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H aving regard  to the roll of d istinguished men who have 
preceded me in filling the P residen tial Chair of the In s titu te  
of M arine E ngineers, I  realise and appreciate the h igh  honour 
you have conferred upon me in  electing me as your P resident 
for the ensuing year.

I  recognise, however, th a t your motives have been influenced 
entirely  by v irtue of my position as a shipowner, and not in any 
sense from scientific or m echanical engineering qualifications, 
which, needless to say, I  do not possess. I  have, nevertheless, 
always studied w ith  g rea t care the economic aspect of ship- 
owning, and in th is connection it  is a m ost obvious fact th a t 
the question of m otive power is of ou tstanding  im portance.

P rio r to the advent of steam  as a m eans of m echanical pro
pulsion we were dependent en tirely  on the elem ents, and I  am 
inclined to believe th a t the difficulties confronting us by reason 
of our inab ility  to keep them  under proper control influenced 
our artificers and shipw rights at the tim e to apply th e ir skill 
and scientific knowledge to harness energy in a m achine of 
which they would be the masters.
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D uring my life as a shipowner I  have owned a considerable 
fleet of sailing ships. I  began a t the time when rope rigg ing  
was going out, and heavy pum ping every watch at sea was 
becoming a th ing  of the past. The vessels were then nearly 
all being built of steel, and although sail was still the main 
source of propulsion, the change from wooden ships to iron and 
steel, and hemp ropes to steel, was to my mind the most vital 
change in the life of our seafaring men. My advisers in sea
faring  m atters a t th a t tim e were, of course, men who had spent 
their lives in sail, and the first of our vessels had fine lines and 
good speed, but w ith  the resu lting  poor carrying capacity in
separable from a fine block coefficient. Rapid progress was 
made, however, in building a fleet of sailing ships, each suc
ceeding vessel being larger with more sail power, and shortly 
before I decided to begin building steam ers my firm had one 
of the largest fleet of sailing ships then afloat. I  th ink, there
fore, that I  am in a position to cite w ith some accuracy the 
trepidations as to the actual financial result experienced in 
these days when we were forced to do battle  w ith the uncertain 
elements w ith  such com paratively puny weapons as canvas, 
rigg ing  and spars. Seagoing men in the days to which I  refer 
were always wont to look askance at any craft which did not 
look for life to the four winds of H eaven, and considerable 
time was required to educate the new staffs to the steam  idea; 
our sailing ship men not tak ing  too kindly to the d irt and dis
comfort in the early days of the tram p steam er. Opposition 
and popular prejudice confronted the engineering community 
a t this period, and the very considerable strides which they 
have since made in spite of potential opposition and discourage
m ent elicit my profound adm iration and respect.

The rapid progress from sail to steam  and again to the 
in ternal combustion engine is well known to all our members, 
and in my opinion we are again at the beginning of a new 
period. Our members are continually im proving on the means 
of propulsion, and to enum erate in order of sequence the 
various types of engines employed throughout the various 
periods of ship construction would be a somewhat arduous task , 
bu t it all goes to dem onstrate th a t the shipbuilding and 
engineering world are ever in perpetual m otion towards the 
discovery of the new, and im proving upon past m ethods in 
construction, speed and economical operation of ships. The 
titan ic  resu lts they have accomplished in producing ocean 
palaces of com fort and safety in passenger vessels of enormous 
engine power enabling us to still hold the A tlantic record, not
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only show their g rea t ingenuity  and skill, bu t also a deter
m ination to m ain tain  our prem ier position and supremacy as 
a m aritim e power.

I  am, however, desirous to discuss briefly the commercial 
aspect of the m arine engine. Speed in itself is relatively  a 
m inor detail where engines are considered solely from an 
economic point of view. In  certain  trades the necessity for 
h igh  speed is not essential as the ex tra  cost and expenditure of 
fuel required is not justified or counterbalanced by the tim e 
conserved. This being so, the activities of engine builders 
were centred at the outset upon the cu tting  down of runn ing  
costs, and for this purpose it had to be determ ined w hat was 
the best economic speed a t which ordinary cargo carriers should 
steam , com patible w ith  a m oderate fuel consum ption, and the 
m inim um  of w ear and tear in the m aterial employed. The 
figure decided upon was som ething in the neighbourhood of 10 
knots per hour, a t which speed h igh  boiler pressure and exces
sive engine revolutions were natu ra lly  reduced.

In  order to appreciate fully these im provem ents from a finan
cial point of view it is essential to observe the very consider
able sum which is involved in increasing the speed of a vessel. 
As an example le t us take a vessel of 8,000 tons deadweight, 
designed to steam  at 10A knots per hour, for which purpose her 
engines would be approxim ately of 2,500 I .H .P . To augm ent 
the speed by 1 knot, engines of 3,500 I .H .P . would have to be 
employed, which would mean an in itia l increase in price of 
about £1  4s. per deadw eight to n ; to which, of course, would 
have to be added the consequent increase in fuel consum pt. 
I t  will be obvious, therefore, th a t speed and consum ption repre
sent the main item s in re lation to runn ing  costs, and in its 
determ ination a shipowner is called upon at all tim es to ensure 
th a t such costs are m aintained at an economic level. Eor this 
purpose it is essential to w atch closely im provem ents in engine 
design, as the only way to obtain good results in  shipowning 
is by the em ploym ent of the most economic type of ship con
form ing w ith the demands of the trade for which she is 
intended.

The question of runn ing  costs will always rem ain an open 
one, and it was w ith  the object in view of ob tain ing  some re
duction th a t led to the substitu tion  of oil fuel for coal. The 
em ploym ent of oil fuel under boilers represented a rem arkable 
and im portan t change in the runn ing  of steam ships. The fact 
th a t fuel of such a nature could be carried in the double bottom
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tanks, thus perm itting  the use of a large proportion of the coal 
hunker space for cargo, made a very considerable difference in 
the carry ing  capacity of vessels fitted for th is purpose.

Furtherm ore, the ex tra cruising radius perm itted  hy the 
sm aller consum ption of fuel of this nature saved m uch in the 
way of hunkering tim e. The life of boilers was also prolonged 
as by reason of so constant a heat they were not subjected to the 
same degree of expansion and contraction as when coal-fired. 
There is also the reduction in the engine room staff, and the 
elim ination of all coal bunkering port delays, and more reliable 
steam ing.

The h igh  price of bunker coal made the oil burn ing  for steam 
purposes at the outset an asset of some value from a ship
ow ner’s point of view, but the gradual re tu rn  of foreign com
petition in coal bunkering  has g reatly  reduced the price, and 
consequently brought about a tem porary dislocation of the ru n 
ning costs of oil fuel burn ing , and for the present, a t least, the 
economical aspect is again  changed. However, the question of 
supply and demand will doubtless ad just itself in tim e, and if 
the price of fuel oil was lowered to compare more favourably 
w ith the present price of coal, I  venture to say th a t oil fuel 
would have immediate preference. The salient fact of the 
saving in space and / or deadweight would upon a rise of fre igh ts 
natura lly  enhance the value of th is space w ith  equivalent finan
cial advantage to the oil burner.

I  am now going to deal w ith the advent of the in ternal com
bustion engine, as at the moment I  am particu larly  in terested  
in this un it of power, and am confident it will prove to be the 
m arine engine of the future.

My decision to construct a fleet of Diesel vessels was made 
afte r most carefully studying the economic aspect of th is m eans 
of motive power, together w ith the requirem ents of our trades, 
and I  was fully convinced th a t g reat advantage would be gained 
by as far as possible standardizing the ships and their engines, 
including all auxiliaries. By th is means officers and engineers 
can be transferred  to any of the vessels quickly and agents 
abroad are put to the least possible trouble. From  my experi
ence of twelve m otor vessels employed, each carrying 9,000 
tons deadw eight, the m ost satisfactory  resu lts have been 
achieved from all of them . Upon long voyages the speed 
averages lO i knots per hour, w ith under 10 tons of Diesel oil 
consum ption per day for all purposes, and 10 gallons lub ri
ca ting  oil per day.
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W e have only to reflect upon the g rea t uses and successes 
of the m otor engine in  o ther channels of industry  to be con
vinced of its g rea t u tility . W hat m arvellous advances have 
been made in the air by airship and aeroplane, on the land by 
m otor transport, and m otor m achinery propulsion in every 
phase of application as the g rea test economisers of labour, 
tim e and expense yet d iscovered! I t  need occasion little  sur
prise, therefore, th a t the h ighest achievem ent of all should be 
directed towards m aking the m otor engine also the success of 
the sea. The rap id ity  of the change from steam  to the m otor 
ship has alm ost taken the m arine engineer unaw ares, so fa r as 
his knowledge and experience are concerned in the construction 
and m anipulation of these engines. I t  will be readily apparent 
th a t  the best m otor engine could be rendered inefficient if sub
jected to neg ligen t handling, or the lack of the necessary 
m echanical and practical knowledge thereof.

I t  has been found advantageous to give facilities for special 
tra in in g  of engineers ashore to acquire the additional experi
ence required to cope w ith  the conditions of the m odern engine. 
Also to keep continually  changing  the engineers from  ship to 
ship for provisional qualification, and in this way every assist
ance is being given to the m arine engineer to acquire the 
requisite knowledge to m aster the Diesel engine, and I  am glad 
to say he has proved equal to all em ergencies.

I t  is satisfactory  to observe th a t our U niversities have demon
stra tion  units of the in terna l combustion engine at w ork in 
their engineering laboratories. W ith  scientific and practical 
forces a t w ork we are bound to find g reater discoveries in the 
perfecting of the Diesel engine.

The in itia l ex tra  capital outlay of a Diesel engine compared 
w ith the steam  engine on say an 8,000 ton deadw eight vessel 
is about £25,000. This, doubtless, causes shipowners to hesi
ta te  in its adoption, because it adds say £ 3  3s. per ton dead
w eight to the cost of a steam  vessel, bu t the m any advantages 
of the m arine in ternal combustion engine over the steam engine 
have to be considered. Diesel engines are capable of burn ing  
alm ost all known liquid fuels, provided they are sufficiently 
free from sand, earthy  m atter or water. In te rn a l combustion 
engines convert the heat energy of the fuel into work in the 
cylinder itself.

The m echanical means most frequently  adopted for ob tain ing  
pulverisation or spraying is th a t of in jecting  the heavy oil into 
the cylinder th rough a pulveriser by means of a b last of air, a t
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a pressure h igher than  lh a t present in the cylinder. The fuel 
is thus divided into m inute particles, and forms a kind of m ist. 
I f  the air in the cylinder at the in stan t when the injection takes 
place is a t a sufficiently high tem perature through compression 
the oil m ist ignites, and a gradual combustion takes place.

The in ternal combustion engine owes its rapid development 
to its increased heat efficiency over tha t of the steam  engine, 
in other words, for a given combustion of fuel a g rea ter per
centage of useful work is produced a t the shaft and thence 
transm itted  to the ship. The following advantages m ay be 
claimed for the in ternal combustion engine over the steam 
en g in e :—

1. Fewer men in  engine room.— The boilers being dispensed 
w ith for ship propulsion, no firemen are required.

2. Less fu e l consumption per (lay against a steam ship of 
same power.— In the case of a Diesel engine the consum ption 
runs from 9-5 to 10-5 tons per day, against the possible consump
tion of 30 tons in oil-fired boilers, and 43 tons in  coal-fired 
boilers.

3. A larger deadweight carrying capacity.— The to tal 
weight of the Diesel p lan t compares favourably w ith a corres
ponding steam p lan t. All bunkers can be carried in the double- 
bottom tanks, thus leaving more space for cargo, which repre
sents at least 10 per cent, saving, and which increase is a v ital 
factor in the earning power of the vessel.

4. A longer steaming radius.—The capacity of the double
bottom tanks is usually sufficient th a t w ithout rebunkering a 
motor vessel will run about four times as fa r as the steam ship, 
and save the time and expense of ex tra coal bunkering ports.

5. The saving of fu e l.— No “  B anking of E ires ” being re
quired, Diesel engines are ready to s ta rt a t short n o tice ; con
sequently  obviating all stand by losses.

6. A qreat saving as regards speed.— W here we have a loss 
a t the beginning and end of each w atch due to cleaning fires 
in coal-fired boilers, a fixed speed can be m aintained in  a Diesel 
engine at all times up to the mean effective pressure lim it.

7. Saving  as regards electric w inches.— AY here electric 
winches are in use the Diesel consum ption for a working day 
averages about -6 of a ton, against 1 |  tons on oil-fired boilers, 
and four tons on coal-fired boilers.
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Linked up with, the advantages of the Diesel driven vessel as 
against the steam driven vessel, engineers count the absence 
of d irt and discomfort as of the first im portance in  m ain ta in ing  
the personnel, aud this also is a considerable saving both on 
deck and below in the m atter of upkeep and repairs, and I  th ink  
i t  would be rare  o find any of the engineers w anting to change 
over to steam. I  have found all our Diesel driven vessels 
m aking m uch steadier passages than  the steam  driven vessels 
and through all weathers, the revolutions being m aintained 
regularly  throughout w ith almost complete absence of racing 
and its a ttendan t troubles.

As regards th e ir commercial advantages, I  have now had the 
experience of working several motor ships during  the past two 
years, and I  have not the slightest hesitation in  saying th a t 
even in these hard  tim es, the high-priced motor ships show a 
decided advantage over steamships. This is not in trades 
particu la rly  suitable to Diesel boats, bu t in trad in g  generally  
all over the world. E or instance, two boats of sim ilar size, one 
a steam er, the other a m otor ship, on a recent voyage from 
Jap an  in ballast to A ustralia, thence homewards w ith  wheat, 
the m otor ship will make about £1,500 more profit than  the 
steam er, and the above voyage is a very favourable one for a 
coal burn ing  steam er, by reason of the relative high cost of oil 
in Japan and A ustra lia  and en route.

I have allowed nothing for saving in wages, and the stand by 
losses of m ain engines which in the ordinary  course of trad in g  
m ight resu lt over a period of twelve months to a considerable 
saving in  favour of the m otor vessel, have not been taken into 
account.

M essrs. H arland  and Wolff, L td ., have given particu lars 
showing the comparison from ascertained perform ances of a 
steam ship and a m otor ship b u ilt by themselves. As the figures 
are in teresting  and accurate, I  take the liberty  of quoting 
them : —

S t e a m  V e s s e l . M o t o r  V e s s e l .

Types of Engines ... ... Quadruple Expansion. Four-Stroke Cycle Diesel. 
Dimensions ... ... 477 x 62’ 9" x 43' 9” 450’ x 57' x 37* 6'
Loaded Draft ... ... 28' 9'' 28' O''
Corresponding Deadweight 10,830 10,300
Bale Capacity ... ... 599,700 569,300
Sea Speed (actual service

figures) ... ... ... 12£ knots. 12J knots.



TH E P R E S ID E N T ’S ADDRESS.

Cargo capacity on voyage of approxim ately  10,000 nautical
M ile s : —

Tons Tons
Bunkers (34 days— 10 per cent.) ... ... 2,918 580
E . W . Stores, etc. ... 435 330

3,353 910

Deadweight to tal ... 10,830 10,300

Cargo capacity in D .W . 7,477 9,390

I t  will, therefore, be seen th a t the cargo carry ing capacity
has improved by nearly  2,000 tons, or 25 per cent, 
g reater th an  in the case of the steam  vessel. I t  m ay be m en
tioned th a t the cubic dimensions of the steam er are 32-5 per 
cent, larger than  those of the m otor ship, while the bale 
capacity, including reserve coal bunkers, is only 20 per cent, 
larger, thus giving a gain of 12-5 per cent, in favour of the 
m otor ship.

