the Clyde Foundry a very good method of
recording the leading sizes of engines for future inspection
and comparison. Down the left-hand side of a number of
foolscap sheets, a list of names of the principal parts was
printed, all of which referred in systematic order to ships,
engines, boilers, propellers, and paddle-wheels, the lines
opposite them being left for filling in with the exact
finished dimensions. The upper part of these sheets
contained the name of the vessel, the number of the
engines, etc., and space was also left down one side for

?

«« general remarks.” These loose pages thus became very
useful, and gave at a glance desired particulars of the
most trustworthy nature.

The value of the system of calculation just mentioned
greatly depended upon the care and judgment exercised
in the collection of data from existing engines of different
sizes. In addition to this, the circumstances of each case
had to be studied, and when these particulars were com-
pared with each other, the formulez deduced from them
could be relied on. Although every pair of engines was
designed more or less in accordance with the rules thus
found, the skilled engineer used his own experience in
making “allowances’ when advisable, and also in con-
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firming the accuracy of any doubtful calculation by more
scientific formulae. The same style of doing things may
even now be utilised in triple and quadruple expansion
and other engines, and in a great variety of engineering
work generally. Care must be taken, however, to verify
the strengths of important parts when necessary, by
resolving the strains upon them directly into those of
tension, compression, torsion, and transverse breaking.
And, secondly, to ascertain by a knowledge of the strength
of materials if sufficient metal has been allowed for to
meet those strains.

In this branch of science, there is no better book
than Box's Strength of DMalerials, which, in common
with the same author’s treatises on Feat, Mill-geaving,
and Hydraulics, combines great perspicuity with sound
practical reasoning and appropriate examples. Equally
valuable in their own lines of marine and general engi-
neering, are A. E. Seaton's Manual of the former, and
W. S. Hutton's Practical Ewngineers’ Handbook for the
latter.

But whilst recommending these and other volumes,
it may be well to add, that no engineer should trust
implicitly to any of them for the proportions of details,
or of machinery for which he is responsible, unless com-
pared with executed work, owing to the simple reason
that, in text-books generally, the ever-varying surround-
ing circumstances of each case cannot well be given,
whereas in actual practice they are clearly understood.

In roof, bridge, and other kinds of constructions, the
graphic system of calculation is invaluable, as it enables
one to see at a glance, by means of diagrams, not only
the strains at different parts of a structure, but almost
annihilates the chances of error. If, for example, the
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pressures upon the sides of a water tank 4o feet square,
and 20 feet deep, are required at every foot in depth:—
Multiply 20 by 434 = 868 pounds per square inch, and
this X 144 = 1250 pounds, or say 11} cwt. per square foot
of side at the bottom.

Now draw a right-angled triangle to any scale—say half
inch to a foot—whose vertical side of 20 feet = depth of
water, and whose base of 11} feet=load in cwts. Then, if
you divide the vertical line into twenty equal parts, and
draw horizontal ordinates inside the triangle, each line
will give at once, by scale measurement, the exact pressure
upon the side of the tank, beginning with nothing at the
water level, and ending with the full load at the bottom.
For ready calculation, however, kalf a pound for every foot
in depth will give the approximate pressureé per square
inch. The same system can be used in a great variety of
ways. Take, for instance, a plate girder 20 feet span,
2 feet deep, and carrying an equally distributed load of
1o tons. The strain on centre of the top and also of the
bottom flanges will be

Span x weight 0 %X 10
b ght _ 20 X 19 — 12} tons.

'8 times depth 16
Now draw a line 2o feet long to any scale you please, and
also a vertical line on the middle of it measuring 124
inches by the same or any other scale. Then construct a
parabola with these dimensions for base and height, and
this will give, by means of vertical ordinates, the tensile
and compressive strains in the flanges at any point. If,
in addition to the E. D. load, we add a central one of
1o tons, extra strains of 25 tons will arise at the middle
of the top and bottom flanges—calculated thus:—

S % “{ == 2..9_?’(-2, = 25 tons.

4 D 8
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On the same 20 feet base line, erect another perpen-
dicular 25 inches high at centre, and complete the figure
as a triangle. The ordinates thus enclosed, added to the
others, will shew the combined strains at any point in the
flanges of girder; and further, if any irregular method of
loading the beam were adopted, the same system of
triangles and parabolas would give all that was required
without further calculation, if specially arranged to suit
each case. In beams as above, having E. D. loads, the
shearing strain is gradually reduced from each end where
it is greatest, to the middle where it is nothing, but with a
central load it is the same throughout. Therefore, in the
former instance, the diagram will be a triangle, and in the
latter a parallelogram—the sum of the ordinates of both
indicating at a glance the shearing strains caused by the
compound loads referred to.

Lattice and other bridges, roofs, etc., can all be calcu-
lated in a similar manner, and, although the diagrams
are of a more complicated nature, they nevertheless—if
properly worked out—shew clearly the various strains in
the whole structure. The graphic system is consequently
invaluable on account of its exquisite simplicity, its
clearness, and its accuracy. We have only incidentally
given an outline sketch of its application; those, how-
ever, who wish to study it fully, may find what they
desire in special books on the subject, one of the best of
which is Humber’s Handy Book for Strains in Structures.

This, then, is one side—the sunny side—of the pic-
ture. Lights and shades produce beautiful effects in art,
in nature, in literature. The shades are coming.

Upon turning to one page of the thick quarto volume
previously mentioned, we find, amongst a variety of cal-
culations, a wonderfully empirical method of finding the
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exterior diameter of the large eye of a crank, which

requires for its description fully ten lines of about thirteen

words each. In a simplified form, this rule is as follows:
Exterior diameter of eye of crank equals

’V),_. >_E — . :
Dia. of Shaft 4 {2 (1561 x R+ 11235 l_}_)}?_’.
15512 x VR 3

The formula for ascertaining the thickness of the web

of crank is of a still more advanced kind, and need not
here be given. A very simple and good rule adopted by
engineers generally, while calculating the former, is D=3,
that is, we make the length of the large crank eye, for
marine or other engines, equal to § or § diameter of shalft,
and the thickness of metal round the eye one-third of the
diameter. Therefore, the length of eye or “boss” for a 12"
shaft would be g" if cramped for room, and about 10"
otherwise, while the metal round the aperture would be
4" in thickness when finished, thus giving 20" as the dia-
meter of eye externally.

The thickness of the web = D x 55, which, in the
present instance, would be 6§".

In small sized shafts, which are not used as prime
movers of machinery, the cranks, or ““levers,” as they are
termed, have their bosses equal in length to D—the metal
round the eye D -+ 3—the thickness of web D =+ 3—the
breadth being found geometrically by drawing two lines in
the well known manner, and, after putting in the beauty
curves, the thing is completed. If treated, however, in
the rational science style, the web may be considered as
a solid rectangular beam fixed at one end and loaded at
the other. The sizes of the end pins are found directly
by ascertaining the load which is to come upon them,
and allowing, say, two tons per square inch for single
shear, and three tons for double shear, with as much
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extra as you think proper for wear, or any other
consideration.

The thickness of steam and other cylinders in 1ron
and steel—of valve boxes for steam pressure, and water
pressure, etc.—and of large and small pipes for all pur-
poses, when made of cast and wrought iron, brass,
steel, copper, and lead, should be proportioned directly
in reference to the tensile strain per square inch on
their sides due to the internal pressure., But ample
allowance must be made in every case for extra thick-
ness of metal, with a view to sound and true casting,
re-boring when worn, if required, also for strength to
resist shocks caused by the sudden closing of valves, and
for corrosion.

It is most important to have trustworthy methods of
finding the transverse strength of timber, and this is ascer-
tained by taking as a basis the breaking weight of full
sized beams loaded on the centre. In some text books
the formula give too high results, as the original experi-
ments were made upon small sample pieces of wood
instead of large balks of timber, where imperfections
which considerably diminished their strength were sure
to exist. In this respect, the Mersey Docks and Harbour
Board have performed wvaluable service by means of
costly experiments on a large scale, the records of which
are extremely useful to engineers.

Molesworth and Hurst, in their well-known Focket
Beoks, and D. K. Clark, in his 1,000-page tome—
Rules and Tables—as well as other authors, have given an
infinite wvariety of excellent formule in the wvarious
branches of the profession. These treatises are most
useful in many ways; but practical considerations, such
as those already mentioned, compel the designer of
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statical or dynamical structures to study all the circum-
stances of each case, and make allowances accordingly.
Tabulated records of detailed proportions from complete
and varied sets of working drawings are invaluable, as
they are not only useful for future reference, but form in
themselves a substantial basis for the construction of
simple rules, much more serviceable to those who make
them than any treatise can supply. Here again, how-
ever, the printed books come in handy for guidance and
for comparison. And here also, it may be added, that we
stand upon the brink of a course of study some people
enter upon enthusiastically, and which in at least a thou-
sand-and-one diflerent forms may occupy their attention
for the best years of their lives.

Bridge engineers sometimes delight in abstruse and
extensive algebraical calculations, their object no doubt
being mathematical exactness; but it is an exactness
that is liable to be vitiated by a misplaced bolt or rivet,
or by some other unforeseen cause, all of which are
covered by the simpler methods of computation previously
mentioned, combined with sound judgment.

The technical journals previously mentioned occasion-
ally treat us to page after page of profound calculations
of this class, which may be charmingly attractive to some
of their readers, but perplexing and tedious in the extreme
to those who prefer simpler methods.

In the drawing offices of good engineering establish-
ments there are very many simple and valuable formula
of a far-reaching nature which extensively permeate their
every day practice. These refer to the proportions of
bolts and nuts, and everything connected with them: to
pipes of every description for high pressure and low

pressure steam, and for water pressure: to valves of all
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kinds for the same purposes, and a variety of other details
too numerous to mention.

For solitary cases such rules may not appear of much
consequence, but their great importance will be seen
when it becomes known that the good design and eco-
nomical construction of machinery so much depends
upon them, and also that the parts referred to are made
in large quantities for all kinds and sizes of engines. A
“ Economise
material when you can possibly do so in general work ;
but when things are made by the hundred, or by the
thousand, and especially in the costly metals, their pro-
portions cannot be too carefully considered with a view

well-known axiom among engineers is this :

to reduction of weight and also of labour. Hence the
numerous office tables of dimensions which exist in some
places—tables that shew at a glance what is required,
and, when well constructed, save a great deal of time, a
large amount of material and workmanship, and thus
prevent in every way the useless expenditure of capital.
For example—the thickness of a bolt head is usually
> of its diameter, a nut from 2 D. to D.; both of them
are 14 D. across the sides, but in a good ¢ Bolt and Nut
Table” for marine work no calculations are required,
as the sizes run from }" to 6” diameter, advancing by ¥
at a time, and on to 8" or 10" diameter by quarter inches.
In such a table—divided into the required number of
vertical and horizontal lines—the diameter at top and
bottom of the screws, and also the number of threads per
inch for each size of screw, are given. Then follow the
“width across the sides,”—* width across the angles,”—
‘“ thickness of head,”—¢ thickness of nut,” and various
other particulars, including the safe tensile strengths in
pounds for each bolt. All our tables of proportions are
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valuable, this one, however, is simply #nvaluable ; and
connected with it are a few short rules which closely
affect the strength, simplicity, and economy of almost
every detail in land and marine engines, and machinery
of all kinds. Take, for example, the following:—

Centres of bolts from 3" to 1” diameter to be D + "
from outside of pipe or other flanges when truly faced,
and D + ¢," from body of pipe. Thickness of cast iron
flanges = D + 1" about, and, when of brass, = D minus
1" to about D for high pressures.

