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INCREASED LOADING RATE TO TAKE PROPER ADVANTAGE OF
ACCURATE PRODUCTION

wh]at

onable

DeveIo ment in this éhrectron IS a

has ecom an eﬁaggerate argrno safet tf’

mits.  The . difficilties of as essrng (i mits ung Fs]ea
8ornP con |t|ons are numerous and we known and thelr
ete na ion is b |.rn Qg In ove the eﬁenence of years an

can on artially assisted by experimental work"on land.
AtyprcXI anaRrsrs or'the posrtrony IS given by Appendix 3,

ADOPTION OF HIGHER DUTY MATERIALS
DeveIoPment in this direction introduces both practical and

econornrc r[hatblnals commo% uterrHJI ;ed today were Eee erallx

%3%@%%5%&% e el di Mty s i L
é g en%a%rng teet

on acc unt o the agrnzaccurw
materra%o ﬁ‘”téh nerean Imugtredt ntou
%Iure rontD atigue, atour(% r} (h
Was mafde to mrﬁ su
meﬂto

atter of reducin
more re

Nesy WOU

| hout rrs 0
ossr om |se
Imize tooth sur |s ess
ormalized and tem ere nrc el steel for the
wit \/Ht] rate ow maxrhn stress.
a vent accurac cutt
urterra havrns% eeﬂvrr 0 thuovrr?trgs earrrhrss escrﬁ ter
?n uctrpty But aﬂowrng ﬁ?gher sur acegandproot stresses to

representea as a failure to f%ce the realities

oF h“e e tﬁg 'rhaa FAIS A HRAVEr fSi?rTﬁ% w/a;st .
In Vh 0f. the. Inade ate gxperience WhIC een ob tarned
éteﬁ at direct é) resent trme

on . wi ears U
the adoption of h| er uty atenas | con c
with 0o ¢ nservatrve a measurg t elr ca acrt
to the pro uotron of unecon& |ca ear Hnrt er aps
o |S cctpllar aduance is kel (0 e echicvee n fhe m tttt%
time t?r dpe M[ B %e eor select?vely shaveg
gears wrtn materr so Cons rvatrve fres

h(tj ang s(oa]ce tenﬂa\t/gloutmg
to? not mater| s maximum 3trﬁss but alsp
sur Ile ground gears demand the designer’s t

atter'c]lce hardene and pro
hen a s surface. hardened after cutting the teeth

the q/vh ’?Toccétrs is In vrtag such as togne essitate
this o coure can on%

Rm?ﬁ"h‘d‘)t : teek

gears of

tﬂlaxr!rennlrjgn 5 of min
t‘mrrenr]

%h the considerations re

one
8 é aqharde lle?t ; ?aucreaucr?dera r r%?)enr cont ﬁhﬁré%é
a ? ﬁ 9 satistactor rﬁ cess, the har er]mg 0
hee e ccept ', e case O e “Q“tthetﬁﬁe fame |
Int 0 ucrn%lcon |t|on3/wahPch are Arf\hcult (I]o contro |n ensur-

g l;g t the same gime it is to be reco%nrzed that the d tres
v\rhrc mhons form %raf]y
0se

the w Sés Wi morg haltot serte
Ittle to 4“3(5”‘! Et\e case v{qﬂnrn %? wpee? tee[h srnces Ile
eaé treated Steels are a(Ya 8 erein terazaF % #ame
?orceesnslen can Eavorde a whrch can Incidentally be finish
P t1S ta beo senged’j1 that ears often referred to das hardene]
roun prise |n|ons to?th%rr%enaeréegut ﬂrat rrr]eacveesSﬁn
Hﬂ]?acr tities were the only means avarl

rouﬂg and wee é
round because
hle for accurat |n|
rrsons and tabular state f the effects intro-
c& )hd‘ 4employmento typica hrg uty steels are given

~ IMPROVEMENTS IN TOOTH FORM +
This is a factor which has made a useful contribution to

90

ol o
sltanti

the i ncre se in prmrssrble foot Ioad It is fajrly well
estab she that te tip relieve |nvo ?e IS the” most
uitable, but man{/J of the nartr ular |[(rvo ute orms that have
een In corpmon se ave lled to take the best vantaPeo
B ossibilities favarlab e matter. IS one of com ef< V\y
eessentral atures can be summarized concisely as belo

