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The C h a i r m a n  : I  have pleasure in in troducing Mr. G uthrie, 
whose association w ith  the well-known firm of R ichardsons, 
W estg arth  & Co., L td ., is an  assurance of his capability  to deal 
w ith the im portan t subject of m arine reduction gears. O ut­
side th is special subject, Mr. G uthrie m ust know a g rea t deal 
about the application of gears generally. I t  is a subject which 
has been very prom inent lately , both in the technical press and 
in papers read before the various engineering societies, so th a t 
while Mr. G uthrie has no doubt endeavoured to give us points 
which have not been touched upon previously, he will perhaps 
have to  a certain  ex ten t to go over old ground as well.

T h e  use of reduction gear in conjunction w ith turbines enables 
vessels of all speeds to be propelled w ith  h igher overall efficien­
cies than  are possible w ith the direct tu rb ine  drive, and renders
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416 NOTES ON SEDUCTION OEAR.
practicable the use of high p r e s s u r e s  and tem peratures whereby 
present day efficiencies may be further improved.

The n e tt overall efficiency of a m arine turbine installa tion  
aft of the tu rbine stop valve, is the product of three factors.

(a) The efficiency of the turbine in developing the required 
power in term s of steam  consum ption.

(b) The efficiency of the propeller.
(c) The efficiency of transm ission between turbine and pro­

peller.
SECTION I.

Steam  T u r b in e s .— Steam  tu rb in e s  develop th e ir  pow er m o s t 
econo m ically  lat h ig h  re v o lu tio n s , esp ecia lly  in  th e  case of h ig h  
p re ssu re  tu rb in e s . T he efficiency of a  tu rb in e  depends on th e  
b lad in g  e ffic iency :— on the  degree to w hich  th e  m ean v e lo c ity  
ra tio  (the  ra tio  of m ean b lade speed to s team  speed) approaches 
th e  v elocity  ra tio  co rresp o n d in g  to  m ax im um  effic iency :— on 
the  leak ag e  and w indage losses, and  finally  on th e  m echan ica l 
efficiency.

In  marine turbines considerations of reliability necessitate 
relatively large clearances, and the leakage losses become exces­
sive a t low speeds of revolutions, w hilst the large diam eters 
required for a suitable mean velocity ratio  increase windage 
losses and make the turbine large and heavy. There is, of 
course, a lim it to the speed of a turbine designed for a given 
power, and this is determ ined by the area required a t the low 
pressure end to perm it the steam to exhaust to the condenser 
w ithout excessive leaving losses, and by the streng th  of the 
m aterials of construction. F ig . 1 shows the variation  in effi­
ciency of two separate series of turbines of constant norm al 
power, b u t different speeds. I t  w ill be noted th a t there  is 
in each case a definite point where the efficiency falls rapidly 
as the revolutions are reduced.

The desire for improved efficiency has led to the adoption o f 
h igher pressures and tem peratures and the results obtained in 
service w ith the T .S.S . K in g  George V ., the turbines of which 
are designed to work w ith steam  of 500 lbs. pressure, super­
heated to 750° E. will be watched w ith  in terest by all engineers 
and will, undoubtedly, largely  influence the fu ture application 
of h igh  pressures to m arine propulsion.

The reason for the adoption of h igher pressures will be 
evident from an inspection of F ig . 2 which shows the increased



NOTES ON REDUCTION GEAR. 417
proportion of the to ta l heat available for useful work as the 
pressure is increased, and it will be noted th a t while the la ten t 
heat of evaporation decreases as the pressure rises, the to ta l

heat and consequently the fuel required for genera ting  the 
steam,varies only slightly  th roughout the range, and is actually  
becoming less at the h igher pressures.

The reason for the adoption of high tem peratures is th a t h igh 
pressure steam is unsuitable for use in a tu rbine unless it con­
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tains a sufficient degree of superheat to enable it  to expand 
th roughout its range and exhaust to the condenser w ith a 
reasonably high dryness fraction.

The upper lim it of tem perature is largely  a m atter of opinion, 
b u t w ith  the m aterials of construction available to-day we m ay

CM
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Pressure lbs per sq inch gouge
F i g . 2.

take i t  as, say not exceeding 750°F. W ith  this tem perature we 
have a. considerable choice of w orking pressures and in o rder to 
determ ine the m ost suitable pressure to adopt, each case m ust 
be considered on its m erits. F ig . 3 shows the percentage of 
heat available a t a to tal tem perature of 750° F . w ith  varying 
pressures and the final % m oisture presen t in the steam  as a 
resu lt of adiabatic expansion of the steam  a t each pressure.
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The less the degree of superheat in the steam  the g rea ter 

will he the percentage of m oisture in the steam  when i t  finally 
exhausts to the condenser and the lower will be in consequence 
the efficiency of the tu rbine. The overall efficiency is of 
course the product of the tu rbine efficiency and the ra tio  of 
available heat to to ta l heat.

F i g , 8.*Fig. 3a shows how these vary  w ith  vary ing  pressures and a 
curve has been added showing the combined efficiency a t  each 
pressure.

To reduce or elim inate the m oisture in the steam  in terstag e  
heating  m ay be adopted.

H ig h  P r e s s u r e  T u k b w e s .— In  any tu rbine the energy 
absorbed in a stage per lb. of steam  varies as the mean blade
♦NOTE :—Actual M oisture in Steam  o.c. % M oisture from  Curve ' B ’ x by T urb ine  Efficiency.
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420 NOTES ON REDUCTION OEAR.
speed2 and if the turbine efficiency is to rem ain constant, in ­
creased pressures m ust necessarily be accompanied by in ­
creased speeds of ro tation  or a lternatively  by an increased

P f iE 5 5 U P .f l  L B 5  P E R  S Q . IN C H  
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num ber of stages. W herever possible h igh revolutions is the 
b e tte r  method, as it  enables the tu rb ine  to be of small dim en­
sions, thus reducing w indage and gland losses.

SECTION I I .
P r o pell er s .—Propellers if they are to be efficient m ust run  

slowly. The perm issible revolutions vary  w ith  th e  type, and

TW IN SCREW D O U BLE REDUCTION CEARED TU R BIN E. 9 3  R.P.M. 

T W IN  SCREW SINGLE REDUCTION CEARED T U R B IN E . 130 R.P.M. 

Q U AD R U PLE SCREW DIRECT C 3IVE  . 3 2 5  R.P.M.

DIAGRAM OF AVERAGE MAXIMUM 
PROPELLER EFFICIENCIES.

FROM FIC. 2 3 3  
“ T H E  DESIGN AN D  C O N STRUCTION OF S H IP S "

BY SIR J . H. B ILE S .
FIG.4-.

•0 3  -0 4  - 0 5  -OS -0 7  -0 8  
B L A D E  THICKNESS FR AC TIO N  V D

generally  speak ing  increase w ith  the speed of the vessel. H igh  
revolutions are necessarily associated w ith  low p itch  ra tio s, 
large disc area ra tio s, and h igh  blade thickness' ra tio s each of 
w hich a s  w ill be found from  an inspection of F igs. 4, 4a, and 
4b to  be detrim ental to  efficiency.
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424 NOTES ON REDUCTION GEAR.
From  considerations of Sections 1 an d  2 i t  is evident th a t the 

efficiency characteristic  of a  tu rbine rises as the revolutions are 
increased while th e  efficiency characteristic  of a propeller falls. 
The efficiency 'corresponding' to th a t point at which the 
characteristic  curves in tersect is the m axim um  combined effi­
ciency th a t can be obtained w ith a  d irect drive, whereas a much 
h igher combined efficiency is possible by the in terposition  of 
reduction gears betw een th e  tu rbine and propeller, provided 
always th a t th e  loss in  isuich transm ission gear is relatively  
small.

Three systems of reduction gear have been used in m arine 
practice, v iz .:—

(a) Mechanical, i.e ., toothed gearing ;
(b) H ydraulic g e a rin g ;
(c) E lectrical gearing.

Of these, m echanical, or toothed gearing, is a t  once the sim­
plest and m ost efficient type. I ts  reliab ility  to-day whether 
of the single or double type is unquestioned, and i t  is the only 
system th a t will be dealt w ith  in these notes.

SECTION I I I .
G e a r in g  E f f i c i e n c i e s .— The efficiency of reduction g-earing 

has been accurately determ ined by driving two sim ilar gears in 
opposition by a m otor interposed between one set of pinions 
and placing a generator between the o ther set of pinions. The 
motor and generators are preferably of the d irect cu rren t type. 
The efficiency of the m otor and generator can be accurately 
determined and hence this method lends itself to precise 
m easurem ents. Only the losses are m easured and these form 
a very small percentage of the to ta l power transm itted .

Efficiencies as h igh  as 99%, including bearing losses have 
been recorded w ith  a single reduction gear, and 98% w ith  
double reduction gears. The loss, therefore, due to the in te r­
position of gearing  is exceedingly small and is far outweighed 
by the improved overall efficiencies atta inab le  when the tu r­
bines and propellers ane designed w ithout reference to one 
another and each arranged  to run a t  speeds conducive to  m axi­
mum efficiency. The tem perature  rise of the oil in its  passage 
th rou g h  th e  gears is sometimes used as a  rough  and ready 
means to check the efficiency and in th is connection it  is con-
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4 2 6 NOTES ON REDUCTION GEAR.
venient to rem ember th a t one brake horse-power dissipated as 
heat will raise the tem perature of one gallon of lubricating  oil 
through 10°F.

SECTION IV.
G e a r in g  D e s i g n .— G e n e r a l  P o in t s  o f  D e s i g n .— So much 

inform ation 011 details of design is available in the transactions 
of the various technical societies* th a t these notes will only 
deal w ith  design in a general way.

Gear teeth profiles are alm ost invariably of the involute form. 
Teeth of this shape are easily produced and w ith them  small 
differences in the distance between the centres do not im pair 
the efficiency of the gears nor affect th e ir uniform  rotation .

The teeth  are formed spirally, and to elim inate axial th rust, 
are arranged  in two helices having equal and opposite angles of 
inclination. Helical gears are superior to spur gears inasm uch 
as the continuity  of engagem ent is greater, the duration of con­
tac t is longer and the rate  of loading and unloading the teeth  
is more gradual. Each of these considerations makes for quiet 
and smooth runn ing  and perm its of g reater tooth  pressures and 
higher peripheral speeds. The additional streng th  due to the 
spiral form of tooth enables smaller pitches to be used, thus 
reducing back-lash, and allowing an increased num ber of teeth  
to be in mesh together.

V ariations in the pitch or form of the teeth  cause the pinion 
to move to and fro in an axial direction and the coupling 
between the pinion and turbine m ust have sufficient freedom 
to accommodate this movement, which in the case of badly cut 
and fast running  gears will produce noise, and, if excessive, 
will cause damage.

S i n g l e  H e l i c a l  T y p e .— Gears w ith single helical teeth  have 
been made in Am erica and on the Continent, the unbalanced 
th ru s t, due to the teeth  being taken up by a simple type of 
th rust block or collar.

In  this type axial displacem ent of the pinion need not be 
provided for and a solid coupling can be used. G reater 
accuracy of m achining and assem bling is possible w ith the 
single helix type and consequently a given degree of sm ooth­
ness in running  is easier to obtain.

To provide some degree of flexibility and to partly  damp out 
fluctuations due to tooth  errors, a “ quill d riv e ”  is often used

* See L ist of References.
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between the turbines and pinions and to compensate lo r errors 
o f tooth  alignm ent floating fram e gears of the “  Macalpine ’ 
type are frequently  adopted. Single reduction gears are used 
for speed reduction ratios not exceeding, say, 20 to 1, and for 
h igher ratios double reduction gears are used. The la tte r  may 
be of the three box type in which two complete single reduction 
gears are connected in series, or the gears may be of the  in te r­
leaved type w ith all gears incorporated in one casing. W hich­
ever type of gear is adopted it is desirable to interpose a stiff 
cast iron bedplate between th e  gear case and the engine seating 
as shown on E ig. 5. This not only adds to the rig id ity  of the 
seating  and gears, but enables the gears to be assembled in 
the ship in exactly the same alignm ent as they were assembled 
in the shops.

