
PAPERS ON ENGINEERING SUBJECTS, 

TRANSMISSION OF POWER FOR MARINE 
PROPELLING MACHINERY.* 

Prior to the advent of the stem turbine as a prime mover 
for m~rine propelling machinery the method of transmission 
of the power to the prapeIIer did not call for any special apparatus, 
the engine crank-shaft being invariably connected direct to the 
propeller shaft. The main reasori for this lies in the fmt that 
the reciprocating engine depends mainly for its action on the 
utilisation of the prossure energy of the ateam direct into work 
and although the velocity of the moving pmts i involved in 
the question of power developed, the velocity of flow of the 
sham is relatively unimportant except in 80 far as it must be 
considered in providing suitable steam passagea. In any case 
the effkciency of the reciprocating engine is little affected by 
the speed of running within wide limits and rt mean pisbn sped  
of about 1,200 ft. per minute represents the highest speed found 
desirable in such  engine^; this limiting speed has only been 
exceeded h a slight extent in very special cases. 

Whon the steam turbine was adopted, however, a new 
situation was created, a g  the working of this type of engine 
depends on a velocity effect of the st.eam, the heat and pressure 
energy of the steam being con~erted into velociby energy and the 
s h m  then impinging on and being deflected by guitable curved 
vanes attached to the mo* p a h .  Owing 60 the very high 
veloeitiw attained by the steam for even comparatively smal! 
drop in pressum, veIocitiea of, and excmdhg 1,000 f.8. being 
common practice, which are far above the apmd of the moving 
parts pr&ticable in reciprocating engines and dso owing to 
the fact Ghat t o  R e c m  efficiency in my design of steam turbine 
it is necessary to run it at a speed at which the blade speed 
is a particular ratio of the steam speed, depending on the type 
of turbine, the features governing the dmign of such engines 
are radically different from those govemina 'the desi~n of 
reciprocating engines. In land instaliations ;here weighi and 
s p m  are compwratively unimportant factors, and where turbines 
axe generally used to drive dynamos in which high running 
speeds can be accepted, it was usuaUy found possible to secure 
the full advankage of the steam turbine, but in a marine 
instdation where k i g h  and space are of paramount importanoe. 
more especially in high speed warships and where the best 
efficieneies from the propeller point of view are obtained 114th 
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comparatively low revoIutions, it was not possible to do so. 
The desired ratio between blade speed and steam speed for 
a given number of re~olutions can be obtained by increuing 
the diameter of the rotor or by dividing the p r e s s u ~  drop up 
into a large number of stages ; either of these courses increams 
the weigh6 and space required, and, without going more fully 
into the question, it is sufficient to at once state that a11 such 
designs depending 011 a drect drivc were of the nature of a 
compromise in which efficiency was sacrificed, both in the 
turbines, by running at too low a blacfe speed, a.nd i r ~  the 
propeller, by running at revolutions too high, to obtairi the 
best overaIl results. Even W, the effipiency of the steam t,urbine, 
aparb from the reliability, ease of running, and the Irtge increase 
of powor of individual units together with reduced weight per 
unit of power that were only attainable with this type of prime 
mover, was sufficient to enable it  to replace the reciprocating 
engine in v ~ s e L  exceeding about 20 knots speed. The provision 
of cruising turbines to secure effciencp a t  reduced speeds at 
the exmnse of additional weight and corn~lication aIIowed the c-. 

turbine* aIso to compete satisfacteri!y wih the reciprmating 
engine under the range of apeeris usual in Naval vessels. Fw 
t.he period ranging from about 1906 (H.M.S. " Dreadnought "') 
to some time in the war pried, the direct drive type of turbine 
wws the standard for wamkips, but the disadvantage of the 
system was by no means lost sight of, and developments of an 
in~meiliate form of trarlsmisdon were constantly proposed and 
experimented with. It is with this aspect of the steam turbine 
drive that is is proposed to deal. 

It is dear t h a t  to get the hest overdI remits, the t~irbines 
and the propellers should be designed independently of one 
another for the particuhr case aiming for high efficiency in each 
part and arranging for an efhient form af transmission of the 
power from the turbine spindles to the propeller shafts. From 
what has been said previousIy, this form of transmission muet 
be in the nature of e reduction device and three practicable 
methods are so fm available for effecting the " gear-down," 
vie., t h e  hydraulic, mecbanicd, and electrical, each poweming 
its peculiar merits and demerits. Up to the present time the 
mechanical method only has been tried in H.M. Navy far high- 
powered installations, but some W.$. battleships and batle 
cruisers have be&, and am being, fitted with the electrical 
system, whitt the hmaulic method found favour in some 
vaseIfi of the German Navy. The mecha~cal method haa 
been generally fitted in recent years on a large scale, both in 
warnhip and mercantile vessde of severaI countries. 

The main features of these three systems are described 
blow, and from these descriptions if; wi l l  be simple to follow 
the advantages, clisadvrtntages, and limitations attendant on 
each when applied for marine ox more particularly for naval 
Purposes- 
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The hydraulic method was devised and patented by 
Dr. Fottinger in Germany, and ia generally known by his name 
as the Fottinger sysbm. The principle of action is as follows, 
and is illustr~ted in Fig. 1. 

A high-speed turbine m i n g  continually in one direction 
has mounted on its  haft a rotary pump, called the Primary, 
which delivers wabr with high velocity through suitabIe guide 
charnels on to  the vanes of a water Gurbine wheel, known m 
the Secondary, mounted upon bhe propeller shaft and running 
at rs reduced velocity, The whole of this apparatus is designated 
fhe Transformer. For going asten1 a second transfomer is 
fitted, the panes of pump, &C., being so designed that the 
propeller shaft run8 in the opposite direction to the pump and 
s t e a m  turbine. The particuIar transformer in use, ahead or 
astern, as the cwe may be, is rndntained full of water, the other 
meanwhile running empty, arrangements being fitted for quickly 
emptying, chargi~~g, and maintaining charged against leakage. 
The two transformers for ahead m d  astern working are so 
dcsigmd as to be compactly mounted*in one casing, and to 
obtain good efficiency in the ahead direction the secondary 
in the ahead is in two stages, suitable guide vanes being interposed 
between the two s h g e s  to  correctly change the direction of 
flow of the water. High efficiency is not so essential when 
running astern, md here the single stage meets requirements 
and in any case gives a higher power astern than would be 
obtained with the usual proportions of the astern godion of 
the turbine installation. The water runs in a closed circuit, 
the wheels being so arranged that the water as it lea~es the 
secondary entem the primary direct without any guiding arrange- 
menb. . This simpMea the amngernent and materially increases 
the efliciency as there is no loss of energg carried away by 
e x b u t  water. An eficiency of transmission W high as 90 per 
ten*. is claimed for this type of reduction device. 

The primary and secondary wheeIs, likewise the guide rings, 
are of bronze to  better stand the e.ffects of corrosion, which 
would in time roughen thc surfaces and lead to additional 
eddying and frictional losses. In T.R.D. installations the casing 
is also of bronze, but i t  is undkrstood that in some very large- 
powered i~ctallations that were projected the casinp would 
have been of cast-iron. Labyrinth packing is fitted where the 
shafts lenve the %ransformer casing and between the ahead and 
astern portions, with leak-ofFs led t o  the tank carrying t he  
make-up and reserve w.t.er for the transformer circuih. This 
tank is built below and attached to the transformer. Fresh 
water only is used, 

To quickly charge and maintain the systems chpxged when 
running a specid high-speed Gurbine-driven pump ia fitted with 
a suction to  the tank and diacharge to a casing containing khe 



slide valve, which distributes the water to the transformem. 
The necesshry rnamuvring is performed by operating the slide- 
valve, which opens communication between the delivery from 
$he pump and the transformer required to be ussd, at She same 
time opening the drain from the other transformer to the tank. 

Regul&ion of speed is effected by altering the speed of Ghe 
steam turbirie in the ordinary way, and the speed of the propeller 
shaft changes in approximately the smne proportion as the 
turhine. 

In the T.B.D.'s of 23,000 S.H.P. (total) arrangecl on t w o  
s h a h  the maximum revolutions of the steam turbine were 2,500, 
and of the propeller shaft 520 at f u l l  ~peed, giving a reduction 
ratio of about 5 to 1 .  