Flan
Mh reason hle IrtnrleI Ithe f nh ang!)e can vamvgr%qa#é

rn itself arfectin ﬁ e suita
g |ncreasest e ragius o cu vaéure oft e m*on tooth abn
t the [in cotaIne ]t

the e??ect i ter % tgjden%afamor te act t ttl

A R
th D

acaaﬁaaftedahrtfahatrraarnhe“t

a necessary adjunct o eep tOO
rea carr
wnnww%anaawnnawnww%

er cent In exce the Bri andar
ior wlh the most surt Ilank an fe IS h dpeg
n t er corlfr eratron whrc arrses is at 0 e raro f
%to mg which ¢an bec me exce srve |n 50 ecrrc m-
stance en. an exces?we toot % LH
ever satrs gctron has so Tar ens wn b}/ rhmréatr ? ept
da out 2 C|o]er cent %reater ban t t| tandar
arn for .which the n}o t suita ﬁ e is apaut 1
trmum tooth S are| In the auttior’s opinion, awa
ound petween these . limjts an r] marine rﬁductr
ean éere 1S no dust ification tor so shallow a tooth as the
ritis’ Standard  Indicates.

h

Brtch of the teeth should alwa PIS he the Iﬁast that is
ger |ssr V\r) relation to .the root stress for the loadin
ith the .materials gresently erw) % | norma
eagrgSe hetwee

[§ urrgéngréts for marrne met tIhSe

tass by th Iast ne of
e lum, ensr

ate Cadoeotron of
ower |tc or sma ears w case ar e e ars ma
necessr a dee

the em oB/m nt Leater Hrtc e gr e rgde
grovr reas na le balance etwee H a% e mg
stre ses, while at the san\e time ensuring that bending fatigu
Is not the criterion of failure.

Addepdum distributi
“The aim n assesang the distrbution of ddendum betyeen

Theag h assessrng
i e e
qfi su ?r |ent achreveé % the atﬂgoﬁ nio
Hre un happroxrmatrnor 0] er cent of the actrve ept

Helical Angle

h n the uttrn ears. was  indifferent in . quality
Iargevh Ical ang ustr? J reduce the shujftl q ac on
n.the pinions an to |n rease t

e com o en ro

dn acce eration for such movement. deve p

b s e e b

hecome hose t Pahhsoh axra aro and rovr
arnst shock to n ac n

eth a |ca

loagin
uire ents are ag 8 ll ew
e(rees |n VIEW or.t e sma |ncrement XI oa |
uce tere IS 1t
ese émrts

Oemrtnclrnemerr?};owﬁ Gb} ; r;Jue to_the a |aI om onen{tltrtser an er
ceﬂt gH}j Walcc 2 F q ﬂ teace § (fe this rrses t0 1re4 er
ft? 6cent add trnogngl wrdth the gg Wer]?ca | ang

i o
d 45 deg. 1s completely unjustrered today.



Trends in the Development of Marine Reduction Gearing

hen considered in com arison W|th nlalon d{ameers ngo ar(i compared with mP

dern practice, employin S|m”ar
oadmg naturall rmﬁs

the re attvelty Harr W faced lge%s nom mm o¥ terials, The Increase i
ot warrant the thinning of t g ion teeh an ear un|t blé enera z the effect Is not So muc to reduce
dp uirement for a reduction o tht e ends of the teet aIH VY %ter a to introduce a reduction In the ratio
|s ag uately met by the chamfer w Ich 1t 15 customary to the eegth tot ?tamg er of the ?ons and this ten st
re uce dth Ir torsmna endm? exmn% nd mini 8
tenee O?rcetgttre ea?r] uction o |stort|on eaé
EFFECT ON GEAR PROPORTIONS tﬁ etteertn |t|sSt£1| lltjtrlt ne rorIS aﬁ] aa\tlJétr% ehe()lgmg[t ﬁeh alnnt
i éE)ulrSt tNe” F”OW”er‘tB%t odfogtalrﬁ errqlejr?ttI Bl fS ﬁgrtgotﬂ serveg nowever o stress tﬁ %r 5 r% rt nee to eat achg
talfures W Yc ec(?me q commonplace. as a 1 suF ”(]e 0ss  accurate bearing alignment on re at|ve Ighly loaded" gears.
Inaccuracles Introduce Wetr PtPr aton ith the evgo

