
I h e  \tc;rm m;~cl i inc l -y t iow he i i lg  l i t ted  in [ l i e  new A t i t i -Subm;~r ine  h - iga teh  i\ 
01'  i t i t ~ r e s t  h c ~ t l i  l l i s t o r i ~ i ~ l l y  ;II~CI techt~ ica l ly .  I t  is altnost cet-rain t l iat il \\ i l l  hc 
s~rh jcc ted i o  cons ide r~ ih le  c r i t i c ism l'rom those w l i c ~  havc t o  opct-ate ancl m:rint;lin 
i t ,  ;I\ i t  :~ll.c;~cly h:ls i ron1 thc va l - io~ ls  f irms \v110 havc hecri crigageil or, i t s  1,rtI- 
t luct ion.  W11etht.1- 01- not i t  .;tat~ds t h c  test o f ' t i m c  i t  is impossib le l o  iOrcicll, hu t ,  
\ \hatever ver i l ic t  i s  evcn t i~ :~ l l y  passed up011 i t ,  i t  I -el~rcsel l ts a t ~ - e t ~ i e t i d o ~ i s  co- 
ol,cr;~tivc cltl)l-t b e ~ w c c ~ i  t l ie  At imir ; r l ly  and  I ndus t ry  i n  I3ritail i. allcl t l lc  I<o \a I  
Ca l ia t i ian  N;lvy and Cati;itli;rn Indus t ry  \*;ill? t l ie A d n i i r a l t y  : r t l i l  l3riti\li litnii\:lo 
p r o d ~ t c c  [ l ie  hcbi  tha l  can hc col icc ivcd fo r  a par t icu lar  purpose. 

I( has cc>tnplcted b l ~ o r e  t r ia ls successl '~~l ly, a t  i 'a~netl-atla, \ v l ~ c r c  t l ic  w l io le  o f  a 
ot ic sh;~l't set 01' m:~in elrgilies, hoi lct- and  ;~uxi l i ; l r ies w:ls sct "1, I'or rest. 
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l~listory 

I n  1948, compla in ts  were received il l t l i c  Engir lcer- in-Chief 's Depar tment  thnL 
i t  m'iis inipossible t o  construct  a moder11 A/S I ~ i g t e ,  because t l ie  wcigl i t  o f  
e011\~~1itiori;i1 s t ~ ~ r i i  mach inery  a n d  o f  i l i c  fue l  t o  g ive t l i c  r cqu i r cd  cntlurarlcc a n d  
speed was s o  great i l i ; ~ t  i l  c o u l d  o n l y  be a c c o ~ n ~ i i o d a t e d  i n  ;I sh ip  w l ~ o s c  dis- 
p l a c e r n e ~ ~ l  \ v o ~ ~ l c l  he t o o  large t o  ; ~ l l o w  i t  t o  be m a n c ~ ~ ~ v r z a b l c ,  a n d  w o i ~ l d  b e  
~ 1 1 d ~ 1 l y  e x ~ ~ c ~ i s i v c  1 0  hu i l t l  ill tcl-nis of manpower  a n d  t ime. 

I - l i c  Eriginze~--i l l -Cl i icl ' ,  t l icrchl-c,  ~11 ide1~1oo l i  1 0  irivcstig;ite t l ie  possibility o f  
Sul l i l l ing the  I-ecluircments fo r  h o r s c p o w e ~ -  t o  g ive the ncccss;~ry speed ; ~ g ; ~ i ~ i s t  
~ i ~ o d c r ~ ~  suhmar i~ ics .  c o m b i ~ l c d  ~ ' i t l i  vcl-y goot l  etl iciency ;I[ l o w  power  t o  give 
l o n g  c r~c lu~ -ance  o n  convoy  duties, w i t h i n  :I w c i g l ~ t  o f  ~ n ; ~ c l i i n c r y  piu\ I'ucl w l i i ch  
w o ~ ~ l t i  he i~cccp l :~h le .  To :~chie\,e t l i i s ,  i t  w;rs necessary t o  r c d i ~ c e  ( l ie  tota l  weight 
o f  t l ie  mac l i inery  allcl l.uel (1-on1 i ~ p p r o x i m a l e l y  45 per cent o l 'a  k igatc 's  clisplace- 
1iie11t t o  a l i g ~ ~ r e  of t l ~ c  (11-der o f  30  pcl- ccnt .  I ' l i i s  again i i ieant  a I-ecluction 01' t l ie  
order- 01' 35 per ccnt i n  the specific weight o f  mac l i incry  ( i n  p o t ~ r ~ c l s  pcr  sha l i  
l i o r s c p o \ ~ ~ c r ) ,  c o m p ; ~ r c d  t o  the Dciiiir:. Class \vcigli ls. 

T l l c  Yar row/Er ig l ish  Electr ic  Team, I'o1-111ed ill I946  t o  ~ r n d c r l a k c  a n  A d r n i ~ - : ~ I l y  
deve lop~ i ien t  coritl-oct, h;id been invcsi igat ing new designs of mnc l l i ne~-y  l i > r  
dc t roye l -S .  t r y i n g  t o  make  the hest use o f  a l l  t l ie  a v ~ ~ i l a h l e  knowledge x n d  t l i c  
ab i l i t y  o f  lit-ms i n  t l ie  CJnited K i n g d o m ,  ancl l i ad  ;it t l i i s  t i m e  rcacl ied t l ic  end  o f  
t i le  p re l im ina ry  i~ ivcs t igat io r is  i n  t l i is  l ield. .l-l i is was the F o r m ~ ~ l ; ~ t i o ~ i  o f  con-  
clusioris o n  stcani condi t ions,  t l ic  type o f  boiler- design, feed system ancl general 
layout  o f  n ~ a c l i i n c r y  w h i c h  w o u l d  give t l ie  gr-catest endurance a n d  m a x i m u m  
1101-sepo\vcr fol- a m i n i m u m  weight o f  rnac l i i t~ery  a n d  S L I ~ ~ .  

1-lie above prqject  was, 1iowevc1-, 1-el;itcd t o  destroyer r i iz~chincry o f  npprox i -  
mate ly  [\vice t l ie  powel- ~rcqu i red i n  the ne\z A,IS Fr igate  pro.jecl. Moreover ,  t l ie  
weigl i t  aricl p : r c e  occupied was re la lcd  l o  a 2-~111it sh ip  ;III~, ; ~ l t I i o i ~ g l i  i t  ~ I i o w e d  
considcl-able i ~ i i p ~ - o v e n ~ e ~ ~ l  o n  t l ie  f)c~riir:,. Class, i t  was no t  appl icable di rect ly  
t o  t l ie  1'1-igatc prob lem.  n o r  \ v o ~ ~ l d  i t  ; icli icue the extent of' saving required i n  
weigl i t  a n d  space. 

1-l ie 111-gcricy 01'  the ' ~ i g t c  p r o b l e ~ i i  was s o  great, Iio\vcver, that t l ie  tcani  
eng;igetl on t l ~ e  pi-evious i n v e s t i g a l i o ~ ~  was \,irtually ~ ~ ' i t c l i c d  coniplcte ly o n  t o  
t l ie  so-c;rllecl ' Y .  100 ' pro.ject. 1- l ie team, which \?as r u n  by  Ya l - row CO C o n ~ p a n y ,  
L t d . ,  L I ~ ~ C I -  A i l n i i ra l t y  contl-act, inc luded n i e ~ i i b c r s  of' t l ie  Engl is l i  Electr ic  
C o m p a ~ l y .  \v110 li;~il cc>ntributetl the mail1 ~LII-hinc i ~ ~ f o r m a t i o i ~  \vhicli fo l -mct l  a 
large part  o f l l i c  hasis o f t h e  previous invest igat ion wol-k.  -1-his at-rarigement I iad  
10 he i ~ l t e r c d  t o  meet the new c i i - c u m ~ t a ~ i c e s .  

