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OIIC of' tlic he! i sx~~cx  t1i;rt I':~ce 411117 dcsig~l'rs ix tlic clio~cc of' 1iullti)rrn that \ \ i l l  
cf'lkcti\.cly Incct tlic rcquirc~licnts the dcsign ix  target :rt i l l  ter111s ol' \.csscl 
~wrli)r~ri;r~ice and cost. 

T l i i  rcl'ort gi\cx conr~~rclrenxi\ c analysis ol'dil'lkrclrt colicelltx of mari~lc vcll~clcs. 
.Pllc concept dcsign of tllesc liiarinc \clriclcs ix  13rollcrly cuamincd. 'PO p r o d ~ ~ c c  ;I 

coricept dcsign. i t  i x  11ecexx:rr> to I ~ ; I \  c :I rcql~irc~i ie~i t .  TIic ~ C ~ ~ I I ~ C I I I C I I ~ S  Ii;r\,c lleer~ 
li~iiitcd to l~ayloatl ( \o lumc anti \\,eight) and sllccd at spcciticd Scn State in t h ~ s  
re~x)r t .  

1-lie ~lrojcct tliorouglil~ Ioohcd ;rt  \i a y  of' clc\-eloping :I d c s ~ g n  a p l ~ r o ; ~ l i  that M i l l  
mnAc use of  stipulated req~~ircmcnts  to obtain a ship concept \vitli i t x  li)r111 
~,al-all~ctcrs i l '  ncccxsary that sat is l j  \\,it11 ~ i ~ i n ~ r n i ~ r n  stabil~ty nlld scakccping 
c r i r ~ i r ~ ~ c c .  Tllc re;ixoll thr tlcvclol7ing such :In altcrnati\.c is to a\ord \Laxtin? 
rcxor~rccx. Inoncy or ti~iic. 011 d e ~ c l o p ~ n g  intcr~nediate solutions \\ lricli arc Ictio\cr 
:rlicr final hullthrm that \ \ . i l l  succcxst '~1l1~ stand t i ~  t l ~ c  dcs~rcd solution Ilas 1,ccli 
taken. 

'l'liis rcl~ort C ~ C I ; I I ~ ~  llic \\orb dollc 011 the fi)rllllll;ltioll 01' a11 clrll7irical fi)rliill~;l fi)r 
tlrc C;/: tune li)r tlic n;l~-xllillx hascd on the lir~lllhrm parameters. 

I IC ' I  uridcrtahcx short x h ~ p  dcxig~r courses. of one \\cch durntiolr. Tlrcsc c o ~ ~ r s e \  
~ i r i \  I~C. I I ISC\  \\it11 ;I scricx of' sliort dcxiyn cucrcixcs. ( i i ~ c n  the short time 
;r\a~lnhlc. i t  i x  ncccsx:rry to pro\.idc ximplc computer toolx to ;rssist. I .u~-tIie~-~iio~-c 
tlic Ic;r ln~~lg c r ~ r \ c  li)r tlic tool must 17c slrort i l l  order to C I I ~ I I ~ C  gooct ~ ~ I I I C ; I I I O I I ; \ ~  
hc~iclit .  There I S  a r~ccd ti)r xr~cll :I tool. \vlricll c;rll calculate tllc ( ; L  cur\.c of'n 
I S I I  I I I I  r ~ i t c r s  Also d ~ ~ l . i ~ i g  ;I xllip dcsign cserclxc. tlie nccd 
c.\~sth fi>r n ~nctliod 01' asscs<irig tlic stallility of' \\arsliips at the ~nrtial \tagcs of' 
clesign. \ \ l ic~i  only fhrm ~ ~ a r r ~ m c t c r s  of' tlic 1iullli)rm arc kno\\ ,n .  normally tlie 
tram\ c.~.se stah~lit!. can he axscsscd ill d c s ~ g ~ r  dc\ clop~iient strrgc. ant1 at t h ~ x  st:rgc 
not ~nuclr tlnic I \  IcH to go hacli and atart \\.ark li.o~ll scratcli. 

Tlic INKPUSC of this d~sscr ta t~on  prcyect is to nrake a s c r ~ c s  of'\iarsliil7 hull f o r ~ n s  
I?> ~ n a k ~ n g  a sy<tcmatic \arialion i l l  l 1 ~ 1 1 1  f b r~n  par;lmctcrs. l'lic S% cur\,cx for tllcsc 
arc. to hc uxctl to protlucc a par;rn~ctric nicrliod of' estln1;rting S/'(;/. c ~ ~ r \ c s  li)r 
\\;lrs111~1 111111s. 