I t  is sometimes said th a t double reduction gears are noiser 
than  single reduction gears, but w ith accurately  cut gears the 
difference, if any, is very slight. On the other hand the effect 
of any inaccuracies causing m om entary positive or negative 
accelerations of the gears will be more noticeable in the case 
of double reduction gears, owing to the increased num ber of 
freedoms which th is type possesses when compared w ith  single 
reduction gears, and the effect of any lack  of dynam ic balance 
will be more pronounced owing to the h igher speed of gear 
wheels and increased flywheel effect of the turbines.

Opinions differ as to the desirability  of having a hun ting  
too th  in the large wheel, tha t is, one tooth more or less than 
an exact ra tio  between the wheel and pinion. The object is 
to ensure the complete interchange of all the teeth , but in the 
w rite r’s opinion it is doubtful if there is any advantage in this 
except in the case of wheels cu t w ith m ultiple threaded hobs.

SECTION V.
Gears should run  smoothly and w ithout noise and will do 

so i f :—
(a) The peripheries and pitch circles of pinions and wheels 

are tru ly  concentric w ith  their journals.
(b) The pitch  of teeth  in pinion and wheel correspond and 

are as uniform  as possible and the teeth  are correct to form.
(c) The centre of g rav ity  of pinions and wheels coincide w ith 

the geom etrical axis of ro tation  and there  are no unbalanced 
coxrples. T hat is, the pinion and wheel m ust be in dynamic 
balance.
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The im portance of the wheels and pinions being in dynamic 
balance is not always appreciated as i t  should be. I f  the wheel 
is not in dynamic balance the out of balance w eight will, when 
th e  wheel is revolving, develop a cen trifugal force which will 
•cause the wheel to oscillate. In  the case of an unbalanced and 
freely revolving wheel the oscillating displacem ent in a given 
plane can be readily  calculated. I t  varies directly as the re­
solved centrifugal force in th a t direction and inversely as the 
w eight of the wheel. I t  should be noted th a t the am plitude 
•of the oscillating displacem ent is entirely  independent of the 
velocity of ro tation  of the wheel. This is because, w hilst the 
force producing the displacem ent varies as the square of the 
circum ferential velocity, the tim e during which the force acts 
in a given direction varies inversely as the  speed2. In  actual 
practice the case is som ewhat com plicated, as we have not 
freely ro ta tin g  wheels to deal w ith, b u t wheels, the axis of 
which are constrained to some ex ten t by bearings housed in a 
gear case which is firmly bolted either d irectly  or th rough  a 
bedplate to the ship. The ex ten t to which th is constrain t 
reduces the am plitude is indeterm inate, bu t nevertheless con­
siderable am plitudes may and do exist, and rem ain undetected 
as it is only when displacem ents, due to lack of balance, are 
associated w ith frequencies of a much h igher order th an  are 
met w ith  in gear wheels, th a t they become perceptible as 
v ibrations.

SECTION Y I.
L u b r ic a t io n .—Gears m ust be effectively lubricated. The 

m ost su itable oil for lubrica ting  gear teeth is a s tra ig h t 
m ineral oil w ith  a liig-h viscosity. On the o ther hand 
the viscosity of the oil for lubrica ting  the h igh  speed 
bearings should be low in order th a t the heat generated 
by the fric tion  losses m ay not be too g reat. I t  is obviously 
im practicable to have two separate oil systems and the problem 
is usually  solved in practice by using one quality  of oil and 
supplying i t  to the gear teeth  and bearings a t different tem ­
peratures and consequently different viscosities.

SECTION V II.
G e a r  C u t t i n g .— Gears are usually  cut by hobbing and the 

hobbing machine should possess a h igh degree of accuracy. 
Any periodic errors in the dividing wheel will be reproduced 
in an aggravated  form in the gears cut unless some differential 
gear such as the Parsons Creep mechanism, is interposed be­
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tween the dividing' wheel and table. This mechanism, while it 
does not elim inate the errors, destroys their periodicity by 
d istribu ting  them  over the periphery of the wheel in a m anner, 
depending on the speed ratio  of the additional gear. W hether 
such gear is an advantage or no t depends entirely  on the degrse 
of accuracy of the prim ary dividing wheel of the machine. Inc i­
dentally it may be mentioned th a t the tooth spaces cut on a 
machine fitted w ith “ c reep ” are necessarily wider than  they 
would be if cut w ith the same hob on a machine not so fitted.

The machine m ust always be accurately adjusted. The 
points which require special a tten tion  are the index worm, 
which m ust be concentric w ith its driving spindle, and the 
th rust washers of the worm, hob and feed screws, which m ust 
be tru ly  parallel and at r ig h t angles to the axis of ro tation . 
Inaccuracies a t any of these points will resu lt in periodic 
errors in the tooth spacing. Fric tion  brakes on the hob spindle 
and other driving gears are advantageous, as they damp out 
fluctuations and tend to smoothness of cu tting .

The hobbing process produces work quickly w ith a h igh  de­
gree of accuracy, but it has the disadvantage that while the 
blank is ro ta tin g  continuously, the hob, owing to the spaces 
between its teeth, is cu tting  in term itten tly , and slight feed 
m arks are left on the bottom s of the tooth spaces and faces of 
the teeth.

The points of teeth  produced by hobs, the teeth of which 
are of true rack form, are th icker than  they should be and th e  
hob teeth  should be modified to correct this.

In  the past, errors in hobs were responsible for m any cases of 
faulty  gear cu tting  and for accurate work the  tooth surfaces 
of hobs m ust be ground after hardening. Hobs should pre­
ferably be of the single threaded type, as the sm aller the lead 
angle the nearer will the cut teeth  approach the true involute 
form and the sm aller will be the am ount of sliding in the gears. 
M ultiple threaded hobs are less likely to produce true curves 
and have the additional objection th a t they impose g rea te r 
strains on the dividing m echanism of the machine.

I t  is advisable to cut the gear teeth  in two stages, using1 
roughing  and finishing hobs, the la tte r  cu tting  011 the faces of 
the teeth only. P a rtia l depth cuts are not satisfactory, as dur­
ing the first cut the hob is try ing  to insert a g reater num ber 
of tooth spaces in the blank than th a t corresponding to the  
dividing mechanism of the machine.
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S e t t i n g .— The g reatest care should be taken in locating the 

gear blank accurately on the machine and in fastening it  to 
the table w ithout distortion . The relative position of the gear 
blank and table should be m arked so th a t both helices will be 
cut in the same position relative to the dividing wheel.

Wh en cu tting , a uniform  tem perature should be m aintained 
and the power absorbed by the machine should be kept con­
stan t. Any variation  in the tem perature will be accompanied 
by a variation  in the phase of the gears of the m achine and a 
change in the viscosity of the oil lubricating  the slide faces 
carry ing the table which will cause a difference in the power 
absorbed.

In  the learly days of gear cu tting , engineers frequently  com­
plained of noise in the gears, partly  from  considerations of com­
fort, bu t m ostly in the belief th a t the efficiencies of such gears 
were very low. I t  is true th a t the frictional losses in the tee th  
will vary to some extent w ith  the  noise, bu t the fric tional losses 
form  such a very small percentage of the  to ta l power tra n s­
m itted  th a t th e ir  effect on the overall efficiency of the gears is 
very small. A few notes, however, on this m atte r m ay be of 
in terest.

Noise in gears is caused by v ibrations set up in the m aterial 
of the gears and gear case, the v ibrations being m ainly caused 
by faulty  m eshing of the teeth  due to

(1) V ariations in the gear centres occurring during  a revolu­
tion which tend to cause m om entary accelerations or decelera­
tions of the gears, lead to unequal loading of the tee th  and give 
rise to vibrations.

(2) The effect of irregu larities of p itch  or lack of correspond­
ence of p itch  between wheel and pinion also lead to unequal 
loading of the teeth  and in extrem e cases causing m om entary 
separation of the teeth , resu lting  in the load being transferred  
from tooth  to too th  by a series of im pacts.

(3) Lack of exact correspondence of pitch of the teeth  ’’n 
wheel and pinion.

(4) The involute curve not extending th roughout the full 
w orking depth of the tooth. This only occurs in the case of 
pinions having relatively few teeth  and is detrim ental to 
smoothness of action.

SECTION V III.
G e a r  T r o u b l e s .— P i t t i n g .— P ittin g  of gear wheel teeth  is 

frequently  noticed near the pitch line soon after the gears have
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been first put into service. Various theories have been ad­
vanced to account for this phenomenon, bu t as it alm ost always 
occurs where the relative movement of the teeth  is a m inim um  
and where consequently effective lubrication is difficult it 
would appear reasonable to suppose th a t it  is caused by partia l 
seizing' or welding and subsequent tearing  apart of the tooth 
surfaces in action.

The p ittin g  gradually  gets less and less as the feed m arks 
on the tooth surface le ft by the hobbing machine are smoothed 
out in service, and as i t  norm ally ceases after a tim e, it is not 
now regarded as im portant.

F r a c t u r e  o f  T e e t i i .— Instances have been recorded of pinion 
teeth  frac turing  shortly after the gears have been p u t into 
service, but the num ber of such failures is insignificant when 
compared w ith  the to tal S .H .P . transm itted  by gears.

A probable explanation of such fractures may be found in 
any or all of the following three causes:—

(a) Excessive loads on the gear teeth .
(b) The d istribution  of too th  stress being such th a t the m axi­

mum stress differs widely from the mean.
(c) The condition of the m aterial being such th a t it is unable 

to w ithstand the stresses which ordinarily would be well w ithin 
its capacity.

(a) The load stresses on gear teeth  a r e :—
(1) Stresses due to the power transm itted  by the tooth.
(2) Stresses due to irregularities of pitch, bad form of tooth , 

fau lty  alignm ent, etc.
(3) Stresses due to forces brought into play by lack of 

dynam ic balance.
(4) Stresses caused by torsional oscillations.
The stresses under (1) are easily calculated, b u t those under

(2) and (3) are indeterm inate. They vary w ith  the degree of 
accuracy of cu tting  and assem bling the gears and for a given 
standard of workm anship and a given pitch of tooth  vary  as 
the square of the peripherial speed of the gears. The speed 
should, therefore, be considered when determ ining the load co­
efficient. Stresses of any m agnitude due to (4) will only arise 
in exceptional cases and will not be considered here.

However g rea t the to ta l stresses m ay be, they are sensibly 
the same for the teeth  of the wheel and of the pinion, and the
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m agnitudes and velocities of im pact are of course identical. 
A lthough a too th  in the pinion is loaded and unloaded much 
more frequently  than  a tooth  in the wheel rim  th is is imma­
teria l as the capacity of th e  m ateria l to resist vary ing  dynam ic 
loads is not affected by the ra te  of stress repetitions.

The designed m argin  of s treng th  in the tee th  is g rea t and 
the fact th a t the fractures are alm ost en tirely  confined to pinion 
teeth  and th a t replace pinions of the same design and cu t under 
sim ilar conditions have given satisfactory  service would seem 
to indicate that the failures were not caused by excessive too th  
loads.

(b) The m axim um  stress m ay differ widely from the m ean 
especially in the case of the harder alloy steels. For exam ple, 
the concentration of stresses a t  a m athem atically  sharp corner 
causes an in tensity  of stress which is infinitely g reat. F o rtu ­
nately  such corners are never m et w ith  in practice, b u t a h a ir  
crack produced during hardening  or by segregation  or a tool 
scratch approxim ates to it very closely.

W ith  steels of reasonable ductility  as used for wheel rim s 
local in tensity  of loading gives rise to plastic flow or d istortion 
of the steel and autom atically  leads to a safer d istribu tion  of 
stress.

On the o ther hand w ith  harder steels in which p lastic  flow 
does not occur so readily the stress is not so effectively d is tri­
buted  and the tendency to fracture is consequently g reater.
• The im portance of m aking all changes of Section gradual 
and well rounding the bottom s of the tooth  spaces, will be 
evident- from  an inspection of figure 6, which is reproduced 
from a report of the Advisory Committee for A eronautics. The 
effect of the size of fillet on the fa tigue range is clearly shown 
by the full line (the dotted portion has been added by the 
w riter) and the rapid decrease in the fatigue range w ith  de­
crease in the radius of the fillet should be noted.

SECTION IX .
M e t a l l u r g ic a l .— Because of w ear considerations, p in ions 

are alm ost invariably  made of alloy steel. A typical specifica­
tion of the m aterial is given in Appendix I.

