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The Chairman ;| he}\]/e Ieasu[e in mtroducm Mr G thrle
0se as%omaélon with .the well-known firm o sons
est lsan surance of |sca a gto eal
with the |mportan su bject 0 rlne redu t|o gear -
det |ssecal su ]; Mr. Gut ?must now a great eI
ﬁ out the pp |cat|o eari gebnera X |sasuti ect whic

een veray pbrogmnen ate hi the technica Eress N
in plapers r% Eet e varl us engineerin souetle 50 that
P % uthrie has no doubt endeavoure Ive US(P Ints

have not been touched ugon revmusR/ rhaps

have to a certain extent to go over old ground as WeI

Th ductipn gear in copjunction with turbines e ables

veseseLLs o? Ws ee stéJ epn rog JHedwn hi hgr overaﬁ Hdl

cles than are poss Ible with th |rectturb|ne rive, and renders
415
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ticable th high d t t hereb
BF%Ee'n"t"" daey e?frlérseengresl%r V'be ﬂer%haerr rmerwg erg HTES WHSTEDY

The nett overall effici nc of a marjne turhine ipstallation
afto the turbine stop vaF y|s theprooluct orrthree actors.

Ssg The effrcre cy of the turbrne in developing the required
power In terms o team consumﬁr jon.

b) The efficiency of the propeller.
The efficiency of transmission between turbine and pro-

SECTION 1.

Steam Turbines.— Steam furbines develop rr power most
economicall Iathrghrevolu 10ns, esPecraIIg he case ofhrﬂh
Bressure turbines.~ The efficiency of a turbine depends op t
Iadrn? efficiency:—on the degrée o w ich the mean velocity
ratio (the ratio of mean blade speed to steam speed approaches
the velocity ratio corresponding to maximum efficiency:—on
tr]rfe leakagé and windage losses, and finally on the mechanical
e rcrency

arjne turbrnes consrd(e a]tro[rs of rIelrabrllJ necessitate
relatrve}/ argecearances and t eaka% $Ses become exces-

sive at %rv gee s of revo utronf whilSt the large diameters
equired sulta e ean velocity rafio incréase windage
ossesan maete turbine are nd heay TPere 1S, f
course, nHt to the spee 8 rbrne esl ned or %gY
OWer, and rs IS determine earea re ehd att
re%sure en ermit.the stea au tto t e
ithoyt exeessr e leaving IoFsses a %e stren

materras of construction’ varraton in e

r

crenc¥ % tw&) fse arate serresgo tu nes o nstant orma
nowe ut |Aa1entsees [t wil enote Pf ere IS
n each case a definite ép(ernt where the effrcrency S raprdly
as the revolutions are reduced

The desire for improved effrcrencyh Ied to the a 0 tro
re su es an tem erat res an results obt
eore t eturbrnes o W rc
dpsr ne t work Wrt ea res re, SUper-
wat rth rnt re engineers
a wI un ou te y arge encet re application
igh pressures to marine ro ulsion.

T e r?ason for the adop tron of hr%her ﬁressur‘]es will bg
evident from an inspection of Fig. 2 which shows the increase
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roportion of the total heat avajlable for usefu| work as the
Ere?sure IS mcreaseg, ang it WIY| lJe noteg that quYg theqaten
eat of evaporation decreases as the pressure rises, the tota

theh fuel required for gen r,atim{; tne
Bteam,varl?s onl}lsllg IJI roughout the range, and is actually
ecoming less at the” higher préssures.

The reason for the adogt\on ofhi%h_tem eratures if that high
pressure steam Is unsuitable for use in a turbine unless it con-

heat and ,consequentlﬁ/
ht
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ins a sufficient degree of superheat to enable it to expand
ﬁrou%out Its rang g and engust to tﬂe condenser WIPh a
reasonably high dryness fraction.

The.ypper imit of temperature is largely a matter of opinion,
but wit Phe materials oipconstructlonga glllable to-day vBe may

CM

Pressure lbs per sq inch gouge
Fig. 2.

ake it as, saa/ %t %eedlng 750°F. W ith this temperature we
ave aconsh erable choic fworklneq[pres(?ures and Inorder to
etermin most sulta epressur op eac casemus%
e consi Ie on Its m rts. O%S j E percentage 0
eat aval ab tatot em eraureo 0° F. 'with valyin
Presiure oP g ma ture gresent in the steam as

esult of adiabatic expansmn o the Steam at each pressure.
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The less the dePree 0 suPerheat the steam the. g eaf
will he t ep%rcen age of mo st re mt m when it'fina
ex au%ts t0't %on enseLan t owerW| *P consequence
the efficienc o the tu[] Ine. e overall erficiency IS of
courfeb roduct o{ e turhine efficiency and the Tatio of
available heat to total heat.

3a shows Wtese vary With varying pressures and
ﬁyer\s/sureas been a ed sinowmg ¥he combi egg#|0|ency at eac

Tq reduce %r eli maée the moisture in the steam interstage
heatlng may be i th
h P Tk —In any turbing the ener
absorgned |nreassst£gee peur . of steam vglnes as the mean b?a%%

ON\OTE:—Actual Moisture in Steam o.c. % Moisture from Curve ' B’ X by Turbine Efficiency.
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eed2 and if the turbine efficien
easeg Eressures must necessan&

)

to remain co
£ ZiCCOfTI panie
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peeds of rotation or alternatively by an mcreased
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Bumber of stgg Wherever possible high rev?lutlo”s Is the
etter rﬁetho as. it ena Aes the turnine to be of small dimen-
sions, thus reducing windage and gland fosses.

SECTION 1.

Propellers—Propellers if they are to be efficient must ru
sowrl())/pe T%respermlssme revoputYons vary wﬂﬁ the type, anrf]

EFFICIENCY %

«03 -04 -05 -0S -07 -08
BLADE THICKNESS FRACTION V D

TWIN SCREW DOUBLE REDUCTION CEARED TURBINE. 93 R.P.M.
TWIN SCREW SINGLE REDUCTION CEARED TURBINE. 130 R.P.M.
QUADRUPLE SCREW DIRECT C3IVE. 325 R.P.M.

DIAGRAM OF AVERAGE MAXIMUM
PROPELLER  EFFICIENCIES.
FROM FIC.233
“THE DESIGN AND CONSTRUCTION OF SHIPS"

BY SIR J. H. BILES.
FIG.4-.

enerall speakm increase with the speed of the vessgl High
evou ns are n cessarily ssoc,ated Ith low pifch ratjos
|sc ar ra‘glos a |g blade thic ?E r tlossac oJ
li rfo n Inspection of Figs. 4, 4a, an

al to efficiency.

ch as
bto he etrlment
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“rom co srderatronsofSectr ns land 21t sevrdentthat the
of crenc acerrs rco atu rpine rises as tne revo urlronfs re
rncreasfe( et eefrcre c characteristic of a prope|ler fa
rcrency eorrespon to that point at which te
characteristic cHrve Intersect |s the maximum ﬁom |ned eff]-
cren]ceyt at can be ohtaine vrrrt Lrec rlye, Whereas.a.muc
8 r combined e rcrenc¥ P sible by the In Fr osrtron 0
e uctio %eaﬁs tietween he furbine and proép govr ri
sn\rNaaYS tha 0SS In isuich transmission™ gear IS relative

Three s \)/stems of reduction gear have been used in marine
practice, Viz.—

a Mechanrcal l.e., toothed gearing;
b) Hydraulic gearrng
¢) Electrical gearing.

Oft ese, mechang al, or toothed Sqearrn Js at once thﬁ sh
%and most rcentt pe. [tS relia rIrt t(? y etf

0 tesrn%e or t}/ %unq estioned, and it is the on
hat will edeatwrt

system t in"these notes.
SECTION I1I.
Eff — The efficiency of reductjon g-earin
has E%Eh”&ccura‘t%‘e”aéiérmrneﬁ b érrvrn/g two srmrPar gears rﬂ
ORBosrtron ofor Interposed between one set of Sprnron

lacin eneratorbet ent eo %r s(e pinion
mot r?.n rr‘?en rators are pre er irect currentt gie
he ef cre e mot [ an ener tor can accur tely
etermined this me en S tse gr?crse
measureme\a yt e losses ae measure an orm
avery sma percentage of the tota power transmrtted
Effi crencres as rhgh as 99%, including bearing, losses havle
een recorded witha sin ere uction ear and 98% _wit
ouble reduction gears. Iolss the”e dne to the iner-
oeron 0 Pearrn IS € cee sma rI outvrr]erghed
Y oved dvera €S aItarnabe when the“tur
ne Jrrope] lers ane esr ned without reference to one
anot e an eac arrange to run at.speeds congugcive to maxr-
um efrchenc The tEmperature rise of the ol IH Its passage
rousg ear]s IS_sometimes yse
to che

as a rourIr reany
mean the efficiency and In this connection rt IS €O



Fig. 1.
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enient to remeﬁnber that one br ke hors powe[ %ISSI ated a
t/teatwh ratset e temperature o one gallon of lubricating 0|

throug
SECTION 1V,

Gearing Desijgn.— General Points, of Desjgn.— S0 much
r}formatlon o1 detalls 0? deSIgn is avalla Le in the transaftloq

H e various technical socigties* that these notes will only
deal with design in a general way.

th profil Imgst bly of the.ipvolute f
et o T ?spéﬁtp%s e Gl oo et Wit e S

%7? fences In the distance b t the centres do not. impair
efficiency of the gears nor ctt eir uniform rotatlon
The teeth are forme?s irally, and to eliminate axial tt]rust

are arran ed in two helicés havin aual and opposite. ang es qf

Inc |nat|o Hell ca gears are su erlor to spu ugears ina muc

as th econttnun%o engat\;em?ri reater, ? Hratlono con-

tact 1S lon ? déhe rae oadi q and unloa Eg the teet
ore r ual. . Each of these cons derations makes for quie

ﬁ smooth runn gan permits of ?reatertoot ;t)ressures aR
? e Berlph ra ﬁees The (”t tlonaLstren h due to t

sg rgt tooth enables sma er.pitches to be. used thus
ducm ack-las ﬁ allowing an icreased number of teeth

to be |n mes toget er.

Variations in tIPe pitch or forin 8]‘ the, teeth cau e the B lon
0 move to and fro'in an axial direc on and _the co g m[%
etween the mte}n and turbine k %su fICIE?t fr(f
i;ommo fe this movement, It ecae? 3/
ast runnin gears will pro uce noise, an excessive
cause damage
Stn le Helical Type —Gears with single helhcal teeth hav
been ma e In Algnerlca and .on the< Contihent, the ultbalance
nrust ue to t e teeth being taken up by a simple type o
rustbock or collar,

dthts type axial dlséalacement of the |n|on eed not he
row ed f%r anaxa solid cou can use reat’1

ccura mac ining_and assem lin ossme with t
sm%Ie elix type and conse entlya ven egree of smoot
ness In running Is easier to tam

id d f flexibjlit dt ly damp ou
fluctugtﬂ)vnlsedtstgntg tc?t()]trﬁeet)rorsexI IIqyu drlovg artsyo?tenpuset!

*See List of References.
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?W H qe turbines and pmgons and to co %ensate lor erors
toot a nment flgatln% rame Pears of Macalpine
yPe are fre uentx opted. Sin ereductlon ears ar sed
o gee re UC'[I% ratios not exceeding, say, 20 to 1, and for
rrathos dB le reduction gears are use he Iatt rma
eo the three hox tyﬁe In.which two complete angere uctio
9ears are connected in series, or the gears may be’of the infer-
eaved t pe with all gears incorporated IB one casing. Which:
evertly e of gear s ado te% It'is desirable tq Interpose a stlf
cast iron bed Iate betwe nt e ealr case andt een |ne see}tln%
asshowno g |sn?tonyadstoter|||
seatlw g 5 Rut enah es the
mets pg]pg actly the same alignme
It is sometl es.said that ?kouble. Leductlon ?ears are noi er

H?{grgm; uctllgnv ﬁ/:lrﬁ ut with accurate

gars to be dsse
r?t as they were assemgleg

A earstl
t. On the other’hand the effect
P maccura es ca n\% momentary gosm e or negative
? ratlons 0 ears Will_be more noticeable In the case
? é)u ler uhctlon ears owing to the Increased number ff
re oms whic thls J)?ssessswhen con% dare With sin
Ftlon ears, and e ecIo any K. of dynami ? ce
Wf] e mdre Eronou \n |g er s ee gear
wheels an :jnﬁrease yv;/]heed ffegtlo t rt]urbl es. h
inions djffer as tot esirabilit avin a un
tootﬁ In the. iar e wh ee t at |s one %ot[a ! tth ﬂ

more_or 63
an exact ratio between  the wheél an FII’II!]OH he ECt N

to ensure the. comp etg rge{ Pa e of all the tee but n %he
WTIter’s opinion It |fs oubtfu re is a Y ﬁvan& %e
except In the case of wheels cut with multiple threaded ho

SECTION V.

so? ars should run smoothly and without noise and will do

(a? The eripheries a itch, circles of pinions and wheels
are tru K concentric WI'[ t elr journals.

bg itch of teeq alnlon anﬂ wheel corres(Pond and
ar sunlf rm as p033| e and the teetn are correct to form.