Insurance .—The risk is now looked upon as quite as good as 
the ordinary  steam er of the same size, class and age. The In 
stitu te  clauses applicable to vessels w ith in terna l combustion 
engines certain ly  stipu late for an excess of 10 per cent, of the 
insured value of the m achinery section in  respect of each acci
dent as against the ordinary  franchise of three per cent, in the 
In s titu te  clauses on steamers, but it is doubtful whether any 
owner would agree to these clauses. Furtherm ore, i t  is not 
likely th a t underw riters would insist on these clauses in  view 
of the great strides which have been made in  the perfecting of 
the in ternal combustion engine in recent years. These special 
clauses m ay be considered a dead le tter, save perhaps in  the 
case of sm all motor vessels. As a m atter of fact underw riters 
usually  give a cheaper ra te on Diesel vessels because of the 
equivalent increase in value.

Comparative freedom from repair has been so fa r conspicuous 
in  the motor vessels, th a t I  cannot yet form ulate any data con
cerning upkeep and repairs, b u t generally speaking, I would 
not be surprised if the m otor proved even the more economical 
in  this respect also. The facts, therefore, from my practical 
experience, places the m otor vessel in  m y estim ation as offering 
the best re tu rn  as a productive shipping investm ent.
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The largest motor driven passenger vessel constructed and in 
commission up to the present is the Aorangi, belonging to the 
Union Steam ship Company of New Zealand, L td . H er first 
sea voyage is particu la rly  in teresting , as the average power 
developed in bad and in  fa ir  w eather was between 11,500 and
12,000 B .H .P ., and the speed averaged about 1 6 | knots w ith a 
consumption of fuel for all purposes, including  galleys, heating , 
e tc., of 55 tons per day. A sim ilar ship of the same Company 
w ith  steam engines, burn ing  oil, consumed about 120 tons per 
day, which shows the enormous gain  of the oil engine over the 
steam  engine for high-powered passenger vessels.

There has been launched, as you are aware, the tw in screw 
Royal M ail L iner A sturias, of 21,700 tons gross, w ith  double- 
acting  four-stroke engines, each capable of developing 10,000 
I .H .P . ,  the highest powered engine yet constructed. This, the 
largest motor ship afloat is being eclipsed by the Cosulich Line 
of Trieste, who are presently bu ild ing  two Diesel motor vessels 
of 23,500 tons gross, also w ith double-acting four-stroke engines, 
each developing 12,000 I .H .P .  These are the largest motor 
liners yet laid down, b u t it is reported th a t even a more 
powerful I ta lian  liner is to be built of 30,000 tons, quadruple- 
screw, double-acting, two-stroke propelling m achinery of 35,000 
I .H .P .  This w ill be considerably in excess of the power of the 
m achinery of any m otor ship now under construction. 1 m en
tion these vessels as dem onstrating the increasing extent which 
the m otor ship is going to play in the w orld’s cargo carry ing  
tonnage of the im m ediate fu tu re , as also in  respect of h igh  
speed liners. I t  am ounts in effect to a challenge from foreign 
owners.

The possibilities of fu rth e r development of the m otor vessel 
are m any, and I  im agine the tim e is not fa r d istan t when we 
shall find the m otor engine generally  standardised and the 
in itia l cost, therefore, considerably reduced. My opinion is 
th a t we are at the commencement of a new era in  the history of 
m arine motive power, and I  am confident, Gentlem en, th a t your 
success in  this direction is fu lly  assured if the necessary encour
agem ent and assistance is afforded to you.

The enterprise which has made us second to none as higlilv 
skilled mechanics and engineers s till predom inates, and will 
lead us to the same degree of perfection in  motors as was a t
tained by us in steam. Progressive m ethods, however, are at 
the moment seriously handicapped by the unprecedented de
pression in in terna tional trade, and also by reason of the fact
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th a t in  spite of this state of affairs, the cost of production still 
rem ains abnorm ally high. 1 am  inclined to believe, however, 
th a t employers and employed are beginning to understand each 
other better, and I  venture to hope th a t this will lead to the 
elim ination of the u n fru itfu l apathy and distrust p revailing  in 
the past on both sides, and which really  sums up the unsatis
factory state into which various industries have been relegated.

In  th is connection I  am sure th a t we have all observed w ith 
great reg re t the considerable volume of construction which of 
late has been diverted to other nationals by reason of our 
inab ility  to meet com petition. I  am convinced th a t th is is not 
by reason of any m aterial difference in wages, bu t is m ainly 
a ttribu ted  to the fact th a t our competitors can produce so much 
more in the same period in consequence of more efficient labour 
organisation, coupled w ith a greater degree of knowledge and 
skill on the part of the employees of the economical appliances 
a t their disposal. Em ployers and employed m ust get together 
and solve existing problems between them , and the longer they 
rem ain estranged the more difficult will these problems become. 
I  sincerely tru st th a t the inborn common sense which is one of 
our greatest characteristics as a nation, will u ltim ate ly  come 
to our aid, and thus enable us to regain, w ithout fu rth e r 
h indrance, the position to which all g reat peoples aspire, 
nam ely, to be regarded as the leading power in  the world of 
commerce.

Shipping is still, and will always remain by v irtue of our 
insular position and the ex ten t of our dominions beyond 
the seas, our most im portant national asset, and there 
should be no conceivable reason why it  should be 
wrested from us. Efficient com m unication w ith our m any 
colonies is a du ty  which is expected of us, and it  is only na tu ra l 
th a t those lands which come w ith in  our Em pire should be 
served by tonnage flying our flag.

A revival of trade m ust be sought w ithin the Em pire, bu t 
can only be rendered feasible when norm al conditions of life 
are resumed.

Political, social and labour unrest m ust be abolished, and 
substituted by th a t bond of sym pathy and good fellowship 
which has enabled us to find solutions for m any w eighty pro
blems arising  in other tim es of national emergency.
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The following poem was composed hy my friend Mr. William 
Plane in 1904 and indicates the prophetic instinct of the composer 
a t the time of writing :—

T H E  PA SSIN G  OF STEAM.

Muffle the  d ru m s of progress—
T h eir  roll of tr iu m p h  and doom !

L et the  doors aw hile be sh u t in th e  stree t 
W hile  Science and A rt. w ith re lu c ta n t feet,

B ear a g ian t to th e  tom b—

T he engine th a t  W a tt  invented.
T h a t Stephenson p u t on w'heels.

T h a t F u lto n  harnessed  to fu rrow  th e  seas 
And circle  th e  globe w ith tita n ic  ease 

On a hun d red  thousand  keels.

I  sm iled a t  In te rn a l Com bustion—
P roducers and gas and o i l ;

T h e ir  fa ith less ign ition , th e ir  odour and ja r ,
Bye-products of su lp h u r, am m onia, ta r ,

H igh tension, m agneto and coil.

F o r a row of chain-stoked boilers,
W elsh coal and a su p er4 iea t,

T rip le  expansion, tru e  lap  and lead,
Vacuum  steady and constan t speed,

W’ill foster a  fine conceit.

From  fu rn ace  f ro n t to d ischarge pipe 
I t ’s a liv ing , th ro b b in g  th in g —

A living, th ro b b in g  tihing, w ith  a  soul,
W hich a fiend m igh t fe a r  and a ch ild  contro l,

And th e  fabled Muses sing.

B ut. reckoned in calorifics,
In te rn a l Com bustion wins,

F o r twelve per cent, of th e  B.T.U .
Is th e  best, in effective w ork, we do,

And w ith tw enty  gas begins.

WTh a t tihough it  w rought such wonders 
In  th e  space of a hun d red  y ears!

Before a  question of L.S.D.—
The cost of a U n it or B .H .P .—

All sen tim en t d isappears.

H a rk  ! 't is  the  knell of its  passing—
T he end of th e  reign of Steam  !

And sad, like a lover whose jealous eye 
Confesses the t r u th  he would fa in  deny,

I follow as in a d ream —

Follow and  dream  of problem s
Of balance and power and speed;

Of w hat will equal the  final ' x *
W hen therm o-dvnam ics no m ore perplex 

And th e  wisih com m ands th e  deed—

Of n a tu re  and a rt* an d  science,
Of th ough t and desire and will,

Of energy and its p rim al source;
Of m otion w ithou t a m oving force 

And the  power of being s till.



4 24 TH E P R E S ID E N T ’S ADDRESS.

W e have begun the business of the new session with a very im 
portan t Agenda, assuring the prospect of an in teresting  and 
prosperous Session, and I  feel sure the opportunities offered 
will be taken full advantage of by the members.

In  conclusion, I  have to congratu late the Council and Mem
bers th a t the In s titu te  continues to flourish and is doing a great 
and useful work in helping young men to firmly p lan t their 
feet on the ladder to success.

The Ch airm an  of Council : Our P resident has favoured us 
w ith  a very excellent address. He speaks w ith hum ility  as 
regards technical knowledge, but I venture to say th a t he shows 
a very good knowledge of the essentials. The m anner in which 
he has dealt w ith the commercial aspects of the Diesel engine 
gives us a g reat deal of food for reflection. The h istory  of oil 
and its application to power production is certain ly  alm ost a 
romance, and it is such a short period since oil came in as a 
power medium, tha t I  th ink  we agree w ith  the P residen t th a t 
it  is undoubtedly the power, or a t least one of the g reat sources 
of power, of the future.

W e appreciate his very kindly reference to the work which 
is being done by the In s titu te  and the call to all of us to do all 
we can to facilitate cheap production. The In s titu te  is largely 
composed of members who have no other idea than this in their 
minds, and I  can assure the P resident th a t our members stim u
late  the trade of the country all they can.

E ng. Rear-A dm iral W . M. W h a t m a n : I  should like to say 
how much we appreciate our P residen t’s address. W e are 
always conscious of the demand for economic efficiency of the 
power p lants which have to be produced for the shipowner so 
th a t he can use his ships to the best advantage for the trade 
of the country.

One other small point I  would like to express my agreem ent 
w ith the P resident, namely, tha t the nation’s fu ture develop
m ent lies, a t any ra te  in the first place, w ith in  the Em pire 
ra th e r th an  elsewhere.

The President afte r m aking a few appreciative re m a rk s : 
said, “  I  am very gratefu l to the proposer and seconder and to 
you all for the very kindly welcome you have given me 
to -n ig h t.”



D iscussion on M r. A. I. N icholson’s P a p e r : “ R ecent 
D evelopments in  M arine P ropelling M achinery ,” read 
on T uesday, S eptem ber  ‘29th, 1925.

C h a ir m a n  : JAS. CAENAGHAN (Vice-President).

The Ch a ir m a n : Mr. Nicholson, the au thor of the paper to 
be read to-night, is connected w ith the firm of Messrs. Scott’s 
Shipbuild ing  and E ngineering  Co., L td ., of Greenock, famous 
as the makers of the Scott-Still engine. In  giving us this 
paper he is following in  the footsteps of some of his colleag\ies, 
one of whom recently gave us a most in teresting paper on the 
S till engine. I  th ink th a t is sufficient to indicate th a t Mr. 
Nicholson will be listened to w ith m uch in terest to-night.

Mr. N icholson then read his paper, which was printed in the 
()ctober issue.

Mr. B. P. E i e l d e n  : I  th ink  th a t the paper has been very 
in teresting and th a t it has covered a wide field. Mr. Nicholson 
prophesies th a t in 20 years tim e ships m ay be equipped w ith 
o ther types of engines. A t the present time there are m any 
varieties, and I  th ink  it reflects g reat credit on our m arine engi
neers th a t they can change so readily  from one to another type 
of engine. I t  is ra th e r rem arkable how well we get along in 
the m idst of all these changes, and I  doubt w hether the m arine 
engineer is given the credit to which he is entitled  for his adap t
ab ility .

There is a point in regard  to propellers, where the A uthor, 
re ferring  to the Gill P ropeller and the S tar Contra Propeller, 
states th a t these propellers will have a restricted application 
because of rough w eather conditions. I  th ink  th a t his rem arks 
m ay apply  to the S ta r P ropeller, bu t as regards the G ill P ro 
peller, 1 would like to know whether M r. Nicholson th inks it  
would be damaged under rough w eather conditions.

*On proof page 2, Mr. Nicholson says: “ A t the term ination 
of the war there was a swing over towards geared turbine 
m achinery, bu t since th a t, a d istinct reaction has occurred, and 
certain  superintendents have been frigh tened  back to the well 
tried  and cheaper reciprocating trip le  expansion eng ine.” 
W hy was there a swing over a t the term ination  of the w ar from 
reciprocating to turb ine m achinery? And secondly, was it 
fr ig h t or was it  the demand for economy which made those 
superintendents revert from the one type to the o ther? I  th ink

* P age 29(5 O ctober issu e .—J. A.
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th a t the turbine is a more expensive engine than  the recipro
cating  in first cost and the proper th ing  is to have m achinery 
which suits your ship and its trade. In  the case of road trans
port, one man m ight use a steam wagon, another a horse and 
cart, another a motor van. In  the same way the turbine may 
suit some and the steam reciprocating or in ternal combustion 
engine suit others. W hen one considers the tram p steam er, it 
is very doubtful in  nw opinion w hether the turbine w ill ever 
be suitable on account of its cost, and as regards its efficiency, 
I  have heard of two sm all vessels of equal size where the trip le  
expansion reciprocating engine beat the tu rbine in all-round 
results. I  note th a t M r. Nicholson says th a t the trip le  ex
pansion engine is not passing w ithout a s tru g g le ; I do not 
think it will.

F u rth e r on in his paper, Mr. Nicholson says : In  spite of th is 
there are some superintendents who still adopt a conservative 
attitu d e  to the use of superheated steam .”  In  reply to th a t I  
would say th a t it is the duty of a superintendent to be con
servative as it is not his business to exploit turbines, superheat, 
or any th ing  else, and in my opinion, conservatism or moderation 
in the use of superheat is good for m arine purposes.

As regards w ater tube boilers, on proof page 3 it is s ta te d t : 
“  There is a growing realisation th a t cleanliness in engineering 
work is as nesessary as in the hum an m achine, and when once 
boiler waters are kept really clean and are freed from a ir by 
methods now available, m arine engineers will get over th e ir 
trad itional dislike to the water tube type of bo iler.” The 
word I  take exception to here is “  trad itio n a l.”  I  do not th ink 
the m arine engineer worries about trad ition  at all. He may 
have a dislike of the w ater tube boiler because in  his opinion 
it is not so reliable as the cylindrical boiler, bu t I  fail to see 
how this can be term ed trad itional. The real trouble is due to 
condensers. I f  we had reliable condensers there would be more 
water tube boilers in the m ercantile m arine than  there are. 
The condenser troubles w ith turbines seem to be more than 
with reciprocating engines, and the com bination of tu rbine 
and water tube boilers causes anxiety  and expense when the 
condensers are leaking.

I am ra ther disappointed th a t Mr. Nicholson did not say 
more about the electric drive. I t  seems to be a flexible drive 
and I  understand it is fa irly  costly to fit, bu t if it is going to be 
economical in upkeep it m ay be w orth fitting . I t  has been

+ P. 299 O ctober issue.—J.A .
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fitted into some vessels of the U nited  States Navy, but 1 would 
like to have more inform ation as to its value for m ercantile 
vessels.

I  would like to know whether Mr. Nicholson has any figures 
on the length of life of double reduction gearing, as that is the 
im portan t point. I f  he has com parative figures re la ting  to 
both single and double reduction gearing it would be useful 
if he will quote them.

R egarding the tu rbine rotor wheel being solid w ith the shaft, 
I would like to know the size of the largest wheel which has 
been turned out of the solid.

Mr. E . C. P oultney  (Visitor) : As a visitor, I  wish to thank 
the honorary secretary for inv iting  me to be present to-night, 
and to congratulate Mr. Nicholson on the excellence of his 
paper. I  am interested in all forms of steam engines, p a r ti
cularly  in the m arine field, and I  concur in Mr. E ielden’s 
remarks regard ing  the reciprocating steam engine. The part 
of the paper which a ttracted  my atten tion  most was M r. 
N icholson’s rem arks regard ing  the poppet valve engine. I 
have some slides illu stra tin g  this engine and would like to show 
them  on the screen with the service of the lan tern .