To obtain the desired physical properties i t  is necessary to  
subject the forgings to heat trea tm ent, th a t is, the fo rg ing  is  
first hardened by heating  it  uniform ly to a specific tem pera­
tu re  and quenching it in oil. I t  is then tem pered by heating-
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to a lower specific tem perature and again quenching- in oil. The 
tem peratures a t which the steel is hardened and tem pered are 
im portant and in carry ing out the heat trea tm en t the tem pera­
tu re of the furnace m ust not be appreciably h igher than the 
specified tem perature, otherwise the  outer portions of the fo rg ­
ings will reach the hardening tem perature while the inner por­
tions are still a t a lower tem perature. Even if the forg ing  has 
been uniform ly heated  there is still the difficulty of cooling.

Every steel has a c ritica l ra te  of hardening, if the actual 
ra te  of cooling is equal to or g reater than  th is, the steel will 
be hom ogeneous th roughout. I f 'i t  is less, the  steel will be d if­
feren t a t the inner and outer portions of the forging. The 
forging as a whole m ay possibly be in a sta te  of in te rna l stress, 
and in extrem e cases m inute or hair cracks m ay have formed. 
Eor th is reason when dealing w ith  forgings of large and vari­
able mass i t  is advisable to select a steel having a low critical 
ra te  of 'Cooling, for example, a  steel w hich to some e x ten t pos­
sesses a ir  hardening  qualities and then  accelerate the cooling 
by quenching in oil. I t  is also h ighly  desirable to hollow bore 
all pinion forg ings, and thus enable the quenching medium to 
have access to both inner and ouiter surfaces a t  the  same tim e.

Mass effects are of no im portance in tem pering , neither is 
the ra te  of cooling, except in the case of nickel alloy steels, 
which under certain  conditions, are liable to “ tem per b rittle ­
ness.”  The phenomenon of tem per b rittleness is not yet 
clearly understood, bu t i t  is definitely known th a t it can be 
avoided in nickel alloy steels— tem pered at tem peratures above 
550° C. if the ra te  of cooling is sufficiently rapid. Steel 
suffering from  “  tem per brittleness ” will give good te s t results 
as regards u ltim ate  streng th , elastic lim it, elongation per cent, 
and reduction of area per cent. The therm al conductivity 
and the m icrostructure as revealed by the microscope will be 
satisfactory  and unless a notched bar te s t is made the b rittle ­
ness may rem ain unsuspected. This test is an im portant one 
as the notched bar value is a m easure of the capacity of the 
steel to resist the form ation and grow th of cracks, and affords 
some indication of the efficacy of th e  h ea t trea tm en t 
and the condition of the micro structu re  of the m aterial. M ost 
pinion fraeturfes known to th e  w rite r have been fatigue frac­
tures, th a t is, they have been caused by the effective fatigue 
range  of the m aterial having been exceeded. In  alm ost every 
case m echanical tests subsequently  made of the broken tee th  
and adjoining portions of the pinions showed the m aterial to
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be  satisfactory, and  the  fractures were probably caused by the 
norm al fa tigue range of the m ateria l having  been exceeded 
largely  due to  severe concentration of stresses a rising  from  
some cause or another. In  some cases the notched bar value 
was low, ind icating  lack of toughness in the m aterial, b u t th is 
in itself would have no effect on the fa tigue range, a lthough i t ' 
would indicate th a t  the m aterial was not in its  b est condition. 
I t  should be noted th a t notched b ar tests 'are quality  tests  only, 
and as pointed out by Gough in his “  F a tig u e  of M etals ”  i t  
does not follow th a t if two d ifferent m aterials A and B absorb, 
say 10 and 1ft. lbs. respectively  to  frac ture , using te s t pieces 
of one particu la r shape and size th a t m aterial A possesses 10 
tim es th e  shock-resisting properties of B.

F ig . 8 shows the varia tion  in  the physical properties of an 
alloy steel w ith  different tem pering  tem peratures.

A P P E N D IX  I.
Spe c ific a t io n  of Geak P in io n s .— 1. The steel to be made 

in  an electric furnace or by the acid open hearth  process, from 
selected scrap, which is reasonably free from  rust and other 
surface im purities.

2. The steel is to contain about bu t not less th an  3-5% of 
nickel and 0-24 to 0-35% carbon. The phosphorus and sulphur 
not to exceed 0-04% and the m anganese 0-5 to 0-8%.

3. The shafts are to be gradually  and uniform ally  forged 
from  ingots from which not less than  40% of the to ta l weight 
o f the ingot is to be discarded from  the top end of the ingot, 
and not less th an  5% of the to ta l weight of the ingot from  the 
bottom  end.

4. Effective means are to be taken to detect any segregation 
or discontinuity  of surface.

5. Photographs of polished and etched disca taken from 
the forgings are to be supplied by the steel makers.

6. The forging before heat trea tm en t is to be reduced in  
d iam eter one-and-a-half inches, by m achining, and one inch 
is to be m achined off all vertical faces, leaving q uarter of an 
inch on all diam eters and quarter of an inch on all vertical 
faces for finish m achining by engine builders.

A xial holes through all pinion shafts are to be bored from 
the solid, the holes to be concentric w ith the outside diam eter 
and to be finished smooth and true to dimensions given.
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7. The parts of th e .p in ion  shaft on which the teeth  are to 

be cut are to be m achined smooth and a su lphur p rin t taken 
from  the surface by the steelmakers.

8. The forging- after m achining and after the hole has been 
bored is to be heated to a tem perature of 825 degrees to 875 
degrees C and then quenched in oil, th is is to be followed by 
tem pering a t 550 degrees to 6G0 degrees C.

D uring both treatm ents care is to be taken th a t the tem pera­
ture of the furnace is not higher th an  necessary, and the dura­
tion of heating  is not to exceed by more than  ha lf an hour the 
m inim um  required to raise the centre of the forging to the 
specified tem perature.

9. The forging is to be free from all Haws and defects when 
examined after final m achining by the engine builders.

10. Test pieces cut from the m aterial in longitud inal and 
transverse directions after the heat treatm ent are to fulfil the 
following requirem ents: —

Tensile S trength : 40 to 45 tons per sq. inch in both directions.
E lastic L im it : To be desirably 30 tons, but not less than 

28 tons per sq. inch.
E lo n ga tion : Not less than  20% in two inches longitudinal, 

and 16% transverse.
B ending T e s t: Test pieces three-quarter inches wide and 

tliree-eiglits inches thick to be bent over a three-quarter inch 
radius through 180 degrees w ithout facture.

Sankey and Izod test pieces to be cut from the forging in 
longitudinal and tranverse directions after heat treatm ent. I f  
the results from these test pieces are abnorm ally low a further 
microscopical exam ination to be made.

11. The forging to be open to the inspection of the engine 
builders at all stages of m anufacture.

12. Test pieces to be m achined to comply w ith requirem ents 
of B ritish  Standard test pieces “  C ,”  “ I ) ,” or “ E .”

13. The  m anufacture, inspection and testing  of the forgings 
to be to L loyd’s requirem ents.

14. The forging to be subject to the usual guarantee of the 
engine builders for a period of six months.
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The Chairm a n  : W e have listened to a paper which I  am sure 

y ou  will agree has been very in teresting . There is p len ty  of 
m aterial in it w orthy of fu rth e r consideration and discussion, 
both on the theoretical and the practical sides. In  this In s ti­
tu te  we are always glad to hear the practical side. My own 
•experience of reduction gears has been principally  on the ship- 
repairing  side. W e have been very fortunate  for the la s t three 
or four years, bu t in the earlier days gearing  failures caused 
some anxiety. The only case we had, however, which was 
never clearly explained, was a gear wheel which became slack 
on the cone. W e were unable to trace the cause; it  was 
b ro u g h t up on the cone again, and it has run  satisfactorily  ever 
since. I  th ink  we all have every confidence in gears to-day. 
The au th o r’s rem arks on m aterials are, I  th ink , very tru e , 
•especially as regards the pinion.

M r. W . H am ilton-Ma r tin  : T he a u th o r  m en tio n ed  sm oo th ­
ness of ru n n in g  and  noise in  g ea rs , th e  la t te r  b e in g  u su a lly  
m ore n o ticeab le  in double red u c tio n  g e a r in g , and  p o in ted  out 
th e  n ecess ity  for ca re fu lly  b a la n c in g  such g ea rs .

The im portance of obtaining highly  accurate balance during 
•construction or overhaul of such parts is being more fully 
realised to-day as speeds and operating  powers increase.

The com paratively heavy and fast runn ing  in term ediate 
wheel of a double-reduction gear, interposed between a pinion 
connected to a high speed ro tor of considerable mass and the 
main gear-wheel, which is rig id ly  connected by lengthy shaft­
ing to a heavy propeller, acts as the weakest link in the tra n s­
mission.

Any lack of balance in this system  is bound to express itself 
at this w h ee l; th a t is to say, a t the contact surfaces of its teeth 
with those of the pinion and m ain wheel. Any change in 
motion which m igh t tend to follow from  such unbalance is 
always energetically  opposed by this in term ediate gear, which 
will strongly  endeavour to m ain tain  any m om entary speed it 
possesses. In  single reduction gears, the main wheel tee th  or 
those of the pinions m ay likewise suffer.

To ensure com plete freedom from  insu lting  w ear, noise, 
v ibration and untim ely repair or dam age, the m ost perfect 
balance of all parts of the transm ission is essential.

Any money spent on careful balancing during the construc­
tion of such parts will repay itself m any tim es over in their 
wear-and-trouble-free service.
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Gear wheels, rotors and propellers require a h ighly  accurate- 

sta tic  balance, and where possible their component parts shoukl. 
be successively and collectively balanced, when couples of u n ­
desirable m agnitude will be avoided. Large masses revolving 
at h igh  speed and held in bearings will not be adversely affected 
by any residual couples rem aining, which are too small to se t 
up any rock or cause v ibration  or wear. Small residual sta tic  
moments, however, left in by the usual balancing methods have 
shown, and will show up considerable v ibration , and it  behoves 
us for th is reason to elim inate statical errors to a  very h igh  
degree of accuracy. Fractions o f ounces o f static unbalance■ 
have only too often proved fa ta l in large ro tary  bod ies; th is 
has no t always been sufficiently realised, and as a resu lt 
damage has often too readily been put down to dynamic un­
balance. The following case illustrates th i s : I  had occasion 
to be dealing w ith a ship belonging to well-known owners in 
which the h igh  pressure rotor had tw enty  sets of bearings re­
placed during two y ears’ running . This was considered to be 
due to a gross lack of dynamic balance, and the owners decided 
to remove the turbine to trace the cause. The rotor was taken 
out and balanced on a sta tic  balancing m achine, when it was 
found to be about 2 ft.-lbs. out statically . This was corrected 
and the turbine replaced on board, since when the ship has 
been in service for several years, running  as smoothly and per­
fectly on the same bearings as one could wish. This shows 
th a t available balancing methods did not allow one to elim inate 
the static  unbalance sufficiently close enough, and the un­
balance rem aining proved enough to do the harm . This was 
then quite natu rally  ascribed to dynamic unbalance, and has 
no doubt often been the case w ith both gearing and rotors.

Simple B ritish  machines are available to-day, however, to 
enable one to elim inate practically  all static  unbalance. F rac­
tions of ounces or less than inch-pound moments are quickly 
detected and located in am ount and angu lar position in the 
la rgest rotors.

Several geared turbine installations statically  balanced as 
indicated, showed no vibration , appreciable wear, or noise in 
the gears or rotors after years of service, no money being ex­
pended during th a t tim e on the ir upkeep, proving th a t it is 
imperative to obtain as perfect a static balance as possible on all 
such ro tary  parts. As speeds increase th is is becoming more 
necessary, and it is more than likely th a t before long we shall' 
see insistence on lim its of unbalance for gears, rotors, pro­
pellers, shafting , etc., according to operating  conditions.
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The effect of an unbalanced propeller acting- at the end of a 

long shaft may become m uch m agnified at the teeth-faces and 
resu lt in damage.

Some gearing of la rge  lathe headstocks was carefully  
balanced, when it was found th a t the form er noise, which the 
m akers had always a ttrib u ted  to the more or less im perfect 
shape of m achine-cut gearing , had disappeared entirely , while 
moreover, the power to drive them  was reduced perceptibly as 
well as the wear of the bearings. A sim ilar im provem ent will 
be found in  m arine reduction gearing  if subjected to a highly  
accurate balance as outlined, as well as in the  rotors and pro- 
pel 1 ei" to which they are connected.

