
TYPE 41 FRIGATES 

Four  Type  41 A /A  frigates Ila\,c now hcen built for the Koyal Navy-H.M.S. 
Pu~~icr, 0 . r r . t - .  12i,oprrr.<l ancl ./U~I:III.. T h e  fil-sl three a r c  in service, arid at  the [irnc 
of writing, the  ./t<yrrcr~., which is fitted with controllable pitch propellers. has not 
complctccl her  Acceptance T ~ i a l s .  

Tlic multi-I.C.L. engine xnd ~ ~ e a r h o x ~ c l u t c l ~  n~ rangemen t  of thesc sl1ip.i has 
p r c scn~cd  a number  o l 'ncw 131-ot)lcms both to thc dockyard a n d  operatin$ s tafk .  

At present. a number ofdcsijin rlcfects arc i~ltcrfcring with the r ~ ~ n ~ i i ~ i g  o f these  
s i p  However. tlic ;~dvant;ifcs a n d  tlis;~ci\~;~ntages of tl1i.i new machinery 
arrangement  2u.c now becoming mol-c clec~l-ly defined. 
Main Macl~ioery Arraoge~nent 

T h e  &tail\ o f t l ~ e  ninin cnginch ;trc as  t'ollows : - ~ ~  
X - A . S . R . I .  I6 V.T.S. 
1940 b.1l.p. at  920 I-.p.m. 
4 Napicr l ~ ~ r - h o  supcrcl~arpc~-h (20.000 r .p .m. )  on cacli engine 
Boost I ~ ~ C S S L I ~ C  5 lhlscl i n .  
( 'oolant D;s t i l lcd wntcr wlrh a ?rn;lll pro]x)rlion of ethylene glycol a r  a 

cc>l-l-l)sinli inhi hitor 
L.uhricating oil O . M . D .  10'). 

Each cnfilic dt-i\cs a clutch member in tile gcarbox throuyli a fluid couplinf.  
l'heorctically. a n y  n ~ ~ n i h c r  ol 'cngines can be used on either sliat't at  a n y  time. 

hut in normal practice citllcr two. tlrrcc o r  f i> i~r  ctigit~cs~sI~:ifi  are  uscd. One  
cnginc/shaft has no1 bccn f o ~ ~ n d  pr;~clic;~blc i l l  H .M.S .  I'LIIII~I. owing to  I S O L I ~ ) ~  

~rnnning of engines (high loads :I( low r . ~ ) . ~ i i . )  i ~ n d  ~ v c r h e a t i n g  of  the fluid coupl- 
ings due  t o  high percentage slip. 
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Two-four cngines/shaft givc a specd rangc of 14-24 knots. Below 14 knots 
(1 10 sllaft r.p.m.) with two engincs/shaft, the formation of carbon deposits in thc 
exlraust systcnis, and fucl dilution of lubricating oil, prevent low sllaft r.p.m. 
being uscd for long periods. However, spccds bclow 110 slyaft r.p.nl. can be 
achieved with good enginc loading. by using two cngines o n  one shaft and one 
cngine o n  the otllcr shaft ( 1  1--14 knots) o r  two cngincs on  one shaft and thc 
otller shaft trailing (9-1 1 knots). Ncithcr of these last two arrangements gives 
full ship manceuvrability in rough weather or wlicn proceeding in close company, 
but can be uscd on passage o r  when proceeding with otlxcr ships in ' loose ' 
formation. 

When proceeding insidc harbours or in fog with two cngines/shaft engaged, 
e a c l ~  shaft cat1 bc uscd alternatcly, or citlicr shaft can be cngagcd and disengaged 
in bursts. 

When manmuvring a t  sea (rcplcnishmcnt or transfcr a t  sea), or entcring/lcav- 
ing harbour, the L I ~ C  of two cngincs/shaft Ins  b ~ c n  found the most practical 
combination, for the following rcasons :- 

( ( 1 )  Sufticicnt ahead powcr is available and stcerage way remains good wlicn 
both shafts are trailing (gcarbox in neutral) 

( h )  More than sufficient astern powcr is available 

(c) It is casier to cqu:~lize cnginc loads with two rather than thlcc or fo~xr 
engincs/shaft 

( d )  Slow ahead and slow astcrn is more practicable with two engines, than 
with three engincs/shaft, as lcss fucl tiilution o f l~~br ica t ing  oil will occur, 
and a lower shaft speed can be obtained. 