(
e
(c) The centre of gra |tg |n|on nd wheels coin |deW|tQ
e eometrlcal am% fation ere are Qo unbalance
al)arﬁ That is, the pinion an Whee must be in dynamic
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The |mportance of the wheels and, |n|ons etng |n dyn
balance IS, not always appreclated as w ee

not In namtc alance the out of ha htw
tewhee | revo ving, develo acentn ocew ich WI
rlt ecaaeo an unbalanced an

scause the wheel to osg
free revolvm wheeI t e osc attng Isplacement In agtven
can be réadily calculated. It varies directly as the re-
ved cep Hfu\%a jrection an mvherser%/ als the

i)rce n tha[

ﬂ l| eg t should enoted 3 plituge
oof the 0sC at|n? IS %cem nt |s enttrely |n Bende t of the
elocit rotaton of. e This IS eﬁ se, W |Istte
orce { uc1nlq t] ISp acement vares as { ﬁ square of the
circumterential velocity, the time Furln? whi A orce act?
in a Plve direction varies mversemyft he speed? n actu
?ract ce the case IS fomew a plicated as we have. not
ﬁ rotatin whees to dea W|th ut wheels the a 1§ 0
which are ¢on tratne t(i some eor<tent y eanlngs house |n a
g I case w hc |Is1 flrm%/ olted either nectY or throug
edplate to the s he extent to which this c?nst aint
re uc s the a ﬁltu e is md(? armlnate int neverth egss con

slaer udes may and do exist, an ndetected
ettt e AT

enmes 0 uch
Bt With in gear Heels that tﬂ]ey bec%me perceptible as
vibrations.

SECTION YI.

Lubricati ears must be effecttveI%/ br|cated .Tpe
most sunatitfe ojl for Ju rlcatm% ear eet %strﬂg
ineral o] wit ﬁ ng VISC t) ﬁ ﬁ N
e wscoskg | |cat|n te Igh  spee
earh uld be Iow |n or er that tne eat nerate
%t rictjon ﬁsses may not be too great. n
| Bractllca e to have two sep%rate qll systems an te
F I solved In practice g Qne qua dtr of 0|I an
P It to the gear teeé arin s at different tem-
t re and consequently |fferent VISCO Ities.

SECTION VII.

ho%ﬁ?nr Crnjactn?ne_sGoeuﬁti N “a”tt lnt %Pe()bblp gacacwa}:he
nX petiodic eréos In t { viding wheel be re oduc (1
Inana orm in the gearsc t unless somedt erejnt)a

ravatﬁ
gear such as the Parsons Créep mechanism, is Interpose
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een the dividing' wheel and table.  This mechanrsm while rt
oes not eliminate t e errors, destroys therI rierro dicit ly
strrbutm them overthe Perrnh[ﬁryo the wheel in a manne

gﬁn mrglont e speed ratlo o dditional gear. Whether

dv ntage or.nof depe sentr ely on the degrse
gr Jr Eee of ne%machme Mci-

rac rnm
%/ %imen one gt the tOOt ces CUt on a

mac with “ cree are necessar ert e
woum)e |ftcutwrt the same hob onamac ne not 50 tterJqy

The mac ine must aIwagF be accurately adjusted.  The
ns whrc re urre Specl ahttentron are” the, mdex worm
rc must e cen ric wrt its d Ang va H
rust was er worm n creWs, whic must
e truly para Ie an % ﬁrght an% es to the axjs of rotafion.

[naccu acres at ﬁnQ’ ese oits will result n perto 1c

errors hnt tooth spacing. Friction brakes on tn spindle

ﬁ other rrvmg ears are vantaqeous as they damp out
uctuations and tend to smoothness of cutting.

The hobbing process produces wark guickl tha igh ge-
[ee 0 accurgﬁ but |EJ has ?re drsad(t/ant at w eﬁr
ank Is rotatm contmuousy ngé
et een |tH IS cutting r}termrtterhtl n
t ms o aces an aces o

Mark eeahre on the botto the toot
Th pomts f teeth proquced by hob teeth of which
1 LA A Atk

In the past, errors m(!ro S Were res onsr?(le for many cases of
auta/ gear cutting and, for accura work the tootn SH aces
smust e r0t1nd afte gar enrng FO Pre
erayeote treaetygeatesmalert

W\Te the Eearerwr cut teeth f roachéhe true mvqute

ot eeg ed .no S are \6 aﬂo roc!trr]ge”trh L?la\/rgs

ave tﬁ ditional o ectron t they Jmpose qreater
srarns on Ividing mechanism of the machine.

o0 mave the andionar o t Ui % @
It |s advis lp 0. CU B ﬂ]ear teeth in .two sta es usin
rouq nI rnrs rng dp e latter cuttin onte ace
the on art|1 egth cuts are .not satisfactory, as dur-
Ing efrrst cut the L k to insert a %rea&e num er

{
8 tooth sp a%es in the lerlan that corresponding to the
Ividing mechanism of the machine.
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Setting.— The riatest care shotr]ld be taken rn locating the
ear ank ccura on t e machi e an aste gt to
tla ewrt Istortio [he re osrtron o t eﬁear
an d ta e should emar ed so t at 8h helhces will be
cut m t e same posrtrop relative to the drxr rln wheel. ;

n cutting, a upiform temperature shou maintaine
and qt owergabsor rf hepmachrne sh 1 %e kept con

e i sl S i e
e Il

ears of t
L R

In tQ ]fearl dasof ear cuttrn nTorneers fre uent com-
Plarn noise If a[s h front cansid era ons fcom-
ort, but ostI in the helief't tteefrcre creso su%h ?ears
Were ver [tis true tha t] e frictional losses rntF eeth
1l var to some extenﬁwrt t enorse but the frictional losses
orm S ﬁh a ver ercenta he tota ower trans-
mitted t at theiy e cto he ov raI efficiency 0 the ears I
\rlnetr ressrnal A ew notes owever, on t IS matter may be of

orse in gear rs caused b% vrb[)atrons set U ro in the materra(!
gf ears an ][oase ﬁvr rations bemg mainly cause
y taufty meshing of the teeth due to

%1) VaHatroHs In the gear centres occur |agdur|n arevolu
tio h tend to caH momenia cce er Honso ecelera-
Hgétstg\t elgr]ss lead to unequa ading ot the teeth and give

S the e fe tofirre uIarrtresdpf pitch or Iach écorrespond

0 etween heel and pinion also lead to uneriual

oa rn? t}e teeth in fxtreme asris cagsrn momen ar

se aration of the tﬁet resu trngornt oad beiny transterre
mtoot to tooth by a series of impacts.

wheg gk Iﬂtoe]xact correspondence of pitch of the teeth ™

The mY]oIL%te curve not Teﬁdendr througho t the fuI
workrn de he tooth IS on (occurs in i e case o
Ernrons ha |ng re atrvely few teeth IS detrimental to
moothness of action.

SECTION VIII.

Gear Trouhl p g.—Pjttin heel tee
freqﬁ%ntlyrﬁotrcg neartth'enprtc |rne %oon gﬁ vt’re gears have
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been frrst put into se[]vrce Various theories have bee[r
vanced tq account ?rt |sr%henomeno ut as rtamostawa)ﬁ
occurs ere the re atrve ?vemento e teeth Is arprnr
gvhere conse%ue fective lubrication is dirficult rf
wou apPear reasona eto su poset at It Is caused rﬁpartr
seizing' of welding and subsequent tearing apart of the toot
surfaces In action:

itting graduall rrd less as the feed mark
on tn Pooth %u? EI F ¥b%t e?rob% machine are smoo%h 3
out In servrcg and as It normally ceasés after a time, It is not
now regarded as Important.

FH lure of Teetii, —In?tances have been rec%rded of pinion

teet cturrng shoBtI ter the ﬂ'ears have, put Into
Service, } Ih Hum er of such faifires. is rn%r ni rcant when
compare with the total S.H.P. transmrtted gears.

o B U 4 e vy B o
t

Ej Excessrve loads on the gear teeth

The di t#butron of t?oth sHess being such that the maxi-
stress differs widely from the mean.

The condition ofthe aterra being such that rt unaple
E?Svgéthaséan the stresses w chorolrnarrlg/ would be welwrthrn

The Ioad stresses on gear teeth are—
1 Stresses due to the power transmitted by the tooth.
f ﬁresses due to irregularities of pitch, bad form of tooth,
i yargnmend tCf brought into play by lack of
3) Stresses due to forces brought into pla ack o
dyha)mrc ba?ance . Pay o
rr4 ) Stresses causedb torsional oscillations.
datr% ses under (1) are easrl¥ calculated, hut thodse under
}are In eter Inate. .Th

ESZ) eY var wrt eqree of
ccuracy of cutting and. assemblin ora rven
standar anshj and a tooh va
the uae 0 eripher|a h ears h ee
S?f(r)grent er?rgsrseescercanSI eaenr u een uemth T%’r hgnoaarfsoe
?n exceptronal Cases an”vrn r?ot[be conseidere here J

i ae ToP th teEth Of e Wheel andof the pnian, and e



NOTES ON REDUCTION GEAR.

LR e

more equ ent than h In the w rlmtlsalmma
erial as the améy %ematera to resist varying dynamic
0ads I not af cted’by the rate o stress repetitions.

The demqn%d margm of str%ngth in the teeth is great and
he acté e fractures, areapgstentneA confme to pinipn
s?ﬁ]t and that rep Ia}cegmlonso the_same dgesign and cutunder

r-condl Onﬁ

9lven satisf aCIOI?/ s%r ice would see
I(J] Icate that the tailufes were not caused by excessive toot
0ads.

The maximum_stress may qjffer widely from the mean
eséemally n trﬁe case oftﬁ shar (“ stee?y rexamT

the concentration of ?tresses aha math palca arpE ner
causes an hntensn}/ stress which |sh initely rea% orty-

nate suc s.are nevermetW| In practice, but a halr
crack produce ur|n hard enln or ysegregatlon or a tool
scratc apprommates 0 It ver ose

Wlth steels o{ reasonable ductilit as use? for wﬁeel rms

local Intensity of loadin |set astic flo 1stortio
(s){retsse stee? %8 automd gaYF [eadst a safer \(qllstrl ution 0

On the other hand \[\‘Ith harder steels in which Plastlc flow
goes not(?c ur so readily the stress |s not so e fei vely distri-
uted and the tendency to fracture |s consequently greater.

nnPortance oL making all nges % Section qr. duaI
we oundmg e botto%]s 0 t e tooi1 paces, 'j
?w dent- from ap Inspection of fiqure 6 IS reproduc

r?m arfe{ﬁ)rto ti(%fiwsor Co mittee for Aero()aaufcs Tﬁ

B e size t on the fati ue ra e 15 clearly shown
V\yrlteﬁ an tHe rg | etctﬁ g)ortlori at| en gnge leh te
crease’in tﬁe radlugof ouId oteJ

SECTION IX.
Metallu_rglcal Beca se of wear ci)n5| eratlon pmons
area ost mvanab,y maeofal ogste I typlca spem Ica-

tion 0 bthe ma]ter(lja IVﬁn in A |
To obtain the. desire sical prop tes tls ne essary to
R A | e &

?lrs ecarteneg %m Sea(t)m eal tﬂ%ﬂorm 5 emﬁc
ture and quenc Yng It mgmlt t 15 then tem pgred byﬁa fu



Fig. 6.
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0 alowers ecific tem ature nd uenching- in oil. The
emp eratur S at wh esteemrs r(Pqu cm m ere are

mp or%ant ar} In carryin outbe heat trei %ntt mrP La-

ureo the furnace us not be app recraoy igher than t

secr re tem %tu therwrse the outer rt oft eforQ-
swr re ] ar enrn L{Jeraturew ernrter no

ro S are st talower tem erat or r has
Deen unrformly heated there'is still the di tncultyo coo g

Ever steel has a crrtrcal rate of ha]rdenhg, if the e\ctu |
o €00 rn% rse ual to or reatert an t he seE \gr
omo H sthr %hout f1t1s less, the sllee will -

ererrt af the rn er and outer p %%trons of the forgin The

tng as a whole may possibly e in a state ofrnt rmal stress,
extreme cases minyte or s may have orme
ort IS reason enbeat n(s; ! otrgrlnﬂs Qn argle and r\t/arat
DG TS s SpuIseDe e%%teetshtc tt's 5 extent poo-
esses alr hargening qua rtr nd then accelerate the coo rn
uenchi mo I so h desrra to ho Iovv bor
| pinion forgings,.an enabl
ave access to hmneran

F Crqc

uenching medium to
ourter sur aces at the“same time.