The main thrust bloclr is fitted abaft the transformers, and 
it is arranged in t.he design for the propeller thrust to be app'mxi- 
m~tePy baImced by the end thrus* on the secondary wheel, 
whilst the end thrust on t he  primary wheel serves tto ~pproxi- 
rnate1y balance the steam thrust on t h e  turhinc rotfir, the 
difference being taken on a small adjusting block. 

The water used in tbe transformer circuits rises considerably 
in temperature due to the frichional and eddying mtions, and 
i t  is arranged for this water to  be continoualy d r a m  off for 
boiler f e d ,  the requisite make-up in the tank being supplietl 
from the cold feed circuit. The loss of energy is thereby some 
extent recovered. With this instdlakion various aafety devices 
and precautions am necessary to ensure against damage to the 
steam turbines and transformere during manoeuvring, Before 
$he manoeuvring didc can be rcvemed, i.e., a, system crnptied, 
it is first necessarv to move a lever. which ordinarilv locks the 
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manoeuvring lever, to a position which by a special device closes 
down the turbine regulating valve and thercfore cases up the 
turbine. This prevents the turbine running under steam with 
the transformers empby. When the speed has faIIen to a pm- 
determined figure the mrtnmudng sIide is moved acrtlss and 
the interlocking ]eveT, which is itself locked when the rnmbnoeuvring 
lever is in mid position, so that steam cannot be opened when 
transformers are empty, ia again moved to open up the main 
regulating vaIve and d o w  the turbine to  mcelerate and deliver 
the power required. 

An emergency selfelosing valve is fitted in the main steam 
supply to the turbinc which is actuated in the following 
eventualities :- 

(L) When a pwticular pressure in the first stage of 
the turbine is exceeded (this would mean a steam overload). 

(2) When the speed of tho turbine exceeds a w&in 
figure (may take pIace with a, shorhge of wakr in a 
tm~former due ta the make-up failing). 

(3) When %he transformer revolutions exceed a certPlin 
figure (may lake place if the propdler is damaged). 



A cruiaing valve and a special s t e m  valve for running the 
turbines with circuits empty (as in warming up and trying 
enghes) are also fitted. 

The make-up pumps for each set of enginm arc crom-connected 
to  enable the main engines on both sides to be run in c m  of a 
failure of one pump. 

From eorne data *h& haa become available from one of the 
Germm T.B.D.'s fitted with tbis installation during the war, 
it transpires that consider&ble trouble was experienced owing 
to bailurea of vanes in the transformer wheels necessitating 
renewals of the same. No advantage in eCOllQrny was shown 
over similar powered direct drive installation vessels and it irr 
doubtfuI if the high degree of efficiency claimed was being 
obtained or that the gain in efficiency of the  tnrbiue was sufficient 
to overcome the loss entailed in the transmission. 

With tbis arrangement the high-speed turbines actuata 
toothed pinions which mesh with a wheel on the propeh p haft 
in the case of single reduction, or with wheels which carry 
further pinions which actuate with the wheel on the propeller 
shaft in the case of double redu~t~ion. The ratio of reduction 
of revolutions is a fixed figure, being governed by the relative 
numbers of teeth in the pinion and wheel element&. In d1 
high-speed vessels in H.M. Navy so fitted the reduction is carried 
out in one stage, but in the slower speed vessels of the Mercantile 
Marine, where the powem and therefore turbines, me amaller, 
n&ta,ting higher revolutions to oboain the required peripheral 
speeds, and where the shaft revolutims are lower, the irlcm~sed 
ratio of reduction required ia  carried out more generdy in two 
stages. The general arrangement M regards the component 
parts of an " &-geared ' b e t  adopted in the first T.B.D.'s so 
fitted, viz., " Leonidaa" and " Lucifer" in 1914, has been 
adhered fo in navd practice to the present day ; in this deaip 
each set of gearing is driven by two pinions actuated by the 
high-pressure and low-pmssure turbine respectively. In some 
installations an additional turbine for cruising has been fitted 
on a.n extension of the  high-pressure turbine spindle. In the 
Mercantile Service double reduction practice an intermediate 
pressure turbine is sometimes fitted, t h e  pinion of which actuates 
the =me wheel as the high pressure pinion. In naval practice 
the astern turbine is incorporated with the IOW pressure turbine, 
the high-pressure turbine running idle when the engines are 
going mtern. In the Alercwntile prmtlce it is usual to incorporate 
a high-pressure astern turbine in the H.P. casing (or I.P. casing 
if so fitted) exhausting to the low-pressure astern turbine 
incorporated in the L.P. casing. 

The maximum ratio of reduction possible with a single 
reduction gear i~l about 20 $0 L, being governed on the one hand 
by the minimum size of pinion capable of oaqing the load 



arid of being fitted with suitable teeth arid on tile other hand, 
by the maximum size of wheel whioh stan be handled in rnanlr- 
facture and aocommodated on board. A 4-in. pinion and a 
12-ft. wheel are the limiting figures for general cases. This 
would give a ratio of revolution of 38 to  1, but in A ship with 
machinery of such a power that codd be transmitted through 
a 4-in. pinion, a gear wheel of 12-fb. diameter, could not be 
conveniently accommodated with a practicable arrangement of 
machinery, For ships of speeds above 16 knots, the single 
d u c t i o n  getwing is very satisfactory, but when it is d&d to 
gain the full advantage of geared turbines for average dow- 
ap& mercantile craft, double reduction gearing must h 
resorted to  as permitting of high ratios of d u c t i o n  in s 
practicable manner. Fkductions of 30 t o  40 to E. can be m n g e d  
quite convenieat1y in this manner. 

There are two standard arrangements of R U C ~  getwing 
generally termed the " three box ' h n d  the " interleaved " 
aptem rssptively, shown in Figs. 2 and 3. Each has itis 
advantages. With $he former which is simply t.hree 8ingle 
reduction gems, the H.P. and L.P. in parallel. and both in series 
with the second reduction, the span between the herings is 
much less than in the  interleaved dmign, and the possibility 
of deflection under Joad prejudicing the efficient working is 
therefore less. The three-box arrangement, however, occupies 
rather more space in the engine room, but the smaller etwings 
required with it are more easily handled than the larger casing 
of the inferleaved variety. Both systems have been widely 
fitted, and the conditions in individual works or the requirements 
of pfirticuler ships appear to hnvo influend the ohoioe rather 
than anv other factor. 

It isY-atial that the form of bo th  used in high speed gearing 
subject tm heavy loads should be such that uniform angular 
velocitv ia trmsmiteed. Several forms of tooth satisfv this 
oonditik, but of these, the involute possesseg several imp'ortant 
essential advantage over other forms, the two chief of which 
are :- 

( l )  The beth can be automatidy generated in a 
machine by a tool with str~ght-cutting edgea, which 
allows it to  be emily made and accurately. ground. 

(2) A variation in distance within limits between the 
wheel centres does not affect the uniform veIocitv ratio 
desired. 

These two important advantages are such W tto render 
involute teeth indispensable for gearing which h~ to  transmit 
high powers, seeing that accuracy of tooth form i s  vital and 
the nemary clearances and wear in bearings apart from small 
errors in alignmen& preclude the distances between wheel and 
pinion centres being always exactly that designed for. 

In straight out or spur pars at my particular moment the 
number of teeth in contact, which may be one and, in my case, 
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not more than two, imposes a, limit to the speed at which high 
powers can be safely or srnoothIy transmitted, and therefore for 
high-power heLicsE cut gears, i.e., gertw in which the teeth are 
inclined to  the  axes of the wheels, are necessary. Xn helicrtl 
teeth gearing the load is ahared at m y  moment by a much 
greater number of teeth, this number depending on the heIicaI 
angle other thing8 being the same, and the load on any one 
lengbh of b o t h  moreover comes on gradually, increases to rt 

maximum sand then decreases as gradually m it comw on. AQ 
a reault of ithe inchation of the teeth in helical. gems the total 
n o m d  pressure on the teeth is, for a given torque, p a t e r  than 
tohe total normal pessuce on the teeth in spur gearing. Not- 
withstanding this, the tooth stresa is less owing to the much 
greater average length taking the load. Smaller teeth can 
therefore be fitted, and this misb smooth working. M the 
gearing now in use is of the double helical type, a right and 
left hand helix being used t o  bdance the mid thrust entailed. 
The helical angle for some years was 4G0, but in the last few 
years it has been reduced to 30°, and thia is now a gefieraI 
standard angle for Admiralty practice. AngIes fmm 224" to 
45' have been used in commercial practice. The angle is rarely 
an exact number of degrees as it. depends on the available driving 
rtnd change-wheel mechanism of the cutting machine. Fine 
pitched gears give more dent running at high speeds and a 
normal pitch of 7/12 in. has been adopted for the majority of 
high-power instalhtions, but a pitch of ?-in. was used in the 
" Comgeaus " class, and I-in. in the '' Hood." Pitches exceeding 
2-ins. have been used in the find redtid.ion wheels of some 
two-fitage ~~~eman$i'le gear, these Ja,rge pitahea have be11 

rtbmdoned in recent practice. 
The propodions of $he teeth in relation to the pi*h should 

from va.rioua considerations f d  within certain nwmw limits. 
The usual ratio in well-dwigmed geam provides for an addendum, 
i.e., the portion of the tooth oritside the piteh line equal to 

3 of the pitch, but this ratio may be reduced in specid circum- 
uhnces. The other tooth proportions are decided by the 
necessary working clearances required. I t  i s  essential that a 
very pronounced radius should he provided at the tooth root 
to avoid excessive local stresses, and it is the modern practice to 
~EghtIy chamfer off the pints  of the teeth to prevent digging-in 
and excessive wear at these positions. 

