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

P resid en t: S ik A r c h i b a l d  D e n n y ,  B u t . ,  L L .D .

T h e  T h r u s t  S h a f t :  Its r e l a t i o n  to t h e  W o r k  
a n d  t h e  P o w e r  T r a n s m i t t e d .

D e s ig n  o f  a n  I d e a l  T h r u s t  B l o c k , w i t h  D e s c r ip t io n  o f
D e t a il s .

B y “ H E L I X ” (Mr. 0 . P . T a n n e r ,  Graduate).
I n  propelling a sliip tlirougli tlie water, tlie propeller exerts a 
certa in  th ru s t on the water astern of the ship, and of course, by 
N ew ton’s T hird  Law, the water exerts an equal and opposite 
th ru s t on the propeller. This th ru s t is transm itted  along the 
line of shafting  to the engines. In  an ordinary  reciprocating  
engine, the th ru s t would have to be taken up by the crank webs 
bearing against tlie m ain bearings unless other means were 
taken to receive th is. To effect th is a th ru s t shaft and block is 
placed between the engines and the propeller. In  sm aller 
engines the th ru s t shaft is made in tegra l w ith the crank shaft, 
but th is is unsatisfactory, and now is very ra re ly  carried out. 
The method th a t is almost universal now is to make a separate 
shaft for the th rust shaft, and place it  ju s t a ft of the crank 
shaft.

The th rust shaft m ust of course be designed to take the neces­
sary  torque exerted by the propeller as well as to take up the 
th rust. The diam eter of the shaft is found from L loyd’s or 
B ureau V eritas rules, and is usually  the same size as, or a little  
sm aller than  the diam eter of the crank shaft. I t  is also a little  
larger than  those of the tunnel shafts, as if the th ru s t shaft 
breaks between any of its collars, it makes a repair somewhat 
difficult.
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THE THRUST SHAFT.
One of tlie first considerations is tlie num ber of collars to be 

employed to take up the th rust. Obviously, large collars will 
be less complicated, since there is a certain  definite area to be 
used to take the th rust, and hence very few collars need be used 
if  each is large. There are, however, several disadvantages to 
large collars. Forg ing  is made difficult and also w ith a large 
diam eter the inside of the shaft m ay contain flaws. A gain, the 
peripheral speed of the collars is h igh, and th is makes lubrica­
tion difficult, and increases the resistance due to friction.

The shaft is usually of mild steel, and should he carefully  
forged in  one direction, and not half in one direction and half 
in  the other, as th is introduces a weakness in the shaft. In  
some cases 3 per cent, to 4 per cent, of nickel is added, and th is 
gives a stronger shaft.fc>

All the advantages lie w ith a shaft having a large num ber of 
small collars, except the fact th a t i t  is very complicated. In  
calculating  the dimensions of the various parts of the shaft and 
the block, the formulae used are largely  em pirical although 
theoretical formulae can be used to a certain  extent.

From  elem entary mechanics we have : —
W ork done =  force x distance.

Tims we get
Effective Horse-power =  Thrust (in lbs.) x Speed (feet/min.)

33,000.
10 I I 1 ’From this we have Thrust =  ' . '  x  33,000.opeed.

The effective H .P . bears some definite ratio  to the I .H .P .,  
depending on the m echanical efficiency of the engine and bear­
ings.

The usual ratio may be taken as 
E .H .P . =  •77 for best H igh Speed Engines.

=  -(i8 for Merchant Boats.
== '80 for Turbines.

I. I I

Thus we get Thrust =  y x y x 33,000.

Hence we see that
rpi , 1 H Ii hrust (c ,,»3.

S.
where y =  inech. effy.



This th ru s t is usually  called the m ean norm al th rust. I t  is 
clear th a t the th ru s t is excessive when the speed is slow, i.e ., 
when the ship is sta rting , or towing, or going against a strong 
head wind. Thus, although we have the m ean norm al th rust 
to base our calculations on, the shaft m ust be designed to take 
up the m axim um  stress, which occurs when sta rting  or towing.

There are various formulae available. One which gives the 
area directly, and with a fa ir degree of accuracy is

Bearing Surface of Collars in sq. ins. =  '6 x  I .H .P . 
ip. fl'(jn" for each I .H .P . developed.

