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H am ilton  Gibson, who will now read the paper he has kindly 
contributed  to the Institu te .

I n  the daily round of operations in an engineers’ workshop 
( here is abundant scope for the introduction of improvements. No 
shop is so perfectly equipped and organised th a t it is incapable 
of im provem ent somewhere or somehow, for there is no such 
th ing  as perfection or finality in good engineering practice. 
The best establishm ents are those th a t keep an open m ind and a 
keen perception for any b in t th a t promises something better.

In  this consideration care m ust be taken to distinguish 
between m anufacturing  and engineering. M anufacturing im ­
plies mass-production and repetition work where methods m ust 

«  necessarily become stereotyped, and changes cannot be coun­
tenanced except under very special circumstances. On the 
other hand a general engineering’ works— especially one th a t 
undertakes repairs is in a very different category, and m arine
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engine shops, where allied w ith  Shipyards dealing with old and 
new work, are constantly being brought up against interesting 
problems that tax  the initiative and resources of the staff to the 
utmost.

Let us in the first place do justice to the designers and 
draughtsm en, who are always expected to go one better than 
their last effort; and, to th e ir credit be it said, generally suc­
ceed. From  their practical experience (and all engineer 
draughtsm en m ust go through the m ill of actual work) these 
men know exactly where they can save weight here, or a frame- 
space there, or elim inate a redundant stay or link  somewhere 
else, w ithout im pairing the efficiency of the job. I t  is a poor 
draughtsm an who cannot earn far more than his pay represents, 
by economies such as are here ind icated : but after all, i t  is 
m erely his normal work to go on day by day laying out, and 
piecing together, and then checking suggested improvements. 
Now ju st as the best draughtsm en are those who have had the 
best prelim inary practical tra in ing , so also the best foremen and 
shop-managers are the men who have learned something of the 
importance of design. I t  is not enough th a t they should be 
able to read and in terpret a drawing. They ought to know why 
and wherefore certain forms of construction are shown, and if 
they do not, or if the reason is obscure, or if  it appears th a t a 
sim pler method could be devised, then they should be en­
couraged to discuss the m atter with the draughtsm an, and w hat­
ever is decided should be embodied at once on the drawing. By 
these means, and by full and frank  discussion, mistakes are ob­
viated, and real improvements often effected. D uring  the 
au th o r’s experience as engineering m anager he always insisted 
on the ironfoundry being consulted at the outset of a job, and 
the patterns being made accordingly. I t  seems a small m atte r; 
but when one has to go far afield for castings—to the Clyde, to 
the N orth-East Coast, or the Midlands— it is astonishing t'o find 
the variations in foundry practice th a t obtain : and it is ju st 
as easy to make the patterns one way as another, so long as one 
knows beforehand. This is perhaps a digression, but it serves 
to emphasise the importance of close co-operation between de­
sign and construction.

Im provem ents em anating from the draw ing office m ay there­
fore be treated as all in a day’s work. The economies effected 
are not always im m ediately obvious, and i t  is sometimes diffi­
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cult to assess tlieir true value, unless of course it happens to be 
something really new and novel, which may develop into a real 
invention.

In  the workshop, however, it is different. The m anagem ent 
continually  finds itself np against the necessity of devising some 
new method to speed up production of some essential part to 
keep pace w ith the rest of the work, or some little  m echanical 
contrivance is put into operation th a t proves to be m uch superior 
to existing methods, and the improvement can be expressed at 
once in terms of tim e saved, and money gained.

In  recent years, several firms have developed systems of 
bonuses and rewards for such improvements : but the best scheme 
in the author’s opinion, and one th a t so far appears to work most 
satisfactorily from the employee’s point of view, is to secure the 
invention by a provisional patent taken out in  the jo in t names 
of the firm and the employee. The firm pays the paten t fees, 
and if the “ im provem ent”  (which is the legal term , by the 
way, for all such inventions) has already resulted in a real 
economy, a casli paym ent to the  employee is made on account. 
In  m any cases the improved appliance is of such a nature th a t 
the firm where it originates cannot very well m arket the article : 
and it is then handed over to another firm who specialise in such 
fittings, any Royalties th a t accrue being divided with a generous 
bias in favour of the inventor. The employee is therefore pro­
tected from the anxiety and fear of infringem ent, which is 
always a possibility where a single individual is concerned. 
Moreover he has the advantage of the free expert advice and 
assistance of the firm’s regular patent agent, and has the satis­
faction of knowing th a t if there is anything  at all in his inven­
tion he is sure to make som ething out of it. On the expiry of 
the provisional period the patent is completed at the firm ’s ex­
pense; or it may be dropped if found to be valueless. B ut in 
the la tte r case the employee is free to complete the patent h im ­
self if he so desires. The patent is thus secured for four years 
for longer under the new Act), a sufficient period to establish its 
value, when annual taxes become clue.

A ltogether the scheme is extremely fa ir and> generous, and 
in strong contrast to the old days when an employee who pre­
sumed to invent and paten t anything, even at his own expense, 
was looked upon w ith a certain am ount of disfavour.

In  this connection the author well remembers the experience 
of an in tim ate friend of his, which shows how fa r we have ad­
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vanced in such m atters. As works m anager he was responsible 
tor an Indian  Government contract involving certain stringent 
tests. The rirst batch of m aterial failed to pass the tests; but 
after m any sleepless n ights and several experim ents the m anager 
h it on a method of m anufacture which saved the situation. The 
m aterial, some thousands of pounds worth, trium phantly  passed 
all the tests, and the customers'were well satisfied. At the next 
Board Meeting the W orks Manager was called before the 
Directors. He naturally  expected to be complimented on his 
success, as he had in effect invented a new process which m eant 
m any fu ture  orders. Im agine his surprise when the enormity 
of his shortcomings was pointed out to him , and lie was repri­
manded for not th inking of the process before!

That was '2o years ago. Employers have more sense nowa­
days. They recognise that a man is something more than a 
mere m achine: that he is a th ink ing  being, and th a t if by a 
flash of inspiration or exceptional skill he produces something 
outside and beyond his usual routine he should get some credit 
for it. The inventive instinct is strong in most workmen, 
engineers especially. There is something in hum an nature that 
revolts at unnecessary labour, even if it does at first sight appear 
to provide work for a greater num ber of hands. The story of 
the (apparently) lazy boy who invented the first valve gear, by 
connecting the tappets with string  to the moving beam, has 
been duplicated under sim ilar circumstances over and over again 
in engineering- history. W e don’t suppose that the  lad worried 
much about losing his job as valve tender. He would be sure 
to make good at more congenial work and meanwhile the steam 
engine industry has received a decided fillip that m eant em ­
ployment for many more individuals.

The inventor does not usually take account of such trifles as 
the temporary displacement of labour when a brain-wave over­
takes him. He has created som ething that did not exist before, 
and one m ust confess that invention has a fascination all its own 
that is incomparable. I f  it happens to be something really use­
ful all the better. And no one is more likely to invent useful 
devices than the man who is working among the m ultitudinous 
apparatus of a modern shipyard, where constant improvisation 
of jigs and fixtures and appliances is the order of the day.

Let us now take a few examples that have come to the author’s 
notice. W e will see how the various devices came to be evolved,
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tiie uses to which they have been put, and perhaps the mere 
recital will suggest sim ilar "  gadgets ” that members present 
may have come across in their experience.

1. The cover studs of cylinders, turbine casing's, and large*/  7 O  ’  Ovalve boxes are apt to get damaged during the tim e they are 
knocking about an engine shop waiting for the final assembling 
of a set of m achinery. I t  was tiie practice to go over such 
studs, before completion, with a solid die nu t to restore the 
threads as far as possible. A fitter engaged on this work noticed 
tha t frequently the die nut got across the threads and the stud 
was irretrievably ruined, necessitating its withdrawal and re­
placem ent by a new stud. He therefore made a split-die nut 
(F ig . 1) with threads backed-off the reverse way, dropped it over 
the stud, set it up on to the good threads bv a grub screw and 
then screwed it off the stud with a left hand motion. Result, 
entirely  satisfactory, practically all damaged studs saved, and

f i g  1 r/o. cL.
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mucli time and trouble obviated. The firm of tool makers who 
took over the appliance, are supplying sets, not only to engine 
shops, but to vessels where they have been found extremely use­
ful for such things as boiler stays.
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2. The ordinary -fuel oil strainer containing a perforated 
cartridge and fine wire gauge is diiticult to overhaul and clean. 
Im agine the job of pricking out bits of g rit from a wire sieve 
after they have been driven in at 3,000 lbs. pressure by the fuel 
pum p of an oil engine ! The serrated and grooved plug device 
shown in F ig . 2 was subm itted to the A dm iralty, who imme­
diately gave, it a tria l and subseqiientlv adopted it in  subm arine 
engines. I t  will be seen th a t the serrated plug can be w ith­
draw n, cleaned thoroughly and put back very readily. The 
man who experienced this brain-wave has had no cause to regret 
his inspiration.

-3. D uring a rush of condenser work it was found th a t pro­
gress was being delayed for lack of tube ferrules. The existing

appliances for cutting  the screw-d river slots were hopelessly 
inadequate. The foreman therefore rigged up a m achine (F ig . 
3) which not only saved the situation, though only working half- 
tim e; but has been adopted for other work such as cu tting  the 
slots in the tu rrets of castle-nuts. The m achine was made over 
to a tool-maker who has already supplied several to engine 
builders and others.
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4. A nother little worry in connection with condenser pro­
duction was the tim e taken in cleaning the outer surface for 
inspection. Eleven men, working overtime, could not keep 
pace with requirem ents. The foreman in  charge, who by the 
way had been through the drawing office and was an excellent 
draughtsm an, sketched out a tw in polishing machine (F ig . 4), 
got permission to put it in hand, and as a result two girls sufficed 
to replace the eleven men. The foreman received a substantial 
reward for his resource and ingenuity.

5. The cone-ends of pressure gauge pipes are sweated and 
brazed on to the pipe ends, and in the process become distorted. 
I t is impossible to fair them up satisfactorily by means of a file. 
So an old tool-maker made a portable tru ing  apparatus (Fig. 5) 
something like a small valve re-seater, and by two or three turns 
of the handle the correct shape of the cone is quickly restored. 
I t  does the job first rate, and the man certainly deserved his 
reward.
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6. The m ultiple punching machine for ship work is norm ally 
only suitable for rectangular plates, i t  occurred to one of the 
shipyard staff that the usefulness of the m achine m ight be con­
siderably enhanced if it could be adapted to punch plates whose

sides were curved. By fitting adjustable curved guides to the 
back of the m achine and devising special transverse sliding 
carriages to the grips at the ends of the plate (see E ig . 6) it was 
found th a t practically all the shell p lating  of a vessel could be 
satisfactorily punched, thus saving a tremendous am ount of 
tem plet work, and m aking a mucb better job. The original 
m akers of the m ultiple punch acquired the patent, and are in ­
corporating it in their new machines. And the inventor of the 
improvement lias every reason to congratulate him self th a t his 
firm had the foresight and enterprise to fa ther his improvement.
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7. The nut?; of the holding down holts of subm arine engines, 
after being hardened up, are finally secured by locking plates, 
each covering about half-a-dozen bolts. A pattern-m aker fitted 
a pattern over the hexagons, castings were made in the brass

f i g . 5 .

foundry, and then fitters had to trim  and hie and secure them  
in place. The erector in charge saw a way of elim inating the 
first twro trades. He made an adjustable tem plate (Fig. 7) 
dropped it loosely over the series of nuts to be locked, tightened 
it up and used it to m ark off the varying position of hexagons 
on a thick strip of rolled sheet brass. A hexagon punch fitted 
to a fly-press was used to pierce the holes, and the job progressed 
smoothly and swiftly without enlisting the aid of pattern shop 
and foundry, resulting in a considerable saving in  tim e and 
wages.

8. In  gearing up sluice valves, etc., to the upper deck of a 
warship large numbers of small cast-steel m itre wheels are 
used. The fitting of each pair of m itre wheels in its bracket 
so th a t they would gear smoothly, involved considerable tim e, 
and a large expenditure in files, iwen then each pair had to 
be carefully marked to ensure th a t the same pair of teeth always 
meshed together, otherwise they m ight lock and jam . The 
foreman made a rough rig-up with a dividing head on an emery 
grinder (see F ig . 8) which reduced the time by 90 per cent., and
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moreover made a better job. Of course, as an accurate gear- 
cu tting  machine the apparatus is very im perfect, but it  is quite 
good enough for its purpose and the resu ltan t m itre wheel teeth

F IG .7
are at any rate  of equal thickness and equally pitched. This 
is a  good example of doing just what is necessary and no more, 
for the particular class of work required.

9. I t  is generally adm itted that test cocks on a high pressure 
boiler are of little  or no use, as i t  is difficult to determine whether 
steam or water is issuing. The Board of Trade rules tacitly  
acknowledge this and perm it an extra water gauge in lieu of a 
set of test cocks.
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An engineer draughtsm an engaged on boiler m ountings, and 
who had had some awkward experiences a t sea w ith broken, 
gauge glasses and unreliable test cocks, conceived the idea of 
try ing  a perforated metal tube instead of a gauge glass in  the 
ex tra water gauge m ounting. Norm ally, of course, this gauge 
is shut off, bu t when required to show the water level i t  is 
operated in  the usual way. The effect is clearly shown in the 
photograph (F ig . 9). The steam  jets are alm ost invisible, 
whilst the w ater jets show as unm istakeable white cones causing 
clouds of vapour. The water level is thus located to wdthin an

F I G .  3 .
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inch -or two according to the pitch of the holes, and the gauge 
can then he shut oft' again. Representatives of the Adm iralty, 
Board of Trade and Lloyd’s have seen and approved the fitting, 
and it is being adopted in m ercantile work. The inventor, of 
coiir.se, benefits accordingly.

10. The facing by hand of sea-valve packing rings on the 
ship’s skin is a long and laborious process, involving chipping, 
filing and scraping to a surface plate, often in  a. very inacces­
sible position. The simple grinding apparatus devised by a 
ship fitter, and shown in F ig . 10, makes a superior job in  a 
fraction of the tim e previously taken.

11. U nder-water shell p lating is countersunk on the outside, 
and the rivets should ju st fill the countersinks and no more. 
The shipyard labourer who countersinks the holes operates at



ENCOURAGEMENT OF INVENTION IN 15
WORKSHOP PRACTICE.

the end of a long spring-m ounted lever and cannot conveniently 
see what depth he is cutting. To ensure the countersinks being 
of uniform  depth his foreman made the simple attachm ent 
(shown in F ig . 11). All th a t the man lias to do now is to weigh

on the lever arm  u n til he hears the squeak made by the hardened 
steel ball on the surface of the plate, When he changes over con­
fidently to the n est hole. The perfect condition of the first 
sh ip’s bottom after the introduction of this little  innovation was 
sufficient justification for an award to the inventor, and the 
device is now being- marketed.

12. The injection of liquid red-lead between the laps of 
p lating  is an essential process in ship-building, but the old- 
fashioned injector is a crude piece of apparatus consisting as it
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does of a piece of heavy tubing- with a screwed nozzle a t one end 
and a screwed gland a t the other through which a screwed 
spindle operates the piston or plunger. To re-charge the pump 
the screwed gland is slacked back, the plunger withdrawn and 
the spindle screwed back to its starting  point— altogether a

messy and tedious operation. The improved pum p (shown in 
F ig . 12) was tried with success, and handed over to an outside 
firm in touch with shipyard work, who imm ediately booked 
more orders than they could cope with : to the advantage of the 
resourceful inventor.

There are m any other examples th a t could be cited, b u t the 
dozen th a t have bpen selected will perhaps serve to show the 
unbounded scope th a t exists for such practical improvements 
in a typical m arine engineering establishm ent. Sometimes, of 
course, one has suggestions brought forward th a t are m ani­
festly im practicable or valueless, and in such cases considerable 
tac t and patience has to be exercised so as not to discourage the 
would-be inventor, and above all to dispel any suspicion of 
favouritism . But the practical worker is generally amenable to
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reason, which is more than can be said for certain am ateur in ­
ventors who sometimes m anage to invade one’s sanctum , and 
waste valuable tim e by describing some visionary scheme that 
is going to revolutionise the engineering world. The scheme of 
co-operation, however, th a t is outlined in  this paper has the 
m erit of inducing and inspiring  th a t confidence between em­
ployer and employee which is oue of the first essentials of real

r i c  12.
progress. I t  is a  hopeful sign of the tim es; and th a t the p rin ­
ciple is spreading is evidenced by the num ber of patents th a t are 
constantly being published under the names of prom inent firms 
coupled w ith  the name of “  John  Sm ith ,” or some otherwise 
obscure individual whom you may be sure is an employee of 
the firm.
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The author was somewhat at a loss for a suitable subject when 
he consented to prepare a paper for this meeting', but when, in 
conversation with your distinguished president, he suggested its 
title , Lord W eir at once agreed th a t the subject was full of 
interesting possibilities.

The possibilities have not been exhausted by any means, but 
it is hoped that as far as it bas gone the paper has been of general 
in terest; and, on the principle of “  th a t rem inds m e,”  no doubt 
members present will be able and willing to supplement the 
examples given by apt quotations from the ir own varied 
experiences.

The CiiAiitmax : The paper just read illustrates what has 
been done towards advancement in methods of doing certain  
work, and I  th ink  th a t Mr. Gibson’s paper m ay convey to us 
something which we were previously unaw are of. As lie states, 
the paper will rem ind you of otber improvements and we shall 
be glad to have otber examples, especially from  our sea-going 
members.

Mr. W . M cLakex : I saw the other day at a works a sugges­
tion box. I  don’t  know w hat the u ltim ate result of th is w ill be, 
b u t there is a certain  am ount of suspicion a ttach ing  to a sugges­
tion box on the p a rt of the individual who m ight take advantage 
of it. There is always the question “ W hat do you consider is 
a reasonable value?”  I f  we suggest some ex travagant condi­
tion  it  is a difficult position to be in both for the receiver and 
the giver. The giver believes he has got U topia in his m ind 
and can’t g;et rid  of it and does not believe his next-door neigh- 
hour can see through a brick wall as he does. I  had one ex­
perience once when I  was sent to see an arrangem ent and con­
sider its m erits. I t  was perpetual motion. I  asked the in ­
ventor “ How are you going to get over the shock?”  He could 
not get over the question when it was pointed out th a t it in ­
volved perpetual motion. Coming back to the workshop, there 
is no doubt that in  the older days the crude tools we had to work 
w ith have been the means of development. W e m ay take the 
cycle for exam ple. R epetition work was the order of the day. 
T hat caused im provem ent in the various types of m achinery. 
There is still im provem ent to be made, bu t where is the line to 
be draw n as to w hat is fa ir rem uneration for invention? W hat 
we would like to see is continuity  of em ploym ent if  you have 
done anything' good.
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Mr. 1*’. 0 . B e c k e t t  : W’itli regard to this w ater gauge I  re­
member having a lot of trouble in the Red Sea, and the sug­
gestion I  m ade then to overcome the difficulty was to have three 
short gauges. The risk is very much reduced of the glass break­
ing th an  where you have a long glass, but I  could never get 
anyone to take th a t up. I notice the rem ark th a t some people 
get discouraged and I regret to say th a t as a boy during  the 
Inventions E xhibition  I was very much discouraged in  this
wav. W e had a strike of coal m iners and mv thoughts were of . . . applying  a machine for coal cu tting , and I was downed at once
for m aking the suggestion. T hat of course was workshop prac­
tice; but the idea eventually has gone on. My thought was of a 
sprocket wheel and chain (endless) to cut coal. My idea was 
crippled in the bud. O ther th ings I  have burned the m id­
n ight oil over, but I  could never get anyone to take them  up, 
and since then I  have not troubled myself.

W ith  regard to this locking apparatus for locknuts we have 
had th a t for many years for pistons. W ith  regard to this filter 
you speak of, is it made of brass ?

M r. G i b s o n : X o . i t  i s  a l l  s t e e l .
Mr. M c L a k e x  : A m an who has been able to produce some 

useful th in g  bv the exercise of liis brains should feel th a t he 
w ill get some recompense. We have a fam ily  of members con­
nected w ith this In s titu te  who tried  th a t p lan  of reward some 
years ago. That is the Denny fam ily. Some of th e ir  awards 
for suggestions went up the scale to about £10. T hat is where 
the difficulty is, to fix an am ount. There was a m an belonging 
to B ristol who fitted up one of the finest m achines th a t is now 
being copied abroad. T hat is the packing m achine. The m an 
was a conscientious fitter, a good worker and a fast worker, and 
if th a t m an had been encouraged we should have been heading 
the world in the m anufacture of packing m achines. T hat m an 
died very poor.

Mr. -T. B. H a l l  : I  am afraid  it is not given to a ll of us to 
make these n a tty  little  inventions, b u t hark ing  more towards 
the side th a t Mr. M cLaren touched in  opening the  discussion, 
I  don’t quite agree th a t, supposing some person has achieved an 
invention, th a t th a t should m ean continuity  of em ploym ent as 
paym ent; th a t is ra ther looking a t paym ent from  the serfdom 
side of view. I f  a m an’s b ra in  has evolved some invention 
th a t makes for success surely th a t m an should receive some de­
finite paym ent for it, so th a t he can please h im self w hether he
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stayed on or went further afield, not th a t he should be bound 
hand and foot. W hen a m an has invented something it is un­
doubtedly a great source of trouble to find out w hat actual pay­
ment should be m ade to the inventor, for when there are two 
persons to a contract it rarely  tu rns out th a t both sides are satis­
fied. In  most cases it  is the inventor who feels th a t he has 
not received th a t which he considers his due. No doubt m any 
of those sm all “ m ake-sh ift”  inventions which we have all at 
some time experienced have been useful for the moment, and 
have not been carried further. We all know th a t when we are 
•in a difficulty we devise some method to get over the trouble, 
but we never th ink  of it as a th ing  to be patented. W e do 
som ething for the moment and it is probably a success, thus 
with the M arine E ngineer the great m ajority  of these “  make­
shifts ” have been lost and never thought as w orthy of a patent.

Mr. W . M cLaben : The law, I  believe, stands to-day that 
whatever a workman creates during his working tim e belongs 
to his master.

Mr. G e o r g e  A d a m s  : This paper no doubt brings back to 
members of the In s titu te  m any memories happy and otherwise. 
I f  we were given a sheet of foolscap and an hour or two wo 
m ight pu t in many of those little  gadgets which men, put in a 
difficult position and working under disadvantages, have 
brought forward to relieve perhaps the monotony of th e ir 
labour and also to produce fa r  better work. Mr. Gibson has 
mentioned Lord W eir as having suggested the title  of his paper. 
I  know of no firm w ith a better record for rem unerating  em­
ployees for introducing workshop improvements. I  know of 
m any things workmen have devised in  the way of im provement 
for tu rn ing  out work and put before the firm, m any of w’liich 
have been patented, while all have been rem unerated. I  know 
another place on the Tyne where suggested improvements have 
been am ply rem unerated, and the introducers of m any of these 
little  contrivances should be encouraged and promoted. Of 
course a m an can go elsewhere and c a n y  liis plans w ith him , 
but as the conditions are considered both from a financial and 
working point of view he generally  decides to rem ain where he 
is. In  all classes of engineering to-day you see m any of these 
little  side-shows and im provements th a t are m ade by the in tro­
duction of small units. Take the instance of the tu rre t lathe 
or take the build ing  of the marine, engine and see w hat improve­
m ents have been introduced. All these improvements have 
crept in sim ply from ideas of workmen and foremen who
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have put them  before th e ir firms, and thus they have come 
into general use. Then again in boiler m aking, where, for ex­
am ple, the back shell p late and back end plate are hydrau lically  
riveted, it was done from the device of a m an employed by a 
firm a t whose works I  first saw it. T hat was a very valuable 
in troduction  to the firm who rem unerated him  exceedingly well 
and it gave encouragem ent. W ith  regard to condensers: the 
simple contrivance to-day for packing tube ends, compared 
with what it  used to be by cotton washers. There is now the 
fibre ferru le. There is yet another contrivance, and th a t is 
p u ttin g  in a short sleeve of cotton packing which w ill fill up the 
space when pressed. I f  we consider the tu rb ine, m any rapid  
improvements have come into being. Take the rotor b lading 
of turbines. I t  used to be the common practice to pare out the 
grooves and pu t in one blade and one stop and work round one 
by one. To-day we see quite a different method employed. 
There are m any other things. The clever contrivance for cu t­
ting  m illing  tools m ay be cited. The introduction of electricity 
into engineering has brought about many ways by which im ­
provements can be carried out, for exam ple, welding by the 
electric and acetylene processes. W e see how m any changes and 
im provem ents which are practically  workshop practices, th a t 
the  subject of the paper is well illustrated  in  our experience.

M r. J. T h o m : I t  appears to-day there are workshops and 
m asters who deal more kindly w ith those who b ring  im prove­
m ents before them than  the old fogeys were accustomed to in 
years gone by. As business stands to-day w ith  m asters and 
men there is still room for improvement, and if it is possible 
to b ring  them  closer together it would be better for both th e ir 
interests. There is no doubt th a t work could be carried out 
m uch more satisfactorily  and w ith greater speed th an  now if 
workmen and m asters were more of a m ind. I t  is nearly  im ­
possible to speak of improvements w ithout returns— th a t is, the 
im prover getting  some re tu rn  in  the shape of money. V ou, Mr. 
Gibson, have shown how this can be arranged and how easily 
it  has been done, and it  is very much to the credit of the engi­
neering world th a t such is the case. This not only applies in 
m arine engineering work, but in all classes of work, no m atter 
w hether it is engineering or any th ing  else. There are always 
possibilities of improvements, and when one speaks of improve­
m ents i t  means th a t w hat was done before can be done in  less 
tim e and a t less expense th an  before. I f  not, i t  is not an im ­
provem ent. A paten t m ust be an im provem ent in the quality
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of the work produced, and it m ust be a t less cost or it is not a 
paten t. M any m arine engineers a t sea have had th is kind of 
work to do m any times, and the fa rther back you go the more 
there was to do because machines were not so perfect nor boilers 
so satisfactory as at the present day, and there were more pos­
sibilities of difficulties happening on voyages, and also the 
chance for the engineer to show how the difficulty could be su r­
m ounted by improvements.

The C h a ir m a n  : Mr. Adams made reference to condenser tubes 
and packing, it would be in teresting  to know what is his experi­
ence as to the efficiency of the style of packing referred to and if 
the tubes were satisfactory after a fa ir service.

Mr. G e o r g e  A d a m s  : I  have tried  thousands of ferrules and 
in each case it was an easy fit in the tube and easy in  the  stuff­
ing  box, when screwed tip fa irly  t ig h t; the condenser was then 
filled up inside to test the ferrules. I  had a case to-day of open­
ing out a condenser which had been going for seven or eight 
years, packed in  a sim ilar w ay. W e had occasion to renew 
some tubes—nothing to do w ith  packing—we took out the fibre 
ferrules from the tubes which had been giving trouble. ( )f 
course it is up to the engineer to bear in  m ind he has got these 
fibre rings in  his condenser and always have w ater in while 
under steam. Generally speaking our experience has been a 
satisfactory one.

The C h a ir m a n  : You have not found th a t these rings collapse 
the tube at all?

Mr. A d a m s  : N o; I  have never found any collapse of the tubes.
The C h a i r m a n  : How much la rg er do you make the diam eter 

than  the inside of the tube?
Mr. A d a m s  : I t  is an easy fit on the tube.
Mr. W . S. P a r s o n s  : W hen a young m an enters the engineer­

ing world, who has no large sum of money at his command, he 
has two ways of being a success. The one by diligence and 
hard  work he m ay obtain to some good salaried position. The 
other by invention he m ay become well off or perhaps even 
wealthy. The la tter, of course, offers by .far the greater pos­
sibilities, but unfortunately  the g if t of useful invention is not 
the heritage of every engineer; unhappily  it is the exception 
ra ther th an  the rule to find the engineer and useful inventor 
combined in  the one m an.
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dim inishing the am ount of labour employed. Moulton, he 
said, was paid l i d .  an hour, which was the usual rate for 
carpenters.

Mr. R . Young-, M .P ., asked if th a t were the usual way 
of dealing w ith a m an of inventive ab ility .

W itness said it was the usual commercial practice.
Mr. Trevor W atson, for the Treasury, contended th a t 

the work did not call for any high degree of inventive skill. 
H e subm itted th a t there was no case for an award, but if 
the Commission thought th is was a case were a sm all award 
m ight be given by way of recognition of useful work the 
Departm ent would accede to it.

Mr. Justice  Sargant (chairm an) said the Commission 
would consider its decision.

Mr. P a r s o n s  : W e cannot always blame private firms. There 
are occasions when Governments can be censured over th a t kind 
of th ing .

S e v e r a l  M e m b e r s . — The case, if quoted correctly, is a very 
bad example of no reward being given to the  deserving.

Mr. B e c k e t t  : There is one th in g  in London th a t has annoyed 
me very much, and th a t is to see workmen belonging to the 
telephone departm ent or other electrical places p u ttin g  two ends 
of wires together. I  should have thought it  would have been 
possible to devise an instrum ent to do the work in  a fraction 
of the  tim e a t present occupied over the job.

Mr. A. H . M a t h e r : The difficulty it  seems to me is where 
to draw the line  between w hat is done in  the ordinary course of 
the work of an ind ividual and anyth ing  of an extra natu re  by 
which his firm in p a rticu la r and engineering in  general benefits. 
Mr. Adams referred to the various operations in  connection 
w ith  the construction of turbines, and th a t is a case in  point. 
A djustm ents had to be made in  connection w ith tu rbine work 
th a t were very delicate in  every d irection , and in  order to carry 
th a t work out successfully and get the  adjustm ents as exact 
as they were required certain  pieces of apparatus had to be de­
signed. They have been designed in  the ord inaiy  course of 
working, and as such evidently come w ith in  the regu lar work 
of the staff. Could it be held th a t pieces of apparatus of th a t 
kind were the  subject of special consideration for the men who 
actually  designed them  or would a case of th a t kind come
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The inventions which Mr. H am ilton Gibson has shown us 
are of course typical of what one would expect. There is 
nothing epoch m aking in  either or any of them , neither could 
any wide genic claim  he made when protecting by patent. One 
would regard them to a great extent as the useful fru its of 
necessity. For example, none of the inventions considered 
require any real scientific knowledge such as the production of 
the  wireless telegraph and telephone.

I  feel th a t we m ust express great thanks to Mr. H am ilton 
Gibson for having brought forward the subject m atter of his 
paper, and he has done the engineering trades a great service. 
In  fact it is not confined to the  engineering trades, but ra ther 
applies to all businesses where m achinery is in general use.

I t  seems to me a great deal tu rns 011 what rewards the inventor 
will have. I t  is difficult to devise a scheme by which a m an 
w ill get a real reward in proportion to the value of his invention. 
I t  m ay be but a small improvement and only worth a sm all con­
sideration, or it m ay be a very valuable th ing  and therefore 
worth a big  consideration. I t  is one of those th ings which 
causes serious friction between employers and em ployed; but 
there is no doubt it could be developed and bring about much 
better relations between m aster and m an than  have obtained in 
the past. There was a report in  the newspapers last n igh t 
bearing on the subject which I  will hand up to the Chairm an 
to deal with.

The C h a i r m a n  (reading): —
W ORKM AN IN V E N T O R .

P a i d  11d. a n  H o rn : D e v i s e d  S i i e l i , F i l l i n g  M a c h i n e s .
A workm an’s designs for cordite-filling machines wereo  o  #discussed by the Inventions’ Commission sitting  at W est­

m inister to-day.
Mr. A. G. W atkins, who was general m anager of the 

Gloucester N ational F illin g  Factory, said th a t Mr. Moul­
ton, the workman in question, was selected from a num ber 
of foremen, and put in charge of the m aking of labour- 
saving devices. W hile  doing this work he designed two 
m achines for filling GOlb. cordite charges and 8in. h igh 
velocity cordite charges. These m achines did the  work 
for which they were designed, and had th e  effect of
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w ithin  a m an’s ordinary  em ploym ent? T hat occurs to me as 
one of the difficulties in  the way of deciding what recompense 
an ind ividual should receive.

Mr. G .  T. G i l l e s p y  : W hile it is certain ly  rig h t th a t rem un­
eration should be given for improvements suggested hv work­
men and adopted by the m anagem ent, there are classes of work 
where th is is hard ly  possible as, for instance, in  a shop engaged 
on press-tool work, die forging, etc., in  which ingenuity  m ust 
be exercised on nearly  every new job th a t comes in , and designs 
of dies and methods of procedure decided on by the combined 
work of fitter, forem an, draughtsm an, and m anager.

I  rem ember a worthy m an in  the m achine shop who had a 
grievance which he aired at every opportunity. H e alleged 
th a t he had not been rem unerated for designing and producing 
a tool for form ing oil grooves on the guides of a m arine engine 
which was adopted by the m anagem ent for use in  all cases. 
The p articu la r form of groove was found to be a good one for 
obtaining a uniform  distribu tion  of oil on the crosshead shoe, 
and if his statem ent was correct a reasonable reward would have 
been well earned in th is particu lar case.

