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A m eeting of the In s titu te  of M arine Engineers 

was held here th is evening, presided over by Mr. 

S. C. Sage (M ember of Council), w hen the discus­

sion on the  subject of “ Propeller Shafts,” in tro ­

duced by papers contributed by Mr. E . N ic h o ll , 

R .N .R . (Member), and Mr. G. F . M ason (Member), 
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C h a ib jia n  :

Mb . A. B O Y L E  (C h a ib m a n  o f  C o u n c i l ) .

T h e  Chairman said the subject for discussion was 
tw o papers on “ Propeller Shafts,” by M r. E dw ard 
Nicholl, R .N .R . (Member), and by M r. G. F . M ason 
(M em ber). B o th  papers had been read and discussed 
by th e  m em bers a t the Bristol C hannel Centre p re­
mises, and in  order to draw a tten tion  to the  points in  
th e  papers he asked the  H on. Secretary to read them .

M r. J ames Adamson (Hon. Secretary) said the  
au thors of the  papers were unable to be present, bu t 
would be pleased to  reply to any questions asked in 
the course of the  discussion.
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T he papers having been read, the Chairman re­
m arked th a t they were m ost in teresting  and valuable 
and the authors had very clearly stated their views 
as to the  cause of the  very large num ber of failures 
of propeller shafts, especially of recent years.

Mr. W . L awrie (M ember of Council) said the 
argum ents followed in  the two papers were som ewhat 
different, and it would be confusing to go from one 
to the other. T he rem arks he had to m ake would 
not add anything to the inform ation they  already 
possessed on the subject, as he had not had a propeller 
shaft under exam ination for a large num ber of years, 
and his experience had been wholly derived from 
steam ers whose propellers had been fully immersed, 
a t any rate when they were in  still water. T he 
w riter of the first paper (Mr. E dw ard Nicholl) con­
fined him self wholly to  cargo boats, usually engaged 
in  trade, the exigencies of which required th a t they 
should steam  long distances in  ballast trim , w ith  their 
propellers partly  immersed. H e thought it would 
have greatly assisted th e  discussion, or at any ra te  
the  engineers who had had any experience of th is 
class of steamers, to show the nature and ex ten t of 
the  defects M r. Nicholl referred to. H e took it they  
would be very sim ilar; bu t they developed in  the  
o ther classes of steam er, still their developm ent m ay 
have been more rooted owing to  the conditions 
under which they had been working— th a t was, 
under light draught. The m ost acute troubles he 
ever experienced w ith  propeller shafts had been all 
due to circum ferential fracture, which always oc­
curred close to the gun-m etal liners, and all the  
shafts he had ever condemned had been pu t aside 
from th a t one cause. T he wasting of the uncovered 
part of the  propeller shaft in  the  tube was a trouble 
th a t could be very easily dealt w ith, and had never 
been a serious m atter. E ngineers were divided on 
th is question. Some thought it was due to m echani­
cal and others to chemical causes, bu t if they  examined 
the  cracks found in propeller shafts, or, a t any rate,
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the circum ferential fractures, they would find th a t 
they  began from the outside and worked into the 
solid part of the  shaft w ith  a very fine line. In  fact, 
i t  was so very fine at tim es th a t it was alm ost undis- 
cernible, and if they  looked at the location and the 
na tu re  of the crack, it had always seemed to him  to 
be the  result of a bending action or bending stress on 
the  shaft. H is observations led him  to th in k  the 
fracture was due to  the  overhanging w eight of the 
propeller, accentuated by the  constant blows received 
during the “ racing ” in  heavy w eather, and he did 
not see anything inconsistent in  th ink ing  th a t the 
fracture m ight have been assisted by corrosive action. 
A t any rate, it did not seem to him  to m atter m uch 
which of th e  two was the  greatest sinner or w hich 
was first in the field. T he theory regarding the 
centre of resistance being below the centre line of the 
shaft in  the position w ith  the  propeller partly  im ­
m ersed seemed to him  to be correct, and i t  was of 
course the opposite when the  propellers were fully 
im mersed, w ith  th e  result th a t the  fractures de­
veloped more quickly in  the  one case th an  in  the 
other. M r. Nicholl s a id : “ T he great m ajority of 
failures took place at either the  inner end of the 
outer liner or betw een the  propeller boss and the  
liner.” H is own experience had been th a t failure 
occurred more often a t the  forward end of the  after 
liner th an  at the  after end of the  same liner, and he 
had also seen a very serious fracture occur at the 
after end of the forward liner, bu t he had never 
seen a fracture occur at the forward end of the  for­
ward liner, a t the forward end of the  bulkhead. T he 
reason he m ade th is rem ark was because he saw an 
illustration accom panying a paper read by Mr. M anuel 
a t a m eeting of the In s titu te  of N aval Architects in  
1897, where he had noted a fracture a t all four points 
of th e  tw o liners. This he (Mr. Law rie) had never 
seen before, and it was just possible th a t M r. M anuel, 
from his greater experience and closer observation, 
m ight have seen th is flaw at the forward end, and it 
m ight have escaped others. H e wondered if any of
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the  m embers had ever seen such a fracture. H e 
was no t sure w hether these steam ers th a t ran 
w ith  light draught such as had been taken by 
Mr. Nicholl were fitted w ith  tw in  screws, bu t there 
were m any vessels in regular lines th a t were fitted 
w ith tw in screws, and he wondered w hether the 
life of a shaft was increased in the  case of tw in 
screws as against the single shaft. As to the 
remedies to be applied, Mr. A ustin said, “ improve 
th e  trim  of the s h ip ” ; M r. Nicholl said, “ either 
propeller shafts m ust be considerably increased in 
diam eter or the  ships m ust be p u t dowTn deeper in  the 
w ater.” M r. A ustin’s view, he thought, was the 
correct one, and would m eet w ith  most approval 
from m arine engineers. H e would like to hear more 
about m etal liners th a t extended the full length of 
the stern  tube. Mr. Nicholl thought it only intensified 
th e  strain  at the after end of the liner, and he would 
like to know the opinion of the mem bers. L inerless 
shafts had been tried and failed, and the reason of 
their failures seemed to puzzle him . Mr. Nicholl 
showed a plan for lubricating, which had been fixed 
to two 6,000-ton ships, bu t he (Mr. Lawrie) could 
no t see how he expected to get good lubricating from 
the  method. W hy lubricate from the upper deck, 
w ith  yards and yards of piping ? W hy not do it 
from the engine-room, where the lubricating medium 
would be under the control of the engineer, and the 
th ing  could be done in the autom atic fashion th a t 
seemed to him  to be the correct way of going about 
the  lubricating of these shafts. H e was of opinion 
th a t m any of the failures in  these linerless shafts had 
been from w ant of proper lubrication m uch more 
th an  the w ant of good m aterial for running  the 
bearing in. Mr. Nicholl asked for the views of the 
In s titu te  on three particular points— first, linerless 
ta il sh a f ts ; second, shafts of larger d iam ete r; and 
th ird , shafts m ade of be tte r m aterial. H e did not 
th ink  they would be unanim ous on all the points, and 
the m ost M r. Nicholl could hope for was the 
expression of individual opinion. As to the linerless
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shafts, he thought, although he had had no experience, 
they  were the  correct thing. If  they could get a 
im iform  section righ t th roughout it would strengthen 
th e  shaft very m uch, and he did not see any reason 
why they  should not be m ade to work as successfully 
as any other bearings. H e granted they  were out of 
the way, bu t th a t could be easily overcome. As to 
the  question of increased diam eter and improved 
m aterial, it seemed to him  th a t the  m ost improved 
m aterial was nickel steel, and if nickel steel was 
adopted he did no t see m uch use in increasing the 
size and diam eter of the shaft. On th is point he 
thought it would be well to read up the  paper by 
M r. Beardm ore, read in  1897, and in  his opinion if 
nickel steel was used th a t would certainly be all th a t 
was required.

M r. J . T. S m i t h  (M ember of Council) said if it 
was possible for the authors of the  papers to get 
the nam es of m akers of bad shafts, the nam es of 
the ships in w hich shafts had broken and the 
m akers of those shafts, they would be getting  at the 
root of the m atter, and people would know where 
not to go for shafts. T he linerless shaft w ith  oil 
lubrication was a very tender point, because they 
could no t get a t the  stern  tube to see how it was 
going on. If  they  had oil in the  th ru st or any other 
bearing they could w atch it, and w hen getting  lower 
th an  tisual take steps to  see it attended to, bu t in 
the  stern  tube they  could no t do this, and if the 
shaft was so fitted th a t it was entirely to be lubri­
cated by oil, a hundred th ings m ight happen to 
adm it a little  w a te r ; and if they  churned oil and 
w ater in  the  stern  tube in  a short tim e they  would 
find it in  a state  m ore like a ba th  of soap th an  any­
th ing  else, and som ething serious m ight happen. 
H e though t th is  a very serious drawback in  linerless 
shafts and oil lubricating.

M r. S . C. S a g e  (M ember of Council) said this 
question was a very in teresting  and im portan t one to 
m arine engineers, and it seemed to him  th a t while
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various theories had been set up as to the cause, the  
only true  one was th a t advocated by those who 
ascribed all these failures to  an insufficient draught 
of the vessel, and to the “ th rash ing  ” which occurred 
in  consequence. In  his experience the place where 
the fracture nearly always occurred was at one end 
of the after liner or the o th e r ; in  some cases clean 
off by the liner aft, and in  o ther cases clean off by 
the liner inside, and in  ninety-nine cases out of one 
hundred the fracture was clean across, as if the shaft 
had been made of cast iron. In  m any cases he had 
seen the condition of the iron such th a t it m ight be 
thought to be pig iron. H e  was speaking of shafts 
th a t had been broken to see how far the fracture 
had gone in. The fractures were nearly always 
circum ferential, and had developed across. H e did 
not th ink  the  chemical or galvanic action had any­
th ing  to do w ith  the  origin of the c ra c k ; they only 
tended to make the fractures w hich existed more 
clearly visible. In  no case had he seen these circum ­
ferential fractures extend m ore th an  § in. or f  in. 
into the shaft. H aving spoken of two ships he had 
had experience of, M r. Sage said th a t if they  looked 
at the fibre and texture of the iron which contained 
these fractures they  would find th a t the continuous 
concussion th a t w ent on tended to m ake the  m aterial 
revert to its  original state. In  no case had he seen 
a fracture th a t had had the slightest fibrous grain ; i t  
had all been highly crystallised, and he thought the 
liners or any variation in the form of the shaft 
tended to accentuate the  concussion and the  vibration. 
In  the old days they  used to  have a plain straight 
shaft, and the  propeller was generally set up w ith  a 
tail key, and they used to ru n  w ith  cast-iron bushes. 
T he only difficulty they  then  had was to keep the 
stuffing-box tigh t, because it would become a little  
reedy, and tear the  packing out. E very twelve or 
eighteen m onths the  shafts used to be drawn in and 
the  bush replaced, and then  coupled up again. H e 
had a considerable experience w ith  a firm th a t did a 
good deal of bushing, and it was the  exception for
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any of these ships to have broken tail shafts, bu t in 
those days the ships were loaded out and home, and 
if they  w ent a ballast voyage it was simply to some 
northern  port. There had been m any advocates of 
the  linerless shaft, and he pinned his faith  very 
m uch to th a t, and he did not see why the  w rought 
iron or w rought steel shaft should not ru n  in bear­
ings properly lubricated as well as the crank shaft. 
H e had just com pleted a vessel in which he had 
altered the stern tube and the stern  shaft to  run  in 
th is m anner. T he tube was bored the  whole 
distance, and at the outer end there was a P arso n ’s 
w hite m etal bush, w ith  a ring at the end. A little  
solid lubricant was forced into it, and by the  tim e it 
reached outside the  stern  bush they  had a th in  collar 
of lubricant exuding from the stuffing-box. H e 
hoped to bring the result of th is trial before the 
m em bers of the  In stitu te . H e felt certain  th a t if 
th ey  took some of the  shafts and tested them  and 
tried  them  w hen they  were new, and th en  after a 
fracture— subject them  to the  same tes t—they  would 
find th a t the  streng th  of the m aterial had very m uch 
deteriorated from one cause or other. B y the  look 
of the section he felt certain th a t no forging or 
ham m ering would have left them  in such a crystallised 
m anner as he had seen.

M r. G. W . N ew all (Member) drew atten tion  to 
an  engraving of a new ship, the Ivernia , and spoke 
of the  action of the  sea upon the  different parts. 
W hen  a sea struck a certain  p art the ship “ wriggled,” 
and it was th is wriggling th a t destroyed the shafts. 
T he whole business of the  papers, which was very 
im portant, seemed to be to  tell them  they  did not 
know their business. Two ships every week were 
breaking th e ir propeller shafts, and several shafts 
were condemned every week, and they  had to  see 
w hether they  could not get round all these troubles, 
which were more prevalent th an  they had ever been. 
H e advocated th a t no part of the iron shaft should 
ever come in  contact w ith  sea water. I t  should be
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treated  as a special detail and isolated from sea water, 
because it appeared from these papers, and from 
others, th a t corrosion took place from some cause 
not understood, and ate away the  shaft in  places. 
To prevent th a t they should put a bonnet over the 
n u t at the end of the shaft, and fill it up w ith  m elted 
fa t or tallow, and if the  propeller boss was open to 
the  w ater it should also be filled w ith  m elted tallow. 
A great m any ships had broken their shafts through 
corrosion betw een the forward part of the  propeller 
boss and the after part of the liner, and he suggested 
th a t all propellers should be supplied w ith  a pipe 
piece projecting slightly over the  first liner, and 
insulate the cavity w ith  an alloy of antim ony and 
lead, or pitch and resin, w hich would bring about 
the  sealing of the  place. Inside they could bind a 
gutta-percha strip closely round the part to be 
guarded against corrosion. H e believed they made' 
a great m istake in  fitting the  thrust-block where it 
was. T he thrust-block should be fitted on the  first 
tunnel-block in the ship, where all the work was. 
There was another point, and th a t was th a t the 
shafting th a t im m ediately followed the single piece 
of tail shafting should be built up in  such a way 
th a t wherever a bearing comes it should be swelled 
slightly la rg e r ; and, further, w hat was m ost im ­
portant, not one inch of tunnel shafting, except 
where the bearings fitted and the coupling came, 
should ever be turned. They ham m ered iron to 
drive the molecules in it closer together, and yet 
after they had done th a t they put it in to  a lathe and 
turned  a large part of it off again. M any a shaft 
would work m uch better if they only left it as the 
ham m er had left it.