ADJUSTMENT OF HELICAL ANGLE

R gases here the lengt t%of the pinion. helices e cee?g
r tur ne e adoEted with lesser risks of disfortio bout 2 the diameter of the on conSIder flon shou
an the U ? her pressures and temperatures without a  pe given, if re uctton in the 3|ze ears ara ount

multip |C|ty of turfine Ht 0ttance to the Introd uctto a va m%
the iuon teeth to comg[)ensae r distortl er oa

ment o? accurate geEr cu tm the double. redw:tton gear q

[
takef It TH tutopace In_me m rli]e insta atIOP dena

It IS Instructive t? exam| e thlg relattveh sizeg of a smgI? P]
train of gears su {Iu trate%m | ere the qualit [ece tby this wa ﬁthﬁ etl(i rather thana tlca consi era
gear cutting an the oading that were standard say 20 Years tion, because o culty experienced | tatnmg an even
GEAR AS DESIGNED AND PRODUCED IN 1928 GEAR FOR TRANSMITTING SIMILAR TORQUE AS DESIGNED TO TAKE
ADVANTAGE OF MODERN HIGH QUALITY FINISH
E- -E
: lttm  Pinion V\rlthneteI ltem  Pinion qu?nel
Matertal
sp g 1 s%'éﬂa%%rﬁ%'n o
p.cd,inch 130 162 p.cd,inch 130 160
Fﬁ]cc% width, Q0 FacehW|dth, 8
A T bt %%Q/ 38
Loading P 5D W Loging 865
COefT|
Gens Bhs 140 “tents DE\WI 165

FIG. 1— Comparative sizes and error characteristics of a single gear train of twenty years ago and today
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APPENDIX 1— EQUIPMENT FOR THE PRODUCTION OF HIGH
ACCURACY MARINE REDUCTION GEARS
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ow erf cte to sucha egree t at it on an econ |c 0 trng
erc nant aswe a %ears ess 1S r
consrﬁ rst o sawngf thew nits an sedu dy ha\{
d grhon unrsseec;fvm/ e1 var need o
ters that yarjati fica |on an
\é\oreeectalre redl ?e er os arr? o ?ovq cromp te(%hs t|ve I
Htace ?ﬂeep{ro at ons, su ct to thg ﬁ catr
V'{}% cannot. e re gr eg as.a cure for Indjrferent
an IS impossible to eliminate waves onger t an

active W|dt of the shaving cutter.
APPENDIX 2— CREEP FRACTIONS

| B s
s ool o i (o
Couregrbatt Ine unce %rﬁﬂﬁeo&h towmg assential con

Sl
chree Yrac n is the deC|maI rtion, of tne fraction
iven by the ¢ where w - er of teeth in worm

A
ﬁra@t\r/c'g in“Marine %Sarcuthrnagn5 |ES, Vol 8, p. 173, * Current

atlo wm
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le =L Ing factors on gears having 45 t
(i prnrr?r?sd tons per &4, § eawaé/ ot " 8 il fhe Sffeg}nPﬁaCt%T'Pn Of decreasing importance & the value of
tion a} it el ‘rSd%'aé“’” E R Ang A Shs
Loading factor Pi/)e2e conne O |mrr)ortant Yo note, t P t iowerrp r?enomrna
Year Met od Atve tootthr tor of the simple fraction the wrder it should be given.

0
Type of gear prﬁch- frnrsh APPENDIX 3— LOADING FACTORS

he derivation of a true criterion. ofHoadrn |sam er of
8= 1.0 8= 1-2 8=1-44 co% plexit but It nevertheiess essentia org ose ]gn

. e omparison to have a simple an Irabe crrterr
Crosgcr}annelsrngle ! rl<nowf Jn B |s\|m| Ir P
- A Bt S e s e B
o 5 hnrte dhameter o% tne Cheel Wit which it is mes?rrng, by t
Ocean going single 1677 ﬂggg g 10 expression Be = LCE R ypere g = gear ratio.
: For _ma s it was the practice of Messrs. Parsons
Ocreeau oin gPngrle OBE EIB* aring. Steat 1yura%|ne ot lsh ﬁrrs expression. for r)rnron
y Seot 1% lamefess up to Inch ar& o use the. eﬁgressron
i of Prnrens above 10- |r]ch ameter It is _kpown that t |s
o g A Bl O ke T U R
Creeau Cr](')rrrgsegrlajnde E%g H q ug*t éustrfreri Y)\I%en thrs éter vaIers empl%yedq Factor ob rneé
Seﬁctr an_only be considered in re |0n {0 the size o ear referre