Mr. Gillespy also described a clever device designed by a 
forem an for applying a belt drive to a rose-bit used for finishing 
the holes for coupling bolts in  a trip le  expansion engine crank­
shaft.

Mr. H . N e v i l l e : One point has occurred to me in  regard  
to the class of men from whom had come those suggestions 
which were described in the paper. I t  appeared from th e  refer­
ences th a t foremen, charge hands, and draughtsm en were re­
sponsible for the m ajo rity  of the improvements, and th a t the 
men who did the  actual work and used the tools provided for 
them  in  the ordinary way were quite content to leave m atters 
as they were. I  would therefore ask the au thor to kindly give 
his experience on th is point.

In  these days when employers have complained th a t it  is 
difficult to get the ir workmen to do anything  more th an  they are 
actually  obliged, there should be considerable value in  the  
scheme of paym ent described, if i t  m eant th a t increased output 
was the result. Of course trades union rules m ig h t prevent 
th is ex tra  paym ent, b u t so fa r as the speaker knows there are 
no such rules in  force a t present.

I  have also found th a t once a m an has m ade suggestions, had 
them  adopted, and received paym ent for them , there followed
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other suggestions from fellow workmen: whereas if no notice 
were taken of suggestions then little  thought was given to im ­
proving existing  appliances or methods.

Mr. P a r s o x . s  : Invention  is not very well understood in 
workshops. I f  you go to some workshops you will find th a t the 
men have never heard of the P aten t Acts. I f  some means 
could he found to teach the workpeople what is patentable and 
w hat is not patentable it would be of advantage.

M r. G .  T. G i i . l e s i ’y  : I t  is not generally appreciated th a t 
under present P a ten t Law, provisional specifications are not 
published if the paten t is not carried fu rther by the inventor, 
and he may again take out a paten t for the invention a t a later 
period if he so desires. We have been paten ting  inventions 
in  th is country for two or three hundred years, and therefore it 
is necessary to determ ine the novelty or otherwise of an inven­
tion before spending time and money on a paten t. The P a ten t 
Office make a search, but it is not always conclusive, and an 
inventor should make a search him self or employ a patent agent 
to do so. M any instances of the same th ing  being patented 
over and over again will be found in the P a ten t Office records.

The C h a i r m a n  : Mr. Gibson states th a t justice should be done 
to the draughtsm an and designer. I  agree. Tliev have a verv 
responsible position, and success or failure of ships and their 
m achinery depends largely upon th e ir  ab ility . They have to 
be always inventing or developing improvements, and the ir 
work has largely  made shipping, both X aval and M ercantile, 
what it is, and I  venture the opinion they should be paid by 
results.

There are few M arine Engineers who are not inventors at 
some tim e in th e ir  lives, although they m ight not be patentees. 
I t  is p art of th e ir life  to overcome troubles, and the  present 
position of shipping has been gained by the work of thousands 
of engineers towards the general advancem ent. This In stitu te  
is a link  between the different interests and through  th is In s ti­
tu te  is exchanged inform ation for the benefit of all.

The au thor m entions a m achine for polishing condenser tubes 
for inspection. I  take it he means Government inspection. I  
am not aware of any inspection of condenser tubes for Mercan­
tile  ships, neither do I  th ink  it is necessary, for the onlv test 
necessary, apart from composition of m ateria l if wanted, is a 
hydraulic test, and I  th ink  I  am correct in  sta ting  this is the 
usual commercial practice. I  agree th a t test cocks are unsatis­
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factory fittings and the  m etal tube described appears to me to 
be superio r/ I presum e that the Board of Trade would allow 
valves to be used in connection w ith  th is tube and if so th is 
would also be an  improvement. Mr. Adams m entioned having- 
used fibre ferrules as packing for condensers w ith good results. 
R ecently I  saw a condenser which had been packed w ith  fibre 
ferrules and tlie expansion of the ferru le had been so g rea t after 
immersion in  w ater th a t the tube was squeezed in . Probably  
the ferrule when fitted was too tigh t on the tube, but personally 
I prefer cotton packing.

As you are aware the usual method of replacing a propeller 
shaft is to remove the tunnel plate and put the new shaft in  via 
the hold. D uring the war a twin-screw vessel was drydocked 
w ith  cargo in the hold, and i t  was found th a t a new propeller 
shaft was required. I t  therefore became necessary to find some 
other th an  the usual method for the new shaft to go in  (which 
fact proves th a t necessity is the m other of invention) so a hole 
was cu t in  the side of ship in way of tunnel and the old shaft 
was pushed out into the drydock and the new shaft was passed 
in th rough  the  hole into the tu n n e l; after the  work was finished 
the hole was plated up and is there for fu tu re  use.

Another departure from the usual way of doing th ings, which 
if described may help some Chief E ngineer in  an emergency, 
was the repa ir done to replace a stern tube n u t which had been 
rendered useless by a rope having  been wound round the pro­
peller. The rem aining thread was chipped off and a short 
stuffing box and gland was fitted so th a t the  box was jo in ted  to 
the stern fram e and two tu rns of rubber were fitted in  the gland. 
This box took the place of the stern tube nut, and it  was never 
found necessary to remove it, and of course the cost of rem oving 
the stern tube to have a new thread  cut on it  was saved.

Mr. Gibson is well qualified to write a paper on Geared T u r­
bines, and this is a new development th a t we are all interested 
in a t the  present tim e, and I  hope he will find tim e in the fu ture  
to contribute a paper on th is subject to the In stitu te .

Mr. H a m i l t o n  G i b s o n  : I  am very glad th a t the  subject of 
my paper has aroused such keen discussion. I  expected, of- 
course, th a t the m ere association of ideas would lead members 
present to draw  upon th e ir own experiences. W e are sorry to 
observe th a t some of the speakers have met w ith  disappointm ent 
and discouragem ent in th e ir efforts to introduce improvements, 
bu t they are only in  the position of K ip lin g ’s hero McAndrew,
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-whom you w ill remember was so disappointed a t the reception 
accorded his differential valve gear that he “  bu rn t the working 
plans last voyage.” W h at we have to remember, however, is 
th a t an improvement is not necessarily patentable but th a t a 
patent m ust always be an improvement. A good m any of us 
are quite capable of m aking improvements, in fact our whole 
lives are devoted to th a t object, but it is not everyone who 
has the “ vision ” th a t enables h im  to look ahead and see what 
possibilities there m ight be in such an im provem ent. I  th ink, 
however, th a t tim es are better now than  in the past and th a t 
the tendency is to encourage invention rather than  to discourage- 
it. As regards rewards, I  th ink  th a t on the whole the royalty  
system such as I  have described is the fairest. In  most cases 
men would fa r sooner stand or fa ll by th e ir inventions than  
take a lump sum. Many workmen are inclined to be suspicious. 
—you m ust trea t them  with the utm ost patience and tac t if you 
are to get th e ir confidence. P ractica l workmen do generally 
bring  forward practicable and workable ideas, and they should 
be given the same attention  and patience as a staff m an or a 
foreman—in fact, ra ther more so. The difficulty is to asse.-s- 
the value of an invention or improvement— is it  worth £5  or 
£50? Xo one can te ll in the early stages. I f  you are satisfied 
th a t the improvement introduced into your workshop is actually  
saving tim e and money you can generally afford to give a man 
=£5 or £10 to be going on w ith, and if afterw ards it is found to- 
be patentable you can arrange to pay him  a certain  percentage- 
of the royalties.

I  have seen suggestion boxes in operation and agree th a t 
workmen generally are not favourably disposed towards them. 
They drop th e ir  ideas through a slot and are not quite sure 
what happens; it is much better, in my opinion, to meet the 
individual face to face and go into each m atter on its m erits. 
The instances given in my paper are mere examples and could 
be m ultiplied indefinitely. I  wished, however, to emphasise 
the im portance of the hum an element in engineering and to 
indicate how relations between employer and employed can be 
improved if we go the r ig h t way about it.

Taking the questions th a t have been raised seriatim , I  note 
th a t your C hairm an would have preferred a paper on turbines, 
bu t really  I  th ink  th a t th a t subject has been ra th e r overdone 
lately  and decided to strike out on a new line.

M r. E ielden, however, is good enough to suggest th a t a t some- 
fu ture  tim e a paper on Geared Turbines would be acceptable to-
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the In s titu te , and I  w ill keep this in  m ind. W ith  regard to 
the polishing of condenser tubes for inspection, it was, of 
course, Government inspection th a t I  alluded to. The A d­
m ira lty  were driven to a very rig id  inspection of condenser 
tubes in view of the universal adoption of water-tube boilers in  
the Navy, and it can be readily  understood that w ith som ething 
like a quarter of a m illion horse-power going through  the engine 
shop a t any one tim e the inspection and m anipulation of con­
denser tubes became a very serious item . The m achine de­
scribed (No. 4) left a dull polish on the outer surface of the 
til be which showed up any flaw or lam ination  a t once, and i-u/b. 
tubes were of course im m ediately rejected and not subjected to 
fu rth e r tests and inspections such as in ternal polishing, 
hydrau lic tests, drop tests, etc. The reference to the ends of 
condenser tubes collapsing due to pressure of the packing re­
m inds me of a very in teresting  experience. W e had some 
tubes which collapsed sligh tly  as described. The in te rna l d ia ­
m eter of the tube was restored by driving  in a d rift when it was 
found th a t the “ cold w ork”  thus done on the tube had locally 
hardened the m etal and enabled i t  to stand up satisfactorily  
against the  collapsing pressure. This suggested a sm all roller 
a ttachm ent som ething like the expander used in  boiler tub ing , 
but w ith the rollers disposed outside the tube, and a p lug  was 
made to fit the bore a t the ends of the tube. The effect was to 
locally harden the tube ends, and it enabled the A dm iralty  to 
use a quan tity  of soft condenser tubes which had been im ported 
from abroad during  the war. Mr. F ie lden ’s description of the 
ingenious method adopted to replace a propeller shaft through 
the side of the ship instead of by the usual method through the 
hold, rem inds me of a somewhat sim ilar experience th a t 
occurred some years ago. W e had a  channel-steam er in  dry 
dock which required some extensive repairs to the  bottoms of 
th e  large double boilers; there was no room to work between 
the bottom of the boiler and the skin of the ship, and to have 
lifted  the boilers would have involved an enormous expense in  
the clearing  away of saloons, etc. By rem oving several of the 
sh ip ’s plates, however, the boilers were satisfactorily  repaired 
and tested.

As the Chairm an tru ly  rem arked, M arine Engineers are 
forced at some tim e or other to be inventors, and it is th e ir life ’s 

work to tackle and surm ount such problems as are here de­
scribed.
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I  m ust thank Mr. M cLaren not only for operating the lantern  
but for leading off in the discussion. I  th ink I  have dealt w ith 
one or two of his points in the preceding general remarks. I 
cannot say th a t I  agree th a t it would be a wise th ing  to promise 
continuity  of employment as a reward for b ringing forward 
improvements. As one of the la tte r speakers, Mr. H all, h inted, 
and I th ink  righ tly , the idea smacks ra th er of serfdom and 
tends to underm ine th a t independence of character which we 
so much adm ire in  the B ritish  working m an. I f  an improve­
m ent is worth anything the m an bring ing  it forward should be 
able to feel th a t he is deriving benefit d irectly and im m edi­
ately.

Mr. Beckett considers th a t the small facing m achine for sea 
valve rings (F ig . No. 10) m ight be adapted for the facing of 
w ater-tight door frames, and I  see no reason why this should 
not be done. I t  would require, however, some other means 
for setting up on the bulkhead unless the door fram e were small 
enough to come w ithin  the am bit of the circular, sweep of the 
machine as shown. W ith  regard to h is system of having three 
short water gauges set one above another, I am afraid  th a t the 
objection would be raised th a t we were m ultip ly ing  instead of 
reducing the num ber of fittings. One advantage of elim inating  
test cocks is th a t we reduce the num ber of holes in  the boiler 
shell.

Mr. Adams very tru ly  points out th a t no useful purpose is 
served by inventing m erely for the sake of inventing, and w ith  
th a t we m ust a ll agree. I t  is also im portant, as he says, th a t 
the problem th a t we are try ing  to  solve m ust first be stated 
generally. W e will find th a t the mere statem ent of a problem , 
if it  can be stated clearly, goes a long way towards providing 
the solution. I t  is also of param ount im portance th a t the im ­
provement or invention should “ make good.”  Frequently  
w hat appears to be a b rillian t invention tu rns out to be a dud 
in practice. The reference to extruded tu rb ine  blading is a 
case in point. This certain ly  promised well but results were 
so disappointing th a t th is type of blading is not likely to sur­vive.

The newspaper paragraph  referred to by Mr. Parsons shows 
a disgraceful state of affairs, but, of course, one would like to 
know all the circumstances before passing judgm ent.

In  reply to Mr, Neville I can assure him  th a t in all the cases 
th a t have come \inder my notice the workmen, including
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labourers and apprentices, receive equal atten tion  if they h a w  
anything  a t all th a t they wish to b ring  forward. Of course 
some men are modest and retiring , and others too much in ­
clined to push themselves forward, hut as I  said in  my above 
rem arks th is can be got over quite well if one uses tac t and 
patience and sym pathy in dealing w ith  a ll such m atters.

I  am very pleased indeed to have had th is my first oppor­
tu n ity  of v isiting  the In s titu te  and m aking the acquaintance 
of so m any fellow members.

A hearty  vote of thanks was accorded to Mr. Gibson for his 
paper and coming so fa r to read it him self and adding to h is 
interest.
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The sketch reproduced (F ig . A) shows a device designed and 
fitted by one of our members, Mr. Joseph C. P h illips, to the 
Weii' pumps in  the steam er of which he was chief engineer. He 
points out th a t i t  consists of a ball jo in t and cup, and was fitted 
in  place of the well-known knuckle jo in t found in  th is class of 
pum p which had become somewhat slack. I t  is sim ple in  con­
struction, and is thus less costly in  construction, being more 
readily  made when circumstances demand the easiest method 
of renewal. I t  will last probably the lifetim e of the pum p, as 
i t  is capable of readjustm ent.



The engine stop valve of the U nion S.S Co. of New Zealand’s 
S.S. M aunganui, was found, while the  engines were being 
overhauled in port, to be fractured, and the m issing parts could
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34 ENCOURAGEM ENT OE IN V E N T IO N  IN 
W O R K SH O P PR A C TIC E.

not be located w ithin  the lim its of the chest. The piston and 
rod were accordingly draw n from the cylinder for fu rther search, 
and the m issing piece was found in  the  recess formed in  the 
bottom of the cylinder casting for the relief valve, as shown in 
the illustra tion  (Fig. B) showing the cylinders and ports in 
section. The incident is a most unique one, as i t  appears from 
the circumstances th a t the fractured piece passed from  the stop 
valve through the casing and cylinder ports to its final resting 
place during  one revolution of the engines—90 revs, per m inute 
—w ithout fouling the  valve or piston. The draw ing, accom­
panied by a letter, was received from another of our members, 
Mr. W . Sm art, Supt. E n gr., U .S .S . Co., of New Zealand. 
This is not a case of an invention to improve on working con­
ditions by means of the hum an faculty, b u t of the broken 
m aterial itself acting to avoid a worse calam ity.

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

Notes .
O x e  of our members has sent us from China the Jan u ary  issue 

of M illard ’s Review of the E ar E ast containing special refer­
ences to S ir John  Gordon, the re tirin g  B ritish  Ambassador at 
the Court of China. Many members who know the ports of 
China and the average Chinam an w ill be interested to read the 
testimonies of some in the upper circle of Chinese life regarding 
the Ambassador, to show the ir views and sentim ents, while to 
those who knew China to some extent 40 years ago and were 
acquainted w ith the views then prevailing, the testimonies are 
of special in terest. The following quotations from a few of the 
m any letters show the helpful hand which may be exercised by 
a wise representative a t a foreign Court to general advantage, 
and those whose duties have brought them into contact with 
the hand workers of China w ill realise a ll the  more readily the 
im portance a ttach ing  to the views expressed by the brain 
w orkers: —

M arshal Tuan C hi-Jui, form er Prim e M inister, expressed his 
views thus : “  S ir John  Gordon has been in our country for over 
40 years. Being a diplom atic official he has num erous friends 
throughout the length  and breath  of China. Though a m an of 
firmness and resolution, he is frank and simple, sym pathetic 
and easily accessible. He is honoured and loved by a ll who 
come in contact w ith him . This accounts for the increasing
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prestige of the B ritish  Em pire, for which he has won the adm ir­
ation of the Chinese people...............Now S ir Jo h n  is about to
re tu rn  to his own country. I  sincerely hope th a t afte r his re tu rn  
he w ill fu rth e r show his friendliness in  help ing the solution of 
Tibetan affairs in  order to fulfil the hope of our people and to 
enhance the friendliness and goodwill of the two nations. Being 
a friend of S ir John  I  am earnestly looking forward to the tim e 
when he w ill v isit China again, and then I  will lead the country 
in  tendering  to him  our most hearty  welcome. T hat w ill prove 
even a g reater tim e in  the cap ital than  the tim e when the m onu­
m ent was erected in memory of the trium ph  of r ig h t over 
m ight. On the eve of his departure, instead of mere words, I 
tender m y best w ishes.”

The form er Grand Councillor, Xa Tung (M anchu Dynasty) 
states “  of all the foreign m inisters in  China S ir Jo h n  is the one 
I  know best. I  first made his acquaintance in Tsungli Yamen 
days. Since then we have always been on the most in tim ate  
term s. In  the year when Sir John  was appointed B ritish  
M inister to China I  was Grand Secretary and had many official 
dealings w ith him , although they became less when I  undertook 
the duties of Inspector-G eneral of Tioops, Ju n io r  G uardian of 
the H eir A pparent, Grand Councillor, and A cting Yiceroy of 
C hihli. Our personal relationship, however, rem ained as 
warm in  my la te r career as before. In  official m atters Sir John 
advanced the strongest possible argum ents in  favour of G reat 
B rita in . I  may add th a t I  did the same in favour of China. 
W e argued and discussed. My experience was th a t we could 
always arrive at a settlem ent. S ir John  is a fair-m inded m an, 
and a solution of a problem is always possible w ith a fair- 
m inded m an. H is sense of justice enhanced my h igh  opinion 
of h im  and ever increased my adm ira tion .”

Dr. W ang' Chumr-Lui, form er M inister of Justice and nowr *1 “President of the Law Codification Commission, states: “  My re­
lation  w ith  S ir John  has been th a t of a friend. W e have met 
on the broader platform  of common hum an interests ra th e r than  
on the narrow er basis of official intercourse. This gives me a 
unique opportunity  of knowing the m an behind the diplom at, 
and because I  have learned to respect the m an I  am better able
to appreciate the d ip lom at...............M any have spoken as if it
were the  first dutv  of a diplom at to obtain as m any concessions 
as possible from the country to which he is accredited, forgetting 
th a t m om entary, possibly ill-gotten gains, a t the expense of 
one country cannot but re-act in the long run  to the lasting
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detrim ent of the other. This I  conceive to be a grave error. At 
least so fa r as my own country is concerned I  am convinced th a t 
the interests of China and of any other country are in m any re­
spects identical. This m ay be graphically  represented by two 
in tersecting circles, the overlapping segments of which stand 
for tlie interests common to both countries. I t  is here th a t the 
true  diplom at finds a field for a full display of his abilities. In  
proportion as he is able to b rin g .th e  two centres nearer, the 
more em bracing w ill the common segments become. In  this 
Sir John  has signally succeeded. He has brought closer together 
the people of China, the centre of Chinese interests, and th e  
people of Great B rita in , the centre of B ritish  interests, to the 
great advantage of both. He has not been an idle spectator, 
but an active partic ipator in the colossal changes which have 
taken place in the F a r  East since he first set foot 011 the shores 
of China, 43 years ago. He has seen the passing of the old tim e 
m andarin, whose knowledge of the world did not extend bevond 
the confines of the Celestial E m pire ; lie lias seen the gradual 
opening of China to foreign in tercourse; he has seen the rapid  
development of W estern education in place of the form er one­
sided concentration of Chinese literatu re. A ll these innovations 
profited by his keen sym pathy, and whenever possible he has 
thrown his weight on the side of progress. The suppression of 
the im portation of Ind ian  opium, the  encouragement given to 
railw ay construction, as well as the immense growth of B ritish  
trade in  the F a r  E ast, stand to his credit. Sir John  Gordon w ill 
leave China followed by the best wishes of all who know him . 
H is in tim ate knowledge of Chinese affairs, his ripe experience 
as a diplom at, and his clear comprehension of in ternational 
politics will, we venture to hope, continue to exercise a bene­
ficial influence on G reat B rita in ’s foreign policy. M ay he have 
m any years of quiet and enjoym ent in his well-earned re tire­
m en t.”

There are m any other letters from Chinese gentlem en couched 
in  sim ilar term s of respect and appreciation.

The following paragraph appears in the same journal, which 
is published in  S h a n g h a i:— According to a B ritish  expert, 
Targeh iron ore in  H upeh yields as h igh as 60 per cent, of pure 
iron, while the vein is so thick that even at the surface w ith  an 
annual output of 1,000,000 tons it would be sufficient to last 
100 years. The supply actually  m ay be m ultip lied  several 
times when deeper layers are surveyed. The H an-Y eh-P ing  
Iron  W orks a t H anyang and Tayeh produce over 160.000 tons
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of raw  and 60,000 tons of steel per year, bu t in the fu tu re  this 
ou tpu t w ill be fa r surpassed.”

The m ining  of coal may be also largely  developed in  China, 
as there appears room for it.

B o i l e r  E x p l o s i o n s  A c t .— An inquiry was held into the 
circum stances which led to a steam traw ler being abandoned 
for a tim e and eventually towed into p o rt; the case indicated the 
risk attached to the  wear and tea r of boiler doors and the  
necessary care required to avoid disaster from inaccurate joints. 
The boiler of the traw ler was single ended 10ft. Gins. d ia. by 
9ft. long w ith two p lain  furnaces 2ft. l l in s .  d ia ., thickness 
11 /16th  in ., w.p. 160lbs. Two m anhole doors were provided, 
one on the top and one between the furnaces. From  the  details 
which came to ligh t at the inquiry  the jo in t for the  lower door 
was too tig h t on the spigot and when p u t in  place the outer 
edge curled up, but it was thought apparently  th a t when the 
door was tightened by the dog stay stud nuts it would r ig h t 
itself. The boiler was tilled, and steam raised, m eantim e the 
door being tightened up. W hen the. traw ler left port a slight 
leak from the door jo in t was noted, which it was thought a 
fu rth e r tigh ten ing  up would cure. A  ham m er was used on the 
spanner in  the tigh ten ing  up, which apparen tly  had the  effect of 
low ering the door to the lim it of the slackness of the spigot, w ith 
the result th a t the w ater and steam burst forth  on the upper part 
and made the stokehold untenable. I t  was considered a grave 
risk to rem ain on board, as there were two drum s of carbide of 
calcium  in  the engine room. The vessel was abandoned pro 
tem p, after dealing with the tires as far as possible, and leaving 
the  doors open. The traw ler was afterw ards towed into dock, 
and on exam ining the boiler, when cooled down, no dam age 
was found to the furnaces or combustion chambers. The evi­
dence pointed to the cause of the explosion as being due to the 
curled edge of the jo in t a t the lower p a rt of the door doubling 
over in  the tigh ten ing  up. m aking i t  uneven, th e  use of the 
ham m er w ith  the spanner then  brought the door down and the 
upper part of the jo in t was split, leaving a passage for the w ater 
and steam.

The enquiry was conducted by Mr. Jas. I*. T urnbull, Board 
of Trade Surveyor.

A nother instance coming under the Act for inquiry  m ay also 
be referred to, ind icating  the risk due to oil sedim ent deposit 
w ith in  the area of the heating  surface. In  th is instance the



3 8 NOTES.
vessel was fitted w ith  three sing'le-ended boilers 15ft. Gin. 
dia. x l i f t .  lOin. in length, each having three corrugated fu r­
naces, 3ft. 6in. dia. w ith separate combustion chambers, p res­
sure 180 lbs. There was no donkey boiler. The port boiler, 
a fte r being examined in  A pril, 1919, was used during  a voyage 
to M ontreal and in port for auxiliary  purposes till arrival in 
London on 5th Ju ly , 1919, when the fires were allowed to die 
out and the centre boiler was used in port. Ten days la te r the 
fires were again set away and when steam was ready this boiler 
was used as the auxiliary  on the day before sailing from London 
on Ju ly  17th, when the  steam er le ft a t  3 a.m . w ith the gauge 
glasses showing nearly full up. At about 8 a.m . som ething went 
wrong w ith the port boiler, and the stokehold became filled w ith 
steam and dust. The Chief and Second Engineers then tried  
to reach the boiler tops, but the steam drove them  back at each 
attem pt, the safety valves were eased and the engines opened 
out to fu ll speed; when the steam was reduced the vessel was 
anchored. I t  was then found th a t the port furnace had col­
lapsed near the tube plate end and evidently the starboard 
cham ber was leaking badly. I t  was resolved to re tu rn  to 
London, where the boiler was carefully  exam ined, when the 
w rapper plates of the centre and starboard chambers were found 
bulged, in  addition to the  port furnace damage. The demands 
on the steam er were such that tim e d id  not adm it of the repairs 
being carried out then, and she sailed for Canada with the port 
boiler out of action. On her re tu rn  a thorough investigation of 
the port boiler was made. The starboard and centre cham ber 
wrapper plates were found to be bulged in  from the top row of 
stays down a distance of about 2ft. 4 in ., the starboard cham ber 
dam age being the more severe. The flanges of the combustion 
cham ber back plates were also set in. The starboard chamber 
plate had been forced over the stays, hence the serious leakage. 
The port furnace was pocketed about 9 jin s., starting  from the 
back corrugation and em bracing four corrugations. The heat­
ing surfaces generally were found com paratively free from 
scale, w ith no sign of corrosion on plates or stays. Careful 
exam ination of the damaged w rapper plates showed distinct 
signs of overheating, these being most pronounced on the star­
board chamber, and there was on the rig h t side a th in  deposit of 
a black powdery substance. The auxiliary  check valve is fitted 
15 |ins. below the combustion cham ber crown, on the back of the 
boiler between the centre and starboard cham bers; no internal 
feed pipes are fitted, but the chest opening projects about Tins, 
into the boiler w ith a closed end, and having four rectangular
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ports on the upper circumference through which the feed flows. 
An auxilia ry  condenser is fitted and the feed pum p draws from 
it in port. I t appeared from the position of the dam aged plates 
relatively  to the check valve th a t the feed w ater would he dis­
charged so near th a t any greasy sedim ent would he deposited 
thereon, and the  probability  is th a t th is is what happened and 
caused the damage. An analysis of the black deposit found on 
the p la te s ' confirmed this view. The deposit acting  on the 
w ater side of the plates led to over-heating and brought about 
the collapse. The dam age to the furnace was due to the sudden 
outlet for the w ater a t  the combustion cham ber plates fractured 
a t the stays, leading to shortage of w ater on the furnace crown- 
The inquiry  was conducted by Mr. A. H . Longstaffe, Board of 
Trade Surveyor.

I n t e r n a t i o n a l  E x h i b i t i o n  o f  M o t o r  B o a t s , M a r i n e  a n d  
S t a t i o n a r y  E n g i n e s .-—This E xhibition , held at O lym pia on 
M arch 12 to 20th. was a fitting  corollary to the Shipping, E n g i­
neering and M achinery E xhibition  held in  the same build ing  
last autum n. A fter arrangem ents had been completed for 
visits by our members to the E xhibition , the  tim e available 
adm itted of short notice regard ing  the invitation  extended by 
the m anagem ent committee to forward names and addresses of 
those on our m em bership roll who desired to take advantage of 
the opportunity ; however, over 150 invitations were issued.

The E xhib ition  was in teresting  and valuable in th a t in te rna l 
combustion engines by different makers were on view and each 
style had its own special advantages indicated by those in  
charge. The catalogue of the  exhibits did  not include m uch 
descriptive m atter beyond the list of details shown by each ex­
h ib itin g  firm, thus m inim ising its value for a reference s tu d y ; 
the descriptive pam phlets at the stalls helped to make amends 
for the shortcoming's to some extent.

The boat builders were well represented by samples of ships’ 
boats and sm all m otor c raft for pleasure and commercial ser­
vice. F ittin g s  and accessories suitable for all kinds of sea, 
coastal or river service, including tools, cooking p lan t, cabin 
fittings and insulation  m aterials th rough which no obnoxious 
insect life can pierce. The M ain H a ll only was occupied, and 
the view from the gallery  was pleasing to the eye of the visitor.

An in teresting  lecture was given on March 17th by D r. W . R . 
Ormandy, on The L iquid Fuel Problem. B eginning w ith the
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discovery o£ coal, lie traced the progress of development in in ­
dustria l work and the enterprise necessary by colliery owners to 
meet the growing needs ; then the in te rna l combustion engine 
entered upon the scene w ith the question as to where from and 
how the supply of oils and spirits could come to meet the  grow­
ing needs of the world. Having foreseen the difficulty in  answer­
ing the question, he had studied the subject for some years, advo­
cating and recommending the Government to help in  the solution 
by am ending the regulations regarding the supply of alcohol, 
which could be distilled from otherwise waste vegetation, thus 
encouraging private enterprise to step in and build up for future 
needs. The recommendations had apparently  been passed 
through a series of departm ents and nothing had been done; 
now the world at large is unable to meet the growing demands 
for oils and spirits required to keep land and sea transport 
moving onward. The enormous and increasing consumption 
in  America of oils and spirits could not be m et by Am erican 
production from oil fields, and no doubt restrictions would be 
made when the position threatened to become acute. M eantime, 
i t  was urged th a t those engaged in transport work and the 
m anufacture of motors and engines should move sw iftly and 
strongly to urge th a t im m ediate steps lie taken to provide the 
v ita l sp irit necessary to keep the wheels of productive energy 
in motion.

------------------- —  - I . A .

O F F IC IA L  NOTICE TO M EM BERS.
R e m i t  f r o m  A n n u a l  M e e t i n g  t o  C o u n c i l .

As a result of the discussion on the subject a t the A nnual 
M eeting on M arch 26tli, the following Resolution was passed 
and rem itted to the Council to deal w ith : —

“ That the E ntrance Fees, A nnual and L ife subscriptions of 
all grades of the membership of the In s titu te  be increased by 
50 per cent., excepting only the G raduate Section, which shall 
rem ain unchanged.”

The Council at the m eeting held on A pril 13tli discussed the 
subject and endorsed the term s of the Resolution.

An E x traord inary  General M eeting of members is herewith 
called for F riday , September 3rd, to ra tify  the resolution and 
for Tuesday. September 21st to confirm it, at 5.30 p.m . on each occasion.

Hon. Secretary.
J a s . A d a m s o n ,



NOTES. 41
I t  was also suggested at the A nnual M eeting tliat in  view of 

the financial requirem ents of the In stitu te , added to by the 
desirab ility  of p lacing the balance of the revenue account on 
the credit side, those who were willing' to do so m igh t volun- 
ta rilv  give -a donation for the curren t year as the Resolution 
w ill not take effect t il l  next year.

--------- o----------
Elect ion of Members .

Members elected at a m eeting of the Council held 011 March 
9th 1920: —

Members.
Thomas Cansfield Alderson, c /o  E agle Oil T ransport Co., L td ., 

16, F insbury  Circus, E.C.2.
H enry Andrew Stanliouse Anderson, Monte Bello P riv a te  

H otel, New B righton, Cheshire.
N icholas A. Anfilogoff, L athol House, Thames Haven, Essex. 
N orm an Scott B eatty , Busch House, Islew ortli, M iddlesex. 
H enry  Baldwin Beer (Engr. L t., R .N .), 24, Union Street, 

B irm ingham .
H y. Aldwell Braddock (E ngr. C apt., R .A .F .) , 174, U pper 

Brook Street, Manchester.
Charles C hristian, “ L au ris to n ,”  3, Tanza Road, H am pstead, 

N .W .3.
A rth u r Cornelius Denham, 1, H igh  Street, Mislev, Essex. 
H erbert, A lexander F leet, T ientsin, N. China.
F ran k  Fowling, 101, Lewisham  H igh  Road, S.E .14.
Malcolm E llio tt Heasley, 35, Auckland Road, Ilfo rd , E .
K irk  A rth u r •Tenkin, 49, Obelish Road, W oolston, H ants. 
Robert Black Leadbetter, E ldon House, W elling ton  Street, 

Dunoon.
R ichard  Lowdon, 30, M ilton Road, Lowestoft.
H arold Robinson M cClelland, 286, St. Jam es’s Street, Mon­

trea l, Quebec.
Thomas H ugh  M cDermott, Ingress Abbey, G reenhithe. K ent. 
Jam es M acGregor, c jo  Messrs. C richton, Thompson & Co..