A better way is to take a certain  allowable pressure on the 
working bearings.

Good values for these pressures are
50 to 80 lbs. per D" for Mercantile Marine.
80 to 100 lbs. per a " for Naval.

A rough rule for finding the num ber of collars to be used is 
given by

1 collar -up to 5" dia. of shaft 
and an extra collar for every T8" dia.

or N  =  1 +  (I_ r  for Mercantile Marine1 *o

and N =  l +  j .1 for Naval and Express.1 2 d  1
The diam eter of the shaft, as stated before is found from 

L loyd’s rules.
Hence we have to find the diam eter of the collar

Total bearing area A  =  ^ (I)2—d3) • N = D"
where I) =  dia. of collar, 

d =  dia. of shaft.
N =  No. of collars.

Total Thrust =  total area x allowable pressure.
T =  A  x  P.

=  P  X \  X N  (I)3—d2)
From which I) can be found.
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THE THRUST SHAFT.
In practice the rule for the thickness of the collars is given by 

T =  0-4 (D— d).
The space between the collars is found b y ;
(i) with Rings of solid brass T =  0-4 (1>— d).
(ii) with Rings of cast iron lined with |  rp _  , 1 , 1 ,

brass or white metal j  1 ~  t0  [
(iii) with Kings of C.I., hollow to allow rj , _ . _(| .

for water circulation j
Another rule for giving the pressure on a Thrust bearing is

800
Pressure in lbs. □" - J  ,, (| + )(J()

where R  =  revs, per niin.
d =  dia. of shaft in ft.

The th rust shaft and block are usually  placed next to the 
crank shaft inside the engine room if possible, so as to perm it 
inspection of the block by the engineer in charge. The shaft is 
supported at each end by a pillow block so as to prevent any 
v ibration  which would cause an inequality  of pressure on the 
th ru s t bearings.

There are three types of th rust blocks in use. Type I .  shown 
in the sketch attached consists of a cast iron base block and 
cover; the division being horizontal. R ectangular grooves are 
turned in  these, in  which brass th rust rings are fitted. The 
rings are scraped to make a good tit with the collars on the shaft, 
and small rad ia l oil grooves are cut in tlie former. Since, if  th is 
block were to heat, it would necessitate the stopping of the 
engine and the removal of the th rust shaft or the block, in tlie 
event of a serious heating  and damage to one or more of tlie 
collars. The block is not generally  constructed to adm it of 
slipping it out by dropping sufficiently to clear the shaft, so 
th a t the disconnecting of the shaft is necessary as a rule before 
the block can be got out.

Both the cover and base of the block are w ater cooled, but 
even w ith this the block is unsatisfactory, and is rare lv  used now.

For large engines Type I I . ,  tlie liorse-shoe type, is universal. 
This is also shown in  the sketch, and the lis t appended needs 
little  enlargem ent to get a clear idea of the details.



THE THRUST SHAFT.
I t  consists of a cast iron Led, cast so as to provide a bath for 

lubrican t, in  which the shaft runs p artia lly  immersed. Cast 
iron shoes, hollow to perm it of water circulation, and lined on 
each face w ith white m etal, rest in  position between the collars 
as shown. A fine threaded screw goes on each side of the shaft 
down the whole length  of the block, and gunm etal nuts on these 
hold the shoes in position.

The water service, not shown in the sketch, is arranged  so th a t 
each shoe has a separately controlled supply of w ater. Hence 
the tem perature of the whole block can be equalised, and th is is 
conducive to smooth runn ing . The bearings at each end have 
stuffing boxes, so th a t the oil can rise above the bottom  of the 
shaft, and usually  immerses half the shaft.

TJ lis oil, in m any cases, is cooled by small w ater tubes passing 
starboard to port, through the oil bath . The cooling surface 
need not be large if the shoes are w ater cooled, as most of the 
heat generated by the friction is carried away by the water ser­
vice th rough the shoes.

Since the shoes are of the horse-shoe type, the centre of pres­
sure of the bearing area is above the centre of the shaft. The 
th rust screws are, however, arranged so th a t they are on the 
same level as the centre of pressure, and thus the shoes bear 
evenly against the collar.