With a n  experienced crew, an individual engine takes five minutes to start and 
to engage to the geal-box. Two engincs;shaft and all associated auxiliaries can be 
made rcady for sea in fiftcct~ minutes if required urgently. Normally one Irour is 
allowed to prepare the n1achine1-y ihr sea. 

When running a t  sea, any one engine can be disengaged from the gearbox in 
under two m i n ~ ~ t c s .  

Rlain Gearboxes 
The Modern Wheel Drivc ~C;I I -box is a most ingenious and compact arrange- 

ment. 
The gear rctluction ratio is 4.4 : 1 
E;xch of the fhur engines on one sllali drives into onc gearbox. straight on  to 

one end ol'cach of the f(>i~r p:nion lines, wllich in turn rotate tllc main gear-wheel 
(t\\,o pinion shafis at-e sited on citl1c1- side of the main gear-wlicel). Each pinion 
line lias t ~ v o  clutch melnbcrs. one on e;lcll side of the pinion. Thc llclical scarins 
on the o~ltsidc of each clutch unit cng:tges w;tIr the similar llelical gcnl-ing on 
the outside of the clutclr unit on  tlre pinion shaft i~nmcdiatcly bclow or  above. 

When an engine is not cngagcd to tllc ge:~rbox, tlxe s t ~ i b  shaft. leading into the 
gc;lrbox from that cnginc. and the cxtcrnnl llclical gearing oftlle two clutch units 
o f  tlrat engine I-ctiiain stationary. (-1.11~ internal clcmc~its of the clutcli units n1.e 
Ilowcvcr always rotating toigcthcr wit11 tllc pinion slralls to wlriclx they XI-c 
splineti.) Ilor each cnginc, one clutch  nit is the ' ahead ' clutch. and thc other 
t l ~ c  ' astcrn ' clutclr. The one connected direct to each cnginc is callcti tlrc 
' direct ' clutclr  nit, and the one cngaging cxtcrnally above or bclow it on  the 
other pinion sllaft on the same side of tllc gearbox is the ' indirect ' clutch unit. 

For 1j.1 and  2 and S.3  and 4 en?ines, the ahead clutch is indircct and astern 
clutclr is thc direct, :~nd  vicc vcrs;~ fol- P.3 ant1 4 and S. I and  2. On running up an  
enginc, thc stub shaft of thc cngine revolves, and in tLlrn it rotatcs the external 



l ie l icnl  :caring o f  the d i rcc t  and indi rect  c l i ~ t c l r  unit\. Wl ren the a l icad c l c ~ t c h  i s  
reqc~ired.  o i l  pressure causes tlre c lu tc l i  u n i t  t o  cng;lgc w i t l r  the 1lclic;il gcor i l ig  o f  
I l l a t  c l ~ ~ l c h  u n i t  ol' I l rat engine : t l lc  c l ig inc w i l l  then tu1-11 t l ~ c  ma in  scar-\vhccl 
ahead \ ia t l lc  ahead p in ion .  I f  the astcrn c lutc l r  i s  cn:._agcd. t i le  ma in  sca r -~vhcc l  
\\,ill hc similal- ly r cvo lved  artcl-n b y  the ;~s tcrn  p in ion .  In 01-dcr t o  cns:lyc a n  
c ~ i g i n c  t o  ;I :cai-hox al ready in use. a separate cock o n  t o p  o f t l i e  yc;i~-bmx i s  m o \ c d  
;incl i l l i s  a l lows o i l  pr-cssure t o  pass t o  t l i c  c lutc l r  rcc1ui1-cd. T l i c  mastel- gent-box 
I c \ ~ r  corrtrols tile sup]>ly o l ' o i l  prcss~11.c t o  a11 c lu tc l l  un i ts  t lrnt 81-c c ~ i y : ~ g c d  t o  the  
gc :~ r l?o .~  at i l ra l  l ime.  Whcr i  t l ~ c  gc :~~ .  Ic\,cr- i i  i n  I h c  al icat j  po>ilio~i. oil ( ~ r - c n ~ ~ r c  i\ 
fcd to  tlre a l lcad c lu tc l l  unity. \ v l l i c l ~  m a y  he d i rcc t  o r  indi l-cct, t lcpcnding OII the 
e n g i ~ i c .  O n  mov i r i g  tlrc master gcarhox lever t o  astern, the astern c lurch t i i c r n h c ~ . ~  
of the cngaycd engines \\,ill engage. a n d  t l l c  n i t c r n  p i l l i o n  w i l l  dr-ivc the m a i n  
gcal--\vliecl. When the lever i s  m o v c t l  li-orn alrcad t o  ncut~-:~l .  a l l  clutclr un i ts  
t h a t  arc cngagcd w i l l  tliscliyage. tlrc engines w i l l  idle. ar id  the m a i n  year-wheel 
w i l l  ' 11-ail ' \\lit11 tlre p ropc l l c r  s l ia l i .  T h i s  is achieved b y  c u t t i n g  o l f e n g n g i n g  o i l  
supp ly  t o  tlrc ahead o r  astcrn c lutc l r   ini its ; clisensaging o i l  prcssul-e i r  howevc~ .  
a lways present on the back of tlre c l u t c l ~  plates. a n d  th is  prcssurc w i l l  then 



