
MAINTENANCE QUALlTlES 
I N  MATERIAL 



Usagc 
The percentage usage of a ship is, for the purpose of illis paper, defincd as 

being tliut proportion of her life during which she is actually used at sea. The 
usage may be training or showing the Flag in  peace, or i n  her fl~ll ticsigned 
f ~ ~ n ~ t i o ~ i  i l l  war. 

I n  the case of a mcrchwit shipping line, usage is earning, power ;111d tlie 
maximum usage is alw;iys s o ~ ~ g l l t .  ' l he  ~fiicicney of operatio~l 1s denotetl by the 
ability of'thc operators to ;~chieve :I usagc as close as possible to the avai1;ihility. 
'I'l~us the Q~~rcvr Mtr,:v has an av:~il:~hility of about 80 per cent anti a usage of 
aho1.11 66 per cent. In the Navy i n  pcacc, however, the usage demanded is 
nor~n:rlly very low and because of fuel cconc;my o r  other reasons, is oficn only 
100 ot- lcss dnvs or part days at sca a year. I n  these circ~~rnslancc-S, a low 
rotential availability is efitircly concealed. The d ;~l~gcrs  of this, uitll relercnce 
to the time when war comes, have alrc;~dy been illustruled. 

Uplteep 
' Upkeep ' is here defined ;rs the whole range o f  activities ~~nder takcn  in 

ordcr to ensure that the designed performance of a ship and its equipment is 
retained tlirougl~oul its life. It may bc calegorized into ' maintenance ' under- 
taken by ships' stafTand by support ship o r  base, o r  ' repair ' undertaken undcr 
the direction of :I non-operational authority, wlxether Royal Dockyard o r  
civilian ship co~~t rac lo r .  

There arc only two n~cthods of upkeep, the first beirig a ' preventive ' and 
t h ~  second a ' breakdown ' method. Both have been in use at least from the 
Stone Age onwards, and I have ~ ~ s e d  i n  FIG. I1  a Stone Age inan and his weapon 
to show tllc principles involved. 

The Stone Age man who rene\ved the lashing of his stone axe-head to its 
sl~aft at regulal- intervals used preventive upkecp. I-lis more foolish kilow who 
\vaitcd t i l l  i~ hl-okc and the axe-head flew olT into the jungle, prel'crl-cd to use 
breakdowti upkeep. This man,  whose only weapon failed him pcl-haps in 
action, sometimes no doubt did not survivc the occasion. Whcn he did, 11c 
lirst had extra work to d o  linding the axe-head, and then he had to carry out  
tlic tiorm;~l I-ectification ; hut like ns not, a suilahlc lashing was av;~ilable only 
;I! liis base. 
No iilattcr how complicated the ccluipment, this b:~l;~nce in  f'avour o('pr-cve11- 

live upkeep remai~is the same totiay. I t  is alw;lys better to be able to cotitluct 
m;~inlcnancc or repair \vhcn o11c wants to, at ;I convenient and prcdctel-n~inecl 
time ;~t id under hatisfactory working conditions, rather than at a moment 
l i c  c he pi-cdicted and  may therefore he anything [I-om tlic nicl-ely 
i~ico~ivc~iicnt  10  tlic dis;lstro~~s. [J~if 'orti~~ii~tcly, under prcssLlrc, ~ ~ p k e e p  ;11~;1ys 
tlegencr;~lcs into the hrcakdown method, since i t  is not in  hum:ln nature to 
continue preventive upkeep (111 ecl~~ipmcnt still cap;rble o f  running or working: 
i n  facc o f  other bl-oken dowt~ ecluiplnc~~t in  the same ship. Hencc onc h;~s t l ~ c  
aix~u-tl situntioti t l~a l .  :ls ccluip~iienl gcts lcss serviceahlc so upkeep Zets l e ~  
cflicicnt, :11it1 i t  actually requires grcalcr cfi>rl to maintain ships :I( 5 0  per ccnl 
dlicici~cy I l i ; ~ n  al. say, 80 per cent. This li~ct takes sonic s\vailo\vitig. hul i h  

11io1-e c;rsily digcslcd if one thinks i n  terms of  tlie old :~ti:rge that a stitch in  time 
s;l\,ch 11inc. 

1 ' 0  conlpleLc Illis probe into the f ~ ~ c t o r s  alfccti~ig ~ ~ p k c e p  (allcl hence, ship 
av:~ilahility) i t  is necessary to cx;~nli~le the t~uillities i n  tn:~(e~-ii~I wllicli ~ l e t ~ r ~ i i i ~ i e  
thc nicthotl ( ~ f  application and cxtent of thc work involvetl. 

Tlle Iil-st two, ' predic~i~bility ' and ' inspectability ', are hest rcgardctl jointly. 
I'rcdict:~hility means the extent t o  which one can forecast [lie length of  scl-vice 
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w l l i c l i  w i l l  he given bel i>rc Lr i lure occurs, a n d  inspectabi l i ty  the extent t o  w l ~ i c l l  
l o o k i n g  a! ;I picce o f c c l i ~ i p ~ i i e n t  w i l l  tel l  ot ic  we l l  i t  is lasting. R e t u r n i n g  
to t l ~ c  Stol ie Age  lnali 's axe 1.01. i l lustrat ion.  the head o f  t h e  axe, the picce 01' 
f l i t l t  1.1-0111 ~ I i i c l ~  i t  i s  ii~;;dc, i s  si11~jeet 1 0  f;~iigi~i: I ' ; ~ i l ~ ~ r e  ;ilid is t iei t l ler inspcclable 
rior pt.rciict:~ble. T h e  lashing i s  h o t h  i l ~spcc tah lc  ;ltld predictable,  and t l l c  sl loft  
is one  hut  not  the other. On t h i s  score the lasl l ing i s  t he  best of  the t l ~ r e c  i tems 
o f  c c l u i p ~ i i c ~ i t ,  but  ih is  j i ldgc lncn l  must  he clualif ictl b y  coi isidcraticin of t l l c  
third qual i ty ,  ' dun-ihi l i ty '. 