Quill-drives, floating-fram es, and elastic couplings may be 
effective for isolating  shocks from  the teeth , bu t they  do not 
remove their cause, thus being a localising and partia l cure, 
for if the unbalance happens to be in the gears them selves, the 
adoption of these devices will not overcome the trouble at all.

An absolutely preventative method is needed, and the only 
way is to remove the cause by completely balancing all parts 
of the transm ission so far as practicable and thus elim inating  
any dangerous accum ulative m om ents which m igh t be built up. 
I t  is the degree of sta tic  balance obtained which counts, the 
need of which is now acknowledged by several navies and well- 
known builders in th e ir having adopted the necessary p lan t.

Inciden tally , all ro ta tin g  parts of in ternal com bustion 
engines require a sim ilar careful balance, which will enable 
m aterial reductions to be made in th e ir  w eights, an all-im ­
p ortan t m atter.

The au thor has done a real service by po in ting  out to us th a t 
much closer a tten tion  will have to be given to the balancing of 
gearing, and I wTould like to add my appreciation of his highly 
in teresting  paper.

Mr. A l e x . F . A in s l ie  (Pow er P la n t Co., L td .), V isito r: I 
have listened to this paper w ith  very considerable pleasure, 
because to me it  is one b ristling  w ith questions, and th a t, I  
th ink, is a very fa ir criterion  of a good paper.

I  would like first to ask w hether the au thor could give us 
any figures for the efficiencies which he m entions. H e states 
the points very wTell, b u t lie has om itted to give us any par­
ticu lar values from  which we can obtain  appropriate combined 
values.
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R eferring  to Section I , w hat is the present lim it to the cir­

cum ferential speed of tu rbine blades ? I  know th a t it  has been 
increased recently.

As regards gearing efficiencies we can confirm th a t they are 
very h igh, and th a t the m ain loss occurs not- in the tee th  bu t 
in the journal bearings. Certainly efficiencies approaching 
99i%  have been obtained.

There is one point in Section IY  which I  should like to m en­
tion, as I  th ink  i t  has been m isunderstood. The au thor says 
th a t  in helical gears the duration  of contact is longer than  in 
s tra ig h t gears. I f  we consider the action in a plane a t rig h t- 
angles to the shaft., the duration  of contajct is the same, de­
pending on the addenda, the pressure angle and the reduction 
ratio . The line of contact is certain ly  longer, b u t I  do not 
th ink  th a t th a t is w hat is meant.

A gain in Section IV , the au thor says th a t there are various 
types of gear in use. Most of the troubles experienced w ith 
double reduction gearing occurred w ith  the interleaved type. 
W hen my Company discovered its advantages*, they set out 
and designed another type w ith  the h igh speed casing on top 
of the low speed casing, w ith  the resu lt th a t .the alignm ent was 
not upset by the w orking of the  ship. F lexibility  was obtained 
by a quill a ttachm ent in the in term ediate shaft w ith a pin type 
coupling instead of the usual claw. I  believe I  am correct in 
saying th a t if th a t type had been copied and adopted when it 
was introduced, the strong discussions of three or four years 
ago would never have arisen.

In  Section VI it is suggested th a t the lubrication should be 
carried out a t two tem peratures. I t  has been done, b u t the 
general opinion is th a t th is is an unnecessary complication.

In Section V II the au thor says, “ The points of teeth  pro­
duced by hobs, the teeth  of which are of true  rack form, are 
th icker than they should be, and the hob tee th  should be modi­
fied to correct th is .” .................. it  was not because there was
any erro r in the form  of the tooth, b u t because the sliding 
velocity was g reater at the tips and the m aterial flowed and so 
formed a wire edge along the top. For cu tting  i t  is certa in ly  
advisable to m ark  the blank and the table so th a t they come 
into the same relative position when the wheel is tu rned  up­
side down to cu t the second fa c e ; b u t it is not necessary in a 
double bobbing m achine on which r ig h t and left helices are cut 
a t  the same tim e.
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A nother point, which in terests me particu larly , because I  

have made experim ents on the s tren g th  of teeth , is the au th o r’s 
suggestion th a t the stress on pinion and wheel tee th  is the 
same. I t  is alm ost invariably  the ru le  th a t the pinion tee th  
are those which break. I  suggest th a t as the bending is 
g rea ter in the pinion than  in the  wheel th a t the combined stress 
is therefore g rea ter in the pinion than  in the wheel. T hat, of 
course, is assum ing th a t  th e  m aterial is perfectly  hom ogeneous. 
R eferring  to the la s t Section, No. IX , I  th in k  th a t a s tra igh t 
nickel steel is quite good for pinions. W ith  alloy steels the 
difficulty is to avoid segregation, and we can rely  upon obtain­
ing more nearly uniform  m aterial w ith  nickel.

M r. R. J . McL eod (M anaging D irector, The Pow er P lan t 
Co., I / td . ) : I t  has been a g rea t pleasure to me to listen  to Mr. 
G uthrie th is evening, particu larly  so because the subject he 
has dealt w ith  is one w ith which I  am in tim ately  associated in 
the course of my business.

R eferring  to Section IV , Mr. G uthrie gives a ra tio  of 20 to l 
as the m axim um  for single red u c tio n ; th is is, however, purely 
an a rb itra ry  statem ent, because fundam entally  a pinion m esh­
ing  w ith  a rack gives th e  very best engagem ent conditions, 
consequently the la rg e r  the wheel in re la tion  to the pinion, the 
nearer we get to the rack conditions of engagem ent. The 
lim iting  factor in determ ining single or double reduction 
should be size of wheel, w hether it  can be accommodated or 
transported  to its destination .

A single reduction will always be more efficient than  a 
double reduction, and i t  has the v irtue of g rea ter sim plic ity ; 
however, in first- cost, above approxim ately 15 to 1 double re ­
duction becomes increasingly  cheaper relative to a single re­
duction of the same ratio .

D ealing w ith  double reduction gears as fitted on shipboard, 
Mr. G uthrie m entions the “ interleaved type .”  This design 
was first in itia ted  by my Company, and copied by practically  
every designer both in this country and abroad. The com pact­
ness of the arrangem ent appealed to everyone. Experience 
w ith  this design has, however, shown th a t it lacks essential 
flexibility in regard  to angu lar displacem ents which are im ­
posed on the system th rough  the action of the propeller, and it 
adm its of too much flexibility as regards the casing, in this 
way destroying the correct alignm ent of the gears.

For the above reasons we have abandoned the interleaved 
design and introduced an overhead design, where, by ra ising
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the in term ediate gears so th a t they are disposed alm ost on top 
of the low speed wheel, we obtain a  casing w ith  a deep web, 
thus using the analogy of beams varying as bd2. By reducing 
the overall breadth and increasing the depth a very much 
stiffer casing is obtained, so much so th a t it becomes to a large 
extent independent of the deflections of the ship’s seating .

I  have referred to the need for angu lar flexibility, and the 
lack of it in the  interleaved design. To understand to w  im ­
p ortan t th is is we m ust consider the action of the propeller and 
the torsional oscillations set up by the blades strik ing  the 
w ater, or, when fully subm erged, by the blades in tu rn  passing 
from m inim um  to m aximum pressure due to head.

The oscillations due to any propeller have a  periodicity of 
N x R , where N  is the number of blades in the propeller and R 
is revs, per m inute; thus, w ith  four blades and 90 revs., the 
periodicity  has a value of 360. I f  the to ta l displacem ent of 
the propeller a t  a m ean radius, r, be X, then to ta l displacem ent 
of low speed wheel would be (neglecting effect of the tunnel 
sh a f tin g ):—

-i -  v  11
(1)

where R = pitch radius of wheel.
Now the pinion which drives this wheel would be displaced 

exactly the same am ount as the wheel, neither more nor less, 
although due to sm aller diam eter the angle of displacem ent 
would be g reater. If' th is pinion be rigidly attached to .1 
prim ary wheel, as in the case of the interleaved design, then 
the  increased displacem ent of this prim ary wheel would be 
exactly proportional to its radius and th a t of the pinion to 
which it is attached, th u s :—

I) — XV  r  (2)
Where R , =  radius of primary wheel.

1) therefore equals the m axim um  displacem ent due to to r­
sional oscillation with a r ig id  double reduction, and d the m axi­
mum displacem ent wuth a single reduction.

This explains why a rig id  single reduction gear will work 
b e tte r than a rig id  double reduction gear.

I f  we introduce a flexible sh a ft between the first and second 
reductions, we lim it the displacem ent to the second reduction, 
so th a t like the sinsie  reduction its value rem ains d.
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In  the overhead design we place flexible shafts betw een the 
t i r s t  and second reductions, iand thus obtain  the necessary 
an gu la r flexibility ; also as explained above, by m aking the 
casing rig id  the alignm ent of the gears is preserved inde­
pendent of the deflections of the vessel.

Section V I .— I fail to see the necessity for two qualities of 
oil in any system  of g e a r in g ; to my mind it introduces useless 
com plications. The principal function the oil perform s is th a t 
of a cooling agent, and only a very small proportion  is used as 
a lubricant.

Section V I I . — On the question of gear cu tting , i t  is well 
understood by gear specialists th a t the m aster dividing wheel 
m ust be a c cu ra te ; it m ust also be large in relation  to the work, 
so as to dim inish errors. In troducing  creeping tables operated 
by a differential m otion, whilst claim ing to average errors, 
reproduces errors in  the creep m otion gears on the work, there­
fore it  can only be considered as a poor substitu te  for an 
accurate dividing wheel.

In  conclusion I  wish to express my own personal thanks to 
Mr. G uthrie for his paper th is evening, and hope he will favour 
the In s titu te  w ith  fu rther papers as time and opportunity  
afford.

Mr. A. F . E v a n s : May I  be allowed to add a discordant note 
to  this otherw ise friendly discussion. I  happen to have in my 
pocket a le tte r from a well-known firm of engine builders in a 
large way of business, relative to a proposed m arine in sta lla­
tion involving the use of reduction gearing, and the following 
is  an ex tract from  sam e: “  . . . the  revolutions of the engine 
being too h igh, and know ing the trouble th a t has orig inated  in 
the past from, and w ith regard  to gearing , and also the general 
dislike by m arine engineers for gearing , we cannot adopt the 
scheme as put forw ard .”

That decision came to me as a sh o ck ; I  have very little  ex­
perience of large m arine reduction gear problems and perhaps 
my principal association w ith the subject was in connection 
w ith  a vessel in Germ any some few years back, when I  was 
sent over there to observe a geared installa tion  which consisted 
of two propeller shafts and two Diesel engines geared to each.

These engines were nearly 3,000 h.p . each and tu rned  at 
180 r.p .m ., while the propeller shafts ran at TO. The engines 
were rig id ly  connected to the pinion shaft, no quill or o ther 
flexible couplings. I  took w ith  me one of those engineer’s
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stethoscopes, in spite of my colleagues am usem ent a t the idea, 
and I  assure you th a t th is instrum ent was necessary to pick 
up any noise from  the gear box.

I  was told th a t a sister ship fitted in this m anner had run  
very well indeed and th a t they were encouraged to go still 
further, double acting  engines next and then perhaps four 
engines per shaft.

The vessel I  refer to was the Monte Olivia, built by Blohm 
and Voss and fitted w ith  M .A.N. engines.

For w hat reason is oil used in gears?  Is  it for plain lu b ri­
cating  or does i t  act as a dash-pot to absorb vibrations, or is it 
for boundary lubrication or a com bination of all three.

To deal w ith the first two cases there is no doubt th a t an oil 
wTith  considerable viscosity would be the m ost effective, while 
to deal w ith  boundary lubrication a th in  organic oil would be 
most suitable. Perhaps the author can tell us how th is prob­
lem is really  dealt w ith ; do you compromise m atters by adding 
a small quan tity  of organic oil to a medium m ineral oil?

Mr. W . W ilton  (Royal N ational L ifeboat In s titu tio n ), 
V is ito r: I  have been interested in th e  statem ents re la tin g  to 
inaccuracies of gearing. I  would like to ask the  au thor 
w hether the question of grinding has been considered.