I t  \\.as decided t o  deal \virl i rhc Y.lOO p~-ob lern  i n  a way \vIi ich l iad  riot hccn 
~ ~ s e d  hefore. wit11 t l ~ c  oh.ject o f  ob ta in ing  l l i c  best that  c o u l d  be pr-oducecl i n  t l ic  
LJni lct l  K i n g i i o ~ i ~ .  l l i c  l i r s l  i ieiv f c a t ~ ~ l - c  was t l i ; ~ t  l l i e  mac l i incry  d e s i g ~ i  \ v o i ~ l d  
have l o  he p ~ ~ r \ u e d  wel l  : i l ic;~d of' the sh ip  design. ' I l i e  second, t l iat i t  \ \ a \  
dcci t lcd l l i ; ~ t  a l l  sli ips o f t h e  C l ;~ \s  \ v o l ~ l d  1,e iden1ic;il as I i r  ;is t l i c  m ; ~ c l i i ~ i e r y  \\,;IS 

concernct l .  Or ig ina l ly ,  i t  \v;is hoped t o  r111i one sh ip  \vcll alicacl o l ' t l i c  rest o f t l i e  
1>rogr;111111ie. al'ter \vli icIi the d e h i ~ i i  c o u l d  he re-cxamiriecl ancl niot l i f ied, t o  
incorpo~.a tc  the lessons lcarr i l  in <>perat ion and  r n a i r ~ t e ~ l ; ~ ~ l c c ,  a n d  fo r  rap id  
r o l c i ~ ~ i .  N o  local  dill'crences i n  l a y o ~ ~ l  h e ~ w e c ~ i  s I i i p y i ~ ~ - d s  W O L I ~ ~  111c1i he 
;lIIouc(I. 

I ' l i c  t l i i l -d l'caturc was the decision t o  obta i l i  des ip i s  fo r  as many  componcntb 
;IS 1 ~ ~ ~ s s i h l c  or1 a compc l i l i vc  hasis. I ' l i i s  i lcc is ion made  i t  necessol-y t o  exclude 
frc,~ii t l iz  in\ jcst igal ing teani rr icmhcrs o f  the E ~ i g l i s l i  t- lcclr ic C u m p ~ u ~ y ,  \\l10 

w o i ~ l t l  be compet ing  fo r  l l ie  tul-1,inc tlesign. I n  order  tIi;iI tliel-c slioulcl he n o  
t l ouh t  01' the pos i t ion  of Mcssl-S. Yar row.  Sil- H a r o l d  Y a r r o w  in fo rmed  t l ic 
A c l m i r a l ~ y   hat l ie \klor~ld not  p i l l  f o r w ~ ~ ~ - d  a bo i le r  tiesign, 5 0  tha t  l l iere w o ~ ~ l t l  
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110 d o ~ l b t  :thou1 tl ic impart ial i ty o f  the selectioll o f  ~ i iac l i incry wli icl i  t l ic 
(cam would recommend t o  the Enginccs-in-Cliiel'. T l ic  boiler dcsign was 
competed for by four t irms and the turbine dcsign by tliree. A widc range o f  
designs for cacli auxil iary machine was also ex;irniricd. 

13" thc cnd o f  1948, i t  had hcen concluded that tlie largct weights coulcl be 
:~p~,t-~;~chctl, and prclini inary investigation 1i;rcl enablcci the team to sec :I 

reasori:lhlc solution to the gcncral problem. 
I h e  R.C.N.  embarked ~11)oti : ~ r i  A r i l i -Subm~~r inc  Destroyer Escort dcs ig l~ at 

about t l ic sarnc time, ;rnd wcrc looking ~ r o u t ~ d  for- suitablc inachinery. Early i n  
1949, the present Engineer-in-Cliief o f  t l ic Royal Canadian Navy  was sent t o  
thc l i l i i t cd  K ingc lo~n to investigate the possibility o f  ilsilig 1-eccni Rritish dcvelop- 
ments, i l ic  outlines o f  which l iad bcen discussed briclly during a visit o f  rcpre- 
scntativcs of E.-in-C.'s Department, Admiralty. to  Oll;~\va i n  Septcnihcr 1948. 
As a result o f  this visit, t l ic R . C . N .  decided to use thc Y.100 dcsign, to  order 
tlic lirst set o f  machinery i n  the Unitcd Kingdol i i ,  ai ld to  set LIP manuli icturir ig 
i i~c i l i t ies it1 Canada to produce 111;rcliincry for ihesc sliips on a ' line pr-oduclior~ 
h. I :. \h ~ I i i c h  would give a vcry great capacity in  t imc o l ' ; ~ l i  cmergency. I t  thus 
bccamc thc basis for tlie creation o f  the first complete tiaval macliincry nianll- 
l i r c i ~ ~ r i n g  f i~ci l i t ies in  Canada. 

1-his decision resulted i n  what liad originally hccn a Lairly tight programme 
[ o r  prototype testing and product ion for orie prololypc ship, becoliiing :I I'ral~tic 
I - L I S ~  to  mect t l ic Cnn:ldian d:rte for tlie f i r s t  set o f  tii:~cliinery, to  bc deliver-cci 
befcxe tlic St. Lawrcncc froze,nt [lie c11d o f  1951, a n d  to anticipate this by at 
le;~st six months or shore teslitig of our own prototype set at Pametrada. I n  
LICI, oi 'co~~r-se, tliese dates wcrc riot l'ully mci, although tl ic first set o f  boiler-s 
was delivcl-ed i l l  Canada i n  Octohcr 1951, n. l ic t~ tes t i l~g  o f  the prototype plant 
a t  I'anictrada 1i:id only j ~ ~ s t  star-led. but, since delivery pr-omises l'or steel 
I'oI-gins> and castings were generally at leas1 six mor~t l i s  f rom the timc 01' 
order-inr, tlii.; was ;I consider-able achicvcment. 

A l t l i o ~ ~ g l i  otlier factors huve causetl dclays in  the co~ i i p le t i i ) t ~  o f  sliips to bc 
f i i t e t l  \\,it11 i l l i s  machinery, expel-ierice sIiourcd that tlie margins o f  t imc origiri:~II) 
aIIo\\cti I'ol- shot-e tesii119 i n  i l ic  programnie \vcrc inadcqu;rtc. Nevertheless, the 
irelnendous criipli:~sis pul  lip:)n complerioll o f  the pr-oiotype anti the first sci k ~ r  
C'ilnndn within 2 :  years o f  the start o f  detailed dcsign, h:rd a psoSound inlluencc 
o t ~  many oi' the decisions taken 211 the t ime in tic:lling wit11 tlie macl i i~ icry 
desirn. 

Ha\ ' ing completed tlie desigli, the Korcai i  War and a conscque~it speed-up i n  
p lanninr  ['or a]-maments. oti top ol ' the Sull mcrcliant shipbuilding progr:Imnies 
In the sliipy;~t-ds, scl some new problems i l l  tl ic o r fan i~a t i on  o f  ;I prod l lc t io l~  
programme. This is o f  particular ititcrest, hecause, 1iitlie1-to. i t  l iad bcen the 
almost  inv;lriahlc practicc for the shipbuilder of i inval sliips to rnanul;~ctul-e his 
own main turbincs (unt i l  secetlily usually to  Parsons' design). I n  this c;rse, the 
~ x o t o t y p c  sct was made hy the designers, tli' E~ig l is l i  Electric Company, the 
l i r s t  slii[,'s set l'or t l ic 1I.C.N. was made b> Messrh. Yi~r-t-on for C;~l~;rdiilri 
\'ickcrs, :rrld i t  \\.as consider-ed rlecesh;ir-y i o  start m ; ~ n ~ t f l ~ c t ~ ~ r e  01'  t l ie firs1 
ship's set l'or- ( l i e  I f  l~irhr. Class bel'orc tlic sliips tlienisclvcs l iad bee11 orclcl-ed. 
i f  ( l ie macliii icry was to bc ready for i l istal lai ion by the tirnc tile hliip was 
I n ~ ~ n c l i e d .  