A l t l i o u g l i  t l ic  axe-head is not  p;-cdictahlc or i l ~ \ p c c t a b l c  i t  is ncvert l icless a 
re;rso~iahly \ ; t t i s l i~c lory  p iccc ol 'ccluipment bcc;~usc i t  possesses g o o d  c lurabi l i ty .  
It i s  t i c ;~~- ly  ;~ lways  pos\i l>le t o  ohL;~i l i  t h i s  q ~ ~ : ~ I i t y  o f ' d u r a b i l i t y  h y  j us t  m a k i n g  
macli i l ict-y l:ii-gcr : hu t  il i s  the11 LISLI~II~ slower, Icss p o w e r f u l  for i ts  wciglrt ,  
I s o  i .  O I I ~  ob la ins  c l i l r ;~hi l i ty  i n  i l l i s  way o n l y  ;lt t he  cxpctise of opci-at ional  
pel-l 'orni;~ticc. I lo\vevcr,  i t  i s  also possible t o  ob ta in  d ~ t r a b i l i t y  by good clcsign 
w i t h o u t  icrss of perS<)rmnncc. I S  the sl\ait  ol' t he  sto l ie axe is made  sc) t h a t  t h c  
p a i n  ol '  Ihc  wood 11111s t l lc  i - i g l ~ t  \ ~ ; l y  ;11(>1is t11e sI i :~f t .  :11id i f  i t  i s  s11;~pcd to g ive 
eq11;ll 511-essing each po in t ,  good t lu rah i l i t y  cal l  bc o b t a i l ~ c d  w i t l r o ~ ~ t  loss of 
p c r l ~ i r ~ i ~ a n c c .  I I l l t  t h c  c lc i ig l i  etl'c~l-l it lvcllved m;iy o f ten  he t remendous a t id  o n l y  
111 he ;lll'ol-[led fo r  niass p r o d ~ ~ c c d  articles. A\  ; in example of w h o l  inay b e  
invo lvet l  ancl acllicveci today. n lore clcsign ~ i i a t ~ l ~ o ~ t r s  were p u t  i n t o  t l l c  l i t t l c  
I<en;iult X li.1?. motel c;;~- 11~ i1 i  i l l to t l lc  l;irge { 'our-cngincd Y o r k  bo lnhcr .  'I'llc 
]>cl-ccntnge ;~\ , ;~ i lnhi l i ty  of these t w o  cl:~sscs o l ' c q ~ ~ i p r n c t r t  so acl l ievcd wcl-e ;lboilt 
9 p e r  ccnt  and  40 pc!- ccnt  respectively. l ' l i i s  means t11;1t, o f  each t w c ~ l t y  o f  
tl icsc cars hu i l t ,  ~ n c  ( i ~ r l y  w-ould he out o f  ac t ion on t he  avcragc, but ,  of c n c l ~  
e i y  i r r f  bu i l l ,  twelve M , ~ L I I ~ I  0 1 1  the aver-age b e  grounded for essential 
~ l p k c e p .  f l i i s  i s  o f  course not  t o  say t l ~ a i ,  b y  p l a n n i n g  the ~ n a i n t c n a n c c  i r i  
c o ~ i j u ~ i c t i ~ ~ i i  ~ v i t l x  use, ;ill t \ vc i~ ty  c~~1.s or ;iirc[-:Ll't COIIICI 1101 bi: 1i1:1de service;tble 
I o r  131-cdctei-mined j i i ~ l r n e y s  at p;lrticul:lr- t ime3 ; bu t  t l ~ c  o p p c x t ~ ~ l i i t i e s  w o u l d  
l ie S;LI. 1i.s ill the C:ISC of l l l e  ail-craft. 

T h e  l icxt i t e m  i s  ' col- reciahi l i ty ' ,  01- ab i l i t y  t o  b e  rect i f ied.  I T  the axe-l iead 
sot a dent in i t s  cu t t i ng  cdgc i t  cou ld  he re-t;iced ant l  so was a cor rcc tah lc  i t em.  
II', 011 the other 1i;111tl, t l le  l a s l i i ~ i g  o f  the axe so t  bad ly  cl i ; i fcd i t  c o l ~ l d  IIC)~ he 
rcpait.cd ;111cl so \\,;is 1101 e o ~ ~ r c e [ ; ~ b l e .  W C  :IIK 11i0~itig today,  riot as a 1i1:;ttet- o f  
cl loice, hul beca~lsc  o S  IIIC s C c i l i  t c c 1 1 1 ~ 1 s  I t i i ; ~ t c~ - i ;~ Is  I ~ i i : i ~ i l ~ k ~ c t ~ i r c  
deniandecl h y  the sca1-cI1 I'or 11igI1 pel-or-mancc,  l i y l i t  \veiglit ancl stii:lII sp;lce. 
\tcacli ly :I\V;O it-om col-t-ccl:lhil i ly :11111 10\\.;1rd5 ~ ~ p i \ c e l >  b y  I.~P~;IC~I~ICIII. Tile 
hayotict socket electric l igh t  billl-, i s  ;I l ine cx;~rnple o f  design fo r  l tpkeep b y  
repl;lccmctit. iii a c la is  of equipmetit  i i  c t i ~ ~ o t  be m;lde su iccpt ib lc  to 
l xcve t i i i ve  rn;~intc;i: l~ice. I t  n i u \ i  not he ovcr looket l  l ~ o w e v e r  that l iab i l i t y  t o  
u i ~ p ~ . e ~ i i c t a h l c  hreahdo\ \n  i< ~ i c \ ~ c r  :l clcsir:~hle cjui\ l i iy in the c i l i l ip t i ient  of s 
\\,;I r \ l i ip .  

.l.lic l;151 i te l i i  i 3  o l ' t l ~ c  i l t i i ~ o s t  \ i g i i i t i c : i ~ ~ c ~ ~ .  (C;~.icil;~bility 15 r i o t  :I i;lr~iiIi:~r \\~orti 
:II?CI b1i11 p~~ol?; l l? ly \voi;'t l i t i c l  i t  i ~ i  t l ie ~ l i c t i ~ i ~ i : l ~ - y ,  IICII- i ll f;ict w i l l  ~ O L L  Iil>tl 1 1  111 

I 1 i i ; 1c1 ;11  o r  I L I  I .  I l- ?o i l  11~11 a m a n  o n  t l l c  p:~r:l i lc g t -o~ t i i d  ; ~ i i d  
s l io i l t  ;I{ i i .  l-:stet-! a i i t l  i i  y o ~ ~  have 1l1c I-ighl p e t n o ~ i ; ~ l i t y .  or x ~ t t l l o r i t y .  
tlrc c l i : i~ lccs ;II-e I l la t  l ic  \\ill n1oL.c I.:~stc~. 11'. lio\r.c\,cl-, y i ~ u  17~11 :I Dicsc l  gclier-;~tor 
i ~ i i  ! l ie  pal.atlc gro l ln t l  :incl !,hi)ttt at i t ,  I ! i t  w i l l  i i i c~-c l )  l I y o u  
\\.iih i l u m b  i;i\ole11cc. M a c l l i ~ i c l - y  canl iot be ~~cl- \ r l : idei l ,  ;111t l  the ('o11111i;rntiing 
0 l l i c r l -  ~ \ l i o  I .  l .  o I l i e  4011 l ~ i ~ c  i> 1101 pei-~~l;;ci i ; is 
l l l e  ~ i ~ a c l i i l ~ e l - y  t o  b c c o n ~ c  c rv i ccah le ,  he i s  1x1-suading his E;iyi~;ee;- Ot l iccr  t o  
; l i~cel i t  a r c d ~ ~ c l i o n  ill his over;~l l  \cl-viccal>i l i ty slate. A ship, o t -  even a par-t 
t l le r~o l ' .  I1;l'r :I e~ t i s i t I e r ;~h lc  ~ r c s ~ ~ n , o i i -  (11' se i - \~ iccabi l i ly .  HLII t l ~ c  ~ l p k c e p  hill i s  
11o t  in t l i i i  M':I~ :1voided : i t s  p : l y ~ i i e ~ i l  c:111 o t i l y  he c1el;tyecl. allcl i t  is :~I\v:;ys 
larger in  t l ic  e ~ i t l .  
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Scrviccabi l i ty  
Mater ia l ,  w h c l l ~ c r  s implc  ancl inanimate l i k e  Iilrll s l r ~ r c l n r c  o r -  comp lex  as 

;III c lcc l ron ic  computer,  cannot  b e  pzrsu:ltlcd, l icncc i t  fo l lows i l ra t  t l i c  c o n d i t i o n  
<if scl-vicc;~bi l i iy i s  tI1:1t upkeep e l k ) r l  suppl ied s l la l l  ecqual ~ l p k c c p  c f h r t  i ~ c c d c d .  
I t  i s  of course possible lo supply m o r c  u p k c c p  elTol-l t l iar i  is ncccss;lry, in w h i c h  
case i t  i s  j u s t  wasted, :lnd tlii:; has no1 inli.cclucntly occur rcd ill i h c  p : ~ s t  ; b u ~  
rod:~y,  ill ships, w i l l1  a dc l ic i l  of ovcr;l l l ~ ~ p k c c p  clfor-t bccomi l l g  ever m o r e  
~ ~ i a r k e d ,  i t  occurs hut  rarely. 