The engine shown is th a t known as the Lentz Standard 
M arine Engine.

The chief feature of th is engine is the arrangem ent of the 
cylinders and the type of valves and motion used.

The cylinders, as you will see, are four in  num ber. There 
are two high  pressure cylinders and two low pressure. The 
high pressure cylinders are in the centre, the low pressure 
being at each end. From  this you will see th a t the engine is 
really a double compound. A djacent h igh  and 1ow t pressure 
cranks are on opposite centres, and the h igh  pressure cranks are 
a t 90 degrees w ith  each other. This arrangem ent makes for 
ease in manoeuvring and starting .

In  all, twelve poppet valves are used to d istribu te the steam 
in the cylinders. Two are fitted to the H .P . cylinder top and 
bottom  for steam admission, and a fu rth e r two control the H .P . 
exhaust, and sim ultaneously, the L .P . in let, w hilst a fu rther 
two for each L .P . cylinder, control the exhaust from these 
cylinders.

The arrangem ent of the valves and cranks enable a very 
simple type of valve motion to be used. In  fact, there are only 
two motions required for all four cylinders.
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The arrangem ent of the poppet valves enables com paratively 
short steam passages to be obtainable, and the passage-ways 
between the H .P . and L .P . cylinders is as sm all as possible.

In  practice, these engines have proved themselves to be ex
ceptionally economical in  the use of steam. In  fact, the steam 
rates per I .H .P . hour are as low as 9 lbs. for superheated steam, 
whilst w ith saturated  steam the steam rates vary  between 11 
and 1 2 | lbs.

In  regard  to re liab ility  no difficulties of any kind are ex
perienced w ith the poppet valves, and this is shown by the 
fact th a t the engines of the SS. Bilbao, which are of th is  type, 
have made over 36,000,000 revolutions since the ship was bu ilt 
in 1922, and so far the orig inal valves and piston rings are 
still in use.

W ith  norm al boiler power and when using steam at 200 lbs. 
pressure superheated to a to tal tem perature of 600 degrees, coal 
rates w ith medium class fuel run  to about L2 lbs. per I .H .P . 
hour.

U sually w ith this type of m achinery a separate condensing 
p lan t is provided, the advantages of which I  need not 
enum erate.

In  concluding my remarks I  would like to say th a t i t  has 
given me much pleasure to join the discussion on M r. N ichol
son’s paper, and I  tru st th a t Mr. Nicholson no longer doubts 
the su itab ility  of poppet valves for m arine service.

Mr. A. J obling : I would like to ask M r. Nicholson for a 
little  more inform ation regard ing  the S tar Contra Propeller 
and the shrouded propeller, and whether it  is possible to adapt 
them  to a present-day ship.

Engr.-L ieut.-C om dr. S. E. Dorev : Mr. Nicholson is to be 
heartily  congratulated on his paper. I ts  special value lies in 
the tables and data given at the end of the paper which he has 
explained so well to us to-night. Exception m ight be taken to 
the statem ent th a t “  a piston speed of 1,100 feet per m inute has 
been forced upon engineers by the adoption of the oil eng ine.”

In  the m ercantile m arine, piston speeds are somewhat low, 
but speeds of 1,000 feet per m inute have been quite common 
in the Navy and also in vessels for special services. The piston 
speed of the engines of the Agam ennon  and Lord Nelson  and 
the latest type of arm oured cruisers fitted w ith reciprocating 
engines were in excess of this, some of these engines being 
fitted with forced lubrication. No doubt the reason th a t a low
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piston speed has been adopted in  the m ercantile m arine is th a t 
the engines do not require so m uch a tten tion , are more reliable, 
and more economical (so fa r as upkeep and personnel are con
cerned) than  those runn ing  at h igher speeds.

The author mentions the m axim um  power of oil engines as 
being 15,000 B .H .P . There are at present under construction 
for two I ta lian  vessels, double-acting Diesel engines having  a 
total H .P . of 25,000 to 30,000, one being a two-stroke cycle 
engine to develop about 28,000 B .H .P . and the o ther a four- 
stroke cycle engine of about 25,000 I .H .P .

Mr. Nicholson in his brief reference to the S till engine m en
tions its h igh  efficiency. A dm ittedly i t  is good to have a h igh  
efficiency, b u t it  does not necessarily follow th a t th is is all th a t 
is required. W ith  the in troduction of double-acting Diesel oil 
engines, w eight will be considerably reduced and a saving of 
th is natu re  m ay be of fa r greater im portance than  a slight gain 
of efficiency.

In  th is connection it would be in teresting  to know if any 
fu rth e r developments have been made w ith the opposed piston 
type of S till engine.

The au tho r’s rem arks and illustra tions re ferring  to reduction 
gears for steam turbines are much appreciated and certain ly  
show th a t gearing troubles, like most troubles, are capable of 
being solved in time.

In  a paper of th is nature the M ichell th ru st block deserves 
m ention, as chiefly by its in troduction  have the enormous 
powers generated in steam turbines been made adaptable to 
m arine propulsion.

Perhaps Mr. Nicholson can tell us why it is th a t the electric 
drive has been so successful in the U .S .A . Vessels b u ilt in this 
country and fitted w ith this type of drive have certain ly  not 
been a success. No doubt very m uch better results would 
have been obtained if these installations had been fitted in nrach 
sm aller vessels, and first hand experience obtained before fitting  
them  in larger vessels.

M r. W . E . F abenden  : The au thor rem arks upon quadruple 
expansion engines as being seldom constructed now. I  do not 
agree w ith  him . I  consider th a t a well-designed and balanced 
quadruple expansion engine will hold its own w ith any other 
type, not only as regards repairs and economical runn ing , but 
also in  re liab ility , which is an im portan t feature where ships 
have to m ain tain  a regu lar seagoing program me.
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I t  appears to me from a m arine engineer’s point of view th a t 
the claims put forward hy the various Diesel engine makers 
regarding the re liab ility  of their product is prem ature, as th is 
type of engine in  any th ing  like a large power installa tion  has 
not been runn ing  for more th an  two or three years, so th a t any
th in g  definite in  this direction cannot be claimed.

W ith  the Diesel engine, first we have the in itia l cost of same 
which is probably twice the cost of the reciprocating steam in 
stallation, its weight is probably the same, or sligh tly  in  excess 
of the p lant.

Diesel engine oil is more costly than  th a t required for b u rn 
ing  in furnaces, and more difficult to obtain in large quantities. 
The lubrica ting  oil used on a Diesel engine installa tion  is ap
proxim ately about ten times as m uch as th a t required for a 
steam reciprocating p lan t of the same power.

R egarding superheated steam and its advantages, I  th ink  it 
is doubtful whether the upkeep and the wear on the moving 
parts do not outweigh the advantages in reduced fuel consump
tion. *On proof page 6a some comparisons are tabulated  w ith 
reference to trip le  expansion engines using saturated  and super
heated steam. The best figure given for coal consumption per 
I .H .P . per hour is 1-37 lbs. This is for a trip le  expansion 
engine using superheated steam. W ith  a well designed quad
ruple expansion engine using saturated steam, the coal con
sum ption could be reduced to 1-25 to 1-3 lbs. per I .H .P . per 
hour.

Mr. W . G. Cl EGiiOKN, B.Sc. (Visitor) : Mr. Nicholson has 
given us a most au thoritative and unbiased account of the pre
sent position of m arine propelling m achinery. To fulfil the 
expectations of his title  regard ing  recent developments, there 
are, I  would suggest, four points on which fu rth e r inform ation 
would add to the value of the paper. On one of these points, 
nam ely, the poppet valve steam  engine, inform ation has a l
ready been subm itted by Mr. Poultney, and 1 would like to 
add tha t I  have had an opportunity  of inspecting a vessel fitted 
with the Lentz S tandard M arine Engine.

The SS. Bilbao has been in service for some three years, dur
ing which period no replacem ents have been made to* the valves 
or th e ir ac tua ting  mechanism. An analysis of the inform ation 
recorded in the engineer’s log gave the following results as an

* P . 315 O ctober issue .—J . A,
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average over seven voyages. Stated in the same order as the 
headings in table 4 : —

Displacem ent ... ... ... ... 4,858 tons.
Speed ... ... ... .. ... 9-64 knots.

I .H .P ..................................................................926
Coal per day ... ... ... ... 11-8 tons.
Coal per I .H .P .  per hour ... ... 1-19 lbs.
Coal coefficient ... ... ... ... 21,900
A dm iralty  coefficient ... ... ... 277

These results were obtained w ith coal containing an average 
of 15% ash, a boiler pressure of 200 lbs. per square inch, a 
superheat of 110 to 160°, a feed tem perature of 240° and a 
vacuum  of 27 inches.

The second point is the effect of superheated steam on double 
reduction turbine installa tions, and is one on which 1 am sure 
M r. Nicholson can give us au thorita tive  inform ation. There 
appears at present to be a reversion to saturated  steam in this 
type of m achinery. I  refer more particu larly  to the cases of 
the Transylvania, Carinthia  and Otranto, which. I  understand, 
are designed to use saturated  steam, whereas th e ir earlier sister 
ships used superheated steam.

The th ird  point is the adoption of com bination m achinery 
in the case of the new W hite  S tar L iners, which I  understand 
has now been approved. I t  would appear from these latest 
developments th a t superheated steam is not favoured for double
reduction turbines, bu t th a t the adoption of com bination 
m achinery is suggested as a means of gain ing  the greatest 
possible economies from the use of superheated steam . I  th ink  
Mr. N icholson’s observations on these two recent issues would 
be of g reat interest

The last point which I would raise is the comparison of Diesel 
w ith steam m achinery, bu t perhaps M r. Nicholson is wise to 
avoid such a controversial issue. R eliable data of the perform 
ance of motor ships at sea is sadly lack ing ; the reports of the 
M arine Oil E ngine Trials Committee lead one to doubt the ac
curacy of m uch of the data which is constantly  appearing in 
the technical Press. In  view of all th a t has been said in  the 
paper and the discussion, I  do not th ink  it is necessary to offer 
fu rth e r evidence to prove th a t the steam  engine is fa r from 
dead.

Mr. F . C. B ates : I  would like to thank M r. Nicholson for 
his paper, particu la rly  w ith regard to turb ine gearing. He 
has mentioned two points concerning the smooth runn ing  of
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fears. The first is the accuracy necessary in cu tting  gears and 
the second is flexibility of shafting. There is one more point 
which I  believe has contributed to the smooth runn ing  of g ea rs ; 
a nickel steel pinion in gear w ith a m ild steel pinion on the 
gear wheel. I  would like to know why this has resulted in 
smoother running . The tex t books state the fact b u t give no 
reason for it.

Mr. J .  H . A n d e r s o n : Mr. Nicholson deserves our congratu
lations as regards the h istorical sum m ary contained in  his 
paper. He says, “ One cannot foresee m uch fu rth e r im prove
m ent in the steam engine, except in  the adoption of the uniflow 
p rincip le .”  I  th ink  we are already seeing an im provem ent 
carried into effect in  the new steam er which is bu ild ing  on the 
Clyde. I  th ink there has been a considerable lack of efficiency 
of steam engines due to the fact th a t there has been p ractically  
no com petition at all, such as there is between electricity  and 
gas. Now th a t we have the Diesel engine, steam engineers 
m ust look to th e ir laurels to keep on top.

Some years ago we had a paper by Mr. J . D. McArthur*, in 
which it  was made clear th a t we had achieved a g reater effi
ciency in steam installations. Some of the m any losses which 
occur are due to auxiliaries on deck. I  came up w ith  a friend 
to-day who told me th a t he had been carefully  calcu lating  the 
am ount of steam used in  a m odern ship, and he found th a t 
18% of the to tal steam used went to the auxiliaries. I  was 
wondering w hether th a t is taken into consideration in  calculat
ing the efficiency of the m arine steam engine, also w hat is this 
percentage after a few years use sim ilar to th a t one frequently 
comes across in  practice ?

As regards the boiler, I  do not agree th a t the Scotch boiler is 
the best. I t  is bad for coal burning, bu t worse still for the com
bustion of oil. There is one new development in  steam genera
tion, nam ely, the in terna l combustion boiler. Perhaps Mr. 
Nicholson can tell us som ething about th is boiler, which is 
sim ilar in  principle to the d iver’s use of acetylene under water. 
I  hear th a t experim ents now in process are fa irly  successful. 
I f  working pressures are increased to 500/600 lbs. we shall 
have sm aller boilers and engines and the Diesel engine will 
meet w ith some keen competition, providing careful 'm ain ten
ance repairs are carried out. A nother point well worth looking 
carefully  to is th a t fa r too much cu tting  and carving is done in 
the capital cost of sh ip ’s p lan t, often by people who have no

■ May 8th, 1899 and November 9th, 1916.—J.A.
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engineering experience:— as when efficiently designed machinery 
has to he altered whereby a sm all reduction in price is obtained 
in  the capital cost.

This is a big  m istake and should not be tolerated by firms who 
desire progress in  m echanical efficiency. I  am hard ly  so pessi
m istic as the au thor of the paper regard ing  steam , b u t consider 
we have met a very strong rival in  in te rn a l combustion engines, 
therefore we are ju s t a t the point when we are forced to get 
ahead w ith steam.

T h e  A uth o r’s R e pl y .

Mr. N icholson : Mr. F ielden rem arks th a t m arine engineers 
have not received the credit they deserve for adapting  them 
selves so readily to changes in m arine propelling m achinery. 
I  agree w ith  Mr. F ielden and th in k  it is well th a t th is question 
should be em phasised a t the present tim e, for the demands 
upon the m arine engineer are more varied than  ever, and are 
likely to be still more varied in the fu ture . The response to 
the demands upon them  has been very creditable and w ill, I  
am sure, be m aintained.

Mr. Fielden asks why the geared turb ine was taken  up afte r 
the w ar and then  in some cases dropped. This was due, in my 
opinion, to the good im pression produced upon shipowners by 
the excellent perform ance of single reduction geared turbines 
during  the w ar, both  as regards re liab ility  and economy. 
Owners at the same tim e were a ttrac ted  by the ro tary  move
m ent of the turbines and money was easy for some tim e after 
the w ar, so they  were prepared to pay the ex tra  cost involved. 
The reaction which set in la te r in some cases in favour of 
reciprocating engines was due largely  to the adoption of double 
reduction gearing  to suit the requirem ents of m erchant ton
nage where troubles were experienced w hich had no t been an ti
cipated, and also to the fact th a t money became less easy— due 
to trade depression. The question of the re liab ility  of double 
reduction gearing  has been dealt w ith  in my paper. Compara
tive results are given in the tables in the paper to show th a t 
m arine turb ine m achinery has given fuel consum ption figures 
quite up to the anticipated  values. Mr. F ielden cites two small 
vessels of equal size where the trip le expansion reciprocating 
engine beats the tu rb ine in all round resu lts. This m ay quite 
well be so, b u t it does not mean th a t tu rb ine m achinery will 
not be superior when fitted to ships of suitable size and power. 
Steam  turbines are not suited to the development of small 
powers. I t  is my opinion th a t geared turb ine m achinery, with
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single or double reduction gearing, m ay be accepted by ship
owners, where the conditions are suited to them , w ithout any 
m isgivings about either re liab ility  or economy. R egard ing  
the life of tu rbine reduction gears, the ship H . in Table V III . 
has covered over 200,000 miles up to the present, and the. gears 
are in satisfactory  condition. A Superintendent E ngineer 
repo rts: “ The general condition of all gearing  (eight sets) is 
very good and at present ra te  of wear should give no trouble 
for y ears.”  These are all double reduction sets and num erous 
reports on sim ilar lines have appeared in connection w ith single 
reduction gearing in the m erchant service.