Mass effects fare of no rmPorance in te ng neither is
the. rate of cooll (Tr except In the ¢ se o ckel -l ory steels,
which, under certain condrtro s, are Ial?rrttlo tem brittle-

cnleeSaSrJ ungers}to?gom%rtopt ?s Jg”,] r?eretr kno(\err?nestS hat n"%égyr?t
hnrc el al 03/ steeI? tempered. af te[nperatures a ove
the rate of cop yr

‘a IS Su rcrent

?errn |m temper rittleness ” will give'goo testresu(its
S ultim

as regar ate stren%th elastic Irﬂrrt e ongatron Her cent,

an euctron of area per cent.  The thermal con uctlvrt
t e mrcros(tructure as revealed by the microscope will

satrs actor nless a noghed ar test s made the brittle-

ness ma e]mér% UnSUf pecte IS test s an rm qQrtant o H
as th ar valug 15 a measure of the capacit ? the
steel to resrst the t atron ?d %rowt 0 cracs and affords
some. indication ? t ica tte heat treatment
and the con rtron of the mrcrostru ture of the material.  Most
Prnron raetur knownt the wrrteJ Bav bee atr ufe rac
ures, that Is, the cause tee ective fatl

range o the malte I avrng een excee ed. In a moste er
cas naec anical tests suh uently made of %bro en teet
and adjoining portions of the pinions snowed the material to
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be satlsf ctorl}/ and the [ractures Were robably caused bg/é

Pormfl atigue range of the material avm heen exce
due to sev%e concentratlon of st res es ar sm

e ause Qr apot e cases e notche va ue

Was lo |nd|(ci tin ? ematerla

In 'tf§ ﬁ rw effect off t at| Ue range, a h ?

WO% Indicate t H]emaer was no |n|saest condi |on

oudbe ngtedt at notcE ar tests are qu Fy tests onyt

08SESS€S

3 |ne }/ qg in his Fatl etaL
06s no gllow quatl two ferentmaterlasAan B absorb,
say 10 and Lft respec fracture, sm%test |ec

! 'k at
of‘one arthcular sha g and size that Paterla
tlmest e shock re5|st|ng properties o

fhows éhfe varlatlon in theép sical properties of an
aIon steel with different tempering t m%eratu es.

APPENDIX .

. Specification of Geak P|n|ons—1 T e Stﬁe| to be made
in an %\ectrlc fur acE or by the c|| ? earth process, rrom
selecte scra IS reasonably rom rust and’ other
Surac1eh|m[% rImest t bout_put not than 3-5% of
e steel is to onal about_put pot less than 0
nlczkel and 0-24 to 03 % ¢ ﬁr on. R Hosp‘worus and sul pohur
not toTﬁxce% f0 -04% andbtemgngﬁnes 05tof ” forced
e shafts are fo be gradually and uniformally for
fro INgots ?rom Evhlgh noégf ﬁ1a¥1 405% the tot Wel%%
d} ﬂotstoelcr om the enotem
ag onn?tenSSt an 5% of the fotal weig to the Ingot fromt

4, Effective means are to be taken to detect any segregation
or dlscontlnmty afnsurface y Segreg

5., Photogra f polished and etched disca taken from

the forg?n?g rpe % E ﬁrgby the stee?ma?(ers
6. The orgln lr ﬁt treatment is. to be reduced IH
diam ter on ai? fmc es, macﬁamm and one Inc
IS t0 a%hned 0 (Yertlcal ac eawﬁg ﬂua[ter of. arl
lameters and quarter 01 an . inc | vertica

’fgges ?or?mls machining by engine builders.

Amal holes th[ou?h all pinion shafs are to be pored from
the solid F R concentric with the.outside diameter
and to bé finishe moot and true to dimensions given.
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1. The parts of the.Pinéon shaﬁt on whicq hhe teeth are to
Pe cut are tg be machined smooth and a sulphur print taken

rom the surface by the steeir_na_lkers.

8. The forging- after machining and after the hole has been
gored IS {0 bg ?ieated to ahtemﬁera ur%.of_ 825 degfre?s to 8/5
eqrees C and_t edw tiuenc ed_ih oil, this is to be Tollowed by

tempering at 550 degrees to 6GO degrees C.
Durgni;I b?th treatments care is to be taken that the tempera-
ture of the furnace Is not hlghgrt an necessarﬁ/, %n the dura-
tion. of heatln%.ls of to excee bg more than z}l an ourtRe
mini .UJﬂ required to raise the Centre of the ftorging to tne
Speci |eh tgm erature. e free | | g h

9. The forging is to be free from all Haws and, defects when
examined aft_gr ﬁnal machining by the engine bun_%ers_.

10, Test pieces cut {rom the material in Iongltud}n# aHd
sterse Irections after the heat treatment ar€ to fulfil the
ollowing requirements: — o o

Tensile Strength : 40 to 45 tons per sq. inch in both directions.

Elastic Limit; To be desirably 30 tons, but not less than
28 tons per . inch. _ _ o

Elon ation: Not less than 20% in two inches longitudinal,
and 16% transverse. _ _
.Bendlr] Test: Test pieces three-quarter inches wide _anﬁ
tllree-elﬂ S |Hches tjﬂc to be bent over a three-quarter inc
radius through 180 degrees without facture. o
Sankey and Idzod test gleces to be cut fkom the forging |r%
Iﬁngltudlnar an Hanvers directions agter ezﬂ treatmegPt. I
the Tesults from these test pieces areg normally low a further
microscopical examination to be made

The forging to he open to the inspection of the engine
buﬁ%ers at aﬁigsta es ol% manufacture. P J

s at I S
of it Suangard (oo pecea-s ¢ COTh 0 purements

3. The manufacture, inspection and testing of the forgings
to %e to on%ns requirements. J ging

14. The. forging to be supject to th | guarantee of th
engine builders 1or & [?eerlsotgjjoefcmxomoemﬂssga guarantee of the
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The Ch e have listened to.a paper which | am sure
you WI? g'rgeaﬁas\%een Yer rnterestrn%) IOerhere 1S ﬁent of

et rt]tvo%tutit i hﬂer it r%ta%’% i dtt?ts“t?r'&’t-
tute we are

(% % rPractrca side.
*experience . 0 reqyctipn g ars een princi Ia ont %rg
repfarrrn side. We hay een ver or unate otr |16 |ast three
our Vears, b |n the earlier Oge rn arures aused
some a xret case We owgver, which was
never clearly ex arne gear wheel whrch became, slac
on the cone e were una e 0] Hace the cause ,t Was
broughturt)ont ecoqea ain, and 1t has run satis actorrggver
erce hink we a( ve every confidence (n gears t
The ault or's remarks, on materials are, | think; very trug,
sespecially as regards the pinion.

Mr. W. Hamilton-Martin : The author mentiongd smooth-
ness of running and noise in gears, the latter being usually
more noticeablé in double reduction gearing, and pointed out
the necessity for carefully balancing Such gears.

e AT i st S
realised t0-0ay as spee § and operating powers increase

theEF com&a&%ﬁrvele uctragv aerérlrg rfnatsetr runnr gtwrntermedrate

een arE nign
connected fo a T Qrv speed r tor of ¢0 sr era le mas a
main g eahr -whee 1S rigidly conne Iy -
rngS t0"a heavy propeIIer acts as the wea est nk rnt trans-

n Iack alance in this s tem is bound to express itself
atﬁrzwhee tthat I t0 say, yecon act surfaces BrE its teet‘r

Wlot[]trotn Ov@?rrch mr Itmtgrqda? {n IQNV\trgren s ch nanalaangce Is
a ays ene etrc ose by this rnterme late gear, wh rc

| strong evou to maintain any momentary speed It
ossess? N srn%e redlulctron gear thie main wheél teeth or

ose of the pinions may likewis

To ensure complete freedom fro rnsultrﬂg wear, nog'se
vrtfratron an? un rmejy reParr or amaige t ost’ per ect
ha ance of all parts of the transmission Is essential.

ton Xr”éﬁ’?ﬁy %pe%’” il Careaff'nbsae'%“ﬁr'é‘ﬁydttt%’é% et Rl
wear-ana-tro ree Servi
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GeaB heels, rotor% and %elle S regune a h'?hle}' accurae
tatic aance and w , Eﬁelr om onen Ets shoukl.
Ee successivel anét co ‘etﬁlve% nce w en couples of un-

esiraple mag ide ar asses revolvin

%%RR B gj d“he thn beartnqswnlnohge argverse ecteg

a Lual cou es rematn ng, which are too small to set

up any rock or caus tlo or wea Small residual static
om nts, however t|n eusn
show up.considerah

balancing methods have
so¥v %n wil Ff bration,"and It behoyes
ort |s reason to elmlnate statlca errors to a verg igh
eqree f accuracy Frac ?ns of ounces of static H alajicemm
ave ong t00 0 ten rove | 'In age rotar bodies: t ||s
as not a/Ts been su dl(i ently realiSed, (as a result
a ge has tfe too, readi rput own to eY(namlc un-
E S 0 OWI q Cas ust ates ttm< occasign
to ﬁa |n9 Hgln to well-kn ¥VB OWners In
whlcht h hpressure rotor %nt Y Sets arimngs re-
Hlaced durin It as running.  This con5| ere to bg
ue to a namic balance, an eowners ecide
to remov etur met tracet calise. erotorwas taken
?ut and halanced on a %tatlc ba anclnﬂ machlne when it waé
ound to ea out2[ S. out staélca Th |swsc rrecte
nd the turbine reg aced on board, since when t F |g has
|n seryice for Several §ears runnin (fss oot )Alan per-

€ Same pearin %aé opé co IS shows
thods did not allow one to eliminate

ﬁat avalla[bleb Iancmg
e static unp aance rg and he un-
e This was

|C|ent cose enou h,
alance rematnlnq prov H to a[
then quite paturall %scnbe ty] mtc un ance, and has
no dou t often been the case W|th oth gearing and rotors.

rinple Bntlslh machines are aval Fble fo- dag however, to
enabe ne toelmlnate ractlcal static unbalance. rac
tions of ounces or | an Inch- ments are qumw
aertegtsedroagrs locate |n amount n anguar position 'in t
geveral geared turbine installations . stattcallX balanced as
H cated, Showed no vibration, Iagreela e wedr, or noise In
ageearé or rotors after years of 'Service, no money heing. ex-
Pen url g that time“on their Upkeep, provin that it ?
m eratlve 0 btatn a\sperfecdt 8. static balﬁnc a g sile on a

necesggrary IE(? It I? moreSpt ean Lq{erﬁlasﬁ? l) gOI’E %%mme S aﬁ'
imits of H ance ror Hears rotors, pro-

Insl g on
pe?lers Sﬁ ?tlng etc., accoraing to operatl g conditions.
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The effect of nunbalance]drﬁropetler actrr}]g at tpe end of a

Ir%rggthn ecome much magnified at the teetn-faces and
ome earrn of lar e I the headstocks was carefull
%aa rgese hgg twas ound att e?ormer nojse, which h%

wa S attrrbute to t 8 more of less r{n per eft
shape of m c ine- cutg 8rrng had d rsapIpeare entirely, while
mo eove ower t0 drivé them was educed perce trny eﬁ
%v I ewe r.of the bearings. A sij ra[g rmtpr Ve |

e foun rn marine redﬁrctron earin cled to a oy
accurate balance as outlined (el as in t e rotors and r

pella™ to which they are connecte

uill-drives, floating-frames, and elastic couplings may be
eff(gctrve for rsolatrnqgsho%s from the teeth, bp I%] oynot
remov thel r']ause eing, a Joc rsrn rrJnarta cure,
for If the ugr ance hap Eens to"be In te Ves, I]he
adoption of these devices will not overco et e troubeat al

An absolutel preventatrv metho rs need d, and the onl
IS to remove the cause by completely ba ncrn art
h transmission so far as practicable and t rn trng
f‘ eg ous acc%rmuatrve oments w rc mrP
3 egree of statjc ba che optaine coun the
nown ul
kiown b

la IS N0 ac%nowe ge by several navies and well-

ers in their having adopted the necessary plant.
Incidentally, all . roltatrng

engines require. a similar carefu ahance which will e“ able

Pel s of rnte[] ah combusthon
3 IC
m erral requctions to be made In their weights, an a
portant matter.