I3clow i s  a 1;lbulat- s l ; ~ t c m c ~ ~ t  o f  a i yp i ca l  scrv iccabi l i ly  t l i t i i inucndo i n  o n e  
pa r t  o l ' t l i c  sh ip  .-Tile i tcms at t l l c  l o p  of t l ie  l ist, the m a i n  cngirics ;~ncl m a i n  
crigine auxiliaries, w i l l  h e  l 'ound scrvicc;tble, hut  i l i c  i tems ;I[ i h c  ho t to rn  of the  
l i s t  w i l l  bc  f o ~ ~ i ~ d  less ~ e ~ - v i c e i ~ l ? l c  ill 11i;~ri)~ s l l i p s  o f t l ~ c  Fleet tod :~y .  ' l l i i s  s i l ~ l a l i o n  
at-ises when tI1c1-c is a dcl ic i t  of l h c  t o l ; ~ l  upkccp  cll i)l-1 i n  l-cl:~tion l o  l h c  ~ l p k c c p  
~CC~I I~ I -~ I I IC I~~ ,  illid ~CC;LIISC 01' :I 1 l i l t~ t r ;~ I  tc1ide11cy oil l l i e  par1  of ships' ol1i:crs 
t o  c o ~ i c c ~ i t r - ; ~ I e  011 t l l i r lgs l i lost  essetiti;~l T o t -  go ing  t o  sea. Ii is o b v i o u i l y  cll l i tc 
possible l o  slc;im r o ~ l l ~ d  the ocean w i t h  1c;tlting i o i n t s  a n d  val\,cs, w i t l i  salt 
\\>;tlcr prlmps :I[ a l o w  state of elficicrlcy, w i t h  leak ing a i r  casinys o n  i h c  boi lers 
or- even \vith a p l -opor l i on  (:S i h e  gencr;llol-s o u t  ol':kclion ancl the s l l i p  : ~ t  ;I very 
l o w  state of water - t ig l l l  inlegr-ity ; ancl in peace no obv ious pena l ty  is p n i d  for 
such a state of ilfT:~irs. 

Main Engine ,\nui l iar ic\ 

I f  t l ie  \\l1010 of i l l i s  ~ I - O I L ~ >  or c q u i p r i i c ~ i ~  i s  serviceable n l  o ~ ~ i h r e ; ~ k  0 1 '  \v;Ir i t  
I o s l  h y  c o n e c i i ~ ~ i ~ g  maintenance elfor1 on the i tcms :I( the l ic;~cl of  
l l l c  l i s l  a l i i l  ;rl lo\ving I h c  rchi t o  dcleriol-ate slowly, t o  :~c l i i cve a very I~ igh 
O I I ~  o I -  1 c l I i t c  I t o  s p o r t .  Tl1i5 i\ \vh:lt was done i n  
1<)30. 1 3 ~ 1 1  ;IS s o o i i  21.; the scrv iceahi l i ly  I-eservoir was cxhallstccl, i h c  ; ~ v : ~ i l ; ~ h i l i l y  
l l i s  o r  I c l c l i ~ i c c l  i ~ y .  1- l ie i i r c  of  the ~-csc~-\ ,o i r  iri 1c1-m\ o f  l i i n e  
I x f o r e  i i  i s  cxhaus~ccl  h y  sea-goins \,a]-ics. be ing longest l o t  lar-gc ships ; ~ n d  
\ l l < ~ l - l e ~ l  l'or s111:1Il sI1ips. 

( L , )  A ~ i c e d  1 0  (Icsigti s h i p s  w i t h  the tii1turc ;lnd ~ x t c l i t  ~ ~ ' S L I ~ S C C ~ I I C I I ~  ~ tpkcep ,  
:)S we l l  :IS ~IIC m o r c  obv ious rcquiremcnls,  in mind .  



(b) l 'hc  right amount o f  upkeep must be determined for- each and every 
item in, or  01; a ship by collation of experience and its cvalu:rtion. 

(c) This right amoclnt of upkeep cannot be avoided and the filial eni>rt and  
cost will Lie largel-, anti the :lvail:~I>ility lower, if attcmpts are  made t o  
ration what is supplictl (except 01' cour-sc in thc case 01' 21 deliberate run 
d o w ~ i  to  the scrap stntc). 

(d) A reservoir of service;~bility exists in  all ships and ,  if i t  is ltcpt ft111, i t  
can he uscc1 to tide over :I pcriotl of clncrgency, as ill the lirst mon~l i s  of 
wiir. But, in the case of small crafl, the rcscl-voir is snlall and  will last 
only weeks rather than ~iionths. 

SHIPS : I'IELDS FOR ACTION 

Tl~e Design of Ships for Minimum Uplteep ant1 Their Evaluation 
When a ship is designed and h i l l  its subscqucnt upkecp need is desigried 

and  built into the ship, item by item, as surely as  its weight, hut, unlike thc 
weight, i t  usually goes unrecorded in any way. The whole ship inust be designed 
wilh weight in mind ~ u i d  weight must be, zund is, I-ecortled as  construction^ 
procecds, otherwise llle ship may turn turtle o n  completion. But iio s11c11 
healthy sanction applies itself to upkecp zuid there seems little doubt that, i n  
the design of n ~ u c h  of our ships' equipment today, inventiveness outstrips 
practical wisdom, and snbscquent upkccp is not considered in a meticulous 
manner. 

Experience indicates tlurt upkeep costs for a Naval ship ;Ire not less t l ~ a n  
5 per cent of its building costs per annum. Upkeep is lilize not ;rvailable, arid 
reduced upkecp costs incall improved availability. The table he;~ded ' Design 
for Upkecp ' which is entirely s11p1~ositio11~, SIIOWS how a n  irnprovc~iiel~t i l l  

availability (ioi11 60 1leT C C I I ~  10 X 0  per e c ~ i l ,  efrectcd through a retluction of 
built-in upkeep, would justify nearly doubling initial design and buildilig costs. 
Thet-e is here a large and, s o  i;lr ;IS 1 h:~vc been able to asccrt:lili, a n  a l~nos t  
unexplol-cd field (;>S research u11d i~iiprovcd nlethod. 