T11c orisin;!l idea nas that firms slrould be askcti to spcciali/c in  i l ic  malirl- 
I:lcture o f  tlicse lurbincs on  a regiotial hasis. i.e. Iliar o t ~ c  l i r i i i  o i i  i l ie Clyde, 011e 
o n  tlie r y n c ,  one in  tlie S o ~ ~ t l i  and  one on tlic West Coast, w o ~ l l d  be toolcti "13 

to  satisSy the rccluirc~iicnts o f  all the l irms in  thal area w h o  \~,ould be hui ldi l lg 
sliips I-equil-ing this machinery. The dilt iculty o f  obtail i i t ig agreemetit ;rmong 
ihe  shipbuilders themselves, and also (l ie nced to n12rkc as many firms as possihlr 



k~11li l ias wit11 the techniques 01' manui ic ture for model-II naval turbines, causcd 
this policy to be ahandoried, hut it i s  indicativc oi' Ihc considerable ali lbit ions 
wli ich ;~cc~ rnp :~ r~ i cd  the start of' this programliic. Messrs. Carnmell I ~ ~ i i r d  
 greed to undet-take the rn:~n~~l:,~cti~re o f  the first ship's set before the ship itself' 
was ot-dcred. T l ie  suhscq~~cnt  administr;~tion l i : ~s ,  however, been simplified by 
the klct  tliat the slrip was also ordered I'rom this lirln, i ~ l ~ d  the same has applied 
to suhscclucnt ordcrs. 

11 was clcar, when filcctl with ;I ~1em;rnd to I-cduce rnacliiticry length hy some- 
th ing v f ~ h e  order- o f25  per- cenl in  100 l'ccl. that normal dcvclopmet~t would not  
acliicvc t l ~ i s .  I t  wits il iercforc p ~ ~ t  forwar-d hy E.-in-C. and  accepted by the 
rcspot~siblc drp:rrtmcnls tliat some Oumagc Cor~lr-ol  rescrvc i n  the ship would 
have to he s;~crificed i l l  ostler to gain t11e ~iccess;~ry weight i ~ r i d  space, ; ~ n d  one 
engirre room and one boiler room were tlierekire acccpted. A further- lnajor 
dccisiori was tl i ;~t thc design shoultl be such tllat, i f  one con lpor~cn l  was pirt out 
o r  ;~ct ion by enemy action or by nol-mal breakdown, only 50 per cent o f  Cull 
power could hc attained. This policy was rctained throughout, except i n  the 
case 01' tlie li>rced lubrication prtrnps, u,hcrc two pumps arc i t~s t i~ l led ,  cacll able 
to stei111i t l ~ e  ship at I'LIII power. 

Boilers 
The  steam condit ions werc decided OII the basis of the tcmper;lrure bvhielr 

would give the reilltired eflicicrlcy, hut cotrld still he regarded 21s cor~vcnt ior ial  
;111d ;IIIo\Y riormal mntet-ials to  he clkecl 1Iiro~1gIio111. I'liis W:IS settled ;l1 X50 F. 
The pressur-c W;\\ influer~ccil hy tiiany lilClors. sincc a l'nirly wide range of 
pl-essuse for ~i i ;~chiner) o f  this total pn\r,cr could he ~ ~ s e d ,  wi th very l i t t le 
alteration i t ]  the ovcr;ill eflicicncy. f ' rudi~ct ior~ considerations were thereli>re 
given cor~sidcrablc \vciglit ;II!~ 5 5 0  1h:sq in  was cve~~ tua l l y  fixed 21s a pressure 
\vhicli \vould cniihlc steam d rum ihicknesscs, pipe ihick~iesscs ctc. to be as 
S;~\,our;~hle ;IS possihlc (I-0111 the production point of' view, as well us giving 
:~pproximatcly opt i t i lum overall ctfciency. Coritrol of' 1l1e steam temperature 
\\.as consiclcrcd desirable so that i t  could be lo\\,cred while mane~rvr ing,  when 
d;~r igero i~s s\vin:s might resirlt it1 shortetling (l ie lik (~ fs t rpc r l~ea le r  tubes, pipe- 
\\ark and t~~ rb i r i us ,  and, on ~ I i c  o i l ~ c r  hnnd, t l ic i 'cr l l  len,l)er;~lurc could be 
ohtainctl ; ~ t  very low powcrs to give tlie maximc~m el1i:iency under cruising 
coriclitions. I -h is  policy has beer? ful ly vilidic;~tccl hy experience i n  the prototype 
trials, \\,here corisiderahlc temperatr~r-c swirigs were experienced ~ ~ n t l c r  r i ~ ~ i ~ n r r u v -  
r i ng  conditions. A s  (lie len1per:lturc w;i\ set at a low figure tionc ol' these. 
ho\vc\,er. reached serious propcil-tions. 

Tl ie sclccrion o f  the boiler- rvas b a c d  or1 a r i ~ in imnm weis l~ t ,  combined \vitli 
an estimation o f  ~ l i c  fuel \s.ciglit \ \ , l ~ i c l ~  \sorild be lost througl i  the inelIi.cicncy of 
11ic hoiler at t l ic po14cr at w h i c l ~  ~ i i a x i m u m  ctidurance was rccluired. I t  i s  worth 
riotirlg II~:II, ;11tl10~1~li :I Sorced c i r c ~ ~ l ; ~ t i o t i  boilel- was considerably lighter tlinri 
t l lc r ~ a ~ ~ r r a l  circ~ll:rtion hoilcrs i t i  wcigllt of rnatcri;il and wxtcr, w l ~ c r i  (he l'c~cl 
co r i s~ ln~p t i on  absorbed by the forcecl circulation pump was take11 in l t i  considera- 
tion. il d id not slio\v Lo atl\,atil:~gc i n  respect to  the total wcight o f  i l~ac l~ incr !  
a11d f ~ ~ e l  ;rbsorbcd. This silu;~tion, ho\vcvcs, h:\s l o  hc rc:~ssessed for eves\: 

i~ l tc r ; i t io l~  in  r c ~ l ~ ~ i t - ~ ~ i ~ c ~ i t s ,  SIICII ;IS t l lc r:ilio o f  ~ i ~ i ~ c l i i r i c r y  weight to  fucl weig1i.l 
c:~rried, and t l ~ e  perccrlt:rgc of i'ull po\i;cr ;I( wli icl i  the maximum eni1~1r;tncc i s  
rcq~i i~-cc l .  I 'he  boi lcr sclccred was a Rabcock 9r Wilcclx clcsign. I t  i s  n boiler o f  
low wcight, and has a simple ;lnd ingcriious method o f  contrclll ing steam 
icmperat ~ l r e  by dainpers. 