All faced joints to be 13" wide for 4" bolts; 13" for
a5 21" for §"; and so on; but if the flanges are to be
fixed in a rough state to boilers, or ship’s sides, and liable
to corrosion, bolts 1" larger, and joints a little wider than
the regulation sizes mentioned above are necessary.

Then, again, all copper pipes connected with the
boilers and cylinders of triple and quadruple expansion
engines, as well as those for steam or water purposes in
general, have the diameters and numbers of their bolts,—
the diameters and thicknesses of their flanges,—the
weight in pounds per square foot of copper,—and other
particulars, fully given in carefully arranged tables.

Different standards of taper for rods, etc., are in con-
stant use, such as 1 in 7 to 1 in 8 for piston and pump
rods inside of their respective pistons or buckets. This
is an excellent and well-known method of fixing them,
both in the Navy and in the Merchant Service; indeed,
nothing better can be desired. Rods having such a taper
require no “ shoulder” upon them, and, besides being
incapable of ¢ draw,” possess the useful quality of being
easily disconnected.

A very general taper for the plugs of all kinds of brass
cocks is 1 in 5.‘ For the cottars of some kinds of connect-
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ing rods, and for every description of pin, etec., which
requires to be driven tight against a shoulder, a taper of 1
in 16, or 2" to 1 foot, is usually employed. The same
taper has been very much used for the ends of shafts
which fit into screw propellers. Owing, however, to the
difficulty of disconnecting the screw after long submerg-
ence in the water, a taper of about 1 in 12 is considered
more suitable.

The strengths of a great variety of steam, water, and
other circular box valves, for pressures under 30 pounds
per square inch, are determined chiefly by practice. DBut
for all pressures, the safest plan is to have good reference
tables of the bursting strains of cast iron and brass pipes
of different thicknesses and diameters, and of a certain
quality of metal, and make ample allowances according
to circumstances.

Note books filled with particulars similar to those we
have given, are the result of many years’ close observa-
tion, but they handsomely repay the time and trouble
spent upon them as the days go by.

The simple and efficient, though empirical, methods
of calculation adopted by practical engineers whilst
designing machinery, etc., and preparing working draw-
ings, have only been briefly referred to in this chapter for
want of space. The true science system of computation
has also been similarly touched upon, with, it is hoped,
sufficient clearness to indicate in a general way how the
thing is done. It may be well to add, however, that the
former is liable to vitiation at any time by means of
sudden changes in practice, and hence will be seen the
importance of having a clear view of the first princi-
ples upon which these simple rules are based. When
the compound engine came into general use, and steam
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pressures went up with a bound from 30 to 6o and
20 lbs. per square inch, many serious breakdowns
occurred, because engineers had not sufficiently modified
their old and trusty formule to suit the new order of
things.

The experience thus gained has proved of great value,
and especially since the introduction of triple and
quadruple expansion machinery, which caused boiler
pressures to rise to more than double what they had
hitherto been.

As already stated, however, when the tensile, compres-
sive, shearing, transverse breaking, and other strains due
to those increased pressures, are once met by the skilful
distribution of material, and the altered circumstances
are thoroughly understood, a new set of empirical rules
may be constructed, and, as formerly, safely trusted
within reasonable limits.

From what has been said about the drawing office,
it will be seen that it is a ruling power for good or evil,
and that, while laying the foundation of successtul engi-
neering, it has also originated some of the most costly
mistakes. For these reasons it holds the key of the
position, and as the great engineers of the past owed
much of their prosperity to a clear knowledge of every-
thing that constituted good practice in this department,
so those of the present would do well to cultivate, as far
as possible, the sciences of design, of proportion, and of
practical construction. They may further record in their
morocco-bound note books, that the whole of the colossal
system of civil and mechanical engineering in its multi-
tudinous branches, may be reduced to two separate heads
as follows :—

(II.) Find out exactly what has to be done.
K
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(2.) Use your skill to the utmost in discovering the

best and simplest methods of executing it.

When these have been satisfactorily accomplished,
put your machinery in motion and go ahead full speed as
happily as possible.

As an appropriate ending to this chapter, we may
add that a very eminent and still prosperous marine
engineering firm had for many years an almost total
exemption from failures of any kind. This created a
somewhat rash confidence, and they began to make novel
“improvements.” Things were done that should not have
been done with the working drawings of large steam
cylinders, which resulted in some of the castings cracking
at the foundry. Then again, the screw propellers of a
few of their ships were trimmed until they looked a little
more genteel, but this unfortunately created a sort of
epidemic amongst them when at sea, as one blade after
another gave way, to the astonishment of every one.

The causes of both evils were discovered—the neces-
sary alterations were made in the plans—and the successes
of the past were renewed in the future.
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CHAPTER X.

ENGINES IN PROGRESS—THE SCREW PROPELLER.

Triple Expansion and other Engines in the Works—Ship Drawings—Steel
Boilers—History of Steel and Iron Crank Shafts — Detection of
Errors in Drawings—Arrangement of Machinery in Ship Plans—
First Appearance of Mr. Macdonald, the Superintending Engineer—
Peculiarities of the Screw Propeller—** Positive ” and * Negative ”
Slip—Influence of a Ship’s Lines upon the action of a Screw—
Modern Propellers—Cause of Destruction by Irregular Corrosion—
The Remedy—Screw of Cunard S.S. ** Etruria ”—Mr. Macdonald’s
ideas of Screw Propulsion—Condemns the Manager’s Calculations-—
Fortunate Discovery—Unnecessary alteration of Plans.

Our triple expansion engines are now ‘ progressing
favourably,” as a physician would say, and tracings of
some of the principal parts have been sent to the works,
and also to outside people ; but there are very many detail
and other plans to follow in course of time. It must be
borne in mind, however, that the firm has several other
orders in hand more or less advanced. There are, for
instance, an ironclad of 6,000 tons for our own Govern-
ment ; another of 3,000 tons for the Brazilians; two turret
ships for the Dutch; one magnificent paddle steamer for
a great railway company, whose guaranteed speed is to be
nineteen knots an hour; and two mail screw steamships
of 4,000 tons each, one of which, recently launched, is in
dock having her machinery fixed on board. -

No sooner was this vessel in the water than prepar-
ations were made for laying the keel for the first of the
three ships we have been specially observing. Since the

Droits reserves au Cnam et a ses partenaires



152 ENGINEERING, POPULARLY CHAP. X.

time the order was received there has been great activity
in the ship drawing office and mould loft. The immense
black painted floor has been partially covered with the
«lines " and various sections of the ship, all of which are
drawn full size to ensure the greatest accuracy, and
facility of transfer to the frame bending department.

A working model to a scale of half an inch to a foot
has also been prepared, shewing the position of frames or
ribs and the whole of the outside plating, the length,
breadth, and thickness of every plate being marked on
for reference. These, as well as the stem, keel, stern and
rudder posts, also deck beams, angle iron for frames, and
other parts are ordered from the rolling mills and forge
people, and upon arrival are operated upon in various
ways, such as drilling, punching and shearing, planing,
bending, etc., to enable them to come together properly
in place, and to provide for all necessary rivetting.

The boiler plans, too, are so far advanced as to enable
orders for the different kinds of plates used in their con-
struction to be given out to the manufacturers. For such
a high pressure as we are going to use steel is preferable
to iron for the outside shell, because the latter would
require to be too thick for convenient rivetting; but in
the production of the former at the rolling mills, and also
in its subsequent manipulation in the boiler works, the
greatest possible care is taken in every part of the
process.

In the engineering department the work is getting on
by degrees, the forge and pattern shop being the first to
receive orders; the former of which has been supplied
with tracings of the connecting rods, piston rods, and
other gear, to be put in hand at once. The latter,
however, is doing its best to get the castings of pistons,
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cylinder covers, etc., into the hands of the turners, and
thus considerably facilitate matters at the outset.

The crank shafts have a little history of their own
which may here be referred to. In former times they
were all of iron, even for large ships, and complete in one
length, which made them most unwieldy to manage in the
lathe, and, if fractured at sea, too often entirely disabled
the vessel. This caused them to be constructed in two
pieces exactly alike, which were firmly bolted together,
thus rendering them much easier to manufacture, and if
the forward or after part were broken, the ““spare” half
which the ship carried could be used at either end.

This was a very good plan, but the increased speed
and consequent vibration of the engines, combined with
other influences, caused such disintegrating action to take
place in the fibres of the metal, that frequent disasters
occurred, involving serious inconvenience and loss.
Hence, forged steel was used instead of iron, but this was
not satisfactory, as the failures continued, sometimes in
the most unexpected manner. Whitworth’s improved
steel was therefore resorted to, with the best results.
The method adopted in manufacturing shafts of this
material is as follows:—

The metal is first cast in hollow ingots, and while in
the melted state is subjected, by means of an 8,000 ton
press, to a load of at least six tons per square inch, thus
insuring the exclusion of all gases, and the thorough con-
solidation of the entire mass. It is then reheated, and
squeezed by hydraulic pressure into the required shape,
that is to say, a straight shalft with coupling flanges at the
ends for bolting together. It is mow cut in two, the
cranks and crank-pins, which have been made separately,
built up and securely fastened in position ; and each half,
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or, in triple engines, each third, is firmly bolted together
with the utmost nicety, until the whole becomes almost
as rigid as if it had been solid. In important details such
as those we have mentioned, the slightest deviation from
absolute ¢ truth ”” in construction will entail much trouble
afterwards, hence the adoption of every precaution which
can possibly secure accuracy.

The crank shaft of the ¢ City of Rome’ was made as
described above. It is 26 inches diameter, and has a
central hole 14-in. diameter throughout its entire length,
and when completed weighed 64 tons; but had it been of
solid iron would have weighed 73 tons, and cost at least
£7,300. This massive detail is frequently supplied by
Messrs. Vickers, of Sheffield, to steam ship companies by
whom their own special steel is highly esteemed. In the
plate of Wigham Richardson’s erecting shop, two very
fine built up crank shafts for engines in progress are to be
seen. These views explain themselves.