The sketch shows a typical hob tooth for a modern TjE2-in. 
pitch gear ; the b o t h  is a reciprocal of the hob im regards depth, 
but the tooth face ix  curved, the curvature depending on the 
radiue of wheel or pinion as the case mrsy be. The angle 14J0, 
which is the inclination of the hob face t o  a radial line, is generally 
adopted for all gears both ashore and afloat, and is known as 
the tooth angle or t.he angle of ~hliqnit~y. A hnne normal to  this 
face gives the fine of abction of the resultant force between the 
teeth, neglecting the frictional effect. 



The more important p?rticuInrs of the gearing fitted in 
typicd warships are shown in Table I., by study of which t he  
vmious features so far discussed and to  be discussed can bc 
bethi. understood. More especially by comparing the two 
T.B.D.'s " Romola " and " Scafire," although the axial lengths 
of pinions, $C., are the same, and the number of teeth in contact 
more in the case of the 45" job, t,he total length in contact is 
p a t e r  in the 30" case, the normal load is less and consequently 
the load on the teeth per inch is less for both reasons. 

The adequate and efficient lubrication of the  teeth is very 
important, not only ta provide s film between an otherwise 
metallic contact of the surfaces but also to abatmt the heat 
consequent upon the sliding friction between the teeth. The 
Ioss due to friction in a, good gear inclnding that due to the 
bearings, ia from 14 to 2 per cent. of the total power transmitted, 
and t k  loss of power which appeam in the form of heat must 
be carried away by the' oil, excepting the small amount passed. 
on by radiation. It is necessary that the temperature of the 
working surfaccs of the gear ahould be kept as low as possible 
both on grounds of e5cient working and to maintain the viscosit~- 
of the oil, and therefore the amount of oiI supplied must be 
liberd .and such that the heat may be c m i d  away with only 
a s m d  rise in temperature of the oil. The oil ia  sprayed directly 
on ta the line of contact of the teeth by a number of sprayers 
pitched a few inches &p&., the sprayem being dmigned to give 
flat ban-shqed jets so that the whole region of contact is served. 
In the earlier dedgns of reduction gear nozzles were fitted to 
spray oil to the Enc of contact both on the enkring aide when 
running head and also when running astern, but the latter 
gcoupa are not now fitted as experience show they are not 
msentid considering the short period8 of astern working usual 
in Naval w e b .  



To avoid the same h k h  of gear-wheel and pinion coming in 
aontctct revolution a* revolution and also to ensure uniform 
weax it is usual to fix She gearing ratio so that it is not onIy a 
whole number, but the number of teeth in the wheel and pinion 
have no fact or in common. This is very often most simply done 
by making the number of teeth in the gear-whwls or pinions 
prime numbers. 

Expeence indioaha that a high degree of muracy of 
tooth-cutting and the m h t e n m c e  of accurate alignment are 
necessary to the succe98lul operation of any mechanical reduction 
gear. All large gm at the  present time m e  cut by what is 
known as the hobbing process. The tool called the " hob " ia 
of cylindrical form somewhab resembling a b p .  The blank to 
be GUG is mounted on tile table or face plate of the machine, and 
is given a mation of mhtion bearing the degreil ratio of kvolu- 
tion to that of the hob ; the combination of this motion with 
the slow feed of $he IatGer in t.he direction of the axis of the 
blank causes an automatic generation and cutting of the true 
both form. Great accurtscy is essential in the hob, in the gear- 
cutting machine details and in the setting of the hob and the 
blank, and it is arranged for the machine to run continuously 
during a cutting operation till the whole surface is complete to 
eliminak as far as possiMc any source of error due to lest motion 
in the machine or temperature variations. A difficulty in the 
early days of gear-cutting for large powers was ca~lsecl by the 
fact that, the master worm-wheel which rotated the machine 
table or face plate waa not quite accurate; this difficulty led 
t o  an addition to the machines of a " creep " mechanism whereby 
the  blank is rotated at a sligl~$ly higher speed than the table 
to which the driving worm-wheel is attached. Any recurring 
error in the worm-wheel which might be copied on the job being 
cut is with such a machine no longer in the direction of the axis, 
but h. distributed in heEcm on the gear-wheel or pinion. With 
impmvementa in the wcnracp of the manufacture of t h e e  worm 
wheels and the maintenance of the machine in good condieion, 
with all parts, well lubricated during a cutting-operation, the 
advantage of the creep has been lessened, and in most cases it 
is not now fitted. 

As regards alignment, it is clearly essentid that the driving 
and biven shafts shall be parallel with each other and their 
axm in the same' plane to ensure uniform c m h c t  across the 
whole width of t,he gear. In all Admiralty installations the 
turbine spindles, pinions and gear-wheels are carried on rigid 
bearings,. and the  correct alignment is determined by 1b~~11rde 
machine work in 'boring the gear housings and fitting the bearings. 
In the fimt &-geared installations the turbines ttnd gear cases 
were each carried on separate foundabions built up from the hull 
stmcfwe. Tho turbines and gear cases a4 separate units are 
of stiff comtnrotion and under working conditions do not suffer 
distortion. The possibility of dat ive  motion between the 
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turbines and gear case, however, existed eapeci~ZIy in the lightly 
constructed vessels of the T.B.D. type, and therefore possibilities 
of misalignment were present. In later designs this relative 
movement is not possible as the after ends of the turbines an: 
now supported on stiff extensions of the gear case, the whole 
installakian comprising gear case and turbine forming a rigid 
unit. 

The method of ensuring alignment of gearing when fitting 
up is deserving of brief description. It has been stated that 
if the distahces separating the centres of wheels carrying involute 
teeth be changed within certain limits the smooth and efficient 
action of the teeth willnot be affected. It is n e c e m q ,  however, 
for running reaslons to premserve certain clearances between the 
tips of the teeth and the recess in which they engage ; in aligning 
it is essential when setting this clearance to keep in mind the 
positions that the pinions and wheel will take up when t rane -  
mitting power. Due to the obliquity of the teeth the force on 
the pinion will not be tangential t o  the pitch line chumberenc~, 
and it wiU have components acting radially and tangentidy. 
In addition there is the effect of the weight of the pinion to be 
considered, which is, however, small in relation to the other 
forc~s at the maximum powers. On the gear-wheel itself there 
will be the forcw t r a m i t i d  from the pinions and t he  weight 
of the wheeI. Without considering -any pdcu l@r  w e  %he 
net effects will work out somewhat as shown in Fig. 4, and the 
dirmtious of the resultant forces indicate the direction to which 
the parts will move when running stedIy.  Apart from the 
alignment question this figure also indicates the gkbiom at 
which the oil should be supplied to the bearing8 obscmhg it ia 
necessary that &he ail should be introduced at a region of low 
pressure. Jf two supplies be arranged for each bearing at 
diametrically opposite positions it is a simple question to guarantee 
an ample supply under all conditions, and this is always arranged 
for. 

The respective resu1tan-b fomes will shift the positions of 
the pinions and gear wh-I somewhat when running. On the 
H.P. pinion the direction of the resultant force will change from 
OA to OB as the power i~lcreases from zero to $he full power 
ahead. On the L.P. pinion it will change as shown from O'C to 
O'D. On the wheel it will change from OHE to 0°F. 