Trke uthor has doneareﬁ service hy. porntrn out to U tha
much ¢ oser attentr? avg f0 be diven tot h La
?earrn e to add my 4 precratron of Nis

nteres rng paper

Mr. Alex. .Ahrnslre gPowe Plant Co., 8 srtor I
Eave listened to t [ wrt verx considera I sure

ecause to me It 1S 0 e%rrstlrr} th questions, an at I
think, 15 a very fair criterion agoo aper.

I WOUld Irke frrst #) ask whetper tne author could give us
aﬂrgr fiqures for t% bcrenfres which entrons He stat es
P Ints ver¥ WEll, Qut lie has anrtte grve us aw P

icufar values from which we can obtain apprdpriate co
\t/alues | ik t t :
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Referring to Sectipn |, wh resent limit to the cir-
cumferenprgl SHeed o?turbrne%tl 8 § P ﬁ<now thnat it has been
Increased recently

As re ards ea}rrn% effrcrencres we can confirm that the are
verY he main loss occurs not- in the teeth but

he ur a rrn s Certainly efficiencies approachrng
99i% have eeno

There | rs nekpornt |n Sectron Y gvhrch I should like to men-
hon as | begn misun Frstood The author says
that |n heIrcaI ge rs the uratio contact is ?n er than 1n
strar tgeﬁrs consider the action In a plarie at right-

% S 10 t shat t uration o conta jct 15 the same,” de-
P g nt ?en a the. pressure an? e and Ee redyction
ﬁ ok ne of confact is certainly Tonger, | do not
that that IS what IS meant

ar in Section 1V, the author sa sthat there arev rrous
ear.In use. . Most of the tro bes experience wrt
o ere uctron earjng occurred wit tern ereave type

When m mpany |s overe | dv nta set ut

desr ned a other ty pe asr on top
0othu se spee \(r:vaosrlaﬂt t“t teesresut eglrtrbtrreal aso ’térhvea
B urﬁattac men n t% nt rntpedra hat |nt

UP rIr ins ?a Ottt e tﬁug v r eve I arn vrvrecn |
Saa/s |ﬂ ?guced ah yﬁrong drseceussf'rg se otathreeorefour yeears
ago would never have arisn

In Sectron VI it is suggested thatt e Iu rication shouldﬁ
carried out at two tem‘rieratures It een don but t
general opinion 1s that this 1S an unnecessary complication,

n Section e aythor sa e points of teeth pro-
I S thobV”hethe thof whic eTho fir et ac t rtrrr]r a[e
t q( Yhanteﬁ/ shouﬁ he, and ob teet h Be moo[
to correct r ................ as not ecause ere was
an}/ error in the orm qH‘ fhe too hut beca the sIrdrn%
ocrywaseqre(ater tetreps an he materra lowed andf
ormeq a wir BP H uttrn |t |s certarn
ank an te

a vrseh le to mar f] Cfome
10 it e el
genﬁe Sthr)Thehrtn ernac ing on whrc rrghtand Iet1 Ih frces are cut
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Another ePomt which inferests m%p?rtlc%larlsy beca se |
havema g erlrp]ents on the strengt feet the au L
[%estlon t e stress 0[1 H]I n and wheel teeth Is t
tis a vanab)! e rule that t e pinion. teeth

ol T L 8, el

Preater{nt erlont
5 therefore greater \1“ %gmlont Fn In't env
course ISassuming t att materla |s per ec y omogeneg s
eferring o the [ast S ec ?n No. | ']1 atastran{;
r“ el steel is quif or |n|ons Wlt ?%ysteeL
Icu try IS t0 av0| fsr%e ation, ian we can rely upon obtain-
|ng moe nearly un| aterial with nic e
Fé od Mana ing Director, The fower Plant
Co It % It as eena f easur to me to ISten to I\/Lr
uthne this evenlng na} |cu rP/ ecause the sub ect
has dealt wi which T am intimately assoc ated In

% Bnew
the course of my business.
Referrln to Section 1V, Mr. Guthrie |ves ratio of 20 tw

as th max mum for sm\{e reduction; ths 'ﬁ owever pure
an arbjtrary statement, %Lecause fundamenta 1%6HPIHIOH mes

%Wlt da rd Ives tne VEI’X best ﬁ aa%etot C(I)rq]IOIrEIOFh

sequently the h ewh gl Inrela

R b et gL
sh ouf gne d$|ze of w ee? H ﬁer It can be accommodateé
transported to its destlnatlon

mglg reduction will alwagls he more efficient tnian
oublc,eauclion, and 1t has 1 %%%@fgr e RN
uction becomes mcreasmgﬁy cﬂeaper relaltlve to a smgle re-
uction of the same ratio.

Dealing with double reductjon gears as fitted on_shiphoard,
; I%Jne mentlons the {ntergfeavega 4 ﬁh pHesal

t
mrmmwnaman$n%wmﬁ
nes of .t arran eme peae to everyone.  EX erlenc

t 1S desl n S own that 1t lacks ssentla
eX| Ity m o an r Isplacements which are
se on esys rou the actlon of the prop e er,. an
too “mych tlexibility as reqar?s the casmg in t |s

mits 0
way destroying the correct i lgnment of the gears.

For the above reaspns we have ahandoned the ipterleaved
design and mtroduce(? an overﬁead Hemgn where, By raising
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the intermediate gears so that they are disposed alm st ont

qthe ﬁow s eed Wheel, %Ne obtaﬁt/a easfnp Fth ) H

tnus usmq ean ogg eamsvarymga ﬁz B\)/ re ucmH

the overall bteat{)i n mcreaslt]g I% %t ery muc
t It becomes to a large

stiffer cas|ng Is ontained,
extent mtJ gendent of the def ections o? the ship’s seating.

| ‘haye referred. to t]he need for anguTIar flgxtgttelltrtté tﬁw Itrh]e

lack 0 htn the interleaved. desi r}

Portantt iS iS we_must consider t eactlon H e propeller ah]d
he torsiona os?| ations set u es Str g

¥vater or, when ubmerge eba es In turn passing
rom minimum to maX|mum ressufe due to head.

N 1B e e it ot[otﬁad%r .d'%atheea P;Je'ﬁgr'cé%
IS TeVS, per minute; thus WI([) ?t” ades ang 90 revs

Pe“"réce o 4 Vg!atlher?tus 0 X e %‘Fdé“?&”c‘éh‘eﬁf
: aﬁ\/}/n%eed Whesl WoU be’{heglec ting etiect of the tanne

- v 1

where R =pitch radius of wheel.
the pinion which drtv%s this wheel would be disp I?ced

gl e pE et

Wr?rlhar r§ tee{s mtteltsza emcIJ?nthreetnrtler e&/eattges é(h%n
ﬁ? oul

o

e ncrease dis cemento rimar
el Fomoriotl 1216 s ahd e of e pnn
=% 0

WherehR f_ radius olfprhtmarywheel s
erefore equals the maximum displacement due to tor-
smh QSC|| attonW|t rtg daé blmred ction, andgt‘hemaxr
mum disp acementwut smgle reduc tion.

This explains wh e reduct il work
oeltB than & g1d docblErecetn gt dear will wer

Af we mtroduee 3 erX|ble shaft between the first and second
CtIO ﬁ mit the dtsg acement tf the secondJeductton
so that like the sinsie reduction 1ts value remains
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In the overhead gesr n we glace erxrbIB shafts between the
trrstfr feconq f ons, i (i ds Btarn the necess ry
exr rrty also as eép %rne ahove, |yesma Ing t

asing ri ignment ars I erved “inde
pend nt ogtJthe geﬁe lons of the Ves e(i d

Section V1.—I fafrl to see the necessrt for two %ualrtre? of
oil In an S stem earing tP ¥mrn it r|rtrodu es useless
ooy rc tro iarnc ea'l unction

a.cqolin a ent a avery sma er%I r?retﬂt)?rrrrnssulsset o
alubrrcang : Y prop

Sectron VII —On the question 0 gear cuttrJr% it is wel
und er tood by ea s ecraI sts t 1t th master Il %w e
must ccurae It ustaso be arge in re atron 0 the work
oas mrnrs eIrols. ' creeprng tables operated
erentra motron w st clai % to average errors,
uceserr s In th ecrceelp motion gears on the wark, there-
rt ca Xbe considered as a poor substitute for an
accurate vrdr g wheel.

In concluson I wrsh to_express m owg ersonal tha?ks t0
M Guthrie or rs %r this evenrnag ope he will favaur
t Instrtute wrth ther papers &s trme nd opportunity

A F. Evar}s | be allqwed to add adrsc%rdant note
rs otherwrse rien Frscussro? haépdpent ;1ve In.my
POC et a Iette[] rom a e| known firm o Ine huilders rn
arﬂe wa siness, re adrve foa groPose arine rns alla-
tro invo vrngr e use of re uctron g arin the fo owm%
s an extractfrom dsi ktrons of the eng|
ern too nqh owrnaq he trou et at forr Inate r]
as froni, and wit gr geearrng an sotegenera
rs y marine en(rrrnee or gearing, we cannot adopt the
scheme as put forward.’

That dec Isron came.to me as .a shock: | "ﬁ e verx litt]
erience 0 Iar e marine red ctrﬂ ems and per a

prrncr ssocratron wit % %recrt0 as In onn ction

with a vessel in Germany some when | wa

ntovert etoo erve eare aI atronwhrc consiste

of two prope ler shafts and t oDrese engrnes geared to each.

These en ne were near each and_turned at
e ers n

the e t TO. The en
et by pomech B i S, s ol or 0
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steéhoscoges in spite of m oIIea%ues amusement at the rdeek
ssure you tnat thi rnstru ent was necessary to pic
up any noise from the gear box.

| was |ton thgt a rstert stpr fitted in this m étner had run
AL IEY e STEOUTE0ee 0000 foll

er
t/urtlher dougfe actrng engine
engrhnes perlshaftf h i buil by Bloh
The vessel | refer to w Monte Olivia, built by Blohm
and Voss and frtte with Rﬁ/&?\t engines. y
Forwh%t reason is oil seﬁ in gea% Ls it for plain luprj-
?atrgg 0es It act as a as -pot’to. absor tré’ns oris It
undary lubrication or a combination of aI three.

To deal . rth tlhe first two cas here is no do t that an orI
thh consr erab rscosrﬁy wou et e moste ective, \ivoh
deal with boun % rication a thin organic ol wou
ost surt? r the author can tell"us how th rs[%
mrsreaat/dea ¥v oyotr comﬁ]rog)rsematters bya Ing

a small qudntity of organic il to a medium mineral oil?