Costs and ;~vailahility ar-c il~iportant i l l  themselves, but so :)Is0 arc the size 
o f  tlie tectll a ship carries in rcl:ttioti 10 its own size. One  ready method OS 
incr-easing the teeth per ton displacctnent i l l  the l:lcet is by a reduction of (he 
11i:linteliancc mcn, sincc the demancls of weight and space for accol~~rnc)clat io~~ 
OS personnel tend to limit the \\,eapc)lls which can be carried. Retluctiol1 ol' 
built-in npkecp worilcl reduce co~nplements and  so itnprove the fighting power 
per ton ol' the I'leet. 

Design fbr minimutn ~ ~ p k e c p  I-ecl~~ircs lirst oi' all a clcal- target or  ship avail- 
ability to which all tllose dcs ign in~  parts of the ship shall w>r-k, together \\it11 
all inclication ol' tlic usage-rlpkecp patter11 recluil-cd oi' the s l ~ i p  to which all 
impor-taril equilimenls must conl'orni. I t  n o ~ l l d ,  (i>r example, be li)olisll i t )  
huild ;I niilieswccpel- i l l  \vhich the main engille recluil-ed l n y i ~ ~ g  utl' for- upkeep 
cvci-y tllrce weeks ancl tlic swccp cvcry t\vo weeks. Once tlicsc rccluil-ements 
arc  I;tid down, tlle desiglrcl-s can ;~pl)ro:tch rcducecl upkeep tlu-ough the ~ l s c  of 
more dur;~hlc niatcl-iali. evct~ il l  111ucll xr-e;~tc~- expenye, Llntl liy li~-o\,isic)~i 01' 
machinery alld equip~ncnts adaptecl to prcve~itive tnaintenancc, ;lticl i l l  wllicll 
esscnti:rl I-cplaccments call he cllkctccl I-apidly wit11 m i ~ ~ i m u ~ n  clfort. 

L)csigli for ~ ~ i i l ~ i l i i ~ ~ l i i  L I P ~ C C ~ ,  or, :IS i t  is Illore co1i111101ily ~ I I O W I ~ .  111.1' c 11itena11cc 
design, is :I I-clativcly 11ew activity ill  cngiliecrilrg. I t  is ;I lal-gc sulijcct of its o w n ,  
L I ~ O I ~  wlji~.I~ i t  is liere possihlc 1 0  S : I ~  (>lily (11:1t ;I e1e;~r C:ISC sceliis 1 0  exist 1271 ;I 

speci:rl section to be p[-ovidcd i n  evcry design dcp;~~-tmellt ,  I I O I  to act as a (>I-ake 
on d c v c l o p ~ i i e ~ ~ t ,  but to apply praclical wistlom allcl ensure that il~vcntivelicss 



220 

1)IZSIC;N I'OR IJI'KEI?P 
An illu\tration of I'inancial Coosiclcration~ 

Keqoircment : An Escot-1 l 'orcc of 100 il-ig;itcs actual ly  :~va i l nh lc  f o r  service 

Assumption : E ; ~ c l l  s l l ip  1r.1~ a l i f e  of 20 ycars 

A v a i l : ~ b i l i t y  i s  6 0  p e r  ccnt, i1icrcli)rc i t  is ncccss;iry t o  b u i l d  167 ships (since 
l00 i s  h 0  p-r cent o f  167). 

I f  cac l i  sh ip  costs S1 ,000,000, then bu i l t l i ng  costs C l  67,000,000 

IJpkecp costs a t  5 per  cer i l  pe r  at inurn fo r  2 0  ycars - -  f lh7,000,000 

T o t a l  costs f 334,000,000 

Ava i lab i l i t y  is SO per  ccnt, i l lerefore, i t  is ncccss;lsy to build 125 ships (since 
l 0 0  is X0 132s cent  of 125). 

A s s ~ t m i t i g  ll1n1 T o t a l  costs m a y  again b c  . . . . f 334,000,000 
a n d  th:~t each sh;p costs . . . . S C. 

1<~1ilcling costs . . . . . . . . . . C125 C' 

.- f 125 
& C C P  COSIS at 2 pe r  cc111 per  annut11 fix 20 years . C 

2 

I f l l C  +- f 125C 
1 o t :~ I  costs f 334.000,000 . . . . 

3 

l Iicrcl'ot-c ati1oilnl \ \ . l ~ i c h  may l>c spctit on e;~cl i  
s l i l ?  lo  c l k c t  itiipi-c)\,ccl availability aticl ha lv i t ig  
01' l l i c  ~ i l3 l tccp c i ~ s l s -  f C  . . . . . . f 1.7SO.000 appr<)u 

(i) I t  seemy rcaso l~ah le  t o  ;~ysuti ie tl iar II~>I<CC~ costs c o ~ ~ l ( l  he 11alv:il i f  i t  
\ \ e~ -c  ]3et-1iiis\il?le tic:~rly 10 (1011l~le l l i c  f i r s t  cos1 o l ' i ~  \ l i ip .  

( i i )  C o ~ ~ s i d c ~ - : ~ l i o t ~  or l l i e  l'i~ct I l i : i t  :I hl i ip  i s  S;II.CT- LII se:~ ll1:11> i n  l i : ~ r b o ~ ~ ~ -  i t1  :I 

n ~ l c l c a t  \ \ a [ -  acltls \vcight t o  i l i c  neetl tocl:ry 1.01- t l es ig t~ ing  I i i ~ l i  av: l i l ;~hi l i t)  
- lo\v ~ ~ p l i c c p  \hips. 

( i i i )  l ' l l e ~ ~ c  i s  :I[ c t io c i t l c ~ i c c  0 it?clicatc 111' p i ~ i t l t  I t l i m i n i \ l ~ i n g  
t -e l l~ rns  a\  I i ighcr a \ / a i l : ~ h i l i ~ i c ~  ; I ~ C  soitght. 1-llct-c i h  a c l c ;~ r  need io  
~ I L  l rlttestion so 1Iii11 Na\.;rl c x p e ~ ~ t l i t ~ ~ t - c .  o t i  new cot~. ; i~-ucl ior i  
\v111 111-ocl~1ee t l ~ e  ~ i x ~ x i t i i ~ ~ ~ i i  str i l , i~ig po\\:cr 111 .YI~(I. 

N i i i ~  : N<) :~ l l o \ v ;~ncc  has hccn m:~t le 1'01- a d d i l i o n : ~ I  lin:lnci:rI s:~vings oh t :~ in i rh l c  
hy the ~ s c c l ~ ~ c c d  numhcrs  ol' men in c o m p l c m e l ~ t s  01' l o w  upkeep s l ~ i p s  
h111 o 1 1 c .  21-tificer ill 20 years ; ~ l l o w i n g  for i r ; ~ i n i n g  a n d  waslagc cosls a t  
least E20.000. 
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is not w;lstcd b y  tlre clcvclopmcnt o f c q ~ ~ i p m c t i t s  w h i c h  ;ire suhsccluently i t ~ a d c -  
quu te  i n  rcspecl  o f  av;lil:tbility. T h e  m o t o r  ca r  industr-y l ias  shown clear ly i h a t  
higlr pcrI'c~rm:~tice can he matched b y  high ;rvnil;ihility ancl o l ~ c  eminent ail-cl-aft 
eng inc  mnnur:lctut.er has n o w  the  confidcnct. t o  sell l o  i l s  c ~ ~ s l o m c r : ;  1101 
engincs hut  cnginc IIOLI~S. 