came the c l ~ ~ t c l ~  to disengage as soon as tltc al~ccl~f or astern oil 131-cssurc llas been 
removed. The elrcctivc area behind the clutch platcs is s1i1allc1- than tlie arcs in 
1.1-ont of tlie plates, tlicreli)sc. sillcc engaging and disenyaginy oil snpplics arc at 
the same pressure, tlierc is always a positive Sorce kccping the clutch plates 
engaged when cnyagemcnt is selected. 

IJnfortun:~tcly. the alrcad clutch 11iernbc1-S o n  some e n ~ i n e s  liavc tllc habit of 
not disensasinz imnicdiatcly when tllc mastcr scar lcvcr is p ~ ~ t  f r o ~ n  allcud to 
neutral ; a ' sticky' or ' liangins' clutcli vil-t~~ally never occurs Srom :Istern to 
neutral. A sticky clr~tch \vhcn rn;~nu.l~vcl.illg is ernha~-~.;lssiii~. 

l ' l ~ c  solc~lion to this dcsig~r p[-ohlcm is now 0ci11g ttl~ol.o~~gI~Iy in\,cstigatcd. 
O .M.  170 (ncl-o-engine luhricatiirg oil) is used ill t l ~ c  gearboxes and is c i~-c t~l -  

atcd at the I-atc of 12.000 gall 'hr ;it ;I prcssurc of 60 lh,'sq in. 

Main Engine Controls 
T l ~ c  Sour engine\ o n  c a c l ~  shaft cnii cithcr be controlled Sroiil the engine 

control room, siluatcd above t l ~ c  Sol-ward cnginc room, o r  rrom the fonvard 
engine roo~ii  (port cngincs) and the alicr engine rooln (starboard engines). 

Norinally a t  rca, all t l ~ c  cnglrle\ are conlrolled r~-om the E.C.II. whicl~ Iias 



direct coliimuliicatiori with the Hridgc, wheclhousc, steel-ing flat, and ;11l engine 
r001115. 

The sovcrnor o n  c;~ch itldiuidual cnginc is moved by means o f '  Wcstin~housc 
ail- contl-ol system ' from the E.C.R. (primary control). and also hy ' Uloctuhc 
contt-ol ' ft-om the F.E.R. and the A.E.R respectively (secondary contl-01). 
130th searbox master clutch levers arc operated by Rloctubc control5 from all 
positions. 

T l ~ c  \4'cstinyl~o~lsc air systcm is IL-d with [..P. air TI-om the starling bt)trlcs \,ia 
a reducitig valvc. Wlien the crlginc govcl-not- control lcvcr in  the E.C.11. i \  moved 
the ;l i t -  pt-css~~t-c it1 the control line. hctmrecn tlic E.C.R. and  the pncutlylie 
~>osit ionc~- (:~tlachcd to the ellsine :over-nor) is altcrcd. tlic pncutlync positioner 
t:tkes up n new position and tiio\es tlic colitrol u r n  a proportionate amount. 
Wlicn tllc scat- is correctly set. tlie cnginc I-cvolutio~is can bc coritrolled to 
\+. i t l r i l i  I0 r.p.m. 