L td ., 17/19, Cockspur Street, AY.
Donald MacKenzie, 141, B ath  Street, Glasgow.
H enrv  Charles Matlieson, 48, A lexandra S treet, C anning Town, 

E .16.
W m . L ynn Nelson, Cottage. Horselev H ill Road, S. Shields.
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Edwin Fredk. H vlton Nicliolson, 846, Rom ford Road, Manor 

Park , E.12. *
Robert Oldershaw, 27. Lum sden Avenue, Southam pton.
Jam es V. O’Sullivan, 5, Ivnockrea Terrace, Blacknock Road, 

Cork.
Edw ard A. Prendiville , 68, Mefsev Road, Rock F erry , 

Cheshire
Donald G ran t F a irley  Ralston, 22. H atherley  Gardens, E ast 

D am , E .
V. B. Ratsev, 4, In n e r Temple, Dale Street, Liverpool.
R ichard  Incledon R ennell. The B ritish  Oxygen Co., L td ., 

E lverton Street, W estm inster, S .W .l.
Jam es H enry R iley, 26, Bolton Road, Pendleton. M anchester.
A lbert Edw ard Seaton, 32, V ictoria Street, S .W .
W illiam  John Stone. 25, Herm on H ill, Snaresbrook, Essex.
Edward Alexr. Stanley Swinson, Crecora, Bloomfield, Belfast!
Joseph P attison  Thompson, 15, Adolphus Street W est, Seaham 

H arbour.
W . B ernard Thompson, 52, B urn t Ash H ill. Lee, S.E.12.
Robert George Towns, 11, Lichfield Road, East H am , E .6.
Jam es Knowles W alker, 6. Howburn Place, Aberdeen.
F rank  W elburn , N apier E ngineering Co., Byculla, Bombay.
F ran k  W hite, 1, Prim rose V illas, N orth F ield . Ilessle.
Alfred E rnest W hiteside, 133, Fernhead Road, M aida Vale, 

W .9.
A ssociate-M embers.

Harold Roy Johnson, 5, Syndhurst Gardens, Kelvinside, 
Glasgow.

Jam es Robert Scott, Messrs. R. & H . Green & Silley W eir, 
Blackwall.

Associates.
Edw in George Cleveland, 16, E lespeth Road, W embley, 

Middlesex.
H erbert H arland  Denton, 5, W averley Road, Bournemouth.

#Graduates.
Angus Macniven Campbell, 36. Muswell Avenue, Muswell H ill, 

N .10.
H un ter R obert M iller, 4, E ast R estabrigg Terrace, L eith .
Stanley Taylor, 200, Algernon Road. Ladyw ell, S.E.



Student-G raduate.
Leonard N ightingale , (1, Ingleby Road, Ilford , E .

Transfers : —
From Associate-M ember to Member.

T. II. E llis, 165, Great Dover Street, S .E .
W illiam  W ebb, E ngineers’ Bungalow, Jacob Sassoon M ill, 

P .O . No. 12, Parel, Bombay.
John  C. Thompson, H aw thorn Lodge, D unstan, (ialeshead-on- 

Tyne.
From Associate to hije-M ember.

John  R . Beveridge, Gordon V illa, Balm oral Avenue, Belfast.
Frovi Associate to Member.

Joseph Vickers H utton , 18, K ing’s Terrace, Southsea, H ants. 
A. H. Hydes, TO, M anor Road, Rugbv.

From Graduate to Associate.
W illiam  J . L. Howard, Swan House, Clifton R d., D arlington.
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J .  B . H a r v e y . | H . B e n n ie .
J a m es  K e i t h . | H . A. B u c k -Ke e n e .
W m . M cL a r e n . I A. E . S o w t e r .

I W . E . McCo n n e l l . ! F .  M. T im p s o n .

G. C. B l a ir .
A. E . Cr ig h t o n
B. P . F ie l d e n .
H . J .  F l e t c h e r .

Conveners o f Committees.
A w ards— J a s . Ad a m so n .
F i n a n c e — C H A IR M A N  O P C O U N C IL .
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and Advertisements 
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Representatives.
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Institu te  of Metals, A. B o y l e .

Engineering Training Organisation,— J a s . Ad a m so n . 
Standardisation of Gearing— A. E . Cr ig h t o n .
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G e o e g e  Ad a m s  (London).
Ch e v a l ie r  B e l ia r d  (Belgium ).
Al e x r . B o y l e  (London).
B . J .  B e v e r id g e  (B elfast).
F . J .  B l a k e  (Southam pton).
J . B r o w n , C .B .E . (Glasgow).
W . V. B r o w n e  (Italy).
W . J .W il l e t t -Br u c e , O .B .E . (Liverpool) 
J .  S. Ca ir n s  (Japan)
Sir  G . J . Ca r t e r , K .B .E . (Liverpool). 
W . E a r n sh a w  (New Z ealand).
Ma jo r  D . E v a n s , D .S .O . (Q ueens­

land) .
E n g r .-B e a r -Ad m ir a l  G . W . H u d s o n , 

B.N.
J . J . K e h o e  (Sea Service).

S ir  J a s . Ke m n a l  (London).
P. L a n n es  (France).
B o b t . L e s l i e , O .B .E . (London).
J .  S. M cGa v in  (China).
F . A. Mu r d o c h  (Bombay).
Si r  T h o s . P u t n a m , J .P .  (Darlington) 
B . B e id  (Calcutta).
J .  W . B ic h a r d s o n  (North E ast Coast) 
J .B .B ic h m o n d , C .B .E . (Glasgow).
W . P . B o b e r tso n  (Sea Service).
G. M. Sa lm o n  (America).
J a s . Sh a n k s  (London).
J .  E . Sp u r g e o n  (Egypt).
B . E . T h o m pso n  (Australia).
B .W il l ia m s o n , J . P . , C .B .E . (Cardiff). 
W . G. W in t e e b u r n  (British Columbia)
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Obi tuary  Not ices .

“ J A M E S  W E I R .

The death, on Ju ly  10th, of the father of otir President is 
recorded w ith  deep sym pathy and re g re t; he was known person­
ally  to m any of our members and his personal qualities were 
appreciated by all. ,

Jam es W eir was born in 1842, served his apprenticeship w ith 
the firm of Randolph and E lder, Glasgow— the progenitor of 
the Fairfield E ngineering and Shipbuild ing Co—he afterwards 
went to sea in  the Bibby L ine, serving for some tim e in the 
Company as chief engineer, his last ship being the Oporto. 
W hile a t sea. the d isabilities under which the engines and 
boilers suffered, induced thoughts and plans to b ring  about im-

* W e  a r e  in d e b te d  to  th e  M a rin e  E n g in ee r  a n d  N a v a l A rc h ite c t  fo r  th e  re p ro d u c tio n  
o f th e  P o r t r a i t .
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provements w ith a view to reduce, or elim inate, the causes of 
the troubles experienced. To reduce the deterioration in  
boilers, due to variation  in  tem perature, the H ydrokineter was 
evolved, and to lessen the corrosion by reducing the corrosive 
elem ents, the feed heater and special pum p came into being. 
Mr. Jam es W eir, w ith  his brother George, started  business in  
Glasgow in 1876 as consulting engineers, m eantim e developing 
his inventive genius w ith the result th a t th e  H ydrokineter and 
special pum p were followed by the condenser and the a ir pum p. 
Extension of premises became necessary to meet the growing 
dem ands for the W eir specialities, and about 1880, the founda­
tion portion of the! present premises a t C athcart was established. 
On the retirem ent of Mr. George W eir to A ustralia , the busi­
ness was formed as a private company, and the younger genera­
tion  became partners. On the retirem ent of his fa th er as the 
active head, Lord W eir became the predom inant partner. M r. 
Jam es W eir, a fte r his arduous work in  connection w ith engi­
neering, devoted him self to work on the land near Lockerbie, 
in  D um frieshire, and studied the adoption of the best appliances 
for the reproduction of the products of the earth  and the  im ­
provem ent of cattle, realising  th a t the growing im portance of 
farm ing operations demanded conservation of national energy 
to meet our requirem ents, as fa r as possible w ith in  our own 
lim its. Mr. W eir was a V ice-President of the In s titu te  and 
from its inception m anifested a great in terest in our operations, 
being one of our first y ear’s members. W hen the new pre­
mises were under contem plation, he presented i51,000 towards 
the fund being subscribed for the present build ing . H e con­
tribu ted  a paper to the In stitu te  in  1891, en titled  “ Steam 
E ngine Efficiency.”  He also contributed papers to other I n ­
stitu tions, and a t the Chicago E xhibition  E ngineering  Con­
gress, in 1893, he gave one on “  Steam E ngine Boiler F eed in g ,”  
while am id the surroundings of li is countrv life he wrote a book 
on “ The Energv-System  of M atter.”  H is brother Thomas, 
form erly Supt. E ngineer of the China M erchants S.N . Co., is 
now liv ing in  retirem ent at H elensburgh. To Lord W eir, M r. 
J .  G. W eir, c . is.e . ,  and th e ir two sisters, we accord our respect­
fu l sym pathy on the death of th e ir  father, whose memory w ill 
live in  the m inds of M arine Engineers for m any generations.

L o k d  F i s h e r  (Hon. Member I .M a r.E .) .—Born in  1841, in 
Ceylon, where his fa ther was A.D.C. to the Governor, young 
F isher entered the N avy in 1854, and served during  the R ussian 
and China wars, receiving his lieu ten an t’s commission in  1860.
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He thus early gave evidence of his powers, and was appointed 
gunnery lieu tenan t of the W orrier, our first seagoing ironclad. 
As a commander, he took up the study of the torpedo, and in 
1873 was sent to Fium e to arrange w ith the W hitehead firm for 
the  purchase of th is new weapon. W hile still a jun io r captain, 
he was appointed in  1881 to command the Inflexible, the big­
gest ship of her day, and after the bom bardm ent of A lexandria 
was landed from her and invented the first arm oured tra in  for 
use against Arabi. Invalided from A lexandria th rough illness 
contracted on service, he was appointed on his recovery to com­
m and the gunnery school at Portsm outh, and afterw ards served 
successively as D irector of N aval Ordnance, A dm iral-Superin- 
tendent of Portsm outh Dockyard, and Controller of the Navy. 
In  tim e, he filled nearly all the h igher posts open to a naval 
officer, for he was twice Commander-in-Chief afloat, including 
the  command of our p rincipal F leet, then in the M editerranean ; 
he was A dm iral-Superintendent of the principal dockyard ; he 
was Commander-in-Chief a t Portsm outh, the leading naval 
p o rt; and from 1892 to 1915 he had four term s of service as a 
member of the A dm iraltyBoard, the last being from October, 
1914, to May, 1915, when he resigned office sooner than  agree 
to a further depletion of our N orth Sea forces to assist the ad­
venture a t the Dardanelles.

A mere sum m ary of his reforms would occupy more space than  
can be afforded here, but i t  may be mentioned that his strategical 
insigh t was indicated by the gradual transfer of oiir m ain fleet 
to the N orth Sea; his tactical skill was shown by the build ing of 
the Dreadnought types of ships, in which big guns and speed 
were the leading fac to rs; his organising powers were shown in 
his dockyard reforms, and in the introduction of the nucleus 
crew system, whereby a ll ships of fighting value were kept ready 
for instant m obilisation; and his adm inistrative genius was 
m anifested in the improvements in the technical education and 
tra in in g  of the personnel. Lord F isher strove hard  to raise tbe 
position of the engineers of the Navy— “ the real masters of the 
modern F lee t,”  he called them . H is Osborne scheme of 1902 
was not kindly received by a ll at first, as it  appeared th a t by 
m aking all officers enter together he was closing the door to the 
engineer class, who had previously entered through Tveyham, 
and m any of whom could not afford the more expensive Osborne 
tra in in g . In  reality , his object was to exalt engineering in  the 
naval curriculum  by m aking every officer take i t  up to a certain 
extent as being indispensable to h is tra in in g  and equipm ent, 
and though the scheme has been modified by experience, this
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principle rem ains, and executives and engineers are now one in 
en try  and education up to the m om ent of specialising.

Ever on the alert for every invention or discovery which 
would assist the Navy, he was the cham pion of Lord K elvin 's 
compass, of the water-tube boiler, the tu rbine engine, the sub­
m arine, wireless telegraphy, and a host of o ther m odern innova­
tions. I t  was due to him  th a t the control of subm arine mines 
was taken over from the Royal Engineers, and he devised the 
first m ine-layers and mine-sweepers. H is fa ith  in oil was com­
plete, and under his enthusiasm  and inspiration  the N avy did 
a great deal for the advance of oil as a fuel and prim e mover. 
The great war vindicated his work, and it was fitting  th a t the 
most decisive battle  of the war, th a t a t the Falklands should 
have been won by his ships, and as the direct outcome of oue of 
his first orders after re tu rn ing  to office. Y et the result of his 
labours did not end w ith the war. He has left his m ark upon 
every part of the m ultitudinous activities of the N aval Service 
as it is to-day. H e has, moreover, left a record and example 
which the Navy and the nation w ill ever recall w ith pride and 
affection.
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V O LU M E  X X X II.
Visi t s  to Works .

T i s i t  t o  M e s s r s .  J .  S t o n e  & Co., D e p t f o r d ,  M a y  8 t h . —  
The W orks a t Arklow Road were first visited and w ith  the 
paper read by Mr. J .  H am ilton Gibson fresh in  our minds, the' 
illustrations of inventions in  the workshops were all the more 
impressive and valuable. The m aterials and work dealt w ith 
by the F irm  for sea service are well known to m any of our 
members, but a brief description may fitting ly  be given for 
general inform ation.

The Laboratory, w ith  samples of good, bad, and indifferent 
m aterial, ind icating  causes of failure, illustrated  by micro- 
scopic views of the crystal structures, was fu ll of interest and 
instruction  showing th a t scientific research plays an im portant 
p art in the work of the engineer and th a t labour w ithout tech­
nical knowledge is insufficient to insure progress. Microphoto-

5 0
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Passing on we saw stocks of ingot m etals and other products 

aw aiting despatch ; non-ferrous forgings and stam pings; brass 
castings of all k in ds; vve then turned into the departm ent 
where copper nails and rivets were in process of being made 
by autom atic machines, draw ing in the copper wires and rods 
and discharging the finished products, illustrative of the in ­
ventive faculty in re devices for automatic work. The double 
advantage was here afforded of studying the devices and w it­
nessing the results in the handling of the finished articles—  
when cool enough.

S p ec im en  A u to  C.

In  tran sit from one departm ent to another, the changes due 
to development and extension of premises w ith  consequent 
removal of operations to fresh ground were very striking  to 
members who had visited the works in  previous years. The 
Ash expeller design and details were shown by drawings, and 
after the apparatus was described, we were conducted to see an 
ejector pump a t work, the p latform  representing the stokehold 
floor w ith a g ra ting  through which ashes were passed; doors 
were fitted for removal to show the passing of the water with 
the ashes for discharging them  into the sea. Several incidents 
were cited to show th a t in  cases of emergency arising  from 
collision or torpedo damage, the ejector pum p had been used 
w ith  success for clearing w ater from the stokehold and keeping 
leakage under subjection long enough to enable the vessel to 
reach port.
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T h e b ea rin g  is ca s t w ith  pan els  as show n, and  also a  lip  ru n n in g  round  
th e  edges fo r p rev en ting  th e  m eta l m oving la te ra lly .T he w h ite  bronze is easily  ru n  down, an d  should  be m elted  in  ladles over a  coke fire. I t  should  n o t be ru n  down in  cruc ib les, b u t  if no lad les  a re  to be "had an d  cruc ib les  have to  be em ployed, g re a t ca re  m u st be ta k e n  th a t  th e  
m e ta l is n o t overheated .All bearin gs w hich hav e  no cross rib s  in  th e  m id d le  m u s t hav e  th e ir  faces tin n ed  a ll over before th e  w h ite  bronze is poured in , an d  in  ad d ition , several •holes should  be d rilled  in  th e  face of th e  b ea rin g  ab o u t l j in .  d iam . by ab o u t 
^ in . deep.
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Stone’s white m etal for hearings is well known and appre­

ciated for its lasting  properties. The exam ination of the- 
samples and the care bestowed upon the ingredients in tli* 
m ixing, for different purposes, deepened the impression as to 
the attention  w ith  which the m etal is treated to evolve the best 
and most uniform  results.

A sh  E x p e lle r .

Bulkhead doors operated under a central system is another 
feature of m anufacture which we noted in  passing from  on* 
departm ent to another. The doors are operated hvdraulically  
by pressure from double actin  g  pumps in the engine room ; 
these autom atically  m ain tain  uniform  pressure. Safeguards
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are 'provided so th a t in case of fire a fusible p lug  m ay act in 
closing a door, or in  the event of im m ediate passage being 
wanted for members of the staff or crew, provision is made 
beside the door so th a t it can be opened and closed again  on 
the spot sharply. The design of the doors and the system atic 
m anipulation  of them  from a central station w ith the local safe­
guard ing  provisions have been the work of tim e and testing  
under working conditions w ith a view to meet every circum ­
stance for the safety of all concerned. Three different types of 
doors were shown :— (1) A trunk  door, to open and shut locally 
and from bridge. (2) A horizontal door, to open and shut 
locally and from bridge. (3) A vertical door, to sliut only from 
bridge and to open and shut locally.

The M achine M oulding Shop includes a large foundry de­
voted exclusively to m achine m oulding, and castings of axle- 
boxes, slide valves, motor parts, etc., were seen in  course of 
m anufactu re; ad jo ining  to th is is a Bronze Foundry  devoted 
to small M anganese and Phosphor Bronze castings, vary ing  
from loco axle-boxes to small tim ing  levers for m otor cars. 
In  the  Brass Foundry one noted specially the large num ber of 
castings th a t were moulded in  one box.

Electrical Shop .— Dynamos and Switch Gear for the firm ’s 
celebrated T rain  L ig h tin g  System were observed in very con­
siderable num bers, either in  course of erection or on test, prior 
to despatch to th e ir  destination.

Tool R oom .— A new central tool room has ju s t been com­
pleted and is one of the best lighted and equipped examples 
of this very necessary departm ent. A m easuring m achine first 
made by the firm 12 years ago. capable of measuring from -rg-ihnr in. 
to 30 in ., aroused considerable interest.

Recovery P la n t.—W hen dealing in m etals of in trinsic value, 
the recovery and grading of all scrap m etal and sweepings is 
of great im portance; th is is under the superintendence of the 
laboratory staff to ensure th a t no scrap is used for any charge 
th a t m igh t have a deleterious effect in  the casting.

A fter a tour round the old W orks w ith all th e ir associations, 
cars were provided and we drove to C harlton to the new W orks 
which are specially equipped for dealing w ith  propellers from 
start to finish, including the process of m oulding the pa tte rn  
blade and the set-to-pitch p lan ing  m achine which was at work. 
These two stages were examined w ith  considerable atten tion  
and interest, as an excellent opportunity  was afforded of seeing 
the modus operandi which m any have only been able to read
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about w ithout the practical dem onstration to rivet the theo­
retical explanation to the m in d ; we could follow the manufac-' 
tu re  of manganese bronze propellers from the foundry, where 
the raw m aterial is made up into ingots and their composition 
checked by the laboratory staff before their issue to the

58 VISITS TO WORKS.

i.
T u rb in e  P r o p e l le r .

foundry. The furnaces and drying stoves were found to be of 
g reat in terest; these have been specially designed by the firm 
for their own purpose. Through the F e ttlin g  Shop, where the 
propellers are clipped to area, backs trim m ed up and balanced 
on rails, to the M achine Shop, where a large am ount of very
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heavy m achinery is installed, and the firm ’s paten t m achine 
for p lan ing  the faces of the propellers m athem atically  true  to 
pitch.

At the close of the v isit we assembled to partake of a h o s­
pitable tea provided to cheer our parting .

A vote of thanks to Messrs. Stone and to the members of 
the staff for tlieir k indly courtesy was proposed by M r. G. J .  
W ells and seconded by M r. J .  B. H all. Mr. ,T. H . Peters 
replied 011 behalf of the Company and the staff who had de­
voted the afternoon to our delectation, and in doing so, had su r­
rendered th e ir Saturday afternoon golf.

M e s s e s . J . D e w r a n c e  & Go’s W o r k s  were visited on M ay 
29th, when our party  was conducted through the various de­
partm ents by Mr. Lawrence and members of the staff, who 
kindly  gave the afternoon to meet the visitors and explain  the 
details of the fittings made by the firm, an action of self-denial 
on th e ir  p a rt which was h ighly  appreciated.

M any of the appliances and .specialities fam ilia r in  the  
E ngine  D epartm ent were exam ined and im provem ents in  up- 
to-date methods discussed. The w ater gauge columns w ith  the  
autom atic safety arrangem ent to prevent scalding in  the  event 
of the glass breaking, were on view, fitted w ith  toughened glass 
prepared in  the works and designed as an extra precaution 
to m inim ise the risk of breakage. Samples of specially treated  
glass were selected and tested to show th e ir  ab ility  to resist 
sudden shock and stra in , a w eight was dropped upon the glass 
and a fu rther test was m ade by dropping it upon the floor.

The asbestos packed w atergauge which is made tig h t by th is 
system  was orig inally  introduced to steam users by the firm 
m any years ago. The plugs of the  w atergauge have a non- 
m etallic bearing, consequently do not abrade so readily  as the 
ground plug. The gauges are also provided w ith  hexagonal 
glands.

The useful im provem ent of the glass protectors was in tro ­
duced some years ago, they consist of three specially toughened 
glass plates fitted to prevent fragm ents flying about if the w ater 
gauge glass should break. The official Inspectors of Factories 
require such a provision being fitted.

The g radual advance of steam pressure, of superheat, and the 
in troduction  of the in ternal combustion engine, have exercised 
the m inds of all makers of m aterial exposed to the increasingly
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T ra n s p a r e n t  W a te r  L e v e l In d ic a to r .



VISITS TO WORKS. 61



0 2 VISITS TO WORKS.



VISITS TO WORKS. 63
severe strains and stresses due to the changes, and the question 
of how the altered conditions were being m et n atu ra lly  arose 
when valve chests in  different stages of m anufacture were 
viewed, as a defect in  a cast-ion chest or casing is more serious 
since the days of 60 or 801b. pressure when repairs m ig h t be 
more readily  effected to rem edy defects. Specimens of cast 
steel were shown and the special features explained to indicate 
the process of m anufacture in  order to obtain the desired results 
in  sound castings, reliable for present day service.

F o r these h igh  pressures and tem peratures which now reaches 
300 to 500 lb s.°  w ith a superheat of T50°F. Siem en-M artin 
steel or other suitable m aterial m ust be employed.

The glass of the transparen t w ater level indicator is specially 
toughened. I t  is a fitting  which can be m ade of cast steel.

D  .  O  •There are two specially toughened glass plates fitted into a 
fram e and bolted up to the centre p a rt which keeps them  
sufficiently far apart to allow of a space for the steam and w ater, 
the jo in ts being made w ith  a special h igh  pressure packing. 
The effect is th a t the w ater 'level is more clearly defined as 
indicated in  the illustration . The transparen t w ater level ind i­
cator shown, has a th in  sheet of mica interposed between the 
glass and the w ater and steam, the glass is th u s kept good, and 
w ith  a lig h t behind the w ater level shows clear.

The varie ty  of valves and cocks m ade by the firm is very 
great and the different designs in  respect to details show th a t 
the views of customers are m et in respect to jo in ts and pack­
ings, also facilities for renewal of parts.

The renewable stop valves illustra ted  are m ade of special 
bronze, the seats being compressed to give greater durab ility  
and are constructed as are also the valves, to adm it of ready 
renewal. The valve is readily  detachable from  the spindle 
and the seat can be unscrewed from the  body of the chest when 
the cover is removed. The valves and seats are made of nickel 
alloy for h igh  pressures.

Safety valves of the lever and spring loaded types were 
inspected w ith  attention , also reducing valves, relief valves, 
fusible plugs, expansion glands, steam traps, a sample of which 
is illustrated , the float steam  trap , pressure gauges and f ittin g s ; 
lubricators and connections.

The double control reducing valve illustra ted , has special 
features and advantages over the old form of lever and weight, 
and w ill m ain ta in  the required reduced pressure w ith in  narrow 
lim its.
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The float steam trap  is provided w ith a pilot valve, when the 

float is filled with water the pilot valve opens, the momentum 
of the falling  float opens the m ain valve and rapidly  discharges 
the water, the trap  then shuts off suddenly u n til enough water 
has accum ulated to fill the float and cause another discharge, 
the valve seats are made renewable of nickel alloy.

^ O U T L E T



VISITS TO WORKS. 65
The pressure gauge departm ent proved most in teresting ; we 

learned the firm were the first to introduce the system of m aking 
pressure gauges w ith  an oval spring tube. The departm ent is 
most complete w ith apparatus for obtaining exact pressures up 
to 10 tons on the square inch.
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The different kinds of hearing m etal for lig h t or heavy loads, 

quick or slow speed, were stored in the departm ent devoted 
to the purpose and illustrations were on view showing bearings 
ready to receive the m etal, and others w ith it poured on or 
bored out ready for work. The illustra tion  shows connecting- 
rod brasses lined w ith  w hite m etal of the wheel brand type.



■68 VISITS TO WORKS.
The laboratory is an im portant feature in all establishm ents 

where high-class metals are dealt w ith and chemical action has 
to be considered and its influence overcome, and Messrs. 
Dewrance have a thorough knowledge of all th a t is necessary 
for the purpose of the testing, analysing and m ixing of the 
different m etals to produce the best results to suit the special 
sphere of duty.

On the conclusion of the inspection of the W orks and discus­
sion of the points of interest, the visitors were introduced to 
a comfortable tea, spread before them  by the kind and con­
siderate hospitality  of Sir John Dewrance who, having been 
unable to be present on account of the illness of a relative, sent 
a message of welcome. A vote of thanks to the F irm  and the 
members of the staff for th e ir kindness and courtesy was pro­
posed by Mr. W illiam  McLaren and seconded by Mr. S. M art- 
uew.

Mr. Lawrence, in responding, expressed the hope th a t the 
visit had proved of in terest and practical value to all.

S k e f k o  B a l l - h e a r i n g  W o r k s ,  L u t o n ,  J u n e  2 6 t h .— Our visit 
to the Skefko W orks on Ju n e  26th was a most interesting one, 
and we are indebted to the members of the staff for th e ir ex­
planations of the various processes in operation for tu rn ing  out 
the bearings and securing accuracy in the finished product.

The rods and tubes used are essentially of the most reliable 
m aterial, and as we proceeded through the works this was illus­
tra ted  step by step, as the m achinery and testing at each stage 
were examined.

W e saw the rods _and tubes of Swedish chrome steel as they 
arrive from the SK F steel works in Sweden, where only ore is 
used, obtained from mines owned by the Company. These rods 
are first trued in special lathes, and then passed to the autom atic 
m achine departm ent, where the machines, fed w ith four rods at 
a tim e, cut off the outer and bore out the inner races. The 
embryo races then go through m any processes, including fre­
quent controls as to gauging and testing a t each stage of pro­
gress. The hardening departm ent proved particularly  in terest­
ing, with its special furnaces whose tem perature is checked
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by a double pyrom eter control. The treatm ent employed 
hardens the steel throughout, a fact th a t contributes to the long 
life of the SK F bearings.

The ball factory was probably the most interesting depart­
m ent, w ith its grind ing  machines, which tu rn  out balls to an 
accuracy of -002 mm. The first process in the m anufacture of 
small balls is carried out in machines fed with coils of steel wire. 
These m achines draw in a requisite length  of wire, cut off a 
b illet, and stam p the billet into a ball. The larger balls are hot 
forged. The rough ball then passes through the rough grinding 
m achines, after which it is hardened with rig id  control checks 
a fte r each operation, oil g rind ing  and precision g rind ing  
follows in ingenious machines, which are specially m ade by 
the  company for their own use. Various polishing processes are- 
then carried out in revolving bins, u n til the finished ball, with 
a m irror like surface, is ready for its final tests. These tests,, 
both ocular and otherwise, m ake it  impossible for a ball w ith 
the sm allest defect to get into use, and we were interested to see 
one of the women operators detect a soft spot in  a 3/16 ball, 
and pick out the offending ball with a m agnet.

W e were also invited to inspect the well equipped works- 
laboratory, where the m etallurgist was kind enough to demon­
strate a test in the crushing machine. A lin . ball was placed 
between two others in the m achine, and pressure gradually  
increased, u n til the middle ball was crushed a t about 40 tons. 
In  th is laboratory, samples are taken from  each consignm ent of 
steel th a t arrives, and searching tests made to check the quality  
of the steel.

W hen the tour of the works was completed, Mr. P . J .  H . 
Proctor delivered a lecture on the application of the ball-bear­
ings to m arine work, after which an excellent tea was served 
and partaken of with high appreciation of the courtesy of the- 
Company and of the staff for the kindness m anifested by them  
in escorting us th rough  the various departm ents, and for which 
a vote of thanks was accorded.

LECTU RE BY MR. P . J .  H . PR O CTER.
B all-bearings now play ail im portant p art in the technique o f 

modern engineering. Modern conditions m ake it im perative 
th a t engineers take advantage of every means by which economy, 
m ay be effected in the u'se of power, and since one of th e
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principal means of a tta in in g  this end is to reduce fric ­
tional resistance to tlie lowest possible point, ball-bearings, 
already widely used, are coming more and more into favour as 
tim e goes on. I t  would seem, liowever, th a t M arine Engineers 
have not yet fully  realised the possibilities and advantages of 
ball-bearings, especially as regards th e ir application to ships’ 
m achinery.

Construction.— The m ain feature connected with the m anu­
facture of the bearings will have been brought to your notice 
during the tour of the works, but before passing to a considera­
tion of the application of these bearings to m arine engineering, 
a few comments on their design and performance m ight prove of 
interest.

H istorical.— The ordinary cup and conecyole hub-bearing is 
one of the earliest examples of ball-bearing construction, and is 
still found to have a wide field of u tility  w ithin certain definite 
lim its. The necessity for adjustm ent, and the low carry ing 
capacity of th is type, prevented its fu rther development, and 
led to the introduction of the ordinary single-row annular type 
of bearing.

A nnular T y p e .— The structu ral sim plicity of this bearing 
makes a strong appeal on the ground of efficiency, and setting 
aside the questions of the quality  of m aterial, heat treatm ent, 
etc., the principal item  calling for attention is the proportioning 
of the race grooves. E arly  experience has proved th a t the 
m axim um  efficiency is obtained by balls rolling between two 
flat plates. The capacity, however, of a bearing designed on 
these lines would be small, since the m inute area of the contact 
surfaces would result in pressure of a very high intensity. The 
reduction of this pressure intensity is obtained by providing 
race-ways whose curvature tends to encircle the ball, and the 
annu lar grooved ball bearing represents the most efficient com­
promise where load carrying capacity and frictional loss may 
vary inversely with one another. I t  is interesting: to note that 
the stresses set up m  a bearing of such construction are beyond 
anything encountered in ordinary eng ineering ; a fact th a t will 
be readily understood when consideration is given to the small 
area supporting an intensified load. The ball, of course, 
actually deforms, and in consequence a certain sligh t sliding 
effect is experienced. In  this annu lar type bearing, the balls 
are introduced between the races through a filling slot, and 
while th is method m akes it possible to use the m axim um
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num ber of balls, there is no doubt th a t severe stresses, which 
will affect the life of the bearing, m ust be set up w hilst the balls 
pass the filling slot. This disadvantage is particularly  notice­
able when the  bearing is called upon to sustain any th rust load.

S K F  B earing .—Passing from this consideration to the design 
of the S K F double-row self-aligning bearing on view, i t  w ill 
be understood th a t its peculiar property of alignm ent perm its 
of two rows of balls being inserted w ithout the use of any tilling 
slot. The large curvature of the outer race gives a sm aller 
frictional loss and less sliding effect, and while the capacity 
per ball is reduced, the to ta l capacity of the bearing is greater 
th an  th a t of a  sim ilar annular type bearing, on account of the 
large num ber of balls fitted. You will doubtless have obtained 
some idea of the accuracy necessary in the m anufacture of these 
bearings, b u t to m ake this clear, i t  m igh t be stated th a t a bear­
in g  cannot even be assembled if the balls are -002 mm. too large 
in diam eter. You w ill understand, therefore, why the ball- 
bearing m anufacturer objects to supplying spare balls to be 
fitted in  a bearing which has been runn ing  some tim e, since the 
resu lt will obviously be neither a credit to him  nor of advantage 
to the user. The balls m anufactured in our works here are 
graded  in  lots which are correct w ith in  -001 mm. Consequently, 
it  is impossible to say which grade should be used for a bearing, 
w ithout having i t  here for exam ination. I t  is impossible, in 
th e  tim e a t my disposal, to enlarge on the  m any interesting 
features connected with the m anufacture and design of the SK F 
self-aligning bearing, but it will be understood th a t every pos­
sible care is taken  to ensure th a t the product th a t leaves our 
works is in accord w ith the  highest traditions of th is class of 
m anufacture, and th a t its unequalled efficiency as a means of 
reducing frictional losses makes it em inently suited for tise in 
M arine Engineering.