The discussion was adjourned for a fortnight, and 
a vote of thanks was accorded to the C hairm an for 
presiding.
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D IS C U S S IO N  C O N T IN U E D .

5 8  E O M F O E D  H O A D ,  S T R A T F O R D .  

MONDAY, OCTOBER 8th, 1900.

C h a ir m a n  :

M r . G. W. MANUEL ( P a st  P r e s id e n t ).

T h e  C h a i r m a n  : The subject for discussion th is 
evening is comprised in  the  tw o papers on “ Propeller 
Shafts,” read at the  B ristol Channel Centre in  April 
last and at the In s titu te  premises here in  Septem ber. 
A goodly num ber of papers have been w ritten  on 
th is m atter, and I  regret to hear th a t, after all, pro­
peller shafts still break, and even a little  faster than 
formerly, in  spite of all th a t has been said and done 
to  prevent such accidents, bringing loss of life and 
danger to  ship and all concerned. As you are aware, 
I  have taken  a great in terest in th is subject on 
account of the position which I  hold, and also a 
desire for b etter things. I  read a paper on the 
question at th is In s titu te  eleven years ago— I  th ink  
i t  was the  second or th ird  paper read at the  In stitu te . 
I  also read an  extended paper of m y fu rther ex­
perience at the Im perial In stitu te , before the  world’s 
principal engineers and shipbuilders in  the Jubilee 
year. I t  is certain  th a t the a ttem pts at prevention 
have been very little , and in  m any cases very meagre. 
I  th ink  it does one good to look hack and study your 
own sayings of byegone years. The result m ay be 
refreshing or not, or it m ay seem prophetic, accord­
ing to  the  statem ents made. M em bers of Parliam ent 
have to beware of the  lookers back over their 
sayings. M any of the causes of broken shafts cited 
in  these two papers have become tru th s  in  m y own 
experience. Some have no t borne the crucial tes t of 
practice, w hich after all is the true test. T he
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difficulty, I  find, w hich prevents advice honestly 
given from being carried out is the  opposition from 
trade and other interests. F rom  m y own experience 
there can be no necessity for such records of broken 
shafts as have lately been referred to, and I  have no 
such record to lay before you. I  have to congratulate 
the m em bers of th is In s titu te  on having such useful 
papers read at Cardiff and here, and the opportunity  
they have of discussing them —or hearing them  
discussed— especially the young mem bers, is one of 
the  principal purposes for w hich this In s titu te  was 
founded, and one which especially deserves the 
notice of our shipowners in  the way it is carried 
out. To the  younger m em bers th is train ing  is in ­
valuable in  aiding their fu ture efficiency as m arine 
en g in ee rs ; in  fact, the am ount of your income 
depends on your practical and theoretical knowledge 
combined more th an  ever in  these days of pro­
gress. I  was m uch interested in  reading last 
week this advertisem ent in  an American engineer­
ing paper, showing the m anner in  w hich the 
benefits of th is kind of education are pu t before 
the students over there. T he advertisem ent is 
headed “ Salary raising education,” and it says : 
“ $12 to $70 in small m onthly instalm ents pays for 
a salary raising education in  m arine engineering, 
mechanical engineering,electrical engineering,English 
branches, e tc . ; course in lake navigation in prepara­
tion. Established 1891. $1,500,000 capital. W rite  
for circular and local references,” etc. T hat shows 
you the aim or the direction in which education 
is pointing— salary raising, th a t is to say, money 
making. The Americans are great people for m oney 
m aking and am assing wealth, bu t looking a t w hat 
the  young m en in  America have to pay, you will see 
th a t we beat them  in regard to the cheapness of th is 
kind of education. The Americans are m aking great 
strides in  m arine engineering, and will presently have 
a m agnificent fleet of m erchant steam ers of their 
own construction. The Germ ans now have the 
fastest steam ers across the A tlantic, bu t this is no
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discredit to our engineers, the circum stance 
depending no t on skill, bu t on finance— on the 
m argin betw een profit and loss to com pensate 
ow ners for the  enormous increase of w eight and the 
consum ption of fuel for these high speeds. This is 
a m atte r in respect of which it is for m em bers of 
P arliam ent to  obtain for shipowners m ore m oney 
assistance from our G overnm ent, and so enable them  
to keep the pace w ith  foreign nations instead of 
cutting  and m inim ising their profits w ith  vexatious 
systems, seeing th a t we are more dependent on our 
m aritim e commerce th an  any other nation in  the 
world. I  take th is opportunity  of congratulating 
you on the happy selection as your president of 
Colonel Jo h n  D enny, M .P ., who, I  am  sure, will do 
all he can, bo th  in  and out of Parliam ent, to  advance 
your interests. I  need not delay longer the  resum p­
tion of your discussion on propeller shafts. I  ask 
you to bear in  m ind the direction taken  by Messrs. 
Nicholl and M ason, nam ely, after going in to  the 
m atte r they  consider th a t  the  m any breakages which 
have taken  place in these shafts are preventible. I t  
is for you to give your opinions on the m eans they  
recom m end for their prevention, and any fu rther light 
you can throw  on th e  subject th a t will tend  to  their 
prevention. I  am  quite of opinion, from m y own 
experience, th a t they  are preventible.

T he H o n .  S e c r e t a r y  (Mr. Jam es Adamson) then  
read a com m unication th a t had been received by a 
m em ber from Mr. J . M ‘M illan, an engineer engaged 
on the A ustralian coast, who w rote in ter alia :

“ The subject of the  relationship betw een a leaky 
dynamo and the  active corrosion of a propeller shaft 
is one w hich has to m e m uch interest. Is  there any 
such relationship ? If  so, to  w hat e x te n t; and is 
there any rem edy ? You will possibly pass the 
subject over, as others have done, by saying th a t tail 
shafts corroded before ever electricity entered as an 
active agent on board ship. H owever th a t m ay be, 
I  shall give you m y experience during m y tim e on
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board one steam er, and if after th a t you th ink  there 
is anything in  it, you can gain inform ation from 
those now in charge on board the  same steamer. 
W h a t first drew m y atten tion  to the subject was the 
steam ship Perthshire  breaking her shaft, others 
following, and then  the F azilka  coming to grief 
through the same cause. M y experience is as 
follows : About six m onths after I  joined the steam er 
she w ent into dock for an overhaul. T he tail shaft 
was drawn out for exam ination. I  m ay here state 
th a t I  was told the shaft had been in for twelve years, 
and had only been taken out for exam ination at 
stated intervals. I t  was found to be corroded a good 
deal. The surveyor ordered th a t a t the end of six 
m onths the spare shaft m ust be pu t in. At the end 
of th a t tim e the spare shaft was pu t in, the old shaft 
having corroded considerably during the interval. 
At the end of two years the propeller shaft was again 
draw n out for exam ination, w hen it was found to be 
in as bad order as the  old one, and no spare shaft 
being available, the same one had to  be pu t back 
again till another one was got ready. The engineer- 
surveyor cut into the shaft three-eighths of an inch 
on each side of the diam eter, close to th e  forward 
end of the after liner, and th en  was not at bottom  of 
the score in  the shaft. T he part cut into was filled 
up w ith red lead, pu tty , and m arline for about six 
inches on the length of the shaft. A new tail shaft 
was afterwards fitted, and on exam ination No. 2 shaft 
was found in a worse condition th an  No. 1 had been. 
Being curious to see if any action had taken place 
where covered w ith  the m arline, the lapping was 
cut off, and the m etal was found to be as bright as 
when cut w ith  chisels. N aturally, broken shafts 
being freely spoken about, I  considered w hat could 
be the  cause of our shafts corroding so fast, and it 
suddenly dawned on me th a t there m ight be some­
thing  in  the dynam o causing the action. I  then  
remem bered th a t there was a leak from the dynamo, 
as I  could get a spark from any part of the hull if I 
connected a wire between the two. I  also remem -
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bered th a t when the  original engine was removed 
and th e  substitution made of an  engine driven by 
belt, th a t the  dynam o was bolted direct to the  sh ip ’s 
fram es, although sitting  on a wooden block, and to 
all in ten ts  looked as if it  was fixed in the  proper 
m anner. T he dynam o is still fixed in  th a t way if 
no t altered since. I  am  at a loss to  explain how the 
action takes place, yet I  believe th a t it does exist. 
T here are two ways which appear to me. T he first 
is to suppose th e  ship’s hull to  be a huge field 
m agnet, stern tube included, and the  shaft working 
as an  arm ature, if th e  lines of force (magnetism) 
were slight under ordinary circum stances, and a leak 
from the  dynam o was added to it, don’t  you th ink  
th a t would cause the  ex tra  active corrosion ? The 
second is th a t the  stern  tube is a battery , and the 
leakage from the  dynam o excites the  w ater held in 
the  stern  tube in  a greater or less degree, causing 
the action. I f  m y contention is correct, th a t the 
relationship does exist, how is it to be rem edied? 
This is the point a t which I  m ust give up. The 
subject seems w orthy of discussion, and perhaps 
some engineers m ay be able to  trace and explain the 
cause and effect, and perhaps lead to some experi­
m ents being m ade to  tes t the  cause.”

M r. W . L a w r i e  (M ember of Council) : I  see th a t 
Mr. Nicholl claims some originality for his paper in 
th a t it is the  first to  publicly advocate very m uch 
larger shafts and also opens up the  question of the 
m aterial used in  the  m anufacture of propeller shafts. 
H e  also asks for th e  approval by th is  In s titu te  of 
th ree  proposals—linerless ta il shafts, shafts of 
larger diam eter, and shafts m ade of be tte r m aterial 
th an  questionable scrap iron. I  see also on page 
53 th a t in  reply to  some of th e  criticism s on his 
paper a t Cardiff he stated  th a t  his present formula 
for all the  trouble m entioned would be “ subm erge 
th e  propeller ” w hen he believed th e  best p art of the  
difficulty would be overcome. T his last form ula is 
no doubt som ewhat drastic, and so far as m y memory

B
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serves me I  do not th ink  th a t M r. Niclioll followed 
out th a t point in his paper. I  suppose he does not 
care to advocate any idea th a t would cause an 
appreciable difference in the  first cost of the  vessel. 
B ut in  asking the approval of the In s titu te  for shafts 
of larger diam eter and of better m aterial, I  th ink  
the  author is somewhat prem ature in asking for larger 
shafts un til he has decided w hat m aterial he proposes 
to adopt in lieu of the m aterial a t present used. I t  
seems to me th a t if you could get a m aterial m uch 
stronger and m uch m ore suitable for the work than  
th a t now employed there would be very little need 
for increasing the size of the shafts. I  agree w ith 
w hat the Chairm an has said th a t these breakages 
which now occur so frequently are preventible, 
because in  the experience of lines such as th a t th e  
C hairm an is connected w ith  and m any others, they 
are practically unknown. The cases more im mediately 
dealt w ith by the author of the  paper are, I  th ink, 
ra th e r extrem e cases. Good scrap iron is a m aterial 
th a t has served very well for shafts in tim es past, bu t 
it would seem th a t good scrap iron is not now to be 
had. F o r instance, Mr. Nicholl says: “ Shafts 
made of the best scrap iron are generally stipulated 
for now, bu t th is seems to be a very vague term , as 
often, and especially in our local yards, scrap steel is 
sold and bought and treated  like scrap iron, and 
I  should say a shaft made up of a m ixture of scrap 
steel and iron would be the m ost unreliable th ing  you 
could possibly have.” W hen  Mr. Nicholl speaks of 
“ our local yards ” I  suppose he refers to yards in the 
neighbourhood of Cardiff, bu t if the same practice 
obtains elsewhere I  do not see th a t it is m uch use 
looking for good scrap iro n . At any rate I  th ink  we shall 
all be agreed th a t as tim e goes on it will become 
increasingly difficult to procure good scrap iron. W e 
should therefore look ahead and see w hat better 
m aterial can be found, and experience almost forces 
us in  the  direction of nickel steel. M r. Nicholl 
inclines towards nickel although he does not advocate 
it very strongly, and to m e it is one of the disappoint-
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m ents of th is paper th a t it gives no inform ation as to 
w hether nickel steel has been tried for propeller shafts, 
and if so, w ith  w hat success. M y view is th a t 
shafts of nickel steel ought to have a fair trial. Of 
course in dealing w ith these vessels th a t are 
frequently running  about w ith  their propellers only 
partly  immersed we m ust try  to m eet those extrem e 
cases, bu t I  do not th in k  th a t it would be altogether 
the th ing to expect L loyd’s R egister and the Board of 
Trade to m ake special rules for these special steam ers. 
I know th a t in the paper which he read in  the  year 
1897, our Chairm an stated th a t the  cargo steam ers 
under his supervision experienced no particular 
difficulty in this respect and th a t their shafts ran  
w ithout breaking. I f  th a t is so I  do not know why 
the same th ing  cannot be done in  connection w ith  the 
particular steam ers brought under our notice in  the 
paper. In  the second paper under discussion Mr. 
M ason takes up a som ewhat different view to th a t 
p u t forward by Mr. Nicholl, and he appears to trace 
all the trouble to the advent of the triple expansion 
engine. P o u r crank or quadruple engines, he says, 
simply add to the difficulty. H is ideas, I  th ink, are 
set out on page 23 where he say s :

“ Now, w ith a m ulti-crank job—by this of course 
I  m ean three cranks and over—directly the ship lifts 
her stern  the engines gather way at a g reat ra te , and 
although the  propeller strikes the  w ater a trem endous 
blow as she dips, it is no t sufficient to  bring the  
engines back to the  norm al speed at once, owing to  
the extra tu rn ing  m om ents, and som ething of the  
following sort, I  take it, happens— the heavy sudden 
shock and strain  bring the propeller up, to  a certain  
extent, quicker th an  the  engine end of the  shafting, 
causing the  shafting to tw ist and th is tw ist 
rem ains, so to speak, until the propeller end overtakes 
the crank shaft end, causing the grain of the shaft to  
open, giving the  w ater in  the stern  tube a be tte r 
chance of getting  into the reeds of the  m etal, and 
th is constant action keeps going on until the  shaft 
is a m ass of reeds— of course I  am  working on the

B 2
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hypothesis of the shaft being m ade to L loyd 's 
s treng th—or owing to the  heavy ham m ering and a 
little  slackness of stern bush, a circum ferential flaw 
is developed or the shaft snaps off altogether.”