When d n g  astern the force on the H.P. pinion will be 
small, and it will remain in about the same d i d o n  rts when 
standing. On &he L.P. pinion it w- i l  change in direction from 
O'C to O'G a;t full power ankrn whilst on the wheel it 4 change 
from O"E to OUH. 

For the purgwea of ahgnment the pinion is assumed to lie 
in a oenvenient reference position, and in qita of the foregoing 
reasoning, the pinion3 are g e n e w  aasumed to lie out radially 
from the wheel and to be in contact with the bearings either 
at the poinh K and L or at the points through which the resultant 
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f o m  acts when developing the full power ahead. The gear 
wheel is taken as lying at E. This awumption does not affect 
the accnrmy of alignmenb if borne in mind and c a h d  for as 
seen later. 

During erection the gear wheel and pinion bearing housings 
me first bored out to the designed lines of centres and, in order 
to  ensure accnrtacy, these bores should be tried with special 
mndrels made for the particular job. The bearing bushes 
are now machined externally and bedded in the howings and 
afterwards bored uoncentricdy to the exact spindle dimeter 
inbrnally thw still maintaining the designed gearing centres. 
The gear caae is now brought up to the turbines and adjusted so 
that the centre l ina of thc turbine rotors are truly in line with 
thc lines of centres through the pinion bearings and is then 
secured. 

The pinion and wheel bearings are finally removed and bored 
to their working diameters, being mt eccentrically, and such 
thst no metal is removed from the reference points previously 
se!&d. The clearance required for high-speed bearings is 
a matter of experience, and alhhougk~ some variation is noted 
with diflerenb makers, the following figuros give representative 
prmtice :- 

Journals under &ins. diameter - 20 thousandths. 
Journals 6-ins. to 12-ins. diameter - 25 j t  

Journals 18-ins. to  24-ins. diameter 35 I I  

JomaIs 24-ins. to 30-irm. diameter 40 91 

The completed bearings will now have eccentric bores and 
to act aa 8, guide for remetalling if required at some later time, 
linerr are scribed or a small shoulder turned on the ends of the 
brnases mneentric wibh the comp1ekd bores. 

The &ions will with this method of oonstruction be free 
to move ky the amount depending upon the bearing clemmces 
in dhxtions tending to  put them into dmper mesh with Ghe 
whgel and to maintain the requisite tooth clearances radidly 
it is usually necessary t o  set the hobs so that it cuts a few 
thousandths, of an inch deeper thm ia  indicated on the design. 
This will lessen the pitch circle diameters slightly and also the 
thickness of the teeth to a very smaU extent. The amount of 
" backlash" or clearance between the teeth is usually 30 to 
40 thousandths for a 7112-in, pitch gear ; experience shows that 
a, clearance less than about; 30 thousandths is likely t o  l e d  to 
runfiina difficulties. 

An -advantage of choosing the points K and L for reference 
as distinct from B and D, apart from their convenience in the 
m m h e  shop, is that $he shock on the baaringa with a sudden 
change of q e e d  or reve~al  is less. 

For any particular intensity of pressure the surface a- 
on the material of a pinion tooth is greater t h ~ n  that on the 
gear wheel owing to the p t e r  curvature of surface. The 
teeth of gearing are said to engage by line contwt, but it must 



h appreciated that conbt;  under a load ctbn no more occur on 
a line than the load on a ball hearing can occur on a, number of 
geometrical points. Elastic deformation of the surface must 
take pbce, and the momentary flattening lends to a surface 
contact. The width of the flat is necessarily the same on pinion 
and wheeI teeth and must consequently entail a greater stress 
on the pinion teeth which have the p a t e r  curvature. Further, 
the pinion teeth come into engagement more frequently than 
the  wheel teeth and to equalise this w a r  and counteract the 
p t e r  surface stress therefore, the pinions are made of nickel 
steel, Ghe proportion of nickel being ahout 34 per cent. with 
* 3  to m35 per cent. of oarbon. The tensile strength must be 
not Iess than 40 tons per square inch with an dongation of not 
less than 23 per cent. 

Them nickel she1 forging8 require very careful he& treatment 
to enstlre that the materid throughout shdP be uniform, For 
this rewon aU pinions except those of mal l  diameter arc madc 
hollow t o  assist this. Oil temperiug is also carried ouG to ohtain 
the fiJl advantages of the alloy. The pinion blank is macle so 
as to be reduced at Iwt %ins, in rliarneter and 2-ins. on each 
side of each pinion blank by rnmhining from the finished fonjng. 
111 some large inshllrltions the teeth a.m formed on aepamt.dy 
forged rims shrunk on and pegged t o  the pinion shaft, which 
in this case is made of the ordinary forging qudity of carbon 
steel. 

Each pinion shaft is supported on three bearings in naval 
designs to minimise tranh3t.ersr: deflections which uro111d affect 
the contact between the teeth, but in the low-power, pinions of 
mercantile desigs which are comparatively short, this is not, 
usual. An expansion coupling is fitred where &he pinion joins 
the turbine spindle so that it may be free to Aont agaUy and 
pick up ih best position relatively to the gear wheel, suitable 
clearances being allowed for between t h e  ends of the pinions 
and cheeks of adjacent bearings. 

The gem wheel is made up of a continuous shd t ,  of the rim, 
and of a centre uniting the  shaft to the rim. The centre may 
be made of a solid steel casting or of two or more. forged steel 
wheels or be constmckd of plates. 

Cast and forged steel wheels are shrunk on rand pinned to  
the nhaft and the rim is in turn shrunk on 'and pinned to them. 
Plate centres are bolted by fitted bolts to Aanges made solid 
with the shaft and with the wheel rim respectively. The hrger 
designs are axrariged with a separate casting keyed to the shaft 
which &ed the flanges for the centre plates. The rim, some- 
times called the shroud, is made of forged carbon steel, of tensile 
strength 31 ta 35 tons per square inch. The two portions of 
the rim on which the teeth are cut are made in one piece for 
tliom designs in which %he rims m shrunk on to wheel centres 
comprised of steel forginp or castin@. In the built-up designs 
of wheel centres comprising plates, emh rirn section and the 



intermediate pbrtion of the rjm joining them is made separahly 
and bolted together. This is necessary for constructional 
Fe&sonB. 

The gear case is rnainIy of cast-iron and W d e  ~upportiq 
the bearings for pinion and gear wheel also foma the enclosed 
oil. tight chamber required for the gearing and its bearings. 
The framewock for the bearing and for the attachment to 
the vesseI is usually m d e  in two pieces, bolted together by 
horizontal joint. For very large designs the lower pofion hars 
been m d e  in two pieces united bp a vertical joint. In the usual 
mmhinery arrangement with underhung condensers where the 
pinions are both situated above the centre line of the gem 
wheel, the lower portion of the framework carries the feet for 
attaching the gear case to  the vessel and housing for the gear 
wheel beatings, while the upper partion carries the houJnga 
for the pinion bearings. The lower pertion also carries extensions 
at %he forwaxd end for supporting the afkr feet of the turbines 
80. that the whole system of gear case and turbines forms one 
solid unit fixed at the gear case, the turbhes being fitted with 
~Liding feet at the forward ends, the L.P. carrying the condenser 
bodily with it as it expands, 

Ventilating pipes to allow the escape of vapour are fitted 
to the highest part of the case, these pipes being fitted with 
tuned-over ends or baffles to prevent the entrance of dirt, &c. 

During the ernrly running of geam on service there is often 
ob~emed on the faces of the W h  an action h o r n  as pitting. 
Small flakea of metal are dehched horn the otherwise smooth 
surface of the teeth, leaving small holIow depremions, varying 
in ~ z e  from a sm& speck to as large as 4 in. dirtmeter, and 
15 to 30 thousandths of an inch deep. The cause of this pitting. 
has not been entirely mtisfwhrily accounhd for. A Iwk of 
homogeneity in the. matmiaI at the tooth s u r f w e  or *rushing 
of minute high a@ causing failure of a m d  &ions of the 
metal at the~le high spots are possfile remons which have been 
advanced. It is noticed that the " pits " are moat common in 
the region of the pikh line whwe ody r o w  action occurs, 
and the effect; of mutual pressure in this position may be more 
intense due to the possibility of met.allic contact, since relati~e 
sliding velocity between twn surfwes is essential for the forma- 
tion and maintenance of an oil film. From considerations of 
the flexibility of the teeth, it will be apparent that the greatest 
intensity of pressuce on beeth in contact c m  be sustained rtt 
the pitch point. If, therefore, any " hammering " takes place 
due to fluctuations of the load at the propeller end, this effect 
wiU be felt more intensely at the pitch line. Although it has 
been demonstrated in more than one c- in practice tha t  pars 
wiU stand heavy shocks at the propeller end without ill effect, 
it appeam that under rapidly repeated blows, even of small 
magnitude, the metal of the teeth may shell off and an influence 
of this nature probably appears the most convincing explanation 
of %his featwe. 
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In m y  cme the action has been found to not sericlualy 
prejudice the smooth and efficient working of the gear, and i t  
usudy ceases to  extend after a short period of running. The 
pitking will naturally be more intense in the gear in which Gho 
press~ire is  lot uniformly distributed aIong the  length 01 the 
teeth M in such geam the intensity of pressure will be higher. 