The chief advantage of th is type is the fact th a t each shoe 
can be adjusted independently of the rest. Also if one shoe 
‘" fires u p ,” it can be removed and replaced w ithout stopping the 
engine. I t  also entails less spare gear.

L ubrication  is g reatly  assisted by the oil bath , and the oil 
grooves are cut in a special m anner as shown. The chief diffi­
cu lty  in lubrication  is due to the fact th a t the cen trifugal action 
of the collars tends to throw  the oil out im m ediately. Also there 
is no rea'l point of “  no pressure ”  at which to introduce the 
lubricant as in  an ordinary  journal bearing.

A th ird  type, not shown in the sketch, is due to Mr. Seaton. 
This is sim ilar in general construction to Type I . ,  b u t the divi­
sion of the two halves is vertical and not horizontal. This en­
ables the block to be exam ined w ithout removal of the shaft, as 
the two halves are made so as to slide out horizontally. A nother 
im provem ent in the construction enables the whole of the bear­
ing surfaces to run  in a bath  of lubrican t. This type, however, 
is only used for small engines. In  every type there is a small 
clearance between the shaft and the inside of the shoe or brass



ring , since the block is designed solely to take the th rust of the  
propeller, and not the weight of the shaft.

The block is bolted to the fram es of the ship by means of a 
seating plate on which it  rests. This plate is secured by lie 
beams and girders longitud inally  to several frames, so th a t no 
excessive strain  is exerted on any p art of the ship.

W ith  modern th ru s t blocks the loss due to friction is now 
com paratively small, although authorities differ on th is subject. 
Good values for the loss expressed as a percentage of the total 
power are as follow s:—-

Mercantile Marine ... ... ... 0'4 / 0 
Express Steamers and Large Naval Boats 0‘5 / 0 
H igh Revolution and Small Naval Boats 0’65°/o 
H igh Revolution Turbines ... ... l ’O to l '3 " /0

A general rule for all is
Loss %  =  (V .V lU ’.M.

W hen P arson’s tu rb ine’s first came into prominence, the- 
th rust block was not so im portant, as the steam pressure was- 
arranged to balance the th rust, but now th a t helical gearing has- 
been introduced the th ru s t m ust be taken up as before. E x ­
perim ents have been carried out w ith roller and ball bearings, 
bu t these have had, so far, little  success. Perhaps now th a t 
g reater accuracy in m aking the balls has been obtained, this- 
m ay be more successful.

“ H e l i x . ”
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The illustrations shown of Types I . and I I .  are reproduced 
from the draw ing subm itted with the essay. Type No. 3 is  
added with the permission of Mr. A. E . Seaton (see Pocket 
Book of M arine E ngineering Rules and Tables) bv the courtesv 
of the Publishers, Messrs. Chas. Griffin & Co., S trand, W .C.

•I .A .
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ADDENDA.
T u n n e l  B e a r i n g s  a n d  T h r u s t  B l o c k s .

(Issue of Jan u ary , 1910).
“ A nother in teresting  point in th is connection* is the design of 

th ru s t shafts. The opinion m ay be expressed th a t, generally  
speaking, these are not designed with a sufficient m argin  of' 
strength  ; it would be im agined th a t most engineers would know 
sufficiently about the requirem ents as regards strength  and 
lubrication, and th a t the designers would be called upon to see 
th a t these conditions were adequately fulfilled, b u t in  a very 
large proportion of steamers afloat a t the present tim e it  will be' 
found th a t there is a continuous flow of sea w ater th rough the 
th ru s t blocks in  order to keep them  cool. The effect of th is  
water on the shaft itself in  corrosion is obvious, and th is process 
m ust be continuous, as in most instances the w ater cannot with 
any degree of safety be shu t off while the shaft is runn ing . This 
is aggravated by the fact th a t owing to neglect of details in 
design, sharp corners are left at the junction  of the th ru s t collars 
w ith  the m ain body of the shaft, and a t th is weakest part, 
m echanically speaking, the effect of corrosion will be felt the 
soonest. The th ru s t shaft is generally  of the same diam eter as 
the ta il end and the crank shafts, bu t the ta il end shaft is pro­
tected from  corrosion by one or more brass liners, excepting at 
the p a rt th a t stands out into the water near the tapering . This 
unprotected p art of the ta il end shaft in itself gives an ind ica­
tion of the damage which is sim ultaneously proceeding on the 
th ru s t which is flooded w ith sea w ater. The grooving th a t 
proceeds on the ta il end shaft near the propeller is too well 
known to require much emphasis in view of the large num ber 
of propellers which are lost every year due to such grooving, 
and the same effect of sea water m ust be proceeding in  a less 
degree in the th ru s t block. W hen one also considers the fact 
th a t there m ust be galvanic action constantly proceeding in the 
th rust owing to the m ild steel collars being in in tim ate  contact 
witli th e ir white m etal bearings in  the presence of sea w ater, it  
is apparent th a t the weakening takes place in  the worst p a rt 
possible, viz., the outside fibres of the shaft, and such shafts 
are by no means strong enough to w ithstand continuous sea­
going wear and tear, even if, according to the theory  of design, 
they  meet all conditions when they  pass out from  the shops.