Mr. Eielden is undoubtedly rig h t in claim ing th a t superin
tendent engineers m ust be conservative. I t  is their duty  to do 
the best they can for their Company, b u t they cannot do this 
by keeping in a groove. They m ust be progressive as well as 
conservative, and good judgm ent m ust be exercised so th a t 
they m ay draw the line between these conflicting elem ents. 
M r. Eielden objects to the word “  trad itional ”  used w ith  refer
ence to the dislike of w ater tube boilers, bu t its use is justified 
in nine cases out of ten. Very few m arine engineers have 
actual experience of w ater tube boilers. They have all heard 
of their failings in the past, and m any refuse to even consider 
them  when circum stances fully ju s tify  a reconsideration of the 
position. That is a trad itional dislike. I t  is not a dislike 
based on a proper consideration of the m atter in  the lig h t of 
p resent day conditions.

j i r .  F ielden states th a t there would be more w ater tube 
boilers in the m ercantile m arine than  there are if condenser 
troubles were elim inated. T hat shows th a t this type of boiler 
is not w ithout its m erits. The condenser difficulty is one th a t 
seems lately  to have been grow ing worse ra ther than  better, 
though I  do not agree th a t it is due to the changes in design 
th a t have accompanied the development of tu rbine m achinery. 
There are several expedients now in use to lengthen the life of 
condenser tubes, which will be fam iliar to the mem bers. In  
the high pressure installa tion  referred to in the paper, it is 
proposed to fit a condenser having two portions so th a t one 
portion m ay be overhauled w ithout stopping the m achinery. 
P recau tionary  m easures of th is kind, in conjunction w ith the 
use of a closed feed system  to reduce boiler corrosion, should 
be im portant factors in m inim ising troubles generally  asso
ciated w ith  w ater tube boilers.

Turbine wheels of 30in. diam. have been regarded as the 
lim it when turned out of the solid, bu t solid rotors of 36in.
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diam eter have been used where the stresses have been relatively 
low, th a t is when the ro tational speed has been low.

M r. P ou ltney ’s rem arks about the Lentz engine w ith its 
poppet valves, are in teresting . The leng th  of successful ser
vice he quotes is evidence of w hat can be done, and we look 
forw ard w ith in terest to this perform ance being confirmed by 
a num ber of other ships in the near future.

M r. I)orey considers th a t the piston speeds of 1,100 feet per 
m inute m entioned for recent oil engines are following naval 
practice of a few years ago. This m ay be so, b u t the conditions 
under which naval m achinery was operated were exceptional 
and affected the design. No one in the m erchant service was 
inclined to copy these h igh  piston speeds un til the demand for 
cheaper oil engines became u rgen t. Eorced lubrication  has 
been of g reat assistance in m aking continuous runn ing  a t high 
piston speeds practicable. Efficiency in oil engines is of im 
portance at present, as Mr. Dorey says, bu t the reduction of 
w eight and of cost per horse-power is also a predom inant 
elem ent in oil engine design to-day.

Both Mr. Dorey and Mr. Fielden are a ttrac ted  to the electric 
drive, and th is is not surprising. I t  is a flexible drive, suited 
to ships w ith  large auxiliary  p lan t or for ships runn ing  fre
quently  at low powers, as w ith  cruisers and naval ships 
generally. There is little  v ibration  w ith  th is method of 
driv ing and it seems on th a t account and because of its qu iet
ness, well adapted for yachts. I t  also has some features which 
m ake it  suitable for tu g  boats, to which use it has been applied 
in A m erica. E lectrical propulsion has not made much pro
gress in our own country, due to  its  novelty and, to some ex ten t, 
to troubles experienced w ith  auxiliaries which were not an 
in teg ra l p art of the electrical installa tion .

I  cannot say if i t  will prove to be suited to the ordinary run 
of m erchant ship. I t  is probable the cost will be a factor 
against its development along these lines. In  special cases, 
however, electrical propulsion seems to have distinct advan
tages.

Mr. Farenden makes some in teresting  rem arks about the 
excellent perform ance he has experienced w ith  quadruple 
engines. The resu lts he quotes are m uch b e tte r than any I  
have ever come across and been able to check. I f  the in sta lla
tions he refers to were fitted w ith superheated steam , the results 
in coal consum ption would be still b e tte r and the quadruple 
engine would then be nearly  supreme am ong the steam  prim e
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movers. I t  alm ost seems too good to be true. I t  is satis
factory to be assured th a t well designed and balanced quad
ruple engines have been so reliable and economical to m aintain  
and run.

Mr. C leghorn’s rem arks are very in teresting , and the sum
m ary of the results of the “  Bilbao ”  shows an excellent per
formance for so small a ship. The coal coefficient compares 
very favourably w ith the best cited in Table V I.

Mr. Cleghorn, w ith others who have contributed to the dis
cussion, expresses doubts about the value of superheated steam, 
and he gives examples of recent large ships in which the use of 
superheated steam  has not been adopted afte r experience w ith  
it in  previous ships. There is a very distinct cleavage of 
opinion am ong ship-owing firms on this point, and it is reflected 
in the policies they  are adopting. Some are giving up the use 
of superheated steam. On the other hand, some of the most 
progressive firms, afte r considerable experience of it, are adopt
ing superheat extensively for old and new construction. Two 
facts therefore m ay be definitely stated, one th a t superheated 
steam  on board ship gives trouble and increases the cost of up
keep, and the other, th a t superheated steam reduces the fuel 
bill. I t  may also be concluded from the above th a t where the 
troubles have been greatest, the saving in fuel has been least, 
and where the economy has been considerable, the troubles 
have not been im portant. In  other words, it  seems certain  th a t 
the decision has depended upon the personnel in charge and 
upon the point of view of superintendent or owner. In  my 
view the decision to go in more extensively for superheated 
steam  is the rig h t one to take, if a higher standard of overall 
economy is desired.

On the question of fitting  com bination m achinery to the new 
W hite S tar liner, one cannot say much. At the best the 
system is b u t a half-way step which has been successfully and 
extensively tested by th a t Company. I t  is probable th a t use 
and wont have been the principal factors in the decision come 
to, ra th e r than any question as to the most economical way to 
use superheated steam.

On the question which Mr. Bates raises about gearing nickel 
steel pinions w ith  mild steel wheels, no real explanation can be 
offered. The pinion is always made of a harder m aterial than 
the wheel, as experience shows th a t the same quality  of 
m aterials seldom w ork well together. The answer is akin to 
the explanation of why m ild steel parts are so liable to seize 
if they rub together, even very ligh tly .
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Mr. Anderson speaks hopefully of the in terna l combustion 
boiler. Inform ation oil this subject will, I  understand, soon 
be put before the mem bers, so it will be b e tte r to reserve 
opinion about it. I t  is, however, a very ingenious contrivance, 
and m ust have required a g reat deal of experim enting. The 
figure of 18% for the steam  consum ption of auxiliaries is quite 
in order, and there is little  doubt th a t the proportion increases 
as tim e goes on. There is undoubtedly quite a field for develop
m ents in the methods of driving the auxiliary  m achinery on 
board ship.

---------o---------

Metal l ic  C o r r o s io n .
By W. s . PATTERSON, M .Sc., A.I.C.
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On Tuesday, October 13, at 6.30 p.m.
C h a ir m a n  : Mu. R. S. KENNEDY (Vice-Chairman of Council;.

F e w  problems have troubled the practical engineer w ith such 
continued tenacity  as those associated w ith corrosion. There 
have been m any theories, there has been much experim ental 
w ork, yet there is still g reat difficulty in solving m any cases of 
corrosion.

In  a previous paper1 before this In s titu te  I  endeavoured to 
show the bearing of certain  theories and researches upon the 
im portan t subject of boiler corrosion. O utlined in th a t paper 
are the three main general theories of corrosion, nam ely, the 
carbon dioxide, the hydrogen peroxide, and the electrolytic 
theories, the la tte r  being only briefly dealt w ith. D uring  the 
last few years rapid strides have been made in the investigation 
of the m echanism of corrosion, and it is these newer develop
m ents I  wish to discuss in th is paper, indicating  their prac
tical in terpre tation .

L et us consider some of the facts which require explanation. 
There is first the local and apparantly  capricious natu re  of cor
rosion. There is the layer of corrosion product which some
tim es alm ost stops corrosion, w hilst a t o ther tim es deposits 
formed during  early stages apparently  accelerate the process 
of a ttack  in la ter stages. There is the phenom ena of p ittin g , 
so g reat a trouble to all practical users of m etals and the 
m ystery of continued action a t the bottom  of a corrosion p it.

Very few of these problems can be answered in a satisfactory  
way by theories which were brought forw ard prior to 1916.

B oiler Corrosion. O ctober 23rd, 1923—J.A .
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This is no disparagem ent of the work done before this date, hut 
ra ther it is a recognition of the form idability  of the problems to 
be solved. There are two ways of approaching the study of 
corrosion phenomena either by investigating  some particu lar 
case of corrosion w ith  the definite object of effecting its  solu
tion w ithout of necessity detecting or com prehending its 
causes. The other way is to investigate causes w ithout en
deavouring to apply them  im m ediately to any p articu lar prob
lem, and then eventually to build the causes together un til 
the real mechanism of corrosion is evolved. M any of the 
form er types of investigation have been pursued w ith  varying 
degrees of success. There have been the researches carried out 
under the auspices of the Iron and Steel In s titu te  by Friend 
and others which have given useful practical inform ation 
regard ing  ferrous corrosion and means of allaying it. The 
In s titu te  of M etals through its Corrosion Committee has issued 
exceedingly valuable reports on condenser tube corrosion, the 
work being carried out by Bengough and his co-workers.

Because of tim e and the pressing necessity of some imme
diate solution of a practical problem no g reat part of any of 
these researches has been devoted to theory. I t  m ust be re 
membered th a t the exam ination of such single types of corro
sion allows little  for generalisation because of the enormous 
variations which alm ost any type of corrosion m ay become sub
ject to by a change in one or several of the factors causing it. 
The deciding condition in a particu lar case of boiler corrosion 
for example may be completely altered if the feed w ater is 
changed, if access of a ir is prevented, or if the ra te  of steam 
ing be varied considerably. I t  has become clearer as tim e has 
progressed th a t a thorough investigation into the general 
mechanism of corrosion independent of its  application is the 
path  along which new corrosion research m ust proceed. Once 
engineers, m etallurg ists, and chemists understand completely 
the prim ary principles which govern corrosion then more effi
cient means of com bating all types of corrosion will be devised.

The latest developments of corrosion research have led to a 
modified electro chemical theory being brought forward to ex
plain m any im portant observations.

The Electro Chemical Theory of Corrosion.
The first development of th is theory  was probably due to 

D avy, and in recent years it has had m any supporters. By this 
theory  corrosion is explained by the development of positive 
(anodic) areas and negative (cathodic) areas on the m etal sur-
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face. A mass of m etal on which such areas are established 
being surrounded by an electrolyte will b ring  about the pro
duction of an electric cu rren t between the areas of different 
polarity . If , for example, the m etal be iron then  ferrous ions 
w ill pass into solution a t the anode, causing corrosion there, 
w hilst hydrogen or its equivalent will be set free a t the cathode 
over which i t  m ay form  as a film (see la te r), such a system  is 
known as a corrosion cell. Corrosion then on this theory  is 
very definitely bound up w ith  the development of these posi
tive and negative zones. L e t us examine some of the ways in 
which these m ay be caused.

W ays by which corrosion cells may be estab lished:—
(a) Definite im purities which are of different polarity  to the 

surrounding m etal, for example, slag inclusions in w rought 
iron, graphite  in cast iron, and certain  forms of iron carbide in 
steel, will set up electrolytic action.

Im purities which are practically  insoluble in the dom inant 
m etal and which tend to segregate would probably induce 
serious local corrosion and p ittin g . Im purities which dissolve 
completely, form ing homogeneous solid solutions and eutectics, 
would be less likely to cause local p ittin g , bu t would probably 
cause corrosion over a wide area, or in practice, w hat is called 
w asting. This is not to be regarded as so serious and usually 
is not so rapid as the action which causes p itting .

(b) Differences of stress in m etals may cause the develop
m ent of cathodic and anodic poles.

I t  has been dem onstrated by various investigato rs2 th a t an 
electric curren t is produced from a cell of the type.
M etal A (cold worked) | Salt Solution | Metal A (annealed)
the cold w orked or stressed m etal usually being the anodic pole 
th a t is the one passing into solution and therefore undergoing 
corrosion.

(c) Differences in physical structu re  in the same m etal may 
induce electrolytic action.. L arge coarse crystals produced 
by burn ing  or overheating in contact w ith  m etal of a norm al 
structu re m ay give rise to an E .M .E . w ith  the solution of 
m etal a t the anode.

W here the m etal has a d istinct duplex structu re  such as 
occurs in certain  brasses there is a tendency to corrosion of 
th is type, and the so-called dezincification of brass so common 
in faulty  condenser tubes, is probably partly  due to this cause.
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(d ) The presence of a covering- of corrosion deposit, which 
may be caused by direct chemical action, for example, the 
attack  of iron plates by carbon dioxide and oxygen. Such a 
covering if it is electro negative to the underlying m etal as 
often occurs in the case of ru sting  will prom ote electrolytic 
corrosion. The deposit m ay also function in another very im
portan t way (see g).

(e) The lodgm ent of foreign particles conveyed by w ater 
against a surface may have the effect of establishing areas of 
different polarity  and in itia tin g  corrosion (see g).

( /)  The effect of' abrasion3 on a m etal surface otherw ise 
chemically and physically uniform  may result in the develop
m ent of local corrosion cells.

(g) W ork by Aston, and more recently  by Evans4 has shown 
th a t areas of differing polarity  can be caused by the aeration or 
am ount of oxygen over a m etal surface immersed in an electro
ly te being unequal.

If , for any reason, one part of a m etal surface is not as freely 
supplied w ith oxygen as another, then the p art which is most 
aerated becomes cathodic or electro negative, w hilst th a t which 
is shielded becomes anodic. This results in electrolytic action, 
and the p art to which oxygen has least access becomes corroded. 
This fact is of extrem e im portance in the study of corrosion. 
The discovery of this process of corrosion induction and its 
application is due to Evans, and in one direction it has com
pletely revolutionised corrosion research.

He has called this method of developing a corrosion cell 
“ D ifferential A eration .”  I t  appears to be a generalisation 
th a t corrosion takes place on a m etal surface at ju st those 
points where oxygen has the least degree of contact, provided 
there are also adjacent areas to which the gas has free access.

I t  will be observed th a t the methods noted under (d) and (e) 
are really special cases of differential aeration.

The practical examples of this generalisation are very 
num erous. Cases of corrosion do very often occur a t the bottom 
of pits which have developed in plates, or in cracks produced by 
bending at angles, etc.

Tlie shielded zones at the bottom of such pits and crevices 
become anodic to the surrounding more freely oxygenated area 
and solution of the m etal proceeds. The ra te of solution is 
really  determ ined a t such inaccessible places by the am ount of 
oxygen reaching the cathodic areas surrounding them . The
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corrosive action is m ainly confined to and concentrated on the 
sm all shielded anode, and the ra te  of attack  m ay therefore he 
very high, resu lting  in perforation. The larger the aerated 
cathode and the more ready the access of oxygen to it  compared 
w ith the shielded anode, the greater the velocity of the local 
corrosion concentrated at the anode. ’’Bengough and S tuart 
have pointed out th a t local corrosion a t any selected spot can 
be in itia ted  beneath cotton wool, glass, coke, etc., and m arked 
corrosion is freqently  observable in tanks where debris and de
posits have covered the m etal.