Another not uncommon feature in the gears during theh 
early life is a small amount of what is usually described for 
want of a better km as "wear" as distinct from abrasion, 
especially on the pinions, the teeth at the regions of higher 
presaure being rubbed away BO that a sharp razor-like edge 
or small " rag " js formed on the points of the teeth. Slight 
overheating of the pinion would account for this action, or it 
may be explained by " flow " of the metal due to  exwiva 
pressures in the presence of perfect lubrication; a M a r  
phenomenon has been noted in worm gear subject to  high loads. 
As a general xtlle, however, it can be stated that oncc the regions 
of higher pressure have been levelled and the had  is more 
udorrnly distributed, the action does not continue nor is t he  
working of the gear affected, unless there are some errors in 
the shapes of *he teeth, lack of lubrication or other disturbing 
causes. 

Befoxe a vessel i s  mcepted by the Admiralty the gears are 
opened up after the full-power trids and all surfaces, and 
especially the roots and ends of the Geebh secn~pulously examind 
with R powedwl magnifying glass tn ascertain whether there 
are m y  flaws or signs of cracking present that may lead to 
subsequent fatigue fai11wes. 

In view of the wide application of mechanical gearing for 
marine propulsion there is now ample evidence regarding i ta  
reliabiIity, and it will he of interest to  consider how failures 
may occur in these gears. The types of failures are :-- 

( l )  Excessive wear af the teeth ; and- 
(2)  Fracture of the &h. 

mere are also cases arrbeke the working of the gearing is 
accompanied by a gmd deal of noise, the features producing 
the noise being apparently not such as to he detrimental to the 
life or efficiency of the gear. 

01 the two types 01 failure mentioned above, the first ia, 
perhaps, the most serlou, as once wear sets in deformation of 
the surface of the teeth is caused, and the wear continues ~vi th  
increasing intensity. 'L'nless t.he power is reduced, continued 
running wiLl eventually lead to  the removal of the gear for 
recutting to correct the.foxm of the teeth or the substitution by 
another gear. Apart from the reduction of life involved the 
working of the gear is mrioudy prejudiced by such wear as 
it is accompanied by excessive noise and heavy " shivering " 
which transmits its effects to  the turbines m d  subsidiary iittinp 
and may eauae failure of lubricating pipes, BC., or even more 



~eriow breakdowns. The failure may be caused by errem in 
cutting the p r  wh.ch have contributed to  give an incorrect 
shape of tooth or emrs in aLignment either when fimt built up 
or caused by working of the vessel, more especially in cases 
where the turbines and gear c w s  are sepmtrately supported. 
With the solid coflstruction~now adopted, errors in alignment 
m not likely to arise Z the intention of the design is fulfilled 
This serious fault hw fortunately been very rare in naval gears, 
and in the very few cases in which it has occurred it was in 
evidence on the contractors tdals and generally corrected 'before 
vesd p r m d e d  on wrvice and in the other cases after s short 
mriod of serkice. There have been a few such cases also in 
.& 

the mercantile marine in the double reduction sets. 
Fracture of teeth may or may not be a serious failure. In 

a number of cases an isolated tooth has fractured and the tmken 
piece fallen clear. Jf however, the fractured p i o n  be caught 
between pinion and wheel it will cause damage at the contact,, 
and the excessive strain brought on the teeth locally may cause 
further failure and an extension of the trouble. If n ~ t  too 
serious, the fracbured teeth may be smoothed off and the gear 
replaced as good as new and there are cases of gears in the service 
running to-day with porkions of teeth missing. The fracture 
of the teeth, which usudlyv takes place at the mid of a pinion 
element, may be due either to defective metal or an excessive 
stress dtre to the load being badIy &stributed. For exampIe, 
a discrepancy in the helical angle of pinion and wheel respectively 
would cause the load to be taken rnaiiily at one end, and it is 
of the utmost importance in gear-cutti-ng therefore to ensure 
+ha$ the helical mglm nf t,ha cnrnponents a m  the same ; a very 
aman difference in angle h sufficient to give a fa111ty distribution 
of l d .  

If the extreme enda of tbe teeth were exposed to the l o d  
them would be a danger of excmsive 1-1 stress arising due to 
the fact that the teeth at this point are not fully supported 
there owing to the overhang of the teeth. To avoid thc load 
coming on this part the corners of the teeth of the pinions and 
gear wheel tare chamfered off for a length of 4 in. measured dong 
the axis. As tc further safeguard to  the teeth of the pinions 
having in vie W torsional deflection~l and an unequal distribution 
of load they are thinned off for a length of 8 h. at each end. 

AB xegaxds the loads that may be taken on gearing, running 
experience is the only guide. Tt is usud to expresP t he  load 
in terms of Ihs. per inch axiaI width of tooth surface, hut a 
better indication is expressed by load in Jhs. per inch length 
of contact, as $he length of contact is not d w a ~ s  pmpor- 
tional to the tatoh width since it depends on the helical angle 
and tooth proportions. With the 45" angle gears, pressures 
up to and exceeding 1,000 lbw. have been common practice 
and have been entirely satisfactory, but with the 30" angle, 
owing to  the incream in contact length, and with t he  same 
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main proportions m in the 45" e a r s ,  700 lbs. represents the 
hghest pressures now running with this angle in H.M. Service. 

It is inkresting to point out that the removal of a gear 
wheel and pinions of a T.B.13. in the case where excessive wear 
took plaice did not involve the scrapping of the large and expensive 
gear wheel. The wear was too great to admit of the teeth being 
cleaned up, and the same general Jirnenfiiotls being rnairitained 
but teeth of a deeper Gype were out and riew pinions supplid 
to suit. As the existing gear case had to be utilised and it was 
not desired to alter its alignment in relation to the turbines, 
it was necessary to maintain the same distances between centres 
of wheeIa and pinions, and it can be seen from athe following 
table that this requirement was fulfilled. 

The slightly reduced turbine revolutions due to the Wing 
of pinions eaoh with two additiond teoth h& no noticcablo 
effect on the efficiency. 

With this arrangement one or more high-speed turbines are 
used to drive dynamos which generate the  electric c m n t  
necessary 60 mttlata one or more glow-speed motors fitted on 
each propeller shaft, either direct or through mechanical gearing. 
The details of tho motors eo de&@ed a.s to give electxicdy 
a number of speed reductions somewhat similar in effect as 
obtains in .the change-speed gear of a, motor car. The number 
of vessds so fitted at the present time is small, the  bighest- 
powered ships being the American battleships of approximately 
30,000 S.H.P., of which the &'New Mexico '"has now been on 
service some time. The new American battle cruiser$ of 
180,000 S.H.P. are designed for s similar system, but these are 
not at present very far advanced. The system was f i s t  t r ied  
on a moderately large scale in the U.S. collier " Jupiter," of 
7,000 S.H.P., and the experience gained in this vessel wag 
utilised for the development of the " New Mexico " design. h 
the vessels referred to the motors drive f;he propeller shafts 

New. 

40 1 
40 
64 
88.577" 
10*4038" 
15.6175- 

+ 4 738 
350 

2864 
2193 

-- Original. 

T&h in wheel - - 1 401 
, H.P. pinion - - 47 
9. L.P. ,, - - . . -  - 

P.CD. of wheel - - - - - 
,, H.P. pinion - - - 

L.P. . ,, - * - - D ~ ~ ; L  of tooth - - - .  
%W. whwI - - ., H.P. - - - - - + 

,, L.P. - - 

432 
8B.9114a 
10.0694" 
13.2831" 

,355 
350 

2980 
2260 



direct, and it is only in the case of low-powered cargo-shipa 
that mmechmicrsl gearing has been interposed between motora 
and propeTIer shafts. This is nemsarg or desirrcble fa avoid 
the use of large motors running ab low revoIutions. A reduction 
of revolutions in a typical case ia from 4,600. at the electric 
generators to 1,750 at the motors ~ n d  75 at the propeller 
shafts. 