Mr. F . C. A shby (Royal N ational L ifeboat In s titu tio n ), 
M em ber: My experience w ith reduction gears has been only in 
connexion w ith com paratively small horse powers relative to 
the large horse powers m entioned th is evening, bu t I  tru s t I  
shall be in order in introducing three types of reduction gear, 
which I  th ink  would be of in terest to Members.

The Royal N ational L ifeboat Ins titu tion  is now adopting the 
policy of having h igher speed engines fitted w ith  reducing  
gears, w ith  the main object of reducing the w eight of m ach­
inery per B .LI.P., and incidentally giving more operating  
space in the engine room, and retaining- propeller efficiency.

The first type of reducing gear I  should like to m ention, is 
the “  B u rn ,”  which has proved perfectly reliable, efficient, and 
silent— (one 60 II .P . model 1200/600 R .P .M . having ju st com­
pleted 100 hours non-stop test).. The principle upon which 
this gear operates m ay be gathered from the illustration  which 
shows the simple 2 to 1 gear. The driving shaft, shown on 
the left, carries a double crank, form ing a tee head, the cranks 
being of equal throw  and each crankpin carry ing a slipper. 
These slippers engage w ith two slots cut at rig h t angles in the
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face of the disc carried on the driven shaft. Assum ing clock­
wise ro ta tion  of the driving shaft when viewed from  the left of 
the p icture, the top slipper presses against the top rig h t quad­
ra n t of the disc, causing the driven shaft to ro ta te  clockwise. 
The lower slipper now travels to the left, and by pressing up­
wards on the top left hand quadran t takes its p a rt in driving 
the  disc. By the tim e the lower slipper has reached the top, 
i.e ., a fte r half a revolution of the driving shaft— the slot in 
w hich it travels, and shown horizontal in the illustra tion , will 
now be vertical, so th a t the driven shaft will have carried out 
a  quarter of a revolution, thus the 2 to 1 ra tio . The norm al 
m ethod of lubricating  this gear is by splash or je t, but in set­
tin g  out this type of gear for the Lifeboat engines, I  h it upon 
th e  idea of so arrang ing  the oil holes and grooving in the crank 
pins and slippers, tha t the lubrication  pressure feed system in 
the  engine could be extended r ig h t up to the slippers, auto­
m atically cu tting  off the supply of oil as the slippers pass by 
the inner ends of the cross slots in the driven member, and 
th u s avoiding any “ open ends ”  in the lubrication  system. 1 
understand the “ Burn ” Reducing Gear is made for H orse 
Pow ers up to 300 and in units of 2 to 1. and 4 to 1 ratios, up to 
speeds'of 3,600 r.p.rn. A m echanical efficiency of 98% per 2 to 
1 ratio  unit is obtained. I have seen one small model of this 
gear which, I was inform ed, had actually  done 24,000 r.p .m . ! 
(no load !).

The second type I th ink  would lie of in terest is the “ G ar­
ra rd  ”  Gear, a 40 H .P . model, reducing from 3,000 to 900 
T.p.m. having ju s t completed satisfactorily  its prelim inary 
te s ts  for L ifeboat service.

The principle of th is gear is th a t i t  uses hardened and 
polished steel surfaces for the transm ission of power instead 
o f toothed gears, in ju st the same way as a heavy locomotive 
depends on a smooth wheel runn ing  on a smooth rail to haul 
its load. I t  is a gear of very h igh m echanical efficiency (99% ), 
absolutely  silent in  operation, and of very small dim ensions 
when compared w ith a spur wheel type designed for tran s­
m ittin g  the same torque. There are two types— the “ P a ra lle l” 
an d  the “ Spherical.”

In the illustra tion  of the P ara lle l type, the end cover being 
rem oved, it can be seen th a t there  is a driving, a driven, and 
an  id ler roller, which are located by bearings placed in a 
stra igh t, line, and are surrounded by a floating ring  supported 
l>y the two outer rollers. This ring  moves from its cen tral



D
.D

.



452 NOTES ON REDUCTION GEAR.
position as the load varies and exerts au tom atically  th e  
necessary adhesion to transm it the load positively w ith  pure 
ro lling  contact en tirely  free from  slip . Epicyclic tra in s—  
simple and compound— can very ieasily he arranged  in  a sim ilar 
m anner, giving all the advantages of epicyclic gearing {e.g., 
big reduction ratios in a small space; and the keeping of the 
driving and driven shafts on the same axis), w ithout the low 
mechanical efficiencies which epioyclic spur gearing inherently  
has, due to the large friction components of the tooth pressures. 
The line diagram  illustra tes the  spherical type of th e  
“ G arrard” Gear, which type differs from the parallel, inas­
much as it embodies another means of applying the surface 
pressures, which again increase w ith  the load. I t  also illu ­
stra tes the simple epicyclic tra in  iof rollers. The la rgest 
“ G a rra rd ”  Gear under construction so far, is I  believe, one 
for 1,000 H .P . at G,000 r.p .m . to  1,000 r .p .m .; and I  under­
stand, reduction ratios up to 250/1 have been designed and run  
successfully.

The th ird  type of reducing gear I  have in m ind is the  
“ B rig g ’s.”  This consists of a driving toothed pinion m eshing 
into a driven in ternally  toothed wheel, and on the outside 
periphery of the  la t te r  is a rranged  a, series' of “ M ichell” 
bearing pads— copiously lubricated, which take the torque re ­
action loads d irectly  over the line of application. I t  is obvious 
th a t th is ideal way of looking afte r the bearing  loads of an 
in ternally  toothed wheel m akes for a very efficient gear of th is 
kind, and gives the advantage over two ordinary spur wheels 
of a closer centre distance. The “ B rig g ’s”  reducing gear, 
however, so far as I  know, has only been used on A ircraft, 
b u t nevertheless, m ay yet find a field of application in M arine 
w ork .

F inally , m igh t I  add, th a t where centre distances are no t of 
g rea t im portance, the silent inverted tooth  type of chain offers 
an excellent m eans of reduction, providing the peripheral 
speeds are not too high, and an  adequate factor of safety is 
allowed for the chain sitresses, and p lenty  of lub rican t is 
supplied.

In  conclusion, I  should like to add my quota of thanks to 
M r. G uthrie for the m ost in teresting  and instructive paper h e  
has presented to the In s titu te .

M r. W . H amilton Ma rtin  : Mr. McLeod has described a 
means of dim inishing the effect of the beats of the propellers. 
I  would like to m ention th a t in this y ear’s volume of T rans-
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actions of tiie In s titu tio n  of Naval A rchitects I  have contribu­
ted some particulars of tria ls of fairly  large propellers w ith  
respectively 2, 3, 4 and six blades, which were carried  ou t w ith  
the idea of finding the best one for some lig h t high-speed 
vessels. The six-bladed propeller proved the best of the lot 
in the official tria ls  which were made for the D utch  Colonial 
Governm ent, althoug*h there was probably not 10% difference 
between the best and the worst type. One of these propellers, 
which was 7 ft. 6 in. in diam eter, broke la te r on in service 
and a four-bladed propeller was substitu ted  tem porarily . Soon 
afte r the new six-bladed propeller arrived and was fitted, the 
captain of the ship expressed his satisfaction  as he said when 
com paring the two, th a t it  seemed as if the ship had passed 
again from  w ater into syrup, so much sm oother was the ru n ­
ning w ith  the sax-bladed screw.

This m ay prove of in terest in connection w ith m otor-driven 
ships, in which som ewhat hig-her revolutions than  those of 
steam ships m ay a t tim es be desirable (for example, 220 r.p .m .) 
or i t  may be beneficial to gearing  as pointed ou t by M r. 
McLeod.

I t  m ight be well w orth  while to carry  out tank  tests on such 
a series of model propellers to ascertain  w hether h igher revo­
lu tions w ith  more blades of less w id th  in the axial p lane would 
resu lt in smoother operation, w ithou t sacrifice in efficiency, 
for application to double-reduction geared or oil-engine driven 
vessels of m oderately h igh  speed.

T h e  Ch a irm an  : I t  gives me g rea t pleasure to  propose a vote 
of thanks to Mr. G uthrie for his very in te resting  paper. The 
subject is ra th e r  a difficult one to discuss, and I  th ink  we have 
benefited very considerably by the A u tho r’s trea tm en t of 
certain  points which deserve careful consideration.

T he vote of thanks, which was carried  w ith  enthusiasm , 
was briefly acknowledged by the A uthor and the meeting- 
closed.

Contribution by M r . J . W ard, 13.Sc. : In  section 1, the A uthor 
refers to the method of im proving the efficiency of a tu rbine 
by adopting h igher pressures and tem peratures. I  am ra th e r  
surprised he does not m ention the increase in efficiency due 
to low ering the  exhaust pressure, i.e ., by im proving the 
vacuum . Quite as much work has been done by the designer 
of condensing p lan t to improve turbine efficiency as by the de­
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signer of h igh pressure and tem perature boiler p lant. I f  one 
exam ines curve A. on fig. 3, one notices th a t the ra te  of in ­
crease of therm al efficiency decreases as the pressure increases.

T  f t  C h r r t  s h o w i n g  e f f e c t  o f ~  i M m o v e o  v a c u u m .
---------------------------------------------- -------- ,---------------------------------------------------------------

F t f r  i
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I t  is in te resting  to show th a t the ra te  of increase of therm al 
efficiency increases as the exhaust pressure decreases. Consider 
the case of tu rbine supplied with, steam, s.ay a t 200 lb. per 
square inch absolute and superheated to 230° C. This in itia l 
condition is represented by the sta tic  point A. on the tem pera­
ture entropy chart fig. i. I f  expansion takes place to a press- 
sure p0, the final condition represented by b, the h ea t equiva­
len t of the work done is the shaded area. I f  the exhaust 
pressure is lowered to p3 the gain of work will be the shaded 
strip  and the point c represents the final condition.

Fco. 11 Z7 Z8
Vacuum He.

2S

30



Tlie accompanying- table g-ives the therm al efficiencies and 
final percentage m oisture for various exhaust pressures.
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Exhaust pressure lb per sq. absolute.
Vacuum ins Hg.

Heat equivalent of work done C.H.U. per lb.
Therm alEfficiency. %Moisture.

0 '2 2 9 '6 236 •347 26
0 '4 2 9 2 218 •325 24
0-5 28-98 214 •321 2 3 5
0-6 28 78 •209 •316 23
0 8 28-37 200 •304 22
1 0 27 '9 6 195 ’296 21
1 5 26-94 183 284 19
2-0 25-91 175 •274 18

Eig-. ii. shows therm al efficiency and % m oisture plotted 
against vacuum and it is seen th a t the slope of the therm al 
•efficiency curve is increasing. Comparing this curve w ith the 
A uthor’s curve A, fig. 3, one naturally  concludes that more 
a tten tion  should be paid to the exhaust end than  to the steam 
supply. The above comparisons .are for ideal turbines w orking 
w ith adiabatic expansion and other factors such as friction  
reheat, supersaturation, etc., which considerably influence 
the final condition, m ust be tak en  into consideration to make a 
tru e  comparison.

Mr. W .  F. J a c o b s  (contributed by correspondence) : In 
double reduction gears, has any standard nom enclature been 
adopted for the main portions of the gearing?

I  use the following term s :—
F or pinion on turbine shaft, “ P rim ary  pinion this gears 

into “ P rim ary  wheel ” on whose shaft is cut the “  Secondary 
p in io n ” ; th is meshes w ith  the “ G reat W heel.” (This name 
is borrowed from clock work, by the way.)

I  would like to know if any investigation  has been made as 
to the chances of' torsional oscillations being set up in the shaft 
carry ing the prim ary wheel. I f  th is does take place, it  m ay 
cause very irregu lar loading 011 the prim ary pinion and so tend 
to fracture.

In  the case of long ships I  am in favour of fitting  a flexible 
coupling between the g rea t wheel and tunnel shaft in order 
th a t any stresses on the shaft due to the ship w orking should
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not have any effect on the gearing . I  would like to know how 
the various parts of the gears are dynam ically b a lan ced ; are 
the gears placed in a fram e and run up to w orking speed to 
check the dynamic balance ?