Oil Burning 

I l i e  \veiglit o f  t l ie  boi lers i s  l ; ~ rsc l y  depende!it up011 the f t ~ r l i : ~ c e  vc>luliie \vl i ic l i  
c o n s t i t r ~ t e \  t l ie  hasi.; o l ' t hc  desigii. A .F.E.S.  Hos lar  \\cl-e at ih;s t ime i levc lop ing 
the Iii:lli 11c;rt rcrlease {.ate registel- wi l l1 :I Luc;~:; bur-ncr. A l t l ~ o u g l i  they 1i:ld do l le  
s o ~ i ~ e  t c \ t i i ~ g  a t  l ieat rei;ase I-atcs ot' olt i iost 1,000,000 H . 7 h . U s : c ~ 1  St ol' I ' ~ ~ r n a c c  
vo lu t i i r .  i t  \\;IS decit lcd that t l ic  Y.100 bo i lc r  desiglis s l iou l t i  bc  hascti ~ I I  a 
l igure  ol' A-ni i l l ion 13.711.1Js/cu ft, since the o i l  h i ~ l - n i i l g  c c l ~ ~ i p l n e l l t  was st i l l  i n  t l lc  
c ieve lop~ i ia i t  stage. . I l l is  tiitl, i n  Tact, repi.cienl a lmost exactly t loub lv  t l i c  
f ~ ~ r n a c c  I'orcin? rates \vl i ic l i  l ia t i  heell u c d  in t l ie  pas(, a n d  i-esultcd ill a \cl-! 
col is i t lcr ;~ble rcduct io l i  of hc>iler s i ~ c .  I l ie hoi lel- desigi ict.~ li;~d, o l ' coc~~- \e ,  10 he 
satisl ici l  that  t l l i s  c l l ~a i i t i t y  o f  o i l  c o ~ ~ l t l  he I~LII-ned ill t l le  spacc a l l o \~ .cd  ;III~I. ;11'ter 
t l i c  h o i l c l  c o l i t ~ - ; ~ c t  I lad  bee11 aw;~rclcd, :I t lemons t ra t i o l~  \\;IS c ; ~ ~ - r i c d  out  \ \ l t i c l i  
s I~o \vc i l  \,er-y s~~cccss l 'u l  rcsul ls. Th is  me t l i i ~c l  o l ' c o m l i ~ ~ s t i o n ,  l i o w c \ ~ i ~ - ,  icivolves 
I i i s l i  ail- I)ressurc c11-ops tht-ougl i  i l i e  re~ ih tc l - ,  and t l ic  hIo\vers fill- t i le  Y.100 
hoilcr-S, 01' w l i i c l i  tlict-e is ot ie 1 x 1 -  boilcl-, arc des ig l~cd  for  ;I ~ i i a x i m u n i  l ~ c a t l  01' 
53  i t l c l ~ c \  o f  w:ttcl-. Tliis i s  app l ied t o  ail- casings w h i c l ~  cnvc lo l i  t l ic  ~ r . l i o l c  
bo i lc r  ancl \vli ich co11sis1 of  l igh t  st ; t i~~less steel panels. I l l e  test p r c \ s ~ ~ ~ - e  appl ied 
t o  t l i c  p~ -o lo ty l ) c  \\.;IS 90 inches ;111d t l ic  t e ~ i d e l i c y  of the bo i lc r  1 Ihecome 
sphc~.ical \vas cle:lrly t i isccrnihlc i ~ l ~ d e r  i l l i s  lest ! A lc:~l<agc (,I'only 3 (>cl- cen l  01' 
the l'u11 p o w c r  ail- rccluircmeni th roug l i  I l ~ c  gas c; ls i~ i !z ,a~id 3 per c c l ~ t  t l i i - o ~ ~ p l i  t l ic  
~ U I C I -  ail- casing. i s  ;~ l l c~wet l  hy  l l i c  specilic.ation 
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1Mai11 l'urhincs 
T l ~ e  ~rcc l~~i rcment  laid down for the main turbines stated tli:~t high cfticiency 

\\<as reqi~irecl at \,c~-y low pcrccntagcs o f  ful l  power and v i~ . l~~ ; i l I y  tlie whole w:~? 
1113 to  I'ull powel-. T;~rget figures were given fo r  steam co~ isumpt ion  and  n maxl- 
nir l l i i  allowable weight was also quoled, hut, at the same time, i t  was stated t l i ;~ i  
;I tlc-clutcliitig cruising tul-hilie would only be accepted i f  t l ic c111tcIi was ;LLI~O- 
matic. N o  suc.11 clutch had pl-c\,iously been fitted i n  t l ic Roy;~ l  Navy, i n  this 
application, and it was known th:~t the i ln i ted  Stales Navy I~acl not dcvclopcd 
one in  spite o f  attempts to do so. 

T l ic  p ] -ob lcn~ posec! to  the turhinc dcsigliing lil-ms was, tlicrcfot-c, excecdi~igly 
dilt icult. A design by tlic English Electric Company was fil i:~lly selcctcd by tlie 
At l~ni l -al ty,  ir~corpol-atit ig ;I dc-clutcl i ing cl-uisitig t~trbir ic,  sitice there appeared 
to be n o  otl lcr hope o f  meeting the endur:~nce rcc l~~i rcmcnts Sol- the ship.;. T l ie  
design con$isls o f  one main turbine and one cruising turbine ; the inail1 turbine 
being geared to tlie shall hp double reduction locket1 trait1 gearing. Tlie cruising 
turbine has an ;~ddit ional reduction gear mcshinj. with one o f  t l ~ c  f r s t  reduction 
\vliccls o f  the main turbine, and the automatic c l u t c l ~  hetwcen thc cruising 
tul-binc atid its gearing cng'lges or  diseng;~gcs ;~ccort l ing 10 tlie relative speeds 
of t l ic cruising and tiiain turbines. Both turbines arc controllecl hy  ;l single 
halid-wheel operating a set of nozzle valve cams o n  each turbine. Extensive 
tests lin\,c lai lcd to reveal any weaknes i l l  this clutch. I f  necessary, tlie cruising 
tul-binc can be cic-clutched hy l i ;~nd and tlie ful l  I-ange o f  rnancruvreability can 
he acliicved on the main turbine alone. 

Gearing 
I t  \bras decidetl il ia1 l iohhed and s1i;tved gears slio:~ld be fitted ill tlie K.N. 

vessels, since British industry was ec l~~ ipped wi th h o h b i l ~ g  machities atid shaving 
tcc l i r i i i~ i~cs  wel-e being developed. Thc clesign o f  gearing obtained f rom Messrs. 
I l av id  Brown bi Sons by  the English Electric Company, when put t ing Sorward 
their tender, was accepted. 

As ;I re' ;~~It  o f  131-itisli experience w i th  hardericd ancl g r o ~ ~ n d  gears built for 
1I.M.S. I)i<~/trr, and the opinions expressctl o n  the f ~ l t u r c  de\,elopmcnts i n  this 
lield, t l ic II.C'.N. deciijed (li:~t thc  r n a l ~ ~ ~ f ; ~ c t ~ ~ r i n g  capacity to  be set u p  in  
Canacla s l i o ~ ~ l d  pc rn~ i t  tlie production of  hardened and g r ~ ~ u n d  gc:~rs,and to this 
end a design was obt;~inetl l'rom tl ic Maag Gear Wliecl Conipany, Z ~ ~ r i c l i ,  
S\vitrcrland. Both desigtis are highly loaded i n  comparison wi th existing 
gcitring ill tlie 1i.N.. ancl the gear boxes are correspondingly stiiall. 

Extensive testing was cal-I-icd out at l'amctratla and  a number o f  nloclificatiol~s 
were maclc. I t  \\/;IS Sound possible to reduce tlie bearing lengths con$ider:thly i n  
comp:rrison with past practice, i h ~ t s  reclucing (lie heal-ilig losses, \\,Iiicli ;I[ low 
Imwcrs, l'ortiied an :~ppreciahlc percentage of  the overall mccli:~nical losses 
wit l i in the gear bos. 

Main Contlcll,er\ ant1 Circulating \\'ater Sj5lem 

()tie 01'  t l ie dctet-mining lactors i n  t l ic gcnel-al sire o l  ~i iacl i incr) spaces is tlie 
sire o f  t l ~ e  t i~o i t i  condci~ser. A particul:~r ;~ttack was therefore made on tliis 
dcsigli, a n d  i t  was decided to reduce tlie v;kcuLlm :rt I'IIII po\ver i n  tlic tropics to 
23 inches. This has i l ic  clTect o f  making the last row blading lieight in  the main 
turbine co~iipar-ativcly small, and ~ 1 1 ~ 1 s  reduci r~g tlie weight ancl hulk o f  t l i e  
cxha~lst  c11d o f  tlie main engines, but it does entail a heavy leaving loss Srom the 
lurhines and tliis i n  turn me;lns that a large]- boiler wi l l  he required, sillcc tlie 
tnain engine e6ciency at ful l  power is compar;~tivcly l o ~ ' .  A t  low powers, l iow- 
ever, the alteration i n  vacuum due to the s m i ~ l l  condenser is almost negligible 
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a t id  the  prob lem,  therefore, hecomes one  o f  f i nd ing  t l ie  f'ull p o w c r  v a c u u m  
wh ich  w i l l  give the m i l i i r n ~ ~ m  co l i i b incd  weight o f  boiler.;, pumps  and m a i n  
engines. In order t o  take full ndvantagc o f  i h c  possib i l i ty  o f  reduc ing weigl11 i n  
I l l i s  way, il was rieccss;~t-y t o  accept that  I h c  lnai t i  lu rb incs  were designed l o  takc  
~LI I I  ;~d\~;lnt:lgc of no greater- vacuut i i  ~I>;III 23 inches a t  f u l l  powet-, a l though  the  
condenser vacuum obtained \vould ~ r ~ i d o ~ ~ b t c d l y  b e  higher in ternperate \valers. 
To l a k e  fu l l  ;tdv;~ntagc ol' this, however, w o ~ t l d  have 1nean1 incl-casing the s i re  
o f  t l i c  exhaust c t id  of i h e  ma in  1u1-bincs. 