As the present design of m arine motors is passing through a 
most in teresting  stage, I  propose to b ring  to your notice a few 
of the applications which have been tried  out by us, and success­
fu lly  adopted by our clients, hoping th a t I  may thus help you 
to  realise the advantages th a t such applications confer.

F ig . 2 illustrates the crankshaft of a four cylinder two-stroke 
u n it developing 180-h.p. a t 260 r.p .m . You will notice th a t 
the  crankshaft is solid and is not built up. The bearings are 
our standard 1,400 type, capable of tak ing  a steady, constant 
load of 42,000 lbs. at 300 r.p .m . The balls are 2 |in . diam eter. 
T he fitting of the end bearing presents no difficulty, as it is
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passed over the end of the shaft, and registered against a 
shoulder by a nu t, as shewn. The middle bearings, however, 
have to be threaded over the cranks, and to overcome this diffi­
culty, the bearing used is of sufficient in ternal bore to allow 
of i t  being fitted in this m anner. I t  is then mounted in  posi­
tion on two split tapered sleeves, which are clamped _ tigh tly  
together on the shaft by means of a nu t. This nu t, whilst 
clam ping the sleeves, firm ly fixes the bearing on the taper. 
The righ t hand bearing acts as a guide bearing, fixing the shaft 
laterally . The method of protecting the bearing from foreign 
m atter may be of interest. On the outside our usual fitting of 
a cover with felt washers is employed, and the same method 
could be applied on the inside, using a split cover. The illus­
tration , however, shows a method which has recently come into 
use. A washer is fixed to the housing by three or more screws, 
which by the aid  of helical spring's, press the  washer in the 
direction of the bearing so that the m achined edge nearest the 
shaft is pressed against the inner ring  of the bearing. This 
ensures a tig h t joint, which protects the bearing from anything 
tha t may be thrown up from  the crank pit. I t  also renders the 
crank p it more a ir-tigh t, a v itally  im portant point in  the two- 
cycle engine.

The advantages to be gained by using the SK F bearing are as 
follow s:— (1) Increased engine efficiency, due to almost total 
abolition of frictional losses, and resu ltan t reduction of fuel oil 
consumption. (2) Increased security .against stoppage. (3) 
Reduction of tim e and trouble spent in lubrication and atten­
tion. (4) Simplification of fitting. (5) Reduction of the dimen­
sions of the motor in axial direction is facilitated, as SK F bear­
ings are considerably shorter than ordinary bearings. This is 
of great importance, especially in the case of motors with several 
cylinders. (6) Essentially reduced consumption of lubrication 
oil, since the bearing is self-contained runn ing  in  grease.

From  the crankshaft we n a tu ra lly  pass to the th rust blocks, 
and here we undoubtedly have the most interesting bearing on 
board ship. W e all know well enough the  efficiency losses of 
the Horse Shoe type of T hrust Block. I t  has m any disadvan­
tages, but it is still retained. Perhaps because the M arine 
Engineer knows it. W ith  all its faults he knows its capabili­
ties, and were one to suggest to him  a Ball Bearing Thrust., he 
would say perhaps, as one gentlem an said on first seeing an SK F 
B earing, ‘‘ Take away that Chinese Puzzle.”



VISITS TO WORKS. 7 5

I t  lias, however, proved to be no puzzle, and in the form of a 
Propeller T hrust B earing is a peculiarly  suitable fitting, w ith  
a ll the reliable features of the Horse Shoe type, and none of 
the weaknesses. This has been proved on m any occasions. The 
requirem ents placed upon it are, however, very great, and m ay 
be briefly sum m arised as fo llow s:— (1) I t  m ust be capable of 
tak ing  up propeller pressure even under th e  most try ing  condi­
tions, and th is w ithout constant inspection. (2) I t  m ust be 
self-lubricating, and of a simple and reliable construction. (3) 
F ric tion  in the bearing m ust be the least possible. (4) I t  m ust 
not take up too m uch space. (5) The movement of the ship 
m ust not influence the runn ing  of the bearing unfavourably.

F ig . 3 illustrates the type of th rust block used in  subm arines. 
T h is particu la r type was supplied by us and fitted by Messrs. 
A rm strong W hitw orth  in 1914 to H .M . subm arines. I t  con­
sists of our standard “  R .M .” type double-row self-aligning 
bearing w ith  two single th rust spherically seated bearings. The 
radius of the spherical seating is struck from the centre of the 
rad ia l bearing, and the whole un it can thus align  itself, d is­
trib u tin g  the load equally over all the balls a t all times. 
D uring  bad w eather or forced steam ing the ordinary type of 
th ru s t bearing is a source of constant anxiety, proper a d ju s t­
m ent being lost on such occasions, and the propeller th rust 
often taken on one shoe. This state of affairs, inevitable w ith  
the  ordinary  th rust block, can never occur in  SK F bearing.

The SK F bearing is self-lubricating, and if we consider the 
co-efficient of friction  of a Horse Shoe bearing as -06, for norm al 
running , and th a t of a ball-bearing as -001, the saving of fric­
tional losses, and resu ltan t increased efficiency of the engine 
become apparent. I t  m ay be in teresting  here to note the 
saving in lubrication. W hile ihe engine is at rest, the T hrust 
Block should be nearly filled w ith  a good non-corrosive grease, 
bu t while runn ing  the bearing requires no atten tion  whatso­
ever, the grease acting  m erely as a preservative. W hen tim e 
perm its the bearing m ay be cleansed out w ith benzine, and the 
grease renewed as occasion demands. F ig . 4 illustrates a type 
of T hrust Block fitted to turbines. In  th is case the bearings 
are m ounted on the forward end of the reduction gear shaft.

From  m ain m achinery we m ight now tu rn  to the auxiliaries, 
where a wide field has already been covered by our applications. 
As an exam ple, F ig . 5 illustrates SK F Bearings applied to the 
vertical shaft of a Turbo Pum p for Messrs. G. & J .  W eir. The 
w eight of the complete u n it is 200 lbs., and it revolves at a
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speed of 3,000 r.p.nx. The radial load is taken on two 1314 
hearings, while the weight of the  shaft, w ith any resu lting

i

th rust, is taken on a radial hearing of our 1413 type, which is 
free on the outer race, and fixed: la tera lly . This is our usual 
fitting for tak ing  th rust loads a t h igh  speeds.

Fig
. 4

,
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VERTICAL SHAFT FOB TURBINE PUMP
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Steering Gears.— These form  a particu larly  suitable app li­

cation for S K F  Ball-bearings. How often has the finding of 
the Courts of E nqu iry  on collisions a t sea been “ F a ilu re  of 
the Steering Gear to a c t.”  The causes of these failures m ay 
be m any, bu t the fitting  of ball-bearings throughout the con­
tro l shafting  and engine, certain ly  m inim ises them . L et us 
consider the advantages to be gained by th e ir use.

F ig . 6 shows our special type hanger, which can be adjusted  
to any required drop. Our standard  1500 A dapter type bearing 
is enclosed in  th is hanger, and w ill run  w ithout atten tion  for 
three or four m onths, when the la tte r has been filled w ith 
grease. The bearings are self-aligning, and so counteract a ll 
deflections of the shaft w ithout b inding  the bearing. Since 
there is no wear down w ith resu ltan t play, instan t movement 
from  rest is assured. These bearings possess all the necessary 
features of an ideal bearing for Steering Gear Control Shafting . 
In  the Gear W heel Brackets we fit a single th rust bearing to 
take up the thrust and thus to keep the gear wheels constantly 
in  mesh. Coming to the rudder, I  have here shown (F ig . 7), 
an application to the actuating  gear of K itchen’s P a ten t R e­
versible R udder. The th rust is taken by our standard  D .L . 
type double th rust bearing, and the rad ia l load by our standard 
R .L . type. This application has been approved, and is being 
fitted throughout these units.

As an in teresting  application, F ig . 8 shows our th rust bear­
ing as fitted to the rudder stock of a ship by one of the Clyde 
Shipbuild ing Companies. The bearing is 22 in. diam eter, and 
supports the 50 tons w eight of the rudder stock. The bearing 
is mounted on a cast steel block which is in  halves, the lower 
p art form ing a stuffing bos, fitted w ith an oil tig h t gland. The 
bearing thus runs continuously in  grease. To facilita te  ex­
am ination  or renewal of the bearing, a collar which revolves in 
a recess in  the bracket is formed on the stock. W hen it is 
necessary to exam ine the th rust bearing, the rudder stock i<f 
lowered by slackening the ad justing  nu t u n til the collar rests 
on the recess in  the bracket, thus supporting the w eight of the 
rudder. The complete ball-bearing can then be removed. 
This bearing has given every satisfaction in  the ships to which 
it has been fitted. In  conclusion, I  m ay add th a t the ball­
bearing has by no means attained the development of which it 
is capable. The w ar brought commercial engineering to a 
standstill. I t  is, therefore, surprising, th a t in view of th is the 
ball-bearing has developed in m arine engineering, to the extent 
it has.
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CONTROL SHAFT STEERING GEAR.



KITCHENS REVERSING RUDDER GEAR
F ig . 7.
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F ig .  8.

M e s s e s . A l l e n  a n d  S i m m o n d s  (R eading).— September l l t l i .  
This visit was paid amid pleasant surroundings as to w eather 
and scenery, added to by the hospitable provisions made by the 
Company to give us not only the privilege of seeing the works, 
but of enjoying a very pleasant outing up the R iver Thames by 
steamer from R eading to Maple D urham , above the lock through 
which we passed.

The works have been in course of considerable extension to 
meet the growing requirem ents—adding to industria l employ­
ment and to the resources of the country to meet our necessities. 
The motor carriages, which conveyed us to the works from the
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station, were made by the Company in  its extended field of 
work, and the trips to and fro gave a good opportunity  of ex­
am ining and testing  them .

The A llen piston rings are now well known to Engineers, and 
the various stages in th e ir m anufacture were exam ined w ith  in ­
terest. f l ie  composition of the m etal for these rings has arrived 
at its best by means of m any test tria ls ; the degree of com­
pression in the  finishing stage to give desired results being 
also arrived at, while close atten tion  to accuracy in m achining 
apd fitting  have combined to give a good resu ltan t.

The development of the piston rings in  the form now largely 
used has been due to the  persistent efforts of Mr. A llen in en­
deavouring to produce an efficient ring  to satisfy the demands 
for h igher efficiency and greater economy in the use of motive 
power, by reducing friction and avoiding waste due to the pass­
ing  of steam.

The foundry, w ith the appliances for heating  the m etal were 
h ighly  in teresting , all the connections being exam ined and ex­
plained. The core and m oulding boxes, the sands used, and 
the special ingredients mixed or used on the moulds for facing 
purposes were shown and described, w ith  the advantages in 
connection w ith the pouring of the molten m etal.

The pattern  shop ad jo ining  and the store were visited, and 
the patterns of pistons and piston valves viewed in course of 
construction. In  the m achine shop much tim e was occupied in 
exam ining  the variety  of tools and m achines used for the 
m aking of the piston rings, and compressing them  to give hard ­
ness. These rings are made in  three or more sections according 
to the diam eter of the cylinder for which they are required.

The rings are cut w ith strict accuracy to fit the segments 
behind which are springs to keep each section up to the wall of 
the cylinder w ith m inim um  of friction, yet m ain tain ing  tig h t­
ness. The illustrations show the details of the piston rings 
used either for the cylinder, valve, or pump chamber. They are 
used for either steam, oil or gas engines.

The workshops for the m anufacture of motor cars and car­
riages showed these in  different stages of progress, including 
some in  course of overhaul. WTe were then carried off to the 
large showroom and garage, adjo ining which is a large erection 
being b u ilt and equipped for repairing  and storing motor 
vehicles of different kinds. A few steps from th is departm ent is 
the G reat W estern H otel, into which our steps were directed,
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Allen P a te n t  Built-up  T y p e  M a r in e  P is to n  f it ted  w ith  

ob lique ty p e  rings.

T h e P is to n  consists  of a trea d  o r  pack ing  rin g  c a rr ie r  A, a  ce n tra l screw ed boss w ith  webs B, two end p la tes  C, an d  cast iron  d is tan ce  p la tes  D , ag a in s t w hich th e  p iston  ring s E  are  pressed by th e  force of th e  sp rin g s  F . T he ce n tra l boss an d  one end p la te  a re  locked to g e th er by screw ing on to  th e  p iston  rod G. T he d istan ce  p la tes  D a re  secured to th e  sides of th e  c a rr ie r  rin g  A by screw s H . T he w hole is th e n  clam ped to g eth er by screw ing  on to th e  p iston  rod G. T he d istan ce  p la tes  D a re  screw ed to th e  sides of th e  c a r r ie r  ring  A by screw s H . T h e  whole is  th en  clam ped to g e th er by m eans o f screws J  and tu b u la r  d istan ce piece K.



T h e  A llen  P a te n t  U n iflow  T yp e  P is to n  Illu s tra ted  show s th e  f it t in g  of tw o  p ressu re  ba lanced  and  tw o A ty p e  rings.
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T he th ree  maiiD p a rts  of th e  p iston  com prise th e  cen tra l tread  A an d  th e  two end p la tes  B. T he trea d  A is p ro­
vided w ith  webs and  bosses C in to  w hich  studs are  screwed. By m eans of these s tu d s  th e  p la tes  B  a re  screwed to th e  ends of th e  trea d  A, a t  th e  sam e tim e  g ripp ing  th e  flanges D, thereb y  secu ring  th e  whole to  th e  p iston  rod E. T h e  flat polished end p lates and  th e  la rge -air gap enclosed p reven t loss of h e a t and  condensation .
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T he packing rings are  of tlie  s tan d a rd  p ressu re balanced  type, fitted  w ith  flusli-side or rabb eted  seals. T he in te rc ep t­
ing o r scavenging ring  A, w hich  is placed n ea r th e 'p is to n  h ea d , is co n struc ted  in  two halves, w hich are  fixed in th e  groove by screws li. T he ring  is held off th e  bottom  of th e  groove by d is tan ce  co llars  C, am ple space being allowed )>etween th e  ring  and  th e  bottom  of th e  groove. T he use of th is  rin g  p rev en ts  carbonised  p artic les  o r o th e r solid m a tte r  from  g e ttin g  to  th e  packing ring . T he packing  rings are  th u s  k ep t free and  u n res tric te d , and w ear is  reduced.

In te rn a l Com bustion  Eng ine P is to n  f it te d  w ith  th re e  p ressu re  ba lanced  rings and p a te n t  in te rcep ting
o r scaven g ing  ring.
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High Speed  In te rn a l Com bustion  Eng ine P is ton  f it te d  w ith  ob lique ty p e  ring,

wgo

T he springs are  housed in  pockets o r th im b les  A, w hich are pressed in to  holes d rilled  in  th e  p iston  body. T he sp ring s are  th u s  pro tected  from  th e  hot gasses and  m ain ta in ed  a t  a  m oderate te m p e ra tu re  by th e  action  of th e  o il inside th e  p iston  splash in g  on to th e  th im bles.
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W e ir  Pu m p  P is to n s  f it ted  w ith  A llen  P a te n ts .

8 9

STEAM END PISTONS.

The water end pistons are fitted with a modified form of B type ring. 
The packing ring proper is composed of vulcanite or woodite, while the 
wedge ring B is a solid cast iron or steel ring. The side springs exert a pres­
sure on the ring B which expands the segmental packing ring A outwards 
by the wedge action. The springs are housed in the removable tread or hull 
ring C, which is clamped between the end plate D by the bolts E. The 
steam end pistons are fitted with oblique type rings.



in  this case two single packings are placed in line, being separated by 
central distance washer.
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H P P is to n  V a lve  of M a r in e  Eng ine  f it te d  w ith  p ressu re  
b a lanced  rings.

The sides of the rings on which steam enters are facing the steam port, 
in order to allow the pressure free entry to the ring grooves. In this case 
the steam enters at the centre of the valve and the opening between the rings 
and grooves are thus towards the centre. The valve body is cut away above 
and below the rings to prevent block packing.
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and we partook of a h igh  tea to prepare us for the two hours 
river trip  to follow. A fter tea a vote of thanks was proposed 
by Mr. J .  Shanks, and seconded by Mr. A. D unbar, from Aus­
tra lia , conveying to the Company our appreciation of their 
kindness and to the Secretary, Directors, and members of the  
staff for devoting th e ir time and attention  to receive us. Mr. 
R . E . Evans, Secretary, and G. F . Craven, Director, acknow­
ledged the vote of thanks. W e then entered the w aiting  cars 
and drove to the Thames side to embark on the river boat, re­
tu rn in g  in tim e for the 8.30 tra in  for Paddington.

In  was intim ated th a t the visit to the works of Messrs. F raser 
and Chalmers, E rith , had been postponed till Saturday, Sept. 
25th, and notification of th is had been sent to all members who 
had applied for cards for the visit.

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

Notes.
B r i t i s h  S c i e n c e  G u i l d .— W e have received a copy of the 

report containing the P residential Addresses delivered at the 
m eeting held on June 20th. In  the address given by Lord 
Sydenham  he pointed out the disadvantages under which the 
work of production is carried on under existing circum stances; 
and the necessity for a reorganisation of our national forces 
to cope w ith the difficulties met w ith day by day in  connection 
w ith engineering and other work.

Lord Montague of Beaulieu directed atten tion  to the T rans­
port Services and the need th a t exists for im proving the faci­
lities for the carriage of goods. The addresses are worthy of 
perusal and of study. A copy of the report is in  our Keading 
Room. The following quotations indicate the scope of the 
addresses and include the closing paragraph  in Lord Syden­
ham ’s address: —

“  I f  we fail to rebuild the national prosperity on a broadened 
basis, and if the revolutionary movement supported by a foreign 
agency assumes an active form, the cause w ill be m ainly psycho­
logical. I  believe th a t the menace to civilisation, which we 
can p lain ly  see, arises from a perverted m entality  which has 
affected all classes.”  . . . “ W hile the national w ealth grew
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rap id ly  and riches fell to a new social class, including m any 
m anual workers, g rea t towns sprang up, and from w ant of fore­
thought the accommodation of the ir constantly swelling popula­
tions failed to fulfill the requirem ents of sanitation  or even of 
decency.”  . . . “ I t  is true th a t cap ital in private hands m ay 
be ty rann ically  used, and th a t th is has happened in  Am erica 
especially. C apital in  the hands of Trade Unions m ay also be 
used for ty rannical purposes. This is a danger to Society which 
m ust and can be prevented.”  . . . “ The problem before us is 
to reconcile cap ital and labour, each necessary to the other, and 
to recognise tha t a preverted psychology has affected both. 
Only by goodwill, involving m utual concessions, can the sp irit 
of unreasoning hostility  be exorcised, the m anual worker be 
given a new in terest in  his labour w ith  new opportunities of 
economic advancem ent, and this old country of splendid tra d i­
tions be saved from d isaster.” . . . “  The horizon of th e  E m ­
pire is dark w ith  heavy clouds. W e are threatened w ith greater 
dangers than  th a t of German m ilitarism , which has been 
broken m ainly by the sp irit of the B ritish  race. The survival 
of civilisation, already submerged in  some parts of the world 
tu rns upon the application of scientific knowledge to the national 
life. W e can fulfil the v ita l requirem ents of our people only 
hy  complex organisations, the d isintegration  of which would 
m ean suffering, starvation and disease, because natu re  cruelly 
punishes the violation of her law's. I f  knowledge is power, as 
Bacon held, it follows, as Goethe said, th a t ‘ There is no more 
dreadful sight than  ignorance in  action ,’ and P lato , who a n ti­
cipated Goethe by more than  2,000 years, pointed out th a t the  
spectacle is more dreadful in proportion to the capability  and the 
energy of the ignoran t agent. I  firmly believe th a t upon the 
psychology of the B ritish  people the fu ture  of civilisation m ust 
largely  depend. W e can, if we w ill, not only reconstruct our 
prosperity on broader and more stable foundations, but help to 
save the stricken and distracted peoples of Europe. W hether 
we rise, as an Em pire, to the accomplishm ent of the mission 
w hich Providence holds out to us, or w hether we go under like 
the great Em pires of the past, w ill be determ ined by the m oral 
qualities which our race retains from the tra in in g  of its long 
history, from the teaching of its greatest men, and from  the 
sh in ing  exam ple of its heroes on sea and land and in  the a ir .”

C r y s t a l  P a l a c e  E x h i b i t i o n .— The oil section is of m uch in ­
terest to Engineers, and contains m anv exhibits from firms
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dealing w ith oils, motor spirits and different types of engines 
nsing these; also fuel oil appliances. The production of oil 
from the wells, process of refining, with samples of the various 
kinds of oils and spirits are illustrated  and explained a t various 
stands of well-known firms. The Anglo-Am erican Oil Co. 
show at intervals a cinema film of the petroleum industry from 
the well to the consumer.

Lectures are delivered in  connection w ith the In stitu tion  of 
Petroleum  Technologists on appointed evenings, the final one 
is at 6 p .m ., September 22nd, by Prof. J .  S. S. Brame, on “  The 
U tilisation  of Heavy O ils.”

S t u d e n t  G r a d u a t e s .— In  order to enable prospective candi­
dates to gauge the standard of qualification for the exam ination 
the questions set this year are printed  for guidance.

Theoretical Mechanics.
A

Define a un it of “ work ”  and a un it of “ power.”  A steam 
engine raises 800 galls, of water per minute from a mine 300 
yds. deep ; what is the effective horse-power? (A gallon of water 
weighs 10  pounds).

Define “  force,”  and explain how it m ay be meas\ired. W hat 
units are employed by the engineer in estim ating the m agnitude 
of a force?

State the conditions th a t m ust be satisfied by a system of co- 
p lanar forces acting upon a body, th a t the body shall rem ain 
a t rest.

Define “ A cceleration”  and “ V elocity ,”  and explain the 
relationship between them . I f  the increase of velocity of a body 
is 15ft. per second per second, and the body moves 60 yds. be­
tween the 4th and 6 th  seconds, find the in itia l velocity of the 
body.

S tate the form ula giving the energy stored up in a body in 
motion. E xplain  the m eaning of each symbol and the units in 
which each would be expressed if the energy is expressed in 
foot-pounds.

A body whose mass is 10 lbs. is acted upon by a force of 10 
lbs., find its velocity after it has described 1 2  yards from its 
position of rest. S tate the velocity in  feet per second and miles 
per hour. (Take g =  32 feet per sec. per sec.).
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Draw an equilateral triang le  ABC. A particle moves from  
B to A with, a velocity of 15 ft. per sec., find the m agnitude and 
direction of the velocity th a t must be impressed upon it  at A to 
make it  move in  the direction AC with the velocity of 20 ft. per 
second.

B
Define the specific g rav ity  of a solid or liquid. E xplain  how 

you would determ ine the specific grav ity  of petrol whose specific 
g rav ity  =  0-760.

Determ ine the depth below the surface of the sea, a t which th e  
pressure is = o ne  ton per sq. foot, taking the weight of sea w ater 
a t 6 4 lbs. per cubic foot.

A cubical vessel 3 ft. h igh is filled w ith w ater, find the re­
su ltan t pressure on the bottom when it is filled w ith  water. I t  
is tilted  so th a t the base is inclined 45° to the h o rizo n ta l; find 
the resu ltan t pressure on the bottom when : (1 ) the top is closed, 
and (2 ) when the top is open.

S tate the conditions of equilibrium  of a floating body. A 
cylinder of uniform  density whose axial length  is three d ia­
meters, is placed in  w ater, show th a t there are two positions of 
equilib rium ; if placed in still water, would it take either posi­
tion indifferently ? I f  one position is more likely to be assumed 
explain  the reasons for the preference.

Describe the barom eter, and state how its indications are re­
lated to the depth from which w ater may be raised by means of 
a lif t pum p.

A cylindrical vessel is filled ha lf fu ll w ith  w ater. I t  is then 
set in rotation about its axis, which is vertical. F ind  the shape 
of the surface assumed eventually by the liquid.

H eat and Heat Engines.
A

E x plain  how you would: m easure a quan tity  of h ea t in; 
B ritish  therm al units. Give the definition of the “ B ritish  
Therm al U n it .”

Give a brief description of a therm om eter and its use. E x ­
p la in  how you would proceed to graduate a therm om eter in  
F ah ren he it degrees and Centigrade degrees.

State the relationship between the pressure tem perature and 
volume of a perfect g a s ; how m ay th is relationship be experi­
m entally  determined ?
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E xplain  clearly tlie m eaning of the term  “ M echanical 
equivalent of H ea t.”  State its value, and describe an experi­
m ent by which this value may be determined.

W hat do you understand by the term  “ L aten t H e a t” ? De­
scribe an experim ent by means of which the value of the L aten t 
H eat of Steam may be found, sta ting  particu larly  any precau­
tions you would take to obtain an accurate result.

W hat is the calorific value of an average sample of coal? 
How would you determ ine the value experim entally?

B
E xplain  the reasons why expansive working tends to economy 

in  the use of steam. State why the am ount of expansion in a 
single cylinder m ust not exceed 3 or 4 tim es the in itia l volume.

Sketch a norm al indicator card from the h igh pressure 
cylinder of a compound en g ine ; and show (by additional 
sketches) how its outline would be changed if (a) the eccentric 
sheave was advanced too much in consequence of the key-way 
being incorrectly set out, and (b) if the slide valve was replaced 
on the valve spindle before a washer f th s  inch thick had been 
pu t in place, thus m aking the valve spindle too short.

In  modern m arine engines, piston valves are frequently used 
in place of slide valves; sketch any piston valve which you may 
have examined. E xplain  their advantages over slide valves.

E xplain  the “  four-stroke ” and “  two-stroke ”  cycles, as em­
ployed in In te rn a l Combustion Engines. S tate the advantages 
and disadvantages of each cycle.

Describe the cycles adopted in Diesel Engines, and enum erate 
the points in  th e ir design which differ from standard practice 
in oil engines.

Describe with sketches a gear for reversing M arine In te rn a l 
Combustion Engines, and explain how sta rting  is effective.

Machine Construction ancl Drawing.
Draw (1) the outside elevation of the relief v a lv e ; (2) a p la n ; 

and (3) a section on AB. Scale, half size.
Sketch a cotter jo in t, and explain its use.
Sketch a lubricator suitable for a crank pin of an engine 

runn ing  a t 350 revs, per m inute continuously for long periods 
of tim e.

N o te  :—T h e  S k etch es  sh ou ld  be ap p rox im ate ly  to sca le .
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Give three methods of locking nuts and state the advantages 
■of each.

Sketch and describe some form of adjustable spanner suitable 
for various kinds of nuts. State the m ateria l used in m aking 
the several parts.

W hat uses are served by Dowell pins ? Sketch a pin su it­
able for use in fixing the position of a cylinder on the engine 
fram e; show also the p in  in position.

A pplied  Mechanics.
State Hook’s law of elasticity . Define Y oung’s “  Modulus 

of E lastic ity .” A b ar of mild steel of one inch diam eter is 
prepared for testing in  the usual m anner, and subjected to a 
tensile load gradually  increased u n til the specimen fails. 
Assume suitable values for the U ltim ate stress, the E lastic  
lim it, and the Modulus of E las tic ity ; draw a probable curve 
with stra in  and stress as axes of reference.

W hat is the difference between “ hardening ”  and “ tem per­
in g ”  of steel? Describe the operation of hardening and tem ­
pering of a chisel, state how the degree of tem pering suitable 
is determ ined.

S tate the “  P rincip le  of W ork ,”  and show how it is applied 
in solving m echanical problems.

Define “ M echanical A dvantage,”  and “ Velocity R a t io ”  as 
app lied  to simple m achines, and give the relation between the 
quantities. A screw-jack is employed to lif t weights, the pitch  
of the screw is |  inch, and the lever gives an effective radius of 
30 inches. F ind  its “ M echanical Advantage ”  and “ Velocity 
R a tio .”

Sketch a mechanism suitable for use in  a p laning m achine in 
which the cu tting  stroke is slower than  the re tu rn  stroke. I f  
the re tu rn  stroke is to be made 60 per cent, faster th an  the 
cu ttin g  stroke give the requisite proportions in  your sketch, and 
show th a t your figures are correct. S tate the advantages of 
such a gear.

The axes of two shafts intersect at r ig h t angles and one is to 
be driven by the other by means of a belt and a pair of pulleys, 
Sketch the arrangem ent of the pulleys and belt, and indicate 
clearly the driving  shaft and the direction in which the driving 
belt is m oving. S tate the conditions that m ust be observed for 

-successful runn ing  and show th a t they are complied w ith  in 
your sketch.
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The right-handed leading screw of a lathe has four threads 
per inch, and it is required to cut a left-hand thread of 1 1  threads 
per inch. Sketch the arrangem ent of gear wheels you would 
use, given th a t the num ber of teeth of tiie wheels provided are 
as usual m ultiplies of live, between 30 and 120 teeth.

Describe and sketch an ordinary lif t pum p. The diam eter 
of the bucket is 4} inches, and the leverage of the handle is 
6 to 1. The height of the spout above the w ater in the well is 
25 f t., neglecting friction find the force necessary at the end of 
the pump handle to work the pum p. The w eight of water =  
62-4 lbs. per cub. ft. I f  the total frictional resistances of the 
pump is 20 % of the useful work done, by how m uch m ust the 
force be increased.

A reservoir 12 ft. deep, and 40 ft. wide by 60 ft. long contains 
18 ins. of water. F ind  the nett work done in filling up tlie 
tank. I f  the combined efficiency of pump and engine employed 
is 45 %, and the reservoir is filled in two hours, calculate the
I .H .P . of the engine. The level of the river from which the 
water is pumped is 20 ft. below the bottom of the reservoir.

A girder simply supported at its ends carries a brick wall 
13^ ins. thick and 6 ft. high, find the m axim um  bending 
moment, and m axim um  shear force both in m agnitude and 
position. The span of girder is 10 ft. and a cubic foot of brick­
work may be taken at 105 pounds.

when a =  7, and x =  —16; also find the factors of-— x3 —ax- 
—bx2 —cx2 -f abx -f acx — abc.
Solve the following equations :

(a) b ^ x  ~  x - b  ^ 0  that (b) aVx =  V a2x. 
Show that if a : b : : c : d , th a t (a + b ) : a -  b) : : (c +  d ) : (c -  d )

M athematics.
A

cl j - \F ind the numerical value of ‘ +

(b) V a +  V a — x _  1 

Va — V a —x aShow th a t :
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A journey of 330 miles would be made by a tra in  in 36 
m inutes less tim e, if  its speed were increased by 5 miles per 
hour. F ind  the speed of the tra in  in  miles per hour.

A m an cycled from  one town to another, the first half of the 
distance he travelled a t 2 j  miles per hour slower than  his usual 
rate , b u t for the rem ainder of the distance at l j  miles per hour 
faster than  his usual rate. F ind  his usual rate  of cycling.

B
Show th a t if a diam eter of a circle cuts a chord at r ig h t angles 

i t  w ill bisect it.
Show th a t the locus of the m iddle points of a system of 

parallel chords is a stra igh t line, and th a t th is stra igh t line is 
an axis of sym m etry of the circle.

Define a parallologram . A quadrila teral ABCD, whose 
opposite sides AB and CD are equal and the adjacent angles 
B and C equal, show th a t the two sides AD and BO are parallel.

Show how to draw a circle through any three points, A, B 
and C. Prove the tru th  of your construction.

Divide a line AB in ternally  at any point C into two parts 
AC and C B ; then show th a t the square on the whole line AB 
together w ith the square on either segment is equal in area to 
double the rectangle under the whole line and th a t segment 
together w ith the square on the other segment.

In  a triang le  ABC draw a line from the vertex A perpendi­
cu lar to the base BC m eeting it (produced if necessary) at the 
point D ; then the sum of the squares on one side and the a lte r ­
nate segment, is equal to the sum of the squares on the other 
side and the alternate segment.

Show th a t if one side of a quadrila teral contained w ith in  a 
circlq be prodiiced, the external angle is equal to the angle 
opposite to the in te rna l adjacent angle.

C.
F in d  the difference between the angles 130°, and 0-7854 

radians, sta ting  the difference in degrees, and radians. W hat 
is m eant by an angle of 0-5 radians?

E xplain  the m eaning of the expression Sin A, and show that 
its num erical value is constant so long as A rem ains unchanged.



100 STUDENT GRADUATE EXAMINATION
QUESTIONS.

Prove the tru th  of the following identities : —
Sin A =  V l  -  cos'- A ;
a2 =  b2 +  c3 — 2bc cos A ;
cos 2 a  =  2  cos2A — 1  ;

In  a triangle  ABC, the sides AB, BC are 8 and 7 inches long 
respectively and the angle BAC = 56°, find the length  of the 
side AC, and the angles ABC and BCA. H aving given th a t cos 
56° =0-5592.

W hat is m eant bv the statem ent “  log 2 =  0-3010 ”  ? Rewrite«/ othe statem ent in the form a =  b*. Calculate the n a tu ra l num ­
ber whose log to the base 10  is =  0-5.