I  do not th ink  there is m uch chance of a propeller 
shaft getting  to be a “ mass of reeds.” If  it got th a t 
far I  th ink the shaft would be more likely to give 
out. B u t lower down the  page, to prove his theory, 
he tells us th a t :  “ B earing out the above I  find in 
two instances I  tested—w ith  loaded ship and w eather 
practically the  same in each case—th a t in  a heavy 
head sea w ith  th ro ttle  valve full open and engines 
allowed to  ru n  to give the same revolution in each 
case, th a t is to  say, both would have run  at 60 
revolutions in smooth water, the com pound’s revolu­
tions per m inute were decreased slightly, bu t the 
trip le’s increased about 5 per cent. Again, in each 
case the  ordinary piston speed per second was 8 ft., 
in  the compound it ran  up to 13 ft. per second, bu t in 
th e  triple, w ent up slightly over 16 ft. per second— 
60 per cent, increase in  the  one case and 100 per 
cent, in the other. This m eans again th a t w ith a 
shaft less in diam eter bu t indicating 45 per cent, 
m ore power, the propeller struck the w ater w ith  40 
per cent, greater velocity. Can it be wondered at 
th a t under these circum stances propeller end shafts 
have been giving out in all directions ? ” I t  occurred 
to  me, when I  read th a t paragraph, th a t in a heavy 
head sea, w ith  the th ro ttle  valve full open and the 
engines left to take care of them selves, it  would be 
no wonder if the tail shaft went. In  fact, it would 
be a wonder to m e if there were any engines left at 
all. Of course we all know th a t the extra tu rn ing  
m om ent in  th ree or four cranks will give a more 
uniform  speed and a b etter speed, bu t I  do not th ink 
th a t any ordinarily intelligent m arine engineer would 
allow his engines to go as fast as ever they could in 
bad w eather w ith  a heavy head sea. I t  seems to me 
th a t in a case of th a t kind, when the  sea increased, 
the  engineer would ease his engines down— w hether 
it was a compound or a triple jo b ; when it got to be
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a heavy head sea and the propeller got out of the 
w ater he would ease his steam  down. I  am  afraid 
th a t th a t is hardly the  reason why the shafts have 
gone. T he special points to which M r. M ason calls 
a tten tion  a t the  end of his paper are all fairly well 
attended to at present in any well regulated steam ship 
com pany, bu t there is one th a t is not and th a t is the 
plan of running  in  oil, w hich in  m y opinion will 
m aterially assist the  satisfactory runn ing  of propeller 
shafts. Instead  of increasing the  size of propeller 
shafts I  th ink  we should seek to improve the quality 
of the m aterial, and if we have a good m aterial we 
m ay well keep the sizes w ith in  reasonable limits.

T he C h a i r m a n  said th a t reference had been m ade 
to  the use of nickel steel, and some tim e ago he was 
him self very anxious to ascertain the superiority or 
otherw ise of th a t m etal for propeller shafts. H e, 
therefore, had a series of tests made, and the  con­
clusion he came to, as the  results of those tests, was, 
th a t having regard to  its h igher cost, nickel steel 
was no t preferable to the good m ild steel w hich had 
hitherto  given such satisfactory results. H e had 
been using th is particular m ild steel since 1881, and 
from th a t date up to the present tim e they had not 
had a single case of a broken shaft. T he resu lt of 
his tests was th a t nickel steel was stronger th an  the  
best m ild steel, bu t very little  stronger. The 
G erm ans and the Russians were now using nickel 
steel.

M r. L a w b i e  said the  point he raised was, 
w hether in  the class of steam ers referred to by M r. 
Nicholl in  his paper, it would no t be w orth  while 
incurring the  additional expense involved in  the  use 
of nickel steel. M r. Nicholl told them  of failures 
of shafts after only eighteen m onths’ running , and 
if they had to pu t in a shaft every eighteen m onths, 
or even every two years, if nickel steel would stand 
a reasonable tim e, would it not be w orth while 
using it ?
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The C h a i r m a n  : Of course there is steel and steel. 
T here is good steel and bad steel, and there is some 
very bad steel.

Mr. S. C. Sage (Member of Council) said it was 
not his in ten tion  to take part in  the discussion tha t 
evening, bu t he had been induced to rise by some of 
the rem arks th a t had fallen from Mr. Law rie. 
M r. L aw rie had raised the  point w hether it would not 
be better, and cheaper in the  long run, to pay the 
ex tra price for nickel steel in order to get a better 
article. Probably they  would all have no hesitation 
in saying th a t it would be better, bu t there was no 
inducem ent, in  the case of the steam ers in which 
these failures occurred so repeatedly, to go to the extra 
expense. L arge firms like th a t the Chairm an was 
connected w ith  got the best quality of m ild steel 
th a t was made and they paid a correspondingly high 
price for it. B y this m eans they got an article which 
rendered it unnecessary for them  to go to the further 
expense of nickel steel. I t  was all a question of 
pounds, shillings and pence. Ordinary tram p 
steam ers—and it was in  ordinary tram p steam ers 
th a t these frequent failures occurred—were generally 
contracted for at a very low price. There 
was no stipulation as to the  m aterial to be used, 
•except th a t it was to be the best m aterial and best 
workm anship, and th a t best m aterial was often very 
ordinary at the best. The shafts were made on a 
■commercial basis in  the cheapest way possible, and 
the  m ethods of forging the  shafts were frequently of 
such a character th a t the virtues of the steel were 
largely destroyed. The idea of the forgemen was to 
get as m uch of the work of the  ham m er as possible 
■on to the shaft a t every heat. The shaft was brought 
out of the fire alm ost in  a m olten state and the 
ham m ering was continued after the iron had lost its 
malleable condition. The m aking of the shaft was 
probably paid for by piece work, and the price was 
cut very low. The shipowner ultim ately got his ship 
w hich was classed at L loyd’s, and the  vessel w ent to
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sea. There was no restric tion on the  ship as to  how 
she should go to sea, and if she broke down and was 
towed into port the owner was indemnified by the 
underw riters. There was no inducem ent for the 
ow ner to pay a penny more in  order to get a good 
m aterial. Of late years the  owners of large lines of 
tram p  steam ers had been induced to  s ta rt self-insur­
ance, and then  there was no doubt an inducem ent to 
use better m aterial and pay an ex tra price for it, as 
the  large liners did. Of course the large liners ex­
am ined their shafts frequently, and a shaft th a t  was 
at all doubtful was removed, so th a t it did no t come 
under the category of a breakdown. T here was no 
doubt th a t the  very light trim  in  w hich steam ers 
were often sent across the A tlantic, and the ham m er­
ing and battering  to  which their shafts were subjected 
in  consequence, were responsible for a great num ber 
of the  failures w hich occurred, and he referred to  a 
case w ithin his own experience in  w hich a shaft, at 
least 30 per cent, in  excess of L loyd’s requirem ents, 
broke off short before it was two years old. The 
gra in  of the  iron where it broke was just as coarse as 
any pig iron would be. H is theory was th a t the  con­
s tan t vibration and concussion in  the  shaft deteriorated 
the  quality of the  m etal in the  im m ediate vicinity of th a t 
concussion, and he felt certain  th a t if m any of these 
shafts could have been broken w hen first fitted they 
would have been found to consist of w hat m ight be 
described as good fibrous m etal. T he m etal had 
been changed in  character by the usage to  w hich it 
had been subjected. An increase in  the  diam eter of 
shafts would not prevent their fracture. I t  m ight 
prolong the life, b u t th a t it would prevent the  fracture 
of shafts in  ships th a t were constantly  being sent to 
sea in  very light trim  he did not for a m om ent believe. 
In  the course of his experience he had come across a 
num ber of shafts th a t were partially  fractured, and 
w hen they broke them  it was found th a t a t the point 
of fracture the iron was highly crystallised and very 
coarse in  the  grain, and generally in  a condition in 
w hich he felt sure they  were not originally. H e
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could no t help th ink ing  th a t the action of the  screw, 
in ham m ering and beating in the  bush w hen there 
was a little play, tended to cause the m aterial of th e  
shaft to revert to its original constituents. As he  
said at the beginning it was all a question of £ . s. d. 
All shipowners, if they  would spend the money, could 
get good shafts, and could run  their ships as free 
from breakdowns as the liners did.

M r. J . G. H a w t h o r n  (M ember of Council) sug­
gested th a t in considering the causes of the  trouble 
w ith  propeller shafts sufficient notice had not been 
taken  of the wear down of the tail end shaft in  the 
stern  tube. T hey could easily understand w hat 
would be the effect of only a quarter of an  inch of 
play in  a light ship. Suppose a propeller weighed 
14 tons, and w hen fully im mersed 12 tons, every 
tim e the  stern of the ship rose and fell, there would 
be a sudden blow of two tons on the shaft- H e  
believed th a t th is kind of th ing had a great deal to do 
w ith  the  fracture of tail end shafts, especially when 
they  bore in  m ind th a t a great m any of the  fractures 
took place a t the forward end of the after liner. I t  
would also be in teresting and instructive to  com pare 
the m unber of fractures under present conditions 
w ith  those th a t occurred when there were outer 
bearings in  the  rudder post. T h at these outer bear­
ings did safeguard wearing down in the  stern  bush 
was apparent to  everyone. At the same tim e he did 
not advocate th a t they should be reintroduced. H e  
should also like to know w hat was about the average 
w ear down of a shaft.

Mr. S a g e  : I  have found it to be the general rule 
that, as soon as the bush gets to be three-eighths 
down, L loyd’s will no t pass it, irrespective of any­
body else. Of course th a t is their m axim um , and 
they  like it m uch b e tte r if you renew  w hen it is 
only a quarter down. M y theory is quite in agree­
m ent w ith M r. H aw th o rn ’s, th a t the shocks on the 
shaft due to  slackness in the bush are responsible for
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m any fractures. W ith  respect to the outer bearing, 
I  had to do m any years ago w ith some vessels, all of 
w hich had the outer bearing, bu t m y experience was 
th a t the outer bearing was generally no bearing at 
all, and however often you lined them  up, the nex t 
tim e you docked the vessel it was just touching 
nowhere, as if there was a spring upon the shaft th a t  
would not allow it to work true. T he outside bear­
ing never seemed to afford any bearing at all, but 
I  m ust say th a t the fracture of a tail end shaft 
was then  a rare occurrence, although they were 
often ru n  under barbarous conditions and the vessels 
w ent to sea very deeply loaded. W e were not 
particular in  those days to a shaft being three quarters 
of an inch out of line, and it was a common th ing  for 
the stern  bush to have three quarters of an inch play. 
B u t certainly the shafts were then  no t nearly of the 
streng th  they are supposed to  be now for the power 
of the  engines, yet the breaking of a tail shaft was 
a very rare occurrence. W e used to have broken 
crank pins more th an  anything else, bu t tail shafts 
no t so much.

M r. W . M c L a r e n  (M ember of Council) said he 
entirely  agreed w ith  M r. Nicholl when he advocated 
linerless shafts and b e tte r m aterial— especially be tte r 
m aterial. Some of the m aterial th a t was p u t into 
tram p steam ers nowadays would not stand a liner 
being shrunk on to it, and he was convinced th a t in 
m any instances a sawing action w ent on at the  end 
of the liner as the shaft revolved. W ith  regard to  
nickel steel he should say from  w hat he had read 
th a t nickel steel shafts would be the shafts of the 
future, and th a t they would be run  w ithout any 
sleeves being fitted. At the last m eeting a question 
was asked about cast iron stern  bushes. H e was 
quite prepared to believe th a t they would be a suc­
cess so far as the bearing was concerned provided 
th a t the shaft was properly lubricated, bu t there 
would be a difficulty he anticipated w hen they  re­
quired to draw  it. H e did no t believe th a t there
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would be the  same easy drawing as there was now 
w ith  brass bushes filled in  w ith  lignum  vitae. H e 
would also recommend the shortest possible stern 
tube, and believed th a t generally speaking the  stern 
tube was too long.

M r S a g e  said th a t Mr. M cL aren had referred to 
the  question of cast iron bushes. Cast iron bushes 
were used, to his knowledge, th irty  years ago, and 
they  were adopted for a particular trade w here the 
white m etal bushes w ith  lignum  vitae were found not 
to  stand. There was a very large trade up the river 
H um ber and the Ouse to Goole. T he w ater in  these 
rivers was very sandy and it was found th a t the 
ordinary white m etal bushes would not last more 
th an  six m onths, each steam er m aking a voyage per 
week. The white m etal bushes wore away so very 
quickly th a t cast iron bushes were fitted in all the 
steam ers engaged in the  trade, and they were just 
as easy to draw provided they were no t pu t in  too 
tig h t and did not have tim e to get rusty.

Mr. D. H u l m e  (Member) said he believed th a t m any 
of the accidents which occurred to  shafts were due 
to  the  way in  which ships were often driven at sea. 
W hen a steam er got into a heavy head sea the 
captain  would sometimes say to the  chief engineer, 
“  C an’t  you give her a little  m ore ? ” and it was just 
the  “ little  more ” th a t broke the shaft.

M r .  M a c f a r l a n e  G r a y ,  being called upon by 
the Chairm an, said he had not seen the  papers 
before th a t evening and he was not then  prepared to 
discuss them , although the discussion to w hich he 
had listened had been very interesting. H e had, 
however, had a talk  w ith  M r. Jo h n  Corry about a 
particular kind of shaft th a t he had pu t into one 
of his vessels. H e would ask M r .  Corry to put 
into w riting w hat he told him  on th a t subject in  
order th a t it m ight be included in the Transactions 
of the In stitu te .
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M r. Jas. H o w i e  (Member) gave his reasons for 
holding th a t scrap should not be used for the 
m anufacture of propeller shafts unless guaranteed 
absolutely free from steel.

M r. S h a r p  (Member) called a tten tion  to  the 
diagram  opposite page 20 of Mr. M ason’s paper, and 
said th a t according to th is diagram  the  case of the 
trip le engine was very m uch worse th an  th a t of the 
compound engine. H e  believed, however, th a t the 
case as pu t in  this diagram  was quite erroneous. 
T he diagram  was wrongly draw n and was not to be 
depended upon. In  point of fact the  positions of the  
tw o cases were about reversed. T he position shown 
for the  triple engine was more like w hat it should 
be for the compound engine, and vice versa.