Mr. W. Wilton (Royal National Lifeboat Insﬁtutron?
Visitor: | have een. nterested rr] the statements re atrn?
rnﬁccuraches 0 gearrn? [ would like to as the author

ethert e question of grinding has been considered.

’\% Ashby %Ro\xlal Naronal Lifeboat knstrtutron?
Member xerren q uc ears has eeq only in
con exron it com arative Iy ho se powers relative to

i il S
wrhrch I thrnkwould ) rntergest to M%?nbers J

The Royal National Lifeboat Institution is now adopting the
olic ?ynavrng hnﬂh B sgeeé engines frHe wrtR p(%(Pl?C
ears, wrt the mar f regucin ewerp to mac -
nery P P, an rncr ental n ﬂ‘ operating
space nthe engrne room, and retaining- prope er efficiency.
hould f ehtron ra
ky r?v]ra e, efficient, an

" The frrst type] Cé reducrn 28ear !)

sen—one ode vrn ust com-

2l | Pr bt

P ours non top test) rrnc n W |c

WS ahroperat e ather ro ther n whic

shows_the srm riving s at s own ﬁn

the left, carrre % Iecan formr atee head, the eran

tt of equal throw and each crankpin carryin ?
sIrpp rs engage with two slots cut at right angles I



2 Garrard Gear—Parallel Type.
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face of the disc Cﬁrrr d on th dfrrven shaft. ssumr C|?
wise rotation of t rrvrnlg t when, vrewe romt tgf
the Icture, the top s H presses against the top rrq t qua
nt of the disc, causl e rrven S %ft IOJ tate cockwrse
elowers p[per nowtaves to the et an

vy]ar on he H ﬂbuadraqr tak 68 Its aﬁrESSé"r%l

the trm Ipper has r
eh ter I?alﬁ a revo utron 0 th (Prpvrn sha t—the selot Fn
which it travef and shown orrzontm Hlustratron wi
e TR T e
m&h Jofqubrrcatrh this geaﬁ IS h¥ Iash orrret lmt In set-
ut trs grp rgﬂear] r.ine Lifebgat engines, |tugE
ereao so rangifg the ol holes an roovrn |n the cr
Phnsan srpg [s tatte I rrcaron rss re feed system In
e engine could tenerr% to the |£sauo
atica cutrng off the suppl or as he sIr IS pass
t e Innér ends of the cross ldfs. in th e riven, mem er an
thus avordrng]any oP]en ng in the Tubricatiop system.
Hn derstand érr educin Gear IS mae for Horse
OWErS l#p to 300 and in units of 2t L and 4 to 1 ratios, u to
speeds'of'3,000 r.p.rn. Ameﬁhanrc al etficienc ﬂ 98% per
1 ratio ynit 1s obtarned ave seen ?F model o
?ear wgr h, | was informed, had actually done 24,000 rpm

no loa
The second tyfe | think would Iae of rn%erest IS the “ Gay-
1@ earna ust commgteJ sraetrsjalgt rrfy |ts3 %Orglrmrng%?
Ets orLrg ﬁoh Service.

he rrncrrfle oTI thrs(g; [] is that .it. uses hardened ang
B? ishe 3tee surfaces for the transmission of er instea
tooéh gears, in just the same way as a ea o om trv
depen sonasmooth whee r]unﬂrn nas ofo rar
anical e fr

r%slolutel% sr?en ?rer”r? e/r%tYonlgﬁ'Hec vergesma % ensro

en compared with Hr wheel signed _far tr?ns
mr&trnggg ame t?rque ere are t otypes the “Parallel”
the “Spherica

In thg illustration of the Pa allel ty e the end cover berng

remo e se nt at t ere | rving, a qrive

(Yler rolfer whrc are ocadred %earrr‘?s Bace
ftrarﬂt line, and are surrounde X oatrngf rn supcporte(il
>y the two outer rollers. This ring moves Trom”its centra
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Rosrtron as the load varies .and ?égrtspoastlrttl%renatr\evalt tjhrg

ecessary adhesion fo tra smrt the
rolli ntact entirely free from, s Epicyclic trai s—
srmn corrn ont can ver |easrf earrapg rn%sr lar
g% ree uc(twI 9atros He a?s\maa agegce gﬁrc e 8e§|rr|r go ﬁ
h ?{wen shafts 0 P] esa e axis), thh ut the ow
Hrec a rca iciencies whic

¢ spur gearing inherentl
eto fe large friction Cg &onent qu gt res urg/

lagra ustrates eri a t
mu(%rrard Ge%r whrc pe differs rp Xr% lel, rnas

as it em odies anot er means o ym t e sur ﬁce
ressures which agarn rnrirease With i u-
{rates t &mpe epicyclic train iof r?Iers F argest

arrard” Gear un er constructron so ar |sI e eve ne
foréOOOHP at G r[p I] M [ under-
stan o“rctron ratros up 02501have been esrgned and run
successtu

The thrrd t pe of reduc ng ?ear | have in mind is the

(f” IS consrstso a-drivi Pothe pinion meshin
|nto rrveP Inte naI oothed whee on the outsr
erip att arran e a serrs % “Michell
earrn s co rous rrcate whigch take t e torque. re-
ctron oa drrecI o eIrne ota Ircatron t1s obvrous
that t ea w fter t rrnﬂ Ioads ?
f(nte na Htoothe ee ma oraverye Iclent gear o th\s
’f al lves the advantage ver two ord rnar pur wheels
of a’ close c ntre drstance eg ucrnch a
Bowever ar as | know, Qas ow g use on_ Alrcraft,
utpevert eless, may yet find a field of application in Marine

Finally, might | add, that where centr drstanc S are not of
great Importarce, theslentmverte toot t charn f 1
n excellent meanﬁ1 Hctron grovr r errP era
rfee S ar ﬁtoo 'ﬂ an ad 51 ctor of safet
Suonf or the chal srtresses and plenty of lubrican |s

In co cIusr | should. like to. add my.quota of thanks to
P/I rre or tRe most interesting and” instructive paper he
as presented to the Instrtute
Mr. McLeod

Mr. W. H
meahs[?f rm?rrrnr's t|cr)rn 'ttject of the Beaso? the
[ would Ii

descrrbed a
?p1e ers.
e {0 men ron that In this yearsvolume of Trans-
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acArons of tiie Instrtutron of Navfal Ar hitects | have Fontrrb
ted some artrcu ftrra, g arge pro (Jers Wit
respectrve srx hlades, hwe ecaﬁ out wit
the Ifea mdr e best r”re or s g ? -Spee
yessels. e SIX- % r VJJ ove est o th Ioi
m the official tr H] ere m Lor t e Dér olonia
Governm nt a ere was t1 % di ferfnee

e]tWﬁent est gn t he worst t e Onef these propellers,
was in. In diameter, broke ater on'l servrce

r
Ct‘irr";’trvt{tx. i ’tt
R{ ﬂ]trrtestw% twate |St seelr?reS 5 ae IR %mNe sa asseg
water ||1t(? gyrug S0 muc smoother as the run-

%wrt the sax-hladed ‘screw
T IS mayﬁ) %ve of mterest] in connectjon with motohdrrven
sh |gs In which somewhat g her revolutions |than those of
ste mshresma% at trmef e deSirable gforexamp r.p.m )
R/tci_terg?ta eneficial to gearing as pointed out by M

It might be well worth while to carr ou tank tests on such
series”of mode ro eller to ascer et er higher rev

utions.with more adeso ess Wit xlal would

resut smoot er o%jratron Wit out s crr el r c(]enc

N
ora II ation to eduction geared or oil-en me riven
vessqu ?moderate? r Frsee(? J J

y nmgn sp
The Chair n It rves me reat Ieasure to propose a \ote

of than 0 rre forhsver mterestm@ aper.  The
bene?m IS rath era frcu one to rt]scuss n we have

lted very rhsr era Ig ¥ Author’s treatment o
certain porntsw Ich deserve cafeful consi eratron

Th f th ich d witn enth
o S SRS M

ontribytion bﬁ"\é' fJ W ard, 13S r}sectron 1, the Aythor
[)e era to .t e met od of improving tﬁe efficiency of a turhine
Er/ é J her pressures an temgeratures am rat er
rrirrs e g0es n t mention the In reas% In. efficienc
owering the exhayst 8resfs]ure e X im rovd
v%cuu uite as much work has been rTion by eb i ner
of condensihg plant to improve turbine efficiency as by t e de-
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igner of high ressure and temperature hoiler plant. If ane
e amlne ugr prA on fig. 3 ong notlce% %at tRe rate of In-
Crease 0 therma effluen ecreases as the pressure Increases.

T it Chrrt showing effect of~iMmoveo vacuum,
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I% Is. interesting to show that the rate of mcrease of thermal
efficiency Increases as th eex aus%pressure ecreases Consid er
the case” of turbine su Wit éeam sy at % Ip
sguare Inch absolute a suRerheate to 230% C T IS Initia

ition Is reﬂrese ted. y%estatlc oint A. ont e tempera-
ture entro&/ r? expansio tak%s H] to a press-
fure p? final condition re r f]ente ?/ 1‘e eat eq U|va
ent of the work done IS t area.

als
St 0 0 o e i

30

Z7 Z8 28
Fo 1l \acwum R
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,|e accompanying- table glves the thermal efficiencies and
final percentage ‘moisture for various exhaust pressures.

TR Ve ESE el ol

02 29'6 236 347 26
0'4 292 218 325 24
0-5 28-98 214 321 235
0-6 28 18 +209 316 23
08 28-37 200 304 22
10 21'96 195 '296 21
15 26-94 183 284 19
2-0 25-91 175 274 18

El% i, shows thermal efficie cy ( most re Iotteo|
(11? st vacuum .and it 1s. seen t att so rn%a
%lenc curve is |ncrea5|ng ComIpe“m 1curve wn
Aut cHrv % e natura udes that more
attentlon s ould be(n id tot e ex aus t an 1o the steam

?rﬁ’ The above comparisops .are 0{| ea turh hnes or lnﬁ
h adiabatic exPansmn and other factors suc {IC'[IO
reheat, supersaturation, etc.. which considerap uence
the final condition, must be taken into con3|derat|o to make a
true comparison.

I\/L J acobs chontnbuted téygorresponr]ience
le r ducHon %ears as an(}/ standard. nomenclature been
0 ted ort e main portions of the gearing?

I use the foIIowmbg termhsf .

For pinion on turbine shaft, “Pri inion IS gears
into, “ Bnn&ar y W eeI on whose shg} gut the © %eco 3

nion” : thismeshes with the “ Great Wheel.”™ (This name
Ps borrowe fsrom clock work, By the way. (

0 he %0”'&!”6? tto°rsk|8%ﬁ| 'ofsSHY?t'%Y]%SH@Fn‘g'OQﬁt“SE Pne?ﬂe Thah

carr In rimar this. does”take place a
:;C%rl)élrrggu ar¥oa Ing ou the primary pinio and so tenM

In the %ase of long Shl sla favour of |tt a, ermgle
ouPIm etween the t wEee an% tunne tin or fr
tha 9 stresses on th aft ue to the ship wo |ng should
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ot have any effect nthe earrnP | would Irke to know how
e various garts of the %ars ge dynamically Ealanced are
%eaqrsg ced | a fra e and run’ up to working speed to

c ec ynamic balance ?

| consider that some of thebca ses ffractur of piniops in a
double reduction %eatr hna¥ e that in a doyble re uctron
earrng tesrﬁeed the urbrne a(h rrma[”gron are from
?trm s that of the corr rh sing uction ear
therefore the stresses d e aIa ce, ete are 4 16
times greater In the dou egear than In t e single gear.

gn arn e can expect that the Irtﬁ ofaﬁsrn ge rje ctron
rr ary ron IS Ionﬁ]er In termsoftrmet Ht Oél

e uFtro prmary ass%mrng that the final spee
revalution o theep oge er rst e same (n both cases, For th e
teet are P[y N ement rg J t0 I the num ero t] es
H tinrt of time rn a srn e reduction %?ar compared wrt
ouble reduction if 2 pinion of a double re uctron
ear IS worn .out r racturesdn sasy one ryear then we can
xpect that in the corresPon Ing single reduction gear the
pinion will last two to four years:

trr ion from_M Iis: Referring to the Pa
It ed pNotes on Reir!uctron égve'ar"?rv rch wasgrea rec nrtg

en
tore the Memb e[]s of your. Institute b
have studied with intense |nt re t the varrous ornts rarse
ut l? two Instances | am c%mP eteyat f ra the true
fl Hr icance. In the ¥ e row some
t on. these qunts ta et e \h rrn eq a e to
[ notrce _ass rrnq ou that | wou e m st ful 1

uld explain | concrsemannerterea or ur se
(h Me Gut?trre WISheB to conve PUrp

Under the sub-title “Gearing Ef?crencres and Design,” Mr.
Guthrie states—

gl SR 08 ALY
a motor Interpose E tween one %et 0 pInjons an placrng a
generator between the other set of pinions.