The speed of a steamer 15 knots and its course is due E . At 
10 a.m . a light-house bears N .E ., and at noon its bearing is 
N .W ., find the tim e when the light-house was due N ., and its 
distance then from the steamer.

E nglish .
Parse the words in  italics in tile following passage : — 

Cowards die m any times before their deaths;
The valiant never taste of death but once.
Of a ll the wonders that I  yet have heard 
I t  seems to me most strange th a t men should fe a r ;
Seeing  th a t death, a necessary end,
W ill come, when  i t  will come.

W hat is the significance and use of the Subjunctive Mood? 
Compare it w ith  the Indicative Mood. W rite  out the Present 
Indicative and Present Subjunctive of the Yerb, “ to b e .”

Give the three degrees Positive, Comparative, and Super­
lative of five Adjectives w ith  more than  one Superlative form.

E xplain  the following expressions:— “ The other d ay ,” 
“ W hich is w hich,”  “  M ethinks I  saw i t , ”  “ Perish the 
th o u g h t,”  “ Ipso fac to ,”  “  Laissez fa ire ,”  “  A1 fresco,”  and 
“ N .B .”

In  what different ways can differences of gender be expressed? 
Give examples.

E xplain  the term s P articip le, Perfect Tense, Proper Noun, 
Infin ite  Mood, and Possessive Case. Give instances of each.

M ention any words th a t are spelt more ways than  one.
S tate w ith reasons the spelling which you prefer.
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Give six words peculiar to technical engineering. E xplain  
them and give the ir derivation.

W rite  a short essay on one of the following : —
(a) F ield  Sports. (c) E lectricity .
(b) Bridges. (d ) M arine Engines.

W rite  to d ictation  and punctuate the passage read.
Electrical E ngineering .

W hat is m eant hv the Resistance of a Conductor? How does 
the resistance vary as the leng th  and diam eter of a wire 
changes? State the effect of a change of tem perature upon the 
resistance.

F ind  the resistance of a copper wire 600 ft. long 0-065 inch 
diam . a t 30° C, having given th a t a copper wire 1 ft. long and 
1 /1000th of an inch diam . has a resistance =9-96 ohms, also 
th a t R  =  r  (1+0-003824 t  + 0-00000126 t 2) ; where r  =  resistance 
at 0° C, and R  =  resistance at t°  C.

E xp lain  some instrum ent suitable for determ ining the 
potential difference between two conductors. Make sketches of 
the details, as well as of the general arrangem ent of the parts.

Describe and sketch (a) a perm anent m agnet, and (b) an 
electro-m agnet. By means of curves show the directions of and 
the relative intensities of the m agnetic field in the space sur­
rounding the m agnets. Give the m aterials suitable for m aking 
the m agnets sketched.

Describe and sketch an A ccum ulator or Secondary battery , 
and explain the principles underly ing th is method of storing 
energy.

W hat is m eant by “  Insu lation  ” ? S tate the laws of leakage, 
and illustra te  your answer by a sketch and description of an 
insulator for an overhead line suitable for h igh voltage.

Describe and illustra te  the arrangem ent of the circuits and 
connections of switch resistances and fuses for s ta rting  a shunt 
wound m otor showing the circuits complete from the supply 
m ains to the motor arm ature and field coils. Give the reasons 
for the particu lar scheme adopted.

Show how the generators are coupled up to a three-w ire 
system of m ains for a ligh ting  supply. E xplain  the advantages 
of th is arrangem ent of mains.
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Explain  and illustra te  a system of m ains suitable for the dis­

tribu tion  of current for the ligh ting  p lan t of a passenger, 
steamer, giving the conditions th a t m ust be satisfied to ensure 
safety.

Sketch and describe the construction of any instrum ent su it­
able for indicating  continuously the m agnitude of the current 
carried  by a conductor. E xplain  the principles involved in its 
construction, and state if the instrum ent described requires 
calibration.

L L O Y D S  R E G IS T E R  S C H O L A R S H IP .

The following questions, which were set for the exam ination 
held in Ju ly , indicate the requirem ents for candidates, and are 
published w ith  a view to give inform ation on the subject, so 
th a t preparatory studies may be entered upon for next y ear’s 
exam ination by probable cand ida tes: —

A r i t h m e t i c  a n d  A l g e b r a .

Given th a t the solid contents of a square box is 792 cub. ins., 
and its depth is b j  inches. F ind  its length in  centim etres.

Two cogged wheels work together, there being 32 cogs on one 
and 36 cogs on the other. The larger wheel makes 64 revolu­
tions per second. How often will the same cogs come into con­
tac t during  six working days of 10  hours each?

A founder is required to supply a ton of fusible m etal, con­
sisting  of eight parts by w eight of bism uth, five of lead, and 
three of tin . The only bism uth he has in  stock is in  an alloy con­
sisting  of nine parts bism uth, four of lead, and three of tin . 
How m uch of the alloy m ust he take and how much lead and 
tin  m ust he add to make up the order?

A steam engine of 4J horse-power working 51 days of six 
hours consumes 25 tons of coal. How m uch coal w ill be con­
sumed by a 17 horse-power engine working a t the same work for
3 days of 8 J- hours ?

Two tra ins sta rt sim ultaneously from stations A and B, 300 
miles d istant from one another. A fter they meet, the tra in  from 
A completes the journey to  B in  four hours, and the tra in  from 
B completes the journey to A in  nine hours. F ind  the ra te  of 
speed of each tra in .



Find the value of X  in the following equation:
5 X - 7  2X  1  '7

2 -  3 *= 3 X - 14'A crew which can pull at the rate  of nine miles an hour finds 
th a t it takes twice as long to come up a river as to go dow n; at 
w hat num ber of miles per hour does the river flow?

Find the values of X  and Y  in the equations :
? . +  Y  _  X  -  8 (1) X  +  — +  X  —i Z  =  11 (2),2 3 -i 4

Simplify ^ ^  (a —c) (b—c) (b —a) (c— a) (c—b)
Expand (1 +  2X x X 2) 3

Find  the product of A-J-, A£, A-J- and A i .
Extraot the square root of 7 +  2 VlO.
F ind  the sum of the first “  n  ”  na tu ra l num bers and also the 

sum of the ir squares.
G e n e r a l  K n o w l e d g e  ; E n g l i s h  H i s t o r y , L i t e r a t u r e  a n d

G r a m m a r  .
“ Now stir the fire and close the shutters fa s t,

L et fa ll  the curtains, wheel the sofa round,
And while the bubbling and loud hissing u rn  
Throws up a steamy column, and the cups 
That cheer but, not inebriate, w ait on each ;
So let us welcome peaceful evening in .”

Analyse the above passage and parse the words in italics. 
From  what source is the  word “  sofa ”  derived?
M ention other words derived from the same source.
To what dates and events would you assign the adoption and 

discontinuance of French as the language of the court and 
nobility  of E ngland  ?

Name the authors of the following works and give a short 
sketch of one of them  : “  Parad ise  L ost,”  “  The Faery  Queen,”  
“ V anity  F a i r ,”  “ Robinson Crusoe,”  “ The T ask,” “ K enil­
w orth ,”  “  The E xcursion ,”  and “  The Idylls of the K in g .”  

Give a noun, an adjective and a verb formed from each of the 
following L a tin  w ords: disco, sedeo, scribo, verto, duco, and 
dico.
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E xplain  the term s “ m etap ho r” and “ sim ile,”  and give 

appropriate examples.
Discuss the advantages and disadvantages of electricity as a  

motive power.
W hat metals are m ust useful in  engineering? Describe th e ir  

origin, preparation, and applicability .
G e o m e t r y .

Through two given points on opposite sides of a given line, 
draw  two stra igh t lines which shall meet in th a t line and in ­
clude an angle bisected by it. W hat is peculiar in the cases- 
where the points are equidistant from the given line or where 
they are both in  the perpendicular to it from one of them ?

Prove th a t the diagonal of a rhombus bisects each of the 
angles through which it passes. Construct a rhombus con­
tain ing  six square inches and having an angle of 45°; m easure 
the longer diagonal.

The sides AB, AC, of the triangle  ABC are bisected in E and 
F  respectively ; a perpendicular is drawn from A to the opposite 
side, m eeting it at D. Show that the angle FD E  = angleBAC. 
Show also th a t A FD E =  |  ABC in area.

I f  a quadrilateral be described about a circle, the angles sub­
tended at the centre of the circle by any two opposite sides are 
together equal to two rig h t angles. Construct a quadrila teral 
having sides l in . ,  l^ in s ., 2 ins. and 2 ^ins. and measure its three 
diagonals.

Describe an isosceles triangle having each of the angles at 
the base double of the th ird  angle. I f  the base of such a tr i­
angle measure P 5 in ., what is the area of the triang le?

Describe a circle which shall pass through two given points 
and which shall touch a given straigh t line.

M e c h a n i c s : P r i n c i p i .e s  a n d  P r o b l e m s .
A railw ay tra in , the mass of which is 126 tons, rests on an 

incline and is kept from moving downward by a force equal to 
a weight of 15 cwts. W hat is the slope of the incline?

W hat resistance does a nu t offer when placed in a pair of nut 
crackers, at a distance of f in . from the jo in t, if a pressure of 
5 lbs. a t a distance of 4ins. from the jo in t is ju st sufficient to crack it?

A body falls in a ir from a height of 4,000 metres. F ind  the 
time of its fa ll and its velocity v hen  it strikes the ground.



LLOYD’S REGISTER SCHOLARSHIP. 105
I f  A, B and C are any three points in a s tra igh t line and 0  

any point' not in th a t stra igh t line ; if  a force represented in 
m agnitude and direction by OA act from 0  to A, another force 
BO, from B to 0  and a th ird  CO from 0  to 0 . Show that the 
resu ltan t of the.se forces cuts the stra igh t line ABC in a point 
D such th a t AB =  CD.

P  lbs. is greater than  Q lbs. Each is attached to a separate 
string  of an Atwood’s m achine. Above the mass of Q lbs. is

p 2  __  Q 2placed a mass ----- —----  lbs. which can be detached in the ordi­
nary  way during  the motion. The system starts from rest and

p a __Q 2moves for “ t  ” seconds at the end of which -------- is detachedvvShow th a t in “ t ”  seconds more the system will be a t rest for 
an instant and th a t then the motion will be reversed in direction.

E xplain  the terms “ centre of p ressu re”  and m etacentre as 
applied to bodies in contact with liquids.

P r a c t ic a l  E n g i n e e r i n g .

State what you know of the form ation of scale in a m arine 
boiler. W hat are its chief constitutents and in w hat way other 
than by the use of fresh water m ay its form ation be largely 
prevented ? In  a ship m aking a long voyage during  which 
fresh water is not available for feeding the boilers, what is the 
maximum density th a t you would perm it in them  ? Give your 
reasons for fixing this l im it ; how would it be m aintained, and 
what would be the results of allowing a greater or a less density?

Sketch and describe two methods of connecting the furnaces 
of a m arine boiler to the combustion chambers, showing how the 
jo in ts of the plates are worked, and state the advantages of each.

A higher vacuum is usually  carried in turbine than  in re­
ciprocating engines. E xplain  fu lly  the reasons for this prac­
tice and the causes of the greater economy resulting  from it.

The pressure of steam in a boiler fitted w ith a spring-loaded 
safety valve of ordinary construction is found to rise when steam 
is blowing off, although the valve is of ample size and the 
various parts in free working o rd e r; explain the probable cause 
of th is and state what alteration  you would suggest to prevent it.

State how you would ascertain the actual amount of pressure 
existing in a condenser and explain the effect of the tem perature 
of the condensed steam in connection with th is pressure.
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W hat advantages are derived from ball roller bearings? Give 

sketch and description of a type which has come under your 
notice.

Describe, w ith sketch, the propeller shaft giv ing the neces­
sary diam . for 600 h .p . to meet the Board of Trade rule. State 
Systems of lubrication you know to be used for the stern tube 
bearings.

Describe the propeller and how it is bu ilt up and fitted 011 
the shaft. S tate what different types of blades are used with 
a view to economy in running , including consideration of the 
renewal and repair problems.

Sketch and describe a form of link motion used in a modern 
m arine engine. W hat are the chief advantages of the one you 
describe ?

W hy did W atts’ invention of the condenser effect g reat 
economy? W hy does condensation take place in the cylinder 
of a modern steam engine cylinder, and how do we attem pt to 
get rid  of it?

Sketch and describe the construction of the air-pum p bucket 
with its valves and packing. ( )'f what m aterials are the body 
of the bucket and of the valves respectively made? State also 
what you know of the different types of air-pum p and the ad­
vantages claimed for each.

The diam eter of the cover of a steam engine cylinder has 14 
one inch stud b o lts ; the diam eter of the bore of the cylinder is 
20 inches; the m axim um  steam pressure is 200 lbs. per square 
inch. F ind the stress of the bolts due to the steam pressure, 
assum ing th a t the jo in t covers the whole w idth of the flange. 
The diam eter at the bottom of the thread of a l in .  bolt =  -84in.

S tate the relative advantages and disadvantages of Diesel 
engines compared w ith steam engines and boilers for large ships.

Describe the most im portant job you have been engaged at 
in the workshop, whether in the machine or fitting departm ent.

State the m echanical advantages and disadvantages of steam 
turbines in m arine engines; explain  the action of any steam 
turbine you are acquainted w ith.

S t a t i c s , D y n a m i c s , T h e r m o d y n a m i c s , a n d  H y d r o s t a t i c s .
Define velocity constant and variable. Express a velocity of

1.800 miles per day in feet per second.
Define acceleration constant and variable. Compare the 

following accelerations: (a) one in  which 2 0 ft. per second is 
added every m inute and (b) one in  which 20 ft. per m inute is 
added every second.
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A mass of 8 lbs. hangs by a chain 20 ft. long, the w eight of 

which is neg lig ib le ; and is pulled out by a horizontal force to 
a distance of 1 2  ft. from  the vertical through the point of sup­
port. F in d  the tension of the chain.

Two men A and B carry  a mass w eighing 200 lbs. hanging 
from a pole between them . I f  the men be 5 ft. apart and the 
mass be 2 ft. from A, what p art of the w eight will be borne by 
each ?

A cubical box, the volume of which is one cubic foot, is three 
quarters filled w ith water, and a leaden ball, the volume of 
which is 72 c. ins., is lowered into the w ater by a s trin g ; it is 
required to find the increase of pressure on the base and on a 
side of the box.

Suppose you have a cubic foot of ice at the m elting  tem pera­
ture and that you gradually  apply heat to it, what changes of 
tem perature and volume does it undergo?

I f  a F ah ren heit therm om eter marks 40°, what are the corre- 
sponding marks on a R eaum er and Centigrade.

T r i g o n m e t r y  (M ath, tables m ay be used).
Define a radian. Give its value in rectangular measure.

3 7TCW hat advantage does it posssess as a un it?  Express - A _  in
rec tangu lar measure (° ' ") and 180° in  circular measure.

In  a circle, whose radius measures 4 ft. what is the length  of 
an arc of 80° and w hat angle subtends an arc m easuring 3 f t.?

A =  90° B =  60c, C =  30° and D =  45°. Prove that 
cos3 C — sin3 C =  cos B and that 2 sin D cos D =  sin A.

Prove by geometrical method the formula :—
Sin (A +  B) =  sin A cos B -f cos A sin B, and shew that 
~KO V3 — 7 

008 70  =  2V3 •
Prove that sin 5 A sin A =  Jr (cos 4 A  — cos 6 A) =

sin A 4- sin 3 A . „ .(sin- 3 A — sin- 2 A) and th a t----- r—,------- r =  tan 2 A.cos A  +  cos o A
At a distance of two miles a church tower is seen along a 

horizontal plane to subtend an angle of 1° 5; 6". F in d  its 
approxim ate height.

If s =  a j? +  ° where a, b and c are the lengths of the
sides of a triangle, shew that the area is expressed by 

—a) (s—b) (s~ c ). I f  a =  16 ft. b =  S it. and c =  12ft. 
find the area of the triangle,
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Two observers 1,000 yards apart and in the same vertical 

plane with a balloon, but on opposite sides of it, take its angles 
of elevation at the same moment 30° and 54°. Determ ine the 
height of the balloon.

Two m ountain peaks are 4,970 yard 3 apart and the angle of 
elevation of the h igher one as seen from the other is 9° 14; 
How much higher is the one than the other?

The following named candidates for the L loyd’s R egister 
Scholarship having passed the exam ination creditably were each 
accorded a scholarship of £ 1 0 0  per annum  for three years by 
the Committee of L loyd’s Register.
Chas. H . Turner, Tynewydd Road, B arry, Glam. G raduate. 
John  Knox Brown, H ill Road, Barrow-in-Furness. G raduate.

R e v i e w  o f  B o o k s  p r e s e n t e d  t o  t i i e  L i b r a r y .
Report of the Committee of the Institu tion  of Civil Engineers 

appointed to investigate the deterioration of structures of 
tim ber, m etal, and concrete, exposed to the action of sea-water, 
edited by P . M. Crosthwaite, M .I.C .E ., and G. E . Redgrave, 
Assoc. I.C .E . Civil engineers and others interested in the 
m aintenance of wharves, jetties, etc., should find th is report 
very useful. I t  contains numerous illustra ted  accounts of 
decay in  structures, from different parts of the world.

S h i p s ’ B o a t s .—E . W . Blocksidge. Longmans, Green fy Co. 
2 5 /-.—-A very thorough and comprehensive volume on th is im ­
portant subject, which w ill be of great value to shipm asters and 
superin tendents.

E l e c t r i c i t y  (5 volumes) B ennett College.-—A useful descrip­
tive work for beginners, which, with little  reference to m athe­
m atics, covers a wide field, commencing w ith the first principles 
of magnetism  and electricity and em bracing telephones, dyna­
mos, motors, power-house practice, etc. Special chapters deal 
w ith wireless telegraphy and cinem atograph work.

M o d e r n  H i s t o r y  o f  W a r s h i p s , by W m .  Hovgaard, late 
Commander Royal Danish Navy. E . §  F . N . Spon , Hav- 
m arket, S.W M . 4 2 /-.— Contains much valuable inform ation 
re la ting  to the development of warships from the early p art of 
the last century when iron, steam power, and arm our com­
menced to be introduced, up to 1919; and also deals w ith  guns, 
projectiles, mines, and torpedoes, A very useful book for those 
interested in naval m atters,
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P k o p o s e d  I n c r e a s e  o f  F e e s  M e e t i n g .

In  accordance witli the official notice to members issued in 
A pril, and the subsequent rem inders, a m eeting was held in  
the Lecture H all on F riday , Sept. 3rd, presided over by M r. A. 
Boyle, V ice-President, when the notice convening the m eeting 
was read as follow s: — As a result of the discussion on the sub­
ject at the A nnual M eeting on M arch 26th, the following re­
solution was passed and rem itted to the Council to deal w ith : 
“ T hat the E ntrance Fees, A nnual, and L ife Subscriptions of 
a ll grades of the membership of the In s titu te  be increased by 
50 per cent., excepting only the G raduate Section, which shall 
rem ain unchanged .”  The Council a t the m eeting on A pril 
13th discussed the subject and endorsed the term s of the resolu­
tion. An ex traordinary  General M eeting of members is here­
w ith called for F riday , September 3rd, at 5.30 p .m ., to ra tify  
the resolution.

The Chairm an, in  opening the proceedings, stated th a t while 
averse to increasing the fees, he had carefully  considered the 
subject, and examined the conditions, especially the increased 
costs in connection w ith the valuable m onthly issue of the 
Transactions, and it seemed to him  th a t it was desirable to view 
the resolution favourably. The views of members should now 
be expressed freely and openly.

Mr. J .  B. H all supported the resolution on the ground th a t 
the advances in costs of m aterial w ith the h igher wages justified 
the increases proposed.

Mr. B. 1’. Fielden expressed the view th a t the operations of 
the In stitu te  had been carried on from the start on very econo­
mic lines, and in studying the expenses to see where these could 
be cut down he had found none which would w arrant exception 
being taken to. The Transactions were sent to all on the roll, 
including  the G raduates, who paid a small fee which only 
covered about one-third of the cost of the transactions alone, 
the desire being to help and encourage the apprentices educa­
tionally . Messrs. f fm . M cLaren, ,T. B. H arvey, and F . 0 . 
Beckett would have preferred to exempt the entrance fees from 
the 50 per cent, increase if such could be done, w ithout d e tri­
m ent to the finances of the In stitu te .

Mr. W hiteside said that the Resolution was fu lly  discussed 
at the A nnual M eeting, and agreed to with unanim ity , since 
then there has been tim e for all to consider it, and m any who 
were not a t th a t m eeting have expressed the opinion th a t it was
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necessary as costs have so much increased, and several members 
have already sent contributions in advance to assist the finance 
departm ent of the Institu te .

A fter further comments it was unanim ously agreed th a t the 
resolution be passed, when the Chairm an put it to the m eeting.

The Hon. Secretary gave notice th a t another m eeting would 
he held on F riday , September 24th, at 5.30 for confirming the 
resolution.

A t the subsequent m eeting held on September 24th the 
Resolution was unanim ously confirmed. The chair was occu­
pied by Mr. A. Boyle.

•Ta s . A d a m s o n ,
Hon. Secretary.

S l a c k  M a n h o l e  D o o r s . —  A jo in t blew out in one of the 
boilers of a dredger last November, and the result of the Board 
of Trade enquiry which was conducted by M r .  ,T. M . Binmore, 
showed that largely  due to corrosion, the spigot was 2 5 /32rul 
inches sm aller than  the m anho le ; the jo in t blew out and scalded 
the engineer, who was exam ining it  at the tim e, on account of 
leakage showing at the door of the other boiler. The steam 
pressure was not h igh, and fortunately the scalding was not 
serious. These cases emphasise the im portance of careful 
w atching and exam ination.

E ngineer-Lieut. G. H ollins, R .N ., has forwarded the follow­
ing interesting note:-—I  have recently seen a t Messrs. J .  W . 
K irkham ’s, L td ., L ark  Street, Brass W orks, Bolton, an old 
scrap phosphor bronze propeller blade being cut up and which 
indicates porosity in the centre of casting which it  is considered 
m ight be of interest. The m etal shows norm al over whole su r­
face on first being cut, but the portions which have been sawn 
off and laid aside are exuding m atter which becomes green and 
increases in  thickness the longer it is exposed to the atmosphere. 
This is only seen in the centre of the casting, the outer m etal 
showing good and b righ t for about an inch deep from the sur­
face all around the blade. Thickness of blade where cut is 
about 5 ins. and width of blade about 3 ft. The green growth 
on parts which have been longest exposed to atm osphere have 
the appearance of fungxis, and is in  some places j i n .  thick. 
This is possibly due to the outer surface of casting cooling
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before the centre, and in contracting, exerting forces which 
tend to separate the molecules of centre portion and though the 
blade may have had a test bar cast w ith it and this test har 
m ay have stood the tensile test, yet the blade is apparently  un­
sound in the centre.

M E M B E R SH IP  NOTES.
In tim ation  has been received th a t Mr. Thos. Blacklock, 

Member, was awarded the O .B .E . and was also presented w ith 
a silver m edal by L loyd’s for special service.

By an error the num ber accorded to Mr. Jas. Shanks (Vice- 
President) on the membership roll was printed  1368 instead of 
386, as it appears in  the previous year.

A l t e r a t i o n s  t o  M e m b e r s h i p  R o l l .
The following alterations in addresses are noted :■—

Jas. Allen, o . b .f. . ,  21, V illiers Road, Southall, M iddlesex.
N. A. Anfilogoff, L athol House, Thames Haven, Essex.
R. A. B. Avliffe, Calle Azopardo 1345 Buenos Ayres.
G. K. Baguley, Associate Member, 15, Clarkson Street, Ip s­

wich.
E . F . B anner, 36, Tweedy Road, Bromley, K ent.
E. C. S. Bedgood, “ H aw orth ,’ ' Sandy Road, Renfrew.
E . Beeching, Newcastle Road, Gt. Y arm outh.
E . A. Beldam, St. Chads, St. M ary’s Road, D itton H ill,

Surrey.
P . R. Bray, Bank of B ritish  W . A frica, T arquah, W .A .
Alex. C. B utcher, JNav. Dep., Sydney, N .S .W .
C. W . Coppinger, 48, Tressilian Road, Brockley, S .E .4.
R . C. Couithard, U .S . Ship Board, Mersey House, 2, Quai 

Rouen, Antwerp.
Jas. Crichton, B .Sc., m . e . ,  Messrs. Crichton, Thomson & Co., 

Cockspur Street, S .W .l.
F . M. Curror, 23, Ordnance Road, Southam pton.
R. C. Dodgson, 8 6 , Queen Street, Sheffield.
A. D unbar, P rinces W harf, South M elbourne, A ustralia .
A. R . Evans, 5, Clive Place, P enarth , Cardiff.
Thos. H . Fenner, 4, Spadina Road, Toronto, Canada.
H erbert A. F leet, 9, Rue de l ’A m iraute, T ientsin, China.
H. E . F letcher, 21, Northwood Road, Forest H ill, S .E .
S. G. Gordon, 4, L loyd’s Avenue, London, E .C .3.
J .  H annah, 303, Coldharbour Road, Redlands, Bristol.
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Geo. J .  H arm an, Chin. Mar. Cust., York Buildings, Chater 

Road, H ong Kong.
G. 0 . H ollins, d .s .c., A dm iralty  E ngineer Overseer, 37, 

Arcade Chambers, St. M ary 's Gate, Manchester.
W. W . Houfe, Palace H otel, Shanghai.
W . J .  Lapper, “ M erton,” H ertingfordbury  Road, H ertford.
•I. G. L atta , Fairford, M aughline, Ayrshire.
Lindsay, J . ,  Government Dock Y ard, Dawbona, Rangoon.
R . L. Logan, 18, Norwich Road, Forest Gate, E .7.
Donald Macdonald, F la t A, 19, Pem bridge Square, London, 

W .2.
Duncan McDonald, S taghurst, Stornoway.
A. E . M illward, Royal Naval Barracks, Shotley, Harwich.
Jas. Macgregor, c . m .g . ,  Messrs. Crichton, Thomson and Co. 
W . Pollock, W ybourne Grange, Tunbridge W ells.
V. B. Ratsey, 14, W ater Street, Liverpool.
R. Reeves-Moore, 30, V ictoria Street, Germiston, Transvaal. 
R ichard B. Rennell, B ritish Oxygen Co., Sydney Street W est, 

Belfast.
J .  W . Richardson, B .O .T. Office, 73, Robertson Street, 

Glasgow.
J .  Rossolvmos, 8 6 , Leadenhall Street, E .C.3.
Chas. de Grave Sells, o .b .e . ,  5, Via Ponte Calvi, Genoa.
D. Smail, 105, W est George Street, Glasgow.
W . Sm art, Ings Avenue, St. C lair, D unedin, New Zealand.
II. J . Sonne, L loyd’s R egister of Shipping, Frederiksgrade, 

12, Copenhagen.
C. W . Starnes, 7, Foxbourne Road, Balham , S.W .17.
•T. Stericker, 18, Beulah H ill, Norwood, London, S.E .19.
Jas. Stewart, Dunedin. Banchorv, K incardineshire.
M. Swanston, 222/5, S trand, W .C.2.
II. .T. Turner, Companion, Spring Field , Hawk Green, M arple, 

Stockport.
A. W ard, Associate Member, H ugh Dene, N orth Road, Clay­

ton, Manchester.
W. A. W hite, P earl Assurance B uilding, Northum berland 

Street, Newcastle-on-Tyne.
Chas. W illiam s, 3, St. Jo h n ’s Square, Cardiff.
Jas. Wood, Rhodesian T rading Co., Buluwayo.
P . B. W ells, G raduate, 24, Laburnum  Avenue, W allsend.
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The Machine Tools and Engineering Exhibition held at 

Olympia is an exceedingly good one, and the promotors are to 
be congratulated on the visible results. The improvements 
made in the m anufacture of Machine Tools and the advances in 
construction to meet new and growing requirem ents in the 
Engineering Industry  were very m arked. To the older visitors, 
keenly interested in the changes made since the days of their 
apprenticeship, the tools and appliances, witli means for 
accurate adjustm ent to save_ tim e and labour, were noted and 
studied, while visitors of the younger generation were also 
keenly alive to the possibilities before them. The gallery, as 
well as the main body of Olympia, was fully  occupied, the stands 
of Exhibitors throughout showed the fru its of their industry and 
efforts to supply up-to-date m achinery with accurate appliances 
for increasing output and dim inishing time and labour in  the 
process. The visit was both interesting and educational and our 
thanks are accorded to the promoters for their courtesy towards 
us.





I N S T I T U T E  O F  M A R I N E  E N G I N E E R S
IN C O R PO R A TED .

VOLUME XXXII.
Th e  S c r e w  Propel ler .

T h e  E v o lu tio n  of a  N ew  T yp e .

By Major J. H. W. (JILL, O.B.E. (Member).
H E A D

Tuesday, October 12, 1920, at 6.30 p.m.
Chairman: Mr . J. B. HALL (Member).

D uring the past three-quarters of a century the screw pro­
peller has received the attention of many eminent mathema­
ticians and experimentalists. Its action has been explained by 
several different theories, some of which are duly supported 
by mathematical proofs, and the results of much laborious and 
carefully conducted experimental work are recorded in various 
publications.

In  spite, however, of the amount of attention devoted to this 
subject the need for fuller investigation is admitted by the best 
authorities, even when the screw propeller is considered apart 
from the effects of, and on, the hull of the vessel to which it  isMattached.

W hen dealing with a complex subject it is advisable to confine 
the investigation, in  the first place, to considerations affecting

1 1 5
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the prime essential, which in this case is the  screw propeller 
itself, apart from bull effects, and to arrive at a clear conception 
of the first principles involved, in so far as these can be ascer­
tained.

Probably, the clearest fundam ental definition of a screw pro­
peller is th a t given by Mr. G. S. Baker, who states th a t:—

“ A screw propeller is a means of pushing a ship forward 
by th rusting  water aft ” ;

while Mr. S. W . Barnaby lias condensed the elementary theory 
of propeller action in the following w ords:—

“ I f  the weight of the mass of water acted upon by the 
propeller in pounds per second =  W , and if tlie sternward 
velocity in feet per second im parted to it in relation to still 
water =  S, then the reaction which constitutes the pro- 

W Spelling force is ' where ‘‘g ” =  322 feet per second.’- bThis fundam ental conception of the general principle of the 
operation of a screw propeller constitutes a starting  point from 
which the study of propeller action may be undertaken ; and the 
further this study is pursued, the more apparent becomes its 
complexity.

If  a screw propeller merely acted upon a column of water of 
approxim ately its own diam eter and pushed this column directly^ 
aft, then its action would be fu lly  explained on simple theo­
retical grounds.

In  practice, however, a propeller acts upon a column of water 
which has a diam eter greater than its own, on the intake side, 
and contracts to considerably less than  its own diam eter, 011 the 
discharge s id e ; this contraction of tlie whole column of water 
directly acted upon depending 011 the acceleration im parted to 
the water by the screw, and only a small portion of the total 
acceleration and consequent contraction tak ing  place while the 
w ater is actually passing- through the screw. Furtherm ore, the 
column of' water acted upon is given a  spiral motion by reason 
of the rotation of the propeller, is disturbed by centrifugal 
action while in contact with the blades of the propeller, and 
is incomplete as a column 011 the discharge side, owing to blade 
interference and other causes tending to unequal acceleration 
and pressure values over different portions of the section of'the 
column.
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These variants of the simple fundam ental conception of pro­

peller action all come into operation even when the propeller is 
working under conditions as nearly ideal as can be practically  
atta ined , while fu rth er complications are introduced by the effects 
of blade thickness, form, and pitch. I f  air is taken down from 
the surface, or released from the water, still fu rth e r disturbance 
of theoretical conditions occurs, ap a rt from  the true  cavitational 
effect which obtains when the total head of the w ater acted on by 
an immersed propeller is insufficient to balance the velocity of 
flow necessary to follow up the blades of the screw.

In  view of the numerous departures from ideal conditions of 
operation, which are inseparable .from the working of propellers 
in actual practice, it is evident th a t the assumptions which are 
necessary as a basis for any serviceable theoretical treatm ent 
of the subject m ust be modified in accordance with the results 
obtained from consistent 'and carefully conducted trials, carried 
out with models of a reasonable scale under conditions resemb­
ling  those of actual practice.

A long series of such tria ls was carried out by the Messrs. 
Froude in this country and bv Adm iral Taylor in the U nited 
States, and the results of these trials, supplemented by the less 
exhaustive work of other investigators, and by Observations of 
full scale trials, have at least served to establish the principle of 
sim ilitude as applicable to screw propellers and to lay down 
certain broad rules for propeller design which have been sum ­
marised by Mr. Peter Doig, as follows :—

“ The best diam eter to use (for a screw propeller) is 
closely proportional to the fifth root of the horse power, 
inversely proportional to about the six-tenths power of the 
revolutions per m inute; and practically independent of the

P ifp hspeed of the boat ” ; also “ The pitch ratio, or —:----- z—1 r Uiameter
, , Diameter X Revolutions.”varies inversely with the value —r,------;—Speed.