After some fu rther com m ents, in  th e  course of 
which the  C h a i r m a n  sketched on the  blackboard a 
diagram  and form ula w hich he suggested m ight 
furnish  m atter for thought and inquiry, the  discussion 
on the two papers before the  m eeting was adjourned 
until M onday, October 22.

M r .  M a c f a r l a n e  G r a y  called atten tion  to the 
election to the  new P arliam ent of two well-known 
m em bers of the In s titu te— Sir Fortescue F lannery , 
a past president, and Sir A. S. H aslam — and moved 
th a t a le tter of congratulation should be addressed 
on behalf of the  In s titu te  to each of these gentlem en.

The proposal was seconded by the  C h a i r m a n  and 
cordially adopted.

The C h a i r m a n  having rem inded the  m em bers 
th a t the  annual d inner of the  In s titu te  would take 
place at the  H olborn R estauran t, on the 17th inst., 
the m eeting concluded w ith  a hearty  vote of thanks to 
Mr. M anuel for presiding, proposed by Mr. A. B o y l e  
and seconded by Mr. L a w r i e .
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D IS C U S S IO N  C O N T IN U E D .

M ONDAY, OCTOBER 22nd, 1900.

C h a ir m a n  :

M r . W . L A W R I E  (M e m b e r  o f  C o u n c il ) .

T h e  C h a i r m a n  : I  th ink  th a t the im portance of 
the subject dealt w ith  in  the two papers before us is 
a sufficient reason for the  adjourned discussion this 
evening. E ver since I  have been to sea we have 
had more or less trouble w ith  propeller shafts, and I  
th ink  it is generally adm itted th a t of • late those 
troubles have been on the increase. F ailures have 
occurred in  shafting w ith greater frequency th an  
was the case some years ago. Mr. Nicholl, in  his 
paper, a t the  top of page 6, m akes a com plaint th a t 
“ in spite of all th a t has been w ritten, we do no t 
appear to have arrived at any definite conclusion as 
to the cause of so m any shafts failing.” I  hope, 
however, w ith  the two very excellent papers th a t we 
have before us, and the discussions upon them , th a t 
in some measure, a t any rate , some of the points 
m ay be cleared up. In  discussing the reasons for 
the great num ber of failures th a t take place, M r. 
Nicholl states th a t the  shafts have been made 
too ridiculously small for the  work they  have 
to do, and th a t unless they are considerably 
increased in  diam eter, or ships are loaded deeper, 
failures will go on as heretofore. T hat is a very 
definite statem ent which alm ost seems to cover 
the whole case, bu t at the end of his paper 
Mr. Nicholl also states th a t the quality of the  
iron or steel used in  the construction of shafting 
would form a very suitable subject for discussion. 
I  agree w ith Mr. Nicholl on th a t point about 
the quality of the steel used, bu t there is just 
th is o ther point and th a t is the m ethod of m anu­
facture at the forge, for even if you do select a
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good m aterial in  the  first instance, unless the best 
w orkm anship is employed in  the construction of 
the  shaft, failure is only too probable. There is 
ano ther point th a t m ight be discussed in  connection 
w ith  the  questions of m aterial and workm anship, 
and th a t is the question of survey. I t  was dealt w ith  
a t Cardiff, and perhaps some of our m em bers here 
m ay be able to add som ething, because after all 
is said and done, the business of forging is a 
commercial concern, and they are apt to do some 
th ings, which, w ith  greater vigilance on the part 
of the surveyors, they  would not do. T hen  w ith  
reference to the question of m aterial there is another 
po int a t the end of th e  paper where M r. Nicholl 
says : “ M any a shaft, I  feel sure, is set to work w ith  
severe initial stresses in  it, which are continually 
struggling to relieve them selves and only do so 
w hen the  shaft breaks.” T h at seems to m e a very 
strong statem ent, and I  should like to  hear any 
of our m em bers, who m ay be qualified to  speak 
on the  point, give us th e ir views about it. There 
are m any other points in  the paper, bu t of course you 
can quite see th a t the paper deals largely w ith  cargo 
steam ers th a t m ake long voyages in ballast trim , and 
the  more inform ation we are able to get on the 
subject the  be tte r shall we be able to avoid these 
constan t breakdowns.

M r. J . B .  B u t h v e n  (M ember of Council) said th a t 
th e  subject of propeller shafts had been before th is 
In s titu te  m any tim es, and in  a valuable paper w hich 
M r. M anuel read some ten  years ago he showed th a t 
in his experience, w ith  a certain  m argin of safety 
above the  Board of Trade requirem ents, o ther th ings 
being equal, he had a practical im m unity from broken 
shafts. If  it  was required to m ake shafts th a t would 
n o t break, the conditions were well known to the 
m ajority of engineers. I t  was sim ply a question of 
m oney. If  the  conditions were favourable to the 
running  of a shaft th a t would no t break there 
was no difficulty in  producing such a s h a f t ; and we
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should not be free of broken shafts until it was to the 
in terest of everybody concerned to m ake a shaft th a t 
was not liable to break under the conditions of service 
at sea.

Mr. J a s .  A d a m s o n  (Hon. Secretary) said th a t 
at the  last m eeting the question was asked as to 
w hat was the greatest am ount down—o ut of line— 
they had ever seen a propeller shaft in  the stern 
bush. H e had seen one down over an in c h ; it 
certainly did not run  very, long in th a t condition, 
bu t it spoke well for the quality of the shaft th a t it 
worked like th a t for several days, w ith  the whole of 
the lignum  vitae gone from the outer bearing. The 
keep had come adrift, and the lignum  vitse had come 
out leaving the shaft w ithout a bearing beyond the 
one next the neck ring at the stern  gland. T hat 
the shaft did not break under these conditions was 
good evidence of its strength . The shaft in question 
was about 15J in. in diam eter originally, and he 
dared say it had corroded down to about 14$. This 
was one of the severest tests th a t a propeller shaft 
could be subjected to, and it show'ed th a t in th is 
particular case the Board of Trade rules were quite 
adequate. H e had seen shafts running  for periods 
of fourteen years, and originally those shafts were only 
from 10 to 15 per cent, above the Board of Trade 
rules. D uring the last three or four years th a t 
those shafts were running, they had probably worked 
down to the Board of Trade limit. In  the course of 
a few years the 10 or 15 per cent, m argin was gone. 
T he action th a t w ent on in the stern  tube between 
the liners reduced the shaft down to the Board of 
T rade lim it, and as the shafts wrhen so reduced were 
still kept at work for some years his experience was 
th a t the Board of Trade lim it w'as not too low, 
assum ing th a t the  shafts were made of proper 
m aterial. A t  the last m eeting Mr. Sage spoke 
p re tty  strongly about the m aterial of some of the 
shafts th a t he had seen condemned, and at the 
recent annual dinner Mr. D unlop, referring to th is
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point, asked w hether the ships by reason of their 
construction broke the shafts, or w hether the shafts 
broke by reason of the  stresses set up in  them . 
D uring th is discussion the question had been asked 
more th an  once w hether broken shafts were not 
largely due to the flexibility of the ships. H e  was 
told recently of an  iron shaft th a t had ru n  in a 
steam er for tw enty  -six years, which beat all the records 
th a t he had heard of. The question of galvanic 
action between the brass liners and the steel in  the 
shaft had also been referred to, and there was great 
difference of opinion as to the cause of the  corrosion 
betw een the  liners. T he plan had now been adopted 
to a great extent of lining the propeller shaft w ith  
brass from end to end. In  connection w ith  th is 
point, one of the m em bers at Cardiff brought for­
ward a theory th a t the m ere fact of reducing the  
shaft betw een the  liners was a bad th ing  in  itself. 
The m em ber held th a t by breaking the section of 
the shaft they  were doing it an  injury, and m aking 
it weaker th an  it would have been if parallel 
throughout, even if of sm aller diam eter. At their 
last m eeting a le tter was read from an engineer 
in  Australia who referred to the action of electricity 
in  th is connection, the re tu rn  current going back to 
the dynamo causing an action in  the stern  tube 
which led to corrosion. T he w riter of the le tte r 
said th a t the  corrosion after the in troduction of the 
electric light into the  vessel was very m uch m ore 
active th an  before. M r. M acfarlane G ray had told him  
of a controversy th a t had a ttracted  some a tten tion  
as to  the active corrosion going on in a large bridge 
in  America, and it was considered th a t the  activity  
of the  corrosion in  the iron work of the bridge was 
largely due to the  electric current acting on the iron 
due to  leakage. Mr. M ason, in  his paper, referred to 
th e  trip le and compound engines, pointing out th a t 
w ith  triple engines more power m ight be transm itted  
through  the  same size of shaft th an  w ith  compound. 
T hey knew th a t wrhen a compound engine was 
tripled they  could, according to the rule, piit m ore
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power through the same shaft. A sm aller diam eter 
of shaft was allowed for a trip le engine th an  for a 
compound of the same power, and Mr. M ason held 
th a t was wrong, and th a t the triple engine should 
no t have the advantage th a t was given to it by the 
Board of Trade ru le s ; he illustrated his contention 
by saying th a t a t certain phases in the  working of 
th e  triple engine they m ight have tw o-thirds of the 
power of the  engine thum ping the  blades on the 
water, while w ith  a compound they could never have 
more th an  one-half. I t  seemed to  the  speaker, 
however, th a t the  quality of the m aterial used was 
more in question than  the Board of Trade rules, and 
also the practice of running  ships in light trim . H e 
had taken some pains to ascertain the  percentage of 
propeller shaft failures during about four m onths 
running, and he found th a t there was a broken shaft 
every th ird  day. This was a heavy m ortality, and 
surely they ought to take some steps in  order, if 
possible, to get to  the bottom  of the trouble, 
w ith  a view to its correction. I t  had been re­
m arked by several m em bers th a t the  m ain cause m ight 
be set down to a suicidal policy of cheapness, and, in 
his opinion, a job th a t was w orth doing a t all, 
w hether new work or old, was w orth doing well, it 
was a saving in  the  long run, and lessened the  risk 
of a loss of reputation.

M r. J . H o w i e  (Member) said he had read these two 
papers w ith great in terest and pleasure and believed 
th a t young engineers especially would derive there­
from a great am ount of useful inform ation. B u t he 
did not agree w ith  w hat Mr. Nicholl said on page 8 
about the centre of resistance to the  power of the 
engine in  the  case of a vessel w ith  the propeller only 
partly  immersed, and held substantially the same 
view on th is point as th a t pu t forward by Mr. Younger 
in  the  course of the  discussion a t Cardiff. H e was 
not quite so sure as Mr. Nicholl appeared to be th a t 
steel shafts were going out of fashion, bu t advocated the 
use of ingot steel for this purpose. Mr. L aw rie had
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raised certain  objections to Mr. M ason racing his 
engines under the  circum stances explained on 
page 23 of the paper, bu t th is action on the p art of 
M r. M ason was in  the  natu re  of an  experim ent.

T he C h a i r m a n  : All I  know is th a t if M r. M ason 
or any other engineer opens his engines out and gives, 
them  sufficient steam  to drive them  at the  ra te  
of sixty revolutions in  sm ooth w ater, and after­
wards drives them  a t the  same speed in  a 
heavy head sea, I  say th a t th a t m an is no t fit 
to  take charge of a steam er’s engines. I f  M r. 
M ason did it as an  experim ent I  say it was a wrong 
th ing  to do. I t  does not prove anything to  m y 
mind.

M r. H o w i e  : If  you are speaking practically I  
agree w ith  you, bu t M r. M ason was try ing  an 
experim ent.

The C h a i r m a n  : An experim ent to break a 
s h a f t!

Mr. H o w i e  : B u t Mr. M ason secured his point 
by doing som ething th a t was wrong.

T he C h a i r m a n  : I  do not th in k  th a t any point 
was secured at all.

M r. F . C o o p e r  (Member) said it seemed to him  
th a t the question p u t before the  In s titu te  was, why 
had so m any propeller shafts broken in cargo 
steam ers as compared w ith  the  num ber th a t broke 
in  passenger steam ers ? Some said th a t it  w as 
because the  shafts in passenger steam ers were made 
of b etter m aterial, while others said th a t it was 
because th e  shafts of cargo steam ers were not so well 
looked after. B u t he thought the  real explanation 
was to be found in  the  fact th a t the engines of cargo 
steam ers were subject to  m ore racing th an  those of 
passenger vessels. In  a great m any cases cargo 
steam ers w ent to sea very light, so th a t it was alm ost 
impossible, even in a m oderate sea, to  keep the

c
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engines from racing, besides w hich they  were probably 
not docked so often, nor was the  stern  bush lined 
up so frequently. T he same rules held good, w hether 
of L loyd’s or the  Board of Trade, w ith  regard to 
both passenger and cargo steamers, and he did not 
see th a t there was any necessity for increasing the 
size of shafts. If  the same size of shaft th a t ran  for 
ten  or tw enty  years in  a passenger steam er was pu t 
into a cargo steam er w ith engines of the  same power 
and only lasted a m uch shorter period, he had no 
doubt w hatever th a t it was due to the  greater 
num ber of tim es th a t the engines of the cargo boat 
were racing, as compared w ith  the am ount of racing 
in  the  passenger vessel. H e did not suppose th a t 
the shafts of passenger steam ers were very m uch 
better th an  those of cargo boats, but as a rule 
passenger boats got better a ttention, and they were 
generally well loaded when they w ent to sea, so th a t 
they seldom m et heavy w eather when they were very 
light. B u t it was quite the rule for cargo or tram p 
boats to go through heavy seas in  very light trim , 
w ith the result th a t the propeller shafts suffered. 
T here was a great deal too in w hat had been said by 
the Chairm an about driving a ship in heavy weather. 
If w ith the engines m aking sixty revolutions in 
smooth w ater a ship made, say, twelve knots, and 
they found on getting  into heavy w eather th a t w ith  
the same num ber of revolutions the ship only made 
eight knots, th en  the sooner they  slowed down the 
engines to  the num ber of revolutions th a t should 
give eight knots the  better for the  engines, and they  
would get over the same distance in tw enty-four 
hours.