Could oui drcate by means ofarough sketch the general
ut 0 suc an grrangement and demonstrate th ema ner rn
Y)V ehars are rrven In opposition. ~Again, |

elieve that. second earrn ang anron system woud e re
quire to ring abou op osrtro Is this correct? 1t so,
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could not. effmtency be determtne(d without resorting to delI
a(ttren%eartlrgl eretc Again thanking you and trusting to hear

Mr. Gutiirie ;1 appreciat pemanne in which t ese otes
have been received an thank those entemen(yvt\1
gart in the dtscusswn have materialfy increase pe an
nhanced the value of the paper.

The C atrm n mentioned eof a 9ear wheel whgch be-
cam%sl ont one and a terat%e

R
|Ft$tltjro erl Lttt(e)g Ft)ﬁeeaslgaf? in tﬁ %s nce andé.‘t1 t
H the contca sur the w ee oss and s aet

Lnstea aces %

R e S

ﬁrgt f|tt8d had lg%en malnI conflned 0.the s ?

cone ases have b e wn wh er this was ?un to ete
anation of ro(gt ers ecomH ack and tail shafts break-
in the ooned portion o aft,

the s
r.W. Hamtlton Marttnt htly points out that smooth and
silent running 1S only posmtﬁe wyhgn aﬁ rotattng parts otn
\Ay em osses ah| n de reeo ranln bda ance,” 1t ma be
el 5)0”] 8 owever, that this condition Is not neces-
sartg C Rle with when a rotatlng p rts are In a sate of
statl a ce Im rovtn stra aance maY
run g %anrc nsae in tea etter pehrttcu ary|
a|>(<)|ra lngt the body is considerable and' the speed of rota

skgre %Ssoﬂ why this is so is best explained by means of a

X-Y |s the axis of a rotat(p body th\? an out of balance
Wel @ 0zS, %aA t? a moment rela-
“ ¥ (attlse aexclgsw |sfto a]ccehaotﬁet aceeStr{iltt;IaC baoancoe
S|te at SUCPt a rat? L¥S R t‘ttat Its mor%ent WI\ [Jne equa| ¥o i\ R,
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nd this erI appl t0 whatever paint the
i s g

ItﬁlgISC nor dynamic out ot balance, 1S as shown by t ofte

|n the oase of bodrei whose Ienqth IS reIatrveIa/ short, stal

ncmg 1l genera leld sd |sfacto[]y res Its especra
tis aptp led in_ such a way t |t no axid

momenta out the centre ot“gravrty the

r. Martin also, | thank, suggests that |f aII parts ere.in

e rect balance quill drives, Efastic cou |n s and floatin
es wQuld be unnecess Iy, but ere | _think som

sr ||cat|on IS desirable, eason or adoptin
‘\U d for ad

cou

real
rve orwhat aimounts 10 A?te SRﬂmet rng n easH
S been cearK explaing 3/ d the
rea on ut forward for the adop tron f the ro ting fra e IS
h h utomaticall P/a J%SIS thg alignment an so enables a
Igher tooth pressure to” be use
Mr. Arnskey has ralrsed several 2ornts¥yell worthy of atten-

[)ron Ifn e first place |]e askﬁ or definite values. for colqt
meF iclencies ot lafbewrt g Pressure turbines.  No
results are etavar rje uemarrne ttt rnes but
in #)owersath ?{ ts c rme tatteg ores
es has enabled efficiencies of 27 or 28% to be o tarned rom
steam to buss bars.

The maximum. circumferential blade tip speed of which |
have any record is 1,050 feet per sec.

As regards duration of contaft | regret if in atte érng t0
be brief’ | have not mag emﬁlse] urf lear. What | mean
i) c?nveg was that dueito the helical form ththe tooth an rt)

tsrgbrragreét”oth was longer In engagement than in an ordinary

r. Aipsley pornts ut that bending stresse ma cause the
tee oft nro em re severely str sse eteet

the w ee |n t | oncur. urth er rs arit
stre S 1§ also uet act that the contour n eet
are furt eriemove the true rack form H ret eteet
of the whee butthese cts were nm mm when | said, not
inal Ihe slrgsses were ne same, bul, hat, ey were sensip
tetaﬂgerences hn)the stre%tses%re otnﬁﬂ]w i ﬁrc

510,28, W
he ratio of the ultimate strengths e material of pinion
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a \ﬁheel rrms and anly drffere ce in thjs regpect can there-
ore hav F e t]bea In t e vexei flon as to why
nearly all tooth failures are confined to t e pinion.

cLeod’s c ntrrb tr n to the dis ussron iIs. a valuable
one anrsvI hsde twrt e question o? torsional vrhratrons
In aver cIear and lucid manner

bjecti d firm of
urIJe van%hgu%ges an o rerce(rjon raise I)%a irm of ¢ rne

R fs option ]yctron %a As one w
Imsel assoc&ate] Wrt a irm of engin ders, Iam unable
to ynderstan |sfa e, No more convrncrn? srm rP/
to the re |ab| hg reduction gears could gossr rt
comrngat an t rn orant repeat orders t} afed turpine
stall trons recen yPa y various ? BO ner% all of

whom have had such mstal trons and are well qualitied by experi-
ence to ]udge the merits of them.

The oll s Botused in ang/wamo damco o]tvrbratrons bu(t
rmplyto ubricate the teéth and ‘carr the heat generate
rctron n}selectmo rtab Vis00. srt he oil must
too th rg otherwise | et ron the teeth an
ft Bot e tog thick, oth ewrse it will not find 1ts way pro

perly between the tooth surfaces.

In reply to Mr. Wiltop | m the only, ground
known o>the authoralre tHose o?)the aag typglhgv?#gnstrgfgahst

sp ur teeth
hb rk are very interest hut.deal with
type ongSearyo w rcah the aut ryhI h c?nggexpgrrenege Wit &

Mr. Jacobs asksdf there( IS a standard non}]enclature for re-
uctron gears 0 not know rv hut the terms used In
the p ape are those In common usage by marine engineers.

L R e

inlo clency of the ﬁears can be ycom
arin t e mgut er to éfe motor wit outé)(}r ower
o n rator. The ference when correct for the
rcrencrei motor an grener]a or is the lost power due to
rrctrona fses In tI motor an e( nerator may
%COA] e eectrrcal ﬁ te -known ms ntest
rfa van a e o t IS me owev r, rs ears
B on tested e Ioa S and revs, or whrc t otor
% eratorare surta

When two sets oﬁ ears ﬁre available jt is. grefe[able to run
the two gears together as shown, as the frictional losses which
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form a very small percentage of the total power are thus
doubled and more egsrlyg eqrmrned P

Another method frequently adopted js to.run two ears iu
pposition, thg ﬂenera(tor |nythe ?ketch bernﬁr repla [)
iransmrssron amometg This enables te teet to
oaded to any essure and the outp trerﬂurre [om the motor
ds nt/ hat'r %urred {0 ? [co e the frictional losses.
g/ %meter IS not available the tooth qressure may be ob-
tdin twrs rn the two prnrori shaf%s relative to one another
and cou Irngt together while i this strained condition.

Mr. Ward deals with the effect of increased vacuym, and
provrrded the tti Lrne t|s S0, b?ade that th Feavvh llls I-
centage is not large, any increase in vacuum will tesult

gain ih economy.

This as%ect of the sn]bject as nof touched upon in tpe pa er
?wever ecause muc has een alrg E written on t e ertect
vacuu urbine Economy and because vacuum has no

Jrect mH]uence in rncreasrng the revo Htrons aé whrﬁ the tur-
Ines are designed to run On the ot er har|1 wit rn IMILS,
the ?reatert pres ure th er%rr ater the revolutions for which
the turbines s L and consequently the greater
t enecessrty or the use o eduction gears.

W1a d’s dia rams sth the effect of vacuum .on_the
Ja rmal e crenc clearly and in thhs connection it |®|n
% trr Ing at ne rfy f heat energgr can
tarne from llhe exgansron of 11h. 0 steam from 2 Ibs
In. ahs. to m In. abs., .as B teeﬁgansron of
rnlbab%f steam from 200 S. per sq. in. abis. to 100 Ibs. per sq.
0

Notes.
rt No. 5, Marine gln Engine -’;ELS %mmrttee —

T rs port aEsdrscussed tameetrn eInstrtutr
Hanrca ngineers on (g . Item race? tTte
owJng summ rghl

ec em
Era'\{ls 0 the ga(ﬂSCYork an? t‘h ??_Iloy erst I

eport and $Sign. IS from i
Ga@ette #Decem BT 1hth pping

The reg) tcovFred the testin, (iféhe engines ashore and the
gnes auxiliaries at sea, including aSeries of progressive
tridls on the measured mile.
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Tlie. trials at sea were carried S

alities were P{actrca ly | entrf wrt Tt 0se of the Hel used

rsr?resWere éet‘é reec%rdestﬁe Eesuq t aenctgsos aseorpeatg

% tr?rse |n eucrn Re wet actuaiy ervere tot epro
eer sh r burtb Messrs. L |t

was ergn |n nera partl uars

1b moude brf 91n.:and mean

tto Pihe bottan of ihe b ft, ||n The main pro-

g eng |nes are oft rkspoor type were bur

essrs an W Hawthorp, Les le and
The ratrn [

o ste on -Ty H]e achegn ing |s ]I 58 baﬁ

ower ern§ eve SIX ¢ LS actrn%
lt? oyr-stroke cycle, si qe actr wrth sr tiran
met od. o fueI a mrssron {0 nders IS by blast ajr from

an engine- rrv n com ressor a |r| |s 0 tarne tt the
mperature com ssron ers are 2 n. In
ameter, and the p aton e |s3 37 Inch s The fuel 1s
eeted at a§re sure 0 per sqgare Bnc uemeans OEa

n er esu linders bein guate g
ans o] a nd ontr the en rne ovérnor, T
du rrcatdo ecte rom a gra ity tan can also
elivere bya orce pump.
Tests Ashore.—The f”st serres of ts IS were earrre out
ashore at Messrs. ie ort] 5 S|e a 0. swo ks, an ere

COQdSLiCTe?e tg arggrrr%altron to prop eﬁ ler GEdS_F ecuClgf%eS fant
Ie e s o r?e

rque = constant x squ re of r? f er min
was etermrnf Sm the con rtron of rated OWer o
enogrng name 8 at hrev Iutrons er |nute T
B ﬁ ure adopte sthat atten an eern ormed wnat
ra 6- oad an woul e re u or edach partrcu ar
test, noto er eo |Qns 0 nin ern own.
trmrn? t efﬁe a mission tot e linder wast atatwhrcg

0a

ing fuel of whreIr the

It was intendegd  the en Ines shou be run at sea. Tests. o
0Ver- 'A“t’ rrctron Iowest sp eedg etc weFe also carrie
out in addifion to the marn tests amples of ex H %as
ere anﬁ ysed, and samples of fuel were analysed at the F
esearch ‘Station, Greerwich.