T l i e  m;iximtrm watcr- spccds :rllowccl i l i r o u g h  m a i n  coridenscrs h i ~ d  u p  l o  t l ~ a t  
t i m e  hcct i  l im i (c t l  t o  7 fl!secotid. III order  l o  i m p r o v e  heat t r a l ~ s f e r  ancl 1'~lrther 
t o  I -et i~ lcc t l ie  si/c o f  the mail1 co l~ t lenscr ,  l l i e  water speed itr the Y.100 cot i -  
deriscrs l ias heell  i l lcreased t o  I0 ft/secotrd at full power .  T h i s  Iias I-est~ltcd i t i  t he  
head pl-oduced by  the ma in  i l i l c l  ;I~OIIC be i l ig  inadccluate 1 0  get t l ~ c  ~-ecl~l i t-et l  
c l~ ran t i t y  o f  warer i l l r ough  t l ic  ma in  condenser. Thercfi)l-e, whet-e;~s i n  the 1)tri.i11:: 
<'l;rss the ma in  cil-cul;rtirlg (?1111ips ar-e f i t ted o ~ l t s i d c  ( l ie  m a i n  c i r cu la t i ng  \vater- 
s y s t c n ~  ; ~ l i c i  are useti o n l y  fot- l n a n t c i ~ v r i n g  ;!rid a t  very l o w  speeds, il has hecti  
necessary i n  the Y.100 tiesign t o  rctrisn t o  tlrc co t ivcnt iona l  circrr lat ir ig w;l lcr 
system wit11 an ax ia l  l l o w  p u m p  ill t i le  r i i a i t ~  f l o w  o f  ~ u a l c r .  I t  i s  t i o l  : ~ ~ i l i c i p a l c d ,  
however, that  m o r e  than t ra i l i r ig s te ;~m w i l l  be req i l i rcd  i n  tcmpct-ate walcrs, 
ancl t l ic  I > L I I ~ ~ ~  \\'ill o l ~ l y  be rcq l l i rcd  t o  1.1111 or1 i t s  i i i i ~ i t i  1 io~z1es ill t l ie  t r o ~ i c s .  
I h i s  1~11 i i17 i su l '  ;1ri atlvancetl desigri, rising a I i ;gl i  spced t i r rb ine :11id epicycl ic 
gear ing b y  Messr-S. M'. 1-1. Alien, Soris & ( ~ ' o  Li ln i te i l .  

T l ~ e  I:ccd S y s t c n ~  

Corisiderahle controversy evists ill l l i e  i ~ l r i i t c d  K i t i g d o m  on the use o l ' d c -  
;tcrators in bo i le r  feecl \vater. I l o l l i  the (;erman N a v y  arid the 0 . S .  Navy,   rid 
n ~ a n y  power s t ; ~ t i ~ r i  er ig i r i~ers,  cotit l-ihutecl t o  t l ic  schoo l  o f  t hough t  ~ \ ,h i c l i  
demat ids cieaeration o f  fcccl \v ;~tcr  fo r  pressu~-es ; ~ b o v c  600 lb:'scl i n  i n  t l ie  boi ler, 
and par t icu lar lq  ~ v h c r c  ccononii /et-S ;ir-e l i t led .  A deacrator- betweell  the m a i n  
ex t rac t ion p l l m p  ar~cl  the feecl ~ ~ 1 1 1 1 1 7  acts :IS :I cc)nt;lct fecd lieater. wh ich  is a11 
at lvantage l 'rom the hcat trat~\ l 'ct- c l i ic icncy po in t  o f  view fo r  ahsorh ing e x l i : ~ ~ ~ s t  
ste;1tii, ;IS COI~IP:II.C~ t o  t l ic  l i io re  LISLI;I~ SII~/ICC feecl heater het\\,celi t l ie  l'cecl 
pLrlnps a r ~ t l  hoi lcrs. I t  ~rbsor-hs m o r e  sp;~cc : ~ n d  i s  s l ight ly  mol-e complicalccl.  
I i ~ \ ~ ~ e v c r .  

I t  \\.as decit led that t l ic \\at-nings gi\ .cn co i l l d  lrot he ignot-cd, arid :111llo~1ph i n  
[he Orri-;/I:,. Class no cleacratot-s are f i t ted, none of  this Class was t l ~ c n  at sea. 
ancl no ciir-cci e\ idencc was a\,ailahle o l ' l i ah i l i l y  t o  corr-osiotr in these ships. 

1 . h ~  cleacrator i i t tc t l  i n  the Y. 100 design i s  it1 a s h ~ r ~ i t  cir-cui l  between the m a i n  
cxtract ior i  p u m p s  ant i  t l ie  ma in  feecl pltrnl> iri an ot l ier \ r ise norm;l l  M'eir's c losed 
feed sys tcr i~ .  I t  consists h;rsically ol' :I large vert ical cylintler- i n t o  the t o p  ol' 
w l i i c l i  \vatet- i ~ r ~ d  exI1;111st s i e ; ~ ~ i i  ;I[-C spri~yecl. These rnitigle a n d  d r i p  t lo\vn over 
a sct.ic5 o l ' t r ;~ys  t o  t l ie  ho t rom o l ' t l i e  chamber, f1-om \ v l ~ i c l l  t l iey ar-e exrr;rcted 
and p u l i i l x d  back i n t o  t l ie l'ecd l ine by  a constant s1,ecti mo to l -  d r iven pump.  
t l ie  air- extt-actetl be ing discl i ;rrgc~l 111ro~tgIi ;I Iie;rt exc11;11iger ;it i l i c  L\,;I~CS i l l le t .  
I f ' a n y t l i i i ~ g  goes \vrotig. aritorii; lt ic vaI\,es slrut oI I ' t I ie  cont icct ions f ron i  ( l ie  feed 
l i t ie  l o  th is s l i ~ r t i t  c i rcui i .  ; ~ t ~ t l  i l i c  s l i ip  w i l l  c o t ~ t i n t l c  t o  opcr:lte or1 a n o r m a l  closed 
fecd system \vithout a l ly  k e t l  heat ing hut  sl ightly ~reclucerl l ' t~ l l  powcr.  l l l c  use 
ol' a deacr i r to~-  II;I~ fi t ial ly rieccssil;~led autorn;~t ic  supp le i i~en ta ry  ancl re ject ion 
vulves :,) the c:oicd ex1i:tust systeli l t o  ensure a steady pt-essure, a step \ v h i c I ~  \</;IS 

c s i r l e  i I i ~ x i l i ~ r y  e x l i ~ ~ s t  s y t e i i .  l l r c s e  keep the  c x l i a ~ r s l  pr-cssuse 
w i t h i n  one  poulici [?er- square inch of  I 0  It>scl i n  a t ~ d  t i le  exhalist steam c i ~ t r  Iller-e- 
Sot-e b e  used i > r  evaporators and nia i l i  engine glarid scaling, w l ~ i c l i  incrc;iscs the  
cycle c l l ic icncy w i thou t  the tl;~liget- o f  i lpsc t l ing  lhcsc funcl ions,  d ~ r e  t o  I luc l t la-  
t ions  i n  the exliaust l ine pressut-e. l l r c  cv;~por;t~or-s i iave bccn  designed t o  trse 



exl iaust  stcam, hu t  on the basis o f  t l ic  l icat  transfer wh ic l i  w i l l  exist ill them a f le r  
m;lny hours  ol' irse, so l l i ; ~ t  the i r  c a p ~ l c i t y  shou ld  never- L111 be low the specified 
cap;~c i ty .  