Evans draws a tten tion  to the fact th a t steel w inding ropes 
used in mines sometimes become in terna lly  corroded, w hilst the 
outer portion which has been freely exposed to a ir  retains a 
b rig h t unchanged appearance.

Abrasion m ay give rise to the same phenom ena. I f  a scratch 
is made across a polished w rought iron surface and th is be then  
immersed horizontally  in an electrolyte, i t  will be found th a t 
corrosion develops rap id ly  at the bottom of the scratch to which 
the oxygen has least access and the polished surrounding 
cathode rem ains practically  unattacked for a considerable tim e.

I t  is easy to appreciate th a t corrosion in itia ted  e ither by 
direct chemical attack, or by im purity  corrosion cells m ay be 
rap id ly  accelerated once p ittin g  has commenced, by the phe
nomena of differential aeration, and ac tua lly  concentrated by 
th a t process upon the p itted  area. This is unfortunate ly  quite 
in accordance w ith the practical observations of m any engineers.
Tiie Corrosion Deposit.

The corrosion deposit, if porous, m ay act in  the same way as 
debris and shielding the surface on which it is resting  from 
oxygen, cause it to become anodic and thus b ring  about corro
sion.

A layer of dried corrosion deposit which has become im 
pervious to the surrounding electrolyte m igh t act by protecting 
the underly ing  m etal from fu rth e r attack and concentrating  the 
corrosion on the surrounding area. As, already indicated , 
where the deposit is porous and of opposite polarity  to the m etal, 
i t  m ay promote corrosion by a cell of the type.

Metal | Electrolyte j Deposit
F rien d 7 has suggested the possibility of wet ru st acting as a 

carrier for oxygen during  ferrous corrosion. I t  is assumed 
th a t the rust is a lternate ly  reduced by the m etal thus oxidising 
it, and then reoxidised itself by diffused or dissolved oxygen.
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There does appear to be every possibility th a t under certain  
conditions the corrosion deposit on iron can act in  th is way, 
and in any m etal deposit of such a composition th a t two states 
of oxidation are possible, this phenomena may play a part.

The character of the deposit in any case of corrosion will be 
largely influenced by the composition of the electrolyte in 
which corrosion is proceeding. Changes in the composi
tion of feed water, condenser water, etc., m ust all there
fore have consideration in  any specific case of corrosion 
since such change may completely a lte r the nature and function 
of a deposit accelerating or dim inishing the attack.

Deposits formed during  corrosion m ust be regarded as of 
prim ary im portance in  the study of the mechanism of corrosion. 
I t  m ay well be th a t the capricious nature of corrosion is largely 
a ttribu tab le  to the effect of the deposits which i t  creates and 
more research is required to elucidate this im portant aspect of 
the subject.

H aving referred to the electro chemical theory and con
sidered its most recent development, we have still one or two 
other im portant considerations. In  the corrosion of iron and 
steel the carbon dioxide theory1 and the form ation of soluble 
ferrous bicarbonate which is oxidised to ru st by dissolved 
oxygen m ust still be considered as a source of prolific corrosion 
under certain  definite circumstances. Corrosion may be started 
by carbon dioxide and intensified by electro chemical action 
which m ight have its origin in any of the causes I have out
lined. The de-aeration of feed water is therefore of great 
im portance in boiler practice, for oxygen is w ithout doubt the 
driv ing force behind almost all cases of practical corrosion.

Types of corrosion media.

Broadly we m ay classify corrosion m edia as either acid, 
neutral or sligh tly  alkaline. In  the form er we have m any in 
dustrial waters and effluents and also a few n a tu ra l waters 
which owe their acidity  to peat acids, o rig inating  in the nature 
of the collecting ground. Probably, however, most corrosion 
m edia fall into the category of neutra l. They consist of waters 
contain ing dissolved salts such as sodium chloride, calcium sul
phate, magnesium chloride, etc., and oxygen is a prim ary re
quisite for m etallic corrosion to proceed in such media.

Certain salts, for example, carbonates of lime and m agnesia 
confer a slight a lk a lin ity  on water, bu t the process of corrosion
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in such a m edia appears to be somewhat sim ilar to th a t occur
rin g  in neu tra l solutions.
Acid corrosion media.

The attack of a m etal surface by an acid m edia is governed 
largely  by the presence of im purities. I t  is possible th a t metals 
of absolute p u rity  would not be attacked by acids. The p re
sence alone of im purities does not determ ine the ra te  of attack. 
Some im purities are more active than  others and the am ount 
of im purity  present is also of im portance.

How does an im purity  affect the corrosion of a m etal by an 
acidp Im purities if electro negative to the dom inant m etal 
will set up a simple corrosion cell, and hydrogen be liberated 
a t the cathode, which is the im purity , w hilst the m etal will 
pass into solution a t the anode. The action of dissolved oxygen 
in oxidising the hydrogen and so preventing polarisation is of 
im portance, and is one reason for the de-aeration of feed water.

Some im purities possess the property  of libera ting  hydrogen 
from  acid solutions, much more readily  than  others, and there
fore they have a g reater stim ulating  force on the ra te  of corro
sion in  such media. 0-5% of antim ony present in zinc produces 
a much greater ra te of solution in acids than  the same am ount 
of cadm ium . This fact can be explained on electro chemical 
grounds by the over potential values of antim ony and cadm ium . 
The form er is much lower than  the la tte r  and hydrogen is 
rapidly liberated  from the small centres of antim ony d istri
buted throughout the zinc. So far as m etallic im purities are 
concerned the over voltage factor seems to be the deciding one 
when m etals undergo corrosion in acid media. M any im 
purities also fundam entally  a lter the physical or in tern a l struc
tu re  of m etals, g iv ing  rise to changes in the capacity  of the 
m etal to resist acid attack.

The solubility of im purities in m etals has been m entioned 
w ith  the consequent tendencies to cause either w asting or 
p itting .

One should also appreciate the fact th a t as the dom inant 
m etal is corroded away more of the im purity  reaches the surface 
to become active in stim ulating  corrosion. W e thus find th a t 
in the case of zinc the ra te  of corrosion accelerates as the 
deposit of im purities accum ulates on the surface.

I recently subm itted specimens of zinc to attack in d ilu te acid 
for 10 days. In one set the deposit was removed each day by 
w iping. At the end of the period, the am ount of zinc dissolved
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was LOO per cent, g reater in the specimens where the deposit 
had been allowed to accum ulate. Thus, if prolonged corrosion 
occurs in an acid m edia the influence of the im purities m ay in 
crease w ith  length  of time owing to gradual exposure, a t the 
surface of attack.

A practical example of corrosion in acid media is th a t of 
m any cases of the external corrosion oij economiser tubes. 
H ere the acid is formed owing to the products of combustion 
containing sulphur dioxide and moisture, which m ixture pre
sent with excess a ir will yield sulphuric acid, which attacks the 
tubes. A deposit consisting of ferrous sulphate, ta r and soot 
is obtained, the tubes rap id ly  becoming pitted  either locally or 
over a wide area. D ry  sulphur dioxide alone does not attack 
iron, bu t only when m oisture is present. The practioe of 
always keeping the in le t tem perature of an economiser above 
a certain  figure (100° F .) is to prevent the dew point of the flue 
gas being reached w ith consequent deposition of m oisture and 
form ation of acid on the tubes.
N eutral media.

Electrolytes consisting of solutions of salts are the most fre
quent media in which corrosion occurs in practice. Oxygen is 
usually  the dom inant influence in this type of corrosion. Let 
us im agine a m etal surface immersed in  a neu tra l electrolyte, 
the case of a sheet of w rought iron in  sea water.

A supply of oxygen will be available which will be governed 
by the quan tity  of dissolved oxygen present, which will 
be rapidly exhausted, and by the ra te  at which diffusion can 
take place from the surface of the liquid to the m etal. Thus 
the upper edge of the w rought iron sheet will receive more 
oxygen than  the lower edge, which is more deeply immersed. 
This is a condition of differential aeration, and corrosion of the 
p late will take place where the oxygen supply is poorer (anode) 
th a t is w ithin the solution towards the lower end of the plate. 
I f  we have a rap id  stream  of oxygen diffusing to the cathode 
we shall have a correspondingly rap id  corrosion a t the anode, 
with a precipitate of rust formed at the bottom  of the contain
ing vessel.

W hen the oxygen supply to a m etal surface immersed in an 
electrolyte is uniform  and differential aeration does not occur 
the process of the corrosive action is different. Anodes and 
cathodes m ay be developed by some non-uniform  condition on 
the m etal surface and the m etal will pass into the solution at 
the anode w hilst hydrogen or its equivalent will he produced at
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the cathode. The function  of oxygen is to remove the hydro
gen by com bining w ith  it and so depolarise the action. The 
oxygen m ay also function  by form ing insoluble oxysalts at 
the anode which are thus removed and the way cleared for solu
tion  to continue.

The addition of im purities to a m etal corroding in  a neutra l 
solution will not g reatly  affect the ra te  of corrosion if the 
oxygen supply is the controlling factor, for if the pure metal 
is corroding as rap id ly  as the rate of oxygen diffusion will 
allow, then  it is not likely to corrode more rap id ly  by a ltering  
the composition. R ecently , in  connection w ith  experim ents on 
the corrosion of zinc, I  have obtained experim ental evidence in 
complete proof of th is. I  immersed a t an equal depth in  an 
electrolyte (salt solution) some fifty specimens of different com
positions, and at the end of three weeks the am ount of corrosion 
was practically  the same in  all cases. I t  had been determ ined 
sim ply by the ra te  of oxygen diffusion, and as the specimens 
were all immersed to the same depth this had been equal in  all 
the experim ents.

The corrosion of cast iron in sea w ater is the result of oxygen 
diffusion corrosion and its ra te  of corrosion is governed by th is 
factor. W here the action takes place a t the w ater line i t  is 
accelerated by differential aeration as explained elsewhere. I t  
should be noted th a t the g raph ite  in  the cast iron rem ains u n 
changed during  the action, and acts as a b inder to a curious 
corrosion deposit, consisting largely  of oxides of . iron. The 
corrosion may not a lte r the external shape of the m etal to any 
g reat ex ten t, and it  is only when the deposit is cu t away th a t 
its depth is realised. Corrosion in neu tra l electrolytes is 
m ainly  associated w ith  oxygen supply to the su rface ; if  there 
be no oxygen, corrosion will in all probability  be reduced to a 
m inim um .

The function of oxygen m ay be sum m arised here—

(1) D irect a ttack , usually  the character of the deposit formed 
would stop the reaction by inh ib iting  fu rther access of oxygen.

(2) By differential aeration.
(3) By depolarising the cathode, both  in acid and neutra l 

media.
(4) By oxidising soluble salts formed at the anode, convert

ing them  to insoluble oxysalts and so facilita ting  their removal 
from the anodic area.
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W ater line corrosion.
This is m ainly a case of differential aeration. E vans6 has 

shown th a t if  the surface of the m etal is wet above the w ater 
line, corrosion proceeds more acutely.

W e have a freely aerated surface above the water line, and 
we have a surface shielded by the electrolyte below the w ater 
line. The corrosion localises at th is point ju s t below the water 
line where the anodic area of the corrosion cell develops. The 
ease w ith which the accum ulated solution of the m etal a t the 
anode can be removed by grav ity  leads to the action being 
rapid  and severe.

This removal of the soluble m etal salt is of course im p o rtan t; 
if  a large accum ulation occurred it would stop the action at the 
anode completely.

Thus in  a tube h a lf filled w ith moving w ater the w ater line 
action would be stim ulated by the stream  of w ater removing 
the products of the action from the anodes.

F ina lly , there rem ains another point of interest to engineers, 
th a t  is the production of a corrosion cell by inequalities in  the 
velocity of the flow of water in the same tube.

I f  for any reason two distinct water velocities occur in a tube, 
say at the ends and the m iddle, then th a t fact alone m ay pro
duce corrosion. A cell of the type : —

Copper in  Copper in
slowly moving rapidly moving being set up.

water water
Bengough and Evans have both drawn atten tion  to this fact 

and pointed out its im portance to those entrusted w ith the de
sign of condensers, etc.

I  have brough t forward sufficient evidence to indicate the 
difficulties th a t beset the investigators of corrosion phenomena. 
There are m any factors and so m any varian t conditions in the 
study of corrosion th a t it  m ight seem an endless task to com
plete it, yet, however slowly, I  th ink  nevertheless surely the 
basic facts of the m echanism of corrosion are being established 
and the completion of this knowledge w ith its application will 
lead to a considerable measure of im m unity  from m etallic cor
rosion .

1. Tran«. Inst. Mar ftng-., Nov., 1923.
2. E vans— Journal lu s t. M eta ls , 19 2 1 .

M oorn & Beck in  s*d ale, J o u rn a l I n s t .  M eta ls, 19 2 2 .
3. FT«ns—Journa l Inst. Metals, 1925.
4. Evans Journal In st. Metals, Vol. II ., 1923.
5. "Peno’onjrh—T-nrnal In st. Metals, Vol. I., 1922.
6. Em us— Journ.-’l In s t. Metals, Vol. I., 1923.
7. Newton Friend—Journal Chemical Soot., 1921
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S u m m a ry .
The electrolytic theoiy  is of prim ary  value in  the study of 

corrosion. Absolutely pure metals would probably not corrode 
in  acids, bu t im purities by developing positive and negative 
areas, stim ulate corrosion. The solution of the m etal takes 
place at the anode. Methods by which positive and negative 
poles can be established in  practice.

1. Im purities.
2. Difference of stress.
3. Physical structure not uniform .
4. The influence of corrosion deposit.
5. Abrasion.
6. Eoreign particles introduced as suspended debris.
7. D ifferential aeration.
The type of corrosion which persists in acid and in  neutra l 

m edia has been considered, and the influence of oxygen diffu
sion in the la tte r  as a deciding factor.

W ate r line corrosion has been considered as a special case of 
differential aeration and the influence of variable w ater velocity 
in tubes.

The effect of corrosion deposits and debris have been discussed 
and cases of practical applications of the above theoretical con
siderations.

o



This illustration is reproduced from a photograph forwarded by Capt. P. T. Brown (Member) to show the
severe corrosion on a turbine



A n n u a l  Dinner.

The A nnual D inner was held on October ,30th at the Hotel 
Cecil, presided over by The R ig h t Hon. Lord Inverfo rth , P .C ., 
who subm itted the Royal Toasts a t the conclusion of the menu. 
These were loyally applauded, as usual, by the assembly.

The Toast o f  the X ava l, M ilita ry  and A ir  Forces o f the 
E m pire  was proposed by the R ig h t Hon. Lord Kylsant of Car
marthen, who said th a t w ithout the services of m arine engi
neers the w ar could not have been carried through  to a success
fu l conclusion, and the close in ter-relation w ith  his M ajesty’s 
forces by sea, land and air led them  to appreciate perhaps more 
deeply than other civilians w hat the country owed to its sailors, 
soldiers, and airm en. M ention m ight be made in p articu lar of 
the collaboration of m arine engineers and officials of the 
A dm iralty  in m any m atters during the war. There was differ
ence of opinion as to the elem ent in  which another w ar would 
be fought, bu t he would be a rash  m an who expressed any 
definite view on the question. Personally , he thought it would 
not occasion much surprise if, in spite of all the g rea t develop
m ents th a t were tak ing  place, any fu tu re  w ar in which this 
vast sea-girt B ritish  Em pire m ight be involved was, as in the 
days of our forefathers, decided on the sea.