•A certain  proportion of the failures of th ru s t shafts m ay be 
traced to the way in which the work involved in the design isO
* The reference is to the desirability of arranging to keep the cooling water outlet away from vital parts likely to suffer damage.—J.A.
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carried out in  the shops. In  one instance where such a shaft 
broke under heavy stress, the fracture showed, somewhat indis­
tinctly , but nevertheless sufficiently well, th a t the forging was a 
bad one, inasm uch as the outline of scrap could be seen in the 
centre of the fracture. This indicated th a t either the shaft had 
been forged under a lig h t quick steam ham m er, or else th a t the 
m etal had been too cold, and i t  is worth rem em bering th a t such 
shafts should be forged under a heavy ham m er which gives 
ponderous blows which can be felt throughout the entire mass of 
the m aterial. Moreover, these blows should not be delivered too 
quickly, as when the m etal is in  a ductile state, i t  should be 
given an opportunity to flow or set itself a t the centre before it 
has been too much distorted by constant blows on the outside. 
M oreover, the m aterial should be heated to very nearly  its 
p lastic heat before being worked, and the correct forging heat 
is indicated to the men who understand the ir work by the 
m aterial giving out a shower of white hot sparks when i t  is 
draw n out of the fu rn ace ; these are en tirely  different from the 
appearance of the sparks when the m aterial is being burn t.

Y et another detail which would m aterially  assist the life of 
th rust shafts and bearings, would be greater a ttention  to the 
following point which, although it  is only apparently  a small 
detail, nevertheless causes a considerable am ount of trouble if 
not attended to. The design of m any of the th ru s t shafts in 
some boats is bad, inasm uch as the bottom of the collars on the 
shaft are finished to form a r ig h t angle, and it  is evident th a t 
th is sharp angle is sufficient to form the beginning of a line of 
cleavage between the collar and the shaft, which m ust under 
exceptional conditions, such as the racing of a propeller, cause 
a very considerable am ount of trouble. Care should always be 
taken to place fillets, however small, a t th is angular junction  as 
these would add w onderfully to the strength  of the shaft. The 
th rust block should also have a radius to su it the fillets on the 
collar, and th is radius would therefore be considerably larger 
than  those usually  given.

In  order to show how these considerations actually  affect the 
working of the th ru s t blocks i t  m ay be in teresting  to relate two 
actual experiences which occurred in sea-going practice. The 
first trouble was due to the fact th a t sea water was continually  
standing upon the plate A in  E ig . 2 about the th ru s t block and 
this corroded the plate. The th ru s t itself was noticed to be 
working loose when the engines were racing, and i t  therefore 
became necessary to stop the engines and to pu t a compensating
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plate underneath  the corroded one in  order to strengthen i t  as 
shown in  the sketch. This plate was fortunately  on board among 
the cargo, bu t the fixing of th is one inch th ick  steel plate into 
position in  a rolling  sea, and with the lim ited means available
011 board ship was a verv long and heavy business which took 
two days to accomplish. H ad the working of the th ru s t not 
been noticed and corrected, however, it  m igh t have been en­
tire ly  uprooted, and a complete breakdown to the engines would 
thereby have been caused. In  order to protect such plates from 
corrosion they require constant chipping and pain ting , and a 
very good plan in order to prevent the effects of the continuous 
splashing about of the cooling sea water th rough the th rust 
block is to place a layer of cement upon the floor all round the 
th ru s t block. The im portant bearing of th is accident upon the 
question of ample design of th ru s t blocks is, however, obvious.