At W;I. i t  is iiortilal to [I-y atid hnlancc the driving engines o n  eithel- sli;~fi so 
that cacli clr~ilic takes ;In ccll~nl load. I his is acllicved by mo\'iny the individl~al 
M1cstin,clrousc cc)nt~-oIs 11ntil each engine I-ack 1-c;~ding ( o n  g :~r~gc in E.C.R.) i \  
tlie hamc. Tlic eliginc cshaust ternl>cl-at~trcs will also be the s:lrnc. but the 
distant reading csh:~ust pyromctcl-s in  E . C . R .  take 5 to 10 minutes to rcgihlcl- 
a n y  c1i;lnfc of tctnperaturc at tile eiiyitic. 

Generators 
7w:o 300 Ic\V A.S.R.1 0 I..1-.S. gcncl-atot-s al-c fitted i l l  both the forward and 

; I n  cnsinc rooni.; adi;~cent to their r.cspectivc switcl~boartts. A k w  sllips of this 
c l ,    ss . . n o w  have 500 kW A.S.R. 1 8 I..'r.S. generators. At sea, two gcnct-ators a]-c 
not-mally I -cq~~ircd .  OIIC forward and one aft. In arctic waters, three gcllcralors 
arc somctimcs required for thc extra heating load. 



Most working parts and spare gear for tlrc A.S. R.l generators are intcrchange- 
able with main cnginc sparc gear. 

Other Auxiliary Machinery 
Two vapour compression distilling plarlts are fittcd in tllc forward and aft 

engine rooms rcspcctivcly ; they cach produce between 17 and 20 tons of water 
pcr day. Fcrric chloride is injected into the sea water in tllc shcll in ordcr to 
reduce scale formation on Ll~c llealing coils. Good results l ~ a v c  been :rehieved. 

Tlic steel-ing scar. lire and hilge plrmps, hull and firc p i~mps ,  rcfrigcrating zrnd 
air conditioning plalits arc ol'thc normal typc and arnuigcmcnt. 

The stabilizers give valunblc assistancc to all dcpartmen~s as wcll as to thc 
Gunnery Dcpal-tmcnt. Maintcnancc. maintenancc pl:uining, secretarial work 
and cookins of meals would all be scvcl-cly h:lrnl>crcd i f  tllc st;thilizct-s were not 
fittcd. I t  also lielps to kccp the morale of tile sllil>s cornpany z r t  a high level. 

Fuel System 
Tlre i)icscl fitcl is slowed in 11.13. lanks below tlxc m;rin nincllil~ery spaccs. 

These tanks arc salt watcr compensated. In each engine I-oom tlrcre is a S.W. 
gravity tank sitiratcd about 12 feel ahovc the tops of the fuel tanks. This tank is 
kept f~rll ofS.1Y.. ;tnci tllc head ofuratcr p ~ ~ s l ~ c s  tlic f~tcl out of tlic tank that is in 
usc. to the ccntr-ifusnl sep:~rator suction in  thc cnginc rooms. Tlxc separator 
dischnrgcs fucl to tire ready-~~se  gravity tank. When tlrc D.13. fuel t;tnk is empty, 
water will appear at the separator. and tlrc fuel supply is tllcn changed over to 
anothcr file1 tank. '1-lie tank is then full  of salt water-. 

Wlrc~l fuel is taken on board, thc f ~ ~ c l  ilows into n gravity tank on the upper 
deck. From tllcre i t  llows to tllc f~rcl valves on all the D.R. tanks. Tlrc fircl valves 
o n  tlic tanks rccl~~ircd to be filled are then opcncci. tlic salt water inlet from the 
gravity tank is sllirt oltl and tlrc salt watcr pipe to the tank is led over the sidc by 
rncans o f a  lixcd pipc and n \'alvc. Tlrc f~lcl head now pilslles tlrc s ;~ l t  \vater out o r  
tlrc tank over tlie \hip's i d c .  and takes its place in the tank. l 'hc  level ol.fuel in 
thc tank is asccl-taincd by cocks, frorii which cxtcnd pipes to various lrcigllts 
inside the tanks. When fucl s l~ows from the ' fu l l  ' cock. the tank is f~111 of fucl 
and tlre Cue1 valve is s l ~ i ~ t  ofll 

'l-ll~ls the ship'\ droilght incl-cases as tlrc l'ilel i \  cotisumed. Also, tlicre is n o  
nicnns of listin? the ship by 11-a~iskrr-ins fucl. un lcs~  the tanks arc emptied 
altogctlicr. This is ratllcr a laborior~s process. and c;urnot be done satisfactorily 
except by a por-table piimp. 