M r. W . H o u f e  (Member) observed th a t the practice 
of injecting oil or tallow into the  stern  tube had long 
been practised in  Norw egian steam ers, and he gave 
an instance w ith in  his own experience in  w hich a 
nickel steel shaft had suffered m uch less th an  a shaft 
m ade of iron. I t  had occurred to him  th a t one reason 
why the  shafts of tram p steam ers suffered more than
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those in  passenger steam ers was due to the construc­
tion  of the  propeller. In  passenger ships the pro­
peller was generally be tte r designed and constructed, 
while in  cargo boats it  was often roughly m ade and 
the  pitching of the  blades was irregular.

T he C h a i r m a n  showed a drawing of a shaft w ith  
a liner fitted the whole length, and said th a t after 
th is  shaft had been runn ing  for three years and five 
m onths it was draw n and carefully examined, and, 
being found quite good and sound, was pu t back 
again. T he length  of the  liner on th is shaft was 
8 ft. 9 in., and the  diam eter of the  shaft, which was 
of w rought iron, was 14f in. T he liner was carried 
righ t into a recess in  the  boss and fitted w ith  an 
indiarubber ring, and there was no sign of nicking 
or fracture at the  end of the  liner. T his shaft— 
having been p u t back— would no doubt ru n  for 
another th ree or four years, unless som ething 
happened to  it. Besides fitting the liner the  whole 
length  of th e  shaft the  lignum  vitse was fitted the 
whole length  of the  bearing, and fitted in squares, 
no t in  parallel lengths. In  th is particu lar case there 
was certainly no difficulty in  drawing the  shaft.

M r. J .  T. S m i t h  (M ember of Council) said 
th a t M r. Nicholl, in  discussing the  causes of shaft 
failures, said, “ I  am  aware th a t m any engineers are 
inclined to  p u t the  failure down to chemical action 
betw een the  brass liners on the shaft and the steel 
or iron, b u t th is has always appeared to  m e to be at 
least very doubtful.” H is (Mr. S m ith ’s) view was 
th a t there was no doubt about it a t all, and th a t this 
corrosion was a very real and a very serious thing. 
Unless some special precautions were taken to  guard 
against it  he believed it would soon cause trouble in 
a shaft. There were m any ways of try ing  to stop it, 
and one m ethod was by m eans of pain t, b u t to  get a 
good coating of pain t betw een th e  liners it would 
have to  be done very carefully, and it was not easy 
to get it done in  dry dock w hen they  were usually 
working against tim e. B u t w ith  the m etal

c  2
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thoroughly well cleaned he believed th a t th ree or 
four coats of good pain t properly applied would 
stop the  corrosion between the liners. W ith  regard 
to the  corrosion at the  end of the liners, the author 
would have added greatly to  the  value of his paper 
if he had told them  w hat precautions had been 
taken in  the  shafts th a t had come under his notice 
to stop th a t grooving or p ittin g  which w ent on 
and which doubtless accounted for some of the 
breakages. The question had been asked w hether 
the present shafts were large enough. T he fact 
th a t they broke showed th a t they  were no t strong 
enough. Probably they were large enough if they 
were m ade of good m aterial, but they  were not 
all m ade of good m aterial, and considering th a t 
the present m ethod of forging was likely to  go on 
for some years to come they had better have the 
shafts a little  b it larger and give the  ships a chance. 
A question was raised at the last m eeting about an 
outer bearing, b u t his view was th a t they were 
well rid of the  outer bearing, because while it was 
well able to support the shaft in a vertical direction 
it was worse th an  useless as a support to the  shaft 
a t the  sides, and every tim e the rudder was put 
hard  over either way the  rudderpost was bound to 
go in  the opposite direction. If  they had an outer 
bearing th a t would not give sufficient support side­
ways it only added to the  risks of breakage.

The C h a i r m a n  said it was quite evident to 
everybody th a t the outer bearing as it was applied at 
one tim e would not do, and the idea now was for 
some sort of arrangem ent to be designed w hich 
would furnish an  outer bearing independent of the 
rudder. They all knew th a t the rudderpost was the 
last place in w hich to pu t a bearing, especially 
since the  introduction of steam  steering gear. Mr. 
Nicholl advocated increasing the size of the  shafts, 
bu t M r. Austin, L loyd’s surveyor at Glasgow, w ro te : 
“ A fact which should not be overlooked, and which 
is obtained from statistics, is this, th a t a large
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num ber of shafts whose streng th  is from 30 per 
cent, to  40 per cent, above the  rules of the Board 
of T rade and L loyd’s Register, have failed w ith in  
tw o years of the  tim e they  were fitted .” This 
being so, w hat was the  increase in  the  size of 
th e  shafts to be—how far was it to go? One 
gentlem an at Cardiff suggested an increase of 100 
per cent. Of course they  could go on increasing 
sizes, b u t if for some vessels an  increase of 30 or 
40 per cent, was no t enough, while o ther vessels 
w ith  an  increase of only 8 or 10 per cent, could 
ru n  satisfactorily, i t  seemed to  be quite evident 
th a t  there was som ething wrong w ith  the  vessels in 
w hich the  30 or 40 per cent, increase proved in ­
adequate— som ething w rong in  the  m aterial of the  
shafts or in  the  vessels themselves.

M r. A t k i n s o n  (Member) believed th a t  the  expla­
nation  of so m any shafts breaking was to  be found 
not in  the shafts them selves, bu t in  th e  ships. W hen  
th e  propeller shaft was fitted in  a ship it was 
placed properly in  line, b u t after th a t ship had been 
loaded w ith , say, an  ore cargo, she probably sagged 
4 or 5 in. in  the  middle. H e  had m easured a 
loaded ship th a t was 4 in. lower am idships th an  
before she commenced to  load. Supposing there 
was a distance of 150 ft. between the  crank shaft 
and the  propeller, where was th a t 4 in. to  go to  ? 
Som ething m ust be out of line.

T he C h a i r m a n  said there could be no doubt th a t 
the  condition of a ship had a great deal to do w ith 
th e  running  of a shaft. Mr. Adamson had spoken 
about a propeller shaft bearing th a t  was over 1 in. 
down. H e (the Chairman) had had experience w ith  
a bearing th a t was I f  in. high, due to  the  vessel 
having stranded, and th is particular bearing was the  
one next to the  crank shaft. They, however, did 
th e  best they could w ith  it, and w ith  the shaft in 
th is  condition the  ship came home w ith  the  engines 
working a t full speed from P ortland  (Maine) to



VOL. X II .] 3 8 [ n o s .  x c .  &  XCI.

Liverpool. The fact th a t they were able to do this 
said som ething for the quality of the shaft.

M r. J . T . S m i t h  : And it says som ething for the 
holding down bolts.

T he C h a i r m a n  : I  know we had some trouble to 
get them  out. W e had to resort to  the  Yankee plan 
of blowing them  out.

M r. J . S t u r r o c k  (Visitor) said it m ust no t be 
supposed th a t the racing of engines was lim ited to 
tram p steamers. H e had seen a P . & 0 . steam er 
racing quite as badly as the  vessel in w hich he was 
engaged, w hich was a cargo steam er w ith  w ater 
ballast tanks.

The discussion was then  adjourned un til the 
second M onday in  November.

D IS C U S S IO N  C O N T IN U E D .

58 R o m f o r d  R o a d , S t r a t f o r d , E .
M ONDAY, N O V E M BE R  12th, 1900. 

C h a ir m a n  :

M r . S. C . SAGE (M e m b e r  o f  C o u n c il ).

T h e  C h a i r m a n  : W e have m et th is evening to 
continue the discussion on Propeller Shafts. I t is 
a subject well worthy of the deepest thought and 
atten tion  of all societies and persons connected w ith  
those who go down to the sea in ships, or w ith  
steam  shipping, and it will be very gratifying to 
us all if, as the result of our various discussions, we 
are able to indicate some remedies for the defects, 
la ten t and otherwise, to w hich the authors of the 
papers have directed our attention . T he contention 
th a t the  frequent failure of propeller shafts is largely 
due to the underloading of ships, or sending them  
to sea in  too light trim , is a theory th a t has been
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advanced in  a good m any directions. On th is po int 
M r. Nicholl, in  the course of his paper, quotes Mr. 
A ustin, L loyd’s Surveyor at Glasgow, who sa y s :

“ I t  is known th a t in  regular lines of steam ers 
w hich are always well loaded the  num ber of tail 
shafts which break at sea is com paratively small, 
and in  m any instances such failures are due to  the  
propeller striking some object such as wreckage. 
On the  o ther hand, it is am ong tram p steam ers and 
liners w hich ru n  a large portion of their voyages 
in  w ater ballast th a t  the  large proportion of failures 
take place.”

T here is one of the  nautical journals th a t has 
m ade a quarterly  notification of all th e  failures of 
propeller shafts in  the m ercantile m arine, and this 
journal m akes it a very strong point th a t these 
failures are m ainly on account of the  vessels being 
in ballast so th a t their propellers are only partly  
immersed. There certainly appear some good 
reasons for the  theory  p u t forward, and I  agree w ith  
the theory, th a t the  lightness of the ships 
is the  great cause. T he failures occur chiefly in  
tram p steam ers, often in  sm ooth w ater and in  the  
finest w eather, and there is no doubt th a t the 
com parative im m unity  enjoyed by liners is due to 
th e  fact th a t the  necessities of their em ploym ent 
cause them  to be loaded on both  outw ard and hom e­
ward passages. In  m y opinion, it is more a question 
of m oney th an  anything else. If  in  the  first instance 
owners would procure the best shafting th a t m oney 
can buy, and th en  spend the m oney necessary for its 
proper m aintenance and exam ination, we should not 
have nearly so m any failures. B u t as I  have already 
said once in  the  course of th is discussion, there is 
really no inducem ent for any ordinary steam ship 
ow ner to  pay heavily, or any th ing  extra, for having  
the  best quality of m aterial. B y his contract w ith  
the underw riters he is indemnified against practically 
everything th a t ’m ay occur, and the  owner of an 
ordinary tram p steam er has a very strong objection 
to  paying ex tra for anything th a t is not really
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necessary. The ordinary shipbuilder is induced by 
the  stress of com petition to cut down the  cost of 
every part th a t is pu t into a ship, and therefore it all 
comes back to a question of pounds, shillings and 
pence. The forging is made of common scrap, and 
it is not possible at the price to elim inate all m ixture 
so as to get a shaft of one m aterial only. Scrap iron 
and scrap steel of various qualities are compounded 
together to m ake the  forging, and the forgings are 
m ade by the  m en at so m uch per ton. Indeed, the 
price paid to the workm en has been cut down until 
it is now at the irreducible m inim um , and from th a t 
tim e onward every operation th a t the shaft undergoes 
is a question of the  lowest possible cost. The stress 
of com petition is so great th a t for ordinary cargo 
steam ers the  cheapest article is used in nine cases 
out of ten. I  feel sure th a t the engineering and 
shipbuilding ta len t of th is country could produce the 
best article in  the world, b u t it m ust be rem unerative.

M r. W . L a w r i e  (M ember of Council) : T here is 
just one point in  connection w ith  this ra ther wide and 
comprehensive subject upon which I  should like to 
say a word, and th a t is the trea tm ent to which shafts 
are subjected after they have been fitted in steamers. 
I  quite agree w ith w hat has been said as to the 
im portance of getting  the  best m aterial and the 
best workm anship—th a t of course is absolutely 
necessary—but it is equally im portant th a t the shaft 
shall afterwards be very carefully treated. I t  has 
been stated here during the discussion th a t in  some 
cargo steam ers the shaft has been allowed to wear 
down half an inch before the bearing has been lined up. 
I f  the propeller shaft and the bearings were of 
m oderately good m aterial m y experience would lead 
me to believe th a t a shaft would not wear down to 
th a t ex ten t un til after it had been runn ing  for 
some years, bu t the  failures dealt w ith in the papers— 
at any rate, those dealt w ith  in  M r. N icholl’s paper— 
occurred for the m ost part w ith in  a very short tim e 
after the shafts had been fitted in  the vessels, so th a t
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if these shafts had worn down in  th is short tim e to 
any such ex ten t as th a t suggested—three-eights or 
half an  inch— there m ust have been som ething 
radically wrong. I  cannot believe th a t the  m aterial 
was very good. At a previous m eeting Mr. H ulm e 
spoke of overdriving engines in  heavy seas, owing to 
the request sometimes received from the bridge to 
“ give her a little  m ore.” Of course if an engineer 
is guided entirely by the wishes of the  bridge, well, 
the  chances are th a t he will soon ru n  him self into 
trouble. I  suggested at a form er m eeting, easing th e  
vessel down in heavy w eather to som ething like a 
proportionate speed—th a t is, having regard to  the  
force of the  wind and sea, b u t a t our last m eeting 
one of our m em bers, referring to a voyage w hich he 
had m ade somewhere up the P ersian  Gulf, said th a t 
if he had th is  kind of th ing  he would never have got 
to the  end of his journey. I  do no t care, how’ever, 
w hat m aterial you p u t in  a vessel, if an  engineer’s 
first consideration is the  arrival of h is ship in  port a t 
a certain tim e. W ith o u t considering w hat his 
m achinery will reasonably bear in  the  varying con­
ditions of sea and w eather, he is very likely to 
have a failure of his propeller shaft. W e all know  
th a t if a vessel is to pay it m ust m ake a certain 
num ber of voyages in  the  year, w hich is a great 
incentive to  drive her in  rough w eather, b u t th en  on 
the  o ther hand  it has been said th a t w ith  the  present 
system  of m arine insurance it  is an  easy m atte r for 
a shipowner to replace a fractured shaft. I  hardly 
th ink, however, th a t th a t is a fact, because under­
w riters will soon find out those vessels w hich break 
their shafts very frequently and increase the 
prem ium s in  respect of them . N oth ing  tells more 
quickly th an  th a t which touches a m an ’s pocket.