Rtatrstosa attesmaerte ear the higher the factor

Dersetr0¥ rrsnsmgle 85 |tnrra3/s bbegn J]otabYV en this co rderatron IS overlooked,
%‘r }Sqﬂ rs?ea

e 0ccasions, eresults obtained are

| obbe angerous
IR K anarearﬁr iy i LB L

: , esigner usually works wrt ide Ty a cubi¢
it oo RS it
wheel: m = number of te th in master heeI ¢ = number of > r?t?rereby anloadrng

the author's opinion, to he encourage
%eeth in freeﬁerrn% In effect the cree TIohn r nrerese ts the ﬂ% || g

crrterr no
Taction rence I, ratational gosi a%eeﬁ'v'tﬁg The principa Irrprtatrons of this cror are as f0”0v¥or

orm- after one complete revolutrgn of the master
1) There must ea mrtr valug or ever Io th
¥Vactron representing the proportion 0T one revoFutron of the (1) reFatron B ien%te”af emoloyed qﬁem? lom

the point 0 vre Ing . stres the tee ein

fra |Jr?n tf‘se 28?89 Q)V |%hs?#g %ﬁ's\{)e b?aecxh'”%séﬂeasvaé ¢ JOan]'g rec?§nrzed that t e factor |s in rtselfJ really a rlunctron 0
c(ic error In the worm motron IS rep or?uced In axidl bands surtace stress.

o}a lr gear (2) For pr# g)oses of co arison the factor must Re reqardedf

elﬁdn%charhsm is introduced thﬁ value of }hﬁ creeB as g fynction that arreﬁ proportionally to the ratio o

;ractron sho chosen, having regard to the followin tooth depth to tooth
: the pinion helices have not been ad(”rsted *o corre %for
({\cree fractr n of(! introquces the s me %haracterr- distortion under load ang the r tro qear ace width . to
trsa Ir drive byt in (essg e| ecause %asrng eron pra eter exceeﬁsa ﬂut2 (ien re pinjon peain
ect ternate Lees and this a gre In srmrar ? jon t erng tted, then the a owaEe value of the ?a In
any of er value which can be expressed as a simple fraction, critetion must be limited to take proper account of con

Table 2—Typical steels suitable for development as gear elements

Process ,
, . required 0TS, Yield Elon a .
faor. ! tons per  tion [zod Brinell
e g A ol iy T FROCE W

I 03 _— _ _ _  Normalized Sﬁle\%ve |Qaa r d ) B8 26 20 150
I 03 35 0% Nomalied Sl F 5 B 03 N 1
empered  shaving el
11 03 35 05 Oil hardened Sﬁlective in é’ 45 35 5 45 200
and tempered  shaving stan a{d
53 20 40 300

v -3 30 os 04 01 Qi harrndened S%Iective Proposal 60
Vo035 40 1T 045 — ég]lg%ardpeneg %ﬁe&h& Proposal 80 72 14 530
5 — — * 40* 30 500
Vi 015 30 o6 %?r% r%rﬁreér(ed grrrr(r)dlrlng Proposal (rggt) (1601 (r38t) (r5ot)
* There is some uncertainty as to whether these relatively high values can be obtained with large forgings
9
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Table 3—Designs employing high duty steels in comparison with present standard practice