The pattern-makers, who have now made a fair start,
are very busy indeed, as few of the old patterns will
“come in” for the new type of engines. The condenser
is being pushed forward, but here an incident occurs
which will illustrate the effect of a wrong dimension on
the tracings. In the sectional elevation there is a row ot
figures which reads thus: 3’ ¢"—2' 8—1' 10"—2" 8"—3' ¢",
and below them is a dimension line giving * length over
all”” 14 ft. 8 1n. In the plan, the same defailed figures are
given, but the “ over all” measurement is 14 ft. 3 in., thus
indicating an error somewhere ; and so thinks the work-
man, who looks at the tracing enquiringly.

Running his hand through his hair to enable him to
collect his ideas, he ¢ tots up " all the dimensions in each
view two or three times, and finds the sum of them,
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14 ft. 8 in., quite right, as stated in one case, therefore
the other must be quite wrong, although the measure-
ment by foot rule gives the correction at a glance.
Euclid says: «If equals be added to equals, the sums are
equal,” but the worker in wood, while unconsciously
trying to confirm the truth of this axiom, finds them to be
unequal, *“ which is impossible, Q. E. D.”

As his instructions, however, are to take only ﬁgured
dimensions, he will not do anything until he sees the
foreman. This gentleman, on being appealed to, does
not say anything, but, taking the tracing in his hand,
goes straight to the draughtsman who originated it and
observes, 1 think there is something wrong here, Mr.
Dalrymple,” pointing to the condenser plan.

« Oh,” replies Mr. Dalrymple, after gazing intently at
the figures, ‘¢ it is most astonishing, 1 checked that draw-
ing twice, and, after all, I have made a mistake; those
‘threes’ and *eights’ are so like each other sometimes
you can hardly tell the difference.”

The alteration is made while the visitor waits, and,
in a minute or so, he goes away happy and contented.

This error, which the head draughtsman failed to
discover, is of a very harmless kind, because the discrep-
ancy in the dimensions created suspicion and prevented
danger. It might easily have been otherwise, however,
as all the figures might have appeared correct, and yet
some inaccuracy might have crept into both views, which
neither foreman nor workman could have detected, and
the condenser would consequently have been spoilt.
Happily, unpleasant discoveries of this kind are of rare
occurrence. In course of time, intelligent engineers
become wonderfully sharp in finding out faults in draw-
ings. They will, for example, look at a complicated mass
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of all kinds of arrangements in a plan, and pick out a
flaw no one else can see, just as if it were the only thing
they did see.

They also appear to have a latent distrust of other
people’s figures in work they are responsible for until
they have mentally run over them, and yet these clever
and experienced people will sometimes make the most
absurdly stupid mistakes themselves—not through ignor-
ance, but owing to a temporary mental blindness, we
may call it, which for the time clouds their faculties.
This I have frequently seen in others, and have some-
times experienced myself. Strangely enough, however,
the mind often recalls in the most unexpected and
gratuitous manner something which has been done wrong,
and which is in consequence rectified at once.

Oliver Wendell Holmes tries to describe the ¢ mech-
anism of the mind™ in one of his books, but neither
logicians nor metaphysicians, nor any other ‘ icians,”
have ever been, or ever will be able to solve satisfactorily
such a mysterious science, or explain how it is that
fancy’s flash and reason's ray have so often done
infinitely more than the most studiously calculated plans
could possibly accomplish.

Under the guidance of the office staff, the drawings
for our engines are making progress, and ideas on the
subject generally are becoming more matured. The
“ shafting plan” is given to one draughtsman, and the
‘““general arrangement plan” to another. The former
involves all the working drawings of shafts in the tunnel,
thrust blocks, plummer blocks, stern tube, propeller, and
all their attachments. The latter is a most complicated
affair, as the main engines and boilers, and all the
pumping engines, valves, cocks, pipes, ladders, gratings,
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ventilators, and other gear belonging to the machinery
itself, or connecting it in any way with the sides or bottom
of the vessel, have to be shewn on it, and afterwards in
full detail on very many sheets. This plan requires a
board about five feet by four feet, and usually from four
to five views drawn to a scale of half an inch to a foot
for large engines, and to a larger scale for small engines.
Should, however, the whole of the machinery be too large
for one board, the engines and all attachments are drawn
on one sheet, and the boilers similarly on another.

One view consists of a longitudinal section of the
machinery part of the ship, and underneath it is a full
plan; there are also transverse sections through engine
and boiler rooms, so that everything may be fully shewn
and clearly understood individually and collectively.
All these sections of the vessel are accurately drawn
from full-size measurements from the mould-loft floor,
and include the frames, plating, decks and deck beams,
bulkheads, coal-bunkers, hatchways, funnels, etc., so that
the connection between every part of the ship and all the
machinery may be easily seen.

Let us suppose that one of these general arrangement
plans has been commenced. After drawing in the
sections of the hull, the first thing to be done is to fix
the positions of engines and boilers in the vessel in the
most suitable manner possible, bearing in mind the
proper distribution of weights of machinery, including
water in boilers and coal in bunkers, so that the ship,
when light, will be in proper trim, and neither too much
down by the stern, nor too deep in the water at the bow.
The height of the centre of shaft is dependent upon the
diameter of the propeller, but in fine-lined gunboats, etc.,
with horizontal engines, it requires sometimes to be a
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little higher at the engine-room end, to allow the widest
part of the machinery to clear the bottom of the vessel.

The manager, chief draughtsman, and draughtsman
who has charge of this plan, have a consultation regard-
ing the best position of the engines and boilers fore and
aft, and also vertically, and at the same time the most
suitable arrangement of bulkheads. The exact positions
of the latter are determined by the spacing of the frames
of the ship, which, from amidships to the stern, are
figured 1, 2, 3, etc., whilst those going forward are
lettered A, B, ¢, and so on, until the alphabet is ended,
when they begin again with aa, BB, etc.

The conference is ended, and the manager—Mr.
Bouverie—has just given instructions to ‘ place the
centre of shaft eleven feet above the top of keel, and the
bulkheads as we have decided,” when a very important
personage enters the office to see ‘“how things are
getting on.” This gentleman—whose will is to some
extent law-—is Mr. Macdonald, the superintending
engineer for the owners, and his duty is to visit the
works from time to time, see that the specification
is adhered to in every respect, and also to suggest
any improvement, or reasonable alteration which can
be effected before the work has gone too far. If he
knows his own mind, the builders and engineers will
have little trouble with him, because they quite under-
stand each other, but if he is uncertain and vacillating,
his intentions, however good, will involve them in unne-
cessary trouble and loss, and also considerable delay in
the execution of the contract.

This visitor, who now makes his first appearance,
possesses the entire confidence of his employers, having
been with them for very many years. He served his
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apprenticeship most creditably in Napier’s, but did not
enter the drawing office, as this department is reserved
only for the privileged few. Not long after his time
expired, he went to sea as fourth engineer in one of
his present Company's ships, and by steady and good
conduct, ultimately became chief engineer of the S.S.
« Miranda,” and latterly the S.S. “ Cymbeline,” in both
of which he commanded the steam department so suc-
cessfully as to be rewarded with promotion to the sphere
he now occupies—that is to say, the general super-
intendence of machinery of the ships of the fleet, in
which he takes a fatherly interest.

Although somewhat blunt in manner, he is a very
pleasant man when you come to know him. He does not
«bother his head with science,” but knows exactly how
to drive a vessel at the highest speed upon the least con-
sumption of coal, and also the best methods of rectifying
every defect caused by wear and tear, and by the great
variety of accidents engines are liable to at sea; and,
what is of still more importance, to prevent them from
happening at all, if possible. In addition to this, he
possesses a great amount of humour; and has the power
of illustrating his remarks by many amusing anecdotes,
some of which, however, are rather wire drawn. His sole
aim in life is to do the best he can for his Company ;
his intentions are good and highly honourable in every
respect, but he has a curious—some people would call it
an aggravating—way of sanctioning things one week,
condemning them the next, and, perhaps, reverting to
his original ideas at a future time, in such an easy, happy
style, however, that none is really the sufferer, but the
firm who makes his engines.

This, then, is a rough sketch of the visitor who 1s now
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inspecting our ‘general arrangement” drawing, and,
who much resembles a superintending engineer I well
remember—professionally, with sorrow—socially, with
much pleasure.

The manager explains 1n detail all that had been pre-
viously gone over, and adds—‘ You see, Mr. Macdonald,
we have given you a fairly proportioned propeller, and I
think, on the whole, that this arrangement will work out
very nicely.”

“ Oh yes, very good indeed ; but, don’t you think we
might advantageously make the screw two feet larger in
diameter—get a better hold of the water, and drive the
ship faster, you know ? "

Now it so happens that Mr. Macdonald could hardly
have selected a more * kittle” subject for his opening
remarks ; that is to say, one more difficult to elucidate
or explain with clearness. If, however, he had said any-
thing else about the engines, he would have been more
successful, and created a good impression of his talents
at the outset.

THE ScrREw PROPELLER.

The action of a propeller in the water, and 1its
influence upon the speed of a ship, have puzzled all the
shining lights in scientific and practical engineering,
and perhaps none more so than the late Mr. Griffiths,
whose patent screws are to be found in very many of the
naval and mercantile ships of the world. After thirty
years’ study of his pet subject, however, he is reported to
have said that he had been unable to master it, or give
clear and satisfactory reasons for certain results.

The diameter and pitch of a propeller depend upon
so many things affecting both ship and engines, that it is
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very difficult to give any definite or trustworthy rule for
the guidance of others, and much must always be left
to the experience of the designer, so that all the circum-
stances of each particular case may be fully allowed for,
and the proper dimensions of the screw reasonably deter-
mined. FEven with experienced people great mistakes
have sometimes been committed, as the investigations
carried out in reference to the failure of H.M.S. ¢« Iris”
to attain the required speed until important alterations
were made in her twin propellers will clearly show.

To the professional engineer, as well as to people in
general, the means employed to produce high, or even
moderate speed in screw steamers, appear insignificant
when compared with the results obtained. This is par-
ticularly the case when a great ocean racer in a graving
dock is the subject of study. On the one hand, there is
the gigantic hull of the ship, and on the other, a small
propeller, which those unacquainted with its mysteries
would consider quite unsuitable for the purpose.

In side wheel steamers, the huge paddle-boxes look as
if they contained the means of producing great power,
whilst the splash of the floats in the water confirm this
idea by shewing at a glance an amount of energy amply
sufficient for the purpose. In screw vessels, however,
when on load draft, and steaming full speed at sea, this
fAuid disturbance differs but slightly from what is usually
to be seen in the wake of a sailing ship, and, therefore,
the irresistible logic of facts compels us to believe much
that seems paradoxical until we know the true cause.

The water in which a ship lives and moves is com-
posed of oxygen and hydrogen, whose chemical combina-
tion has been extremely beneficial to the inhabitants of
the earth in a great variety of ways, and especially
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to those who are engaged in commerce, or in the naviga-
tion of ships and steamers. This fluid has a few striking
peculiarities. Exposed to a gradually reduced tempera-
ture, it becomes denser and heavier until it reaches 39°
Fahr., when a change takes place which causes the
expansion and consequent decrease in the weight of the
water, until at 32° it becomes floatable ice. At 2129
water is changed into a highly elastic vapour, which
forms the motive power, not only of marine and other
steam engines, but is the occult cause of those disastrous
and wide-spread convulsions which originate in the
earth’s interior and create such havoc on its surface.