I t  is also generally accepted as the result of experiment th a t 
“  gaining pitch,” though theoretically desirable, has proved to 
be of little  if any value with the open type of screw propeller; 
th a t small bosses, th in  blades, and high finish make for effi­
ciency ; tha t in many c&ses it  is of practical advantage to work 
at a relatively high slip, and th a t notw ithstanding the labours 
of m any em inent men, m uch rem ains to be established on the 
subject of screw propeller design, especially in the case of h igh  
revolution speeds.
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"Now there is a quantity  of published inform ation extant 

which, if carefully analysed, appears to point towards one solu­
tion of the problem of high-speed screw propellers and to  indi­
cate th a t the most satisfactory method of approaching the in­
vestigation is by consideration of, and experim ent on, the actual 
conditions of flow through and around typical screw propellers 
revolving in a water channel of relatively large sectional area.

The Theorem of Bernonilli relating  to fluid flow defines the 
conditions as to pressures and velocities in an accelerated stream, 
under ideal circumstances.

The writings of Mr. R. E. Eroude deal m inutely with the 
theoretical aspect of the acceleration and contraction of the 
stream  of fluid acted upon by the propeller, and postulate a 
theoretical “  Actuator ” , which takes the place of th e  propeller 
and satisfies the conditions of rational analytical treatm ent of 
ideal cases.

The pressures (and consequently the velocities) obtaining 
around typical model screws are recorded in the diagram s plotted 
for a variety of experim ental conditions in Adm iral Taylor’s 
work.

Considerable inform ation is contained in  a paper dealing with 
“  Tests on Model Propellers,” by Mr. J  .L. Hodgson.

S ir Charles A. Parsons and Mr. S. S. Cook have proved th a t 
in the case of a water siren, which possesses certain resemblance 
to th a t of a propeller, the erosive effect of cavitation was 
elim inated by confining the tail race in a short nozzle; and, 
finally, several m athem aticians have shown that propeller action 
can be accounted for by attribu ting  its effect to certain forms 
of vortex flow.

Careful consideration of a mass of published theoretical and 
experim ental work, dealing directly and indirectly with con­
ditions of fluid flow analogous to those obtaining: in  the region 
of a working screw propeller has led to the conclusion th a t this 
flow, in the im m ediate vicinity of the propeller, closely resembles 
that of a spiral vortex.

The screw propeller in operation im parts both axial accelera­
tion and whirl to the column of w ater acted upon and the  column 
contracts under its impressed velocity, while this action takes 
effect from some distance ahead of the propeller and extends to 
some distance astern thereof. A close im itation of a natural
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spiral vortex m ust therefore he formed in a portion of the column 
of water acted upon, disturbed only by the interference of the 
propeller itself.

F u rth e r consideration of records of actual conditions obtain­
ing in propeller race and in vortex how indicates that, in order to 
prevent disturbance of what appears to be almost natu ra l vortex 
action and also to obtain the  benefit of a controlled ta il ra-oe, 
which is found to result from the water siren experim ents, i t  is 
desirable to surround the propeller by a nozzle shaped shroud 
of vortex contour, occupying the position of the “  tube ” re­
ferred to in Mr. R . E. Froude’s conception of a theoretical 
“  A ctuator.”

Experience gained with propellers operating near to, or closely 
surrounded by any fixed surface has shown th a t it is preferable 
to fix the shroud to the blade tips and make it p a rt of the revolv­
ing propeller, at the expense of augm ented external friction, 
ra th er than to incur the eddy losses obtaining between the blade 
tips of a revolving propeller operating at sm all clearance w ithin 
a fixed shroud of any form. l)u rin g  the course of the investiga­
tion, photographs were taken of the actual flow of w ater th rough  
typical propellers under various conditions of operation, also 
of the flow conditions obtaining in spiral vortices, originated by 
mechanical stirring  bu t allowed to assume natu ra l conditions. 
The result of com paring the contours of the flow obtaining in 
these two sets of records was an extraordinary  agreem ent be­
tween the curves of contracting flow under acceleration, in the 
two cases; and an analysis of the curves of contraction proved 
th a t semi-hyperbolic curves of the natu re  y  x 2 =  constant, fitted 
the conditions of flow through a working propeller equally with 
those obtaining in a natu ra l vortex.

Before developing these analy tical results, early experim ents 
had been carried out with model propellers of 5 inches diam eter 
by 4 inches pitch, both in an open or norm al state and when fixed 
in  nozzle shrouds of curvatures calculated for a x v =  constant, 
where “  a ” is the cross sectional area and “  v ” the velocity 
of flow, the shrouds being m ade of various lengths, and revolu­
tion speeds of values up to 3,200 per m inute being employed.

The results of these experim ents showed th a t a t the same im ­
mersion and speed of current the shrouded screws absorbed 
slightly  more power for the  same revolution speed, did not take 
a ir from the surface so readily as did the open screws, could be
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run a t much higher speeds of revolution w ithout incurring  fluc­
tuations in the th rust, and produced a m arkedly less disturbed 
wake.

F u rth e r experim ent proved th a t there was no m easurable loss 
of power in  the nuzzling of the w ater stream , th a t the difference 
in  power input for the same revolution speeds was accounted for 
by the surface friction outside the shroud, th a t th is loss was 
■considerably less than had been anticipated, th a t the shroud 
could be curtailed at the intake side without loss of efficiency, 
bu t was very sensitive to alteration of length on the discharge 
■side, and that the curvature of shroud most nearly  resembling 
the contour of a vortex produced the best results.

The theoretical conditions which appear to govern the design 
of a shrouded' screw propeller were subsequently examined in  
detail, and the relations obtaining between shrouded propellers 
and correctly designed open screws for the same power input and 
revolutions, were investigated at considerable length.

The results of this exam ination can best be illustrated  by tak ­
ing the simple case of replacing a propeller of the normal open 
type, for which the horse power input, revolutions, and con­
ditions of working are known, by one of the shrouded pa tte rn ; 
though this illustration is only cited as a mean example and can­
not be taken as applying to all cases.

An average taken of the recorded results of a large num ber 
of published and original experiments with typical model screws 
of pitch ratios varying from -8 to about 1-5, and working over a 
fairly  wide range of slip, shows that, taking the diam eter of the 
propeller as a unit, D, the total axial length of the disturbance 
due to the action of this propeller, on the intake side, amounts to 
about 1-5D, th a t the m inim um  diam eter of the ta il race is about 
•71) and that this m inim um  section occurs a t slightly  over -4D 
astern of the mean plane of the propeller disc. The distance to 
which the disturbance extends astern of the sm allest section of 
the race is not well defined but it cannot be taken as less than 
about 2D.

Recorded results give values of from -6D to -85D to the 
diam eter of the smallest section of the race, and place this 
smallest section at from -22D to -62D astern of the propeller 
d is c : bu t the num erical mean of a num ber of reliable observu • 
tions can be taken at -7D and -416D.

Xow the result of recorded observation lias indicated th a t the 
stream  of water acted upon by the propeller contracts between
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tlie propeller disc and the smallest section of tlie race according 
to the m ean values given above, and in accordance w ith a vortex 
shaped form  of which the boundaries conform to semi-hyperbolic 
curves of the na tu re  yx2 =  constant ; the “  y  ” axis being 
parallel to or coincident w ith th a t of the  propeller shaft, and the 
“  x  ” axis being a t r ig h t angles thereto and somewhere ahead of 
the propeller.

A pplying this inform ation to the case of replacing an open 
propeller of 10 units diameter (the units being inches 
ffe t, or any other linear measure) by a shrouded screw to work 
a t the same horse power and revolutions: —

Propeller diam eter I) =  10;
Diam eter of sm allest section of race -7D =  7 ;
Distance of sm allest section of race from mean plane of pro­

peller face -41GD = 4-16;
Boundary curve of contraction of race from propeller dia­

meter, 10, to smallest diam eter of race, 7, (or hyperbolic curve
10 7passing through “ x ” ordinates ^ alld ^ which are 4'16 apart

on “  y ” axis) is found to have a constant value of y x 2 =  100, 
w ith the axes intersecting at a zero point 4 units ahead of D.

These data, on b e in g -  plotted, evidently give the boundaries 
of the mean natu ral contraction of tlie stream  of water acted 
upon, from the propeller disc to the smallest section of the race.

Now the area of any transverse section of this contracting 
column is proportional to the square of its d iam eter; therefore 
the area at D of 10 units diam eter is to the area of the smallest 
section of the race, of 7 units diam eter, as 100 is to 49; conse­
quently, the axial .velocity of- the contracting column, which 
varies inversely as the area, has a little  more than doubled in 
value between the m ean plane of the propeller disc and the 
sm allest section of the race, in the average case quoted. I t  
therefore becomes apparent that the propeller of diam eter D 
m ay be re-placed by a sm aller propeller, placed further along the 
race and bounded by the contracting co lum n; but this sm aller 
jiropeller m ust have axially  increasing pitch, the pitch at any 
transverse section in the contracting: column being: related to thec'# Opitch of the original propeller of diam eter D, inversely as the 
square of th e  diam eter at that section is to the square of dia­
m eter D. w ithout tak ing  into account any angular variation in 
the  whirl.
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Experim ent lias shown, however, tha t th is sm aller propeller 

would derive little , if any, benefit from its theoretically correct 
increasing axial pitch, and would lose in efficiency by reason ot 
churning effect, unless it be encased in  a shroud. The contour 
required for such a shroud is obviously defined by the hyper­
bolic curve bounding the contraction of the column of water 
acted upon, and we thus arrive at the m ain features affecting 
the design of what m ay be term ed the “  V o rtex ”  type of screw 
propeller.

I t  will here be instructive to consider a diagram  which has 
been plotted, in  accordance w ith observed results, to illustrate 
the nature of the curves bounding the contracting flow between 
the propeller disc and the  sm allest section of the race, in the 
mean case which shows a contraction from  D 10 to D 7 in  4-16 of 
length, and in the two extreme quoted cases of I) 10 to 1) 6 in 
2-2 of length and J) 10 to I) 8-5 in  6-2 of length. The hyperbolic 
curves of the nature yx2 =  constant, which have been observed 
to form the contour of the contracting column in the im m ediate 
vicinity of the screw, have the radii of the respective sections 
of this column as their “ x  ” ordinates and the axial distances 
intercepted between these sections as the differences between the 
lengths of the corresponding c‘ y ” ordinates. The value of the 
constant for the equation to the curve of contraction in each of 
the cases named is readily determined from the radii a t the 
propeller disc and at the smallest section of the race, taken in 
conjunction with the intercepted axial distance between these 
radii, after first determ ining the unknown “ y ” values, as 
follows:—

Denoting the two “  x  ” ordinates in each case by x and x , ,  
and the corresponding “  y ” ordinates by y and y J.

Eon t h e  M e a n  C a s e . (2.)
D 10 gives ordinate x =  5 (and x3 =  25).
D 7 ,, ,, x, =  3'5 (and x,3 =  12'25).
“ y ” ordinate corresponding to x =  y

„ =  yj =  (y +  4-16).
Then y  X  x 3 =  X  X j2.

y  x  25 =  (y +  4Tfi) x  12 25. y x 2-04 =  y +  4-16. y +  1'04 y  =  y +  4.16.
A .1  Li

and y 1 =  4 +  4'16 =  816.
Substituting in yx3 =  constant.

4 x  25 =  100 ( , , f 
8-16 x 12-25 =  100 ( constant for curve'



F or H igher E xtreme Case. (1.)
D 10 gives ordinate x =  5 (and x- =  25).D 6 „ X, =  3 (and xt2 =  9).
“ y  ” ordinate corresponding to x =  y.,, * i=  yi =  (y +  2-2).

Then y  x x2 =  y x x Xj2. 
y  X 25 =  (y ’+  2‘2'i x 9. y x 2-78 =  y +  2'2. 
y  +  1-78 y  =  y + 2 2.
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and yi =  1 24 +  2.2 =  3 44.

constant for curve.
Substituting in yx2 =  constant ' 1-24 x 25 =  31 | 3-44 x 9 =  31 I

F o r  L o w e r  E x t r e m e  C a s e .  (3.)
D 10 gives ordinate x =  5 (and x2 =  25).D8-5 „ „ x1= 4-25 (and Xl2 =  18-06).
“ y  ” ordinate corresponding to x =  y.

>, xi =  yi =  (y +  6-2).
Then y  X x2 =  y : X Xj2.

y  x 25 =  ly  + 6-2) x 18’06. y  X 1’384 =  y  +  62, 
y  +  ’384 y  =  y  +  6‘2.

6 2  1 M Iy =  ^  =  16 14~ 
and y x =  1614 +  6 ‘2 =  22~34, 

Substituting in vx2 =  constant.1614 x 25 =  403-5 \ 22-34 x 18.06 =  403-5 / constant for curve.
Tlxe hyperbolic contour of the contraction of the column of 

w ater directly acted upon is, however, shown by photographic 
records of the flow through propellers in operation, and also 
deduced from  the curves of pressures existing around a working 
screw, to obtain only for a short distance ahead and astern of 
the propeller. The explanation of this fact appears to be th a t it 
is only when fairly  close to the in take side of the  screw th a t a 
w hirling motion is im parted to the column of water acted upon 
and th a t im m ediately after the sm allest section of the race is
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reached the column begins to expand under frictional retarda­
tion. The curves plotted from the foregoing data serve to 
exemplify the conditions obtaining in the cases of medium, 
high, and low true slip and though it may be objected th a t de­
finite boundaries assigned to the contracting column im ply a 
fairly  sharp demarcation between the velocity and pressure con­
ditions obtaining for a short distance ahead and astern of the 
propeller, the fact th a t such a partition  does exist in practice, 
appears to be definitely indicated by a num ber of experiments 
and by photographic records.

The length to which the shroud shall project beyond the  lead­
ing edges of the blades in an ax ial direction, in  order to counter­
act local eddies, and the length to which i t  shall project in an 
axial direction beyond the following edges of the blades, in order 
to secure a complete race column, are largely m atters of experi­
m ent and experience, small departures from the provedlv cor­
rect values, especially on the discharge side, having a very 
m arked effect on efficiency. In  the case, however, of a shrouded 
propeller of average dimensions replacing an open screw of pitch 
diam eter ratio equal to unity , the normal overall length  of 
shroud can be taken as approxim ately one-third of 1).

The axially projected length of the blades is governed by the 
blade area required on the thw artship projection, by the neces­
sary pitch, and by convenience of design.

As the shrouding of the propeller overcomes the practical ob­
jections to wide tipped blades, the thw artship projection of the 
propeller face can have blades with radial edges, and conse­
quently with parallel edges in the fore and aft projection.

The blades m ay be raked, or even curved, to act squarely on 
the stream  of water flowing through the shroud, though little  
practical advantage has hitherto been found to result from such 
a refinem ent; and in  the case of the boss there is little  if any­
th ing  to be gained by m aking it other than  cylindrical, though 
its after-end must be term inated by a stream line fairw ater of not 
less than  two diam eters in length.

The shrouded type of propeller may be built up or produced 
as one casting, both methods having been employed in  practice, 
and, as the blade sections can be m ade th inner than  those for an 
open screw and the diam eter be also reduced, the extra weight 
of the shroud is largely compensated for.

Before considering the advantages to be obtained by the use 
of the shrouded type of propeller outlined in th is paper, it w ill
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be well to consider the objections which have and may be ad­
vanced against it, for the reason th a t any such apparent inno­
vation m ust necessarily be examined in  a critical spirit by those 
versed in the art to which it applies, and m ust inevitably be de­
precated by m any whose vested interests or personal convictions 
are affected by a departure from accepted practice.

The particular design of propeller referred to herein is not the 
subject of any startling ly  original invention, but merely results 
from collecting and applying known facts, and permissible de­
ductions therefrom, to the solution of a definite problem. Its 
justification lies in  results and conclusions recorded in  th e  
w ritings of masters of the art and in  the actual experim ental 
data, obtained by observing, photographing, and analysing the 
flow of water through propellers of different types.

Some of the chief objections raised, and the ways in which 
they m ay be m et are briefly sum m arised as follow s:—

Ob jection. The shrouded type of propeller has been tried p re­
viously and has failed.

R eply . Careful search through P a ten t Office records, pub­
lished papers, and books on propellers and kindred subjects, has 
failed to disclose any previous attem pt to apply a correctly 
designed nozzle shroud fixed to and rotating  w ith the propeller. 
There have been failures with encased propellers of certain types 
but none recorded with the type now put forward.

Objection.—Skin  friction on the shroud renders the design in­
capable of competing with the open propeller.

R eply. There is undoubtedly skin friction on the shroud, 
but it is not found to increase according to the square of the  
velocity of rotation, as was predicted; nor is it sim ilar to disc 
friction with the eddy m aking effects inseparable therefrom . 
Furtherm ore, the surface of the shroud is easify machined to a 
h igh  degree of smoothness, and the frictional loss can thus be 
reduced to a m in im um ; witness the case of the shrouded im ­
peller commonly employed in centrifugal pumps.

Objection. A ttaching a contracting  nozzle to an advancing 
propeller is sim ilar to towing a r‘ drogue ” through the water.

R ep ly . This would be true if the nozzle were not doing useful 
work in consolidating the- race column and preventing radial 
flow. Also the reduced pressure due to velocity of flow within 
the shroud implies an excess pressure on the outside of the shroud
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where the water is not axially accelerated, this pressure having a 
resolved component of forward th rust on the outside of the 
shroud.

Objection. A greater proportion of the total acceleration of 
the fluid stream acted upon takes place ahead of the screw and a 
less proportion astern of the screw than in  the case of the open 
propeller acting  upon an equal volume of w ater per revolution.

R eply. This is true  when replacing an open screw by one of 
the shrouded type of sm aller diameter, as would usually  be the 
case, but it m ust be recollected th a t the  Kinetic energy rem ain­
ing in the race after the  water has left the propeller, is wasted 
as far as propulsion is concerned. I t  is therefore probably 
advantageous for the propeller to work near to the sm allest 
section of the race, instead of allowing a large proportion of the 
total acceleration and consequent contraction of the water 
column to take place astern of the propeller, as in the case of 
most open screws.

Objection. The relatively large and axially increasing pitch 
employed in the shrouded screw will produce excessive rotation 
of the race, the energy from which could only be recovered by 
fixed guide blades astern of the propeller.

R eply. This is partly  covered by the reply to the previous 
objection, which deals with the desirability of acting upon the 
w ater column near to its smallest section, while the fitting  of 
guide blades astern of the propeller, though of apparent advan­
tage with some types of screw, introduces additional frictional 
surface at a position where the water stream  has a h igh velocity.

Objection. The shrouded propeller, replacing an open screw 
of larger diameter, will be working at a h igher slip.

R eply. The shrouded propeller will norm ally be working on 
the same water column but nearer to its greatest contraction, and 
it appears that the tru e  slip, or velocity with which the water 
column is projected astern, does not atta in  its full value till 
the m inim um  race section is reached. This may account for 
the fact th a t in  certain cases an im provem ent in  performance is 
secured by reducing the diam eter and increasing the pitch of 
open propellers, and a t any ra te  indicates th a t in certain cases 
a high true slip need not necessarily im ply an unfavourable 
overall efficiency. A dditional proof of th is is furnished by the 
good results obtained with shrouded propellers in towing, which 
is generally accepted as the most unfavourable condition for 
small diam eter screws of large pitch ratio.



Objection. The curvature of any one shroud, following an 
assumed contraction of race column is only correct for one par­
ticu lar condition of true slip.

R eply. This is correct, but the same argum ent applies to any 
other type of screw propeller, in th a t the best efficiency is 
attained at one particular slip value under working conditions, 
in  the case of a properly designed vortex type shrouded pro­
peller it m ust also be recollected that the  acceleration of the fluid 
stream  consequent upon the axially  increasing pitch, and the 
contraction of area in the shroud, are correctly proportioned one 
to the other.

Objection. S tern-going power m ust be poor or even to tally  
absent.

R eply. There is 110 apparent reason why the nozzle shrouded 
propeller should not operate in going astern practically  as an 
open propeller of diam eter equivalent to the outlet from the 
shroud. Here again actual trials have proved that the stem - 
going power of the nozzle shrouded propeller is quite satis­
factory.

Objection. F loating1 objects may become jam m ed in the con­
trac ting  shroud.

R eply. This is considerably less likely to occur than th a t the 
blades of an open propeller should be damaged by such objects, 
and the shrouded screw is less likely to pick up ropes, nets, etc., 
than  are the blades of an open propeller.

Objection. The weight is greater than th a t of' an open 
propeller.

R eply. The diam eter is norm ally made sm aller th an  th a t of 
the open screw, which partly  disposes of this objection; the 
blades m ay be made th inner and correct balance is easy to atta in .

Objection. The m anufacturing difficulties and cost are 
g rea ter than  in  the case of an open propeller.

R eply. This is quite correct, but the  process of accurate 
m anufacture is not a difficult engineering problem w ith appli­
ances of comparatively simple design, and the cost is offset by 
m aintenance of pitch under conditions of service, and certain 
advantages gained.c  OSome of the theoretical and p ractical advantages which i t  is 
possible to obtain by the use of a screw propeller of correct 
design, carry ing  a nozzle-shaped shroud of su itable form, m ay now be considered : —

In  the first place, the accepted facts are th a t the purpose of 
the device is to develop a propulsive reaction by continually
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pushing a mass of w ater a s te rn ; th a t the instrum ent employed 
for th is service consists of from two to four short inclined plane's 
mounted on tlie end of a revolving shaft whose axis lies in the 
direction of the required resultant reac tion ; and th a t the in stru ­
m ent m ust necessarily im part a w hirling  motion to the water 
in addition to giving it an axial acceleration.

Now, when N ature whirls and accelerates a fluid stream , the 
balance of pressures and velocities is arrived at in  th a t p a rti­
cu lar form  of flow which is known as vortex action, and this 
may be accepted as being produced with a m inim um  input of 
energy. There is obviously a parallel between propeller action 
and the condition obtaining in natu ra l vortex flow; and, though 
it m ust be adm itted th a t N ature does not institu te  and m ain­
ta in  a vortex by ro tating  a fluid at one point th rough the 
m edium  of a crude device like a propeller; a'lso th a t the  pro­
peller will necessarily cause disturbances which m ilita te  
against true vortex flow; and furtherm ore that N ature does not 
produce a vortex w ith the object of developing propulsive re­
action ; yet the general conditions of flow are sim ilar, and the 
observed agreem ent between the flow through a working pro­
peller and that in a natu ra l spiral vortex is rem arkable and 
convincing.

H aving  arrived at this stage of the argum ent the logical 
deduction is that, when designing a propeller, means should 
lie adopted to im itate the natu ra l condition of vortex flow, the 
necessary precautions evidently being to employ ax ially  increas­
ing  blade pitch, in conformity w ith the natu ra l acceleration of 
the stream operated upon, and to counteract radial flow and 
other d isturbing factors, so far as possible, by encasing the 
propeller in a shroud of suitable contour. This is the object 
aim ed at in the design of a “  Vortex ”  type shrouded screw pro­
peller, and practical results appear to ju stify  the theoretical 
basis of the design.

The water is constrained to flow through the propeller under 
conditions which appear to be those indicated by natural laws.

The eddy effects which obtain when the tips of propeller 
blades operate (dose to a bounding surface are avoided by ro ta t­
in g  the shroud w ith the propeller.

A xially  increasing pitch  can be employed w ith certain ty  and 
advantage.

W ide tipped blades can be employed w ithout the penalty of 
vibration.
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The race column is a complete stream  instead of being a dis­

turbed discharge.
The. localisation of' pressures is m inim ised, w ith resulting  re­

duction in  w hat m ay be term ed “ incipient cav ita tion .”
There is a region of constant but reduced pressure around 

the intake to the propeller shroud instead of there being localised 
areas of reduced pressure behind the blade tips, approaching 
and receding from  the surface of the w ater as each blade comes 
upperm ost; and a ir is consequently not so readily  taken down at 
lig h t draft.

The “ h e lm ”  or “ c law in g ”  effect of the propeller, tending 
to swing the stern of the vessel, is m aterially  reduced. The 
effect of acceleration on one side, and retardation  on the o ther 
side, of the propeller, when “ p itc h in g ”  or “ scending,”  is 
practically  elim inated.

W hen towing, or otherwise working a t a h igh true slip, the 
w ater is dealt w ith as by an axial flow pum p, and “ c h u rn in g ”  
is m aterially  reduced.

The blades of the propeller, being supported at both ends, 
m ay be made th in , the increasing pitch  tending to stiffen them  ; 
and they are well protected from damage due to ice, floating 
obstructions, or grounding.

The “  out of pitch  ” effect, which obtains when an inclined 
shaft is installed, is practically  disposed of.

Propellers of sm aller diam eter m ay be employed, and ex­
perim ents indicate th a t higher revolution speeds can be adopted, 
which may result in modification, or in  certain  cases elim ina­
tion. of reduction gearing.C1 o

No ex travagant claims for increased speed, reduced fuel con­
sumption, etc., are made, nor is it contended th a t one shroud 
contour fits every condition.

There are also cases in which the open type of screw w ill 
undoubtedly be preferred.

Ik  is adm itted , however, by those best qualified to express an 
opinion th a t there has been little  practical advance in  the 
evolution of the screw propeller during  m any years past, in 
spite of changing conditions, and th is paper is subm itted to the 
consideration of M arine Engineers as ind icating  the broad out­
line of a design, which botli theory and experim ent appear to 
ju stify  as a ra tional solution of the h igh  speed and small d ia­
m eter propeller problem.
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T y p ic a l M odel S c rew  of open  p a t te rn , ro ta t in g  in  w a te r  s tre a m , a i r  
in je c te d  to  sh o w  c o n tr a c t in g  flow fro m  in ta k e  ( r ig h ts  to  ta i l  ra c e  (le f t]. T y p ic a l  M o d e l S c rew  o f o p e n  p a t te rn  ro ta t in g  in  w a te r  s t r e a m . P o w d e r  

in je c te d  to  sh o w  c o n tr a c t in g  flow  fro m  in ta k e  ( r ig h t)  to  ta i l  r a c e  (left)i



Visits  to W ork s .
F r a s e r  a n d  C h a l m e r s ’ E n g i n e e r i n g  W o r k s , E r i t h .—Mem­

bers who availed themselves of the opportunity  of v isiting  the 
works of F raser and Chalmers, on September 25tli, agreed th a t 
thev saw som ething of more th an  passing interest. The com­
pany m anufacture the Im pulse Type for both land and m arine 
steam turbine, turbo-blowers and turbo-compressors, conveying 
and transporting  m achinery, m ining m achinery covering the 
entire equipm ent of m etalliferous and m etallu rgical mines in ­
cluding steam and electric w inding engines, ro lling  m ills equip­
m ent and seamless txibe p lant, and also blast furnace gas 
cleaning plant.

Increased, and efficiency in, production was seen exem plified; 
and being affiliated w ith the General E lectric Co., L td ., London 
and B irm ingham , tlie various works of the organisation render 
them  in a position to undertake complete contracts of any m ag­
nitude w ithout calling upon num erous sub-contractors. L arge 
extensions have been completed recently, and everything we 
saw pointed to a great endeavour in engineering progress by 
the B ritish  m anufacturer. The party  was met by representa­
tives of the different departm ents, who conducted the tour 
through the various m achine shops, explain ing  principles and 
details of different p lan t under construction.

I t  was not possible in the tim e to thoroughly go into all the 
m inute details of the exceedingly in teresting  p lan t exam ined ; 
perhaps the most in teresting  to us generally  was the m arine 
tu rb ine  of the impulse type, which Messrs. E raser and Chal­
mers were the first B ritish  firm to take up the m anufacture of. 
The set seen was in an advanced stage of completion, being the 
type incorporating the ahead and astern tu rb ine  in  one casing 
and having h igh and low pressure turbines, the ahead power 
being 2,900 s.h .p . a t a tu rb ine  speed of 8,500 r.p .m ., th is speed 
being reduced through double reduction gearing to T8 r.p .m . 
for the propeller shaft. The astern turbines developing 70% 
of the ahead power. H igh  pressure and low pressure tu rbines 
are designed so th a t each gives h a lf the to ta l power developed 
and steam interconnecting pipes provide for either h igh  pres­
sure or low pressure u n it ahead or astern being run  indepen­
dently  by a simple re-arrangem ent of steam pipes. This in ­
cludes the admission of live steam to the low pressure tu rbine 
in case of an emergency. The H .P . casing contains the h igh  
pressure ahead tu rbine, consisting of one velocity wheel w ith 
two rows of blades u tilis in g  a gi eater heat drop th an  a single
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t o w  and consequently exposing the casing to a lesser pressure 
and tem perature, w ith a' num ber of single-bladed wheels, and 
also the high pressure portion of the astern turbine. S im ilarly, 
the low pressure casing embodies both the ahead and astern 
tu rbine low pressure stages. The low pressure exhaust branch 
leads from the centre of the casing a t the bottom, to which the 
condenser is bolted direct, the turbine being designed to take 
its w eight w ithout further support or danger of distortion due 
to stresses from pitch ing  and rolling.

The expansion of steam in the first stage of the h igh  pressure 
ahead or astern turbines takes place in the nozzle blocks, con­
sisting  of nickel-steel nozzles, cast in special cast-iron, suitable 
to employ the highest possible steam pressure and tem perature. 
For the rem aining stages the nozzle openings are sim ilarly  
cast w ith guide vanes in diaphragm s which are divided horizont­
a lly , each half fitted into its half of the casing; the top halves 
being bolted to the casing so th a t they lif t w ith  the top half 
casing, exposing the whole of the rotor for inspection. On the 
inner periphery of the diaphragm s are fitted glands of the laby­
rin th  type, effectively sealing the leakage of steam between 
the stages. The shaft packings are also of the labyrin th  
type to prevent the leakage of steam out, or a ir into, 
the turbine, and consist of cast-iron boxes carry ing on 
th e ir  inner periphery a num ber of brass rings which are caulked 
into grooves in the boxes. These lings have knife edges which 
practically  touch a steel sleeve which is pressed and keyed on 
to the rotor shaft. Between each brass sleeve is a ring  tu rned  
011 th e  steel sleeve which prevents any leakage of steam having 
a stra igh t path  through the small clearance spaces. Steam 
sealing is provided, but neither lubrication nor water is required 
for these glands. The rotor blades are m achined from square 
blocks of nickel steel containing 5% nickel, each blade having 
a shank of such a shape as to form a distance piece m ain tain ing  
it in correct pitch, and are secured to the wheels by counter- 
sunk rivets.

The governor-end of the shaft is arranged for an adjustable 
M ichell th rust bearing to take the axial th rust in the turbine, 
which is very sm all, w ith the im pulse type, so th a t the dutv  of 
the th rust is m ainly  to locate the shaft.

Xumbers of turbines were seen on the test beds, com prising 
high, low and mix£cl pressure machines for coupling direct or 
through gearing to turbo-alternators, turbo-blowers and com­
pressors. Here the combined resources for m anufacturing  
complete p lan t are substantiated, the alternators being built
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by the allied works, the E ritli works, producing the blower and 
compressor units.

F raser and Chalmers have the reputation  of having con­
structed the m ajority  of turbo-blower units runn ing  in th is 
country, and also of com pleting the largest turbo-compressor 
yet produced by B ritish  m anufacturers. A m inute inspection 
was m ade of the tu rbine blade m anufacturing , and detail parts 
of the governing gear, etc., and, in the foundry, of the casting 
in  of the steel guide vanes in  the diaphragm s. The foundry 
created particu lar interest, being one of the largest in  the south, 
and capable of producing castings up to 35 tons in weight. 
Some large w inding engine drum s were to be seen in  the finished 
state.

In  the m ining departm ent machine shops a variety  of p lan t 
was open to inspection, including crushing, g rind ing  and con­
centration m achinery for m ineral ores, stam p m ills, including 
h igh duty  stam ps w ith  a fa lling  w eight of 2,000 lbs., a ll being  
specialised items of the firm ’s products. The spacious boiler 
and p late shop also included sections of th is p lan t, the neces­
sary plate work required for m ills and the different water- 
jacketed blast furnaces for copper, t in  and lead sm elting; also 
types of copper converters.

The B etting ton  boiler for atomised fuel p articu larly  in te r­
ested us. F raser and Chalm ers’ E ngineering  W orks took th is  
m atter up a t its inception, and as sole m anufacturers of th is 
boiler, were also pioneers in the development of the use of 
pulverised fuel. Considerable work had been carried out in 
the pre-war period, and a num ber of boilers installed which 
generally  had given satisfactory results, but some inherent 
defects had m anifested themselves under actual conditions, and 
the rectification of these defects had received considerable 
thought. The w ar period made it practically  impossible to 
continue the research and development necessary. I t  has 
again been possible to give serious consideration to the subject, 
w ith  the result th a t these in itia l troubles have now been over­
come, and the  boiler is being re-modelled on lines which w ill 
make it a satisfactory unit.