P ipework  ancl Valves 

I n  reduc ing t l ie  sizc o f  t l ie  m a c l i i ~ ~ c r y  spaces a n d  t l ie  sizc o f  a l l  t l lc i n t i i v i t l ~ l i ~ l  
; ~ ~ ~ x i l i a r i c s ,  the congestiot i  o f  pipewot-k lias hecti greatly aggr-:~vated. Vet-y 
s11-01ig II~C;ISLI~CS \\,ct-e necessary i n  o rdc r  t o  get t l ~ c  p ipework  i r i  at :~ll, ;III~ t l ~ c  
11i;lili steam system may  he taltcri as a n  ex;tlnple of t l ic  serio~tst icss o f  t l i is 
p rob lem.  I n  ortier- t o  a l l o w  n steam system of  no greatcl- di;tmcter t11;11i 5 in l o  
he i t i corporn tcd,  it has bcen 11ecessar-y t o  iricrcnsc the stennl speed i l r ~ - o ~ ~ g l i  t l i is 
p ipe t o  ; I ~ O I I ~  3 tiriies i t s  IIOI-I~I;I~ V~ IL IC .  I I) ;IIIo\v the p r c i s ~ r r c  dt-01' to be kept 
w i t h i n  rc:~son;~ble l imi ts,  t l i c  i i i i t ~ i m u m  r iumher o f  ohst t -uc t ion i  c o ~ t l ( i  he 
; ~ l l o w c d  i t 1  this systenl. 1-liere is tliel-cl'orc o l i l y  the rnairi s top v;llvc b c t w e e l ~  e;~clr 
h o i l e ~ -  and  the nozzle val\,es on each turbine.  Cases ol' steam straincl-s dis- 
in tegra t ing undet- h igh stc;lm speeds I i i ~ v e  been cxpcriencecl i n  [ l ie  11:1st, ~ ~ r i t l  i t  
was therefore dcci i led that  t l ie  omiss io r~  o f  i l i e  ma in  s ( c : ~ t i ~  s i r - i i  c 1 1  h e  
jrrstificd, par t icu lz~r ly  i n  v iew of  t l ie  i;lct tl ir11 i t  wou l t l  have t o  be pl:~cccl hel'orc 
the caln-opcratccl n o ~ ~ l e  v i~ lvcs ,  allcl w t j ~ t l t i  I l le t -e l i~ re  be i t i e l k c t i ~ c  iri p i -e\ 'cr i t i~ ig 
en t ry  t o  the turbines of t l i c  most  vu lncrab lc  I'eaturc ol' the s l i t e m .  l l i i s  ol '  
coi l rse makes [,I-opel- inspection o f  t l i c  t w o  or- t l~t -ee lerigtl is ol' stciltn p ipc  
between the bo i le r  a n d  the nu in  t ~ ~ r h i n e s  cssc~i t ia l ,  t o  :l11 extent \ ~ I i i c l r  i t  has not  
been I i i lhc l - to,  :111i1 i t  i s  c lear ly v i ta l  t o  exclude odd ~ ~ u t s ,  holts. o r  even \ \c ld  
spatter ill these pipes when they 81-c erected. 1-l ie vast r i ia jor i ty  ol 'u;~lves littecl 
are t o  h e  p;~r; i l lc l  sl ide valves w l i i c l ~  reditcc pressure d r o p  a n d  \zeigIit. Ma in te l l -  
ancc w i l l  be c;irrieil ou t  b y  rep laccn le~ i t  w i t h  sp;~r-CS. 

So m u c h  fo r  t l i c  hnsic f'catltres o i  this design. I t  i s  perl ial>\ cxpedierit 
t o  i n c l ~ ~ c l i '  soriie r e t ~ i n r k s  otr the opc ra t ionx l  ancl nr :~ i r~tc~r; \ l icc :i\pccts o i  
t l i i s  p lant .  

Operat iona l  

I l i e  oh.iect i n  t l ie  l i t -s t  place \\;IS t o  cr-e;~tc a desigii \ \ l i ic l i  c o ~ ~ l c l  he ~>pci-ate i l  
hy  \r.art ime conscr-ipts w i t h  cotii1>:1ratively l i t t le  (I- inin ins, I v i i ~  m a k i n g  
con t ro l s  I'ully :iutornatic, a certa in degl-ee ol' intel l igence ha\  t o  he assumed. 
and  t l ie  11i;lin burden o l ' t l i c  desigtrct- i s  t o  I-cduce i l ie  n ~ ~ m h e l -  01' l iar i i l  c i ~ t i t ~ - o l s  
\vl i ic l i  n l i ls t  he opcl-atecl. 111 t l ie  case o l ' t l i e  ma in  turbiries, i t  1111s ;II~c:IcI~ heell 
po in tc i l  o u t  that  :I sitigle 1r:lnd \ \heel  s~tifi:es I'ol- [ l ie  \vliolc o l ' t l i c  al lcad I -at~gc 01' 
speed, arid a scl>;~~-;itc aster-11 n~; r~ ic r ru \~r - i~ ig  val\ 'e \vliecl i s  : ~ l r o  ilseil. C-ilariil i t ca tn  
c o n t r o l  ha\  been rnade a i l tomat ic  : exliairst PI-cssui-c c o ~ ~ t r o l  l i : ~ s  hceti made 
t r c ~ l y  autotn; i t ic instead o f  ti ierely i iomin:l l ly \o : luhl- icat ing oil tcli ipcl-atut-c 
c o ~ i t t - o l  h:ls been m:ide : ~ ~ ~ t o m a t i c ,  a n d  the feed system i s  c o t ~ t r o l l c d  h> [ l i e  
Weir 's  closcd lbed corit l -ol lcr,  pressure go\.cr l ied t c i r i  a r ~ t l  ma in  feecl 
IXIII~~X, arid Copc's boilet- feed I-eyulators. 

Ell 'orts \\.ere made t o  oht ;~ i r l  a t l iel-mostatic con t ro l  ol' [ l ie  o i l  l u c l  tcml>era- 
1111-c. h u t  these \\.ere ~ ~ n s u c c c s s i ~ ~ l .  I ~ h c  I'city Ol t icer  Siokcl-  Mcc l ran ic  is,  there- 
I'ore, left  \\it11 his ~ t s ~ ~ a l  d i l l i cu l t  [ o h  o f c o n t ~ - o l l i n g  the l i ~ n s ,  t l ie  o i l  f ~ ~ e l  t c ~ n p c r a -  
[(!I-e :111tl pressure. On the hasis ol' weight and  I'LICI c o r ~ s ~ r m [ ~ t i o n ,  r e c i p r i ~ c a t i n g  
pumps  l iavc bcen retained I'or oil f i ~ c l  and auxi l iary reed pumps. No gavel-nor 

was f o ~ t t ~ r l  wh ich \vould prov ide ;idccluate con t ro l  kjr tliese. I.ach ol' success i n  
r c t l u c i ~ i g  the task 01' Llre P .O.S .M.  i s  d is ;~ppo i r i t i~ ig ,  bu t  every c l i d e a v o ~ ~ r  has 
been m : ~ d e  t o  m a k e  the c o n t r o l  posit iotr as convenient a \  possihlc, so t l i : ~ t  t l ie  
t l i l l i c r ~ l t y  o f  this very ski l led j o b  is reduced to a minimum. T h e  con t ro l  panel i t 1  

the engit le r o o m  is also o f  t i iocle~-n design, :IIICI  IS bee11 i ' i~vt j~r t -ably c o r i i ~ l i e l ~ t e t l  
on b y  the N a v a l  M o t i o n  Study U n i t .  
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Maintenar~cc 
I t  w o u l d  per-l i :~ps he easy t o  htaic tha t  a po l icy  o f  repa i r  by  r cp laccme l~ t  h ; ~ d  

been pursued, b u t  i l l i s  e~ i i h r ;~ces  so n ia l iy  shac le  o f  o p i n i o n  l l i a t  i t  wo~11cl b e  t o o  
c l ib.  '1-he clrawinss have been tolcrancccl to give a degree o f  interchangeabi l i ty  - _  
ot r n a n u l i ~ c t u r e  whic l i  should ensure 111~11 spilrc gear tits, \ v i t I i o ~ ~ t  { l ie  nccessi1y 
t o  ac l j l~s t  i t .  Tliis does not .  lio\\,c\,er, i ~ i c l ~ ~ d e  every t l i i~ ig ,  LII~CI i t  m a y  he neccssal-y 
(1) :~d jus t  the a l isnment  o f  some uni ts b y  scl-aping bear i~ igh,  i l ' o l l e  co inpo l lent  i s  
completely removed  SI-L>I~I a i n a c h i ~ ~ c  a n d  a ~ i o t h e r  pu t  ill i t s  place. 