B ingle. '
St FRoge B SIIEIIIIJ TSl ot of e oy Su%ﬁeslgp a5l on singl feducton gear
F %I)rﬁ relafive Relative cost
double reduction ma bI(_T)II(I)qI on
Fy?ogarw] Plnlon .
Remarks Values- (Iorm and Relative ?or nas Re(l)igllve
Scheme  Pinion  Rim resaq III SI[I]IH| reFPve p|tchag il Ig cost of
s o Primar C)I]d Naval Scliame cIngrc]Jef Opfqu1 1 S 1
8= 1-2 3/ 83{44 8= 1-2 %%all[ ment 8ears Sears
10
foErI e':elr-
g%
dﬁﬁ‘ I I (110) (0-49) 15 % % 147
design Il I (165) (0-73) 115 % 100 16
A Il I Stant%ard 200 180 200 210 090 1-00 110 % 100 110
chant practice
B [l I PreVl ?ey 225 200 225 300 1-00 100 100 100 100 100
res EIC dttge
cowvoom AVERET™ a0 o w1 150 & B 15 R
D V IV Limt Pr%posal %0 320 3B0 480 160 1-50 10 190 1% 87
a%/f)ld ”ﬁ r0-
13 ]g? Rfi]n
E VI V rOIO 450 400 450 600  2-00 155 60 200 140 84
VOIIIOIII°I
Inion I%e(Ih
ce t{atlon of loadin due fo dIS ortlonI wh|ch are. also included materIaIs common employed toda
lgwes an Ia |cat|or} the |m|te increase lfh t will aé) reCIate that when adyoptmlg ﬁj \)/
has been aﬁI ed Int padin rover the ast twen stee!)s for mcreas dp 8ear loaging, two Frmc al” features ae
%rs oaqna%w ee rms o €T85 tons gers ) E e bo*ne in min name t eI stancdéJ of the teet
HIIIIO tons ers S. nickel steel, normallze endm% at] ue hich ca(Js ra h@ frength In con
or oll hardened and temp aw m I}] ue and the resistante to wear
ora BrIne number.
ical steels /;PIPIEEIDeleo[lr dhg\/?el%mr/;e%t as (eaL elements, gea Eibleengtsgl\t/gsesuetrab\}veltCOmrtg)l\%lIf?nnas (Ic];aateds ffocrtolrjsse g?
togetIIe/Ip with ghelr D y3|cal properties, IOare given 9n Ta%F 5 In ﬂ ﬁquarpty gearngSesearch no&v In progress WIIWesuqtm more
Table A—Comparison of gears designed for the same torque
Scherme Repeated from Fig. 1 To limit merchant designs referred to in Table 3
Year 1928 Year 1949 A B C D E
Element Pinion V\rlpr%el Pinion V‘III%' Pinion V\Ipr%el Pinion Wpr%el Pinion V¥Pm| Pinion V¥|hr%| Pinion "I‘I%e'
Material (see Table 2) |l I I I Il I 1l I \Y Il v v Vi v
P.CD., inch 130 162 130 162 130 12 124 B wue 44 104 10 9% 109
Face width, inch 60 | 40 3 315 295 26-5 24
Face width/pinion p.c.d. 461 308 2-54
Loading P 575 865 1,050 1,145 1,310 1,630 1,920
P/DeW 110 165 200 225 210 360 450
Pitch of illustrate eﬁect of workln
égt%h EII:] hg/ ?(tnf elaﬂlve maXImum v%@éldgfbﬁ 0-55 0-60 0-45 . 0-55 0-80
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A B C D E

Fig. 4—Advanced gear design compared with 1928 design for same torque

relra le values of these factors becomi n availa Relative  a desirable margin of safety on the suggested permissible limit.
|[frts an eosts Qqunrts esr ned on egbasrs OP tese actors J Y % P
r transmrttrneqnt %

ame torgue as the gears referreq to | Mi P di f the Ordi M i
: ﬁ] 13,8'[ it ol umn% ?,[ tae?e ang inutes of Proceedings of the Ordinary Meeting
Fli I r?lrust(r] I the i %— acllitate Held at the Institute on 8th March 1949

tin ation In sjze
% rrsrr)rénree Fe %Qﬁglﬁgaﬁ > Elr %Leegea%sn E Teﬁ r? J]m Ftte h @ln ocrﬁtmfw meeténg wasrﬁeld Fat the lgst:lm?r %n Trlrjreasndagf
Rtk

ouncil) was 1 the Cha rentitl e
an%SI Yl ES efn SFRSH%OSSHSSH ?sac er extendegtte evelo ment O? arine i(edHCtIB garing avrs
T%%?e 4 gin whrfc?r partro lars Qf the gears In uestron are] Irste{ emberg Was 1ead. an SCUSSG?Z IX& Ht (ql ers and
the last line o tooth pitc vrsrtors were present and six sp ea ers took part Il the discussion.

table giving an” |catrno
varratron as [)eferreg toInt etro;g/é)ffrtt A D.Tim soné gm er o osed avote of thanks to the
tis to r%cor%nrze g that th rence between the 1949 authorr which was accorded wit cama ion.
desrgn and “Sc represents what 15 today regarded as he meeting terminated at 7.30

Discussion

Vrsrtor? said tir(at there were, no. doupt, record cIe rly more informative than |ts ede gssor since
give rise ta considerahlé ,t reveae bot actual nature of the. toot sur ace wrggn

H\ l%/gOIﬂ'[ |n EV\P GJ hich wo

ISCUSs|on oul | N0 COH ne hl attentront one or larit 95 an OSS e sources of error in the %ﬁ r'm 8

'[WOP mts W IC W re WOFT rt}p ification an furt er ma ter pItch  wave Waf %BSH ? Y a socae
f&thﬂ or the e longer un

‘I ara a pﬁa erteaut i aok trut the grinding whee
(e ehre totegro emso ear ro duction as | éarca
In the manner of their solu It was genera ¥ a reg that "
consid era gr ress rt]a een made In” the ” cro o = OI?OI
accurate gear mcglt st few years and evi enlg e
H]roggess ade was eary shown by the curves in Fig. 10