T he C h a i r m a n  said th a t M r. L aw rie had spoken 
of the  trea tm en t of shafts on board ship as though 
the ship’s engineers had the  whole care of a shaft, 
b u t no engineer on board ship was allowed to say, for 
instance, w hen a shaft should be draw n and examined, 
or when a bush was to be re-wooded. W ith  regard
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to w hat had been said about a bearing being half an 
inch down, it was well known th a t a classification 
society would not pass a shaft th a t was down to th a t 
extent. H e had had through his hands recently the  
particulars of a steam er th a t w ent into dry dock at 
New York, and her bush was found to be seven- 
eighths of an inch down. I t  was not suprising th a t 
w hen the  shaft was draw n it was found to be cir- 
cum ferentially fractured and was condemned. Mr. 
L aw rie had also spoken about insurance premium s. 
Possibly it was not known to Mr. Law rie and the 
m ajority of engineers th a t steam ers of the cargo or 
tram p class were insured at very m uch higher rates 
of prem ium  th an  those charged on steam ers of the 
liner class. If  it were not so underw riters could not 
m ake any profit a t all. In  m any cases they did not 
m ake m uch now. Insurance prem ium s were, he 
thought, com m ensurate w ith  the risks, and they had 
been increasing w ith  the risks, bu t w hat they w anted 
to  ascertain as the result of this discussion was w hat 
did they th ink, as practical m en, was the cause of so 
m any shaft failures in  a certain class of sh ip s '? Of 
course, the liners did not experience entire im m unity  
from failures, bu t practically they did, owing to the 
superior and more costly work and m aterial used 
upon them , and owing also to the better supervision.

M r. W . L aw rie : W hen I  spoke about the tre a t­
m ent of shafts after being fitted on board ship, it  was 
no t in  m y m ind th a t a ship’s engineer has any say as 
to w hen a shaft shall be drawn. W h a t I  had in  my 
m ind was w hat had been said by M r. H ulm e about 
a message coming from the bridge : “ C an’t  you give 
her a little more ? ”

The H o n . S e c r e t a r y  (Mr. Jam es Adamson) 
said th a t in the  course of his opening observations 
reference was made by the Chairm an to one of the 
nautical journals which m ade a quarterly  notification 
of all the failures of propeller shafts in the m ercantile 
m arine. T he journal in question was possibly the  
Syren and Shipping, and he laid on the table a copy
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of the  issue for October 10, 1900, which contained a 
list of shaft failures during Ju ly , August, and Sep­
tem ber. T he same num ber also contained a leading 
article on the  subject, and there were some parts of 
it w hich he thought were w orth  reading in  connec­
tion  w ith  the present discussion. H e had from o ther 
sources counted up the  shaft failures reported, and 
found these to  average from two to  three per week.

“ T he cause of these disasters is as regrettable as 
their frequency. I t  is paten t th a t the  propelling 
m achinery of m any steam ers is by no m eans of 
sufficient strength  to  w ithstand  the strains to which 
it is subjected. In  m aking this statem ent we have 
no desire to reflect on shipbuilders or those who are 
responsible for the supply of m arine engines. There 
is another factor w hich is relevant to the  case besides 
excellence of m aterial and reliability of workm anship. 
The m anner in  w hich a steam er is used has m uch to  
do w ith  the  case, and again we m ust itera te  th a t the 
practice of sending vessels to sea in very light trim  
is largely accountable for these m ishaps to shaftings 
and propellers. Y et shipowners m aintain , and not 
w ithout some show of reason, th a t the  economics of 
m odern shipowning necessitate th a t steam ships shall 
m ake long ocean voyages w ith  no cargo on board. 
U nfortunately  the  vast m ajority of these cargo-less 
vessels have no t a sufficiency of ballast. There is a 
certain  provision in  the  cellular double-bottom  and, 
say, in  fore and after peak tanks for w'ater ballast, 
b u t the deadweight carried is no t adequate to im merse 
the  ship to a safe point. T he result is th a t, in bad 
w eather, the shafting is subjected to  strains which 
were certainly not provided for by the  engine m akers, 
and not reckoned w ith  by the classification societies. 
T he m arvel is, considering how the  propellers of these 
m etal balloons are, in  heavy w eather, revolving in air 
and w ater alternately, th a t shaft failures are not i in ­
separable adjuncts to  a w inter voyage in  light trim . 
Now, if these disasters are inevitable under present 
conditions, it  follows th a t they  can only be prevented 
by a modification of existing practices. In  o ther
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words, shipowners m ust cease to send their ships to 
sea light, or propelling m achinery m ust be provided 
of such strength  th a t it will no t give way under the 
trea tm ent to  which it is subjected. Already there 
are signs th a t betterm ent is in progress. T he new 
rules provide for stronger shafting, while greater a t­
ten tion  is being paid to the  m aterial of which it is 
•composed. These are steps in  the righ t direction. 
B u t it is certainly strange th a t the  alternative course 
is not more generally adopted. W e cannot find that, 
as a rule, steam ers of recent construction are provided 
w ith  b etter facilities for the  carriage of w ater ballast 
th an  their predecessors of, say, six or seven years ago. 
N or do twin-screws seem m uch more popular. I t  is 
tru e  th a t for big passenger boats two propellers are 
m ore frequently supplied th an  hitherto . T his is 
largely due to the good sense of the  voyaging public. 
They know th a t a boat w ith tw in-screws is practically 
assured against a complete breakdown of her propel­
ling m achinery, and hence regarding th is type of 
steam er as safer, they look upon the  single-screw 
vessel w ith  a certain am ount of disfavour. This dis­
counting of single-screw7 boats has spurred shipowners 
not a little  towards building tw in-screw  vessels. T he 
cargo boat, however, is in general a single screw. 
She is m ore economical than  her sister provided w ith  
two propellers, and economy is the order of the  day. 
W hen  all is said and done, however, it is a very false 
economy which sends a vessel to  sea in  such a state 
th a t  the  risks of her prosecuting her voyage to  a safe 
•conclusion are m aterially enhanced. M uch of the 
work of the Adm iralty Court consists, as wre have 
pointed out before, in adjudicating upon salvage ser­
vices rendered to vessels w hich have been brought to a 
s tate of u tte r helplessness by shaft breakage or loss of 
propeller. F o r these disasters and delays the  under­
w riters of course pay, bu t as they  reim burse them ­
selves for their losses by increased prem ium s, it follows 
th a t the  economic w aste due to shaft failures is a tax 
•on our shipping industry in  general. At th is stage 
■of the discussion of this im portan t subject it is un-
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necessary to do more th an  state th a t the  ligh t ship 
evil is the  cause of the bulk of breakdowns w hether 
happening to light or loaded ships. T hus the practice 
of sending underladen vessels to  sea m ay bear disas­
trous fru it w hen least expected. These breakdowns 
jeopardise property and also life, and in  the  interests 
of the  safety of life at sea it is advisable th a t legisla­
tive action should be taken  to check a practice which 
grows more common each year.”

The C h a i r m a n  said th a t reference had been m ade 
to the  im portance of taking care of shafts after they 
were fitted on board ship. T he m ost extraordinary 
th ing, in th is connection, th a t he ever heard in  his 
life was told him  by the  superin tendent engineer of a 
line of passenger steam ers m aking short voyages. 
This gentlem an told him  th a t w hen he succeeded the 
previous superin tendent he found th a t in  one steam er 
all the  tunnel bearings had gone down to such an 
ex ten t th a t they  were about an inch too low. They 
had worn righ t through the  m etal and the flange of 
th e  tunnel blocks, so th a t they  had to renew  the 
whole of the blocks in  the  tunnel. R unning  under 
these conditions had apparently  had no effect on the 
tail shaft, b u t according to the engineer of the ship 
the bearings took a little  more oil. On the question 
of the  risk of runn ing  steam ers insufficiently loaded, 
the  Chairm an referred to the case of a steam er th a t 
would carry 5,500 tons deadweight engaged in the 
A tlantic trade. T his vessel m ade frequent voyages 
w ith  only 700 tons of w ater ballast and bunker coal, 
and in  th is trim  her propeller boss was just awash. 
There was no trouble w ith  any of her bearings, and 
no w arning or signs of coming trouble, bu t on one of 
her voyages the  propeller shaft broke clean off a t the 
after end of the  after liner. T he diam eter of the 
shaft was 13J  in. and a sim ilar set of engines in 
another ship had worked a shaft 12J in. in 
diam eter. I t  appeared from th is case th a t increasing 
the  diam eter and streng th  of the  shaft was no t an 
adequate protection w hen a vessel was persistently  
driven across the ocean insufficiently loaded.
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M r. J . B. J o h n s t o n  (Member) suggested th a t th e  
increase in  the num ber of accidents to propeller 
shafts was due in  a large m easure to the great in ­
crease in  the num ber of steamers. The larger 
num ber made it more noticeable, but was the  pro­
portion of accidents so m uch larger ?

Mr. T. F . A u k l a n d  (Companion) said it seemed 
to him  there could be no doubt th a t the  real question 
in  th is m atte r was one of pounds, shillings and 
pence. I t  was a question w hether the shipowner, in 
the  first instance, would pay for the  best m aterial, 
and secondly, w hether he had a shore superintendent 
engineer who was sufficiently particular about the 
m en whom  he employed. In  the  olden times, when 
one of the old sailing ships came hom e practically 
everything was taken out of her. E very th ing  was 
thoroughly overhauled, and everything required in  
the  way of renewals or repairs was carried out 
before the vessel again w ent to sea, the  result being 
th a t they very seldom heard of an accident happening 
to  a vessel of this class. Now steam ers had to a 
great ex ten t taken the place of sailing ships, and he 
knew several lines of steamers, which had very good 
superintendent engineers, w hich ran  com paratively 
free from accident. In  the  case of one fleet of 
steam ers he was asked if he knew w hat percentage 
of those ships the owners placed aside as an insurance 
fund, and he was very m uch surprised indeed w hen 
he was told “ only 2 per cen t.” W ith  th is provision 
for insurance the owners had not only saved m oney 
bu t they had actually built a num ber of steam ers out 
of the  profits of the 2 per cent. T he freedom of a 
steam er from accident depended in  a great m easure 
upon th e  m oney th a t was expended in  the  first 
instance, upon her being properly looked after, and 
upon her no t being worked too hard. W ith  regard 
to  prem ium s of insurance there could be no doubt 
th a t well found and well kept ships, such as he had 
been referring to, were insured for 2 or 3 per cent, 
as against 8, 10, or 12 per cent, for vessels of the
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other class, so th a t underw riters did take the increased 
risk in to  consideration. They had a private book 
w hich gave them  the  history of every steam er belong­
ing to  every line. Before they insured any steam er 
they  referred to this book, and in  assessing the  
prem ium  to be charged for such insurance they  were 
guided by the  previous history of the  vessel. There 
could be no doubt, however, th a t a very serious 
question in th is m atte r was the  num ber of vessels 
th a t w ent to sea in  ballast trim , w hen of necessity 
th e ir engines were m ore likely to race th an  if they 
were more deeply loaded, and they  had to find a good 
deal of fault in  th is respect w ith  vessels crossing the 
A tlantic. H e also strongly deprecated the  m odern 
system of om itting  to furnish  steam ers w ith  spars 
and sails, and if it  was necessary th a t steam ers 
should only have pole m asts, he really did th ink  th a t 
they  should be provided w ith  all the  requisite fasten­
ings for spars, and th a t spars and sails should be 
carried on board so th a t they  m ight be used if 
required. I t  was his conviction th a t some steam ers 
had foundered after breaking their shafts simply 
because they  had not the  power to  help themselves. 
H e  knew  one case of a steam er w hich broke her 
shaft, where the captain, by utilising boat coverings 
and every scrap of canvas to be found on board, im ­
provised sails by m eans of w hich—in  addition to  the 
schooner rig w hich he already had—he sailed his 
ship some 1,800 miles and brought her safely into 
port. H e thought steam ers should be compelled to  
carry some spars w hich could be used in  an  em er­
gency, and, referring to a new steam er recently in 
one of the T ham es docks, he quoted the strong  
recom m endation of an experienced shipm aster th a t  
she should be barque rigged. A nother point was the 
disadvantages of the  flat bottom  w ith  w hich steam ers 
were now  built, as compared w ith  th e  old keel 
bottom s. There was no doubt th a t a steam er w ith  
a keel bottom  was m uch be tte r off in  a seaway. She 
certainly steered m uch better, and was m uch m ore 
manageable, having far greater grip of the  water.

r >
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M r. W . M c L a r e n  (Member of Council) said it 
had been very truly stated by more th an  one speaker 
in  the  course of th is discussion th a t it was largely a 
question of pounds, shillings and pence, and he 
though t th a t shipowners were them selves the  greatest 
victims of their own niggardliness in  the  building, 
upkeep and equipm ent of their vessels. W ith  regard 
to  propeller shafts he was in  favour of liners being 
dispensed w ith  altogether, and the  bearings lubricated. 
I f  good m aterial was used, and the  shafts, after being 
fitted, were taken care of, it would not be necessary 
to  m ake them  of increased dimensions.

The C h a i r m a n , replying to a question by M r. J . T. 
Sm ith, stated th a t the Norwegians had fitted nearly 
all their m odern ships w ith  linerless shafts running  
in  a lubricated stern  tube, and the D anes followed 
th e  same practice. Some of these steam ers were 
running  w ith  white m etal bushes and some w ith  cast 
iron bushes, and they had a stuffing-box outside to 
keep the  oil in. Some Scandinavian vessels fitted in 
th is way had been runn ing  for ten  years w ithout any 
fracture having occurred. H e was him self fitting a 
sm all steam er in  the  same way in order to see how it 
would work, b u t he was using solid oil because he 
had no stuffing-box on the outside. H e had a com­
pression box in  the  after part of the  tunnel, which 
forced the grease through until it  completely filled 
the  tube. The engineer had told him  th a t thus far 
th is  steam er had proved the  quietest racing ship 
he had ever been in. H is instructions to the engineer 
were to keep the tube full of oil un til it commenced 
to  exude at the  end. H e  need scarcely add th a t he 
should watch very closely the  perform ances of this 
little  steam er, and when she was pu t in  dry dock he 
would have very m uch pleasure in  affording the 
m em bers of this In s titu te  an opportunity  of inspecting 
her. Mr. A isbitt, in  a paper read before the In stitu te , 
in  discussing the  causes of slight fractures found in 
shafts th a t had no t broken, was at first inclined 
to  attribu te  them  very m uch to chemical action, bu t
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apparently  he had since abandoned th a t view and 
a ttribu ted  the  failures entirely to m echanical action. 
H e  (the Chairm an) thought this la tte r view the correct 
one. H e  also thought th a t the  Swedes were righ t, 
and th a t  the linerless shaft was the proper thing.

M r. S y m o n d s  : W ith  reference to th a t little 
steam er which the  Chairm an spoke of, does he con­
sider th a t  the  lubrication of the  shaft would be any 
good unless there was a gland outside ?