I( l ias al ready b c c t ~  rcn i :~ rked  tha t  neither ;I high avail ; lbi l i ty n o r  a l ~ t g h  
usage m a y  be rcquit-ct l  ol' N a v a l  ships ill pc;lcc. I t  1x1s also bccl i  ~ r o t c t l  11i:11 il 
m a y  l a k e  some yc;l~-s t o  l c :~ r~ r  h o w  t o  attail1 a I i i g l l  ov:~il;lhility ill w;lr ~ t ~ ~ l e s s  the 
Icssons ar-c learnetl i n  peace. I t  sccms [hat  i l i c  i c ;~ t -n i l~g  o t ' t hc  I c s s o l i ~  w o r ~ l d  he 
bcst :~chicvct l  b y  :I re;illy thoroug l i  c v a l ~ ~ ; r l i o n  in ' t irsl  o l 'c l :~ss ' ir ials, ill \ v l ~ i c h  
w a r  c o r i t l i t i o ~ ~ s  were i imu l ;~ tec l  l'or a1 l e : ~ ~ l  six m o n t l i ~  o f  t i tnc. I l i c  p~ -oce \s  01' 
l ea rn ing  ill peace cou l t l  he acceler;rlccl b y  c;~~-eSul p l : r n r ~ i l ~ g  allcl s i ; l t i ~ t i c : ~ l  
c o n t r o l  o l ' t l l c  11-ials aticl, p rov ided  r i ra i t i tcr~:~ncc work was S o r h i t l ~ l c t ~  at \ i i l )~ i I ; r~cc l  
times, thcr-c wo~r l c l  he I I C ~  r~eet l  l o  m a k e  the s i i n u l n t i o ~ ~  (110 r ~ ~ g g e t l  a tll~ly 

l ' l ~ e  Usage-Upkcep Paltcrn o f  Sl~ips 
111 w;tr. opcri1Iic111:~l C<IIIII~I;I~~C~C~ 1ii:ly LISC iliips n ' i l h  (11. \ \ . i l l ~ o ~ ~ l  1-eg:11.<1 10 

the i r  upltecp. Sufl icicnt expcr-icticc i\ t l ow  ;~\l:~il; lblc 10 sho\\j that il' 11' u i c \  
sll;l)s w i l l i o u l  a very c;~~-cl 'c~l rcg;~~-cl  10 t l le i r  ~ ~ p l \ e c p  l ~ e  \v i l l  s o o i ~  get less LIY.:I~C. 

13111 is Ihc rc  no t  perhaps ;In insuflicicrlcy 01' i r~fot-1n:l l ion on  l l ~ c  hcs l  methoc l i  
of Llsilgc '! WC 11;1vc ~ o l l l l c l ,  r,1r cx:1111plc, c l l l ]> i r ic : l l l~~ ill the l<orc:lll w:1r 1l1;11 ;l 

c c r t : ~ i ~ i  cI:tss of' c r ~ ~ i s c r  r i i : ~ i ~ ~ t ; l i r i s  i t s  s c r v i c c ~ ~ l ? i l i i y  l x s t ,  :11ic1 tl icrcl'orc gives 
bcst ;~va i l ah i l i l y ,  il' i t  i s  allowecl six tlays s t a ~ ~ t i  <ill' :I n i o n i h  : ;~ncl tha i  i l l i s  i s  
h c t l c r  Ili;ln, S o r  insl: l l~cc, t\zo weeks every I\vo ri1011tlis : b ~ l t  t lrc I.~:IM~IIS t ~ c ~ i i : l i ~ t  
somc\\hat  obscl11-c. T l ~ c  11~1- iodic i iy  i ~ I ' ( I ~ c k y ; ~ r ~ l  ~rcf i is  v i~t- ics I?C~\YCIIII tlrc I ;~rgc 
fleets o l ' l l l e  N:lvy 1i1r r-e; lso~~s pcl-l iaps 11(1t e t~t i r -c ly col incciccl \\it11 1l1c ~ i e c ~ l s  01' 
sIri1x or [ l ie  opii111~11ii p :~ l lc , r~ i .  I s  tlrerc II<I~ rc1o111 Sel l -  ;I I'~11lcr c \ ~ : ~ l ~ ~ ; ~ i i o ~ i  l ~ c r e  
also '? Ancl 1111c ; r l n i ~ ~ \ l  i t r \ r i l ic i i \ .c ly  c l l~cs l io l is  [ l i e  \ + ' i d o m  ol' ' M o t ~ d a y  l o  
Fricl !~y ' cl;~ily hc :~-go i~ ig  111 IOC:II I l o t i l l : ~ ~  \ \ , l icr~ ~ i p I < e c p  i i  1101 :III i t  \ l i o ~ t l c l  be. 
13ut t ~ i s t i ~ ~ c i i v c  c l ~ ~ c h t i o ~ ~ i t l g  i\ IIO( CIIOLI~II, :III~ il 111-o1li.r : ~ r ~ i ~ l y > i \ .  I:t!iii~g :IC~(ILIIII 

ol' 11-:lining r e c l u i r - c ~ n ~ ~ r t s .  \ r ' c l l~~r -c ,  as \ \e l l  :~i IIle uphecl, h:ilancc. i i  i~ccclct l  i r i  
every taw. I-111- i l~er ,  i t  shc~l~lcl be rcvie\ved li-ccl~tcrii ly a5 c i r c u ~ ~ l s t ; i ~ i c c \  cl i i lngc. 