Another property of this fluid is its wonderful power
of resistance to compression, and the latest experiments
have proved that the compressibility of salt water under
a load of 1,500 pounds per square inch is only ;1,4 of its
original bulk. This peculiarity fully explains the reason
why the hydraulic press is so enormously powerful, and—
most importantly in the present case—why the screw
propeller is so efficient in its action. The apparent
inability, therefore, of this instrument to drive a great
and heavily laden ship at high speed, is immediately
dispelled when we clearly understand the nature of the
element in which it works, and which provides the
necessary reactionary resistance. All that is therefore
required is, to give a propeller dimensions suited to the
ship it is intended for, and to make the blades amply
capable of sustaining the greatest transverse strains that
may possibly come upon them. L

Notwithstanding the incompressibility of water, it is
so flexible that a wvessel’s bows can easily wedge its
particles asunder, but, at the same time, the resistance

offered increases proportionately as the squares of the
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velocities ; that is, if a steamer required 100 horse-power
engines to propel her two knots an hour, this would have
to be increased to 400 at four knots, or as 2* to 4% By
doubling the speed, however, we have, in addition to the
aforesaid fluid resistance, the whole weight of the ship
passing over twice the distance in the same time; the
power already found must therefore be increased to 8oo,
or, in other words, as the well-known ‘““cubes of the
velocities,”” which in this case are 2% and 4%

Hence, doubling the speed of a ship requires eight
times the original engine power, or the power required to
accelerate her velocity, say from 12 to 15, or any other
number of knots, will be proportional to the cubes of
these numbers, and thus the great cost of working fast
steamers will be at once apparent.

Cargo vessels are usually run at 8 to 12 knots an hour
by means of low speed machinery, and mail steamers from
16 to 18 knots, on account of the attendant commercial
advantages. For the same reason, it is now considered
advisable to drive the engines of ocean racers at 75 to 85
revolutions per minute, instead of 55 to 65, as formerly.
But inasmuch as the resistance of the water to a pro-
peller increases as the squares of the number of revolu-
tions, it naturally follows that a high speed screw may be
made less in diameter than one intended for low veloci-
ties, and this can judiciously be done on account of the
fine after-lines or *“ run "’ of the ship.

The importance and intricacy of the subject of screw
propulsion may be gathered from the fact that several
books have been written—two of them thick quartos—
with the object of elucidating all that could be learnt
concerning it, and also that a great variety of valuable
contributions on the same subject, by the members of
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learned societies, are to be found in their own publica-
tions, as well as in the technical journals.

Briefly described, the screw propeller may be termed
an instrument for driving ships at high or low speeds, as
may be desired, and that it derives its efficiency from the
resistance of the water in which it works. If, for example,
a screw having a pitch of 20 feet revolved in a solid iron
nut, every revolution it made would propel the ship to
which it was attached exactly the same distance. Inas-
much, however, as it works in a fluid whose solidity is
more or less impaired by currents created by the motion
of the ship, and additionally, perhaps, by imperfect form-
ation of the screw itself, this forward movement is gener-
ally reduced in well proportioned and fast steamers from
8 to 12 per cent., and in cargo ships from 5 to 8 per cent.
That is, a 20-knot speed in one screw produces about 18
knots in the ship, and in the other, a 10-knot velocity of
propeller gives, say, g} to the vessel.

This is termed * positive slip,” which may naturally
and reasonably be expected. Here, however, we stand
on the verge of what was at one time considered as great
a marvel as the best Hindoo juggling performances—
something that appeared to subvert a law of nature and
accomplish an utter impossibility. It was proved that in
some instances a ship overran her screw, or, in other
words, the propeller actually drove a vessel from one
to one-and-a-half knots an hour faster than if it had
worked in the hardest steel instead of water. The
facts were incontrovertible, but no satisfactory reason
could be given for them. Engineers pondered and
wondered over thi® weird-like and unnatural discovery,
which was called * negative slip.” They wondered, and
pondered, and meditated. Some said one thing, and
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some another, but for a long time nothing could be made
of it.

If the ships had only run as fast as their screws,
or without any slip, their builders and engineers would
have been considered perfect masters of the art of
design, and the water of the ocean would have been
thought absolutely incompressible —in some places, at
least.

All the mysterious events of the world have been
created by some natural cause, as in one instance an
Egyptian monarch had the pleasure of discovering for
himself. This gentleman had built a treasure house of
much more solid construction, and even perhaps greater
safety, than the future Bank of England, but his riches
disappeared, nevertheless, as if by magic.

« Whisked away by the deities!” you suppose ?

Oh, dear, no! they were not quite ethereal enough for
that. The Emperor’'s faithful and trusted architect put
in the very best workmanship and finest jointing of the
masonry, so that the building should be perfectly fire-
proof and thief-proof, but he also took care that one of
the granite blocks in the edifice was made capable of
being easily withdrawn, and through this secret aperture
the specie and other valuables were abstracted.

In like manner, the screw propeller mystery was
eventually—but not completely—solved, by the discovery
that, owing to faulty design in the screw itself, and
improper formation of the “run” of a vessel, currents
were created in the water, which, by impinging upon the
hinder part of the ship, had the effect of increasing her
speed beyond what could have been expected even under
the most favourable circumstances. When this occurred,

the propeller was changed, and hence the question will at
L
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once arise :— Why discard it, after performing such
good service gratuitously ? "’

The answer is:—‘ The service was only apparent,
because some of the engine power was expended in
making the propeller churn the water, in one sense use:
lessly, but in another—strangely enough—for the benefit
of the vessel, by indirectly accelerating her velocity as
above described.”

This will be clearly seen when it is stated that the
same speed with, in some cases, less engine power could
have been obtained in a natural way, with positive slip,
by means of a screw scientifically designed in pitch,
diameter, and form, to suit as closely as possible the
circumstances of the case, and thus allow the machinery
to give out its full energy in the best manner. Many
years ago, an Inman steamer lost one of the blades of her
propeller, and she actually ran faster with the remaining
three than she had previously done with four. This,
however, was not appreciated by the Company. The
screw was therefore taken off, and a new one put on,
because the three remaining blades produced an un-
balanced distribution of power, which was bad for the
engines and dangerous for the shaft.

The correct pitch of a screw and its diameter
depend in a great measure upon the proposed number
of its revolutions per minute, as well as upon the
lines of the vessel, which are regulated by considerations
relative either to slow or moderate speed cargo ships,
or to swift mail steamers. In the former case, the
propeller requires to be of large diameter, for reasons
which were carefully investigated as far back as the year
1846.

At that period, the S.S. “ Dwarf” was experimented
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upon with the object of ascertaining the effect upon the
speed of a ship of variously altered formation below
water, in the immediate vicinity of the sternpost. When
first tried in her ordinary condition, a velocity of g.r
knots per hour was obtained; but, in the next experi-
ments, the run of the vessel was made fuller by adding
two separate layers of timber, and the result of this was
a reduction of speed to 5, and then to 3.25 knots per hour,
Upon removing the layers, however, it rose to 5, and then
to 9.1 knots as before, thus conclusively proving the evil
effect of a full run upon the screw.

In those experiments, care was taken to make each
layer of timber represent as closely as possible the true
lines of ordinary ships, and the results then obtained have
been confirmed by subsequent practice. It has, therefore,
been clearly proved that full-built cargo ships require
propellers relatively larger in diameter than mail or
other fast steamers, so that the ends of the blades will
work in water as free as possible from current dis-
turbance, and also on account of the slow speed of the
engines.

The formation of the blades of screw propellers has
been endlessly “ improved "’ by inventors, some of whose
ideas can only be treated as philosophical novelties, No
doubt, real 1improvements have been made, as the
patentees themselves declare, but the shipowners are
very slow in adopting them. It is certain, however, that
nothing but continued and successful practice at sea will
enable any new propeller to supersede those which have
been so long and so favourably known in connection with
the late Mr. Griffiths.

The cheapest screws are those cast in one piece,
which do very well for coasting steamers; but for ocean
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liners the movable blade arrangement is best, because if
one blade should break, the ¢spare™ one can be
bolted on, the pitch can also be altered slightly, if
required. One of the most useful modifications of this
system is Mr. Bevis's feathering propeller, which allows
the screw blades of a yacht, or any similar vessel, to be
angularly altered, and thus prevent them from becoming
a drag upon the ship when under sail only,

The materials chiefly used are cast iron, steel, and
manganese bronze. The former, however, is liable to
serious corrosion and pitting of the blades, which greatly
weakens them near the ends, and causes increased friction
in the water. Cast steel, though a much stronger metal,
possesses the same objectionable quality in a higher
degree; and it is by no means uncommon to find the ends
of the propeller blades of ships bitten, nibbled, cracked
and riddled, and broken off, on account of the mysterious
and destructive process of pitting and furrowing they are
subjected to. Manganese bronze is the best material for
such purposes, as it possesses immense strength combined
with non-corrodibility. The screw blades can therefore
be made thinner than in cast steel, and this, together
with a smoother surface has, in some cases, given a ship
about half a knot more speed at sea.

There have been many theories concerning the cause
of pitting in cast-iron and steel, but the best one appears
to be that of Mr. J. F. Hall, of Messrs. Jessop & Sons,
Steel Manufacturers, Sheffield. In his opinion, the evil is
occasioned by the sucking action created by the blades of
a screw always working in the same direction, and thus
in time, drawing out of those metals the particles or
molecules which have not sufficient affinity in themselves

to hold together as corrosion takes place.
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My elder brethren, and perhaps contemporaries in
engineering, will remember the time when this plague
among the propellers was unknown, owing no doubt to
the great stiffness of the broad-pointed or fan-shaped
blades then in use preventing the metal near the tips
from being disintegrated by vibration, as it now is in those
of the narrow-pointed and more elastic form. This has
been proved indisputably by the fact that old broad-
pointed screw blades of cast iron have been in constant
use for thirteen years without shewing any sign of decay ;
whereas those of the modern type in steel and iron only
last from three to five years. Hence we may safely
consider that the vibration, which in time destroys crank
and tunnel-shafts, also loosens the particles of metal near
the tips of propeller blades, and that the suction at the
back—as described by Mr. Hall—does the rest of the
mischief.

With the view of counteracting this costly evil, Mr.
Willis, of the * Specialty " Steel Works, Sheffield, has
patented a method of facing the blades of propellers with
various anti-corrosive metals whilst in a state of fusion in
the foundry. By this process solid castings, either in
steel or iron, are now made with the protective facing
of gun-metal, Delta metal, etc., which in practice will
probably be sufficient for the purpose.