T he C h a i r m a n  : W ith  a solid lubricant, yes. I  
should say th a t ordinary oil, w ithout any attachm ent 
on the  outside, would have a tendency to escape and 
float away. All the N orw egians have a box fitted for 
the  lubricant.

Mr. J a m e s  A d a m s o n  (Hon. Secretary) said th a t 
one of the  com plaints made both here and at 
Cardiff was th a t light steam ers ran  w ith  their 
propellers partly  in air and partly  in water, instead of 
being wholly in water. Apropos of this com­
plaint, he was rem inded of w hat was told him  
recently by one of their m em bers who stated th a t a 
steam er was going down the  coast very light, bu t 
owing to the  condition of the  w eather, instead of 
m aking headway, she was m aking sternw ay and 
leeway. The captain  and the chief engineer had a 
consultation, the  resu lt of which was th a t they 
agreed to flood the  ship. They accordingly flooded 
the ship until they  got her sufficiently im mersed to  
give her headway, and they were th en  enabled to 
bring the  ship safely into port. B u t for the flooding 
of th e  vessel in  th is way she would probably have 
been lost w ith  all hands. There seemed therefore 
ground for com plaint th a t ships were sent to sea 
too lightly laden. A nother point raised was th a t 
partly  laden steam ers were sent to sea, and th a t on 
getting  in to  a heavy seaway the  engines raced so 
abnorm ally th a t som ething was bound to go. T he 
shafts were weakened by the  persistent ham m ering 
and  thrash ing , and strains were set up in the  shafts

D 2
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which led to their u ltim ate breakage. B u t there was 
another cause which seemed to contribute to shaft 
failures. H e had heard of steam ers runn ing  on the 
coast some years ago in which the m ortality  am ong 
the shafts was noticeable. An order was issued th a t 
the captains were to be more careful in the  orders 
th a t were given to the engine-room—th a t orders for 
sudden reversals from “ full speed ahead ” to  “ full 
speed astern ” should be as few as possible, and since 
th a t order was issued the m ortality  among the shafts 
had been m uch less. At the  recent annual dinner 
Mr. Dunlop referred to the flexibility of ships, and 
there was no doubt th a t the flexibility of our steam ers 
did add to the breakage of propeller shafts. The 
C hairm an had referred to th e  case of a ship w here 
the bearings wore down abnormally, and he (Mr. 
Adamson) had in m ind a case where, on the first 
voyage of a steam er, the bearings wore down almost 
as much. H e attribu ted  this circum stance to the fact 
th a t the shafting was pu t into the ship when she was 
on the  stocks. W hen  she was afterw ards floated she 
probably altered her form or trim  in some way so th a t 
the shaft became out of line, bu t since her first voyage, 
after the bearings were overhauled and re-adjusted, she 
had given no further trouble. Then there was a com­
plaint of the w ant of inspection or supervision in  allow­
ing shafts to run  too long w ithout exam ination. Years 
ago it was quite common to see shafts down three- 
fourths or seven-eightlis of an inch w ithout being 
drawn, but now the rule was “ three-eighths down 
or three years.” If  a shaft was three-eighths down 
it was examined, and if it had not worn down to 
th a t extent it was examined every th ree years. H e  
had found this rule to work very well in  practice, 
inasm uch as he had never in  the  com pany he served 
had a propeller shaft break at sea. W ith  regard to 
the life of a shaft, the longest tim e th a t he had seen 
a shaft running  in his experience was sixteen years, 
although he had heard of a shaft runn ing  for tw enty- 
six years. A nother point was the  bad scrap iron, or 
the m ixture of steel and iron, th a t was used in  the
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m anufacture of shafts. H e thought they were p re tty  
well agreed th a t where proper care was taken in 
m aking up the scrap, an  iron shaft built up from 
good scrap would do very well. In  some cases forge- 
m en occupied too short a tim e in  m anufacturing a 
shaft, and if there was such hu rry  in the  m aking it 
could not get th a t supervision which it would other­
wise obtain.

The following points m ight be noted in  connec­
tion w ith  the  m ortality  of shafts, as affecting causes :

I. L ig h t steam ers runn ing  w ith  the propeller 
partly  in  air and partly  in  water.

II . P artly  laden steam ers runn ing  in a seawray 
w ith  engines racing.

I I I .  S team ers runn ing  on routes where the 
engines are subjected to frequent and sudden 
reversals.

IV . Steam ers runn ing  w ith  varying loads, 
especially where the  scantlings are light, th is giving 
flexibility to  the structure and bending strains to 
the  shafting.

Y. S team ers runn ing  too long betw een the 
exam ination and lining up of the shafting, or writh  
too small a m argin of strength .

V I. Steam ers runn ing  w ith  shafting out of line.
V II. Steam ers runn ing  w ith  shafting inherently  

weak by reason of faulty  m aterial, w orkm anship, or 
local corrosion.

T he C h a i r m a n  then  declared the  discussion 
closed, and announced th a t a t the  next m eeting, to 
be held on Novem ber 24, the subject for discussion 
would be the  paper read before the  N orth -E ast Coast 
In stitu tio n  of Shipbuilders and E ngineers on “ The 
B ritish  Naval E ng ineer.”

A vote of thanks to the  Chairm an, proposed by 
M r. Aukland, concluded the  meeting.
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C o r r e s p o n d e n c e .
Mr. W . F . P i n k e r t o n  (Member) writes : H ow  to 

prevent propeller shafts from breaking is a difficult 
problem to solve, and one requiring the essence of 
the  collective experiences of every engineer who has 
ever had anything to do w ith  them . P rom  the 
papers and the discussion already published, it seems 
to m e th a t nearly everything th a t is w orth saying 
has already been said by experienced m em bers of the 
In stitu te . I  am in favour of heavier propeller shafts 
to  the  ex ten t of 50 per cent. A linerless shaft is 
ideal provided the corrosion can be prevented. F rom  
the evidence of some of the m em bers in discussion, 
th is seems to be quite feasible. I f  the Norwegian 
steam ers can ru n  their shafts in  oil, th en  we should 
also be able to do so.

M r. Law rie, a t the  m eeting w hen I  was present 
before sailing, passed round a sketch of a shaft w ith  
one long l in e r ; the idea is good, and if we could be 
sure of sound w orkm anship, w ith  the liner carried 
inside the  boss (provided the shaft has a big factor 
of safety) no trouble should be experienced either 
from chemical action in  the stern  tube or outside of 
it. No doubt the m ortality  is greatest in  steam ers 
of the tram p class, and unless we have either heavier 
shafts or a Board of Trade m inim um  load line the  
m ortality  is bound to go on.

Could no t some of our em inent engineering 
chem ists compound a substance th a t would defy the  
chemical action which seems to  take place ?

There is little  need to go over the  questions th a t 
have already been thrashed out in  discussion, unless 
it be to add weight to the  great need of revolution in 
the  diam eter of shafts. Mr. N icholl’s form ula of 
“ submerge the p ropelle r” is perhaps the  best way 
out of the difficulty, bu t th is cannot be easily 
attained by shipowners a t all times.

As already suggested by one m em ber, I  th ink  a 
num ber of questions draw n up in  the  form of a 
voting paper should be passed round the  m em bers of 
the Institu te , and the results published, so th a t we
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m ight have the united voice of our own m em bers 
throughout the world on the  subject w ith  a view to 
obtain a m ajority opinion on the causes contributing  
to the  breakages and the remedies suggested. I  
was well pleased to  be able to a ttend  one of the  
m eetings ; it is so seldom th a t I  have had the oppor­
tun ity  of attending. I  m ake up for th is by reading 
up the  Transactions. ______

Mr. J o h n  R .  R u t h v e n  (M ember of Council) w rite s : 
To save the  screw shaft to some extent and to add 
an extra propelling power I  propose th a t abaft the  
th ru s t block a centrifugal pum p should be fitted on 
the shaft. T his pum p to draw w ater from the  sea 
or bilge, and discharge overboard in such a way as 
to get the  full effect in  propulsion. T his pum p 
would be m ost valuable in  preventing racing. In  
the case of a breakdown of the  propeller or shaft the 
w ater je t would th en  take up all the power of the  
engines, and the  ship could proceed on her voyage 
w ithout the  great delay and danger due to to tal 
helplessness. As a bilge pum p the  powrer of th e  
centrifugal pum p w'ould be of great service in  case of 
a serious leak. Suitably arranged a leak th a t m ight 
sink the ship in  an hour or less could be kept under 
and the  ship propelled at the same tim e. B y the  
addition of a centrifugal pum p on the  m ain screw 
shaft, a single screw ship would practically have a 
second m eans of propulsion, and so in effect would 
be superior to a twin-screw, for when one set of 
engines of a tw in-screw  break down, there is only 
about half power left to propel the  ship, while w ith  
suitable arrangem ents the whole power of the ship 
could be used on the  centrifugal pum p when the 
screw was out of use, and so the  full effect of the  
power of the  engines would be used by the w ater jet. 
T he efficiency of the w ater jet would entirely depend 
on its m ethod of application, b u t at any rate , it 
would be quite equal to the  screw propeller in  bad 
w eather, and the worse the  w eather the be tte r the 
jet compares w ith the  screw.
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T he following are reports of three notable in ­
stances of broken propeller shafts which have been 
repaired at sea, and it has been considered desirable 
to include these records in the Transactions of the 
In stitu te , as illustrating the expedients which wrere 
adopted to overcome the difficulties in  the  way of 
m aking good the propelling power in the  steam ers 
referred to after the shafts broke, thus saving the 
owners and underw riters from serious claims :

SS. “ A T H E N A .”

About m id-way between St. H elena and T ristan  
d ’Acunha, in  the m onth  of July , the Athena  
(Captain W . Jones) broke her propeller shaft when 
bound for B ahia B anca from Algoa Bay, and before 
the  repairs were effected she had drifted north, and 
on m aking for port arrived at Bahia, San Salvador, 
considerably out of their course.

The shaft broke just as darkness was setting in 
on Ju ly  9th, and on exam ination it was found th a t 
the  fracture had occurred in  the stern tube, breaking 
it also, and exposing the damaged shaft in the last 
fram e of the after peak, so th a t it seemed almost 
hopeless to repair it.

T he ship was provisioned for five m onths on 
starting  the voyage. Of these three m onths had 
expired, and it was decided to reduce the rations to 
one-third allowance, while the engineers engaged 
them selves to try  and bind the  broken portions of 
the  shaft to g e th e r; and during the tim e—thirty-five 
days—thus occupied, not a sail was sighted.

The chief engineer, Mr. Shepherd, on consider­
ing the  best way and m eans to set to work to repair 
the damage, found that, owing to the  contracted 
space, only one m an could work at a tim e, while the 
donkey engine would have to be kept going to pum p 
the w ater coming through the stern  bush. However, 
the work was agreed upon and at once commenced
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and carried out successfully in the following m anner. 
S tanchions wTere taken from the  holds, forged and 
dressed, to form keys and b a n d s ; bolts were taken 
ou t here and there from  the  feet of the engine 
colum ns to secure the  bands, and a sleeve of quarter 
steel plate was m ade to fit closely to the shaft, every 
detail of the work being thoroughly done. M ean­
tim e the two ends of the broken shaft were examined, 
keyways were cut into them  ready to receive the 
keys w hich were being forged to bind the  broken 
portions together, and the stern  tube being a t the 
same tim e cleared away to  give sufficient room for 
the binding sleeve and bands to tu rn .

W hen  all the keys were fitted the open fracture 
was wedged w ith ^--in. and -f-in. iron and m ade solid, 
and over all and through was ru n  p a ten t m etal. The 
shaft was then  sheathed w ith  the sleeve and bound 
firm.

After weeks of anxiety and aimless drifting th irty - 
five miles aft daily, the  work was tested and the 
engines run  about half-speed, the  ship reaching port 
after about 900 m iles steam ing, and was safely 
moored in  harbour.

SS. “ B O E D E R  K N IG H T .”

T h e  Border K niglit, a B ritish  steam er of 2,392 
tons, sailed from P o rt N atal on Ju n e  9 th  in w ater 
ballast bound for New York, under com m and of 
C aptain Splatt. A splendid ru n  was experienced 
until Ju ly  2nd, when, in  L a t. 9° N ., Long. 53°'48' W ., 
it was discovered at 2.30 p.m . th a t th e  ship had lost 
her p ropelle r; the  shaft was also found to  be broken 
outside the  liner. All hands were turned  out at once 
and steam  reduced. T he second engineer (Mr. 
Campbell) w ith  the  aid of th ree of the  crew started  
to  disconnect the  one coupling, while the  th ird
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engineer (Mr. Findley) w ith three m en dealt w ith  
the other. M eanwhile the fourth engineer was pu t 
to work cu tting  and bolting a piece of angle iron 
across the tunnel, underneath  the forward end of the 
interm ediate shaft, and cu tting  away the  channel 
irons w hich the wheel chains ru n  in, to bolt across 
the after end of the shaft.

The after tanks were then  pum ped out and the 
fore peak filled w ith  water, bu t there being such a 
heavy swell on at the  tim e, it was deemed im prudent 
to draw the tail shaft. I t  was afterwards decided to  
fill the fore hold w ith  at least six feet of water, so as 
to bring down the head of the ship and elevate the 
stern. The whole staff of engineers worked until 
8 p.m . and on their watches up to 6 a.m. the  next 
day. T he shaft weighed quite four tons, and as 
there was only one 2-ton and one 1-ton tackle on 
board, they wrere somewhat handicapped. However, 
this difficulty was overcome. The stock of the Kedge 
anchor was brought into use, being carried into the  
tunnel and used as a ram . Holes were bored in  the 
tunnel top, tackles hung up, and the bulkhead gland 
removed at the after peak bulkhead. On the second 
day the interm ediate shaft was lowered, one end 
resting on the tunnel floor and the o ther resting on 
the angle iron. All the tackles were then  shifted so 
as to make ready for drawing in  the tail shaft.

W hen  th a t was finished—9 p.m .— all hands were 
rested until daylight on the th ird  day ; the  ship was 
kept head on to the sea by the aid of a sea anchor, 
bu t the  vessel dipped too m uch to perm it of any out­
side work being done on th a t day.