A nother accident m igh t have been m uch more serious, if by 
good fortune the engineer had not been standing near the 
th ro ttle  valve when it occurred. This was the fracture  of a 
10 inch diam eter th ru s t shaft during  very heavy weather, a t the 
section of the shaft where one of the collars was joined to the 
shaft jiroper as shown in F ig . 3. As soon as it occurred the 
engineer stopped the engines, and the repair indicated in the 
sketch took two days and n ights to finish. The first th in g  done 
was to lif t the keeps on the tunnel bearings, and to pu t pieces 
of plate w ith coarse emery cloth w rapt round them  under the 
caps. These were then tightened down, and th is device kept 
the shaft from tu rn ing  while the engineers were busy. The 
next step was to uncouple the th ru s t shaft and lif t it, and then 
the th ru s t block was moved aft one space between the collars 
on the shaft, so th a t the forward collar where the fracture 
occurred was left p ro jecting  out of the th ru s t block. I t  was 
fortunate th a t in m aking th is replacem ent, it  was found th a t the 
only th in g  which had to be done w ith reference to the th ru s t 
block holding down bolts was to cut two extra holes in the 
seating a ft of the others, all the other holes working in . The 
th ru s t shaft was then pu t in place again, and repaired as shown 
in the sketch. B ridge pieces were made of strips of mild-steel, 
and bolted to the top of the collar and on to the shaft. In  
addition a piece of angle iron was bent round and fastened by 
means of tap bolts, both to the shaft and the forward face of 
the first collar. Another piece of angle iron was then bent 
round the shaft, and secured by tap bolts in order to form a 
sort of auxiliary  collar to help the parts where they  were 
fastened together, and to keep the crank shafting  from working
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eitlier forward or aft. The necessary bearing  for th is collar 
was secured by bolting two stout hatches together, and shoreing 
them  together in  every conceivable m anner from tlie roof of the 
th rust block recess and also from the floor. The auxiliary  
collar, therefore, ran  up against the wood, as shown in  the 
sketch, and th is wood also acted as a means of steadying the 
shaft. The bridge pieces were half-inch thick, and the angle 
iron was half-inch thick in  the flange, while the bolts used were 
seven-eighths of an inch. This repair was sufficiently satisfac­
tory to enable the boat to proceed with the engines runn ing  
slow after the packing had been removed from under the tunnel 
bearing keeps, for aboiit 150 miles u n til a port of repair could 
be reached. A ll th is trouble m iglit possibly have been avoided 
however, if the shaft had been thicker in diam eter and again if 
the junction  between the collar and the th ru s t shaft had been 
rounded instead of left a sharp corner.”

-------------o-------------
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LLOYD'S REGISTER SCHOLARSHIP.
The Awards Committee had the pleasure of reporting  as 

follows to the Council, and to the Secretary of L loyd’s R egister 
of S h ip p in g : —

I t  is in teresting  to note th a t M r. C. P . Tanner, who has ju s t 
closed the second year of holding L loyd’s R egister Scholar­
ship, has gained the B.Sc. degree aj; Glasgow U niversity , and 
has fu rther obtained a Commission in the Royal N avy as 
E ngineer-L ieutenant.—J.A .

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

T IT A N IC  E N G IN E E R IN G  S T A FF M EM O RIA L 
(BEN EV O LEN T) FU N D .

The Committee had under consideration an application from 
the Superintendent E ngineer of the A tlan tic  T ransport Line 
on behalf of a child of one of the greasers, R . M cFarlane, who 
was lost when the Minneapolis w’as sunk. The circumstances 
placed before the Committee were such th a t the case was recom­
mended to the Council for nom ination to the M erchant Seam en’s 
Orphanage. This having been approved, the necessary steps 
were taken to carry the recommendation into effect. There are 
five children, and the candidate is a boy, 9 years of age.

W a x s t e a d  I n f a n t  O r p h a n a g e . — One of our members was in ­
terested in a candidate for th is Orphanage, and on application 
received the support of the Committee.— J.A .