ﬂesregn and deveIOé)rH H rif new methods of measure-
me t In t arey 3r yea a g Y Jy ntnrfort nt art
\Irrrr]at t%pm trasgnroC r|n|s‘nYtorrotcte sgshgtrrc as sLa\l}m i
arf] rrngrn terewasangerPfor?urther refinement | met?,P
asurement to me?ét e mQre exac rn re uirements
advantages which. could arise from rern ments 1n - m asurr
tgc nrt e Wwere q lustrated Ry the recors |rrt
ug) per recor was tg/eprca one taken .with th undulatdon
cor er. Irts traverse lengt was ag roximatel |‘1c and It
nr}rca ted that t ear tpoth ﬁ e was refati e sm?ot
esult was arable wi suremen ned from
[t h it t

apped or shave rs and twoufe a eartsh %e contact
eFt\R/een the matrnﬁg tpoth surfaces was v%P satr actor rﬁr

the aid, of more sefsitive measur 9 Cp eJrlba tter preer

tion 0 tﬁ cltua contact. condjtjons_coul tain

examoet ?wer record In qN re reFentn? g. the same Abov Record t en  with undulatron I order

alehar ootg surface, was obtained ‘with a Ta dv %r ?]trurrﬂﬁnt traverse Ient 2 Inch, below reeor aten with Talysurf
ich had been set-up to provide a traverse of 2| inc nstrument, traverse lengt inch
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which approximated .to about 1 inch in length indicated Admiralty in Decemh r 1915, to shot peen by projectin
tac of truth prPf the machine gu? mlsur aces, J h s e|th %m a centri uga? projector oP by steaPn,Jarr 0
He was not su gestrn% that |h as essential for the measure-  magnet |ca
menthof m nn e gmaggrfrc%ron

S to USe suc sca

which In the { examrﬁe amount%g to %88 e % % P%Ie RN. Vrsrtorg said that bnefllt{
was ample sco or aP led. research. on the ev? ment 0 th author d |nd|c ted the adva aﬁ; s which were now ava

measurl ge1qur ment to provi ee ective ¢ ntro 0 c |n|n 0 ever F é m. The first a vantag
8rocesses here was also a er Ite nee unif |e was the .ass ra c)e of re mﬁ' ﬂ j ﬂ life, and the se oa
fmeasure(m nt so that results o talne r erent ac areducn nin |rst cost, wher, %va tage_ was ha en o

Urers cou ompared on t e same asrs enee esign of improved gear-Cutti tec ni ue The thjrd advan
atter was ¢ ar Vi enté) _the numerous tXIpes ace a het ou tthatt

eacm}parator |c had been d | recent years htq ave d |med afurt er advanta e m the

tau% Wwas a ?]Vlﬂ
or mI(% tnl
type ot Instrument Satls oca requirgments ut Some )%/reat increase qu etness eratlon ccuraiey ears

of standardization on instrument design was ver ere Surprisin et and every o erator wou reg With
grra J ) m w é’n h %;Y %at very § fandard o tﬁg Fd q<eep

le.
J dA ppendix 1 the auth]or stated. tgat the Qeed fo{ a high  room crew, whet or Indi ferent they wou
%ar ccurac for the mam in exmkqé nvg roar wat etter In qurete con ditions.
ogbin mac e S not so,\fnt al inac e %c Ine dvanta es. could dbe obfained onI P]y the hrighesA
?sln aSOI ta e machine. No doubt it wou é] 4 (i f n%a so gear im tEP?tn author’h
r? ort or this ar ument enc ns errng ene icial  Taid onﬂr the essentra S, wrt whic W |n t eAd}mra
ects over fro cu{s 0T { a vantag mos con urred. ex were, first, t ear hab
was to eta en o ¥] enﬁ Its w |ch mr rise from a cregp  mac ouI e u the highest ade Iar own In t
hine In com ansg a solid %e mac Ine, |t seemed ritl ta dar ecr ication: secon the. machin
mt at the sta h of acc adc of the indexing worm shou T ouse | temperature- contrL dOB Itions: andé
ethe same for both types o thrrﬁt1 Hat a ? mgS Focess sEuI employe
forther oi twhrch had some beannﬁ on this problem  Nothing ess would,_ suffice. S0 far as he knew, t ﬁre wee at
was the act th ree rng.was n rH é InIts ow resent“only about four gear oﬁbm facl Ines in t ﬁcountrg/
crad ern the ear oh n mac ine 3n the perio c rrors 0 rat an ate arge ones, which w up to the British
the Ind exr orm tnsgrar e retlected In the teeth o tecreeﬁ tand ification Grade A. ere ere however qurt§