The P resident (Lord Inverfo rth ) recently  delivered a very 
in teresting  address to the m embers of the In s titu te , in the 
course of which he dealt w ith the progress of in terna l combus
tion engines, and outlined some of the aspects in which they 

 ̂ had decided advantages over steam engines. Anyone who
examined the quarte rly  re tu rns published by L loyd’s R eg ister 
of Shipping, giving the num ber and tonnage of vessels, both 
steam ers and m otor ships, under construction throughout the 
world, m ust be profoundly impressed by the steadily increasing 
proportion of vessels being built w ith  m otor engines. T aking 
into consideration the g reat strides th a t had also been made 
in the development and use of the in ternal com bustion engine 
on land and in the air, those who looked ahead m ust come to 
the conclusion th a t the motive power of the fu ture lay in the 
in terna l combustion engine, w hether at sea, on land, or in the 
air, and the days of the country being dependent upon m iners 
or mineowners m ight before long be a th ing  of the past. There 
was, no doubt, still considerable scope for progress and im
provem ent in the design and operation of m arine engines, and 
all m arine engineers were alive to the possibilities in th a t 
direction and were giving earnest though t to this m atter of the
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fu ture means of m arine propulsion, w ith a view, if possible, to 
evolving som ething even more economical than existed at pre
sent. These were difficult times for shipping, as well as for 
other leading industries of the country, but if, as a resu lt of 
the keenness and resource th a t were necessary to b ring  the 
country through  this period of tria l, new or revised methods 
were employed leading to increased efficiency and economy, 
they m ight look V 'rk  upon the present period of adversity as 
a blessing in disguise.

M r. J . C. C. Davidson, C.IL, C.B., M .P ., P arliam entary  and 
E inancial Secretary to the A dm iralty, in responding for the 
Naval Force, said th a t one of the m ain sources of s tren g th  to 
the Em pire and facts in its development had been the close 
association between the Royal N avy and the M ercantile 
M arine. There were two g reat bonds between the N avy and 
the M erchant M arine, the a r t  of navigation and the science 
of engineering. G reat B ritain  was supreme in both.

The Navy had recently been attacked  in the Press in every 
direction except one. No one had said th a t the Navy was 
not prepared to pick the unequalled brains of B ritish  m arine 
engineers. I t  was obvious th a t naval requirem ents in certain  
respects differed from m ercantile. There were some advances 
of research essential to the Navy (e .g ., m aximum power and 
m inim um  w eight in m otor engine), which would be unprofit
able to the M erchant Service.

As representing the A dm iralty he could not too strongly 
emphasise the fact th a t naval officers of the engineering branch 
were always anxious to encourage and to benefit by the inven
tive genius of the members of the m arine engineering profes
sion, which has created and is m ain tain ing  B ritish  supremacy 
in m arine engineering. W e do w hat we can to reciprocate 
where our researches, which go on ceaselessly side by side 
w ith those of the m erchant navy resu lt in some discovery useful 
to us both. M arine engineers are fortunate— criticism  they 
give and receive is to help and not hinder, to make more per
fect, not to destroy.

I  should like to see some of the critics of the A dm iralty  
aboard a m erchant ship. Instinctively  they would find their 
way to the engine-room, where if a gale should spring up they 
would be found w ith their heads next the supercharger and 
their feet in the re frigerato r.

T alking of superchargers— although it is alm ost presum p
tion on my part, I  cannot refrain  from paying my trib u te  to the 
immensely fru itfu l labours of S ir Charles Parsons.
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W hat N ew ton’s name is to grav ity  the name of Parsons is to 

turbines, bu t w ith  this difference; g rav ity  rem ains fixed ; 
tu rbines are always im proving.

B rigadier-G eneral J .  S. W y l ie , D .S.O ., M .V.O., K .C., in 
responding for the Arm y, said th a t b u t for the M arine 
Engineers it would have been impossible for the arm y in the 
late w ar to take the field, or to rem ain in the field, and thus 
enable the M ercantile M arine, in com bination w ith the army, 
to  bring off the g reat victory.

M ajor-General Sir Frederick Sykes for the A ir Force, m en
tioned th a t am ong those who served the country in m agnificent 
fashion during the w ar were three who came s tra ig h t from  the 
In s titu te—Lord W eir and Lord M aclay, two form er P residents, 
and the present P resident, Lord Inverforth . Speaking of the 
recent scientific development which had taken place in con
nection w ith aeronautics— the auto-gyro— the g reatest he con
sidered since the W rig h t brothers made their conquest of the 
a ir— he regretted  th a t the development was not a B ritish  inven
tion. There was too g reat a tendency for developments to 
come from foreign nations.

The Toast o f The Mercantile M arine  was proposed by Sir 
B c r t o x  C h a d w i c k ,  M .P ., who said : I  have often spoken 
to this toast in audiences of seamen, shipowners and 
others, bu t this is the first tim e th a t I  have had the 
honour of speaking in a com m unity of m arine engineers, 
and being an old seaman m yself I  find myself ra th e r searching 
for an atm osphere common to both  of us in which I  can say to 
you, so th a t you will understand, all th a t is in my heart about 
this g reat service to which we both belong. F o r it is as a 
g rea t national service th a t I  th in k  of the M ercantile M arine 
to-n ight ra ther than  as a trade or profession. The m arine 
engineer was alw ays ready to face all em ergencies w ith a 
sp an n e r!

After paying a trib u te  to the way B ritish  owners supported 
m arine engineering advances, notably Lord Inverfo rth , who 
had passed from  steam ship to in terna l com bustion work, Sir 
B urton said he once heard an Am erican Am bassador state in 
proposing th is to a s t: “ I  deem it  no exaggeration  to say th a t 
w hether in w ar or in peace the B ritish  M ercantile M arine has 
rendered more service to more men of more nations than  any 
other hum an agency .”  W ell, there is no thing very orig inal 
in saying th a t, and as to its accuracy I  suppose i t  is arguable, 
but the sentim ent is so und ; it is probably as true  as any general
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statem ent of tlie kind could be, and to tliose who heard  the 
speech it had th a t ra th e r impressive booming quality , pro
duced by the deep voice and the slowly enunciated am bassa
dorial pronouncem ent at the dinner table. This particu lar 
dinner table was at the Chamber of Shipping, and as an 
E nglishm an I  accept the tribu te w ith pride and g ra titude.

Now, if w hat the Am bassador said is true in a broad sense, 
how much more true  is it in its application to our own country , 
for of all people wo B ritons are the most dependent on our sea 
services.

I  have been listen ing  w ith much enjoym ent to the speeches 
which have been delivered on the toasts of the three fighting 
services, and I  have decided to take ra th e r an unusual line, and 
w ith g reat respect, I  am going to throw  out a suggestion. T hat 
suggestion is, th a t it would be appropriate th a t the M ercantile 
M arine Service should be included (where it is not already a 
separate toast) as a m atte r of common practice in this country, 
w ith the toast of the Crown Forces.

There will, no doubt, be those who would not see eye to eye 
w ith  me in this m atter, as they m ight not unreasonably say 
th a t the M ercantile M arine is not one of the Crown Forces, and 
it is a commercial service. However, I  will give yoii my 
reasons, and as it is, I  th ink , a very in teresting  and im portant 
m atter, others will, I  hope, deal w ith  it, as opportunity  offers 
or perhaps th rough  the Press.

W e have a fine old custom in this country, on every im 
portan t public occasion of this kind of toasting  the forces of 
the Crown. I  th ink  it is a good custom  because it is an expres
sion of the national confidence in those forces, and it is an 
expression of loyalty to the Crown and it carries w ith it the 
d ign ity  th a t should accompany any reference to the Crown. 
Of course, on such an occasion as this the M ercantile M arine 
has a place of honour by itself, because this is a M ercantile 
M arine dinner, bu t on most occasions I  feel th a t it  would be 
fitting th a t, bracketed w ith the toast to the Navy, both  in pro
posal and in response should be the M ercantile M arine, and, of 
course, tha t need not involve two separate sets of speeches, as 
the toast could be dealt w ith by any officer responding for the 
forces.

I t  is true  th a t the M ercantile M arine is a commercial service, 
b u t it is much more, and th a t has been dem onstrated in a most 
rem arkable m anner during the past ten years, when the Mer
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cantile M arine has proved itself to be an essential p art of our 
first line of defence. W hen we toast H .M . forces we have in 
mind, more particu larly  the men in those forces, and I  claim 
the  rig h t of the B ritish  M ercantile M arine to share in this 
toast on account of its personnel and because it has so m uch 
in common w ith the Crown service.

The war contribution of the M erchant Navy is now history , 
b u t it is in teresting  to rem ind ourselves of the scope of th a t 
contribution. Rem em ber the streng th  of the R .N .R ., a fight
ing m ercantile m arine. Rem em ber the wonderful fighting 
record of the m erchant ships, and all those essential w ar duties 
of convoy, mine-sweeping, coast patro l, and so forth . Con
curren tly  w ith  all th a t actual m ilitary  duty  you were runn ing  
your ships th rough  the w ar zone and m ain tain ing  the very 
arteries of the Allied nations, and as a m easure of this w ar 
contribution of the M ercantile M arine you lost between 15,000 
and 16,000 men killed, and nearly  4,000 ships, w ith  all th a t 
th a t m eant in s tra in  and suffering and patrio tic  service.

That is a rem arkable contribution for a service which is not 
included in our toast-list. I t  would hard ly  be relevant to say 
th a t we have common ground w ith  the Crown Forces, inasm uch 
as we have our own special D epartm ent of S ta te—the M arine 
D epartm ent of the Board of Trade, of which the P residen t of 
the Board of Trade is equivalent to the F irs t Lord, and my old 
friend Mr. Hipwood to the F irs t Sea Lord— a D epartm ent 
quietly  and efficiently w atching over the ship and everybody on 
board of her during  peace, and in which D epartm ent, m ark 
you, on the first sign of national emergency the whole super
vision and m uch of the adm inistration  of our M ercantile M arine 
forces would be concentrated.

Another feature of the national character of the M ercantile 
M arine is this, viz., th a t it is constantly  under the w atchful 
eye of my friend, Sir Acton Blake, and th a t grand old in s titu 
tion (semi-Grovernment and wholly regal in character), T rin ity  
House, which is embedded deep in our g reat B ritish  sea tra 
dition. N either the Navy, nor the Arm y, nor the civilian 
people of our country  can move hand or foot, in peace or in 
war, w ithout the B ritish  M ercantile M arine. T hat cannot be 
said w ith tru th  of any other service or of any other un it th a t 
I  can th ink  of in the world.

The first to acknowledge the service of the M ercantile M arine 
in w ar is the B ritish  naval officer, who is the best judge, and
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although he may not agree w ith me in the suggestion I  make,
I  know th a t as a seaman he will understand the spirit in which 
it is made. You may say to me th a t I  am m aking too much 
of it, th a t I  am carried away by sentim ent, th a t in any case it 
is unim portant. Life would be a poor th ing  w ithout senti
m ent, and as to its unim portance— to one who has been born 
and bred in its atm osphere, and who has a deep love in his heart 
for the men of the M ercantile M arine, no thing is un im portant 
th a t will do them honour.

Sir F rederick Lewis, B art., said, in reply, th a t during the 
last few years it had frequently  been his pleasure to respond 
to the toast. I t  was one th a t had been proposed by divers 
individuals—by Cabinet M inisters, Judges, B arristers, Com
mercial m agnates and so on, bu t somehow or other their good 
wishes never seemed to m aterialise. W e heard a g reat deal 
about “ rosy dawns ” and “ rad ian t m orns,” but those epithets 
m igh t be freaks of nature for any good they  seemed to do. He 
felt inclined to suggest tha t these oratorical Jonahs should be 
replaced by, say, some h igh  d ignitary  of the Church, for 
example, the Archbishop of C anterbury or the Bishop of 
London, in the hope th a t he m ight be more success’ful. Certain 
it was tha t the M ercantile M arine required all the health  th a t 
this or any other audience m ight be able to bestow upon it. 
W e were still suffering from a paucity  of in ternational trade 
and a superfluity of tonnage, principally the la tte r. The ship
ping industry  had a very keen perception of the fact and of 
the realities of the situation, and, so keen was th a t perception, 
and so much did they realise the fact th a t there were too m any 
ships, th a t they were actually  building more, w ith the financial 
assistance of tha t Governm ent of which Sir B urton Chadwick 
was a distinguished member. To an audience of this kind it 
is almost an absurd ity  to quote statistics of building, bu t a 
study of these figures discloses a rem arkable varia tion . For 
instance, in 1913 the w orld’s tonnage under construction was

million tons, in 1919 it was 7'14 million tons, and in 1925 
it will drop to under 2-1 million tons. In  the U nited K ingdom  
alone, in 1920, the tonnage contracted reached over 3§ million 
tons, and in 1925 it will be ju st over the m illion. These figures 
clearly emphasise the depression in the shipping industry , and, 
unfortunate ly , there is little  shipowning as an industry  can do 
to create a b e tte r situation. W e are entirely  dependent upon 
the success of o ther industries, and, in the absence of th a t suc
cess, we can only suffer in silence. A t any ra te , we do claim 
to bring  in the necessities of life and commerce at mere frac
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tions of the c.i.f'. prices, and it m ay be safely said tha t if we 
carried the goods for no thing it would bave very little  effect 
on tbe re ta il prices in  th is country. W e go on doing tbe best 
■\ve can, and if we do sometimes m anage to m ake a little  profit 
we are almost ashamed to disclose it. I f  we make any money 
we are called pro fiteers; if we do not m ake any money we are 
called incom petent. T hat, unfortunate ly , is the tendency of 
the present age. I f  a man goes to church he is a h y p o crite ; 
if he does not go to church he is an atheist. Exponents of th a t 
same kind of though t would probably say th a t if a shipowner 
presided at a banquet of m arine engineers he is a blackleg.

Am idst all our discontent, we have one supreme cause for 
gratification, and th a t is th a t we have to deal w ith  a Union 
which takes a broad-m inded view of the situation . I  venture 
to suggest th a t if every o ther U nion were led by m en of the 
type of Mr. Havelock W ilson the cost of living -would 
be much lower, and there would be m uch less unem ploy
m ent. The effect of the recent trouble w ith  some of 
the men abroad, a trouble in stiga ted  by m align and 
hostile in terests outside the men them selves, has simply 
been to impose heavy losses on the shipping industry  and to 
divert the cargoes to foreign ships, whose sailors receive about 
one-half of the rem uneration paid to B ritish  sailors and fire
men. There is the absurd side of the situation  th a t ships 
should be held up, tha t cargoes should be detained and allowed 
to deteriorate, resu lting  in ships u ltim ately  carrying the cargo 
which pay m uch lower wages than  those in force on B ritish  
ships. Surely, it is to the in terest of Dominion S tates to assist 
in the enforcem ent of contracts. Depend upon it, if security  
of contract is w ithheld, and if in tim idation is perm itted , the 
revival of trade, for which we all long, w ill be eternally  post
poned. On the other hand, shipowners have an obligation, 
and I  hope we will never fo rget the heroism  of our sailors and 
firemen in the war, and th a t we will not hesita te  to increase 
the rem uneration of loyal seamen when circum stances ju stify  
it. I  wish all industries could get rid  of their m utual sus
picion. T hat, I  am more than  ever convinced, is the root 6f 
the trouble. W hat B urns said over 100 years ago is true to 
day : “ M an’s inhum anity  to m an m akes countless thousands 
m ourn .”  A t th is mom ent we are rejoicing in the Locarno 
Security  P ac t, which we hope will influence an im provem ent 
in the industrial situation. W ith  the excellent example by the 
Governm ents of the world, why should there not be. as well 
as an In ternational League of N ations, a N ational League of
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In d u stries?  W ith  all round goodwill, such a th ing  could have 
trem endous possibilities in the commercial situation. Indus
tria l conferences have already taken place, notably in the ship
building trade.