I t  has heel1 specified t l i : ~ t  each l n a c l ~ i n e  s l i o ~ ~ l d  he c;~pahle o f  go ing  i l l r o u g h  t l ie  
engine r o o ~ i i  l i a t c l ~  as :I whole, or o f  be ing reduced t o  a fc\v m a j o r  components  
w l ~ i c l i  can b e  I-etnoved i r i  this way.  D e s i g ~ i s  I i ;~ve hecn examinecl t o  e~lsul-e t h ; ~ i  
they c : ~ t ~  he t l i v idcd i n t o  a n ~ ~ m h c r  01' se l l -contained con iponents  wh ich  can be 
I-eplaced as ;I tvhole, e.g. ill l l i c  c;~sc o f  the l i ia in  feed p u m p ,  ;I l lexib le c o ~ ~ p l i ~ ~ g  
has bee11 i l ~ c l ~ ~ d e d  \+,liicli w i l l  enable t l ie  p~111113 elici t o  be remo\,cd i i i tact  \\ill-I i t s  
ciwn t w o  heal-iligs, and  a nc\v one f i t ted l o  rcpl:~ce i t  i n  i l i c  01-iginal ~ ~ i a c l i i r ~ c .  

I t  i s  l ~ o p e d  i l l a t  hy  thesc rnc;lsur-es, a Ingicnl system o l ' ~ c r \ , i c i r i s  sl i ips cal l  he 
evolvecl, i n  M'II~CII the i n i n i ~ ~ i ~ ~ i i l  ;II~IOIIII~ oS\\,orh i s  required t o  he d o i ~ e  on hoard.  
a n d  the rn ;~x i rnu i r~  cal l  hc done i n  dockyal-ds \vIi i le t l ie  s l i ip  is a\v;l) Sroln i l i cm.  
I t  i s  Slirtliel. hoped t l ia i .  b y  i l ~ s i s t i ~ i g  o n  h i ~ l i c r  standill-ds ol' p l - o d ~ ~ c t i o ~ i .  wh ich 
~ I S C  esse i i t i i~ l  10 ileli ieve 1111' i~itercl~~~~ig~:~Iiility I - C ~ L I ~ I - C ~ ,  :I greater dcgt-ee ol' 
re l iah i l i l y  w i l l  a u i o m a ~ i c a l l y  Sc)llou ancl, ill any case, [ l ie  n ~ a i n t c l i a n c e  \z,ork 
w i l l  ! lo t  be aggl-a\,;~ted by  an e n o r t ~ ~ o u s  lo;ltl o f  i ~ d j u s t n ~ e n t  o l  spare gear hc fo rc  
i t  cat1 be  f i t ted. F.xpc~-iencc ill o l l i c r  t iclds hliows no i r ~ s t i l i c a t i o ~ ~  for r l le l l i eo ry  
that  illcl-ease ill s icam c o ~ i d i t i o n s  nccessn~-i ly increases maintenance di l? icul t ic \ ,  
a n d  the use OS better mlrteri :~ls a n d  t cc l~n iques  \vhicIi arc n o w  I - c c l ~ ~ i r c d  i l lay  \veil 
redl ice maintenance. 
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Procluction 
Otle 01' t l ic origin;ll items included i n  the Statement o f  I<equi~-emenls 1;)r tliis 

machinery \\,;IS t l ia l  i t  should be capable o f  rapid prodi lct iot i  i l l  t i l i ie o fc t i i c r -  
gcncy. T l ~ e r c  was no d o i ~ b t  that i l ' t l i is  was interpreted as mc;l~i ing t l i t ~ t  i t  milst 
he c;lsy to produce with tlie exisling ihcilities i t 1  most o f  lhe sl i ipbr~ilcl ing 
n~acl i ine shops, :I very much lower elticicncy would l i ;~vc had to be ;~cccpted i l lan 
was ilccessary to givc tlie ship t l ic r cq i~ i r cd  endurance. I t  w;~s, tlierel'ot-c, 
considerecl cssctlti:~l to get the designs which w o ~ l l d  givc the rccl~tircd 1nilila1-y 
clu:~litics, and to cnsurc ;~f lcrwart ls i l lat  the necessary fz~cilitics were provitietl l'or 
i t s  r;lpid pt-ocluction. 

I ' l i i s  has rcsultcd in  somc tlegl-cc ol 'crit icism that t l ic machi11e1-y is nol  casy to 
proci~tcc. I t  i s  worth rlotitlg, however, that within two or three ycars, C';III;I~~LI 
I I~S pro\~ i t led k~ci l i l ies for the protluctioti ol' I l i is machinery wl i ic l i  al low almost 
the \\,liolc o f  { l ie 1i1;iili tul-hilies 1 0  be made wi t l iou l  skilled lilbcj~tt-. ' l ' l~ is ,  o f  
cour-se, is the 1101-mal practice in  aero  rid aulomotive cnginceri l~g, ancl i t  ih 
c o n ~ i d e ~ - e d  tliz~t i t  i s  tlie only way in  which technical advatlees can he m;itlc to  
cotiipcte with moder11 mil i tary rcc l~~ i rc~nents ,  atid the quantity o f  p[-odrlction 
available made sntislirctory. This also itlvolvcs l l ie  use o f  a null iber o f  special- 
i ~ e d  10015, ;~ t id  i t  \v:ts considered w;~stef~! l  t o  disperse tliis sort o f  specializecl 
PI-oduction among niore firms than arc justified by  considerations o f  deknce, 
tra~lspot-t, etc. Whi le there i s  no t loubt that t l ic pol icy o f  spreading tlie protluc- 
l i o n  o f  tliis machinet-y lh r -oug l io~~t  the shipbuilding industry has been corl-ect in  
this instat~ce. i t  \voultl appear that it1 wartime somc r n t i o n a l i r a t i o ~ ~  wil l  he 
1-cqi~ired. Some assurance o f  added capacity ['or wartime h;ls beet1 g;l i l~ed by 
using the desigli of olic f i rm \vhose pencetinie product ion is devoted mainly to  
pciwcr station plant, ancl \vIiich should therefore be able to take over naval work 
i l l  \v:~rtiti ie. 

CONCLLISION 

V ; ~ r i ( ~ i ~ s  I~SSOIIS l ~ i l ~ e  been learned dur ing the development of  tli is mac1iine1-y. 
I- irstly, alt l iougli it is very sat isbing to hold design colilpetitions, and t l~eorct ic- 
al ly everyotie gets at1 c c l ~ ~ a l  chat~ce to con[[-ibute,theeKort put in to i t  by the firnih 
which t lo l iot gain success is sucli that t l i i s  process cannot he repe;~ted very ollen. 
The [J .S.N. overcame tliis situation by  al lowing dilTercnces o f  equipment 
\vitIiin otie class o f  ship. WC have insisted upoti complete st;lr~d;lt-difation 
\vit l l in ;I class, so i l iat  some other ~ i i e t l ~ o d  o f  clispersal o f  e l t ) r t  i s  recl~liretl. 

Secondly, tlie cost o f  such ;I development in  l ime and  elfol-t is alniost in-  
variably undcrestim:~ted itiitially, ;~nd,  in  fact, one would do well to  have a ship 
:rt sc;~ i t 1  less than six years, atld to  havc spent less than 11alfa mi l l iot l  po~~nc is  on  
de\,clopmciit and prototype testing ashore. Considering the complexity of tl ie 
~xoh le t i i ,  t l i i s  compares l i~vour-ahly \vith clevelopments in  otl3c1- lields, sucli :IS 

acl-o engiliccrit?g. 

Ih i t -d ly .  i t  is essctitial inot to he  put of f  by  existing standards ol' mani~l 'r~cture 
i n  one sl3here 01'  c11ginec1-ins, i f  i t  is cleat-ly detiionstratctl in  ;~tiotIiet- sphct-c tliat 
hcttet- designs car1 sl i l l  he produccti in  ndecl~latc quantities, wit11 tlill'crcnt 
lx-o( luct iot~ tcch~~iclues. 