gar. . In tfe case 0 r teeth he worm error wou um er 0 ot er mac mes on whrc con r ver
IV rise to a variation In oot orm and the resultin |rreu re inement wo was ejng dane, and w wou
|t In the ta emovement would be similar to t ato come up to B.S.I. standards in are so a od o trm
ta machine,  For thjs, reason alone a high stand ar there were many m re machines w wr a ong wa e
accuracy for the worm drive was very essentiaf. stan an mut e over uIe wer
ears. wf at ulor er boo

a mach h or OVEF

ihade. it very pitfcult do-art
0.BE..MSc, BME, RAN, Hl(Teltvehgﬁ 59 oaraneto aT

that no one would advance the argument
gretear(;\?”{g‘” efﬁﬁe%'s@ éo ﬁfﬂ?le Eelrrceasle %egﬁt sl thCtm'g that a sub standarg machine was per ect?g satisfactory Yor the
ggls t0 abolish. cmulalive nitch efrors. al oug?r ihe class_of work which it was called upon to do.
h ? uce t(i ade reg where ﬂre woudbeo no nuisa ce t The author .had shown most clearl that it was a bad
single ero hqe(i However, an grror in cumu atwe pItc husrness pr?pO Itlﬂn {0 order a 8 a or ac urac;y]fh
w dou jcal gears, must produce a tendenc xra ormanceg WhiC ssa % e Tactor 0
unt mo the pinion; with coBse uent excefsrve to% % Am Ptlnﬁ suc X ahya |n {nore for a
and perha |Qorse It might be theoretica %ossr t at t e artrce than the e H WNOSe “SpeLIfjcatl n re urre
error |n ach and ever ortron 0 Rmron and t]ee wou hest gear- cuttmrq sta ars ope e] B
cance 8 other out, thrﬁ was not a practica squtr N, Je trnuo nefsg lh brin ore and more ohbing
e wouJd much. appreciae the authéars comment IS mac es U r|t|s Specification.

the matter, an aﬁo on an Etarls which the aut or ere

as OHGnEOIn on WHICE € Was ﬁre areq to ar ue

as[)ectﬁ
t have of the osses. which might be expecied due to the the author, namely the remarks in the paper about
%ﬂ |["thrusts with an mstaﬁatron ot smgﬁepheltrcal gears. E) [0CESSES, 16 4 author showed such a. mar?< i

erence [ ear avrn as fo give the impression  that 5
of l;ltihe ﬁUthOE(J;XIrensﬁHl eco\nvtagt aEPIP(fa{Jenlﬁ)orﬂf F ggrrnemo e'[tehﬁEﬁ g§ﬁltn WﬂS IC'[U? n?r ra
{

e a nat
under selective shavin Inion View or one w 0 Was an ent usrag [for sh vrng )
Frnron were use or astern work gwoulld b% ta?d ahl t as et T ere was n evr ence IOh ge ? at hthe
oad\ onone & onl r& if erebore th]e system_whic efa e r {0 those"of the other
author later illustrated an dle ed, where the aster drrve '|5 ers na ””0” wasr av avrn compard
Was y.a Separate pinion, wou p ar to be essentlal. He @ eres UC er, a S N0t rue out, an
would’like the authqr to comment o was, he be |eve Ie of gwrn xt emey good results.”

h [ nfrrm h in Tabl
1for)-1ﬁ erm%sodeseteautq%%to co the date in Teble com’r {J H. Joughin, R.N. gVﬁrtor sard that he woulg
é ugh to tm[r)ose stresses frrst o % on threevj%or ts of ‘detal he first oncerne
%ue failure, the qr 'E Ich were nowb

e BT B

88e3d§s”t ¥ sl consrruseraEt/e “”srt”n a é“h i Sftoneq” g ﬁeettteh“rtatre tal 5 q“'éew%stté

geseen]rtn ! t0, ind uce surLace compression wou eer%rs stt onId prre rthto Ithrntkt ttt ere were aFQrecra P %ams to

P, i R L L B
bl T vl of e o

sults of 0 OCGSS Were.,

when th ewo(r mac ined, the
of surface tensiqn. in ufc rinding was. ans
ftren 9ams atrdH al ure o the rodt section coul deb outdt ue o dom this, ere might be a
%r ey Increase esate of syrface com ression |n uce reat ea alue in te Hﬂout t e rea oin |t He
eening. as of st rrca Inter stt thet en Engin- urte aeqrreed that tPe mathematics could be worked “out, hut
eer Lreuten nt-Commander Barry Hocken, . proposed to  they were starting from an at present unknown position” wit
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regard fo tooth Ion conp}entratro and therefore the a}dvance ssrbl Ioadhwas %roportronal to that area multiplied by the
Was unmnowp ntil they had trie h As an eng rleer ear
ggsted that | tbey trreg ore they wou

e sU ero
vantajgce]s to e game ttroonnjtrt) “w?m much” greater con(#denﬁe agrst (proedt?cueﬁdirr% %E ”; Frf pr%fottrrheetrzrjthtﬁgta'orr{das? glr s?ueril)?ned
H E to ta e acﬁvanta ¢ o? modern hfigout % rTt]| f ?He