I  consider th a t some of the causes of frac ture  of pinions in a 
double reduction gear may be th a t (1) in a double reduction 
gearing , the speeds of the turbine and prim ary pinion are from
2 to  4 tim es th a t of the corresponding single reduction gear, 
therefore the stresses due to lack of balance, etc ., are 4 to 16 
tim es g rea ter in the double g ear than in  the single gear.

(2) A gain, we can expect th a t the life of a, single reduction 
prim ary pinion is longer in term s of tim e than th a t of a  double 
reduction prim ary pinion, assum ing th a t the final speed in 
revolution of the propeller is  the same in  both cases, for the 
tee th  are only in engagem ent from J to i  the num ber of tim es 
per unit of time in a single reduction gear compared w ith a 
double reduction gear, or, if a pinion of a double reduction 
gear is worn out or fractures in , say, one year, then  we can 
expect th a t in the corresponding single reduction gear the 
pinion will la s t two to four years.

Contribution from Mr. R . J .  W il l is : R eferring  to the Paper 
en titled  “ Notes on R eduction G ear”  which was read recently  
before the Members of your In s titu te  by Mr. W . -J. G uthrie, 
I  have studied w ith  intense in terest the various points raised, 
b u t in two instances I  am completely at a loss to grasp  the true 
significance. In  the hope th a t  you may be able to throw  some 
lig h t on these points I  take the liberty  of b ring ing  same to 
your notice, assuring you that I  would be most grateful if you 
could explain in a clear and concise m anner the idea or purpose 
which Mr. G uthrie wished to convey.

U nder the sub-title “ Gearing Efficiencies and D esig n ,” Mr. 
G uthrie s ta te s :—

“ The efficiency of reduction gearing  has been accurately 
determ ined by driving two sim ilar gear in O PPO SITIO N  by 
a m otor interposed between one set of pinions and placing a 
generator between the o ther set of p in ions.”

Could you indicate, by means of a rough sketch, the general 
lay-out of such an arrangem ent and dem onstrate the m anner in 
which gears are driven in opposition. Again, I  am led to 
believe th a t second gearing  and pinion system would be re­
quired to b ring  about “ opposition.” Is th is correct? I f  so,
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could not efficiency be determ ined w ithout resorting  to dupli­
ca te  gearing , etc. ? Again thanking  you and tru stin g  to hear 
from you later.

Mr. G u t i i r i e  : I  appreciate th e  m anner in which these notes 
have been received and th an k  those gentlem en who, by tak in g  
p a rt in the discussion, have m ateria lly  increased the scope and 
enhanced the value of the paper.

The Chairman m entioned a oase of a gear wheel which be­
came slack on the cone and afte r being refitted  gave no fu rth e r 
trouble. I t  would appear probable th a t the wheel had been 
im properly fitted to the shaft in the  first instance and th a t 
instead  of the conical surfaces of the wheel boss and shaft 
being in in tim ate contact th roughou t th e ir leng th  and especi­
ally so at the large end of the cone, the area of contact when 
first fitted had been m ainly confined to the small end of the 
cone. Cases have been known where th is was found to be the 
explanation of propellers becom ing slack and ta il shafts b reak­
ing  in  the ooned portion of the shaft.

Mr. W . H am ilton M artin  rig h tly  points out th a t sm ooth and 
silen t runn ing  is only possible when all ro ta tin g  parts of a 
system possess a h igh  degree of' runn ing  balance. I t  m ay be 
well to point out, however, th a t th is condition is not neces­
sarily complied w ith when all ro ta tin g  parts  are in a state of 
sta tic  balance. Im proving the sta tic  balance m ay m ake the 
runn ing  balance wonse instead of better, particu larly  if the 
axial length  of the  body is considerable and the speed of ro ta ­
tion high.

The reason why th is is so is best explained by m eans of a 
sketch thus—

X-Y is the axis of a ro ta tin g  body having an out of balance 
w eight A ozs. ac ting  at radius R , and having a m om ent re la­
tive to the axis X-Y of A R in ch /o z . To produce sta tic  balance 
all th a t is necessary is to place a w eight A x diam etrically  oppo­
site a t such a radius R j th a t its m om ent will be equal to AR,



i.e., AR -  A jR , and th is will apply to w hatever point the 
w eigh t is applied along the ax is of X-Y, whereas the  only 
p o in t a t  which it can be applied to ensure th a t there is n e ith e r  
s ta tic  nor dynam ic out of balance, is as shown by the dotted 
lines.

In  the  oase of bodies whose leng th  is rela tively  short, sta tic  
balancing  will generally  yield satisfactory  resu lts especially 
if the w eight is applied in such a  way th a t i t  has no axial 
m om ent about the  centre of' g rav ity  of the  body.

Mr. M artin  also, I  thank, suggests th a t if all parts  were in 
perfect balance quill drives, elastic couplings and floating 
fram es would be unnecessary, b u t here again I  th in k  some 
slight qualification is desirable. The rea l reason for adopting  
the quill drive or w hat am ounts to the sam e th in g , an elastic 
coupling, has been clearly explained by Mr. McLeod, and the 
reason p u t forw ard for the adoption of the floating fram e is 
th a t  i t  au tom atically  ad justs th e  a lignm ent and so enables a 
h ig her too th  pressure to be used.

Mr. AinsLey has raised  several points well w orthy of a tte n ­
tion . In  the first place he asks for definite values for com­
bined efficiencies obtainable w ith  h igh pressure tu rbines. No 
resu lts  are  yet available for h igh  pressure m arine tu rbines, but 
in  pow er sta tion  work i t  is claimed th a t  the use of h igh  pres­
sures has enabled efficiencies of 27 or 28% to be obtained from 
steam  to buss bars.

The m axim um  circum ferential blade tip  speed of which I  
have any record is 1,050 feet per sec.

As regards duration  of contact, I  reg re t, if in a ttem pting  to 
be brief, I  have not made m yself quite clear. W hat I  did mean 
to convey was th a t dueito th e  helical form  of the to o th  any  p a r­
ticu la r too th  was longer in engagem ent than  in an ordinary 
spur gear.

Mr. A insley points out th a t  bending stresses m ay cause the 
tee th  of the pinion to be more severely stressed than  the teeth  
in th e  wheel and in th is I  concur. A fu rth e r d isparity  of 
stress is also due to the  fac t th a t the contours of pinion teeth  
are fu rth e r rem oved from the  true rack  form than  are the tee th  
of the  wheel, b u t these facts were in my m ind when I  said, not 
th a t  the stresses were the sam e, b u t th a t they were sensibly 
the  same. In  any case giv ing the d isparity  its u tm ost value 
the differences in the  stresises a re  nothing  like 45 to 28, which 
is the ratio  of the u ltim ate  s treng ths of the m aterial of pinion
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and wheel rim s, and any difference in this respect can there­
fore have no direct bearing’ on the vexed question as to why 
nearly all tooth failures are confined to the pinion.

Mr. M cLeod’s contribution  to the discussion is a valuable 
one and he has dealt w ith  the question of torsional vibrations 
in a very clear and lucid m anner.

Mr. Evans quotes an objection raised by a firm of engine 
builders to the adoption of reduction gears. As one who is 
him self associated w ith a firm of engine builders, I am unable 
to understand th is a ttitud e . No more convincing testim ony 
to the reliability  of reduction gears could possibly be fo rth ­
coming than the im portan t repeat orders for geared tu rbine 
installa tions recently  placed by various shipowners, all of 
whom have had such installations, and are well qualified by experi­
ence to judge the m erits of them.

The oil is not used in any way to ‘ damp ’ out v ibrations, but 
simply to  lubricate the tee th  an d  'carry off the heat generated  
by friction. In  selecting a  suitable visoo.sity the oil m ust not 
be too th in , otherw ise it will be throw n off the teeth  and it 
m ust not be too thick, otherwise it will no t find its way pro­
perly between the tooth  surfaces.

In  reply to Mr. W ilton  I  may say  the only ground gears 
known to the author are  those of the  M aag type having stra igh t 
spur teeth.

Mr. A shby’s rem arks are very in teresting , bu t deal w ith  a 
type of gear of which the author has had no experience.

Mr. Jacobs asks if there  is a (standard nom enclature for re ­
duction gears. I  do no t know of any, bu t the term s used in 
the paper are those in common usage by m arine engineers.

In  reply to Mr. W illis, if a m otor is coupled to one pinion of 
a single set o f gears and a  dynamo is coupled to th e  o ther 
pinion, th e  efficiency of the  gears can be determ ined by com­
paring  the input power to  the m otor w ith  the output power 
from the generator. The difference when corrected for the 
efficiencies of m otor and genera to r is th e  lost power due to 
frictional losses in the gears. The m otor and generator mav 
be coupled electrically as in the  well-known “  Hopkinson test. ” 
The d isadvantage of th is m ethod, however, is th a t the gears 
can only be tested  at the loads and revs, for which the motor 
and generato r are  suitable.

W hen two sets of gears are available i t  is preferable to run  
the two gears together as shown, as the fric tional losses which
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form  a  very small percentage of th e  to ta l power are thus 
doubled and more easily determ ined.

A nother m ethod frequently  adopted is to run  two gears iu 
opposition, the generator in th e  sketch  being replaced by a 
transm ission dynam om eter. This enables the tee th  to be 
loaded to any pressure and the output required from  the m otor 
is only th a t required  to  overcome the fric tional losses. I f  a 
dynam om eter is not available the too th  pressure may be ob­
tained by tw isting  the two pinion shafts relative to one another 
and coupling them  to g e ther while in th is stra ined  condition.

Mr. W ard  deals w ith the effect of increased vacuum , and 
provided the turbine is so bladed that the leaving loss per­
centage is not large, any increase in vacuum will result in a 
gain in economy.

This aspect of the subject was not touched upon in the paper 
however, because much has been already w ritten  on the effect 
of vacuum on Turbine Economy an d  because vacuum has no 
direct influence in increasing the revolutions at which the tu r ­
bines are designed to run . On the o ther hand w ithin  lim its, 
the  g rea ter the pressure the g rea te r the revolutions for which 
the tu rbines should be designed and consequently  the g rea ter 
the necessity for the use of reduction gears.

Mr. W ard ’s diagram s .show the effect of vacuum on the 
therm al efficiency very clearly and in this connection it i® in ­
deed a strik in g  fact th a t nearly  as m uch heat energy can be 
obtained from  the expansion of 1 lb. of steam  from 2 lbs. per 
sq. in. abs. to lib . per sq. in. abs., as from the expansion of 
1 lb. of steam  from 200 lbs. per sq. in. abis. to 100 lbs. per sq. 
in. abs.

------------ o------------
Notes.

R eport  No. 5, M a rine  (In , E n g in e  T rials Co m m ittee . —  
This R eport was discussed a t a m eeting held a t the In s titu tio n  
of M echanical E ngineers on Decem ber 10th. I t  embraced the 
tria ls of the ('ape York, and the following sum m ary of the 
R eport and the discussion is from “ L loyd’s L ist and Shipping 
G azette ,”  of December 15th:—

The report covered the testing  of the engines ashore and the 
engines and auxiliaries a t  sea, including a. series of progressive 
tria ls on the m easured mile.
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Tlie trials a t sea were carried out using fuel of whieli th e  

qualities were practically  identical w ith  those of the fuel used 
ashore, and sufficient records of the perform ance of the m ain 
engines were made to enable the lesu lts  of the tests ashore to 
be utilised in deducing the power actually delivered to the pro­
peller shaft. The Cape York wias built by Messrs. L ithgow , 
L td ., and was designed to the following general p articu lars : 
L eng th  b .p ., 410 f t . ; moulded breadth , 53 ft. 9 i n . ; and mean 
d raught to the bottom  of the keel, 26 ft, i  in. The m ain pro­
pelling engines, which are of the W erkspoor type, were built 
by Messrs. II. and W . H aw thorn, Leslie and Co., L td ., at New- 
oastle-on-Tyne. The ra tin g  of each engine is 1020 b .h.p . at 
125 r.p .m ., the power being developed in six cylinders acting  
on the four-stroke cycle, single acting , w ith  six cranks. The 
method of fuel admission to the cylinders is by b last air from 
an engine-driven compressor, and firing is obtained by the  
tem perature of .compression. The cylinders are 22.05 in. in 
diameter,, and the piaton-stroke is 39.37 inches. The fuel is 
injected at a pressure of 925 lb. per square inch by means of a 
p lunger pump, the supply to the cylinders being regulated  by 
means of a liand-control, and also by the engine governor. The 
lubrication  is effected from a g rav ity  tank  and can also be 
delivered by a force pump.