The electrical aystem of transmission as generally underkW4 
htas not yet been tried h H.M. Service, but in the submarines, 
power is in effect transmitted electrically from the oil engines 
to storaw batterim and then to  motors when submewed. the 
motara &ing the dynamos when batteries are being chacgcd up. 
Also in the " K " class submarines, which are ortiinarily propelled 
by geared steam t,urbines on the surface, a separate Diesel 
enqine driven electric gellera.ting set i~ fitted to  charge the 
.storage batteries for the motors for submerged running; if 
required, this engine and dynamo could be used t o  drivo the 
motors direct when on the surface, these motors driving the 
propeller shafh through mechanical gearing. 

To  adequately explain the system as developed for a large 
high-po~verwl vessel the arrangement as fitted in the "New 
Xexico " will be described. The main propelling machinery 
in this ve~qel consists of two alternating cnrrent turbo-generators 
and four induction motors fitted one on each of the four propeller 
shafts. Aa subsidiaries to the above there &re two 300 K.W. 
&et cumnt generators for excitation of the main genemtor 
fields and for driving the various motor-driven auxiJiaries; two 
motor-generatar hoo~tera, the functions of which are to  vary 
the field8 on the mail1 generatans witliout llecessitttting variation 
of the voltage produced by the exciters, which must remain 
constant in view of the auxiIi&es supplied by them; a mail1 
switchboard cafiying the alternating switches and control 
a p r a t m  gemrally for the main  unit^ ; s direct cumnt  
switchboard ; and two ventilating fans for each mdn motor. 

Alternating currenb with high voltage are necessary to meet 
the conditions for electric trensmiesion in its application to 
ahips of high power. The main pnerat,ors are twrj-pole, 
nominnlly rated a$ something over 15,000 H.P. each, hut have 
an overload rating of 25 per cent. They are d~igned h run 
afi 2,100 revolutions per minute a t  full sped. In their main 
features these units do not differ from those used in ordinary 
commercial practice. Each generator is provided with a dis- 
connecting switch which is double-throw; in one position of the 
switch the windings are arranged in a aeries connection and in the 
other position of the switch in a parallel connection. The first 
position is used when one generator is operating two motors, 
and under this condition the maximum voltage is 4,242 volts. 
The second position is used when one generator is operating 
four motom, and under this condition the maximum voltage 
is 3,000 volts. This mmngement enables the generator to  



uWae ta the best advan-e the double current capacity of 
the motor circuit when using four mohm and improves the 
overall efficiency of transmission. 

The main motors are designed to  give together 29,000 S.H.P. 
at 167 revoIut@ns per minute, equivalent to a ship's speed of 
21 knots. The stator windings are arranged to  provide for 
pole changing; one throw of the pole-changing switch will 
give 24 poles, and the other wilI give 36 poles on the stator. 
This gives for tsynchronous speed with the Itwo-pole generator 
in Ghe first case a, 22 to 1 reduction ratio and h the second case 
an 18 to 1 reduction ratio between turbine and propeller revolu- 
tions. This device enables the turbine to be operated at full 
revolutions both a$ 21 knots and at 12/18 or two-thirds speed, 
i.e. appmldmately 15 knob, and thua improves the economy 
of the instdation at low speeds. 

The motor stator is provided with only one winding, and 
the pole-changing is accomplished by changing the arrangement 
of this one winding. 

The motors are of the double squirrel cage induction type, 
with two independent seta of winding8 in two slots which are 
sepmhd by a deep air gap of narrow section. The squirrel 
cage in the outer slot is composed of high resistance bars of 
German siIver, and that of the inner dot is composed of low- 
resistance bars of copper. The object of this construction is 
to provide a winding which will give She necesary torque 
required for reversing and at the same time make it possible t o  
use the squirrel cage motor, which i9 a very simple type of motor 
and requiring no changes in its rotor winding when shifting 
from 36 to 24 puhs and wice o e ~ d  in the niutor &tator. The 
high torque required for reversing can be obtained in other 
ways by a further complication in the rotor design, and the 
use of external resigtance and this dedce ia under consideration 
for some of the laer  US,  battleships. The ' N e w  Mexico" 
arrangement hm, however, the advantage of simplicity. 

The debds of the theory of action of this type of motor 
and the effec* of running out of step with the generator cannot 
be gone into here, but the general action wiIl be understood 
from what has been mid and also when considering the operation 
of the plant. 

Ib is nmeasary to glow down the turbines during reversal, 
otherwise the mobr could never pull into synchronism with 
the genemtar. 

A speed governor is fitted to the turbine with a moveable 
fulcrum which is used for all speed changes. The governor can 
be adjusted to @ve any deahed speed on the generator from 
700 $0 2,200 re~olutions, md when once set a maint&in that 
desired speed regardless of changes in load. The governor 
weighh opcrab a pilot vahe of a hydraulic relay, which admifs 
03 pressure from the f o d  lubrication system to a piston 
driving a rack, This raok actuates a pinion mounted on a 



cam shaft, and the motion of the cams opens succ&ve vdvs 
in the atearn chest of the turbine. The effect of the motion 
of the aped control lever is to shift the fulcrum &bout which 
the governor weiglzts act, and thna give a different speed mtting 
for each position of the fdcmm. Jn addition, a fitting is 
preTrided which l imits the motion of the governor for any given 
setting and thus the amount of steam the turbine can take and 
the power delivered for that setting. This is necessary on 
account of the increase of power which can be talren by the 
inner shafts when the ship ia turning, This power might be 
p t e r  than the generator could give at the speed if the motors 
are to run at synchronous speed, and the result would be that 
the inboard motors would drop out of step and stop. With 
these limit stops the turbioe simply dom down and the rnotom 
rcmnin in step. 

An emergency orerspeed governor is dso fitM which, on 
a certain dmigned sped being reached, trips the main steam 
and auxiliary exhaust steam admission valves and ~hnts  steam 
completely off the turbine. 

The conkrol arrangements will now be conaidered. 
Control gear for use on shipboard presents conditions different 

from those obtaining in land power stations. In t he  design and 
fitting of dI switch-gear, instruments; &c,, great care must be 
taken to exclude moist air, particularly when it is impregnated 
with aaIt, and sometimes coal dust. Adequate facilities for 
inspection must ~ l s o  be provided. In hrgc  vessel^, where heavy 
currents at  high voltages have to be d d t  with, the problem of 
fuIfilling the necessary requirements of the control gear is not 
an easy one mmemberkng that simplicity, reliability md 
cerbainty of operation are tbbolutely essential. 

On the main swihhboard are mounted the following t 
(l) The motor disconnecting switch-, one for each 

motor. 
(2) The bus-tie or sectionafisjng switch which mnecta 

the two sides of the ship, making it possibje Ito run d 
four motors from either generator or the two sides inde- 
pendently. This switch may, therefore, be looked upon 
as performing a sirnirar function as a cross-connection 
valve in rt twin or Xou-screw steam installation. 

(3) The poIe-changing switches, one for each pair of 
motors. 

(4) The reversing switches, one for each pair of motors. 
( 5 )  The s p e d  levers which are connected by rod 

mechanism to the generator govmom. 
(6) The steam limit levers referred previou~ly. 
(1) The field levers for the maEn generahm. These 

levera control eolenoid-operakd awitobes on the direct 
current exciter board and also the rheostat of the booster 
vhich controIa the strength of the main field. The range 



of voltage given to the generator field is from 30 to 
300 volts. This variation is praqideed in order to obtain 
t.he highegt efficiency of the generators and motors under 
the varfing conditions of speed and load. 

The &connecting switches of the main generators are 
mounted on the engine room bulkheads just outboard of the 
main switch bond. 

The genemE arrangement ia the five engine rooms containing 
the main machinery is shown in Fig. 5. 