All cngine fuel cons~~niptions arc mcz~su~.ed hy nictcrs s i t ~ ~ n t c d  at each cngine 
and fcncrator. 

Tlicorctically. all lhc file1 \towed can be ilscd. I l ~ w c \ ~ c r .  it is dillicult to 
ilsccrti~i~i acc~~r :~tcIy  Iio\v niilcll file1 is r e n i i ~ i n i ~ i ~  21s tlic tank lcvcl cocks give 
only :I rough guide ( to \vitliin 35 k~cr cent of caclr tank). and tlic rnetel-s arc not 
always accul-ate. 

Rlaintenance 
All I.C.F. macliincry rciluires con\idel-ahle maintenance and this inst;ill:~tion 

is no csccption. 7lre 152 cylinders on the main c n ~ i n c s  and  generators and  tllcir 
;~ssociatcd moving parts rcquirc contin~lal maintcnancc as do  the I ; I I . ~  number 
of licat cxclrangcrs littcd. Thus considcrablc maintenance elTort is r c q ~ ~ i r c d  by 
the E.R. stall' in thc cnginc rooms ulonc. When slrorc power is not available, 
1,000 generator Iiou~-s arc rcqitircd each morttli. Aho~r t  X00 main enginc 1iou1.s 
arc used each month. 

Tlic normal outside machinery consisting of steering gear, boats, lau~idry, 



galley machinery, H.P. and L.P. air-compressors, refrigerating and  air condi- 
tioning machinery, F.W. and  H.W. pumps and stabilizers can  be easily main- 
tained by one E.R.A. with the assistance o f o n e  E.R.A./Mech. from time to  time. 

When small defects occur to a main engine o r  generator a t  sea, the engine has 
to  be s topl~ed  for short periods. 'Tlris aggravates the planned build-up of running 
hours and maintenance of other engines. 

When three enginelshaft are  engaged, very little n~aintenzunce can be done on 
the foi~yth engine on that shaft, as  it is essential to kcep one engine/shaft stand- 
by. One generator is always kept as a stand-by. 

One intcrcsting and  important maintenance aspect of this I.C.E. installation, 
is that P.O.M(E)s, L.M(E)s and  M(E)s become q ~ ~ i c k l y  interested and  keen to 
work alongside, and  with, E.R.A.s. The work is interesting and  the results are  
immediate. 

Standardization of main engine and  generator spare gear is a very great asset. 

Watchkeeping 
Again this provides P.O.M(E)s, L.M(E)s and  M(E)s with early responsibility 

and interesting work. A young M(E) linds himself watelilteeping alone on one 
or  two ensincs and  all its associated auxiliaries on one side of an engine room. 
(reg~llar visits are made by the E.K.A. in c l~arge  of watchor  P.O.M(E) on watch). 
This creates immediate interest. 

7'hc P.O.M(E)s get properly employed (i.e. watchkeeping at sea. and day- 
work in harbour),  with interesting \vork to be done besides normal ship husban- 
dry. 

Unlikc somc steam ships, in wliich. wlien only one boilel- I-oom or  unit is 
opcrat i~ig,  a few ratings hccoliic available for maintenance and cleaning, a full 
watcll below must bc maintained whcnever two or  more engines'sl~z~fi are in 
i~sc ,  as zeal-boxes must have n watchkeeper and  a third engine must alwz~ys be 
kept stand-by for immediate LISC. 

1,ogistics 
For a small ship, tllc operating I-nnge is lal-ge. l'his advant;lgc brings a b o ~ ~ t  

se\eral difticnltics. 
Thc rollowing list sllo\\s the Iz~rge number of dilrerent lubricating oils. cheln- 

icals. greases etc., I-ecl~~ired in reasonably large quantities in ot-tlcr to keep 
macl1ine1-y r r ~ ~ i l r i n ~  and maintenance \\,ark progressed :- 

C). M .l>. 109 M .  ,\In . engines. steering zeal-, separators. ctc. 
l .  M . 1 00 - V . C . D .  plants 
O.M. 170 M , .  . I I ~  gc:~rboxcs 
0. M .  70 Kcf l - igc ra t ing  plants 
C). l . 3 3 ~j 

k G r ~ n n c r y  
h .  l.3J 
0. M . 6 5 H . P .  and  L.1'. air coml~ressors and yilnncrv 
Ferric cl1lo1-idc' 

i V . C . 1 ) .  plants 
Cz~r~stic soda 
Ethylcnc slycol Main engine arid generator cool:uit systems 
I<ct.o\cnc - C:lcanins engine air liltcrs 
1;rcon Ref l - igc ra t ing  and  air conditioning pl;~nts - 

Oxygen 1 
k Wcltllnc plant 



L.G. 280 

X.G. 271 
1 
}---Pumps, shaft bearings, etc. 
I 

Belmoline R.R. grease 1 
Neox oil --Stabilizers 
A number of tlncsc commodities liavc to be replenished a t  every port visited. 