'l'urn Rountl ' T i ~ i ~ c s  l l n t l c r  Kcpair  

~'IICII :I s l i i p  i s  t ;~ l< i .~ i  i t 1  IILIII~ l i > t -  rcpaii-, >I c e ~ - t : ~ i ~ i  c l ~ ~ : ~ t ~ I i t y  01' ~~p l<cc ,p  cll 'ort 
i s  :~pp l i c t l .  I l r i s  c l l i ~ r t  I~I;I!. l1e g i i e l i  I ly  :I I L L I - ~ ~  t1~i11111c1- 01' 111~11 \\t)~-l,i~iS l'(11- ;I 
slior-t t i r l ic (11- :I b r i i : ~ l l  r i ~ ~ t ~ i I ? c ~ -  (11' III~II \ \ i ~ ~ . k i ~ i g  l'or :I lotig l i ~ i i c .  111 l>::rci., ir 
Ihcl-v is a large l icscl -VC I- lcct 1'1-on1 \ \ l ~ i c h  scl-\~ice:iblc s l ~ i l ?  I-cpl;~cc~~rent:,  c i ~ t i  I)c 
pro\ ' i<\ ic l ,  there m;)). he l i l l l c  o lqcc l i< in  111 lolig 1111-11 ro~itrcl t i ~ i l e h  ~ t r idc i -  rcp;~it.. 
sincc i l lere i s  110 c o m l x l l i n g  cli'm:ri~d i'or l i izl i ; l \ , a i l ;~h i l i i ~ .  : I>LI~, it1 \\:~r, t.:~picl 
lcrr-II r o ~ 1 1 1 c I  i i r i ics ~r t i c1 i .1 -  r-cp:~it. ;II-c v i i i l l  t o  liizl1 ;~\~: l i l :~ l? i I i ly .  1.i1st \V:II- c . x ~ > c r i c ~ ~ ~ ~ c .  
alrcacly cluolcd. slro\vctl lie\\, l o n g  ii l o o k  t o  t?i;rstct- i l i i h  :~c t iv i t? ,  :itnc>rig c>llicl- : 
: t t l t I  el 'ery ric\\ cl:~h\ 01 '  s l l i p  131-chctits IICTV p r c ~ l ~ l c t ~ i s .  A I;II-~C ci \ ' i l  ail- I r : ~ t l ~ ~ i ~ > t ~ l  
I I ~ I I I I I  l i ~ I I I  I f i r  c ~ i r i c l  i i r c r ~ l '  I i l i  ;IIII~II:II (1\;~1-11;1~1 ill 
l ive ckiys. 13111, t o  c10 thii, 11lo1.c 1Ii:11i OIIC I I L I I I ~ ~ ~ ~ ~ I  111e1i t r ~ ~ t i t  I1c e111pIoyc~I 
c c ~ ~ i c ~ ~ r t - e r ~ t l y  :it id tllcir. c\,ct-y opc1.:11ic11i 11ius1 l?c si.lrcci~~Iccl, : I I - ~ ; I I I ~ C ~ ~  i t 1  1112 trigI11 
order.. :~ t rd  closely ~<11111-t1llecl 011 ;I l i m e  h : ~ s i s .  1~)ocs tiot, l'or ~ Y ~ I I I I ~ I ~ ,  IIIC cl>i1\1;1l 
niinc\\vccl>ci- 1 ~ w r i t  :I vcry sinlilal- prohle111, ;III~~ \ l i t i111~l  17ot ;I pl; lnl~ccl I-cp:iii- 
hc dcvclc p:cl ;11ic1 11-iccl OII :I I'c\v CI-;II'I ~ ~ t ~ l i l  il i% p r ~ 1 v c i I  '! SIIOLII~ l io t  t l i c  p ~ - ~ i c c -  
clurc :111d I':~ciliiics IICCCIC~ be set o11t i t 1  h o o h  SOI-111 1'01- i s s l~e  1 0  t l ~ e  III:II\\~ SI~IAII 
y:~t-ds \ \ l ~ i c h  \ \ o ~ ~ l c l  i ~ ~ ~ d c ~ - t ; i k e  l l rc t a h  i t 1  \V;II- ? 7hi.1-c i s  clcar-ly a l l  i l ~ l c r c i i n g  
f ic ld  li>r cll i>r-l hcl-c, too .  I t  \ r t ~ r ~ l c l  hi. a l l  applicatic7rr 01 '  WOI-k Study in it.; n i os l  
d i rec l  1i1l.m nt ld  possibly in l h c  I'o~-m \rhcr-c iller-c i s  t l l c  \viticsl i ~ x p e ~ . i c l i c i ~  t o  
c:rll o n  l i om o u i \ i d c  Lllc Service. 
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Administration of Upkeep 
111 gcrlcral, sl i ips of a class are spread a l i io r ig  many fleets. N o  o r ~ c  l lcct 

a ~ ~ t l l o ~ - i l y ,  t hc rc f<~~-c .  h:~s access t o  cxpcl-icncc 01' sh ip usage :mtl uplcccp for t lrc 
w l ~ o l c  class. FOI- n>:uiy years, l lowcvcr,  i n  the c:rsc o l '  the suhm:~t-inc, co-  
o r d i t i ; ~ t i ~ i n  ~ > f c x p e ~ - i c n c e  11:~s been exerted by 1;lag Ofl iccr. Suhr i i :~r i~ ics.  F o l l o w -  
i n g  the success o f  th is ar l - t~ngemcnt,  ar id o f  the  equa l ly  succcssl'ul i l ~ ~ i t c c l  States 
N a v ; ~ l  expcriencc o f  T y p e  Cori irnal idcrs, the cst:~blislxmellt o f  Cl :~ss Au tho r i t i es  
I'cir a l l  o ther  types o f  sh ip  in t l l c  l i o y a l  N a v y  !ha'; n o w  h c c ~ i  al?lvovccl. 

T l i c  Class A itlllorii y i s  a11 ; ~ d ~ i ~ i n i s i r : ~ i i v c  a i d  to l l ie d l i c i c l i l  pc l - k> i -~ r ia~ ice  ol '  
upkeep ; i ts tools ;II-c or-ders, rccoi-ds, a n d  rcl>ol-ls. I t  i s  pe l - l iap i  ~ r ~ l ~ i c c c s s a r y  
t o  ohscrvc thai  the dcvclopmcr i t  ol 'cl l ic icnt c Ioc~~nicr i l ; r t ion  1'11s t i i n i c~ - i ;~ l  ~ ~ p l t e c p  
i n  the Service h a s  laggctl I>u- h c h i n d  the c lcve l<~pmcnl  ol' i h c  cc lu ipmc~ i i s  tlrcr11- 
sclves, ar id tha i  arty corisiclcrahle i r i i p l - o v c ~ ~ i c n t  o f  upkeep r n C l h ~ i c l s  01- rccluci1~111 
ol' i lp l tcep in new clcsign, sccluircs a n  cclriivalcnt i ~ i i p r o v c m c n t  ill t l lc l lt>\v 01'  
co-or-elin:~tccl S:~c[s l i o n 1  the fleet. Il is now h o p c d  wi l l1 l l l c  i n l s o d l ~ c t i o ~ i  o l ' t l ~ c  
Class A u t h t ~ r i t i e s  t o  rcvisc w i t h  expert at lv icc the whole  01' I l ~ c  p r c s c ~ i t  p ; i p c ~ .  
w o r k  i lsct l  ill cor incc t io r~  w i t h  t l lc  m:rlcrial~ o l ' i l l c  I lcci.  -1'0 ~C>II~~'CII.I i l iosc \ \ l i t 1  

11:tve :I I ~ o r ~ - o r  01' p : ~ p e ~ -  i t  i i i i ~ y  be :~dcietl t l i :~t thci-c is ~C;ISOII 10 bcl ic \~c,  h y  i15i11g 
moder11 nicthods, a l l  irnpr-oved d l i c i c r i cy  i n  t l ~ e  i1-:1nsli-i- of i n l ' o r m ; ~ ~ i o n  can he 
ohtnirrct l  w i thou t  any iricrcose in ofl ice wor-k. 

Con t ro l  of Ship Upkeep in the 1;leel 
I n  111,: clitys o f  sail the Exccl l t ivc Oi i i cer  \XIS scsponsihlc I;,r the t;rclic:~l :~ncl 

st r :~tcsic i ~ s c  t ~ f  I i i h  sliip a n d  w c : ~ ~ i t ~ r i s  a n d  \\,:IS ;llscr the o n l y  a ~ i t l i o l - i t y  IIII their  
l c .  I od : ry  hi: i s  no Iorig:r I he  ; ~ u t h o r i t y  o n  t l lc i l -  upltcep. aritl l i i s  t ra in i i i g  
rel lccts p r i m a r i l y  i l i e  use o f  the sh ip  (11- \\;capon. f h c  tcchnic:~l  olficci- ol' tod;iy 
i s  l r a i ~ i c c l  t o  c o ~ i s i ~ l c r  t l ic  d c s i g ~ i  :III~ ~ i i : ~ i ~ i t c r i : ~ ~ i e c  01' !xi< / I ( I I . ~  ol 'sl i i l? or \ v c ~ ~ ~ ? o r i ,  
It i s  1?~~11:1pi l i : ~ ~ - i i l y  s u ~ - ] ? r i s i ~ l g  11' t l i c  11i:tttcr 01' ;~v; l i l ;~ l? i l i ty  ror  11sc (11' t l ic  ti,/io/<, 
sh ip  01. i ~ \  o\;er;lIl i c r v i cc :~b i l i t y  slate h:rs h a d  i n  !recent ye:11-s Ic\ \  t l ioug l i t  t l ia i i  
i t  ~lcsesvcs. 