When made of strong cast-iron, a screw-blade usually
has a thickness at the root of 4" per foot diameter, or 10"
for a 20 feet propeller, and the cost when finished may be
from {20 to £24 per ton. If steel is employed, the thick-
ness will be about 73", and the price from £35to £40 per
ton; but if the blades are of manganese bronze, the
thickness need not exceed 7'. In this case, however, the
cost will reach £130 or [135 per ton; but, even at such
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high rates, this material is frequently preferred for long
voyage ships, on account of its superior advantages.
 Owing to the imperfect knowledge which at one time
existed regarding the laws which govern the propulsion of
ships, engineers have sometimes been unable to obtain
the desired speed for their vessels, thus giving rise to
considerable disappointment to all concerned. The sub-
ject was certainly perplexing, but the late Dr. Froude, of
Torquay, was so greatly interested in it, that he con-
structed a large water tank, of special form, for the
purpose of experimenting upon the resistance of models
of vessels while passing through the water. In this he
was so eminently successful, that his system has now
enabled engineers to ascertain with considerable accuracy
the power required to drive a ship of a certain size, form,
and weight, at a specified velocity.

The following particulars, taken from the log book of
the Cunard S.S. ¢ Etruria,” in reference to her fastest
voyage from Queenstown to New York, in July, 1888, will
appropriately illustrate the efficiency of the propeller
employed in that ship.

Diameter of cast steel propeller 24’ 6".
Pitch of " " 33’ 6".
Total area of blades 225 square feet.
Highest number of revolutions, 68§ per minute.
Length of day on longest run, 24 hours 37 minutes.
Knots run by observation, 503.

" » w» propeller, 551.
Slip " 8+7 per cent.
Mean speed of ship, 20'3 knots per hour,
Indicated horse-power of engines, 15,200.
Displacement of ship, 11,000 tons.
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Other particulars in reference to the hull and machin-
ery of the sister vessel, * Umbria,” are given in another
chapter, and from the continuous performances of these
two ships much may be learnt regarding the high state of
efficiency now attained by the marine engine. Those
who wish to study the subject of screw propulsion prac-
tically and scientifically—analytically, algebraically, and
mathematically, dynamically, pedantically, and conclu-
sively—may perhaps find what they require in the litera-
ture of the past and present, and also in the books and
technical journals of the future.

When ladies and gentlemen of enquiring minds stand
gazing at the propeller of an enormous ship, they will
now cease to wonder how it can possibly drive her
through the water at a speed of eighteen or nineteen
knots per hour, because there is—as we have endeavoured
to show—sufficient well directed energy in the screw, and
sufficient resisting power in the water, to do this, or such
high results would not be forthcoming.

To non-professionals, the side wheels and boxes of
paddle steamers are—as we have shewn — somewhat
delusive, as they create too exalted an idea of their
power, and it is, therefore, not surprising to find some
people led away considerably in this respect by what
they see. On one occasion, when crossing the Mersey, a
clergyman said to me, most impressively, as we passed
close to the * City of Rome,” * Don’t her three funnels
give you the idea of power!” 1 replied, “ Yes, they do,”
and so they did. It is said that for a similar reason
a towing Company had a new tug built into which the
engineers only put one funnel, because it was quite
sufficient. The owners, however, objected to this arrange-
ment, because the sailing ship people would not consider
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her powerful enough for their purpose. The steamer was
almost finished, and could not well be altered. A dummy
funnel, with the smoke leading into it, was therefore set
up, and this solved the difficulty.

For the purpose of having a chat on practical science,
we abruptly left Mr. Macdonald and Mr. Bouverie in
earnest conversation about the diameter of the ‘ Rosa-
lind’'s"” screw, and now return to our two friends who
have thus been apparently neglected.

In reply to the former gentleman’s opening speech,
the manager gives his reason for introducing such a small
propeller. If he were a pompous man, anxious to display
his learning, he might unconsciously crush the super-
intendent at the outset, by telling him in the * hum! ha!”
sort of style, that * when the variability of the eccentri-
city is taken into account while integrating differential
equations involved in the problem of screw propulsion,”
ctcetera, etcetera. Since, however, he is merely a practi-
cal minded gentleman of high professional attainments,
he talks away fluently and confidently about “ratio of
area of disc of screw to immersed midship section,”—
« gpeed of engines,”—* fine lines” and * full lines,”—
« cargo ships, and mail steamers,” including some of the
reasoning already given in the previous pages. The
superintending engineer, however, cannot follow such
arguments on account of the want of drawing office train-
ing, and as his ideas are of the empirical kind in some
cases, he reasons thus:—

« My last ship, the * Cymbeline,” had a large propeller,
and she went along at a fine rate ; the ¢« Miranda ' also,
did very well under similar circumstances, and what was
good for them, ought to do for these new vessels. Have
you ever noticed how a duck in the water increases her
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speed, by enlarging the area of her feet, why then, should
a large screw not have more power than a small one, and
be able to drive a ship faster 2

To use a well-known quotation, Mr. Macdonald might
from his appearance * be taken for forty-two in the dusk
with the light behind him,” and as everyone knows, when
men and women attain this age, they generally hold
pertinaciously to their own opinions, whether right or
wrong. Mr. Bouverie has protested against the altera-
tion, but not wishing to be too stiff at the outset, agrees
to make the screw two feet more in diameter,—thus
raising the centre of shaft and also the engines, twelve
inches higher. He has given the best advice as clearly
as he could, and if the superintending engineer for the
owners rejects it, he must take the responsibility. This
gentleman’s last words are,—* Put two feet more on to
the diameter of the screw, but keep the bulkheads as you'
have them, and that will do first-rate. Good morning.”’

For the next ten days or so, Mr. Macdonald has a
lurking suspicion that what the manager said may have
been right after all, but he is unable to satisfy himself on
this point. His time is fully occupied with the other
ships of the fleet, but he is occasionally in a « gwither,”
or state of doubt, regarding the propellers of the new
vessels, and is afraid that if any loss of efficiency should
ultimately arise from this cause, he will get the blame.

A little incident, however, causes him to decide
quickly upon what he ought to do. The “ Miranda " is
in a graving dock being cleaned and painted, so he goes
down to see how they are progressing in all departments,
but, on the way to his old ship, he passes the stern of one
of the Atlantic “ greyhounds,” also in dry dock. * What
a splendid model!” he mentally exclaims, and adds,
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*“what a small screw she has, too, for her size,”” remem-
bering at the same time that, on a recent voyage, this
famous vessel steamed 480 knots in one day. The
“ Miranda ” is also carefully inspected, by way of com-
parison, when the disagreeable truth suddenly flashes
upon him that, although she certainly has a large pro-
peller, her lines are ‘full,” and the build and engine
power of the ship adapted for carrying a large cargo at
only a moderate speed.

Here then is a discovery which prompts the super-
intendent to exclaim—* Good gracious! can it be possible
that I am wrong after all ? ”

There is no time to be lost, so he goes off immediately
to the works to rectify his mistake, and is delighted to
find Mr. Bouverie in the erecting shop, calmly surveying
everything around him.

“ Good morning, sir,” observes Mr. Macdonald. “I
hope you haven't done anything to those screws of ours
yet?”

“Well, no, we have not, as they will not be required
for some time to come.” What a relief!

« Well, sir, I have just been thinking that it would not
be at all amiss if you made them as we had them at first.”

““ What! two feet less in diameter ? "’

“Yes.”

“Why that is exactly what I proposed; but you
objected to it, and now we are well on with the general
arrangement in accordance with your ideas. I tried to
explain to you that fine lined ships with quick running
engines, such as those we are building, do not require
such large propellers; whereas cargo ships do, for obvious
reasons. It is a pity you did not tell me about this
before letting us go on so far.”
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«] am very sorry to trouble you,” observes Mr.

Macdonald; ¢ but, really these screws are such puzzling
things, you never know where you are with them.”
The draughtsman, in a rather unamiable humour, had to
rub out all his work relating to the engines and their
connections in the longitudinal and transverse sections,
and begin again by lowering everything one foot. Were
it not for the boilers, however, which have to be kept as
they are, it might perhaps have been better to let the
engines alone, and raise the ship twelve inches in those
two views. This would have given exactly the same
result ; but the easiest and simplest way of accomplishing
the end in view depended upon the judgment of the
draughtsman, who, no doubt for his own comfort, used it
to the best of his ability.
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CHAPTER XI.

ORIGIN OF MARINE ENGINEERING—STEAM POWER

ON CANALS.

Duties of Superintending Engineer—Repairing damaged Engines—Marine
Propulsion among the Ancients—Blasco de Garay's * Trinidad,”
1543—Miller’s First Experient on Dalswinton Loch, 1788—Canal
Steamer * Charlotte Dundas,” 1801 —Scheme abandoned— Houston’s
experiments on Canal Boat, 1830—Expected Railway Opposition—
Fairbairn’s Iron Steamboat ** Lord Dundas”—Trial on the Irweli—
Strange Discoveries—DPerilous voyage to the Clyde—Compass
Deviation and Correction—Success at low speed on Canals—Steam
on Ship Canals—Belgian Cable System.

Tue duties of a superintending engineer are numerous
and responsible. He has charge of the whole of the
engineering staff in the fleet, which requires consider-
able administrative ability; he has also to rectify all
complaints, and see that the men in both engine and
boiler room departments do their work properly. Besides
this, he has to keep a vigilant watch over the machinery
of all the ships, in which he is greatly assisted by the
chief engineer of each vessel, who reports to him what-
ever alterations or repairs may be necessary to execute
before she sails again.

On visiting each ship at the end of her voyage, he
finds out whether the engines have worked satisfactorily,
or otherwise, and whether any breakdown has occurred.
[f any important smash should have taken place, such as
loss of part of the propeller, fracture of shaft, etc., it will

be known to the owners long before the ship arrives,
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and prompt measures taken to countervail the damage,
by having a new propeller cast at once,—if they have not
a spare one at the repairing works,—or giving an order to
the forge people for a new shaft, if sufficient particulars
have been obtained to enable them to do so. Since time
is required for these and similar operations, it is of the
utmost consequence to have the repairs carried out as
rapidly as possible, and thus save the vessel from pro-
tracted and expensive detention in dock. As an illustra-
tion of this, it may be added that a few years ago two
steamers arrived at Queenstown the same day, each
having lost her funnel. Both returned to Liverpool, and
one of them was repaired in two days, whereas the other
required twelve.

Steamers in general carry sufficient ¢ spare gear™ to
provide for all ordinary contingencies, but occasionally
disasters happen at sea which are entirely beyond the
power of those on board to rectify. Minor accidents,
however, can be repaired easily enough, or if they cannot,
may stand over until arrival in port, as they do not inter-
fere with the safety, or even perhaps the speed of the
ship. The most irreparable breakdown that can happen
is serious damage to the propeller, or fracture of the screw
shaft, the latter of which has caused large ships to be
towed very long distances—in one notable instance 3,700
miles, and in another 4,200 miles.