At last year’s banquet, in proposing the health  of the then 
president, Sir W estco tt Abell, half jocularly  and half seriously 
said he wished the engineers would stop m aking new inven
tions, because no sooner did shipowners order a new vessel 
than  in a few m onths’ time she was out of date. B ut there 
was one direction in which their energies and abilities m ight 
well be concentrated, and th a t was in developing the m otor 
engine, so th a t the cost of production would be no higher than  
the reciprocating engine. W hen th a t time arrived, coupled 
w ith economies of production in other ways, he ventured to 
predict th a t the shipyards and engine works would soon be 
filled w ith  orders. W hen they had done th a t, m ight he express 
the hope th a t they would play R ip Van W inkle and go to sleep 
for 100 years ?

P . G. Mackinnon, E sq., Chairm an of L loyd’s, who also 
replied, said th a t Sir B urton Chadwick had, w ith good reason, 
expatiated upon the m erits of the m ercantile m arine, and all 
would agree th a t every word he had said in praise of tha t 
wonderful service was more than  justified. Sir B urton had an 
inside knowledge of the m ercantile m arine, and was be tte r 
qualified than  most people to speak of the immense service tha t 
it rendered to all. A sailor himself, he held an ex tra m aster’s 
certificate and had served in sailing ships, tram ps and liners. 
Now he was engaged in  helping to navigate a craft m ightier 
even than the b iggest liner— the Ship of S tate. She was not 
having a very easy passage. The sea was rough, coal was 
giving trouble—not oil, Lord Inverfo rth  would please note— 
there was much ominous redness in the sky, and there was a 
good deal of nervousness am ong the passengers. B ut they 
were comforted w ith  the though t th a t the ship was a w ell-built 
ship. She was classed “ 100 A l .”  She had passed through 
m any bad storms before, and there were o ther m uch less well- 
equipped ships which were b a ttlin g  w ith  sim ilar w eather.

Ju s t as we were confident of the fu ture of the Ship of S tate, 
so were we confident of the fu tu re of the m ercantile m arine. 
There was no surer indication of the prosperity, or otherw ise, 
of the trade of the country than  the condition of its shipping. 
Any im provem ent in trade was very quickly reflected in b etter 
freights, which in their tu rn  m ust react on the coal and steel
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industries of the country. Sir B urton Chadwick, in a speech 
a t the M ansion House the other n igh t, spoke of the reasons he 
had for tak ing  a more hopeful view of our trade . He said tha t 
the trade barom eter was, in his opinion, rising . Eew men 
were be tte r qualified than  he to express an opinion upon the 
subject, and he therefore felt full of hope in his having felt 
justified in m aking such a statem ent. Lord K ylsant had re
ferred to Lord In v e rfo rth ’s most in teresting  address to the 
In s titu te , in which he told his audience how happy had been 
his experience of oil engines, and how hopeful he was of their 
success. These rem arks of his suggest to me th a t it is to you 
engineers, to a large extent, th a t we m ust look for the fu ture 
prosperity  of our m ercantile m arine, and I  feel confident th a t 
your inventiveness and skill will provide means of m aking it so 
efficient th a t its fu ture prosperity  is assured.

The Toast o f The C hairm an .— The R ig h t Hon. F red G. 
Kellaway : I t  was my privilege to be associated w ith Lord 
Inverfo rth  when he was M inister of M unitions, so th a t I  was 
in a position to form an estim ate of his work. I  doubt if the 
country  yet realises how much it owes to Lord Inverfo rth  for 
the g rea t business knowledge, qualities of character, vision 
and im agination which he showed during the war. I t  is not 
too m uch to say th a t he was responsible for transactions which 
saved th is country at least six hundred millions of money. 
Those transactions were carried through  w ith  a sole eye to the 
public in terest, and of all the men who served the S tate as busi
ness men, there was no more loyal or conspicuously successful 
example than  th a t of Lord Inverforth .

Lord I nverforth, in responding, said th a t the In s titu te  was 
helping young men to get a firm footing on the ladder of suc
cess. The Council and its able secretary were doing every
th in g  they could to help forw ard the object in view, and if ship
owners and other people connected w ith  sim ilar trades would 
v isit the M inories occasionally, they would find out w hat was 
being done in a work by which the Em pire would benefit in the 
fu ture. H e desired to thank  the D inner Committee and Mr. 
R obertson for all the trouble and the work they had under
taken.



Contributed by J. L. R U T H E R F O R D , Senr. (Member).

Some P ractical E xperiences of an Engineer.—There are 
m any vessels in  the m ercantile m arine which have no lathes, 
and Very little  m aterial in  hand for dealing w ith break-downs 
and m aking good possible defects.

Things happen, and the engineer in  charge is often a t his 
wits end to overhaul and repair the details to make them  at 
least sufficiently reliable to enable him  to get his vessel to the 
port of destination. Even when reaching th a t port, i t  is some
times impossible to have defects made good w ithout serious de
tention of the vessel, or from an economical point of view, 
as the chief engineer m ust always bear in mind th a t his partic
ular ship is not run  simply for the benefit of his health , bu t as 
a commercial proposition, and a paying  concern for the owners.

One likes to believe th a t an engineer, whether senior or jun ior, 
is an engineer, and not one who goes to sea because i t ’s a fine 
opportunity  to see the world and its sights free of charge.

The w riter has had experience in  different classes of vessels, 
and for the past 15 years has been in tank steamers. Tank 
steamers are vessels where one has not tim e to hesitate and con
sider the m any view points which m ay arise, and give justice 
to the work com m itted to his care, as his time is fu lly  occupied 
keeping th ings going till  the next general overhaul comes 
round.

F or the benefit of all, a few personal experiences are detailed 
in the hope th a t they m ay be of service to some. E ach experi
ence has proved of value and the w riter has never had the mis
fortune to have his vessel towed into port because of defective or 
disabled m achinery. The g reatest experience of all was a broken 
“ T hrust shaft ”  and “  T hrust block.”  The shaft was tem 
porarily  repaired a t sea and the vessel brought into port w ithout 
assistance from any outside sources.

P um p Seats .— One of the most common defects to be m et 
w ith is due to loose seats in  pumps, and th is may be very serious 
in its results. A horizontal “  W orth ington  ”  feed pum p, draw
ing from the hotwell and delivering direct to the boilers (the 
boiler pressure being 180 lbs.) had a cast iron w ater end, w ith 
brass seats screwed in. The screwed part of the seats being 
sligh tly  tapered it  required very little  to cause them  to come 
out of their places. By the tim e the defect was discovered the 
cast iron threads were so damaged as to be of no fu rth e r use as
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holding agents. To replace the seats of the suction valves in 
the usual way was the first operation, then in place of the valve 
stem s or stoppers, extended studs were screwed th rough the 
seats of the delivery valve plate, till they  were firmly set in the 
lower seats. The delivery valves wrere easier dealt w ith  
because a strong back of suitable size can usually be fitted w ith 
very little  trouble.

P um p Barrel L iners.—A “ General service and fire” pum p of 
the horizontal “ W o rth in g to n ”  type had one of the barrel liners 
worn through on the bottom side, causing the bucket packing 
rin g  to foul and stop the pum p. Being the only pum p in the 
ship for its purpose, i t  was essentially necessary to get i t  into 
working order again as quickly as possible. A tem porary liner 
was made out of | i n .  sheet brass bent and ham m ered to shape 
over a m andril, then  cut to the full leng th  of the barrel so th a t 
when the end cover was on, no movement of the liner could 
take place. The liner was made a lig h t driv ing fit, w ith  the 
jo in t on the upper side, and pieces cut out to correspond w ith 
the w ater ports of the chamber. I t  took ju st over four hours 
to effect this repair, and it  worked exceedingly well for over a 
period of some months.

D irect-A cting P lunger Feed P um ps.— Two of these pumps 
were arranged a t the same end of the “ Pum p crosshead,” 
driven by levers from the m ain engines. The screw ends of 
the plungers th a t passed through  the crosshead were continu
ally  breaking, particu larly  a fte r any heavy racing of the en
gines. l^ in . dies were the largest on board, and the screwed 
ends of the plungers were l f in .  However, a l f in .  bolt was 
found in the engine room stores. The head was cut off and a 
hole was drilled a trifle sm aller in  the p lunger end. Then the 
p lunger end heated over the forge fire to red heat. An a ir 
grove filed in  the stud end for obvious reasons, and when ready, 
the  stud end was driven into the red-hot plunger end, and then 
allowed to cool down. As a precautionary  measure a set pin 
was fitted through the p lunger end into the stud. W hen the 
vessel arrived home some three weeks later, so firm was the stud 
in the p lunger end th a t a new p lunger was made and the re
paired one kept as spare.

M ain Steam  Pipes Fracturing at N eck.— A defect of th is 
nature which occurred in my experience, was ra th e r serious in 
the case of a vessel fitted w ith three boilers and two pipes out of 
three fractured at the necks of the flanges attached to the boiler 
stop valves. The th ird  one showed signs of weakness afte r an
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A tlantic gale, which had caused some very heavy racing of the 
engines. The pipes were 5 |in .  dia. and 5in. bore. One pipe 
was flawed round both fore and aft sides of the pipe. I t  may 
seem incredible, bu t by the tim e the engines were stopped and 
the boiler steam shut off' it was found th a t the fractu re had 
travelled round to w ith in  f in . of meeting, i.e ., roughly  l | i n .  
out of 1 6 |in . lineal inches. The other pipes fractured for 3 |in .  
of the circum ference. The two pipes were taken off, and the 
flanges of the engine stop valve blanked off, to enable the vessel 
to proceed under one boiler to m aintain  at least good steering 
speed.

There was not m aterial to make distance pieces, and shorten 
the pipes and make Pope’s joints, so some other method had to 
be devised. The only th ing  th a t seemed possible was to fit a 
tube made out of sheet brass, because there was no other m ateria l 
a t hand. The heaviest sheet brass on board was J in .  
thick. One section was cut off, bent and rounded over 
a m andril, then driven into the pipe. Then a second 
one was made, and driven inside the first one. A fter 
bending and tru in g  up these tubes or ferrules as near 
parallel as possible by ham m er (not by filing, because to 
do so would reduce the thickness of the m etal) the jo in ts were 
sawn w ith an ordinary hack saw to ensure a good and true  jo in t 
till  the required diam eter was obtained. AVhen the tubes or 
ferrules were in place, they were riveted in position. The ends 
were beaded over the flanges, which had previously been cham 
fered w ith th is object in  view. Two bolts were then passed 
through holes opposite each other in  the tubes and pipes, which 
was, w ith the addition, some | i n .  thick. A clip strap  w ith 
extended ends was placed round the pipe, and rested on the 
bolts. Long studs were made and brought down from the clip 
to a strong-back under the stop valve, and the whole tightened 
up.

So successful was the job, th a t the vessel was carried back 
to the home port, where the pipes were perm anently repaired. 
The w riter had 11 such breaks in a period of five years in the 
same vessel, then a new design of pipes was fitted, and not 
before time.

Loss o f Power in  M .P . E n g in e .—A new design of slide valve 
had been fitted to the M .P . engine, and new Ram sbottom  rings 
fitted to M .P . piston. Ind ica to r diagram s showed a great loss 
of power in th is  engine, and it was somewhat difficult to trace 
the cause. F inally , the cause was traced to the piston rings.
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G auging  tlie.se rings, showed th a t they were on the fu ll side of 
the true  m easurem ent. Being a built-up piston, paper thick 
brass was placed under the carriers of the rings, and the next 
set of diagram s showed the engine doing its usual work. On 
arriv a l home these rings were dealt w ith.

Circumferential Cracks in  Furnaces.— Such cracks in m odern 
furnaces are not quite uncommon, and when dealt w ith  a t sea 
by the engineer, i t  is always advisable when chain  studding 
these cracks, to see th a t the studs do not interlock each other. 
I t  is be tte r to ju s t sligh tly  countersink top and bottom  sides 
of the holes. Leave the studs fu ll leng th  to rivet over. A 
space of about 3 /16ths inch being left between each stud. This 
space can easily be caulked up w ith a punch of suitable size. 
Should any p articu lar stud or studs give any trouble they can 
easily be removed w ithout d isturb ing  those adjoining, and if 
necessary, la rger studs may be fitted.

H ole between Suction and Delivery Sides o f M a m  Circulating 
P u m p .—For quite some time the w rite r was puzzled about the 
auxiliary  c ircu lating  arrangem ent of the m ain condenser, 
when preparing for sea; entering or leaving ports. The m ain 
circu lating  pump was of the usual design as fitted to engines 
th a t drive main air, circulating, feed and bilge pumps from  
levers connected to one engine to suit the designer’s point of 
view.

W hen the m achinery was placed in the ship it  was in such a 
position th a t it took a m an capable of contorting  him self to 
any shape to really  see all parts as they should be seen from 
tim e to time when overhauling. The auxiliary  circu lating  
pump delivered through  the condenser on the delivery side of 
the m ain circu lating  pump. The trouble was, th a t w ith the 
main injection valve open, w ater would not pass th rough  the 
condenser tubes. R epeated exam inations were made, and 
always with the same report “ E very th ing  O .K .”

However, there came an occasion when through  corrosion of 
the cast-iron about the bottom  suction valve seating, the valve 
seating had to be removed so th a t a false seating m ight be 
fitted, and then the original seat replaced over th a t. As one 
so often notes th ings w ithout any apparent reason, I happened 
to grope w ith my fingers under the casting, and much to my 
surprise found a hole almost large enough for my hand to pass 
through. T ransferring  my discovery to a sectional elevation 
sketch of the pump, I  found this hole was really through  the 
division wall between the suction and delivery side of the pump.
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At first thought, one would natu ra lly  say th a t the pump would 
have shown this by a jerky  delivery overboard. There was a 
slight difference between the top and bottom  discharges, as 
though the pump was g e ttin g  more air on one side than  the 
other, b u t no more than  th a t. I  a ttrib u ted  such a constant flow 
of discharge entirely  to a large air vessel which was attached 
to the pump. One had in this case to w ork by touch and not 
by sight.

A knee-like plate was made and held in place w ith  a th ro u g h - 
bolt in the cast iron part of the suction valve seating base, and 
then P ortland  cement was poured into the recess. This made a 
good sound and solid job, and as far as the w riter knows it is 
still the same as when last seen by him. I t  answered the p u r
pose, and saved a new set of pumps.

B a d  Vacuum and Feed P um p Troubles.— The w riter had 
another rem arkable experience w hilst trad ing  in the E astern  
M editerranean Sea, when the engines were running  011 from 
5 in. to 7 in. of vacuum, a t times it was even as low as 3in. You 
can be assured th a t it was not at all com fortable in the engine- 
room at such tim es. W hat w ith the norm al tem perature of 
100° F. plus the heavy vapour issuing from the H otw ell over
flow and, as such resu ltan ts will get to unwelcome places, it  
will be realised the engine-room was far from com fortable.
The vacuum, however, was a mere detail. The g reatest w orry 
arose from the feed pumps and feed pipes. The feed pumps 
were direct acting to the boilers, and w ith the feed w ater tem 
perature round about 200°F., the pumps often became choked 
w ith vapour, as there was not sufficient head of w ater to keep 
the pumps charged. The consequences were th a t there was 
much overflowing and loss of feed w ater. Then when the feed 
pumps did get the w ater again, the feed pipes vibrated so 
heavily th a t several times in the course of a few weeks they v
gave out at the neck of the flanges. One remedy was to file 
out the bore of the flange a little  larger than  the p ip e ; cham fer 
the jo in t side of the flange, and lead over the pipe, thus m aking 
a “ Pope’s jo in t.”  I t  was found advantageous to run  soft 
solder between the pipe and flange, as in brazing. By using 
these expedients the engines have run  for 6 to 7 weeks with 
four flanges repaired in this m anner.

W hen the pipes became too short to allow for jo in ting  up 
w ithout undue strain ing , a distance piece was made out of a 
piece of old pipe of sim ilar size and some flanges found amid 
the old scrap th a t so often accum ulates on board ship. An
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advantage too, was obtained by raising  up the overflow pipe 
to increase the head of w ater in the hotwell and also partly  
closing the master suction valves to the pumps, and opening the 
vapour cocks from the pump barrels to the condenser.