A l t l i o u y l i  t l ~ c  a l l o c : r t i i ~ ~ i  of r cspo~ is ib i l i t y  i s  clc:11-1y debalahlc, I hclic\sc 
~ i i y e l l '  I ha l  the clclcslions 01' c~ \ . c r ;~ l l  s l i i p  ;~va i l ab i l i t y  ;~ i i i l  \cl-viccahil i ty. ;rni l  ~ h c  
nictllc.tls 0 1 '  : icIiievemctit \\:(>ultl be best c~iihr-acccl as ;I t;l\k I I ~  t l ic  Icc l i r i ic ; l l ,  
; I S  c lppc~ ic t l  10 l h e  J i x c c ~ ~ l i \ ~ e ,  Ol l iccr \ .  I n  every \ h i p  (11- I lcct tlxe I c c h r i i ~ ~ : ~ l  
OITiccr-s , j o i i ~ t l y  h l ioul t l  l>c :rhlc t o  13:-csctit t o  I l ic ir- C o ~ i i r i ~ : ~ t i c I i ~ ~ g  o r  I:I:IS Olli:c~- 
(Il? st:ttc (11' 111c lt{?kc<.p l?:ll~l1>cc ill l c r l l l >  \v l l ic l l  ll~, c;111 1lllcler\t:Illcl :111ci :l]l]>sc- 
c ia lc  c[uickl).  'l l ie C o r i ~ r i i : ~ i i c I i ~ ~ g  or tFI:cg O l l i cc r  s l i o ~ ~ l c l  he i ~ r l ' o r r ~ ~ c c l  I ~ I ~ ~ L L : I I I )  
t i i '  Il<i\\, l l l c  o\,cr:~ll r i i :~ lc r i :~ I  st:ile is c l i :~r ig i i ig  :IIJCI 01' \ \ l ~ c t l ~ c r .  ;111tl II',)\\, IIILICII, 
i t  i s  inip:-cjving (>I- clcc1inill:l uiiclcr l i i s  comr1i:ind. 11i \pcc~i i )11 rc13~11n\ h l ~ o ~ ~ l c l  
~ n a  Ac qu i te  cli.:r~- i l l c  cliacigcs i ~ i  o\,cr-all ht;lrc \ \hicl1 h:r\'c occri~.rcd. 

I t  i s  I o i  t i  I t h i s  cor i r icc t io r~  t I i : ~ t  :II?(ILI~ I\\,(? 11ii1-cl< (11' : l11 
sAilletl upI<ccp r n c a \ ~ ~ ~ - c t l  in r l i a n  110~11-h is r C : i  I I o r  i ~ c l  i s  11l;ri11- 
1 i 1 1 1 c  I t l l i ~ t  the c~pl?ositc i s  II-LI~ i t 1  I-csp:ct o f  ~rns l< i l l c t l  ;Incl sc~i~i-sl, i l lct l  
o r .  I : lcc~ l 'ccI ir i ic:~l 0 i I ice1-s 11 i~1s t  krlc~\i: 11ot  oril!, the l o t : ~ l  I I ~ I < C ~ ?  III:III I I~ I I~S 
ncctlccl h u t  : r l s t ~  \ \ha t  has her11 pr-ovidctl  i r i  l-ilxlil-. :IS \vcll ;IS iii t i i : ~ i r i t c ~ i : ~ ~ ~ c c .  
I ~ I I  i ~ i t  I I  c .  I l i c  p ~ - c ~ v i s i o ~ i  0 l ' comp lc tc  n ia in~ci l : i~ i i .c  sc.lic.tli~lc\ 
l'<is C\CI-) s l i i j l ,  t l lcii- c<)s l i i is  i n  in:ln hi r l l r -s ,  : ~ i i c l  the I-ccoi-cli o1'aclr icvi~mc11t l ~ c l c l  
I l y  t l ~ c  ( ' lahs Author- i ty  s l ~ o i ~ l c l  l i c l p  i ~ i i ~ i s o \ ~  the g~.il> 01' r l te I:lcc( Oll iccl-\  ( I \ . ~ I ~  

~ I i e s c  ~nal tc l -s : 1?~1t l'~t1-11ic1- ~ l c v c l ~ ~ ? ~ i ~ c r ~ t s  :\I-c ticcdcd. p : l ~ - t i c ~ ~ l i ~ r l y  111 rcs1?cct 
l l l c  inzinncr 01' p resc~ l ta t i o r i  or- clisplay (11' ~ i i : l tcs ia l  state. 

Tlll? El'l~OR~l' 01; ~I'IlE RZISN 

I3y p; ry i r~g m o ~ - e  ; l l t cn t ion ill s h i p  clcsign to t l i c  s ~ ~ h s c c l ~ ~ c l l t  11pL;ccl3 I ? u r c l c ~ ~ .  
hy i m p r ~ ~ v i n g  the ; ~ d ~ i i i r i i s t ~ - n t i o ~ i  o f  upi;ccp ancl i h c  t (>o l s  ~ r ~ c d  i n  ; ~ d m i n i s t ~ - : ~ t i ~ ) n .  
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a u d  h y  ~:II-nessing the 111achinc t o  per fornr  111aintcn:lnce opcrn t ions prev ious ly  
done b y  h a ~ l d ,  m a n y  concretc improvemenls  i n  sh ip  ava i l ab i l i t y  are nl ta inablc.  
B u t  o u r  ; lhi l i ty 10 h o l d  an ~ l p k e c p  halance, at lcast as S;n. as maintenance is 
concerl led, f ina l ly  rcm;1ins in the hands o f  the ind iv idua l  seaman, electrician, 
s toker  m c c h a t ~ i c  and ;~r t i f iccr ,  the h u ~ n a n  be ing  t o  whosc supcr ior  complexity 
I I-elkrrcd at ~ h c  o ~ l t s e t  of th is paper. A s  officers we  ear lnot  h c  s u c c e s s f ~ ~ l  unless 
our men are sc~ccessS~tl, sil lcc i t  i s  their  w o r k  w h i c h  const i tutes success. 