The superintendent has also to look after all vessels
“now building,” and this is what our friend, Mr.
Macdonald, is at present occasionally occupied with. In
the course of a few months, the appointed chief engineer
of each ship will help him in his duties by inspecting the
work in progress from time to time. It may be mentioned,
however, that nearly all the alterations and improvements
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that are made refer to the first of the ships, but with the
others, everything will be plain sailing.

It will thus be seen, that the superintending engineer
has considerable authority, which he may wield suc-
cessfully or unsuccessfully, generously or tyrannically,
according to his disposition and temperament. Generally
speaking, superintending engineers to lines of steamers
are now-a-days selected from the ranks of those who are
or have been at sea, instead of the professionals on land.
The former are obviously more suitable for the post,
whereas the latter are better adapted for the scientific
branches of engineering, such as the design, construction,
and supervision of marine and other machinery in the
works and elsewhere.

Hence it appears to a great extent unnecessary for
those who are simply and entirely practical men to inter-
fere with the drawing office arrangements, and this will
be at once seen when we consider the question. In the
first place, men who are good hands on board ship very
often know little of the higher branches, as practised on
shore. On the other hand, a manager of works may be
most accomplished in every sense of the word. He has
also under his own control full and complete records and
sets of drawings of every ship and set of engines made by
the firm, for reference and future guidance, and thus
knows exactly whether certain arrangements, or propor-
tions of engines, boilers, etc., have been successful or not.
Everything good is adopted and improved if possible,
while everything faulty is eliminated.

The chief draughtsman, too, as previously explained,
is one who has, through many years of close study and
application, collected an immense quantity of useful infor-
mation of the most wvaried character, all of which he
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finds invaluable while getting out designs, or working
drawings.

These two gentlemen also thoughtfully and intelli-
gently help each other in every possible way, in their
endeavours to obtain the best results, and nothing,
however small, escapes their eagle-eyed scrutiny. A
superintending engineer will, therefore, find it more
conducive to his peace of mind to let the eminent firm
who are making his engines have their own way in the
office, and direct his attention almost exclusively to
inspection in the workshops and yard. He will thus
prevent them from incurring unnecessary loss by the
undertaking; and in proof of what has been said, it
may only be added, that we have never known any
superintendent who interfered with the scientific staff,
as Mr. Macdonald is now doing, and as the original
character actually did, through over anxiety to promote
the welfare of the company he represented.

OriGgIN oF MARINE ENGINEERING.

Hitherto we have referred only to the screw as a pro-
pelling agent for steamers, but may now introduce a few
remarks concerning the paddle wheel system, which,
although very nearly a thing of the past, has nevertheless
been greatly used from the earliest times.

The principle upon which nearly all marine propellers
work is the projection of a mass of water in the direction
opposite to that of the required motion. The only excep-
tion to this rule is to be found in ferryboats, and barges
on some of the Continental canals, where the motive
power is produced either by a steam engine or by manual
labour operating on a drum on the deck of the vessel,
which pulls in a rope or chain lying at the bottom of the
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water, a system which has been extensively and success-
fully used in Belgium and elsewhere. The paddle wheel
still maintains its position in river steamers, and also in a
few sea-going vessels of large power and light draught,
similar to those so much used in America, inasmuch as
the screw, to work efficiently, must be wholly submerged,
and any addition to its diameter demands an increase in
the draught of water, which cannot always be obtained.
This difficulty, however, is sometimes got over by the
adoption of twin screws of reduced size.

On the other hand, the power of the paddle wheel can
be increased by making the floats longer, instead of
deeper, and thus preventing the necessity of increasing
their dip. These wheels may also be placed in the
centre of the ship, instead of outside, or at the stern, an
arrangement which is frequently adopted abroad. On the
Mississippi, they used to take great liberties with their
steamers, quite apart from the traditional racing and
occasional blow-up of the whole machine, as it was not
uncommon for those vessels, after having been run in
shore at some cotton depot for cargo, to crawl out into
deep water again on their wheels if they should sink in
the mud. At other times, when the river was low, and
they had to cross a bar with a stern-wheel steamer, they
simply turned her round, and at once got over the diffi-
culty. The reason was that, with the wheel aft, the
water receded from her, and she grounded, whereas with
the wheel in front the water flowed under her, and
the boat rose.

With these few exceptions, the screw may be said to
have almost entirely superseded the paddle wheel, whose
services, both 'in ancient and modern days, have been so
generally appreciated, but which are now of little value
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on account of the great advances made in practical and
economical science during recent years,

The action of a fish while swimming gave the carliest
idea of marine propulsion to the ancient people of
Assyria, Egypt, Babylonia, and China, who floated on
bundles of reeds or inflated skins, propelled by the legs of
those who sat upon them; and such methods are still in
use on the Nile, the Euphrates, and in the West Indies.
The Egyptians, Assyrians, and Babylonians also employed
wicker boats—made water-tight by plastering bitumen
inside and outside,—which were propelled by either one
or two men with short oars or paddles, as is yet done in
the Mediterranean.

The Chinese used a round boat driven by the palm of
the hand; and Pliny tells us the ancient Britons used a
similar boat worked by oars, very much like the coracles
which are even now sometimes employed on the Severn
and other rivers. The use of sails as a propelling power
is of unknown antiquity, but the common paddle wheel
on each side of a vessel was used by the Chinese very far
back in the history of the world, and to them we are
doubtless indebted for the idea. The screw propeller
also was known to the Chinese for ages, but in Europe
its conception seems to have been derived from the wind-
mill and Archimedean screw.

In A.p. 1472, galleys were moved through the waters
of the Mediterranean by means of side wheels connected
by a shaft having a crank in the middle, which could be
worked by manual labour, in a manner similar to that
which is sometimes adopted in small yachts, or boats on
lakes at the present day.

In 1543, Blasco de Garay, a Spaniard, is said to have

driven the ¢ Trinidad"” at Barcelona, by having a paddle-
M
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wheel on each side, worked by an ‘engine,” which
consisted of a large cauldron of boiling water, but how
the plan was carried out we are not informed. During
succeeding ages other people tried various schemes of
an extremely primitive character, down to the end of last
century, but none of them were of any practical value,
beyond leading the way to the great future which at that
period was just beginning to dawn.

The first experiment which led directly to the intro-
duction of steam navigation was made by Mr. Patrick
Miller, of Dalswinton, in Dumfriesshire. This gentleman
had made a fortune in Edinburgh as a banker, and
having partially retired from business, devoted the most
of his time to useful pursuits, among which was the
improvement of agriculture on his own estate. Deing
also a large shareholder in the Carron Ironworks, he

LR

invented the famous * Carronade,” a gun at one time
most popular in the Navy, but his greatest fame arose out
of his efforts to introduce steam power as a means of
propelling ships.

The experiment referred to was carried out in the
Firth of Forth, on June 2nd, 1787, with a little double-
hulled boat. Its motive power consisted of a five-barred
capstan worked by men who, however, soon became
exhausted with the arduous labour, and this constituted
the great difficulty to be overcome in an otherwise
favourable trial. A divinity student named Taylor, who
witnessed it, at once observed that *steam might possibly
be used instead of manual exertion.” Mr. Miller took up
the idea, which he tried to develop, and meeting soon
afterwards with William Symington,—a young engineer,
who was exhibiting a road locomotive in Edinburgh,—
entered into conversation with him on the subject as
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fully as circumstances would permit. “ Why don't you
try the steam engine? ” Symington asked, shewing at the
same time a working model he had made, and explaining
its action. Mr. Miller was so much pleased with what he
had thus seen, that he gave him an order to make a pair
of one-horse-power engines to drive a little pleasure-boat
on Dalswinton Loch.

The trial took place in October, 1788, when the highly
satisfactory speed of about five miles an hour was
obtained. This was the first steamer that ever trod the
water like a thing of life, and proved the herald of a
new and mighty power in river, lake, and ocean navi-
gation. The hull was constructed of tinned iron plate
which, we may add, initiated the now well known
system of ‘“iron shipbuilding.” It was also similar in
plan to the Channel steamer “Castalia,” built nearly a
hundred years later. After repeated and satisfactory
experiments on the lake, the engines were taken out of
the vessel and placed in Mr. Miller’s library, where they
were kept until their removal to South Kensington
Museum.

Steam navigation having been thus successfully
attempted on a small scale, Mr. Miller commissioned
Symington to make, at the Carron Ironworks, a twelve-
horse-power pair of engines to put into a larger vessel,
which was tried in the end of 1789 on the Forth and
Clyde Canal. During the first trial trip the paddle wheels
broke down, and after having been replaced by stronger
ones, a speed of seven miles an hour was obtained; but
as the boat was far too light to be propelled by machinery
she was soon dismantled, and Mr. Miller, who had spent
upwards of £30,000 upon his pet scheme, became tired of
the constant vexations and disappointments to which he
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was subjected, and abandoned the project just when
success was at hand.

The experimental trial trip on Dalswinton Loch forms
a landmark in the history of the world, quite as distinct
as that of many other important events which have
proved new departures in the arts of war and peace.
The iron boat, the horizontal engine, and the practically
useful employment of steam as a motive power, clearly
foreshadowed what was to take place in future years.
The Edinburgh banker may therefore be said to have
touched the border land of an entirely new system of
engineering, which has been developed in the most
extended form by many talented inventors down to the
present time.

Much has been done in this respect since 1788, but
much still remains to be accomplished before marine
propulsion is perfected. As it now stands, however,
there is sufficient to indicate the extremely complicated
nature of the science of steam navigation, which Mr,
Miller so successfully introduced on a miniature scale,
and which has proved so beneficial to the world.

The experiments referred to, which had been thus
far successfully conducted, were resumed in 1801, when
Lord Dundas,—at that period Governor of the Forth
and Clyde Canal Company,—employed Symington to
construct a small steamboat for towing their barges,
and after considerable preparation, a vessel named the
¢ Charlotte Dundas” was completed, and fitted with
a horizontal engine having a steam cylinder 22 inches
diameter, and a paddle-wheel fixed in the centre of
the boat and close to the stern. The performance of
this little craft was admirable so far as mere towing
was concerned, but the surging motion of the water
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created by the wheel, and apprehended danger to
the banks of the canal, caused the scheme to be
abandoned. The Duke of Bridgewater, however, had
been so satisfied with the result of the trial of this vessel
that he gave her builder an order for eight similar oncs
for his own canal ; but on the day the Forth and Clyde
Navigation people gave their adverse decision, news was
received of his death.

Nothing appears to have been done towards the
development of steam navigation on canals until the
early part of 1830, when a Mr. Houston, who was the
principal proprietor of the Ardrossan Canal, made an
attempt to increase the speed of the packet boat running
between Glasgow, Paisley, and Johnstone, by experi-
menting with a light gig, similar to those frequently used
in rowing matches.