Curves of L.h.p., thermal(jeffrcr ncy, fuel cansumption, mea
Pressures etc., were plot ﬁ a moste %ustr e Series o
a f ? ﬂ]ramsconrpr ét he atg ?? tained are ve
clearly set forth, and the deductions made follow immediate
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fro éhe observed arftrculars sufficient information berng re
corde Permr { ner e u [h mage 8
th%errhatle IeCrIeR o oauraht fuLoad IS arl%out 431b., an

asis is about .30, It |
mterestrng to note these Prgu?es vary as the load and speeé
are altere

Sea Trials.—The trrérls t sea Wierg carried out in the Clyde
esu ry, and consiste maasure -mile run iartrn alr
t rials, manoeuvrrn trras slow ﬁpee test? fue ons
o trias.  The esses rau a ? |n forward and
%6 t 5|n at some 2,276 tors of fuel and ballast bernq q
oard a time.  The moulded displacement at the Yria
dratﬁr twas 5510 tons as agarnstl 55 to s un ef full-load
érons A {%ressrve eries of runs from half the de-
?q number of ray utronﬁ the en mes ysta%es to the
num~ner were ma eont easured mile. 0st com
P nsive arl)d co Jaete set? servatlrons Wer]e recorded, anil
ata s0 0 a* were ut(J ised to calculate the horse-power
tor(iue and e ]lcr ncy unaer var in con |t|ons Direct
suren(]ents 0 toruue trah Itted by the port eggrne
were. made at the same time, but no atte pt was ma
obtain direct measurements of the thrust,

[t is seldom, that an opportunity is sp afforded as, to measure
uect? %nﬂyrngrrefq %[t the same time the tor ue on uh
shaft an ? resu

obtained wrea roxm tel tesame
the shghtd erence Ber ue to oss |%ns ttr%nsmrssron

N
%tiere IIHq eatures notr%weret hat the um ero start -
e with the st rtrn !)r cargacrt mstal ed Wa A
‘“"thtﬁé’?sh furﬁ o1 91 eySlupons was oo t‘t‘é”&ht
recordt e0 ervatonso tarned at the trraI an ak e no cdpnt/

ments upon the intormation .gathered.

Discussion.—Mr. C. W. J. Taffs, in presentin ere
?ard it followed very close(! rhrts arran emento ato
ourprevrou re orts In order t atcompa ons eci1 ﬁ%

made as an inortuhr arose. thou

ortwasnow(urb ﬁscus ano rtunrtzo scuss com-
Egrsrmrtasns woul Jm (fater on hen a e[]corrrenatrnq
Porntst teﬁlledvtV gussronr tﬁe descriptive P %Phe

ort wele t
fo Pthe deck.and other

e ad ant%?es ofeectrrcrt h)e moHeo drive
Ing multifarious pumps from themarn engines ; w

achinery, and e a vantﬁge]serr)fltvrvrals-
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economical to use a|r at relﬁttvel low pressure for manoeuv
H urhpos(es and w et er the eléctric eneratm ac mer
sho Id e driven b

N com %mes Theewas‘: mrgse\v

called %r pa]rtt 1{ In the shore tria
excep tt Bt chantca ef |C|enc¥ was lowe an mlﬁht be
penltapst at abnormality was only apparent, see-

?n( tﬁe number of pumps the engine n)éts caIIeH tjpon to drive.
That trim might have some effect 0 theodata deduced from

?bserva ons, particy a[ t the vher DOWers.
l|)c|p dsu Its of th Ssea trials, other thanf 0se Shown in t e
e area referre ere the over-all consumptions of
ue an econsum tion of lubricant in the mam endl e A
me torsmn eter was mounted on th IEort and
oun to give \(Ie[y con5|sten readi nforty-
natelﬁ Ato records of'the st were ma e as theMtcheII loc
Instafled was nota apte or such measurements.
Sir Archibald Ross said a word of spe ma(! thanrs weﬁ due to
Sir James Lit gow who Leadlly consented to pﬁce
York at the | of the Commlttee wb IS com g
aptt) Bache him 0 tesubéect Theva e tere orts cou
e ovehrstate and though one e incli ed {0 .sa
from t owner’s hnt 0 V|ewt the on)éthree Initia
0INts |1 were w rt¥ his con5| eraté ere Cost,
eight (which affecte ca ryln] cagacn R consump-
tion’ tere were, of course, otiher factor's, ‘suc asmamtenan%
ang re |abtttty jects of the Committee were techmca

and scientific, an aﬁ tRe reports were conspicuous hy a ver
bse ce fblas towara %rttcuela)t

Wise an necessar Qne

type or ecull f m the sh |powners oint of view ’n
{'[ICU| I, an Lns |tudtfons an ugép eme tar
in ormattori WhIC co tam rom af aper?
ances over lon Feno sw g]treatva ue. One rea ised
attelm ataatttueo te nas ittee dI

0
tt) ermit of co arsons mlaeggdt utt were H

now that. Pro essorP g inten readmgapaﬁer sho tIy
based on the now completed‘five reports.

Need of Thrust ﬁecords—lt as from the naval arahttects
Pomt of view, ge aps, re retta e that tnals carried out sg
hly ras machinery was concerPter

Jiﬁrfgurtgsntps‘c se,sPr?ngleque reliable thryst reco¥ds which Tah

al, gpear st| ner wer%t esztlmpg[ant factRe actuaﬁ

to be ditficulty 1 establishin
Indicated "horse-power, aquestlod ?pnmary |m%ortance not
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onI in estimating the mechanical (efficiency of the ¢ gr e, but
st OOthinaEle hauciraes Wers on dyidenge. He
It? that trh grftncu(ttrles alssor\;lYated wFYtI rfrc fi ﬁ
owe Internal combustion marine -
ut atprese her coul eIrtt out ut thatte
dr exrst ecoc aying a trrbutet Sir Geor
Goodwin, who had do e so uch o instil enthusiasm a
nowledge o an engine which had got to be

obtain thorough
mastered.

Mr. Narbeth speaking as a naval arcptt (ft observed that
we IE this countrgr Iaﬁ%gd verg much behind In adoptin F
ﬁm eris et‘ft acaUse of 1t reat Vogue abroad thete mast
ea mrretbte eatures which theqtrrals(had not%rought out,
Mr. T lerkson said all would agree that. the report was a
ost valuable_contribution .fo the |ﬁvest|oatron of the marine
oll engine.  One criticism he would venture to exgress was
that t erawas no hrng to mdrcate that, an}){I steps were taken to

recover the very larg€ amount of heat w 2 00iNna. awa
in the ex austyaseg going away

A. TookeP/ Who exhrbclted grﬂe slides, drew atten-

thon to epﬁcu jarl ﬁs In the Inaicated horse- e\ower shown in

the report, showing that there was something wrong with the

In rcatrnt.i< gear.
[

sar%th%t the report was a little bett rHt Jtl Pefore
% tot e thrust measurements. at las as
tou h ere was a torsio eterw rc was satrs actory.
shrp Wner was concerne }/wrt thrust measurfment t e
ot ers ere purely ﬂgrneergg points.  The trials were to
RP&I e owners'wit ta 1o enﬁb e, them to get more
idence as to what an oil engine would

Hi hS d Engines.—Sir Ernest Petter su gested that rt
was g that a rig portunity could not pe ta noff%m
rng su ts_of slow-s %ede rhes WIth engines 0
. 8 rnron wast at t tﬁrna -comnustion mar
Ine wou h h very muc fsame stage as t
fte m engine, ndw lle'marin enﬁrneerso t0-day ou(! orhg
eeds corresponding with steam-engine” sp t
trme mrg t come—and migftt nof be far drs nt—
oud ex |b|t en |r]es to .gIve t? er revolution .S ee Ié

ey ot rrot(o ap ugice if would eworth In estroatrn
e dr not know' w et er the Committee could carry a test in
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qprnes of hregher speed Apart from the, t%esthon of pro ﬁiler
0l

clency, there was a great deal k 0 be sai her spee
engines. The reah oint was how much thrus power they
were gorng to give the shipowner,

After some further discussion, Mr. Taft’s dealt with points
which hag been raised by the several speakers. P

wing to thee urrre made regarding the use of pulverised
fueq attegntron IS ecte to the g er regarﬁ V\P p[

Amsterd %ml at the nternatronal §onference on Iarge elec rrc
systems held In Parrs In June, 1925

“The Machine T pl Revrew " of Septe ber nd Oﬁtober
it925 contained a fui report of'the Pap} r v¥ ich t -
owing points are selected to Indicate the scope of It—

The mehn object of the author was to make a coptpans N
between t etwri mostrmportaﬂts stem |n owdered ['stok-
|ng the Central System and the Unit Syst

tartin, wrth thec rson hetween t emecha |c | stoker

an irin er el In enera |tmust orne In

mind that th ustion of the cgal |s erel ae em ca re

action tweent eox en of the alr and the carbon,

etc of the coal, seI |nto thrs ma terrtr ous
at the conditio s un t IS chemica rocess takes

pace must be far less ideal fort e mechanical stoker.

the .coal burns away steadily on the mechanj caI stoker
ﬁst It |s tra s ortea ?Yrst thg \)r/)I \1 énqh p ne carBon
arn on% s a tef the thickness of t aerol‘[
coal afong the stoke aua#y d”}“”{ es towards the ndg
mg stoket and the qu |ty of the tuel diminishes correspond-
is has the effect, assuming an equal draught over the
Who% 6t<er that tﬁe ratio. % ntrl% t Ir gﬁb o% com-
bustibl em tter varies consr e n the rate causin
p xcess of alr at the end, a s orageo arra}tt efront\ﬁ
In%toker alsq tha ttt e stoker af the end al with

e
yer}/ errorrﬂualrtgf coal contarnrnp pvo atrfe ang an ever
incfeasing percentdge of ash, theoretically up to 100%.

Thi's results in a low percentage og C02 this en(pp p
stoker on an avera e not mrire % an ﬁ%re f
urnin outt e (0a eonl)p etely. _ Here we have two S tirces
o 0sS.  The uneven dist utron of alr ma es It Impossjble to
run at a high average CO, without CO; In fact thrs IS the ex-
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Banatlon why with the mechanlcaL stoker .one cannot g (i
yond 13-14% C02W|(§hout CO, whereas with powered fue
16-17% may be obtaine

st e 1055 J5, 2 Sertein, PFJSF%% the OJO?EJP%% 't%“ " “‘e
O/o of carbon on an av ra e being a ow fig ure

one has to co promlse between these two losess | er

fe“t?g ope eaps g nOeSSeb n”a?eb“%“&nreﬁ“e'&é?t o]
3 eanavonIa Ie perce tg e o un urnt Earb ag

n |ue ust1s large een racerotecoa
r jnstance | t eltirlg 0|nto eas IS low It |s ac-

|ca |m ossinle to av0|d a considerable percent r

articles of coke and even co
moten as

nwnnw”w”wnnennwﬁ

oxmen which means that this” part of t

An ther sure loss when uging fine coal |s to be found in the
par‘lc eswhl hare bW)wn ofsf r?% rate. In orgerto Burn rne
coal, es emajyl it contains, a gg erc?nta e of ash, a low
Bercent 8 oIataIe an If#t | ﬁ urnln]g nafure,
mnecgg? use orce drau% 0rcin nthroug the liayer

but with increasjng force i sta s to reason that’a
Increasing num ero coa articles arebow off the grate an
re carrlg awaY ||t the gases throu 0| er.  Some stoR
there an tn Q0 clo oiler a cono iser, [eayvin

the former |eces nker as a resylt of slow dry distflla-
H}on QWin t nig ertemperature t I

echlmne

Owi P ?the defects which are mhereq to the nature. of the
mec anica stﬁker it requjres . much skill to .0 erﬁte it efl
clent Iy and t erefore taklng intg consideratio averalﬁci
Ftten ?%wn which one .must reckon, 1t means t gt the actua
oss will be greater than tnat prevmusly mentione

And thﬁ Is one of the reaﬁons WhY qere IS, in ﬂener l sucq
avast dl) erence between the test rlas ru,n Wit mec an| a
sto erf }jex er} ttendants sent, there, on ?urpo% g

actUrer the _stoker and the 'results obtainéd In
or inary running condition,

Iner partiCles leave

o BT 50 S0 ST e
ana ine time

fov rlatgons In the loa

co 5|dera unt o
It takes [H

rom starting up to efhment running condition.
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IJt view of the enormous number of mechanical stokerg now
n afyuse it ma}/ [ove of value to point out how the adapta-
tion of powdered fu

in comblnatlon with, exis mg mechanjcal

sto ers can I duce t ea orementhoned rincipal dgfects and X
8 tefn 3 m?u lt? mechanical sto er more up. to t
tan ar owdered fue mng At the fame time this. co

Ination may overcome some of the difficu I1th in te

atter method of firing.