The functions of the various switches will be undewtaod 
from their nomenclat~we, but it is necessary to introduce various 
complications in the way of mechanica1 and electrical interIocks 
so that it is impo&ble to  do any damage to the machinery 
or impair the life of the fiktings through rnietakes in operation 
and big rushes of current. These interlocks will be briefly 
described m they are a necsssary feature of electrical trans- 
mission at high powers and volhges. It may be noted tha* 
these arrangements would be much further complicated in an 
instalhiion with more than two generators, especially if the 
generators are fitted with pole-changing arraugements, as has 
sometimes been proposed; dao by the fitting of additional 
motors on each shaft in tbe attempk to obtain further "gear- 
downs " by pole-changing mrangernenb'on t h e  cliffe~nt motors. 

1. The motor disconnecting switches and the generator 
disconnecting switches are electrically interlocked and cannot 
be opsrated trnless the generator field switch is open, i.e. aU 
circuits are dead. 

2. The bus-hie switch which is inside the hoard structure 
is inaccessible unIegs all the circuit8 are dead. 

3. The bus-tie switich and the main generator disconnecting 
swihhes are mechanically interlocked sro that ody two of these 
swihhes can be closed at any one time, thug preventing the two 
main generators being coupled in paraUeI. They are also inter- 
locked g o  tbt tile generator disconnecting switches c m  be 
thrown only into the high voltage position when the bus-tia 
is open, and ody i n h  the low-voltage position when i t  is dosed, 
thw ensuring that the generator will always be run with low 
voltage when operating four motors. 

4. The pole-changing and reversing swihhes m rnccWoally 
interlocked with the field lever so that they cannot be moved 
unless tha field lever is open and all circuits me dead. An 
additional safegumd is fitted so that these switches cannot be 
opened immediately the field swiritch is opened but till the currenf 
in the main generator of motor cimuits has fallen to a pre- 
determined value. This involves a delay of not more than 
three seconds under normal conditione.. 

5. The pole-changing and reversing levers me mechanically 
interIocked 80 that the reversing I e m  cannot be put into the 
wGem poaition unless the pole-changing &witch is in the 36-pole- 
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position. This is to irlsure the maximum torque king avdabIe 
when mveming. 

6. The field levers and speed levera are mechanically inter- 
locked RO that the speed lever is carried to low speed whenever 
field Is taken off $he main generator. A large increase of speed 
carries the field lever with it. Large increases of sped  cannot 
therefore be m d e  without corre~ponding increases in the field 
strength, and the turbine must be reduced in speed before 
reversal of the main mobm is effected. 

The operation of the main machinery can now be underehod. 
1. B&dng wruihtmy with one generator and motors on the 

36-pole connection. This assumes the maximum speed wiI1 
not he over 16 knots. The turbine U-ould be running at low 
speed and all circuits would be dead, On receiving an order 
to go %h&- 

(a) The pole-changing s~vitches would h put in the 
36-pole position. 

(b )  The reversing levers would be thrown in the ahead 
position. 

(c) The field switch would he closed and brought up to 
the desired freld strength and the rnotom would start and 
work 11p towards 111 8 the revolutions of the generator. 

( d )  The turbine wo~rld thm he brought up ta the 
d e s i d  speed, the motors keeping in step. 

(a) Open field switch, the speed lever being carried 
to low ~peed at the same time. 

(b )  When current, has fallen and the rehy operates for 
releasing the reversing levers, switch over to  the astern - 

{C) Close the field awitchea and apply over-excitaiion 
till the mobm have r e v e d  and come up to synchronous 
speed and then reduce the field to nomd.  

( d )  Increase the speed of the turbine to the revolutions 
desired. 

In case it is desired to make a maximurn speed greater than 
15 knots but Ieas than 174 knots, i.e. in this case not more than 
one-half f d  power, one generator will be suficient, but the 
motors will be m on the 24-pole condition. Going ahead will 
be exwtlq- the same as described above. To reverse, however, 
it will be necessary, after opening the field switch and bringing 
the turbine to slow speed, to switch the poIe-changers to the 
36-pole condition and proceed m before. 

)"or speeds above ll$ knots the two generators will be used, 
the motom being on the 24-pole condition for going ahead, and 
changed to the 36-pole condition for astern working. The 
bus-tie switch wil l  be open and the two sides will work 
independently. 



The limitations of action in this vesseI may now be seen, 
but it hw been urged that these limitations am not serious, 
the extreme flexibility of action with the ordinary geared or 
direct driven asrangernent being more a matter of convenience. 

When on one generator and proceeding ahead, &IT four shaft8 
must run at the same speed ahead. If one side is reversed, 
the side going astern must run astern at the same revolutions 
aa the other side ahead and before reversing, the side that is 
to remain ahead must be slowed dogm before it is possible ta 
reverse the other side. It, is a180 pos&ble to run ahead one side 
and the other stopped. When all shaft8 are reversed the full 
power is not immediately available for going astern as is often 
claimed, W the motors are in the 36-pole condition to give the 
necessary torque, and to  obtain full power it would be necessary 
to break t he  circuits after reversal, ewe, and c b ~ n p  to  the 
24-pole condition. 

Efficient ventilating arrangements for &he generators and 
motors are necessary in an electric installation, as the 1 0 ~ s  d 
powcr in transmission, which amounts to about 7 per cent,. of 
.the energy passed, appears as heat in these detaiIs. The 
generator is fitted with a fan attached to  its spindle, whilst 
aeparate electrically driven fans are fitted for the main motors. 

This hdicatea a special danger with this system. In case 
of local overheating of an intensity gufficienk to  cause ignition 
of some of the ;nflammable details of the structure, the draught 
from the ventilating fans might cause a rapid increme and 
extension of the combustion and o, firing up of the mrtchine. 
Fire-extinguishing apparatus is specified for gome of the electrical 
details of the new U.S. hattIe cruisers, and an auhmatic cut-out 
of the fan or main switch appears to be indicated in thecaae 
of overheating of the circuits. 

Although not pet attempted, it may be possible to  recover 
some of the lost power by arranging to lead the  hot air 'to thc 
boiIer rooms or in the event of water-cooling being derised, it 
might be possible. to arrange for feed-water heating. 

Special care has to be given to the decrign, support, and the 
high degrea of insulation of the large cables necesary to  prevent 
injury h m  damp and shocks, and the insulation of the motor 
and generator circuits requires peak  e m ,  more especially if 
these uni ts  are working in compartments expmed to steam 
leak*. 

The installation proposed for the battle-cruisers is genemu9 
similar in principle t o  that of the battleships. Tbe number of 
units is doubled. There are two motorrr on each shaft. At 
low speeds m y  one turbo-generator can be u d  ta actuate all 
four shafts : a* intermediate xpe& two generators will be u d  
ssd at high speeds each shaft will be actuated from ita own 
turbo-genemtar. The excitation for the main generatora ia 
f aken direct from the 300 K.W. generating sets fitted exclusively 



for the purpose, the variation in excitation being obtained by 
varying the voltqe of this generator. 

A feature of the electric drive is that most of the auxiIiarie8 
are electrically driven at s cost, say, 01 16; lbs. of steam per horse 
power against s moderate estimate of 40 Ibs. for direct steam- 
driving. This adbdvantage cm,  however, be obtahed in other 
installations by the extension of the use of electrically-driven 
auxiliaries, entailing the fitting of additional dynamos. 

VARI~BLE SPEED GEAR. 
Before rePiewing %he merits and demerits of the three systems 

discwaed, it is as well to note that there is anather methd  of 
transmitting power hydraulically, that is, by means of the fonn 
of variable speed gear on the  well-known Williarns4anne.y 
prifi~iple, by meatls of which any speed wrthin limits in either 
s forward or revem direction witliout altering the speed or 
direction of running of the prime mover is possible. Apparatus 
of trhihi8 type has not been used for transmission of power for 
marine propelling machinery except for very smdI powers, hut 
has been fitted a, good deal far auxiliary purposes in some apecial. 
classes of vessels where intermittent work is required. The 
efficiency of transmissio~i is comparatively low and does not 
probably exceed 88 per cent., and the gem iis very heavy for the 
power. Apart from the doubt as to the practicability of the 
development of this system for high powers, the efficiency is 
sufficient to place it out of the n~nning for a hrge power Installs- 
t.ion running conbinuously, and further, elaborate arrangements 
would also have to be fitted to  absorb the heat generated in 
the gear. 

Rwmrv~ ,  WERITS roa MMUNE USR. 
A brief description of the three praaticlable forms of trarls- 

mission at present avd1abIe having now b e n  given, it is proposed 
to compare them in certain of their m p t a  which govern their 
suitability for marine use, wnd more particularly for the ppropelling 
machinery of war ships. 