A plug w'as then  made of a wooden fender, which 
the chief engineer took down over the  vessel’s stern 
and inserted it into the sleeve, while the  second 
engineer w ith  the  crew drew in the shaft. I t  was 
drawn in past the channel iron. T he channel iron 
was put up again and the shaft balanced, one end 
being lowTered on the tunnel floor and the o ther end 
hove up. T he channel iron was th en  taken  down 
and the shaft low ered; the spare shaft was now got
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up in  like m anner and subsequently pushed into th e  
tube against the  plug. All hands on watches worked 
all n igh t getting  coupling bolts, etc., ready for use 
on the  m orning of the  fourth  day. T he shaft was 
pushed through, p lenty of spun yarn  being used, 
bound round the  screw to prevent it from getting  
damaged. At 9 a.m . the  spare propeller was lifted 
off the deck, pu t over the  port side, and at 11 a.m. 
was placed in the aperture and the  shaft pushed out.

After some trouble the  key was inserted, and by 
6 p.m . the  n u t ru n  on two threads. The engineers 
worked in  the  tunnel all th a t n igh t coupling up, etc. 
A t daylight the  chief engineer was lowered over th e  
stern  to the propeller, and succeeded in  screwing up 
the  n u t w ith  the  aid of a wire purchase from the  
after winch. At 11 a.m . he had the n u t in  its place 
and the pin  through the shaft, after w hich the  sea 
anchor was hove up and the  vessel proceeded to  
St. Lucia, being stopped only four days, three and a 
half hours. T he work was accomplished w ithout 
the  slightest accident. G reat praise is due to th e  
engine-room staff for their prom ptitude and energy, 
and to C aptain Splatt, the  chief officer (Mr. M athie), 
and the deck departm ent for their support and as­
sistance. T he work of setting the propeller was 
attended w ith  great difficulty, the chief engineer 
being submerged and jolted around by the  lifting of 
the  ship, causing the  blood to flow from his ears and 
nostrils. Chief Officer M athie, who was also over 
th e  stern  assisting in  the  work, was sw ept away, and 
his rescue was attended w ith  m uch difficulty. W hile 
a t th e  work they  were annoyed by the  sharks, and 
it was only w hen four had been caught, killed, cut 
in  pieces, and throw n overboard th a t the voracity 
of the  others was appeased, and they were able to 
proceed w ith  the work. Should a sim ilar case arise, 
it is advised th a t the aid of a sea anchor be dispensed 
w ith. T he chief engineer stated  th a t he preferred 
to  allow the  ship to roll instead of to dip, as work 
could be prosecuted m ore prom ptly and w ith  less 
danger.
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SS. “ F A Z IL K A .”

On February  6th, between M auritius and Colombo, 
the  engines of the F azilka  raced away so suddenly 
it was evident to the engineer on w atch th a t one 
of the  shafts had broken. On exam ination it was 
found th a t the  propeller shaft had given way in  the 
stern tube, and the outer end had ra n  out until 
brought up by the rudder post. A fter clearing away 
the broken pieces of the stern tube, the shaft was 
seen to be broken in  two places betw een the liners. 
T he ship was tipped, and the plating and fram e­
work cut away as necessary ; the m easurem ents then 
showed th a t it was impossible to m ake use of the 
Thom son paten t coupling which was on board. I t  
was determ ined, after the situation was discussed by 
the  engineers, to secure the broken ends of the shaft 
by using the high pressure and the spare crank- 
pin b u sh es ; these were therefore fitted and bound 
together by J-in . steel plates, the  shaft being pushed 
out from the tunnel to bring the two ends together. 
This part of the repair being effected, the next point 
was to m ake up the space left in  the tunnel shafting 
due to the  piece broken out of the propeller shaft, 
which m easured 2 ft. 6 J in . This space was left 
between the  coupling on the propeller shaft and the 
adjoining tunnel shaft coupling, and in order to fill 
this up a spar was cut and fitted in, the standards 
were removed from the W eir pum ps and bedded into 
th e  wrood and through the coupling bolt h o les ; a 
stanchion was also cut from the hold for the  same 
purpose, and three stretching screws ; the  whole was 
th en  bound together by chains. This occupied the 
tim e from February  6th  to 23rd, w hen the  engines 
were tried under steam  and the work tested ; the 
coupling, however, slipped and was m ade more secure 
by the addition of two pins a t each coupling, a 
fu rther trial resulting in  the  coupling again slipping. 
I t  was now decided to  cut the  short length of 
tunnel shafting and draw the couplings together by 
rem oving the piece of the spar and binding stays and
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chains. F rom  F ebruary  26th to M arch 7th, all hands 
were occupied in cu tting  the short length  of 
shaft, shifting the tunnel block bearing fu rther 
aft, securing it, and fixing the  Thom son p a ten t 
coupling on the short length  to  bridge over the  gap 
left. AVhen th is work was completed, another trial 
of the  engines under steam  was made, bu t the paten t 
coupling slipped on the  shaft, and in  the tigh ten ing  up 
the  nu ts the  flange gave w a y ; th is was u ltim ately  
m ade secure by m eans of four pins entered into the 
body of the shaft through the  coupling. At length 
their efforts were crowned w ith  success, and the  chief 
engineer, M r. L . Brown, and his staff had the  
satisfaction of seeing the  engines under way on 
March 9th, bu t on the  11th after steam ing 200 miles, 
the  strain  sheared the pins—probably caused by the 
propeller boss gland catching on the  outer stern  tube 
flange, and as the  shaft was draw n out, breaking the  
stern gland. T his damage being cleared away, the  
broken pins were renewed and the engines again 
started  on the  16th, w hen the coupling nu ts  started  
back. These being tightened up, nex t day they  again 
slackened baek, causing the  plates to give way. These 
were renewed, and the space inside the p a ten t 
coupling filled irp w ith  w hite m etal and on the  after­
noon of the  19th the  ship was again underw ay, and 
after steam ing 380 miles arrived at Colombo on 
M arch 28th.

The ship was under the com m and of Captain 
Goss. T he chief engineer, M r. L . Brow n, is a 
m em ber of the  In s titu te  of M arine Engineers.

M r. A. E .  S h a r p  (Member) : I  wish to m ake a 
few rem arks on the  diagram s of tu rn ing  m om ents in 
M r. M ason’s paper, and while sym pathising w ith  
him , knowing the  am ount of tim e they take to 
prepare, the  results obtained do no t agree w ith  the 
powers given in  the  paper. On casually looking at
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the  diagrams I  could not help noting th a t w hat 
purported to  he the m axim um  and m inim um  turn ing  
m om ents in  the two cases quoted, came out quite 
contrary to  w hat I  had usually seen, viz., the two 
cylinder engines giving a more uniform  turning 
m om ent th an  the  three cylinder engines.

I  have measured each of the diagram s w ith  the 
planim eter, and find their m ean heights to be 88'9 
for the red and 75'65 tons for the black diagram, 
and these figures should be the m ean tw isting 
m om ents, which they  are not. T he au thor has 
om itted one of the  dimensions from his scale of 
u n i ts ; undoubtedly it should be of two dimensions, 
as for instance, inch-pounds, foot-pounds, inch-tons, 
foot-tons, etc., etc. The indicator cards from which 
th e  diagrams are worked were taken when running 
ordinary speed as stated in the  second paragraph of 
p. 24, so th a t the  lesser powers and revolutions are 
assumed to be those from which the tu rn ing  m om ent 
diagrams have been compiled, namely, 1772 and 
1136 at 60 revs.

AVhere the indicated horse-power is known, the 
m ean tw isting m om ent is obtained from the following 
fo rm u la :

I.H.P. x 33000 x C in in. I.H .P.x 63024 
T.M. in inch-pounds = Revs. x 8'1416 x 2 G in ft.= -------------------

the  C in  the formula being the  length of the  crank. 
Inserting  the figures for the I .H .P . and revs, we have

1772 X 63024 gg.^ feet-tons for the red and
60 X 12 X 2240 

1136 X 63024
=  44'6 feet-tons for the black60 X 12 X 2240

diagram, so th a t the m ean heights of 88'9 and 75'65 
tons do not correspond w ith w hat is obtained from 
the powers given.

Again, from the transactions of several of the 
engineering societies I  find the m axim um  tw isting 
m om ent of triple engines on three cranks is 1'2, and
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for tw o cylinders on two cranks is 1'48 tim es the 
m ean tw isting  m om ent, so th a t the  m axim um  
figures for the two types of engines here given wyill 
be som ething like 83'3 and 66 feet-tons, and not 
119-2 and 85'9 tons respectively.

To those interested in, or requiring inform ation 
on tw isting  m om ent diagrams, I  would refer them  
to the  adm irable paper by Mr. Sinclair in  the  first 
volume of the N o rth -E ast Coast In stitu tio n  of 
E ng ineers’ and Shipbuilders’ Transactions.

In  conclusion, the  w riters of both these papers 
seem to th ink  the  panacea for the m ost of the 
breakages is to  substantially  increase the  size of the 
shaft. In  th is I  do not agree w ith  them , our ships 
are handicapped enough already, and it takes us all 
our tim e to hold our own w ith  foreign com petition ; 
w hat we w ant is the  shaft m aterial like the  boiler 
m aterial subjected to  a test, not tensile bu t bending 
and torsional tests, and fram e our sizes according to 
these results.

M r . G e o . F .  M a s o n  replies to  the discussion 
as follows : I  m uch regret having been unable to 
a ttend  the  m eetings held for the discussion of these 
two papers, especially as so m uch in terest has been 
shown on the subject. I  am glad to  see th a t m ost 
of the  m em bers who have spoken agree w ith  m y 
deductions, and I  am  more th an  pleased to note 
th a t, since the  papers have been read, L loyd’s 
Com m ittee have fallen in w ith  one of the  sug­
gestions m ade in  them  and increased the  size of the 
propeller shafting, an  alteration of their rules th a t 
I  am sure will produce beneficial results.

I  am  glad to  see M r. M anuel is quite of m y 
opinion th a t the  m ajority of the  breakdowns in  
question can be prevented, and I  also agree w ith 
him  w hen he refers to the  difficulty of getting  
honestly  expressed opinions accepted on account of 
trade or o ther interests.

M r. L aw rie does not see why lubrication for 
shafts should be done from the  upper deck. This
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m ay be a m atte r of fancy, bu t it is convenient, easily 
got-at-able, continually working, cannot go wrong, 
and cheap. H e is also of the  opinion th a t the cost 
of ex tra ballast m ight prove practically prohibitive, 
bu t I  can assure him  th a t the extra cost is a very 
small item , and would be saved in two or three 
ballast trips.

Mr. L aw rie also th inks it impossible for a shaft 
to  become a m ass of reeds. Perhaps he is taking 
m y words too literally, although all fibrous shafts 
m ust consist of a m ass of re e d s ; but a t any rate, 
I  have counted as m any as forty in the circum ­
ference of one shaft. As regards his rem ark “ th a t 
no sensible m arine engineer would allow his engines 
to  race in  a head sea w ith  th ro ttle  valve full open,” 
he is quite correct. No one would if he could help 
it, bu t I  have yet to learn how this can always be 
prevented. Of course, in the instances I have quoted 
in  m y paper, the engines were allowed to race for a 
purpose, otherw ise I  could no t have procured the 
data I  required for the purpose of contrasting the 
workings of triple and compound engines. M y usual 
practice is to reduce the boiler pressure when the 
vessels are in  light trim  and heavy w eather to ease 
the  strain  on the  shafting.

I  am  quite w ith  Mr. Sage w hen he blam es the  
constant vibration and concussions for deteriorating 
the m aterial in the shafting, and I  have endeavoured 
to show how this has been increased of late years 
by the advent of m ulti-cranks and sm aller shafts for 
given powers.

I  believe w ith  Mr. Newall th a t the proper place 
for the  thrust-block is next the propeller shaft.

M r. liu th v en  has evidently not gone into the 
size of pum p required to be of any use in  propelling 
the vessels of the  present day, and I  would advise 
him  to read the  results of the experim ents on 
H .M .S . W aterwitch.

M r. Sharp’s criticism  is very in teresting, and I  
a t once had m y figures checked over, fearing I  had 
made a m istake, bu t I  find them  perfectly correct.
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I  noticed, however, th a t my original diagram s had 
been reduced for convenience in prin ting , and this 
m ay have led Mr. Sharp astray, as the scale has 
been left in the same. Still, I  th ink  on second 
thoughts he will find his argum ents are fallacious, 
as his premises being wrong, his deductions m ust 
naturally  be incorrect. Mr. Sharp first of all 
assum es a m ean pressure and m ultiplies th is by a 
constant—gathered from some other engineering 
transactions—to find a m axim um  and m inim um  
tw isting effort, an argum ent m anifestly absurd, as 
I  m ight point out th a t, although the m ean pressure 
worked out to be 69'4 and 44'6 against 88'9 and 
75’6, as he states, the  m axim um  and m inim um  
tw isting  m om ents m ight be 119'2 — 54’35 and 
85'9 — 44'8, as I  give them . I  would again rem ind 
him  th a t the figures given are taken from actual 
working cards, and can be corroborated by a dozen 
other examples. Again, even supposing his figures 
to be correct, m y conclusions are still righ t, as he 
would only alter them  in degree. I  know it 
is alm ost accepted as a tru ism  th a t m ulti-crank 
engines give more equal tu rn ing  m om ents than  
do the old-fashioned compound, and th is has been 
one of m y reasons for bringing th is paper before 
you.

Mr. S inclair’s paper is very in teresting , bu t I 
fail to find anything in it th a t upsets m y facts. 
Mr. Sharp need have no fear th a t an increase of 
20 per cent, in the size of a propeller shaft will 
handicap our builders w ith foreign com petition. 
O ther builders would have to work up to the same 
rules, and he m ust no t forget th a t anyth ing  th a t 
reduces the chance of breakdowns tends to reduce 
the  ra te  of insurance—probably one of the largest 
item s an ow ner has to face.

As regards linerless shafts, I  m ay state I  have 
just had an instance of one— a new vessel w hich had 
only m ade one loaded and one light trip— where the 
cast iron bush was worn righ t through and the shaft 
so badly cut as to have to be condemned, although

E
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th is shaft had been run in oil fed as suggested by 
Mr. Law rie.

In  conclusion, I  m ust thank  the  m em bers who 
have taken part in this discussion, and tru st the 
results arising from the reading of the paper 
m ay be of some benefit to the subject and In stitu te  
generally.