W hen the hum idity  of the engine-room, due to the vapour 
from the hotwell overflow got too much, and the w eather per
m itted , the air pump overboard discharge valve was opened to 
allow all the vapour to go overboard. Care had to be taken  in 
doing this because if the vessel were ro lling , or the seas splash
ing  up the vessel’s sides, salt w ater would flow back to the hot- 
well and find its way into the boilers.

The loss of vacuum  was due to two reasons. F irs t, to a 
leaky jo in t between the two halves of the condenser; and 
secondly and the principal cause, foul condenser tubes (in tern 
ally). The tubes were so choked up th a t m any of them  had 
barely \  in. passage through. The grow th in the tubes was of 
a coral nature and very hard. So hard  th a t it required a drill 
to  remove it, bu t as the tubes were 16 ft. long it  was a hopeless 
task  for the ship’s staff to even attem pt it. The w rite r learned, 
too late  to be of any use to him , th a t an acid, known as “  U rity  
A cid ,"  was largely  used in  the E astern  M editerranean and Red 
Sea trades to remove this, coral and calcie deposit. I t  is re 
puted, afte r m any years of tests in vessels in these trades, to 
clean the tubes equal to new, at the same tim e being perfectly 
harm less to the tubes or the m etal of the condenser.

Tubes, however, which have become th in  th rough p ittin g  
and corrosion would of course be doubtful, and some little  
trouble, such as leaky or split tubes m ight be looked for after 
the scale had been dissolved, because the circu lating  w ater 
would be in d irect contact w ith  the tubes, and its full pressure 
felt, as the protection afforded by  the scale was removed.

The g reatest and most in teresting  experience of all was a 
“  Broken T hrust Shaft and Broken T hrust Block ” which took 
the w riter and his staff eight days to repair at sea. This was 
inserted in the “ M onthly Transactions ”  of some 10 years ago. 
(See page 367, Vol. 1914/1915.)



Notes.

Tlie following le tter, which sets the case clearly for all, was 
prin ted  in “ The T im es,”  November 3 rd :—

Efficiency in Industry.—H igher Production at Lower 
Costs.—A M utual In terest.

S ir,— The present position of m any of our industries is so 
serious, and unem ploym ent is so widespread, th a t any method 
under our control which could improve the situation should 
be carefully examined. The im poverishm ent of m any of the 
nations who were our best custom ers, and the increased com
petition  from countries w ith a depreciated currency, are 
entirely  beyond our control. A part from these two serious 
factors, the chief cause of our unem ploym ent is the high cost of 
the goods we produce and the services we render.

The employers, faced w ith  fierce com petition from countries 
w ith low wage rates, see their profits disappearing or impend
ing ruin. They desire a radical change, and some employers 
wish to reduce wages. The workers, on the other hand, are 
natu ra lly  opposed to any reduction of wages, as they wish to 
m aintain, and if possible to increase, their standard  of living. 
A pparently these views are irreconcilable, but is not the solu
tion to be found in g reater efficiency and higher production?

In  the F a r E ast wages and the standard of living, as well as 
efficiency, are low. In  the F ar W est, America has shown how 
high wages and great efficiency can produce commodities at 
prices low enough to compete w ith countries paying much 
lower wages. Europe stands midway between these two >
extrem es, and in E ngland the wages are h igher in most trades 
than  in any European country. The problem before all our 
industries is how to increase rapidly our efficiency and to lower 
costs, so as to extend our trade and lesson unem ploym ent. The 
problem is one th a t can only be solved by the hearty  co-opera- 
tion of employers and employed. I f  all the workers and the 
g reat trade unions could only realize th a t they would gain by 
increased efficiency, a new movement in industry  would be 
developed which would have g reat and far-reaching effects.

No one would be so foolish as to affirm th a t every factory is 
efficient and well organised, or th a t every w orker is doing his 
best. Low costs due to h igh  efficiency can only be obtained 
if both sides co-operate. I t  is the responsibility of the em
ployers to see th a t the most modern m ethods and the best 
labour-saving m achinery are used, and th a t efficiency in the 
widest m eaning is continually  sought for in m aking, m arket-
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ing , and transporting  the commodities produced. The w orkers 
m ust endeavour to save waste of tim e and m aterial, to obtain 
h igh  outputs, and remove restric tions and rules which raise 
costs unnecessarily and often defeat the very objects for which 
(hey were introduced. If  anyone visits a score of organisa
tions in any industry , the range from high  to low efficiency 
would show how much can be done to reduce costs by greater 
efficiency.

The workers th in k  only of their wages in term s of money, 
when w hat they really desire is greater purchasing power for the 
money they receive. H igher efficiency would lower the cost of 
the goods they purchase, and they would thus atta in  their 
desire for a be tte r standard  of living. The employers would 
benefit by securing more trade and be tte r profits. The com
m unity  would gain  by lessened unem ploym ent and a general 
revival of trade. All would benefit and none would lose if 
employers and employees would realise th a t the to tal cost of 
production is of supreme im portance to all concerned, and that 
wage rates are of less im portance than  the to ta l cost.

I t  is not only in the exporting and unsheltered trade th a t a 
strenuous cam paign for lower costs should be waged. The 
cost of the product of m ost industries affects the price of others. 
Coal and transport, build ing and engineering, clothing, p rin t
ing, and m any other commodities and services affect the final 
cost of all trades or the standard of living of the workers. 
W hen the workers realise th a t h igh  costs are as harm ful to 
them  as to the cap italist, and m ust cause unem ploym ent and 
tend to lower wages, their a ttitu d e  and outlook will be changed.

This solution of some of our present difficulties is under our 
control. Em ployers and workers individually, or collectively 
as associations, jo in t industrial councils, or trade unions, 
should co-operate w holeheartedly to find the best and quickest 
means of low ering costs, so as to extend our trade. Co-opera- 
tion of this kind is not a foolish chim era, but a sane and reason
able ideal. I t  rests w ith the employers and the workers to 
decide w hether the trend of our industries is to be W estw ards 
towards a h igher standard of living, g reater efficiency, and 
lower costs, or Eastw ards towards less efficiency and a lower 
standard  of living.

Yours tru ly ,
W . HO W A RD  HAZELL, 

P resident of the Federation of M aster 
P rin ters  of G reat B rita in  and Ireland.



NOTES.

From  “ The T im es”  of November 3 rd :—
Training of Engineers.— For the first time in the history 

of technical education in D erby local firms contributed g ifts of 
p lant and appliances for the equipm ent of the new workshops 
and engineering laboratory, which were opened by Sir Charles 
Parsons on F riday .

S ir Charles said th a t in the tra in ing  and qualifications con
sidered necessary to enable a young engineer to follow a suc
cessful career a great change had taken  place during the last 
half-century. Nowadays, w ith the advent of m otors, every
body knew som ething of mechanical principles, whereas our 
grandfathers approached no nearer to engineering than the 
b lacksm ith’s shop. Engineers of to-day had a fa r w ider range 
and greater depth of though t a t their disposal, w ith  superior 
text-books and stores of knowledge. The assim ilation of this 
knowledge m ust be accompanied by technical practice on 
system atic lines under definite guidance.

D r. Bemrose, chairm an of the Education Committee, stated 
tha t Derby was to be linked up w ith the new M idlands 
U niversity .

Boiler Explosion Acts, 1882-1890, No. 2T12A.—W hile the 
SS. K ing  Cadwnllon was at M ontreal w ith steam  on the centre 
and starboard boilers, and the port boiler empty, being cleaned, 
preparations were put in hand to shift ship on Septem ber 24th, 
1924. At 7.30 a.in. the 3rd engineer was ordered to open the 
centre and starboard boiler stop valves, these valves he had 
shut on the ship’s arrival. The ship was about 5ft. by the 
stern. The steam pressure was about 140 lbs. in the boilers, 
the maximum allowed being 180 lbs. The 3rd engineer opened 
the two stop valves, just off the faces, and closed the drains 
to about |  tu rn  open. He opened one of the valves very slowly 
one tu rn , then the other very slowly about five turns, and 
afterw ards opened the form er full. The drains were still 
open. The 3rd engineer left the boiler tops for the engine- 
room to get a wheel spanner. On re tu rn in g , he oiled the s ta r
board whistle valve spindle. As he was about to open the 
valve, the port stop valve chest exploded. The 3rd engineer 
and the firemen escaped, except one who was unfortunately  
overcome by the steam  and unable to get free to the deck. 
W hile the 3rd engineer was engaged opening the boiler stop 
valves gently , the 2nd engineer eased the engine stop valve 
and tlie impulse valve to drain  the condensate from the pipes.
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W hen the explosion occurred there was evidence th a t the pres
sure was rising  at the engine-room end, bu t it was not clear 
to w hat extent of the boiler pressure, yet it was m anifest tha t 
the boiler valves were full open before the engine-room valve 
was much more th an .eased . There was a drain  valve and 
pipe 7/16 in. inside diam. on each stop valve, these were open; 
the vessel being 5 ft. deeper aft, however, the w ater in the 
pipes would flow down and accum ulate in the pipes. W hen the 
steam  was opened under these conditions, turbulence wTould 
be brough t into the w ater in the pipes and w ater ham m er 
result. Mr. J . H . M organ, Board of Trade Surveyor, South 
Shields, when exam ining the details s ta ted : “ The port steam 
pipe which was the longest of all, had a partia lly  open drain 
at the stop valve end, and the stop valve was shut. I t  is prob
able the w ater was d istribu ted  in all three .pipes, bu t in no case 
would it be sufficient to fill the bore, and the steam would pass 
over the surface. The action of partia lly  opening the engine 
stop valve would d isturb  the position of the w ater by tending 
to draw it towards th a t valve, and conditions favourable to 
w ater ham m er action were thus set up. The natu re  of the 
fractu re supports this view. The casting, except for a few 
m inute blow holes, was sound and of fairly  uniform  thickness. 
I t  was fractured  into several pieces, the principal dam age 
being sustained im m ediately opposite the opening to the main 
steam  pipe and in way of sam e.”

The report made by Mr. M organ was com m ented upon by 
Mr. Thos. Carlton as follows: “ In  the absence of a drain cock 
on or a ft of the junction  piece at the afte r ends of the pipes, the 
provisions made for drain ing the steam  pipes were inadequate, 
especially when the vessel was down by the stern . As a con
sequence, a lthough the drain cocks on the stop valves were 
opened until steam  passed, a considerable quan tity  of w ater 
rem ained in the pipes owing to the trim  of the vessel. The 
presence of cool w ater in any pipes under steam  pressure is 
always a potential danger, bu t in the present case there was 
the additional risk , due to a branch of the main steam  pipe line 
being connected with a boiler not under steam . I t  has been 
shown frequently  in these reports th a t under these conditions 
branch pipes are very liable to w ater ham m er, and g reat care 
should be exercised to keep such pipes clear of w ater when 
under steam.

Explosions of th is kind are of a particu larly  dangerous 
character, and unfortunate ly  in this case a fireman was k illed .”
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Titanic Engineering Staff Memorial—B enevolent F und. 
— £5 has been received w ith thanks from G. W . A tkins 
(Member No. 785).

B o o k s  A d d e d  to the Library.

F oundry W ork. B ennett’s College, L td ., Sheffield. Vol. 
I I I .— The la test volume in this well-known series is w orthy of 
its place, and a treatise dealing w ith this subject will fill a gap 
in the bookshelves of students and engineers. W e have noted 
tha t workers in wood usually take some pride in acquiring at 
an early stage a wide knowledge of tim bers, their origin, 
nature and sphere of usefulness, bu t in general, young en
gineers, and some who are no longer young, have but a sm at
tering of knowledge on the subject of m etals. This book will 
provide ample inform ation on one phase of the subject, for 
the chapters dealing w ith the foundry processes are splendidly 
complete. W e could have wished th a t a t least one chapter 
had been included dealing w ith ores and their reduction, in
stead of s ta rtin g  w ith the pig, but a book on Foundry W ork 
is' quite legitim ately begun at th a t stage, and the m anner in 
which the chapters are arranged and illustra ted , in conjunction 
with the clear large type, makes the reading of the book a 
pleasure. The w riting  is th a t of an expert, not only on his 
technique, but at teaching it also, for we did not find it neces
sary to re-read a single paragraph, the smooth clear diction 
carries its im port to the mind w ithout a conscious effort on the 
reader’s p a r t;  this is the teacher’s special g ift and it is here 
displayed to adm iration. W e strongly recommend this book 
to all engineers for all the above reasons, and especially as a 
good example of lucid English , which is not always associated 
with the w riting  of technical books.



Elect ion of M embers .

List of those elected at Council M eeting of 2nd November,
1925:—

Members.
H ugh B arr, 12, Kelburne Drive, Paisley , N .B.
Archie Liviston Donald. 19a, U pper Addison Gardens, Ken

sington, W .14 .
A rthur M organ Evans, 81, Needham Road, Edge Lane, L iver

pool.
John  Dennis H arris, E ng .-L ieu t., R .N .R ., re td ., 73a Oakmead 

Road, Balham , S.W .12.
Eric Silva Jones, 63, N orbury Avenue, Thornton H eath.
R. H . M artin, 31, Oxford Avenue, South Shields.
W illiam  Allardvce Robb, 71, P reston  S treet, Govanhill, 

Glasgow.
Alexander Shaw, S.S. W arlu, c/o  M ackinnon, M ackenzie & 

Co., Calcutta.
W illiam  H enry Taylor, E ng ineers’ Office, E astern  Telegraph 

Co., E lectra House, M oorgate, E .C .2.
George Edward W indeler, 4, Devonshire Road, D avenport 

P ark , S tockport, Cheshire.
Associate-M embers.

Sidney B ertram  Jackson, H .M .S. Resolution, cjo  G .P .O ., 
London.

W illiam  W ilson, A lexandra Place, Oban.
Associate.

Cyril W alte r Clark Turner, H .M .H .S . M aine, c/o  G .P .O ., 
London.

Student-G raduate.
A rthur B. Brown, 1, Baltic P lace, Aberdeen.

Graduates.
Thomas Edm und Pyne, 46, S tapleton H all Road, S troud Green, 

N.4.
Stanley R ichard Rose, 23, V an sitta rt S treet, New Cross, 

S .E .14.
Transferred from  Associate-M emher to Member.

A rthur Turner, 28, Shrew sbury Terrace, South Shields.
R. T. Yeates, 204, Devonshire Road, Forest H ill, S .E .23.

Transferred from Associate to Member.
W . H ulbert, 21, Gladstone Avenue, East H am , E.6.
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The death of H ugh  Rennie, M ember of Council, occurred on 
November 19th, a t Southgate, and deep sym pathy has been 
expressed to his daughter and sister, who were present with 
m any old friends a t the funeral. He was born at Coatbridge in 
18G1, and was at school a t Calder. He served his apprentice
ship w ith Messrs. Speedwell, Coatbridge, and Messrs. D enny and 
Co., D um barton. He m ade his first voyage a t sea to America 
in the Anchor L ine, and afterw ards joined the B ritish  In d ia  
S.N . Co. about 1883. He was second engineer of the Malda, 
and then served on the In d ian  coast as chief engineer of the 
Palamcotta, P crulia , Purnea, U mta. D uring  the period of 
his service in In d ia , he was granted  leave to take a tem porary 
appointm ent in Rangoon, while the E ngineer of W orks there 
was absent 011 account of illness. W hen his tim e expired in 
Ind ia , he came home, Chief E ngineer of the Jelvntju  in 1901, 
and shortly afte r his arrival in London he was appointed Supt. 
E ngineer of the B ucknall Line, having thus occupied this posi
tion for about 24 years. H e joined the In s titu te  as a m em ber 
in 1903, and was elected a Member of Council in 1919.