Some years ago  I assisted ill l h c  c o n t r o l  of a year l o n g  exper in lent  I the 
I- lcct A i l -  A r m  t o  dclermir le the re l :~ t ions l i ip  o f  11~ln1bcrs of ~ n a i n t e ~ i : l n c c  m e n  
pel- aircl-;lI't io percentage sel-vicc:rhility altaitlzthle. W e  hacl ;L d is t inguished 
stut is t ic i ;~n in the A d m i r t ~ l t y  conduc t ing  team w h o  was perhaps not  t he  1c;lst 
surpt-ised of us a l l  t o  fincl, ;I[ t l ic  c l i d  o f  the  tr ial ,  tIi;tl each  rn;lll was d o i n g  i n  
the salnc t i ~ n c j ~ ~ s t  t\vice \vh;lt he was d o i n g  ;I( thc hcg inn ing.  I t  was, o f c o ~ t ~ - s c ,  
IIO m o r e  than 111;tt the sclu:~drori, ab ly  led, h a d  decided t h a t  the  Admir : l l ty  t r i a l  
p a r t y  was tcs l i l ig  them l>y t a k i n g  me11 away m o n t h  b y  m o n t h  lcavi t ig the  task 
the same, ancl. despi le the L l c l  tI1;tt o v c r l i m c  w;ls ro rc ih l y  prcvcntcd,  they were 
no t  pwpnrecl  to be brokcn.  They  Ihcmsclves f i ~ u ~ i d  ways and me:llis o f i rnp t -ov ing  
I .  A l l y  n;tval of l iccr  can c a p  lh is  cxpcr icncc w i t h  a ta lc of a n  ear thquake 
or o l h e r  e~ i i c rgcncy  w l l i c h  has m;lde men  secni t o  d o  the impossihlc, b u l  \vhich 
has in 1;lct o n l y  i l lustrated w11~1t l l l cy  are capirble of, if inspired.  T h e  d i l l i cu l t y  
i s  t o  k u o w  how, to inspire w i t h ~ > u t  external :uiJ tempora ry  st imulant ,  and  h o w  
ti, m a k e  wiclel- npp l ica l ion  of  t l ic  eviclct~t l':lct t11;1t 100 nzcn i n  o n c  sh ip  do Ii:~lf 
as ~ n u c l i  m o r e  w o r k  again as 100 men  i r ~  many others. 

T h e  h:~sic cl-\;lrac(cristics \vhiclz we requ i re  in our m e n  b o r n e  for oper ;~ t i on  
a n d  r n a i l ~ t e n ; ~ l ~ c c  of ships' ccluipment arc :- 

(U) Knowleclge. 

( h )  Ski l l .  t n c l ~ t a l  ancl physic;~l ,  i n  t l ic  :~pp l i c :~ t i on  of knowledge. 

( c , )  A b i l i t y  t o  app ly  ( 0 )  ancl ( h )  under  at lvcrsc cil-c~umstances. T h i s  dem;lnds 
p l~y \ ic : l l  t o ~ ! g h n c \ i  an t i  physical  ;itid menta l  caul-age. 

( ( l )  A n  inner  c l r i v i i i ~  h r c e  \ \ l i i c l i  \\.ill compe l  m e n  t o  give of their  best ; ~ t  
a l l  l imes. -1 h i s  i s  a t i i ;~t ter  ol' t l ic  spir i t .  

And S ~ - ( ~ i i i  our oll icers \VC need t l ~ c  ah i l i l y  111 induce these c11ar:~ctcristics. no t  
o i l l y  i ~ i  ~ I ' r - ; i in i i~g  Est : ib l is I i~ i icnt i ,  hu t  cvcry\vl icre ; ~ t i c i  al\vays iii the 1:lcets. 

'l.lierc i \  n o  \cl-io115 prol>le l i i  a h i ~ ~ i i  ( 0 )  ;1t1c1 ( l ) ) .  : l t i t l  those coneel-necl w i r h  the 
; ~ d r n i n i \ l i a t i o t ~  of 1r:liniiry h a \ c  I l i c  d c v c l o p m c i ~ l  o f  these chat-ac~er i \ t ics \veil 
i n  II:III(I. S~1c.11 ~ l c v c l ~ ~ ~ > t i ~ c ~ ~ ~  i ~ ~ ( l c c c l  rccci\,cs :I \,cry 1:1r~c p r o p o r t i o t i  111, l r x i ~ l i r ~ g  
c o t  I I I I ~ I I ~ I  i i I l ~ : ~ l l ' t i c  I .  l3ut. ill the ot11c1- ha l l ' o l ' t l i e  ta\k. \\'c m:ly 
\omct i t i icx I-cl! t o o  mu cl^ oil extcr11:il c ( i~ i i p i~ l s i c l t i s  ;~trcl, si t lcc pressure cstcl-n;ll ly 
t ipl>l ict l  i \  I p o o r  sul ix l i i r l lc  I I comes fro111 i i i  i l  i s  ~ p s  i ~ o l  
\ I I I ~ I . ~ \ ~ I I ~  1h:il tlict-c i \  :l ciih]>;~rit!' l ~ e t \ \ ~ c c t ~  \ \h:~i  t1ic11 c10 :111d \vflt l l they ex11 d o .  
1.o1-cl k l ~ ~ t ~ i g o ~ i i c r y  II:IS s;l icl t l i : ~ t  ' 111c ~ i i (~ t - : i I c  o l ~ t l ~ c  solciicr \v:ls the 1ii(>s1 i ~ i i p o r -  
l ; t t ~ t  siti:lc I:ICI(I~ ill \\:II.,' l ~ I i i t i l ,  111at l hc  Cl~:~i t- t i i :~t~ o f  :III~ I:II-yc i t i c l ~ t s t ~ ~ i : ~ l  
I ~ I I ~ I I .  ~ t - r s r ~  I r l c t i o i  o 1 1  I I s i ~ i i i l r  v l ~ t i i  t o  Iiih 
I>rl\it ics\ Ioclay. a i i t l  i t  can 11:1rcIly 11c d o u h ~ e d  t l i ~ i t  i t  a l q ~ l i c s  et l i la l ly  t o  1I1c N a v y  
il l pc:icc <>l- ill \Y;II-. 

In  lool,ir~g l o  t l ~ c  I ' I I~LI~~, t l ~ c r e  i \  much  ciici1111-:1gc111c111 t o  l>c gait ict l  f l -om sue11 
N;iv;iI d i~\~t : lo l ,~ i ic~i Is ;IS 111c R/le~tl i~ct-r:~ncan 011i\v;n-J I%ouncl Associ ;~t ion.  T h e  
\>ai ic p t 1 r 1 ~ o ~ e i  o l ' t l i i h  schcmc, ~IIC ~\evc lo l?n ic~ i t  o l ' ~ ~ I ~ y ~ i c : i l  fitncss. t l i c  I~ci:lilcn- 
itis o l . v i ~ : ~ I i i y  i t 1  >ollttg nlc11 pro\ i t lcc l  b y  aclvcn~tl l-c. the c o n ~ i n ~ t t ~ i t y  o f c n d c : ~ v o u r  
I 1 c 1  I III~III e ~ i g c l i d e ~ - ~ d  b) :I i o i ~ i t  c ~ i l t ~ t - p r i i c  i l l I~:~ILLI-:II s ~ ~ r r ( ~ ~ l ~ i c I i t i g s ,  
l l ~ c  1:rovisioti of  c~p l?ot - i~ l i i i l i cs  (01- 11flice1-s 111 t r ; r t~sni i t  a s c n w  ol' nio1-;11 valucs 
i l ~ l i ~ r m a l l y ,  an-c :)l! \vi thit i  the powers  o f  ot l ic l -  F lec t r  or F lo t i l las  t o  achieve. 
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