1. Emierrcy of Tramission.-With the bwt design of the 
respective devices the 10-S in transmission may be approximately 
taken as :- 

H9d1'uclic.-Teti per cent., the Imes being mainly 
frictional, eddying, &C., in. the transformer. This efficiency 
includes the heat gain from the water p ~ o u s l y  referred to. 

Mec7mnicaE.-One and tt half per cent. to two per cent. 
per gear, the Iosses being frictional at the tooth surfaces, 
bearing and rotational losses. 

El&&.-Eight per cent. being electrical and mechani- 
cal losses in the dynamos, motom, and cables. 

The mechmieal methd, therefore, in this important particular 
possesses R marked advanhp over the other devices, an advantage 



which to a large extent outweighs the advantages yosse~sd by 
bhe ot.her rnet,bds. 

2. R&# of Red~!ction.--This is a, fixed figure at a11 speeds for 
the m~chanical method. With single reduction gears a figure 
in an extreme case as high as 28 to  I has been reached, but 
7 to  10 is a more usuaI standard for naval designs. For do~~hle  
reduction figures of 30 Go 40 to  1 m common. 

To secure the best efficiency of t he  turbines over a considerable 
ra.nge of speed it is therefore necessary to design the turbines 
with cruising arrangements, or to fit special cruising turbines. 
The mtio of reduction in the hydraulic arrangement is practically 
fixed, but a figlrre of about 7 to  l is the highest limit for this 
device. 
W th the electrical method one or more definite rates of 

reduction can be @pen by suitable pole-changing arrangements, 
and it is possibIe to  arrange for a high speed of turbine a t  
suitable reduced speds. Xn $he case of the " New Mexico " iit 
has been seen that this is done for I5 knots heffides the full 
speed. JIoreover, at, reduced speeds only the number of 
generators required fop the power need be used, and it is still 
possible to work all the propeller shafts. The electrical method 
alone possesses this advanwe, which is important' as at reduced 
powers the load factar, and therefore economy, of the turbines 
in operation remains high. The advantage of us"ng only part 
of the generating installation would, however, fall away under 
war conditions when all machinery was kept avai!able for full 
puwer at shod notice. 

3. RmwSability and A s t m  Power.-Separah astern $whines 
are necessary with the mechanical method, and considerations 
of spwe and weight entail their being of smaller power and 
low economy m compared with the a h d  turbines. Apart from 
an increase in weight and overall dimensions due fo the ~ t e r u  
turbines fitted, there is a permanent loss of about, one per cent. 
nf pomp in driving the aishrn turbine when running ahead. 

With the hydraulic method a reverse transformer is n e c m s q  
and although the turbine is available for full power the reverse 
transformer is made of a simpler design and a certain amount 
of efficiency sacrificed. 

With the electrical method no &stern turbine or motors are 
necessary, the propellet shdt motors being manged to work 
in either direction and a high power astern is available, but 
other considerations, e.g., the necessity of giving the motors 
a high -starting torque involving running under certain pole 
conditions prevent the fuU. power being obtained or availed of 
normally. Actually in the " New Mexico,'' the maximum power 
&ern of about one third that ahead was accepted during the 
official tW as suittable for requirements, which is easiIy obtained 
with the ordinary design in geared arrangements. 

The fact that the turbines run always in the one direction 
has been U@ as an aclvan$age if super-heated s h m  is used, 



and t h i ~  wil l  probably be the case in most of the future de~igng 
from the point of view of economy. The higher temperatures 
which map atise in turbines during reversal in a superheated 
installation can be readily provided for or eliminated by suitable 
precautions in d&gn and operation. 

4. Marnuwing.-This is pre-eminently simple with the 
mechanical method as no speoid apparatus is required in 
connection with the wring, it being only n e e e e s q  to manipulate 
the burbine manmuvring ~ I v e s .  With the hydraulic method 
it is a little more complicated owing to the necessity of emptying 
one and cha+ng the other transformer when reversing. The 
arrangements have been previously described. 

The ~ddit~ional conpEications with the electrical method have 
been discussed, and likewi~e some of the limitations of 
rnanceuvring inherent wifh this device. 

5. Care in Operation.-little or no special care is required 
for the mechanical e n g .  Provided the oil suppIy is main- 
tained, nothing else is required othes than that which will be 
necessary for the c m  of the turbines themseIves, 

The hydraulic drive should not require much attention if 
carefully worked, and alI safety armngements kept in good 
condition. 

The electric drive will, in general, require more attention, 
as the large e1wtrical units warking in steamy or damp cornpart- 
menb require keeping well ventilated and dry. The pemnnel 
wjll require to have a special knowledge of electrical practice. 

6. WeGM a d  S-.-The electric drive is on the whole heavier 
than the other systems, but possesses some superiority in 
utiliBing space fo better ,advantage, since the turbines are not 
fixed by fhe p&tion# of the propeller &&h ~ts in the other 
desigm, thm admitting of a greater amount of latitude as 
regards smnpment in the, ship. The motors can be placed 
welt aft and short propeller shaftg u~ed,  The generators can 
be placed close to thc boiIers, and the length of the main steam 
piping therefore reduced. The rnaneuvring gear can be placed 
in any convenient position. 

7. Durubility a d  Reliability.-As far as can be at present 
stated, the sdvan$age in this respect unquestionably lies with 
the mechanical gearing, sufficient experience being now available 
uuder hard service conditions to warrant the strstement tha t  
well-constructed and attended gearing is one of t h e  most reliable 
parts of a marine installation. The risk of short circuits in an 
electrical instdlation due tn mechanical derangements, moisture, 
&G., is always present in spite of elaborate safety arrangements 
and under the conditions which may arise in action it is at least 
doubtful if even the most elaborate arrangements will afford the 
safeguards which have been yielded in the past in British 
practice. 



8. Range of AppEi&wn.-The mechanical genr can be, and 
ha8 been, applied to dl classes of ships, but as at present developed 
the electrical drive is only applicable h capital ghips of the 
battleship or battle cruiser type of high power in which economy 
at reduced speeds and powera is vital, in which the necessary 
weight and space can be provided, and in which full advantages 
can be &ken of the flexibility as affecting *he subdivision and 
disposition of the plant. For mercantih vessek of high power 
the system preselta certain advantagex and in these vessels 
floor a p m  might be saved by installing the generators above 
the motors in the generally large unutilised spaces in *he 
hatchways. 
h the w e  of s m d  ~teamers of the cargo-carrying type the 

sy~tem is not genm1ly so attractive. The steam and fuel 
consumptions of *he Swedish mercantile vessels of the " Mjoher " 
type of about 1,000 S.H.P. me, however, very good, advttnta* 
having been haken of a high degree of sugerhrat in conjunction 
with efficient Ljungstronr turbines, RZechnnsinl gearing is, 
however, necessary between rnot.ors and propellers in such 
small-powered and low speed reswls. 

9. Hanufmture.-The capacity for the manufacture of high- 
powered electrical plant in this country is limited. 

Summing up, it may be generally s h t e d  that the hydralllic 
drive in *he form of Foetinger transformers is inferior in all 
ewntisl respects ta the mechanical gearing, and it appeans 
unlikely that it will be fitted in any future Iugh-power marine 
ins~iat iona.  The general indications arc a11 in favour of the 
mechanical *.ear holding the field for moderate and high powers 
in this country, but the more er;tended uae of the efficient 
Ljungstrom turbine which is inherently stritsd to elmtric power 
generators, may, in the near future, broaden the field of the: 
elecltric drive for low and moderate powers. AB M h e r  exper+- 
ence is obtained, developments in the electric drive may be 
,antieipctM if the desired requisites on the elac$rical &le can 
he effectually c a w d  for. Developments on special fines must 
be msjnly looked for in the motors as it is in Ghcse special Gttinge 
that many changes nro required aa compared with those worked 
under shore conditions. 

Inkmediate forms of transmission are not likely to be 
required in internal combustion ewned vessels as suitable 
speeds of revolution can usually be arranged with a direct- &he, 
but special cases may ari* where lower manmuvring speede 
than can ordinarily be obtained with these engines are requid ,  
and if the weight could be accepted there may he developments 
of the electric drioe with these engines complicatiom in the 
way of rnanaeuvring and reversing of Ghwe engines could be 
thua avoided. Mechanical gearing has not been applied h Imp 
internal cornbudion engines, and is open to one disadvantage 
a% lwt, Le, ,  the doubt M to the mntinusd efficiency of the gear 
when transmitt.ing a variable torque. 
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