-------------o-------------
E L E C T I O N  O F  M E M B E R S .

The following were elected at a m eeting of Council of the  
In s titu te  held on Tuesday, M arch 14th, 1916: —

4 s  Members.
A rthu r George Burdick, 53, Belgrave Road, Ilford , E.
Jam es H all Duncanson, c /o  Irraw addy F lo tilla  Co., L td ., Box 

129, Rangoon.
Jam es Sinclair, c /o  Messrs. Butterfield & Swire, Hong Kong.
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Chas. P. Tanner, Engineer Sub.-L .ieut., R.N.

AM ONG those rep o rted  k illed  on  H .M .S. Indefatigable in  
th e  n av a l b a tt le  w hich  to o k  p lace on M ay 31st off 
J u tla n d , i t  is w ith  g re a t re g re t we n o te  th e  n am e of 

Chas. P . T an ner, E ng in eer S u b -L ieu ten an t, R .N ., w hom  we 
n o ted  in  a  re ce n t issue as h av in g  com pleted  his U n iv e rs ity  
course a t  G lasgow, w ith  th e  a id  of th e  L lo y d ’s R eg iste r sch o lar­
sh ip  u n d er th e  auspices of th e  In s t i tu te  of M arine E ngineers, 
an d  o b ta in ed  th e  B.Sc. degree. H e th e n  received a  com ­
m ission in  th e  R oy a l N av y  as engineer su b -lieu te n a n t an d  
a f te r  a  s h o rt tim e a t  th e  n av a l tra in in g  college, he jo ined  th e  
Indefatigable , on M ay 8 th . H is eng ineering  tra in in g  as an  a p ­
p ren tice  was gained  in  th e  w orks of M essrs. D av id  R ow an  
& Co., G lasgow, an d  d uring  his ap p ren ticesh ip  he w as e lec ted  a 
g ra d u a te  of th e  In s t i tu te  of M arine E ngineers. H is n am e 
h as  been  in  successive y ears on th e  lis t of th o se  receiv ing 
aw ard s fo r essays, co n trib u te d  b y  co m p etito rs  on  su b jec ts  
s e t b y  th e  com m ittee . S h o rtly  a f te r  w ar b roke o u t, Chas. 
P . T an n e r an d  h is b ro th e r  offered them selves for th e  a rm y  
a n d  en listed . D uring  th e ir  period  of tra in in g  th e ir  fa th er, 
a  c lergym an  in  R u tlan d sh ire , d ied , an d  u n d er th e  c ircum ­
stan ces Charles w as g ran te d  freedom  from  m ilita ry  du ties  
to  re tu rn  hom e. A ltho ug h  he h ad  la id  aside, w hen  en listing , 
th e  desire to  ta k e  u p  th e  U n iv e rs ity  course in  G lasgow, he 
now  m ade ap p lica tio n  an d  w as g ran te d  perm ission b y  th e  
sen a te  w ith  th e  concurrence of th e  scho larsh ip  a u th o rit ie s  
to  e n te r  th e  course som e w eeks la te , b u t  such w as his in d u s try  
an d  p erseverance th a t  he took  ex cellen t positions in  sev era l 
o f th e  sub jec ts  an d  passed  in  all. C on tinu ing  w ith  M essrs. 
R ow an, he resum ed  th e  U n iv e rs ity  course in  th e  1915-16 
session w ith  th e  re su lt a lread y  referred  to . H e w as a  young 
eng ineer of g re a t p rom ise an d  i t  w as a n tic ip a te d  th a t  he 
w ould  g ive ev ery  sa tisfac tio n  to  a ll those in te re ste d  in his 
fu tu re  career. V ery deep  sy m p a th y  is fe lt w ith  his m o th er 
in  th e  loss of h er son, who la id  dow n h is life fo r his co u n try . 
H is  o n ly  b ro th e r  is s till serv ing  w ith  th e  a rm y . H e w as 
dangero usly  w ounded  la s t  S ep tem ber, and  has  ju s t  h ad  th e  
d is tin c tio n  o f th e  M ilita ry  Cross conferred  u po n  him .

R r p r i n t e d  f r o m