Reasonably large stocks must be held on board, as some of these iterns are not 
easily obtainable when on detached duty. 

The maintenance work in these ships cntails a large amount of repair by 
replacement, as well as routine examinations a t  fairly frequent intervals. Unless 
reasonable stocks of these items arc carried, the machinery cannot be kept in 
good running order and will sufl'cr unnecessary breakdown. 

Running Cycle and Repairs 
This cannot be fully discussed llerc but, briefly, the engine and generator 

running hours have to follow certain patterns depending o n  ship's duty and 
shore power available, so that major and top overhauls occur at rcfits, or at pre- 
determined intermediate periods. 

It is obvious that a nuniber of major and top overhauls will occur a t  each relit 
and this cntails a lot of dockyard work of a specialized variety. 

In h c t ,  the refit work in this type of ship requires a large amount of skilled 
fitting work, a fair amount ofcoppcrsmitlling work and a little boilermaking and 
forge work. It will not be easy for the dockyard to balance up this work with 
other work requir-cd in otllcr ships, o r  to find the necessary lay-apart store 
facilities required for tlnc engine major and top  overllauls. 

Maintenance Planning 
For efficient 01x1-ation, I.C.E. machinery must be maintained by ' planned 

maintenance ' and this cntails a continuous load on thc engine roorii personnel. 
Thcre are over 2,000 colout-cd cards in  the Enginc Rooln Department planned 

rnaintcn;ince system. One engineer ofliccr. one C.E.R.A. a n d  one E.O.'s writer 
Ira\,c to work many l~ours  in  order to keel, thc system operating cflicicntly and all 
the records up to datc. 

In general, the new system of piatuned maintenance is cxcelient hut the schcmc, 
as laid down, has to be m o ~ ~ l d e d  lo suit the large nlimhcr ofcards and  individual 
parts of machines and cq~lipnlent in\ olvcd. 

Personnel 
A 1;1r~c numhcr of llle E.R.A.s as well as M(F)s like tlle mnchincry and  tind 

the work interesting. llnere is n o  doubt. howe\:er. t l~a t  they ofie11 llavc to work 
vel-y ha[-ti and fol- long Iioul-s in orticr- to Iteel, these ships l'~r11y opcl-ational. 

General 
7'llcsc ships have good sca-keeping rqu;llitics a n d  a good I - : I I I ~ ~  hut are ciiliicult 

10 mai11t:iin. 
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l :  0 TI1E Ol<C;ANIZAl'IO& i\PPEKT,ZINING TO THE AUSTRA1.IAN COMMON\VEALl'H NAVAL BOARD 

b1INISTER FOR THE NAVY 

1st N:Iv;I~ Mcnibcr 2nd Naval Menibcr 3rd N a w l  Mcmbcr 4111 Naval Veinher Secretary 

ilnd a n d  : ~ n d  and Perm;~ncnt Head 

Cliicf of X;I~ : I I  C'i~ief of Nav:~l Chief of Supply Member. of Department 

Stall' I'ersonnel Conslruction. Admin. and 

\'ice ALIII~~IKII I<c;lr Admiral Kcor Admir;rl C Commodore S Financial Policy 
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D.C.E. 

0 . M . E .  

D.N.C. 

D.h.CI.R. 

D.0.Ll.W. 

1)S.S. 

Director of Electrical Engineering - - 
(Captain L) 

Dircctor of Marine Engineering 
ICollimandcr L )  

Director of  Naval Constl-uction ~~ ~ 

(Commander Lj  
Director of Ail- M;~intcn;ince :~nd Rcpiiir 

(Capt;!in t~ 
Ilirector o f  N a \ d  0rcln:incc ; ~ n d  Underbvater Weapons 

(C',~ptain) 
Dircctor of Scientific Scrviccs 

D.C. of C. 
Deputy Chief of Construction 

and Director of Technical 
I PLanning 
I (Captain E) 
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