I - .o~~rth ly .  although hy enormous exertion it i s  possihlc to  procluce a sct o f  
m;lcllinery in  a n  cxccptionally sliol-t ti l i ie, rc t t - ib~l t ion i s  almost inv;~~- iahly  at 
11;lncl. because it is impossible for the v:~st n u ~ n b e r  o f  people engagecl in  sucli ;I 
project to ;IIIO\\, Ilieil- t11011gIits to  m~ t tu re  pr-opcrly, a n d  thus, ;I 1;ll-z~ number 01' 
m inor  et-rot-s have to be 1-emedietl after production has stal-led. O n  ( l i e  ol l icr  
hal~cl, il' t l ic 1.~111 l ime req~tcsted by everyone concerlied \+ere allowed to elapse 
hclwcen the init iation and completion o f  sucli ;I 11roject, i t  w o i ~ l d  be hopelessly 
ol t l  l;tshiancd hy tlie time o f  its completion. 170r tli is reason, i t  is essential t l ia l  
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tee th ing t rouhles SIIOLII~ h e  accepted as t l ic t ~ o r m a l  conseclucncc o f  m a k i n g  
advaiiccs, and that  t ime  s l iou ld  be a l lowed fo r  them t o  b e  overcome. S l i i s  is i n  
con l ras t  t o  the po l i cy  w l i i c l ~  prevai led d u r i n g  the const ruc t ion o f  most  of the  
~ i a v a l  mach inery  t o  w:Iiich we arc  accustomed, in wh ich  i ce l l i i t i g  t roubles were 
f r o w n e d  ~ ipon-hu t  the ii iocli iner-y s l v e  t r o ~ i b l c  f o r  the rest 01' i ts cxistetice. 

I : i f thly, as wel l  ;is tce t l i ing  t ro~ ib les ,  ii is a lmost  incvit:iblc i l la t .  when a i ~ i i i n g  
a t  very  l o w  wcigl i ts  o i l  a compet i t i ve  hasis, i h c  ovcr:~l l  est imate o f  weigh( w i l l  he 
too l o w  : int i  the est imale o f  d l i c i c n c y  m a y  be t o o  l i igl i ,  par t icu lar ly  i f  the t i m e  
a l l owed  f o r  dcsigi l  and procluct ion i s  vci-y short.  Hot11 o f  tl icsc liappeiiccl i n  
Y.lOO. 011 tl ie o ther  hand, il' mai-gins are i ~ i c l u t l e d  a t  ever-y stage, the spira l  
cl-ea~cs m o r c  \veiglit :ind worse c l l i c i e i~cy .  Lat-get- boi lers rcclriire lai-ger pLimps 
: i l l c l  l l ~ t ~ s ,  o l ~ d  tl icse rec l~ i i r c  i i io re  steam, so the bo i le r  gels lot-gel- ag;\iii. 1 1  is 
t l i c re forc  prob;ibly hc t tc r  t o  wol-lc i o  the cstim;itcs un t i l  the end o f  t l ie  l i rs t  
bate11 of  C ~ I I S ~ ~ L I C ~ ~ O I I  :111d t l ~ e r ~  see ~ I i e i l i e r ,  by rel ining. ;I s c c o i ~ d  version 
c:lnnot he macle t o  satisfy t l ie  or-iginal recl~i i rc t i ients mor-c nc;rrly. 

O n e  o f  the paral le l  t l e \ ~ e l ~ ~ p r n e n t s  which l iave taken p1:icc has been the 
exp:i~ision of  t l ie  k:~igineet--in-Cliicf's Dcp i i - tmen t  it1 t l ie  1I .C.N. Nav;rl Head-  
cl~t;ir-lei-s 10 d c i ~ l  \ \ i l l1  t l ie  s c t t i i ~ g  LIT) o f  man~11'; icluri i ig faci l i t ies or1 ;I very i i iuc l i  
1x1-gel- scale that1 1i;rs p r c v i o ~ ~ s l y  heell c o t ~ L e ~ ~ ~ ~ l ; ~ t c d  iii C:i~i;~di i .  A t  the si lnie 
t i t l ie, th is Dep:rrtnieiit i s  deve lop i i ig  the : ih i l i ly  t o  select a n d  c o n t r o l  t l ic  mac l i i t i -  
ery c l e s i y ~  independent ly.  T l i e  b u i l d i i ~ g  o f  new pl i i t i is :ir~d s tar t ing  01' f u l l  scalc 
p r o d ~ i c t i o n ,  the es t ;~h I i shmc i~ t  o I ' s t a ~ i i i a ~ - d s  t o  s ~ i i l  the geog1-;11~liy o f ( I i e  cout i t ry .  
the cre : i t io i~  o f  overscei i ig stall's, ancl sot-ting o ~ i t  t l ic  v:ist :irr:~y 01' tlill'ereiit 
~ i i : i le r ia ls  a n d  specificatiotis ~ i s e d  i n  N o r t h  Amei-ica, a l l  const i tu te  a t r ~ i l y  
l i i t leous p rob lcm.  I t  I ~ a s  heeti t l ie  \velcomed privi lege 01' some A d i i i i r a l t y  
o l t iccrs : ~ n t l  Hr i t is l i  l i r i i is  t o  assist the N .  in su r inoun t i i i g  tl icse p r o h l c m i .  
T h e  p ros re i s  achievecl by  t l ~ e  R . C . N .  i n  this l i c ld  i n  t l ic  last l ive years h;~s been 
[ n o i t  iin [pressi\'c. 

lL-i~):rlly, i t  remains t o  I-ccogrii/e the [part playccl h) c a c l ~  indiv idu; i l  connected 
wit11 sucl i  a 1p1-o;ect in n iany l i rn is  and  or:laiiirations. Success is ot i ly  ;~cl i icveci 
hy team uot-li het \ \eei i  t l ic  A t l r n i r ~ i l t y  a n d  l i ~ d u s t ~ - y ,  a n d  b y  a t renie i~cious co- 
opcr;itive cll'ort h y  :I I ~ i r g c  numhel-  0 1 '  people t l i t -ougl iout t l ~ e  c o i ~ i i t r ) .  111 the 
case o f  Y.100. \ \ . l i i c l~  i s  the l i rs t  I lr i t isl i  rlirval steam i ~ i a c l ~ i n e t - y  t o  be hasccl on 
o u r  post-\v:~r dcvclopti ient. the e i i ) r - t  \ \ as  sucli I l la t  1 bclieve i t  i s  t t - L I ~  t o  say that 
: i l n i v i t  every i i i c l i i c I i : ~ l  i !iric\\. the 131-oacl p icture \ \ a s  1>1-011ci 1 0  hi. ;i 1x11-t 
o l ' t l i c  \ \ l ~ o l c ,  a ~ i d  oi ie cannot h l~ t  l'ccl \ c r y  g ~ - : ~ t c f ~ i l  t ' c ~ t -  t l ic  11i:i1iy i~ i s t : i ~ i ccs  i ~ i  
\vl i ic l i  people gave u p  consi t ie~-able t ime  :incl i i ~ r l i v i d u a l  eft'ol-i t o  ensure t l ie  
\ilccess o l ' t l i c  pt-t>,jcct, \zi thoirt  a l ly  fre:il l i t i ; i r~cia l  I-e\r:ir-(Is. 

T h e  l i o y a l  N a v y  a n d  t l ic  Ac l r~ i i ra l t y  :it-c i n  1 [,rivilegcti p o s i t i o ~ ~  ill i l i e i r  
re lat ionships i t  a n  inipt-essivc numhei- o f  i r i ~ l i ~ i c l ~ r ; i l s  it1 i ~ t r  ill C;I-C:I~ 
131-itain, \\,hose good\v i l l  towards,  a t id  ititei-cst in, the l i o y a l  N a v y  \ \ c  o f ten  
take 1.01- gratitecl. I t  i h  salutat-y t o  ;icLno\\lcd:e. ancl b e  t l i a ~ ~ k f u l  for, t l i is  
imincnse backs round  l t e c l i i i c  kno\ \ ledgc cont i -o l lcd h y  :I c indi\,itltr;ils 
\ \ h o r n  \ \ c  ;IF-c 1%-i\ilegcci t o  c;ill oui-  fr ie~icls. 
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