Thl%combm tion has heen leecte? YInS rting ﬁ ber of

urners (or jets owdered t#e i (t of the

to erin suc oP (tataro P a” these

almost para t e mec anlca 5%rate

ties met wi

urners are H
(H)omtm sgtlg/ tow% ras it, hIS re? ts in. three gistinct
advantages over thé mechanical stoker alone, viz. '—

A. Increased efficiency.

B. Increased steam production of the boiler.

C Increase in the adaptability for a varying load.

1. This row oJ small fIame(f acts as agperfect form of
backarfhwlth all 1ts advantages an Hone of ItS disa vant?< ges
espema ly In respect to the upkeep and repair of brickwor

Thea ount of excess, air at the back of tlie ehchamcal
stok rlsu |sed or.co Ietm the fombustlcin 0 -
ere atlng eam unto air supplied in the
ture tot urn rs.

3 As the flames fr%m the burners are ﬁ ight ane{;les to the
flames from the mec mc% stoker g whirli g motion s seJ
8 in tie ciom ustion chamber h)t, Whltih means excess . aw an

ang] lé?tlbe matter are brougnht in close contact with one
Re B. Increased evaporation is obta| ed not only b

extr amant 01 gte ? tpre r%m t e com ustthn gft
pow ered tuel, but also thro% |%her tem erature In the
? ustion cham ﬁ More flel can Ib ? uare foot
rate rface, the boil rhelnp caPa sor nT% these
BT son acc untP this ghe te erature is |sz%
nown fact and 1s also the re son\g tetewéperatureo
esu erheated Eteam IS not Increased by°the higher tempera-

Hre In. the comAustion a amber. Actuyal tests have ved
that With a 20% mcrease evaporation the temp at ur%%
exhgases rom the eeonomlse as not ralfg ven In-

creased evap? ahtlonv\i Beace but could not econtlnued

on account of the boiler beginning to prime.
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Stontinedudly adl e by rnjrrrr“ o Suly S0t
rue ana M ﬁrestartrné gg the %oqer take cons(r) era[)‘iy
less time because the ame% once starteg bring
ue{apthie temperature ofbrrc work an compustion chamber very

On the ther han% the me hanrcal stokey erII assist the pow
dered ue frrmﬁr nstW |qr |t|19 IS always, sure an
secondly the ash from the powdered fuel is removed as it falls
on the mechanrcal stoker,

[t will be obvrous from 8ara9ra 3 B and C that th%further
advantage of this adapfati no P ered fuel is that the stea
ro uctron of an exIstin 1g bojler house may be thus Increase
ithout any extension of' botlers.

Refurning now to burnr dered fuel proper | would
mention tlhagt |¥ mso% Yrvoneqr [‘% Fr)noshat re-
seta? ouco uerH area f onte rrn-

teCen tjae ﬁ/stem an r | am well In ere this
I

osrt popular i ric Ich 1s the
e A{Jltﬁ |nn the% alnnvﬁ:eo EweUnrt

o &]S used lta emst at In t

fe 0 r
rﬁe orsﬁaualeﬁze n
eft behind more and more.

Ste u
went i

?nsrderrn that the suppliers of Pulver%zed fuel plant are,
near] Itho tex eption, er?resent tlves of Amerjca mdustrY
int s ranc re therefore In uence entrre exper
ence arn% hat countryr Centra ystem |s oreﬁ
more brou ttote front. . There are tman a
tecoora ﬁ 0gam experren}ceb m 9 ests an tria
themselves, alth r%rh tgrs Is the .orl % way, resent circum-
tsltoarnces to form anm unbiased opinion on thrs mportant ques-

About four years ago when | thoroughl studied the varhous
l%ystems then “arisin Am{ne |atey Bme convhnced that
owever |m ortant q SE if h etween the varrou
sgs%ems as Lo 00 an ert e most |m ortan of

em of coosm bfrween the entr nrt
E}/srtem A'thorough study of the advanﬁages and Isadvan-
t ges of each_convinted me ‘that in_principle”the Unit System

s to be preferred to the Central System.

andnbt WALt edu - redu e o dHaetons, (I CFi

evelop-
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place as | shaII presentlz prove this s stem has heen dapped
or practical use with. most satisfactor su Its: secon
strengthens my convrptrpn th at the Unit S tem wrt most
Cases compete successtully with the entr? pstem 0] many
reasons Iinto which | hope to go into more present

The eculf prffrc lties wgrch arise in pulverrzed fupf stok-
np esBecrafyr one has to depend entirely on personal initia-
tive, demand’ perseverance and p; Hence Fgr about three

ears | lear Rothrn exceptl ow nott to do it,” until at
ast an rnstar] ation, (n]whrc rl? thectrons have vanished, has
been working regularly for erght onths

R iler Explosions Acts, 882 and %890 ﬁ eport No, 2770.
pIp he ntown was on her waly rom A ers In baIIasA
on u 925, and two hours after leaving, ea Was notice
Ir é Tarn steam rp Bapte ain enppestop pa e chest,
eap) r% p] Ler adolp e branc rom the

atar g orIer e leak qgrad ?] p ecam preater twas
ecided to return to Algrers In ordef to Ivestigate the cause,
and find a remedy,

A clr\plwas round the prpe and on rlts removal a circy fer ntraI
crack was traced abp t 6 Inches rrpr to the s ds
departure from Cardiff on the voyage, aslrpht eak Wﬁs nptrce
f corr] ¥ amrnd%t(rpjp] ar%mn&] hn Ipé to covoetrngpetslsotedantg
evrdenﬁ rhga extendeH as the Re)at and the cold Ie% fo ex-
pansion and contraction.

There were two hoilers, pressure 160 Ibs. From each of the
pp Stva ves, .the steam pipe was ﬁ 0 the}en pne stop valve

on which there was a.branch for eac ectin
swrerehle on %Yhe with the hacks. of the orPers heg
the en ine room at right an es wr out

ex ansron ornts 0 relieve the st rom
port hol er een re arre by braze eev at the

e sle e w s drawn

enﬁéne Zitoh)cvar\n?eﬁnaf ppameter p ? lan e and ex-
anted for a lengt rnches to allow the pr et en er.

as a?terwar§ I%razed Ipes were teste é uIrc
resﬂspp 8 e] gt OnT eaténﬁt(r?on ogf rﬂ% \é\evsseESs\ayrges c?a ?e”&
tot vrsa

ity 5r0¥a(|j||r5] or expansi ernvestrg&

f
n of the cause % wa arrreg out
V\? hyte, Board of Qrra e Surveyor, irverpool an ythe closing
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Pserv tions of the En%rneer Survezor in- Chref were to. the
fecti at the formation of the pipes was suh that consi %r

e altern trr]g stresses ere r ose .on the necks .at t
ﬁan es, angh 0 tTth at due to the r}acrn the engines In

%ttentron of t(f ners havrr?g een
ca(ﬂ fo the su Jech r\NA? 81“ give careftl cop-
it M b i
sufrJrcrents feguara bet%)r |hegvessel sar?

Carrying Coals to,Newcastle,— (Iil'Wln Noble halrmag
of the 1yne Commgssron stated Ahat uring th gerro covere
bgt S R age of the coa ?ro uction rom the home mines,
354,392 1 ere imported Trom abroad.

Carriage of Fruit.— The following is from the®Times” of
January 20th:—

i v i f B.i it— A _[eview
of thseeaseblem otebrtéerrerterrhtz{n 0es rstsfreeIr the Deﬁart
8 nt o? crentr IC an Ihdustrra esearc Statio

fie, ws that 1t 1s not known whe

er it in rra$
rr mates on t e treg or whether sometrme% It mday rfevea
ovo In storage. onse\tlrlt#]enty it cannot be sal %J Inite
w hether orchard practices have en foun ﬁctrvet
? ﬁextent In preventrr] brter It 4 tuauycont[) ?atﬁe
?rurI disease, or merely Influence the susceptidility o

A surve of the publjshed data yields t\rgo fa“ definite, re-
sults: that severe r&tnrh on the one eavy Irriga-
tion fowards_the he season on t e ot er, are crrc
stanﬁes re IS [s] 9 itter. pit, s] has su
conclusion that the Telations of ater tQt e rowr rurt are
concerned wit he Isease.  In cert In varieties rttr
ﬁh 5tefr it of the tree, but in ot ﬁrsr seems to

eI while the Truit is on thf tree, alt ou Bmay devglg

? atergrckrn?n n the atter ‘case rt as been’found t
ee In s&rage uc e among rrr] ature rurtt nin
ruit allowed to rr en on t e free. st ra e .has been
tr]nd to retard | somevarretres w rc eve t in stora
ther (han on t e tree, hut contr ctor res ts ave en
ohtaine B

in other cases. [he retardi ft of cold storage,
where present, is apparently reduce 3 elay In storing.
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The theores ad¥]anced to explain hitter frt are_ discussed.
L Brnte out that no djrect experimental verrfrcgt\on has
?en obtained, or, In most Instances,. even soug lle mqs
o the theorres re op%ri Prave objectjon ecommercra
ortance of t les Iarﬂel y In_the develop ment 0
rter ni rn e rt urimn searrragle oversa Iﬁ
e wrt

tentatrve stedt ataco rnatono ater p c rng
some ra eratron akl/ ﬁ rve Ithe est results
annedn feu er ex erimental wor ong t Ines Is recom-
ur resePt kn wIedge of the dr se is critic llg scuss
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Election of Members.
195%3} of those elected at Council Meeting of January 10th,

Members.

James McLean Anderson, 109, Arkleston Road, Paisley, Ren-
frewshire.

Thomas Tanv(‘;/aro% Bollons, clo New Zealand Office, 415,

Ed dAIde don Scaling Co., Ltd., 1 Pi
o i g i S . L,

Robert Arthyr Stewart Duncan, ineers’ Quarters, Thorn-
%H RoaH Stanhope Lulnes AF[(Pegrsho ?

Thomas Henry Faulks 18. Merches Gardens, Cardiff.
John Janies Harding, G, Azalea Avenue, Sunderland.
Stewart Hogg, 124, Tressilian Road, Brockley, SEA.

Abraham Hamllton Kemp, Capt., R.A.0.C., Ordnance Depot,
Dover, Ken

Louis Ada acfarl ne, China NaV| ation Co., c/o Messrs.
%ut errrnellgI & Swalre I-Cf g

lea}XOSmclalr McLay, t\o Messrs Butterfleld & Swire, Hong

AIexgnder McVean China Navigation Co., c\o Butterfield &
wire Kon

Robert Meldrum c/0 Messrs Butterfield & Swire, Hong Kong.
Archibald Miebach, 45, Hampden Avenue, Beckenham, Kent.

Frank Mupv\y Pasklns Murray House, Victoria Road, Cowes,
Isle of Wig

Fred Rowland PIatt 113, Pall Mall, Leigh-on-Sea, Essex.

Hugh Purdie, clo Maclav & Mclntyre 21, Bothwell Street,
Glasgow.

AngTs Rankine, “ Southview,” Corringham Road, Stanford-
e-Hope, Essex.

Robertgcott Sinclair, Chma Navigation Co., Messrs. Butter-
& Swire, Hong Kong.

George John Ta%g, “ Rangemore,” East Molesey, Surrey.

Tom Roberts Thomas, clo British Corporation Registry,
Billiter Street, E.C 3. P gistry, G
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Andrew Lees Thomson, 3, Corstorphine Bank Drive, Corstorp-
hine, Midlothian.

Robert Tosh Young’, 18, Woodland Park Road, Newport, Mon.
A ssociate-Meinbers.

Walter CIarence Baker %o Burns, Philp & Co., Ltd., Bridge
Street, Sydney, N

George rAIexander Day, 108, Fillebrook Road, Leytonstone,

Gordon Hugh Murdoch McKenzie, “ Inver,” 96, Chasefield
Road, 1gootlj\r<|g SW.17.

Transferred from Graduate to Associate-Member.
Angus M. Campbell, 36, Muswell Avenue, London, N.10.
Transferred from Student-Graduate to Associate.

David Murray %ahan Estgte Post Bangoen Poerba, E.C.
- Sumatra Dutch East Indies.