Tests Ashore.— The first series of testis were carried out 
ashore a t Messrs. H aw thorn, Leslie and Co.’s works, and were 
conducted to a schedule of loads and speeds calculated from 
the  simple approxim ation to propeller law. The constant in 
the relation, Torque =  constan t x (square of revs, per m inute), 
was determ ined from the  condition of ra ted  full power of the 
engine, nam ely 1020 b .h .p . a t  125 revolutions per m inute. The 
procedure adopted was th a t the attendants were inform ed w hat 
brake-load and speed would be required for each particu la r 
test, no o ther conditions of running  being laid down. The 
tim ing  of the fuel admission to the cylinders was th a t at which 
it was intended the engines should be run a t sea. Tests of 
over-loading, friction, slowest speeds, etc., were also carried 
out in addition to the m ain tests. Samples of exhaust gas 
were analysed, and samples of fuel were analysed a t the Fuel 
Research S tation, Greenwich.

Curves of i.h .p ., therm al efficiency, fuel consum ption, mean 
pressures, etc., were plotted, and a m ost exhaustive series of 
tables and diagram s conipiled. The data so obtained are very 
clearly set forth , and the deductions made follow im m ediately



NOTES.
from the observed particu lars , sufficient inform ation being re­
corded to  perm it of fu rth e r deductions being m ade. The 
w eigh t of fuel per b .h .p . hour a t full load is about .43 lb ., and 
the therm al efficiency on a  b .h .p . basis is  about .30. I t  is 
in te resting  to note how these figures vary  as the load and speed 
are altered.

Sea T r ia ls .— The tria ls  a t  sea Wiere carried out in  the Clyde 
estuary , and consisted o f m aasured-m ile runs, s ta rtin g  a ir 
tria ls , manoeuvring tria ls , slow speed tests, and fuel consum p­
tion  tria ls . The vessel’s d rau g h t was 8 ft. 6 in. forw ard and 
16 ft. 5 in. aft, some 2,276 tons of fuel and b a llast being on 
board a t  the tim e. The moulded displacem ent a t  the tria l 
d rau g h t was 5,510 tons, as ag a in st 12,355 tons under full-load 
conditions. A progressive series of runs from  half the de­
signed num ber of revolutions of the engines by stages to  the 
full num ber were made on the m easured mile. A m ost com­
prehensive and complete set of observations were recorded, anil 
the  d a ta  so obtained were u tilised  to calculate the horse-power, 
torque and efficiency under vary ing  conditions. D irect 
m easurem ents of the  torque transm itted  by the p o rt engine 
were made a t the same tim e, but no a ttem p t was made to 
obtain direct m easurem ents of th e  th rust.

I t  is seldom th a t an  opportunity  is so afforded as, to m easure 
directly  and indirectly  a t the same tim e the torque on the 
shaft, and the results obtained were approxim ately th e  same, 
the s lig h t difference being due to losses on shaft transm ission. 
In te re s tin g  features notied were th a t the num ber of s ta rts  pos­
sible w ith the s ta rtin g  a ir  capacity installed  was 43, and th a t 
the  slowest possible num ber of revolutions was about one-third 
of the num ber a t  full speed. The T rials Committee simply 
record the observations obtained a t  the tr ia l and m ake no com­
m ents upon the inform ation .gathered.

Discussion.— Mr. C. W . J . Taffs, in p resen ting  the report, 
said it  followed very closely in its arrangem ent on th a t of the 
four previous reports in order th a t com parisons could be readily  
made as and when opportunity  arose. A lthough the fifth re ­
port was now under discussion an opportunity  to discuss com­
parisons would be afforded latter on when a  paper correlating  
results would, it  was hoped, be presented. The principal 
points th a t called for discussion in the descriptive part- of the 
report weie the advantages of e lec tric ity  as the mode of drive 
for the deck and other m achinery, and the advantages of driv­
ing m ultifarious pumps from the m ain engines ; w hether i t  was
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economical to use air a t  a relatively  low pressure for manoeuv­
ring  purposes, and whether the electric generating  m achinery 
should be driven by oil engines. There was nothing that 
called for particu lar comment in the shore tria ls themselves 
except that, the m echanical efficiency was lower than m ight be 
expected, but perhaps th a t abnorm ality  was only apparent see­
ing the  number of pumps the engine was called upon to drive.

That trim  m ight have some effect on the data  deduced from  
engine observations, particularly  a t the lower powers. The 
principal results of the sea tria ls , o ther than  those shown in the 
table already referred to, were the over-all consum ptions of 
fuel and the consumption of lubricant in the main engines. A 
new type of torsion-m eter was m ounted on the port, shaft, and 
this was found to give very consistent readings. U n fo rtu ­
nately, no records of the th ru s t were made as the Michell block 
installed was not adapted for such m easurem ents.

Sir Archibald Ross said a word of special thanks was due to 
Sir Jam es Lithgow , who readily consented to place the Cape 
York at the disposal of the Committee when his company 
approached him on the subject. The value of the reports could 
not be overstated, and though  one m ight be inclined to say 
from the shipowner’s point of view th a t the only three in itia l 
points which were w orthy o,f h is consideration were cost, 
w eight (which affected carry ing  capacity), and fuel consum p­
tion, there were, of course, otiher factor's, such as m aintenance 
and reliability . The objects of' the Committee were technical 
and scientific, and all the reports were conspicuous by a very 
wise and necessary absence of bias towards any one particu lar 
type or peculiarity, but from  the shipowners’ point of view ,’n 
particular, and also from the In s titu tio n s’, any supplem entary 
inform ation which could be obtained from  actual sea perform ­
ances over long periods would be of g rea t value. One realised 
th a t the im partial a ttitu d e  of the Trials Committee did not 
perm it o f com parisons being miade by them , but they were glad 
to know that. Professor Dalby intended reading a paper shortly, 
based on th e  now completed five reports.

Need o f Thrust Records.—-I t  .was from the naval a rch itec t’s 
point of view, perhaps, reg re ttab le  th a t tria ls carried out so 
thoroughly in all respects as fa r as m achinery was concerned 
did not in all cases include reliable th rust records, which, after 
all, for ships’ designers were th e  m ost im portant factor. There 
would appear still to be difficulty in establish ing the actual 
indicated horse-power, a question of prim ary im portance, not
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only in estim ating  the mechanical (efficiency of the engine, bu t 
in ascertain ing the m axim um  pressures. Even w ith  the best 
indicators obtainable, inaccuracies were on evidence. H e had 
no doubt th a t the difficulties associated w ith  ind icating  the 
power of in te rna l com bustion m arine engines would be dis­
pelled, but a t  p resent there could be little  doubt b u t th a t they 
did exist. He concluded by paying  a trib u te  to Sir George 
Goodwin, who had done so m uch t*o instil en thusiasm  and 
obtain thorough knowledge of an engine which had got to be 
m astered.

Mr. N arbeth, speaking as a naval architect, observed th a t 
we in this country  lagged very m uch behind in adopting the 
W erkspoor engine, which was an engine possessing very excel­
lent meritjs, and because of its g reat vogue abroad there m ust 
be adm irable features which the tria ls had not b ro u g h t out,

Mr. T. Clarkson said all would agree th a t the report was a 
m ost valuable contribution  .to the  investigation  of the m arine 
oil engine. One criticism  he would venture to express was 
th a t there was nothing  to indicate that, any  steps were taken  to 
recover the very large am ount of heat which was going away 
in the exhaust gases.

Mr. W . A. Tookey, who exhibited some slides, drew a tte n ­
tion to th e  peculiarities in  the indicated horse-power shown in 
the report, showing th a t there w as som ething w rong w ith  the 
ind icating  gear.

Mr. B aker said th a t the  report w as a  little  b e tte r thaji before 
w ith  regard  to the th ru s t m easurem ents. I t  looked a t la s t as 
though  there was a torsion m eter which was satisfactory . The 
shipowner was concerned only w ith  th ru s t m easurem ent; the 
others were purely  engineering points. The tria ls were to 
supply the owners w ith  some data  to enable them  to get more 
confidence as to w hat an oil engine would do.

H igh-Speed Engines .— Sir E rnest P e tte r  suggested th a t  it 
was a p ity  th a t an opportunity  could not be taken  of com par­
ing the results of slow-speed engines w ith  engines of h igher 
speed. H is opinion was th a t the internal-com bustion m arine 
engine would go th rough  very m uch th e  same stag e  as the 
steam engine, and while m arine  engineers of to-day Would only 
look at speeds corresponding w ith steam -engine speeds, the 
tim e m igh t come—and m igh t not be far distant.—when they 
would exhibit engines to give h igher revolution speed. I f  
they got rid  of a prejudice it would be w orth investigating , and 
he did not know w hether the Committee could carry  a te s t in
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engines of h igher speed. A part from  the question of propeller 
efficiency, there was a g rea t deal to be said for higher speed in 
oil engines. The real po in t was how much th rust power they 
were going to give the shipowner.

A fter some fu rther discussion, Mr. Taft’s dealt w ith points 
which had been raised by the  several speakers.

Owing to the enquiries m ade regard ing  the use of pulverised 
fuel a tten tion  is directed to the P aper read by Dr. W . Lulops, 
Am sterdam , at the In te rn a tio n a l Conference on large electric 
systems held in P aris  in  June, 1925.

“ The M achine Tool R eview ,”  of Septem ber and October, 
1925, contained a full repo rt of the P aper from which the fol­
lowing points are selected to indicate the scope of i t :—

The main object of the au thor was to m ake a comparison 
between the two m ost im portan t systems in powdered fuel stok ­
ing ; the Central System and the U n it System.

S tarting  w ith the comparison between the m echanical stoker 
and the firing of powdered fuel in  general it  m ust be borne in 
m ind th a t the com bustion of the coal is m erely a chemical re ­
action between the oxygen of the air and the carbon, hydrogen, 
e tc ., of th e  coal. Looking closely into  this m atte r it is obvious 
th a t  the conditions under which this chemical process takes 
place m ust be far less ideal for the m echanical stoker.

As the coal burns away steadily on the m echanical stoker 
Whilst i t  is transported , first the volatile and then the carbon, 
leaving only the ash  a t the end, the thickness of the layer of 
coal along the stoker gradually  diminishes towards the  end of 
the stoker and the quality  of the fuel dim inishes correspond­
ingly.

This has the effect, assum ing an equal d rau g h t over the 
Whole stoker, th a t the ratio  of quan tity  of air per lb. of com­
bustible m atte r varies considerably along the g-rate, causing 
an excess of a ir a t the end, a shortage of a ir at the front part 
of the stoker, also th a t the stoker a t  the end has to deal w ith 
very inferior quality  of coal containing no volatile and an ever 
increasing percentage of ash, theoretically  up to 100%.

Thi's resu lts in a low percentage of C 02 a t th is end of the 
stoker, on an average not more than 5% and a g rea t difficulty 
in  burn ing  ou t the coal completely. H ere we have two sources 
o f loss. The uneven distribu tion  of a ir makes i t  impossible to 
run  a t a h igh average CO, w ithout CO; in fact th is is the ex­
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planation  why w ith  the m echanical stoker one cannot go 
beyond 13-14% C 02 w ithout CO, whereas w ith  powered fuel 
16-17% may be obtained.

The o ther loss is a certain  percentage of carbon le ft in  the 
ash, also due to the cooling effect of the boiler on the grate, 
5-10% of carbon on an average being a low figure. In  fact 
one has to compromise between these two losess. A high per­
centage of CO, means h igh loss by unbum t carbon in the  ash, a 
low loss figure in the  ash  necessitates a lower percentage of 
C 02. The unavoidable percentage of u n b u rn t carbon in ash  
and fiue dust is largely  dependent on the character of the coal. 
F o r instance if the m elting  point of the ash  is low it is prac­
tically  impossible to avoid a considerable percentage of darbon 
in the a s h ; particles of coke and even coal are shut in by the 
m olten ash and so become partly  or en tirely  shut off from  the 
oxygen, which means th a t th is p a r t  of the coal rem ains u n ­
burn t.