The subject of atomised fuel has always been one of consider­
able interest to M arine E ngineers, and n a tu ra lly  our members 
were considerably interested in  w hat they saw in connection w ith 
the boiler and these later developments. The iise of pulverised 
fuel is undoubtedly one which has come to stay, and there is no 
doubt th a t in  the near fu ture  much more w ill be heard of th is 
subject, as present conditions make it im perative th a t every 
advantage which can be taken of the u tilisation  of fuel to its
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utm ost value m ust be carefully  considered by all users of steam 
power. This boiler, together w ith its pulveriser, is unique in 
so far th a t “ run  of mine co a l” after being p u t th rough a roll 
crusher and crushed to about l in .  or f in . cube, can be fed 
direct to the pulveriser, which, also acts as a fan  and is then 
crushed to the fineness required and fed direct to the boiler, the 
fan giving the requisite am ount of a ir which is required for 
complete combustion. A special a ir heater is part of the 
equipm ent, thus the coal which is fed to the pulveriser, is de­
prived of the usual am ount of m oisture in run  of mine coal, th a t 
is 7 to 8%. I t  was stated th a t in some of the experim ents car­
ried out the  coal has as m uch as 15% of moisture, and even 
then  did not require to be dried before being used. The ob­
jections to the storage of pulverised coal is overcome as the coal 
itself is stored in the bunker and pulverised as required only. 
The chief advantages claimed by this type of boiler is increased 
efficiency, and, moreover, any low grades of coal can be utilised 
which would not give good service in  the ordinary boiler fitted 
w ith the standard fire grate, while steam can be raised in a very 
short tim e, and sm all floor space is required for the equipm ent.

Large steam and electric w inding engines were being erected 
in a huge bay specially equipped for the purpose, and here 
again  evidence was observed of the ab ility  to complete entire 
plant m anufacturing both the m echanical and electrical por­
tions.

I t  was only possible to inspect detail parts of conveyors, 
grabs, and transporters, com prising as they do a great am ount 
of steel structu ral work erected on site. A type of grab seen 
completed was capable of a load of 2^ tons per lif t, and under 
norm al working conditions would handle up to 150 tons per 
hour, and the design of conveyor belt employed had been in ­
stalled dealing with p lan t up to 1,500 tons per hour.

Inform ation was given as to the m echanical hand ling  of 
heavy bulk m aterials such as coal and ores, down to conveying 
grain , boxes and packages, and some typical p lants were briefly described.

The tour term inated  at 5.30 p .m ., when all adjourned for 
tea provided by the firm and a general round table discussion. 
A vote of thanks was proposed by Mr. J .  13. H all and seconded 
by Mr. M. Y uill, home from Jap an , which the staff in  acknow­
ledging, expressed the ir extreme interest in such a m eeting 
and hoped th a t fu ture  occasions would again bring  them  in 
contact w ith the members of the In stitu te .

Illu stra tions of the works and m achinery including details 
of the tu rbine are on the following pages.
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T h e  N a t i o n a l  P h y s i c a l  L a b o r a t o r y  was visited under ideal 

conditions as to weather on October 9tli. Considerable addi­
tions have been m ade since our form er visits, and each year the 
usefulness of the Laboratory has become more m anifest to a ll 
branches of engineering', and indeed to all sections of indus-e o ’tr ia l works.

W e were met at the entrance by members of the stall and 
conducted to different departm ents, where the specialities of 
each were described bv those in charge, and to one and all we 
acknowledge the k indly  courtesy w ith  which we were received, 
and accord our thanks for their kindness.

In  the engineering section are m any machines for testing 
purposes. The testing  of the sam ple of a rod was in action to 
show the elongation and breaking strain  w ith the percentage 
above the norm al tensile strength . The machines in the  de­
partm ent are designed for testing all strains and stresses to 
which m etals are subjected, according to th e ir  intended ser­
vice ; one of the largest m achines being used for testing  coupling 
links for railw ay wagons. Samples were on view and the pro­
cess explained. A recently constructed m achine for testing  
notched bars was explained, showing the ham m er and anvil 
sw inging, w ith indicating  pendulum s to record the results of 
the test. Tests are conducted w ith  the object of determ ining 
the best class of oil to suit different kinds of gear and m etals 
u sed ; also for speed load working tem perature.

The Aerodynamics D epartm ent, which is still being added to, 
contains specimens of the sectional parts of a ir vessels, showing 
th e ir shapes w ith experim ental data and tr ia l results under 
different conditions w ith speed and power relative to form and 
weight. The extension of space and build ing  allotted to the 
departm ent illustra te  the  growing im portance a ttach ing  to it. 
There are several air tunnels for testing  the effect of a ir  pressure 
on the models, the pressure and velocity being obtained from 
motors from 20 to 200 h .p ., according to the dimensions of the 
tunnel, the sm allest being 4ft. and the largest 7ft. x 14ft., the 
velocity of the a ir  reaching about 100ft. per sec. in the la tter.

In  the E lectric ity  D epartm ent we were shown methods for 
testing  lam ps, current, and the \a rio us instrum ents and appli­
ances for power and lig h tin g  p lant. Devices produced under 
tiie stress of war conditions for detecting and locating sounds, 
signalling  arrangem ents under w ater, and special appliances 
in  connection w ith m unitions, occupied the close attention  of
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the staff during' the past years, and their records and search 
work are now being applied for general service under better 
auspices. The testing  of radium  compounds was shown 111 
action in  a darkened room. These lum inous compounds were 
largely used on discs for aeroplanes during  the war.

The Metrology D epartm ent occupied m uch tim e and a tten ­
tion in viewing the various gauges and th e ir  application to 
different classes of work, w ith the lim iting  allowances necessary 
for passing the final test. H ere also the war work imposed 
g reat demands on the staff, in testing, passing and rejecting 
m unition requirem ents. The close tests for screw threads and 
gearing were specially noted and dwelt upon, and it 
was particularly  in teresting  to see the contour of the 
threads shown 011 a screen by lan tern  and highly  m agni­
fied, 50 times, to compare the actual w ith the standard. 
The results of experim ental work disclosed from tim e 
to tim e w ith new combinations of m etals and the tests 
applied to discover th e ir applicability  for various purposes 
were on view in the M etallurgy D epartm ent, and indicated 
where scientific research is playing an im portant p art in  de­
veloping and strengthening industria l progress and advance­
m ent. The necessity of' obtaining a m etal for the cylinders and 
connections of the in ternal combustion engine, the severe 
shocks and strains w ith h igh  tem perature is an illustra tion  of this 
and of the fact th a t we are aye learning if our aim  is so directed. 
Several interesting appliances for dem onstrating and testing  
alloys for h igh tem perature service with alum inium  as the base, 
copper, nickel and m agnesium  being added in  certain  percen­
tages. The heating  furnace and rolling  m ill for dealing with 
and testing  non-ferrous m etals were not in operation but in 
th e ir quiescent state were open for investigation, w ith  ex­
planation  of the process. Specimens were arranged on the 
bench w ith particulars inscribed to show composition and test 
results. Samples of rolled block, and rods which had failed 
in  the process were also on view. The Froude tank  and ap­
paratus used for testing t lie skin friction of ship models, the 
speed and power developed under varying conditions, and w ith 
propellers of different types were closely exam ined, discussed, 
and the recording instrum ents explained. Several wax models 
complete and under construction were on view; also a wooden 
model of a subm arine. rl he valuable work done in connection 
w ith the ship design is well known, showing where body plans 
can be altered with advantage in economical running . E xperi­
m ental tests have also been made with hydroplane models.
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Tlie subm arine menace received considerable a tten tion  in 
the past years, w ith a view to locate and deal w ith the enemy, 
including  the netting  process. There are several other de­
partm ents of in terest, optical, chemical, heat, refrigeration, 
wireless, oil, etc., w ith  th e ir various testing  instrum ents and 
samples.

Members who were unable to take advantage of the oppor­
tu n ity  to visit the Laboratory on this occasion and desire to see 
it preferably w ith the work in fu ll operation m ay have the 
privilege accorded to them  on special application.

Our visits to works on Saturday  afternoons have the disad­
vantage th a t we do not see all the m achinery in m otion, w ith, 
however, the com pensating privilege of exam ining quietly  the 
m achines and appliances, receiving a t the same time explana­
tions from members of the staff, to whom we are indebted for 
th e ir kindly courtesy and atten tion . In  closing th is record of 
our visits for 1920, we tender our appreciative thanks to all, 
w ith pleasant memories of our meeting.

----------------O----------------

S y n o p s i s  of S y l la b u s  for Lec tures .
T h e  following is a synopsis of the syllabus for a course of 

lectures now being arranged for the forthcom ing months. A 
conference of Representatives was held on October 20th a t 4 p.m. 
in the Lecture H all of the In stitu te  with a view to adopt the 
best method of procedure in order to place befoie those 
desirous of becoming acquainted w ith the In tern a l Combustion 
Engine, the v ital points necessary to know in connection with 
the runn ing  and m aintenance of th is type of engine. The 
attention  of apprentices is directed to the advisability of a ttend­
ing the lectures and taking advantage of th e ir opportunities to 
study the subject.

I. Fuel oil, na tu ra l supplies and difference in values; den­
sity, viscosity and flash point; storage; tanks, valves and pipe 
system s; troubles due to defective arrangem ents; leakage of oil 
or g a s ; presence of water, d irt, sluggish flow; remedies.

I I .  Conversion of fuel into gas. Types of engines; heat of 
evaporation, (a) Types using p e tro l; carburetters, ignition 
gear; compression. (b) Types using paraffins; heat necessary, 
vaporisers, ignition gear; compression, (c) Types using heavy
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oils, compression; in jection  by pum p; com bustion; sub-divi­
sions (cl) Compression to give combustion, Diesel engines; (o2) 
hot-plate or bulb for ignition . Conversion of heat into 
mechanical energy; effects of heat on m atte r; expansion; 
change of volum e; combustion tests for perfect com bustion; 
effects of richness of m ixtures and of com pression; ig n itio n ; 
products of com bustion; composition and analysis results.

I I I .  Correct m ixtures, carburetters, function and action for 
best re su lts ; ty p es; choked tu b e s ; reg u la to r; j e t s ; w icks; th rottle  
valves, vaporisers, different types; hot bulbs.•

IV . Schemes of operation, alternate expansion and contrac­
tion ; cycle; 2 or 4 stroke; valves required for each ; advantages 
and disadvantages; valveless types; modification of valves for 
different fuels; operating valves; cams and cam shafts; tim ing  
of valves; scavenging; indicator cards; th ro ttlin g ; fuel in jec­
tion valves; troubles and remedies, starting  gear.

V. Fuel supply per carburetter, vaporiser; solid injection, 
hot bulb, a ir blast, l)iesel; th ro ttle  valve; pum p; governor; size 
of valves; tim ing , opening ; atom isation ; possible defects.

V I. Mechanism specially required for m arine work. Cams 
and connecting g e a r ; several ty p es; reversal operation ; clutch 
gear; starting  arrangem ents; compressed a ir gear.

V II . M arine engine working, fly-wheel; th rust bearing ; 
propellers; location of fuel tanks; gear for working, cam -shaft, 
reversing; starting  gear; compressed a ir gear.

V I I I .  L ubricating  arrangem ents, open and close crank pin ; 
g rav ity  and forced system s; gauges and indicators for regu la t­
ing o il; defective lubrication troubles.

IX . Log book data. R ate of fuel consum ption; of lu b rica­
tio n ; authentic entries, changes with causes; m inor defects and 
remedies, stoppages and reasons, tem porary re p a irs ; v ita l parts 
for periodical overhaul and re-ad justm ent; spare parts neces­sary and advisable.

X. A uxiliary  m achinery, oil engine winches; methods of 
driv ing  steering gear, windlass and capstan; oil engine driven 
dynamos ; air compressors and other auxiliaries.
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The syllabus was accompanied by the following le tte r and 

sent to each of the firms engaged, directly  or indirectly , in  the  
b u ild ing  of the oil engines: —
B e a r  S i r s ,

As a resu lt of consideration by a Committee, elected by th e  
Council of the In s titu te  of M arine E ngineers, on the subject of 
the In te rn a l Combustion E ngine, w ith special regard to its 
care and m aintenance, from the engineer’s point of view, and 
to give opportunity  to engineers to study and acquaint them ­
selves w ith  th e ‘various details; it  has been decided to a rrange 
for a course of lectures during  the forthcom ing m onths, based 
upon the enclosed syllabus, which is subject to m odification a t 
a Conference to be held in  our Lecture H all on W ednesday. 
October 20th, a t 4 p .m ., and to which your R epresentative is 
very cordially invited, in  order th a t we m ay resolve upon th e  
best procedure.

We are very desirous of em bracing in  the lectures, all types 
of oil engines, for the inform ation and guidance of those en­
trusted , or about to be entrusted, w ith  the ir runn ing  efficiency.

W e shall be glad if you will kindly appoint a R epresentative 
to attend  the Conference on October 20th, and your viewrs and 
comments on the enclosed copy of the proposed syllabus w ill 
be m uch appreciated.

Yours fa ith fu lly ,
TAS. ADAMSON,

Hon. Secretary.
------------ o-------------

B o o k s  P r e s e n t e d  to th e  Library.
B o i l e r  M a k i n g . Bennett College l i e f . Lib. An elem entary 

work which appears to be intended as an introduction to the  
workshop side of boiler m aking. I t  deals w ith land  boilers 
principally , and the references to angle irons and the use of 
oxy-acetylene welding are not applicable to m arine practice. 
The absence of the elements of boiler design and the form ula: 
and calculations necessary thereto, lim it the usefulness of the  
volume to the class of apprentices and those who have had no 
experience in works where boilers are made.



Elect ion of M embers .
Members elected at a m eeting of tlie Council held oil the 14th 

September, 1920: —
Members.

W illiam Anderson, 35, Manor Place, Dunedin, N.Z.
H enry Toms Andrews, 6, H arbour View Road, P enarth , Glam. 
Robert B aillie, c /o  Messrs. John  Reid (London), L td ., 4, 

L loyd’s Avenue, E .C.3.
Robert Bell, 28, Northbrook Road, Ilford , Essex.
H erbert Bibby, “ Inglenook,”  B lundell Avenue, H ightow n. 

Liverpool.
H enry  Bishop, 4, Rue Pereyra, A lexandria, E gypt.
Francis Geo. Brookes, 35, I It on Road, Penylan , Cardiff.
Joseph Robt. Greenwood Brown, 29, M anor Road, Gt. Crosby, 

Liverpool.
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President!: L o r d  W e i r  o f  E a s t w o o d .

V O L U M E  X X X II .
D I S C U S S I O N .

T h e  S c r e w  Prope l ler— a N e w  T y p e .
BY

Ma jo r  J .  H . W . G ILL, C .B .E . (Member).
Tuesday, October 12, 1920.

Ch a ir m a n  : Mr . J .  B. HA LL (Member).
[N .B .— On Page 131, October issue, the descriptive notes u nder th e  illustrations of 

th e  model propeller should be transposed, i .e .,  forward end on th e  left-hand- 
side of illustrations.]

■Mr. G o r d o n :  Ju s t by way of discussion I  would like 
to ask w hether the propeller proposed is confined to the  sm all 
type or w hether M ajor G ill th inks i t  would suit large vessels. 
H e suggests th a t “  no extravagant claims for increased speed, 
reduced fuel consumption, etc., are m ade,”  bu t are there  any 
claims at all to increase speed and lessen fuel consumption ?

Mr. W . B r o o k s  S a y e r s  : Accompanying these rem arks are the  
following, which I  regret I  cannot be present to explain 
f u l ly : —

1. Model portion of multi-slirouded propeller, e ither R otor or 
Stator.

2. Model of bu ilt propeller w ith  rad ia l fins, since im proved 
on w ith  regard  to the concentric fins on face.

3. Photo of ‘ S tator ’ propeller added to its own propeller on 
S.Y . Thistle  (own propeller is also shown).
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W hile it is possible th a t some advantage may be obtained in 

special cases by the use of a vortex shaped shrouding, rotating 
w ith blades and attached thereto, the opinion is confidently ex­
pressed, based on considerable experience in actual test of model 
propellers, model vessels ‘ screw'’ propelled, motor boats and 
yachts, th a t in the m ain, and as a general rule, the shroud will 
be found to be a sheer disadvantage.

The ‘ fundam ental definition ’ of a screw propeller a ttributed  
to Mr. G. S. Baker, and the condensed elem entary theory of 
propeller action by Mr. S. W . Barnaby, fall short of the correct 
statem ent as to the ac tu a l; so also the following p arag rap h s: 
“  The kinetic energy rem aining in  the race after the water has 
le ft the propeller is wasted as far as propulsion is concerned.”

A fter some of the theoretical and practical advantages,” etc. 
In  the first place . . . . “  propulsive reaction by continually 
push ing  mass of water astern .”

The propulsive action of a screw propeller is due to the 
reaction upon the propeller blade (hack and front) consequent on 
acceleration of a mass of fluid. The sternward stream is inci­
dental only, although in general it is a large and obvious part 
of the phenomenon.

I f  the blades of a propeller are relatively long and narrow as 
in  a two-bladed propeller, or as in the four-bladed propeller, illus­
trated  in Messrs. Stone’s photos*, then a cylindrical column of 
w ater (say) is rotated about an axis radial relatively  to the shaft 
and having the tra iling  edge of the propeller blade as its centre; 
the fluid therefore tends to rotate from the ‘ front ’ round to the 
back of the propeller. As new water or fluid is cut into con­
tinua lly , these ‘ cylinders ’ cannot exist continuously, but are 
continually broken in some regular or irregular and in term it­
tently  rhythm ic fashion dependent on exact conditions, and the 
w ater or fluid comes away in broken whirls and shattered w hirl­
ing forms.

So we get all the troubles of vibrations and apparent or actual 
collisions (liquid) with losses attendant, which may be hard  to 
diagnose and which are different for every case.

W hen the propeller is of the ‘ tu rb ine type ’— see again 
Messrs. Stones photo—the cylinders cannot be produced around 
th e  blade radially  and a totally  different set of conditions is 
set up. The action is much more nearly th a t of accelerating a 
mass sim ply stem wards, but the tendency is for a re tu rn  stream

* See September issue, page 58.—J.A.
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over tlie periphery of the blade, which of course gets blotted out 
more and more as the speed of the vessel increases. This is, if 
ail}', the kind of case where shroud, if correctly formed m ay help 
by increasing the mass, which is at any instant opposing by its 
inertia the propeller blade and thus increasing efficiency.

Tim e fails tlie w riter to expound this m atter as he would do at 
th is time, bu t from experiments and comparisons of actions in 
a ir and in water propellers he very confidently puts this solu­
tion of the vagaries, so called, of the screw*propeller forward. 
M uch thought has been given and calculations have been made 
which establish the theory. More may be .said it is hoped as 
occasion is given. The w riter of the paper is thanked for his 
labours and efforts to solve the problem.

Mr. H. R. P ak fitt: I  notice th a t the outside of the shroud 
instead of being of an ordinary cone-shape, opens out in a sort 
o f bell-niouth. I s . th a t  m eant to be so?

M ajor Gill : You refer to the drawing. The contracting 
shroud is trum pet shaped to correspond to the contraction of the 
accelerated stream and the increasing pitch. The thickness of 
the  shroud is radiused off at the ends to prevent eddying a t the 
separation and junction  of the accelerated stream and the water 
surrounding the shroud.

The Chairman : I  should like to ask a question. You know 
a t  times w ith cargo vessels th a t when they are ligh t a large pro­
portion of the propeller is out of the water, and you still get 
very good results of speed. How does th a t compare w ith your 
shrouded propeller ?

M ajor Gil l : The Americans have a particu lar type of boat 
with a hollow “  V ” forward to take air down under the hull, 
and at the after-end both propeller shafts are brought above the 
water line. They find that reasonable efficiency can be obtained 
if you have very wide blades even if only half-im m ersed, but 
there is a very uneven stress on the shaft. I  should im agine the 
same would occur with any propeller partly  immersed.

Mr. R. Gordon : I  would like to ask if  you have any particular 
type of stern this propeller should be worked with.

Maj or Gill : I  th in k  it  is merely advisable to get as good a 
flow as possible to the propeller, and this obtains w ith this pro­
peller possibly to a greater extent than  with an open screw, 
because of working on a sm aller effective diam eter, and it is 
norm ally m ade four-bladed. A question was pu t to me earlier 
as to whether the propeller is confined to small types or to large
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sizes. I t  is not at present in contemplation to make it for large 
sizes for the tim e being, but big enough for drifters, where a 
demand appears to exist. W ith  regard to the second point 
raised by the first speaker as to whether increased speed or re­
duced fuel consumption was the result. You put in  a small pro­
peller and try  to get it to do as much as a big one. I t  does as 
well and can he run at a h igher revolution speed b u t not neces­
sarily w ith more economy, though there are cases where it has«. ’ r*>done so. W ith  regard to the remarks made by Mr. Sayers and 
read by the Secretary, the shrouds shown in models subm itted 
appear to be parallel. These have been tried before and have 
been before the public for a great many y e a rs ; had they been 
particularly  good they would probably have been adopted. I  
cannot see any reason for a parallel shroud, and I  do not th ink  
it is likely to be a practical proposition. As to the propeller 
w ith tra d ia l fins on the blades, it is not quite apparent w hat is in 
the idea; I  cannot understand the object. A ‘ S tator ’ propeller 
sim ilar to that shown in one of the photos was used by the 
Germans in certain destroyers, and a rather high efficiency has 
been claimed for it- - an increase of 10 per cent, in th rust—but 
the tiling is not particularly  new and had it been really good 
would probably have been adopted long ago. There are certain 
open propellers with which this Stator propeller m igh t be an 
advantage, but it does not seem to have justified itself in prac­
tice. Mr. Sayers states that in the m ain the shroud would be 
found to be disadvantageous. In  many normal cases the open 
propeller is to be preferred, b u t to state that in all cases the 
shroud would be a disadvantage is provedlv not correct. W e 
have been able to work the propeller at a much lower immersion 
and have obtained greater revolutions than  economically feasible 
w ith an open screw. Another statem ent queried by Mr. Sayers 
is tha t energy in race is wasted so far as propulsive effect is con­
cerned. I t  is possibly a moot point, and I  do not th ink  anybody 
has accepted the responsibility of laying it down as a hard  and 
fast theory. If  you look a t the m atter from the point of view 
of hydraulic propulsion you are getting  a forward thrust, and a 
forward th ru s t can, presum ably, be reckoned by the backward 
th rust of the volume of water projected astern. I f  one says that 
the pushing forward is due to the resistance of the water in 
contact w ith the blades it seems to be ra th er beside the m ark, 
for where there comes the th rust in  pum p propulsion, a ra ther 
more inclusive conception is to reckon the mass of water pro-

\  Mr. Sayers explains in regard to this that the radinl fins on the model propeller are structural only in the case of a hollow built propeller and are intended to be covered in.
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jected astern as giv ing you tlie forward motion. W ith  regard  
to the narrow-hladed propeller, which, as it were, rolls the w ater 
round the following edges of the blades, there is som ething to be 
said for and against. I t  corresponds w ith the theory put for­
ward about the end of 1918 by a Germ an, and lias been illus­
trated  since by the experim ental fact th a t under certain  con­
ditions you can replace a propeller by a num ber of radial ro ta t­
ing spindles and can deduce a theory of propulsion. I t  m ust, 
however, fa ll short of the actual facts somewhere.

Mr. G. J .  W ells : A clear statem ent has been presented of the 
deductions from  the experiments, but very little  said about the 
experim ents— where made and by whom. Sometimes it  is said 
figures will prove anything , and experiments will do the same 
th ing . I  would suggest to the author th a t a propeller of th is 
sort be subm itted to the X .P .L ., w ith a request th a t careful 
tests be made in a tank, com paring it with another to form a 
standard and so obtain some data, entirely beyond criticism . 
W e have a claim th a t a special form of shroud will give definite 
results. I  am under the impression that the Thornycroft pro­
peller is one that will give all th a t is claimed. P artia l im m er­
sion is spoken of. A tunnel propeller was used in fiat-bottomed 
boats. The length was 140 feet and th e  vessel drew 14 in. or 
15 in. of water. The propeller was well above the bottom and 
practically  out of water when the ship was moored. W hen the 
ship was run  the whole propeller was immersed. T hat propeller 
subsequently found adoption by Messrs. Yarrow, and it is used 
w ith a flap or shutter. The loss of efficiency from the mere fact of 
fchrouding m ust be comparatively sm all. The Thornycroft 
turbine propeller lias been used in boats of under 50 feet. The 
shrouding seems to be a point. I  am not sure w hether the rota­
tions m ay m ake a serious inroad on the friction load. W hat 
must be the friction and loss of energy due to actuating  those 
shrouds? The speed of the tip  of a propeller in quite moderate 
revolutions is from 50 to GO miles an hour. I t  was in the case 
of the Thornycroft propellers.

M ajor G i l l :  A s to how the experim ents were carried out the 
criticism  is a just one. C'are was taken to carry them out in a 
m anner which could lie verified by independent observers. As 
to how m uch friction occurred experim ents were carried out on 
the particu lar point, and the loss of efficiency as between the 
open and the sliroud amounted to something like 18 per cent, 
in the worst possible case. Since then other experim ents have 
been carried out and have shown approxim ately the same results
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witli unsuitable slixouds but better results w ith correct shrouds. 
As to the experiments being- sent to tlie X .P .L ., th a t has been 
decided upon. W ith  regard to the Thornycroft turbine pro­
peller I  was aware of the experiments. D uring the la tter p art 
of the war I  had an opportunity to see one of these propellers in 
operation. I t  is undoubtedly a good propeller. There are, 
however, one or two points which I  am not quite sure compare 
well with the one now under discussion.

Mr. X. H a r t  : Some time ago I  was concerned in some experi­
ments on propellers in air, and we found the efficiency increased 
very much by using a Stator propeller behind the rotating  one, 
bu t it was abandoned owing to vibration which was very exces­
sive. The efficiency was undoubtedly increased. Do you th ink  
the same th ing  would occur with w ater?

M ajor G il l : I t  is most in teresting to hear that vibration was 
the cause of abandoning the Stator propeller experiments in air, 
and the same effect has been observed in water.

Mr. W . McLarex : I  would like to express my thanks to 
M ajor Gill for his paper. We are given an opening for a wider 
consideration of the propeller. I t  is like the surgeon and the 
physician : the surgeon lias gone ahead and the physician has 
been very slow. W ith regard to the model, is the boss in pro­
portion to th a t of an open-bladed propeller?

M ajor Gil l : W ith regard to the diam eter of the boss, it is 
•15 of the outside diameter. As to the wake we have made ex­
perim ents, and had the photographs been sufficiently good I 
would have produced them. The wake from the propellers is 
m uch less than the wake from  an open screw.

Mr. R . H .  F e r g t  s o n  : W hen the further tests are made we 
would be able to compare the results w ith those from  the  pro­
pellers in general use at the present day. I  move a hearty  vote 
of thanks to M ajor Gill for his excellent paper.

Mr. R . Gobdox : I  am sure we would like to hear of further 
experim ents with this new propeller. We are all agreed there is 
still room for improvement in propellers and we have not ad­
vanced as we should.

The Chairman : I  trust tha t at some future date we may hear 
you again. I  have pleasure in passing to you the vote of 
thanks.

M ajor Gill : I  expected to be thoroughly slated for advancing 
apparently  new theories, and thank  you for your forbearance. 
I  am continuing my work in this m atter. W e have put in a
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great deal of solid work on this type of propeller, and results 
have been obtained which have fully  justified our going on 
with it.

The Hon. Secretary announced th a t the next m eeting would 
be 011 ( (ctober 20th, when a Conference would be held a t 4 o ’clock 
w ith  representatives of the makers of Oil Engines, all of whom 
had been invited w ith a view to arrange for a series of Papers.

T h e  Sol id  Inject ion Engine .
B y M il C. M cTA M INK Y  (M ember).

R K A D

Tiiexdcii/, October 26,. at 6.30 p.m.
Chaieman  : M e. F . M. T1M PSON  (Member of Council).

The C h a i r m a n  : W e are here lo-night to hear a paper on the 
Solid In jection  E ngine, which looks as if it w ill arouse a good 
deal of in terest. B u t I  regret th a t the au thor of the  paper is 
not present on account of illness, and our Hon. Secretary has 
arranged  to read it for him . M r. M cTam iney has been in  
charge of the actual runn ing  of the  engine, and we all w ant to 
know what lie has to say from  th a t standpoint as m any of us 
have not had experience of the actual runn ing .

I  was very interested to read the paper by M r. David Peel on 
solid injection Diesel engines published in the  proceedings of 
Feb ruary  last, and as the subject seemed to be of great in terest 
to  the members generally, I  thought th a t perhaps some inform a­
tion  bearing on the use of solid injection in  larger engines m ight 
be appreciated, as Mr. Peel’s paper dealt more particularly  w ith 
the  subm arine type of engine. H aving been from M ay, 1917, 
till quite lately , in  charge of the m achinery of the Trefoil,  an oil 
tanker run n in g  as a  Royal F leet A uxiliary under the  A dm iralty , 
I  gained considerable first-hand experience of the runn ing  of 
these larger engines.

The m ain  engines of the Trefo il  are of the four-stroke cross­
head type, the vessel being fitted with two T ickers’ engines, each 
of eight- cylinders and together developing 1,500 brake horse 
power a t 150 revolutions per m inute. The vessel herself carries
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2,000 tons of fuel as cargo on a displacement of about 4,510 tons, 
h e r speed being' 11*5 knots at full power and capacity of bunkers 
213 tons.

These engines, it may be interesting to note, are the second 
pair made for the Trefo il . the first pair built for the ship having 
been diverted to the M onitor Marshal Soul/,, one of the ships 
hastily  constructed for work on the Belgian coast. The Trefoil  
was fitted with a replace pair of engines, by the same makers, 
generally sim ilar to those in the M a r s h a l  Sonlt, but with minor 
improvements.

The original engines formed one of several Diesel m arine in-O _ ©stallations which the Adm iralty ordered before the W ar so as to 
obtain a. comparison of the sea-going m erits of the different 
makes which were on the m arket. They are not pure commer­
cial engines, as w ith an eye to development for W arships, i t  was 
arranged by the A dm iralty that they should be of the low head­
room type, and the construction was based on the use of a 
stepped bedplate— as is common in warship work—-together- in 
the Monitor at any rate with forged columns braced somewhat 
as in torpedo boat construction, but On a larger scale. As a 
m atter of fact, the second pair of engines had cast columns on 
the inboard side in order to cheapen cost and facilitate construc­
tion , it not being necessary to repeat the experim ent iu the 
second pair of engines.

The general construction of the engine is plainly shown on the 
draw ing herewith. I t  will be noticed th a t the cylinders are very 
elem entary in form. They consist of a steel fore and aft en­
tablature into which the cast iron liners are dropped, the exten­
sion of the liner through the bottom of the entablature being 
covered by a welded plate jacket secured to the underside of the  
entablature, and made w atertight at the bottom by a pair of 
rubber rings. The covers are shallow and of cast steel , the valve 
boxes being separate very much on th e  submarine lines. The 
gas jo in t between cover and valve box is a coned one, m etal to 
m etal, the water jo in t above it being a sliding one made with a 
jjair of rubber rings. The reversing gear is ra ther out of the 
ordinary for Diesel engines, consisting of a pair of bell cranks 
for each valve, these bell cranks being mounted on oppositely 
disposed eccentrics on a fulcrum  shaft. According to the posi­
tion into which this fulcrum  shaft is turned, one or other of the 
bell cranks engages with the cam below it, and thus gives the 
correct functions for ahead or astern running  as the case may 
be. From  the bell crank which happens to be in action the
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motion is carried to the valve by means of a lever moved by the 
bell crank and connected by a pull rod to the lever on the valve 
box.

The fuel cams are mounted in sliding blocks on the cam shaft 
and while the fulcrum  shaft is being tu rned  through 180° these 
blocks are slid along the cam shaft, putting, say, the ahead cam 
out of action and bringing the astern fuel cam under the fuel 
valve tappet. A somewhat sim ilar arrangem ent is used for re­
versing the air sta rting  valves, which are arranged in  one box 
from which pipes are led to the separate cylinders through a non­
return valve at each cover. The gear is operated by an a ir ram , 
the movement being steadied by an oil ram acting as a dashpot.

The cylinders are IT in. diam eter with a 27 in. stroke and the 
pistons are not water-cooled. They ran  quite comfortably even 
under a considerable overload. In  passing, I  m ay say th a t in  
the engines of the Marshal Soult with whose working I  am well 
;*enusnnted-—being friendly with her ex-Chief Engineer, 
Engineer Lt.-Commdr. Baker, D .S.O ., who has recently relieved(Dm . . vme in the Trefoil—there was considerable piston heating  a t 
times, in fact the lubricating  oil on occasions caught fire though 
it was never necessary to 'stop the engines on account of defect 
throughout the war. This fact I  see was mentioned in  the dis­
cussion arising out of Mr. Peel’s paper. The heating  had no­
th in g  to do with the system of injection, however, being simply 
caused by the fact tha t as the vessel often had to sit on the mud, 
the  suctions became choked and the engine did not get any circu­
la ting  water till the ship had left her moorings and had run  for 
a little  tim e properly afloat. A steam  ship, as we all know, 
would have corresponding trouble—with condensers for instance 
— in sim ilar conditions. The remedy was to fit a special sea 
suction as was afterwards done and as is also done for steam 
ships in  the same circumstances.