To this boat he attached two of the track horses, and,
driving them at their utmost speed, found to his surprise
that, instead of a heavy rolling surge in front, it actually
skimmed smoothly over the surface, and the horses
worked with greater ease at the high velocity than they
appeared to do at a lower one. This was so contrary
to all the received theories that doubts were entertained
concerning the accuracy of the results. Mr. Houston
was not a scientist, and therefore could not investigate
the subject for himself; in order, however, to ascertain
the true state of affairs, Mr. William Fairbairn, of Man-
chester, was requested by the Forth and Clyde Canal
Company to visit Glasgow and conduct a series of experi-
ments on a light twin boat, which was built for the pur-
pose. In his autobiography Mr. Fairbairn says:—

“ Mr. Houston's experimental trip with the gig, and my own experi-
ments on the twin boat appeared to bring out a new law in the resistance
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of fluids, which encouraged the idea of obtaining quick speeds on canals.
This was a subject of vital importance to every one connected with them,
as the Liverpool and Manchester railway had just been opened with
unexpected and extraordinary success.

‘* A new principle of traction had come into operation. The flight of
the swiftest bird and the fleetness of the racehorse were surpassed by the
iron bones and muscles of the locomotive, the tales of the Adrabian Nights
were realised, and no wonder that such apparent magic should create fear
and consternation in the minds of proprietors and shareholders of canal
stock. A speed of four and a half miles an hour for passengers, and
two and a half for goods, were all that they could then boast of, and a
new project, which held out hopes of increased velocity, was seized upon
with avidity. Hence, every encouragement was given to the new theory,
as exhibited by the experiments on the Forth and Clyde, and Ardrossan
canals.

“The proprietors of the former, who had great interests at stake,
confirmed the report I sent in, viz.: *That after having duly ascertained
the resistance to a floating body passing through the water of a canal at
from five to fourteen miles an hour, it was found that such resistance
might be overcome by a light iron boat with a steam engine on the
locomotive principle to drive her.,” In this report I was advised not to
raise hopes that might not be realised, but I considered the experiments of
such importance as to recommend further trials, and was accordingly
ordered to proceed with the construction of a new vessel and all the
necessary machinery requisite to propel her at the desired velocity of from
nine to ten miles an hour.

“The business I had now in hand was to ascertain how, and at what
cost, the object I recommended the Forth and Clyde Canal Company to
pursue could be attained. It was not an abstract question of practica-
bility, but how far a very high [rate of speed could be advantageously
obtained, at what outlay, and what might be the comparative difference of
expense between the proposed new principle and the present mode of

haulage.”

Fairbairn now proceeded to design and build the
“ Lord Dundas,” which was 68 ft. long, 11 ft. 6 in. beam,
4 ft. 6 in. deep, and having a 16-inch draught of
water. Her shell was of iron plates {4th of an inch thick,
strengthened with light angle and tee iron ribs, and fitted
with cabins fore and aft. The engine, which was of
the locomotive type—with one cylinder on each side,
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and equal to about ten horse power—worked a single
paddle wheel g ft. diameter and 3 ft. 10 inches wide,
placed a little aft of midships, and intended to make
50 or 60 revolutions a minute. The wheel worked in
a trough, extending fore and aft to allow of the flow of
water to and from the paddles. From this arrangement,
it was called a * twin boat,” although the general con-
struction of the body was single.

This little boat was made of special lightness although
at the same time put together in a very substantial
manner, and was finished in 1831. Continuing his

narrative, Mr. Fairbairn observes :—

“* T waited with anxiety our first experiment, and having launched the
vessel and fixed the machinery, we proceeded down the Irwell a few miles
below Manchester, for the purpose of making the preliminary trial.

“ During the time required for building, I had frequent opportunities
of considering the nature of the engagement I had entered into with the
Forth and Clyde Canal people. It was true I had made no promise to
accomplish by steam what had been done by horses, but I considered it
worthy of trial, and undertook to construct the boat and engines, and also
to superintend the experiments. So far, the agreement was clear on both
sides, but subsequent considerations and greatly matured reflections
modified my hopes, and, notwithstanding the lightness of the vessel and
power of her engines promised success, yet my doubts continued to
increase, and I approached the day of trial in a state of nervous excite-
ment of no enviable kind. I had certainly (as I used to reason with
myself before the boat was finished) given no pledge to the company, but
the public as well as the proprietary would expect the realization of
their wishes, and if I did not suceed I must fail, and failure was of all
things, to my mind, the most disagreeable.

*In this way I tormented myself, and passed many a sleepless night,
in order to devise the best means of ensuring success. At last the
dreaded day arrived, and a party of friends from Glasgow, Liverpool, and
Manchester embarked for the purpose of testing the qualities of the new
boat. The spot selected for the trial was a narrow straight reach of about
a mile in length, and after the distance had been carefully measured, we
commenced to run with and against the current, when the maximum
velocity was found to average about eight miles an hour, and that with
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considerable surge in front. The whole day was spent in the experi-
ments, and a faithful record was kept of the time occupied in running the
distance both ways.

“ Mr. Graham, of Glasgow, who took great interest in all thal was
done, maintained that, as a first essay, it was very successful. T thought
differently, but kept quiet, since, with all the power we could obtain, we
did not materially increase the speed, but raised a much greater surge
before and behind than it had ever been with horse traction, and thus by
sinking the vessel in a trough between the crests of the preceding and
following waves we appeared to hang on the water with a persistence
which no power emanating from the boat itsell could overcome.

«“The result was to me far from satisfactory, as I thought, even in this
early stage of the experiments, I could see what was afterwards realized,
that the propulsion of a vessel having the propelling power within itself is
entirely different from the force employed in the shape of traction from a
towing path. In the latter case, the vessel is free from the load of
machinery which in the former sinks her to a greatly increased depth.
With horse traction, however, the boat rises upon the surface of the water,
and with comparative ease and diminished resistance overrides the wave ;
but when hampered by a steam engine and all connections, including
coal, the vessel, from its increased weight, sinks much deeper in the
water and considerably intensifies the amount of surge.

“The * Lord Dundas’ had a second trial on the river from Warring-
ton to Runcorn, and a third from Runcorn to Liverpool in the open
tideway. On the narrow canal our speed was reduced to less than six
miles an hour, but in the Mersey the engines had good play, and we
drove along at the rate of Zen miles in the same period.

¢ During the trip from Runcorn I had the pleasure of the company of
Mr. George Rennie, to whom I was greatly indebted for many useful and
friendly suggestions. He took great interest in the experiments, and
made many enquiries as to the results, which he considered highly satis-
factory under the circumstances. As we steamed down the river, Mr.
Rennie got alarmed about the safety of such a fragile boat and when he
heard that she was to be taken by sea to the Clyde, advised all who
intended going in her to wear cork jackets.”

At five o’clock one fine morning in June, 1831, she
sailed for Douglas, with instructions to wait for Mr. Fair-
bairn, who would arrive next day by the regular steamer
from Liverpool; but during this adventurous trip, a
discovery was made which became of great value in the
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navigation of the future iron ships. After crossing the
bar, the captain steered what he considered the proper
course, and about two o’clock in the afternoon land was
in sight, which he said was the west side of the Isle of
Man. For some time they kept steaming as before, but
the commander could not make his course agree either
with the chart or with the appearance of the land; and
on nearing the shore, he found to his surprise that they
were on the coast of Cumberland. This very wide dis-
crepancy completely upset the calculations of the skipper,
who had now to run for Morecambe Bay to avoid a gale
which was approaching.

On the following afterncon they started again for
Douglas, where they arrived in safety, and found Mr.
Fairbairn waiting for them most anxiously. Upon learn-
ing the incidents of the voyage, he had the compass
tested with the aid of a second one fixed on shore, and
thus determined the effect of the iron hull of the boat in
causing such a dangerous deviation. This is now a very
well known method of treating the compasses of iron
ships, but at the time referred to a boat of this material
was quite a new thing, and the prompt detection of the
error, the experimental discovery of its exact amount,
and the immediate application of an efficient remedy,
shewed great ability on the part of the young engineer.
To correct this error, a piece of iron was placed in a
position opposite to that of the ship’s attraction, until the
needle on board was brought in a line parallel to the
one on shore. With this rough-and-ready correction
the voyage was continued with certainty, though at con-
siderable risk, and they all eventually arrived safely i
Glasgow.

The boat was afterwards tried on a long reach of the
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Forth and Clyde Canal; but these experiments not only
confirmed the results previously worked out on the Irwell,
but proved indisputably that high speed could never be
obtained on canals when the vessel had to carry her own
propelling machinery. Fairbairn adds:—

«This was undeniable, and although we had abundance of power to
drive her nine and ten miles an hour in open water, we never, even in our
most successful experiments, attained more than seven and a half miles an
hour on the canal, with a high swell in front and a corresponding oue
following behind. At a speed of five to five and a half miles the * Lord
Dundas’ steamed beautifully, and at that rate she carried passengers from
Port Dundas to Port Eglinton for upwards of two years.

“ These experiments were sufficient to convince the most sanguine of
the proprietors that nothing could be done with high velocities on canals
to enable them to compete with the new locomotives then in process of
development on the Liverpool and Manchester railway.  Strongly
impressed with this conviction, I advised the Governor and Council of the
Forth and Clyde Company to abandon the attempt of carrying the
passenger traffic by light steamboats, and to confine their operations to
a class of steamers that would act as tugs, taking the barges in fleets, and
thus expedite the delivery of goods at both ends of the navigation. I
further advised the construction of iron vessels adapted to canal and sea
navigation, which by increased rapidity of transit would meet the
demands of an extended traffic in parcels and light goods. These
suggestions were acted upon, and I had the satisfaction of being the first
to open the new system of transport, and at the same time to direct atten-
tion more prominently to the construction of iron ships in general.

The employment of steam as a towing power on
canals, has now been found very advantageous on
account of the adoption of the screw propeller. There
is less rubbing of the vessels against the banks, the
power being in the direct line of pull and not at an angle,
as with horse traction. The wear and tear of ropes is
much reduced, speed is increased, and bad weather pre-
sents no obstacles on the track, as it does with horses.
Another of the advantages offered by the use of steam
tugs is the cleansing of the sloping sides from the
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deposit of mud which, falling to the bottom, can easily
be removed by the dredger.

On a ship canal with deep water as many as thirteen
loaded vessels, from 50 to 100 tons register, have been
towed by one tug at the rate of three to three and a half
miles an hour, the speed, however, for small vessels
may occaslonally attain about four miles an hour, but
on ordinary canals it cannot well exceed three miles
without causing such a disturbance in the water as would
be injurious to the banks.