) |th regard t0 srngtle helical earsthhe thpu Ft thahrn th o or o iy fink |I|t
Eérlrsndr because ee frtte r wrt% tlerr(r)acur b?r(tr(t)he ryhai Lansmrttrn the |0% B ngfu those srzesgpau?ph str{sses
ecentF heen ex erYn% ?PS%PZ e gro% ?‘hprrrlg sofr% tere were about the <a e as had een use turbine
ther{ ar u rc% nd single he ter?/ gears orabout twent ears Itwrth i

al n page 92 the au hor ae

adjustment. of pini
hgelrx in "oyder to rocure unr%ormh}/r u? d Jrstr{rlt?gtron ﬂ

a was that one sumedha OH
fhe ectron |n|on S at an

astp ng strucﬁ b}/ eater ease o? Ht

wit srn[g erca) dahrs eH ﬁ match their helic

a F he mere fac It ad a(wastouaht In tgrmso

g(r)oune heelacrgs ik eoclaudsentt rvr}ere Csrn We[ner ina opiing e made the helix in suc a for %0 e the con-
He%elt that ?he author had F q rea% se}r]vr%e b[Y g'V'”g Verse of tHat ong wouId get tirnrform Ioa}d dnstrr } HW en qQne
seow twasnp vailable an vapta

ut t gl’SIﬂ EIVICE. was {ne sort o C
il e : ir;tt{pg o M aargagprfta% Ml it

e ta%rn a SUrvey o what mrﬁﬁ
{uture Pre Wo (ht ?est that theé/arsghod_| %

;an and cac at d I% rm

in
(f gdplorrr?%ég?ee tﬁatﬂcesBOﬁSIdH %rerg(r}drn[?d earsmr%ht% Wouf(? ac§ atte btutatt he author, 1 teevclgtlrjrs EJmIr(s tergraterft
use : p marh/tw eels ?rt é\er U tron 8ears and N nhUSthllnk Wecr peop Ieed aarlenaa |ttertrrp]%ferr]r(t)st
ngs edE@ ‘here tﬂmm 'dﬁn'r” Isth]g erjonlxa amtaee?lr hvﬁppp Persona l}q herg} {e he wou?dn tha d th ﬁuthors
be seVYt (P un an mit o loading €O idence in ssuma 9 that | a pinion were made In that way
rs train wou e, say or merchant sh rps the result was bound to. err
He would su estt those who were thinkin oft% On the su ect of srn Ie |caI ears theq estion of thrust
their eaﬁ prohduc(t]r p?ant ug date Eh some ﬁ Bg g wsrarse an use a not been mae
r0Ces ]ah ea/ should. ] |I|ty of t grrn In w at tho to asht ?yrown %verr sglstem r whrch
rOCess. thor ornte roundgears one aced a co on eac t.In su that the ax
Emes re erreg {0 as ars whic Heeg n%t Hec s%arJy g ?rnrst ed trrrrlrjon Ogh h Plnlon gvrasestrgﬂsrrrr]rmegortr rou§ i ee Vsﬂne og] 'P
nt/atge“n ”He amegfarr etgdﬁ Or|r grtr ﬁnﬁom te”teer Lthe system was sglf? L in res%ect o?en thrust. elehat ad

ornt o vie at wi aA( ten% such as th ﬁors een Used. toapertarn %xltent g/ rown Boveri, and feeme
t\)/le rinding mi t rocess which made it av considerable possibi tres vep in ar eg fs. af
ossr%,e to kee ger con?ro teaccBrc and o%w hat.one cu ar test of\ such cone ad ound
Rr n ate ra be simp w n rind- at It was well up to anX &re ujrements. %ye oad ca?
% ?ch %e as ogposg tot e ho 'Hé’ mac | e, m ke it was verK Igre t, because the su ac s were amost exa tly
et b s Bl ol el e |
appreciate the authorscomments ont efuture use olt gn% gy of 169 rgh 3 d a!h gut AL tﬁgn\}vegr to sa on haio Ssu(;hvapt

a er
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Discussion
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