The Trefoil  was delivered in  May, 1917, and after a very satis­
factory sea tria l we proceeded to Liverpool, where from  A ugust, 
18'17, to October, 1918, we were engaged in and around L iver­
pool and M anchester docks and runn ing  up and down the Canal 
with occasional runs to Lough Swilly, B antry  Bay and the 
Clyde. Being a tw in screw ship we relied upon our own 
manoeuvring powers in the Docks and Canal to a greater extent 
th an  if we had been a single screw steam  vessel, and, as may 
be im agined our reversing gear had a very thorough test, tele­
graph orders in  the early days coming down sometimes in such 
quick succession th a t it  was almost impossible to register them
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in  tlie log. Tile ab ility  of tbe oil-engined sbip to go astern at 
full speed, almost im m ediately, and its possession of w hat m ight 
be regarded as a full head of steam, a, full vacuum , and heavy 
fires a t  instant call, was fully  brought home to m e on m any 
occasions and there is no doubt th a t in the canal and docks we 
carried out, unaided, m any evolutions which would have resulted 
in p iling  up  a steamship which had attem pted them . W e had 
Ho h itch  a t any tim e with the reversing gear and though we .suf­
fered from constant changes of jun io r engineers the new men 
soon picked up the runn ing  of the engines and after a very short 
tim e were quite competent to handle the engines. Ju d g in g  
from my previous experience w ith a ir injection oil engines I  can 
say th a t in the Trefoil  the solid injection engines started , if  
anything, more rapidly and more smoothly than did the other 
type. W hen a num ber of engine reversals were required we 
started one o r sometimes both of our a ir  compressors to keep our 
s ta rting  reservoirs charged. As the compressors were not in use 
on other occasions they gave us no trouble, there being ample 
opportunity  of exam ining and refitting the valves before they 
became troublesome. There is no doubt th a t the reversing of 
oil engines is a m atter which has been satisfactorily settled in 
this, as in m any other Diesel designs, and th a t the fears often 
felt in this connection are not now justified. I t  stands to reason 
that the gear m ust be kept in  order, as in  the case of any other 
apparatus, but in the Trefo il’s engines the mechanism was easily 
understood and was readily  accessible, so th a t a lit tle  in te lligen t 
interest was all th a t was required to keep the gear up to concert 
pitch.

The compressors were two in num ber, each three-stage, and 
were driven by T ickers’ solid injection engines, the a ir being 
stored in  six riveted a ir reservoirs. W e found i t  was necessary 
to keep these reservoirs well drained, otherwise p ittin g  beg’an. 
The reservoirs were about 2 ft. 6 in. diam eter by 11 ft. long 
w ith a manhole door a t the end, so it was quite easy to examine 
the in terio r and to keep them  in  good condition. This type 
appeals to me more than  did the long narrow bottles used in 
some other shins I  have seen, as I  im agine th a t the  insides of the 
la tte r  are likely  to suffer owing to the greater difficulty of in ­
spection. The m axim um  pressure of a ir was 600 pounds per 
square inch, but everything was quite in  order as long as we had 
a  pressure of 250 pounds. W e usually  kept a reservoir charged, 
and shu t off the m ain a ir line for use in starting  our compres­
sors in  case of an em ergency such as a leaky jo in t, but, as a 
m atter of fact, we were always able to obtain plenty of a ir  and
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had no need to fall back upon our reserve. The engines, as I  
said, started very quickly, especially when warm, and I  can 
quite believe th a t the absence of the injection air, which m ust 
have a cooling effect upon the charge, accounts for the easy sta rt­
ing from cold. The only precaution to be taken is to prime the 
fuel system thoroughly w ith the hand pum p, if the engine has not 
ru n  for several days, or if the fuel pip ing has been disconnected 
for any purpose. I f  this is not done it is plain th a t considerable 
starting  air m ay be used in driving the engine simply to pump 
the air out of the fuel system. I  know of a case where owing to 
neglect of this elem entary precaution, a ship twice ran  out of a ir 
before the main engines were got going. This took place in an 
air injection installation where there is the liab ility  of air locks 

-occurring in the fuel p iping, owing to the injection a ir being 
coupled to the fuel system.

On each of the Trefoil  m ain engines there are two fuel pumps, 
each consisting of a two-throw pum p driven by spur gearing 
from the cam shaft. The diam eter of the plungers is -75 in. and 
the  stroke 1-5 in ., the pump running  at engine speed. The 
design of the pump is, broadly speaking, sim ilar to th a t of the 
ordinary Diesel engines, though owing to fuel pressures of 4,000 
pounds being used the parts are more massive. The eccentric 
straps in particular are very wide and are white m etal lined.

Both suction and discharge valves of the fuel pumps are in 
duplicate, the two suction valves being almost in  contact so th a t 
the  suction valve control affected both almost together. A vent 
valve is fitted below the upper discharge valve. The output of 
the pum p is varied by a hand lever which raises or lowers the 
fulcrum  of a sway beam to each pum p, one end of which beam is 
operated by the plunger motion, while the other, which is fitted 
with an adjustable tappet Holds the suction valves off their seats 
for a longer or shorter portion of the stroke of the pum p accord­
ing to the position of the control lever.

The pumps discharge to a fuel main which is a pipe running 
th e  length of the  engine and fitted with leads to each spray 
valve, the la tte r being a cam operated spring loaded valve, 
sim ilar in general principle to the ordinary Diesel valve, though 
there are no pulveriser and flame plates or injection a ir  con­
nections. The fuel passes from the main to the spray valve and 
when the spray valve is opened by the fuel cam the fuel passes 
through the spraying nozzle to the cylinder. The nozzle is a  
sim ple affair consisting- of a ball end in  which are drilled 5 holes,

16(i THE SOLID INJECTION ENGINE.
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■each about 19-thousandth of an inch in diam eter and counter­
sunk 011 the outside. The nozzle is made of tool steel and stands 
u p  very well to its work, though eventually the holes become 
eroded by the passage of the fuel. The nozzles are small items, 
easily  replaced, and as they last about 12 months, fitting a spare 
is a trifle. I  know there was considerable experim enting carried 

•out by the makers before the rig h t proportions of the spraying 
gear were discovered, hut from the sea-going point of view the 
whole system is almost ridiculously simple. A ll one had to do 
was to ad just the pump control lever to give the required pres­
sure in the m ain and then it would rem ain constant for hours. 
Now and then a touch on the lever m igh t be necessary to bring 
the pressure gauge pointer hack to its exact position on this 
dial. W hen altering  speed the opening of the spray valves was 
altered by a second lever and the pump control afterwards 
adjusted if necessary.

The spray valve is, of course, the soul of the job as it deter­
mines the fuel adm itted and it m ust, therefore, be kept perfectly 
tigh t. This, however, is easily done and all th a t is required is 
care and an in terest in the job. W e made it  a practice to touch 
up the valves about every m onth and to give the valve a rub  into 
the seat using a little  crocus powder or rotton stone. A fter­
wards the valve was fitted to a hand pum p and tested to full pres­
sure to see it was tig h t and th a t when the lever was tapped by a 
m alle t the spray from each hole was clean and that the valve shut 
off sharply and without dribble.

Our valves had no external gland on the spindle as there was a 
bell crank  inside the valve box for lifting  the spindle and the 
gland was on the bell crank shaft which turned in the gland—- 
the  fuel load on the bell crank being taken up by a ball race 
inside the gland. The glands of the  spray valves and of the 
pum ps are packed with soft packing. W e generally used P a l­
metto packing with a tu rn  of Parram etto  packing which is a 
bit harder, or a leather ring  at the top and bottom of the stuffing 
box but most soft packings will do. The Tuck’s type of packing 
may be used as long as there is no india rubber core which would 
l>e affected by the fuel. I t  is not so m uch a m atte r of the 
m aterial of the packing as the care with which it  is fitted in the 
stuffing box. I f  the stuff is pressed evenly into the box through­
out the operation the gland may be slacked back to hand tig h t 
after squeezing the lot home and the rods or plungers will run  
sweetly and soon get a beautifu l polish on them . I f  there is any 
leakage it is best to repack the gland at the first opportunity,
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and I  always forbade any undue heaving up as it simply tended 
to score the rod and in the case of a spray valve to prevent rapid  
closing which would result in smoke and waste of fuel. In  my 
opinion much trouble would be saved with rods of all descrip­
tions, especially,in the water ends of bilge pumps, if a sim ilar 
routine was followed

The fuel pressure of 4,000 pounds to tlie square inch m ight 
cause misgivings to engineers unused to such pressures, but such 
are quite unfounded and there is no difficulty at all with the 
joints which are designed for the pressure, or with the glands. 
I  found no more trouble with the solid injection pump or th e  
fuel service than I  had with the corresponding fittings in  a ir  
in jection engines 1 have served w ith  afloat. Perhaps I  have been 
unfortunate in  my experience w ith  the la tte r type of engine, but 
I  m ust confess I  came to regard h igh  pressure air in  connection 
with the fuel in a Diesel engine as a dangerous shipm ate. Diesel 
experts would doubtless have something to say in the m atter, 
but a plain sea-going engineer like myself will probably be 
excused by most members of this In stitu te  for feeling a b it 
uneasy in the neighbourhood of an engine th a t had 011 occasions 
in my presence burst cylinder covers through some vagary o f 
the injection apparatus. W ith  the pump injection, on the other 
hand, everything seems such plain sailing and one has confidence 
th a t smoke is probably the most serious result of any failure to 
trea t the system in the proper manner.

I  believe that the modern air compressors are much better 
than  those in  use some years ago, but even so I  reckon th a t they 
form the weak spot in the ordinary Diesel engine. A part from 
valve trouble the pipes are apt to be scoured and oxidised by the 
hot compressed air, and I  see th a t 'Duplicate Compressors are 
fitted in a num ber of engines. Explosions in the intercoolers 
due to the wrong sort of lubricating  oil, or as fa r as th a t goes, 
whatever oil is used, seem to take place every now and then in 
land stations, so I  am inclined to th ink  th a t in  ships where con­
ditions are not so favourable, a ir injection should be regarded as 
a half-way house to som ething better.

Speaking of intercooler explosions, I  rem ember th a t while 
engines were being built I  was ta lk ing  over Compressor troubles 
w ith  the makers, and was at first surprised a t th e  statem ent th a t 
as the result of one of these explosions a steel plate separator, 
though proved to be of perfect quality, had shattered as if m ade 
of some very brittle  m aterial and th a t a needle of steel had been 
shot into the breast of one of their engineers witu fatal results.
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The cause of this m ust evidently Lave been something in the 
nature of an explosion wave or else a detonation as opposed to 

the less sudden pressure rise described as an explosion, and owing 
to oil being very finely broken up, mechanically or perhaps evec 
chem ically, and in close association w ith  the oxygen in  the  
highly compressed air. I have thought that the heavy knocking 
sometimes experienced in air injection engines, when the blase 
air was excessive, m ight be due to som ething sim ilar and that, 
the bursting  of covers and the fracture  of crankshafts, some­
tim es happening in engines with the a ir system, m ight be due 
to the same sort of th ing  in a less violent form. However that 
may be, nothing of the kind as far as my experience goes can 
happen with a solid injection engine. H igh pressures can be 
obtained if the spray valve leaks or if injection is set too early, 
b u t these are m atters which require no particular knowledge or 
care to avoid. Even so the pressures seem to be more gently 
imposed and in the subm arine engines which, by the way, have 
no cylinder relief valves, I  have seen a spray valve held con­
tinuously open for dem onstration purposes w ith no ill effects, 
the result simply being smoke and heavy knocking or “ tonking” 
in the cylinder. The indicator diagram  is, of course, very peaky 
in such circumstances, and I  would prefer not to carry  out 
“  stunts ” of th is sort on the larger engines in my own ship, 
bu t I  feel sure that the results of abnorm al conditions with solid 
injection are more gentle than with air injection, however the 
indicator may fail to distinguish between the two. I t  was cer­
tain ly  rem arkable how easily the Trefoil's  engines picked up 
even at low speed with a practical absence of shock, the whole 
performance rem inding one of our old friend the steam engine, 
though the oil engine could pick up full power or a b it over in 
a fraction of the time taken by the steam engine.

D uring  the discussion on Mr. Peel’s paper I  saw th a t the 
solid injection set was stated not likely to be a commercial suc­
cess, except in  the sm aller sizes, owing to an absence of tu r ­
bulence. I  don’t  profess to know w hat happens inside the 
Trefo il’s cylinder, and as a sea-going engineer 1 am more con­
cerned with fuel consumption per mile run  or per shaft horse 
power. The Vickers’ engineers claim th a t the solid injection 
system will give a t least as good consumption as air injection 
in sim ilar circumstances, and judging  from the Trefo il’s run ­
n ing which took place on any service fuel that we happened to 
be carry ing  for the fleet, I  see no reason to doubt th e ir  claim . 
As regards consumption, the unw ary shipowner and engineer 
are sometimes misled by figures being given per indicated horse­
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power, or sometimes simply per liorse power. W ith  steam 
engines of more or less standard efficiencies this is a good enough 
basis of comparison, but it would be better to bring all con­
sumptions to a brake or shaft borse power basis, as is done for 
turbines. This elim inates the frequent error in indicator 
diagram s, which, as ordinarily  taken, are none too reliable on 
oil engines where tem peratures are bigh, and tbe figures would 
then have a practical m eaning. The indicated power consump­
tion gives the a ir injection engine an unfair advantage, as with 
equal effective consumptions the more inefficient the engine is 
m echanically, the better the consumption appears for com­
parison.

In  commercial work the mean pressures are moderate, so even 
if air injection perm its of higher duties these will not be required 
for mercantile m arine work. There is in the cylinder at 
o rd inary  ratings about twice the am ount of a ir theoretically 
required for combustion, so, as we have often found in the 
Trefoil, there is room for a fair overload w ithout needing any 
ex tra  air from a blast compressor. I f  the engine is in  good con­
dition the exhaust rem ains practically clear even under over­
load.

Smoke in a Diesel engine seems always to be one of the first 
tilings to be criticised in my experience, but I  notice th a t a good 
cloud is regarded as rather impressive on a steam trial of a coal 
fired ship, while when burning oil under boilers it is preferred 
for reasons of economy to m aintain  a slight colour at the funnel. 
Semi-Diesels give considerable smoke on service in m any cir­
cumstances without doing any harm , and it has occurred to me 
th a t it would be wise to regard smoke in a Diesel ra ther as a 
m atter for investigation than for immediate censure. I  say 
this because I  have found that while with solid injection any 
fault is soon evidenced by smoke, yet the exhaust pipes remained 
practically clean. On the other hand, with air injection engines 
the exhaust m ight be very good vet considerable deposit be 
found in the pipes and on the valves. I  can im agine various 
possible explanations for this, but as I  have no means of testing 
the  tru th  of m y idea I  simply put it forward as a fact which 
m ay be of interest, and one which I  th ink  has not been pre­
viously mentioned.

The lubrication of the Trefoil's engines was forced through­
out. These low headroom engines had no division plate between 
the crankcase and the cylinders such as a purely commercial 
engine would have, so that tlie lubricating  oil was contaminated
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by any dirty  or burn t oil fa lling  from tbe pistons, as in  a tru nk  
engine. In  addition, the bed-plate and drain  arrangem ents led 
to bilge water occasionally getting  into tbe oil. Even so there 
was never any thought of bearing trouble, and I  am convinced 
th a t if only steam m arine engines were fitted with forced lub ri­
cation to the principal parts the wear and tear and final expense 
would be immensely reduced, i t  is a common enough practice 
nowadays with auxiliary  engines, and 1 am told th a t in  some 
of the last reciprocating-engined battleships in the B ritish  Navy 
it was fitted to the m am  engines w ith most satisfactory results. 
I t  is, of course, necessary to prevent salt water m ixing with the 
bearing oil, but this presents no difficulty in a job designed for 
forced lubrication. W hen likely to rem ain in harbour for any 
length of tim e I  made it a practice in the Trefoil  to use the hand 
lubricating  pum p to pump some fresh oil through the bearings 
after stopping. This washed out any water which if allowed to 
rem ain would pit the journals.

A point tha t is sometimes overlooked with oil engines is the 
necessity of periodically cleaning out the water space. W h a t is 
a m atter of routine in the case of a boiler or of a condenser is 
apt to be regarded as an irksome task in an oil engine. I t  
stands to reason that ju st as furnace crowns will come down if  
boilers are allowed to get dirty,* so covers m ay crack or pistons 
seize if the water spaces of an oil engine are allowed to fill w ith 
mud. N othing should be allowed to stand in the way of a 
periodical swilling out of these spaces. The oil engine has come 
to stay and the routine m ust be made to suit its requirem ents.

In  drawing my rem arks to a close it may be interesting to 
those unacquainted with oil engines to give some comments upon 
the oil engine from the personnel point of view. Among the 
num ber of untrained men who have passed through the Engine 
Room of the Trefoil  I  found the m ajority  011 arrival not in 
favour of the oil engine. They did not seem confident in the 
m achinery nor in themselves, feeling th a t they lacked in tu ition  
to go to the source of any trouble if it arose. A fter a while they 
learnt th a t a good oil engine does not require a professor to run  
it, and th a t it m ay be run  w ith less trouble than a steam job. 
They then became enthusiasts for the oil engine as a self-running 
apparatus, and it was necessary to keep them  alive to the fact 
th a t there rem ained work for them  in the way of inspection even 
if repair was not needed. T heir general expression of opinion 
after settling  down was th a t the oil-engined ship was far pre­
ferable to the steamer and I am convinced that from tbe Trefoil
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there lias gone out a number of men in ten t on spreading far and 
wide the advantages of the solid injection oil engine. You will 
have gathered my own opinion from the notes I  have given, and 
I  can honestly say th a t my log shows much more work was 
occupied in keeping steam auxiliaries in order than  was devoted 
to the main engines, experim ental and special in design though 
they “were. In  my judgm ent, given a little  instruction in the 
construction and working of the m achinery there is nothing to 
prevent any average steam engineer with some power of adapt­
ability  from becoming in a short tim e fully  competent to run  an 
oil engine of large power, and no fear th a t any h ighly  scientific 
knowledge is required need be entertained.

I f  engineers can be made to hold these opinions, the fuel con­
sum ption, which is well below half th a t of oil fired steam ships, 
should convince owners th a t it  is worth while to consider oil 
engines for ships for which engines of the power required are 
being offered, and I  am of the opinion th a t before long we shall 
B e e  few ocean going cargo ships bu ilt with steam engines, and 
th a t  when freights costs fall, the economy of the oil engine will 
give to the owner of the oil-engined ship an unassailable advan­
tage over his less enterprising competitor.

As experience is increased it will doubtless be found that there 
is room for a variety of makes of engine. Judg ing  from the  
resu lt of development of the steam engine which in  its early 
days took m any peculiar shapes, advantageous on paper, bu t 
elim inated as the result of sea experience, I  am inclined to th ink  
th a t even allowing for the difference in the driving power, evolu­
tion  will for ordinary commercial purposes resu lt in oil engines 
being arranged as regards their principal parts, very m uch on 
the  lines of the latest reciprocating steam engine. W hen I  find 
myself being persuaded of the virtues of some very novel 
arrangem ent of an oil engine, I  often realise th a t the same argu­
m ents would apply to a steam engine on the same lines and I  
become doubtful if the unorthodox type will receive more than a 
passing favour for ordinary cargo ship use.

As regards the choice between the four and two-stroke cycles 
for medium powers and speeds there seems little  to choose on 
the grounds of weight and space or cost if the same ra tin g  is 
followed in  each case. This being so I  favour the four-stroke 
engine as being practically ju s t as simple as the two-stroke 
engine, the absence of the scavenging pumps being a great ad­
vantage, and subjected to a less continuous high tem perature.
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The final method of working auxiliaries will, in my opinion, he 

■electric, unless tank.heating  or other special circumstances cause 
steam  boilers to be in  use, but doubtless many owners will be 
wise in re ta in ing  steam auxiliaries till the oil engine has become 
more fam iliar to their engineers, thus introducing one novelty 
at a tim e. E lectric auxiliaries for the engine, such as circu­
la tin g  and oil pumps, are in my opinion m uch preferable to the 
pumps driven by sway beams off the engine, and will u ltim ately  
become universal.

Solid injection, whatever m ay be advanced against it from the 
theoretical side, is undoubtedly a working proposition, and 1 
expect to see it taken up more by various makers now th a t it  is 
coming into use in commercial vessels and its wide and success­
ful use, hitherto  more or less secret, is becoming known. The 
Americans among other foreign countries seem very much alive 
to its possibilities and it would be well, now th a t Great B rita in
io seriously taking up m arine oil engine m anufacture, th a t her 
engineers should give it full and unbiassed consideration.

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

ADDENDA.
The following is a description of the engines and some notes 

regard ing  the overhaul which may be of interest : —
The engines of the Trefoil are of the “  Vickers ”  heavy oil 

type, operating on the Diesel princip le and adapted for the 
combustion of heavy m ineral oils of h igh  specific grav ity  and 
flash point. They are of the vertical four-stroke cycle, single 
ac ting  type, w ith trunk  pistons and enclosed crank chambers.

The impulse cylinders are three in num ber 10J inches d ia­
m eter and 13 inches stroke designed for a speed of about 320 
revolutions per m inute. They are made with separate liners 
and jackets, both parts being of p lain  design fac ilita ting  rapid 
Temoval, if  necessary.

The Cylinder L iners are made of special cast iron machined 
all over and so mounted in the entablature as to be free to ex­
pand.

The Cylinder Jackets are made of sheet steel and are so con­
structed and attached as to be readily removable.

The Cylinder Covers are made of cast steel of strong construc­
tion  and design. They are attached to the entablature and
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plate steel columns, tlie arrangem ent being sucli th a t the  im ­
pulse loads in the cylinders are transm itted  from the  covers 
th rough the columns to the bedplate w ithout passing through 
the cylinder bodies. Special care has been taken in arranging  
for the most efficient cooling of the covers. In  each cover are 
fitted one induction, one exhaust, one air starting  and one relief 
valve, and also one spraying nozzle.

The Connecting Eods are of forged steel and are coupled 
direct to gudgeon pins carried in the pistons.

The Bedplate consists of strong cast steel girders tied together 
longitud inally  by w rought steel channels, the whole being 
mounted on a strong cast iron seat, to which they are secured, 
and which acts as an oil well for the forced lubrication  system.

The Crank Shaft is m ade of forged steel, the cranks being 
arranged in  the sequence, and with the necessary balance 
weights to produce the best possible com bination of balance and 
tw isting moment of the set.

The Injection  of the Fuel Oil ;s accomplished by means of th e  
“ T ick e rs”  special patented process in  which the oil is sprayed 
d irectly  into tlie cylinder w ithout th e  use of blast air. A fuel 
oil pump of ample capacity, driven by gearing from the engine, 
is provided, discharging, at a pressure of from 3,000 lbs. to
4,000 lbs. per square inch, into a common pipe or ra il. A 
m echanically operated valve is fitted on each im pulse cylinder 
to measure the fuel oil su p p ly ; a pipe is led from the ra il to each 
of these valves and thence to the spraying nozzle in the cylinder 
cover. A num ber of very m inute holes are bored in  the nozzles 
which, by means of the h igh  pressure of the oil discharge, split 
the fuel oil up into the fine spray necessary for com plete com­
bustion. Screw down valves are fitted in connection w ith the 
spray nozzles by means of which any individual cylinder can be 
cut out.

Forced Lubrication System. A complete system of forced 
lubrication  is provided, both for The cylinders and for all the 
more im portant bearings. A pum p driven by the engine is 
fitted for each of these services. F o r the  bearing oil the pump 
draws from a d ra in  and settling  tank, the oil being collected in 
the cast iron seat and returned to th is tank to be used over again 
a fte r settling  and passing through the strainers. For the 
cylinder lubrication a m ultip le p lunger pum p is provided hav­
ing an independent p lunger for each cylinder. A djustable 
sigh t feeds are fitted on the suction side of each plunger for re­
gu lating  the supply of oil, and in addition a hand pump is fitted
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in the ship by means of which any cylinder can be flushed w ith 
oil a t any tim e. A hand pump is also provided for prim ing  up 
the lu b rica ting  system before sta rting  the engine.

A C irculating  W ater Pum p is provided, driven by the  engine, 
for supplying the cooling water io jackets and other parts where 
it  is required.

A H artnell Governor is provided to keep the engine speed 
constant under the varying loads experienced in  charging the 
a ir storage reservoirs from atm ospheric pressure up to 600 lbs. 
gauge pressure.

As the engine control is most conveniently effected by regulat- 
ing the lif t of the fuel m easuring valve, and as a considerable 
am ount of power is required to perform  this operation, the  
o-overnor is arranged to carry out the movements th rough  the
O  o  «, Cm edium  of a servo-motor. This servo-motor consists of a 
cylinder containing a piston which is coupled th rough  link 
work and levers to the fulcrum  shaft carry ing  the m easuring 
valve operating levers. Oil under pressure from a pum p is a d ­
m itted  to either side of the servo-motor piston, the only function 
of the governor being to control the admission of oil to the servo­
motor. 'This is done by means of a balanced piston valve which 
is easily moved by the governor.

An In e rtia  Governor is provided, the function of which is to 
stop the  engine should the speed increase 20 per cent, above the 
revolutions required for fu ll output, due to a sudden removal 
of the load, or fa ilu re  of the “  H artn e ll ” governor to come into 
operation quickly enough. This governor acts by releasing the 
fuel oil pressure from the ra il.

A Flyw heel is. fitted to the engine to assist in obtaining  smooth 
runn ing  of the set; it is of cast iron and also acts as a tu rn in g  
wheel.

A i r  C o m p r e s s o r .— The air compression is performed in  th ree 
stages, there are two first stage cylinders each 11-15 inches in 
diam eter, one second stage cylinder 7-2 inches in diam eter and 
one th ird  stage cylinder 3-9 inches in diam eter, the stroke in  all 
cases being 12 inches. The compressor is coupled direct to the 
engine and has two cranks, the cylinders being arranged in  
tandem ; one first stage cylinder and the second stage cylinder 
are operated by one crank, and one first stage cylinder and the 
th ird  stage cylinder are operated by the other crank, the first 
stage being the  lower cylinder in  each case.

The Cylinders and Jackets are of special cast iron in  all cases, 
the jackets being cast w ith the cylinders. In  the first stage,
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in le t ports are fitted ; in addition to tlie in let valve a t top of 
stroke, these ports are fitted with a slide by means of which the 
am ount of air adm itted can be regulated.

The pistons, two in num ber, are m ade of special cast iron. 
The first and second stage pistons from one casting, and the 
first and th ird  stage from the other casting. The gudgeon pins 
are fitted in  the first stage pistons.

Cooling water is supplied to the jackets, covers and other 
parts bv the engine pum p. The a ir between the stages is cooled 
by means of w ater jacketted pipes for first and second stage d is­
charges, separators being fitted in these pipes for the  purpose of 
d rain ing  any accum ulation of water. The air from the th ird  
stage discharge, in addition to a water jacketted pipe, passes 
also through a separator and coil cooler before being finally ad­
m itted to the reservoirs.

W hile overhauling' the m ain engines the following notes were 
recorded for future g u idan ce :—

Cylinder ('overs.—Considerable difficulty was experienced in  
the lifting  of the m ain engine cylinder covers, it being found 
necessary to remove several heavy exhaust pipes before covers 
could be lifted. To avoid this in fu ture , two methods were sub­
m itted : —

(a) To substitute new branch pipes and a distance piece which 
could be readily disconnected.

(b) A lter the exhaust pipe at the expansion jo in t to give 
sufficient space to allow the cover to lif t  clear and have a d is­
tance piece fitted between the valve and original branch pipe.

However, neither of these two methods are being adopted, the 
first would cost too much and the second would give too little  
room behind the m ain engines, bu t the glands in  the exhaust 
pipe branch piece are being fitted in halves, so th a t the  packing 
m ay be w ithdraw n, and with the exhaust valve out, the branch 
piece can be turned round and the cover lifted  clear.

Valves.— On rem oving the valves from the covers, all the 
valve faces were found in good condition, but the in ternal tubes 
in  several of the exhaust valves were perforated. All exhaust valve tubes required renewal.

Pistons , Rings and Liners.— W hen the cylinder covers were 
removed the absence of carbon was verv noticeable. The first 
two piston rings and in some cases the first three, were stuck ; 
the rem aining rings, however, were working satisfactorily.

All the cylinder liners were in excellent condition.
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W a t e r  Jackets.—On rem oving the lin e r w ater jackets they 

were found w ith mud accum ulated below the  inlet and banked 
u p  opposite.

Mud doors have now been fitted to adm it of periodic cleaning.
Crankshaft and Main Bearings.— On the crank p in  there was 

found to be a wear of 5/1000in., bu t the surfaces of all bearings 
were very good. Both crankshafts being re-bedded and all top 
and bottom ends adjusted.

Turning Gear.— The fram e of the starboard tu rn in g  gear r e ­
quired to be refitted to engine sole plate. On the port engine 
it  was found th a t yin. required to be taken off the  worm on the 
vertical shaft, to allow it to clear the crank shaft wheel in all 
positions, while out of gear.

Cooling Water Pumps.-—W hen these were opened up the 
valves, spindles and springs were found badly worn, but w ith  a 
lig h te r type of valve being fitted no fu rther trouble is looked 
for in  th is direction.

A ir  Compressors.— The power cylinders, pistons, rings and 
valves were all in good condition. The connecting rods were 
also in  good condition w ith the exception of two on starboard 
engine, w hich were bent a t  the neck and being replaced from 
spare. (W ater in the cylinder when starting  up m ay have been 
the cause of the bent rods.)

On the crank p in  there is a wear of 5/1000in ., most of which 
has taken place on the underside of the pin, probably due to 
the engines h igh  speed and the inertia  of the piston on the ex­
haust stroke. The surfaces of all bearings were very good.

A num ber of the rings in  the port a ir cylinders were stuck, 
caused by a salt w ater leak in the 1st stage cooler; th is leak will 
be made good and the rings renewed. The rings in  the  sta r­
board a ir cylinders were all in good condition, bu t as consider­
able wear has taken place on the 1st stage rings these require 
renew al.

Control Gear.— The fuel pressure pump suction valves hav­
ing  a constant lif t, considerable difficulty was experienced in  
m ain ta in ing  a suitable pressure for all loads. The only con­
tro l over the  pum p was a th rottle  011 the pum p suction pipe, bu t 
as th is was operated off the spray valve lif t  control, increasing 

-or decreasing the fuel pressure m eant a ltering  the l i f t  of the 
spray valve, which is not desired at a ll loads. I 11 th is type of 
pum p i t  is not possible to vary the lif t of the suction valves and 
to avoid the expense of new pumps, a hand controlled throttle  on
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the suction pipe is being' fitted in  addition, and w ith th is fitted 
better results are expected.

Cooling Water P um ps .— On opening up these pum ps i t  was- 
found necessary to have them  re-bored; this, however, brought 
bad m etal to the surface, so new chambers were cast.

A u x i l i a r y  M a c h i n e r y  O v e r h a u l .
Dynamo Engines (two).— On opening up these engines the  

L .P . cylinders were found badly  worn, requiring  to be rebored 
and new pistons and rings fitted, the bearings also being re­
adjusted.

Fire and Bilge Pumps (two).— Both pum ps were in  good con­
dition, but new steam  rings, also new bucket rings in  port 
pum p were required.

Oil fuel Pumps  (two).—Both pump rods skimmed up and 
new rings fitted.

Boiler Room Fans (two).— Piston rods skimmed up, starboard 
cylinder rebored, new rings fitted for both, and bearings ad­
justed.

P um p Room Fans (two).— Opened up for exam ination and 
found in  good condition.

E ngine Room F a n .— New rings fitted and bearings adjusted.
Feed Pumps (two).—New steam and bucket rings fitted, also- 

valves lined up.
A ir  P u m p .—New steam rings fitted. Bucket valves cleaned 

and turned.
Circulating P u m p .— New bushes fitted on im peller shaft. 

New steam rings fitted, and bearings adjusted.
Condenser.— Cleaned, new protection plates fitted, tested and 

found satisfactory.
Evaporating P lant.— Pum p sent to shop and overhauled. 

Coils annealed and valves ground in.
Cargo Pumps (two).—V alve seats being reseated and valves 

ground in. Pistons and shu ttle  valves and buckets found in  
good condition.

Ballast P um p.— W ater end being rebored and new bucket 
rings fitted.

Capstan and Windlass .— B earings adjusted.
Steering Engine .— Stronger bedplate fitted ; piston valves and 

steam rings renewed, bearings adjusted.
Boilers, Water Tube (two).— F ire  row to be renewed, aJll o th e r  

tubes and drum s in  good condition.