A system of cable towage is much used in Belgium,
and considered in that country at least, to be very
advantageous. A wire rope is laid along the bottom
of the canal throughout the whole length of the course,
and fastened at both ends. Tow-boats are provided
with engines for giving motion to a clip-drum or
pulley, which is so arranged as to enable it to grip
the cable in such a manner as to prevent it from
slipping—an operation which is automatically regulated
by the amount of the load. In working this system, the
cable is raised from the bed of the canal, and placed
in the groove of the clip-drum which is fitted with
suitable appliances, on the deck of the tug near the
bow. When the engine is started, it pulls the tug along
with its fleet of boats, by “clawing ” in the cable, which
is delivered over the stern, and left to sink to the bottom
until required again.

It may be asked, “ Why is this system not used
in Eagland?” Well, what suits one country may not
suit another, on account of altered circumstances. In
Belgium, for instance, the land is flat, and stations
far apart, whereas in Great Britain the latter may
frequently be very close to each other, and therefore a
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more independent and generally useful system is neces-
SE[['}T.

This is to a large extent accomplished by means of the
screw propeller, which has been found to answer very
well, when modified to suit the requirements of our canal
traffic, and is now extensively used in England. No
mechanical system, however, has yet been invented
which can increase the speed of a boat economically,
beyond what is now so generally allowed, in consequence
of a natural law which is more unchangeable than that of
the Medes and Persians, and which governs the resist-
ance of water to moving bodies in narrow and shallow
channels such as those just referred to.

The preceding remarks sketchily describe the early
stages of steam navigation under the most disadvantage-
ous circumstances. We need only add, in conclusion,
that so correct was Mr. Fairbairn in his opinions derived
from experimental researches on this subject, that no one
has been able to controvert them. The system and style
of reasoning also which he employed to enable him to
ascertain conclusively the true state of the case, will
furnish non-professional readers with excellent examples
of the manner in which engineering problems are solved,
even to the present day.
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CHAPTER XII.

BAD WORKMANSHIP.

Troubles of the Engineer-in-Chief—Ambiguous Specifications—Contrary
readings of the documents— Responsibilities of ‘“ The Engineer"'—
Reckless Competition—* Lowest Tender”—Cause of variation in
Estimates—** Cheap ” Machinery unprofitable—Splendid wearing
qualities of high-class Machinery—The ‘‘Rosalind's” Engines—
Office work far advanced—Mr. Macdonald's Improvements,

THERE is nothing, perhaps, in the whole range of the
experiences of an accomplished engineer which tends to
make him more irritable and anxious, and more inclined
to use unparliamentary phrases, than having to super-
intend, survey, or be in any way associated with bad
workmanship. The defects of inferior material are some-
times of such an occult character as to render their
detection rat\her difficult, if not occasionally impossible;
but bad workmanship is the curse of engineering, and
indicates gross negligence or ignorance, if not premedi-
tated dishonesty on the part of those who produce it.
It includes everything that is thrown together in that
wretchedly fitted and vilely finished style which is often
the result of the * lowest tender ” system.

It also embraces a great deal that is fair externally, at
least so far as you can see, but is in many places tight
where it should be easy, or what is worse, perhaps, slack
where it should be tight. Joints may be dangerously
reduced in strength, or weak in the fixing at some
vital but apparently insignificant point, owing to rivets
or bolts having been squeezed into holes which should
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have been cylindrical, but are, nevertheless, spherically
triangular, semi-demi-circular, or of some other shape
unknown to Euclid. In short, this style of work takes
in the one-hundred-and-one different methods adopted by
inferior hands when they execute what is libellously
called, in Scotland, a  Manchestered job.”

An engineer's annoyance and anxiety, which the
superintendence of such work entails, may be easily
explained. He acts professionally for his clients, and
1s expected to see that a contract is carried out in
first-class style, generally from his own drawings, but
sometimes from those of other people. If the accepted
estimate is a fair one—though the lowest—and the people
who sent it have a character to lose, they will take care,
for their own reputation, that everything is properly
executed, even at a loss to themselves, and this is what
some of the great firms we have mentioned in previous
pages have frequently done. Under these circumstances
the private engineer will have no reasonable cause for
grumbling.

If, on the other hand, it should happen that some rash
speculator has seized the order, determined to evade in
some way or other what may be legally, but not morally,
a somewhat ambiguously-worded specification, then the
superintending engineer may look out for himself, or he
will soon get into trouble, as some of the evils we have
mentioned will be secretly sowing the seeds of future
disaster and loss.

Although the engineer-in-chief is responsible for the
quality of the work generally, he cannot be expected to
treat any firm so shabbily as to go round and try every
bolt, and nut, and *bearing,” and also take to pieces
every detail of engines, boilers, ships, or indeed any other
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class of machinery, as if the builders were so many
thieves and robbers. If such a state of things existed,
we think the sooner this gentleman resigns his position,
the better it will be for his peace of mind.

Supervision of this kind is utterly unknown among
good people, where the most honourable feeling prevails
on all sides. I am constrained to say, however, that
were it not for careful inspection on the part of the engi-
neer, workmanship would often be introduced which was
not in accordance with the specification, simply because
that document wanted clearness in its statements, and
gave occasion for contrary readings; that is to say, the
superintending engineer studies it from one point of view,
and the contractor from another, possibly one that is
more favourable to himself. Hence the necessity of great
perspicuity and simplicity in describing what is required
in specifications for small as well as for large contracts,
otherwise expensive and troublesome litigation may arise
which might easily have been avoided. So fully has the
subject been written about in our scientific journals, that
engineers are now much better educated on this point
than they were some years ago, and know pretty well
what to avoid.

Calculations may be very accurate, and working draw
ings very clear and exact, but there are many instructions
relating to the execution of the work shewn on the plans
that may be quite intelligible to the person who origin-
ated them, although hazy in some respects to others. A
good specification is very binding on all parties con-
cerned, and a lawyer sometimes has a hand in giving
force to its statements, for the purpose of securing what
is desired in the fullest possible manner.

For example, the specification for great and, indeed,
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for many small undertakings, states what the words
« corporation,” ¢ contractor,” “ engineer,” etc., definitely
mean, and also to whom they refer; what kind and
quality of materials are to be used ; how the work is to
be done; what class of workmen are to be employed on
it ; and what the foremen have to do, so that no inferior
methods of construction are resorted to by careless
¢ hands.” Full particulars are also given as to testing,
erecting, painting, and finishing, « to the satisfaction of
the engineer,” who has authority to condemn everything
that is not in accordance with the specification, or with
his own ideas, and make the contractor rectify all faulty
parts at his own expense.

« The engineer ” is also the judge in all cases where
disputes arise regarding * quantities,” and ¢ extras,”
which are allowed for, or *deductions™ in the work,
which are subtracted from the estimate. = As the time for
completion of contract is in many cases fixed beforehand,
and, perhaps under a penalty, that gentleman has also to
be the arbitrator for his clients, and settle what is to be
done in the event of any unnecessary delay, and besides
his other duties, has to apportion periodical payments to
the contractor as the undertaking proceeds.

There is nothing in professional life that gives us more
pleasure than to see our schemes prospering,—everything
« coming in " nicely, and an air of joy and peace, happi-
ness and serenity pervading all those we are associated
with. But, on the other hand, it is extremely disagreeable
either to find out that some mistake of ours has been
acted upon, or that the contractor has done something
which must be put right at all hazards, no matter how
low the estimate has been. All engineers know this more
or less, and the only protection they have is, in the first
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place, to send out accurate and well-considered plans,
and in the next, clearly-worded and full specifications.

There is such severe competition nowadays, that the
““lowest and accepted tender "’ may leave, mildly speaking,
no room for any profit. With eminent firms, however,
such as those we have so frequently alluded to, their own
exalted name and character is a sufficient guarantee that,
at any loss to themselves, the contracts they accept will
be faithfully executed; and I am sure that people such as
Napier, Denny, Laird, and Maudslay, would as soon
think of eating a piece of stewed cylinder cover or fried
air-pump valves for breakfast, as of sending out machinery
which was not fully in accordance with their own high-
class ideas of excellence.

The obnoxious ‘“lowest estimate” is variable, even
with the same people, but at different times. For
instance, suppose a great bridge, or set of pumping
or other engines, or even small gear of any kind in large
quantities have to be made. When the estimates arrive,
it may be found that Messrs. Crank, Flywheel & Co. are
at the top, and Snatchblock & Pulley at the bottom of
the list, and if the latter firm are considered good enough
to do the work, they will get it.

Six months later, however, this state of things may be
reversed, because by that time Messrs. S. & P. have
received large orders, are very independent, and ask
what they please, without troubling themselves much
when invited to tender; whereas C., F. & Co. have
finished all their work, and are glad enough to take a
contract at almost any price, so that they may be
enabled to keep their staff together and their establish-
ment going.

The effects of bad workmanship and unduly low esti-

N
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mates on private as well as manufacturing engineers
have been briefly stated, but there is another side of the
question, and this concerns the clients, who are some-
times the sufferers, because they fancy that sloppy
though “cheap” engines and boilers are profitable.
Such machinery is indeed objectionable at any price,
because it may involve loss of time and fortune through
stopped factories, delayed and perhaps lost ships, boiler
explosions, and other disasters too numerous to mention.

The only cheap machinery deserving recommendation
is that which is carefully made by trustworthy people at
a moderate price, and from its design and construction
capable of doing what is required of it in the most
efficient manner, and with the least outlay for working
expenses and maintenance. So thoroughly is this known
to those who are extensive employers of every description
in mills, on railways, and in steam navigation, that
they rigidly exclude everything of a second.rate nature,
because the saving in first cost would be more than
counterbalanced by the evils just mentioned.

It was amongst Whitworth's machinery, that I had the
honour of beginning my career, and even now, when
standing beside one of his early productions, great or
small, I feel myself in the presence of a machine whose
material is of the very highest and most suitable quality,
and whose workmanship cannot even now be surpassed.
It may only be added that these qualities, combined with
the most admirable design, have built up a reputation of
world wide celebrity. Only recently, I saw a few of
these machines in a great railway establishment, and
although about thirty-seven years old they were still in
fair order and working satisfactorily. It would be unjust
to other engineers not to mention that there are many of
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them now who can do quite as well in their own establish-
ments, but some of them, at least, are indebted to the late
Sir Joseph Whitworth for the education they obtained in
his most admirable school of thought and practice.

The hulls, engines, boilers, and all other gear belong-
ing to our three ships, * Rosalind,” ¢ Andromeda,” and
‘* Clytemnestra,” —now building —, are all of this high-
class standard, and Mr. Macdonald is delighted with
them. Only the other day Mr. Bouverie said to him in
the erecting shop—

‘*“ Well, Mr. Macdonald, how do you think we are
progressing ? "

“You are getting on first-rate, sir; things seem to
come in very nicely, and they are making a magnificent
job of these engines,” was the reply.

The fact is, that all the plans and details are working
out splendidly, with, of course, a few small but import-
ant alterations from time to time, that is to say, a little
shortening here, and a wee bit lengthening there,—a
few more bolts in one place, and perhaps a few less in
another. I can promise Mr. Macdonald this, however,
that whether he visits the works or not, neither Mr.
Bouverie, nor the firm, will let those engines out of t