A nother sure loss when using fine coal is to be found in the 
particles w hich are blown off the g ra te . In  order to burn  fine 
coal, especially if i t  contains a h igh  percen tage of ash, a low 
percentage of volatile, and if it  is of a slow burn ing  n atu re , 
one has to use forced d raugh t, forcing the a ir th rough  the liayer 
of c o a l; b u t w ith  increasing force i t  stands to reason th a t an 
increasing num ber of coal particles are blown off the g ra te  and 
are carried  away w ith the gases th rough  the boiler. Some stop 
there and tend  to clog up the boiler and economiser, leaving in 
the form er big  pieces of clinker as a resu lt of slow dry d istilla ­
tion  ; owing to the h igher tem perature, the finer particles leave 
th e  chimney.

Owing to the defects which are inheren t to the  natu re  of the 
m echanical stoker i t  requires much skill to operate i t  effi­
ciently, and therefore tak in g  in to  consideration the  average 
a tten tio n  w ith  which one .must reckon, i t  m eans th a t the actual 
loss will be g rea ter than th a t previously m entioned.

And this is one of the reasons why there is, in general, such 
a v ast difference between the te s t  tria ls ru,n w ith  mechanical 
stokers by expert a ttendan ts sent, there, on purpose by the 
m anufacturers of the stoker and the resu lts obtained in 
ordinary runn ing  condition.

To this m ust be added ex tra  stand by and s ta rtin g  up losses 
on account of the lack of adaptab ility  of th e  chain g ra te  stoker 
to variations in the load and the considerable am ount of tim e 
it  takes from sta rting  up to efficient runn ing  condition.
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In  view of the enormous num ber of mechanical stokers now 
in daily use it may prove of value to  po in t out how the adapta­
tion  of powdered fuel in com bination with, existing  m echanical 
stokers can reduce the aforem entioned principal defects and by 
so doing tends to b ring  the mechanical stoker more up to  the 
standard  of powdered fuel firing’. A t the same time this com­
bination  may overcome some of the difficulties m et w ith in the 
la tte r  method of firing.

This com bination has been effected by inserting- a num ber of 
small burners (or je ts) of powdered fuel a t the back end of the 
stoker in suck a m anner th a t a row of small flames from  these 
burners are directed, almost parallel, to the mechanical g rate 
bu t pointing  sliglitly towards it. This results in three distinct 
advantages over the mechanical stoker alone, viz. :—

A. Increased efficiency.
B. Increased steam  production of the boiler.
C. Increase in the adaptab ility  for a varying load.

Re A .  1. This row of small flames acts as a perfect form  of 
back arch w ith  all its advantages and none of its disadvantages 
especially in respect to the  upkeep and repair of brickw ork.

2. The am ount of excess air a t  the back of tlie m echanical 
stoker is utilised for com pleting the combustion of th is pow­
dered fuel by regu la ting  the am ount of air supplied in the m ix­
tu re  to the burners.

3. As the flames from  the burners are a.t r ig h t angles to the 
flames from  the m echanical stoker a w hirling m otion is set 
up in t i e  com bustion cham ber by which means excess air and 
com bustible m atter are b rought in close contact w ith one 
another.

Re B . Increased evaporation is obtained not only by the 
ex tra am ount of B T U ’s se t free from  the com bustion of the 
powdered fuel, bu t also through, a h igher tem perature in the 
combustion cham ber. More fuel can be bu rn t per square foot 
of g ra te  surface, the boiler being capable of absorbing these 
ex tra  B T U ’s on account of this h igher tem perature. This is a 
well-known fact and is also the reason why the tem perature of 
th e  superheated steam is not increased by the h igher tem pera­
tu re  in the combustion cham ber. Actual tests have proved 
th a t With a  20% increased evaporation the tem perature of the 
exit g-ases from the eeonomiser was not raised. Even 30% in ­
creased evaporation was reached, but could not be continued 
on account of the boiler beginning  to prime.
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Re C. By this m eans the production of tlie boiler can be 

instantaneously  adjusted  by regu la ting  the supply of powdered 
fuel and  fu rth e r the s ta rtin g  up of the boiler takes considerably 
less tim e because the powdered fuel flames, once started , b ring  
up the tem perature of brickw ork and com bustion cham ber very 
rapidly.

On the o ther hand the m echanical stoker will assist the pow ­
dered fuel firing ; firstly  the  ign ition  is alw ays sure and 
secondly the ash from the  powdered fuel is removed as it falls 
on the m echanical stoker.

I t  will be obvious from  paragraphs B and C th a t the fu rth e r 
advantage of th is adaptation  of powdered fuel is th a t th e  steam 
production of an  ex isting  boiler house may be thus increased 
w ithout any extension of boilers.

R e tu rn in g  now to burn ing  powdered fuel proper I  would 
m ention th a t  th e  systems of which one hears the most at p re ­
sent, as Lopulco, F u ller, Holbeck, are  all based on the p rin ­
ciple of th e  C entral System  and if I  am well inform ed th is 
system  is by fa r the mosrt popular in America, which is the 
cradle of pulverized fuel. A lthough in the beginning  the U nit 
System  equally was used i t  seems th a t in the fu rth e r develop­
m ent it has been le ft behind more and more.

Considering th a t the suppliers of pulverized fuel p lan t are, 
nearly w ithout exception, representatives of Am erican industry  
in this b ranch  and are therefore influenced en tirely  by experi­
ence obtained in th a t country, the Central System  is more and 
more b rought to the front. There are no t m any who have had 
the courage to gain experience by m aking te s ts  and tria ls 
them selves, although  this is the only way, in present circum ­
stances, to form  an unbiased opinion on th is im portan t ques­
tion .

A bout four years ago when I  thoroughly  studied the various 
system s then arising , I  im m ediately became convinced th a t, 
however im portan t the differences are between th e  various 
systems such as Lopuloo and F u lle r the m ost im portan t of all 
is the problem  of choosing between the C entral and U n it 
Sysitem®. A thorough  study of the  advantages and disadvan­
tages of each convinced me th a t in princip le the U n it System 
was to be preferred  to the Central System.

So I  confined m yself te  going thoroughly  into this system 
and not w ithout resu lts—results in  two directions. In  the first
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place, as I  shall p resently  prove, th is system has been adapted 
for practical use w ith  m ost satisfactory resu lts ; secondly, this 
strengthens my conviction th a t the U n it System will in m ost 
cases compete successfully w ith the Central System for m any 
reasons into which I  hope to go into more fully presently .

The peculiar difficulties which arise in pulverized fuel stok­
ing, especially if one has to depend entirely  on personal in itia ­
tive, demand perseverance and patience. For about three 
years I  learn t nothing  excepting “ how nott to do i t , ”  un til at 
last an installation , in which, all objections have vanished, has 
been w orking regu larly  for e igh t m onths.

B o i l e r  E x p l o s io n s  A c t s , 1882 a n d  1890.—R eport No. 2770. 
W hile the Lyntown was on her way from  A lgiers in ballast 
on Ju ly  9th, 1925, and two hours after leaving, a leak was noticed 
in the m ain steam  pipe near the m ain engine stop valve chest, 
leading from the port boiler, adjoining the branch from the 
starboard  boiler. The leak gradually  became g reater. I t  was 
decided to re tu rn  to A lgiers in order to investigate  the cause, 
and find a remedy.

A clip was round the pipe and on its removal, a circumferential 
crack was traced about 6 inches long. P rio r to the ship’s 
departure from Cardiff on the voyage, a sligh t leak was noticed 
and on exam ination a pin p o in t drop w as found, th is led to 
the clip being bound round the pipe to cover the spot, and 
evidently it had extended as the heat and the cold led to ex­
pansion and contraction .

There were two boilers, pressure 160 lbs. From  each of the 
stop valves, the steam  pipe was led to the engine stop valve 
chest on which there was a  branch for each. The connecting 
pipes wrere led  on a line w ith  the backs of the boilers, then 
w ith  bends a ft to the engine room a t rig h t angles, w 'ithout 
expansion bends or jo in ts to relieve the stra in . The pipe from 
the port boiler had been repaired by brazed sleeve jo in t a t the 
engine stop valve chest. The sleeve was made of solid drawn 
copper 4 inch in ternal diam eter, brazed to the flange and ex­
panded for a leng th  of 3f inches to allow the pipe to enter. I t  
was afterw ards brazed. The pipes were tested  by hydraulic 
pressure to 320 lbs. on April 22nd, and the vessel sailed from 
Cardiff on June 25th. The a tten tion  of the owners was called 
to the advisability of providing for expansion. The investiga­
tion of the cause of the failure was carried  out by Mr. J . A. 
W hyte, Board of Trade Surveyor, Liverpool, and the closing



NOTES. 473
observations of the E ngineer Surveyor-in-Chief, were to the 
effect th a t the form ation of the pipes was such th a t consider­
able a lte rn a tin g  stresses were imposed on the necks a t the 
flanges, and also to th a t due to the racing  of the engines in 
heavy w eather. The a tten tio n  of the owners having  been 
called to the subject, they would no doubt give careful con­
sideration to the subject. W hen the defect was seen in its 
in itia l stage, it is surprising  th a t  a clip was considered a 
sufficient safeguard  before the vessel sailed.

C a r r y i n g  C o a l s  t o  N e w c a s t l e .— Sir W in. Noble, Chairman 
of the Tyne Commission, sta ted  th a t during the period covered 
by the stoppage of the coal production from  the home mines, 
354,392 tons were im ported from  abroad.

C a r r i a g e  o f  F r u i t .— The following is from th e “ Tim es”  of 
Jan u a ry  1 0 th :—

D i s e a s e  i n  A p p l e s .— P r e v e n t i o n  o f  B i t t e r  P i t .— A  review 
of the problem  of b itte r  p it in apples, issued by the D epart­
m ent of Scientific and Ind u stria l Research (H .M . S tationery  
Office, Is .) ,  shows th a t i t  is not known w hether it invariably 
originates on the tree or w hether sometimes it m ay develop 
de novo in  storage. Consequently it  cannot be said definitely 
w hether orchard practices which have been found effective to 
some ex ten t in preventing  b itte r  p it actually  control the cause 
of the disease, or m erely influence the susceptibility  of the 
fru it.

A survey of the published data yields two fairly  definite re­
s u l ts : th a t severe pruning  on the one hand, and heavy irrig a ­
tion towards the end of the season on the other, are circum ­
stances predisposing to b itte r  p it. This has suggested the 
conclusion th a t the relations of w ater to the grow ing fru it are 
concerned w ith the disease. In  certa in  varieties b itte r  pit 
a ttacks the fru it of the tree, but in others it seems to be in ­
hibited while the fru it is on the tree, although it may develop 
rapidly afte r picking. In  the la tte r  case it has been found to 
develop in storage much more among immature fruit than in 
fru it allowed to ripen on the tree . Cold storage has been 
found to re ta rd  it in some varieties which develop it in storage 
ra th e r than  on the tree, but contradictory  resu lts have been 
obtained in o ther cases. The re ta rd ing  effect of cold storage, 
where present, is apparently  reduced by a delay in storing .
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The theories advanced to explain b itte r  pit are discussed. 

I t  is pointed out th a t no direct experim ental verification has 
been obtained, or, in m ost instances, even sought, while m ost 
of the theories are open to grave objection. The commercial 
im portance of the problem  lies largely  in the development of 
b itte r  p it in  export fru it during its carriage oversea. I t  is 
ten ta tively  suggested that a com bination of la te r picking w ith 
some rapid refrigeration  may be found to give the best results 
and further experim ental work along these lines is recom­
mended.

Our present knowledge of the disease is critically  discussed 
with particular reference to some hitherto unpublished results 
dealing with its development in stored fru it. The tem perature 
of storage is usually thought to have a m arked effect on the 
rate  of development of b itte r  p it, in the sense that low storage 
tem peratures are considered partially  or completely to arrest 
the disease. Experim ents in A ustralia with the varieties R ib- 
ston Pippin, Cox’s Orange Pippin, and Cleopatra showed a 
m arked contrast in behaviour between R ibston Pippins and 
Cox’s Orange Pippins on the one hand and the Cleopatras 011 
the other. The Tasm anian varieties showed the expected re ­
tard ing  effect of cold storage. The Cleopatras, which, were 
badly p itted  to begin w ith, developed b itte r p it rapidly  in 
cold storage but hardly at all at ordinary tem peratures.

o
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