;\ I  tlic atart 01'  lllis euercixe. a \,er)' i11il70rta1it i x x w  \\;IS to select tlic I i t ~ l l  ti)r~ii 
~';r~-;r~i~cters. to be included in tllc empirical t i ) r ~ i i ~ ~ l a  for the c:~lculation of  ( i /  
cur\c. A numhcr of' parameters \vcrc consicicrcd and based o n  their c fkc t  OI I  

trans\.crsc st;tbil~t! only 4 1 ~ a ~ 1 1 n c t c r s  \krcrc considered. While selecting tlie 
~~ara~i ic tc rx  the lirnit:rt~ons of soli\vnrc PAR!\MARINI: li)r generating nu~nher  ol' 
1iullti)rm cluichly \+a 2140 consitlercd. total of O X  Iri~llli)rmx \\.ere ge~lcratcci h! 
xystcnlatic \ ,nri:rt~o~~ ol'hloch cocl'licie~it ( ( ' h ) .  13ea1n to I)l-aught K~rtio ( F {  T )  a~itl  
I,'lal-c Angle al,o\,c w;rtcr line (Kt) and Ihr cacli Iiullfi)r~n 2. diflkrcnt dr;lugIit to 
dclltli ratio ( T  D )  \tax conxiciercd. 



The cross c u r w s  obtained ii.om those I i ~ ~ l l f i ~ r ~ i l s  \vere ~ l scd  ill rcy~-cssio~i a~i:iIys~s to 
yet a n  empirical li)rlnula thr tile cross C~I I - \ .CLI  of stability of ally sliip. tlils c;rti then 
he used ti)r calculation ol'(i/ for any laluc of  K(;. 

The result obtained from rcgrcs\ion r1ti;iIyxis \li(?\ts that tlic cmpiricnl t i ) r m ~ ~ l a  
ol,taillccI lits a n  apliro\;~~iirrtc tiiodcl to the ( 1 %  cur\c  ot'\\~arsliips: and 11 tits \er!, 
accurately 011 the Iiullihrms used fi)r regression anal>sis ('>X lil~llforms). This 
xlio\\-s that although the rcyrcs\ion ~iiodcl 15 \ c ry  ;rccur:rtc. i t  Iias got some 
1i;1ra1lictu\ ~nissiliy in i t  \sliicll effect tlic \tahility 2nd tlint 1s \vhy i t  is an 
ap1xo~i1natc  fit to other hull hums  2nd a n  accurate tit to Iiullli)r~ns used in 
rcgrc\\ion. 

Thc cmpiricnl li>rmula call he uscct to set tlic ripl~rusi~nnte Ci/ curve or \;iluc of  
(!h1 at ~liitial itaye\ of dcsiyn. altliougli i r  nc\cr represents tlie cxoct hclia\.ior. I t  
also yi\cx a goocl lkcl ho\v dif'ftrcnt parameters. \\hicli arc iticlucictl In ~iiodcl. 
ctfi.ct the \tability ol';r hhip. Tlicrcforc th15 can he nscd to get a guidclinc on 
sclcctlon o l ' l ~ r r r a ~ ~ i c t c ~ ~ s  at 1111' inlti;rl \l;rgcs ol'ticxiyn. 

Tlic tn\cxtigntion ot' thlx tlicsix \vas illto tlie feasibility ul' the production of hasic 
guidclincs tiJr tlic use of colnpohites \titliin co~iccpt dcsign Ihr :,hips 01' 

:ip17ro~11iintc11; frtgntc cor\etlc :,ilc. ( '~~r rcn t ly  gcncric inli)r~iiatio~i. such as  tile 
tool:, thr predicting the str~~ct\rral ~vcrglit ot' n gi\cn ship si/c and approxlmatc 
\tructr~ral \zeight frrrctio~i:,. li)r LISC durilig earl!. COIICCPI  tlcsign and initial siriliy of 
;i \.cssel arc only a\ailahlc l i ~ r  \es\els constructed out 01' steel. 1 I o \ v c \ ~ ~ -  st~ldics 
have indicated that thcrc is ct~rrcntly ~nsufticie~il c-ipericncc and data. in particular 
li)r s11cli large \esscl:, in euccs\ of  I001n. \\zllicli arc yet to I,c constructed. to nllo\\ 
ti)r the productton of'an e~iipirical fi)rniuln lbt :,tructural \vciyht. It \ \as  Iio\\,c\,c~. 
~ x > h s ~ h l c  to pro\ idc morc hpecific gurdclinc:, n\a~luhlc to as\ist \xitli design. such as 
approlxiatc load i'nctor\ for :l11 failure modch. both local ancf global. along \\it11 

:~dd~tioli:rl considel-atio~is spccilic tbt- the usc of composites 111 dcslgn. 

I t  \\!as cutlscclucntl\~ decided th:rt the focus of the tlicsis should he to P I - o ~ i d c  a 
stlldy to confil'm nhcthcr \vitli currcnt colnposite tcchnoloyy a \.csscl of  this siyc 
coulcl he rnanufiictl~rcd unci rt'not. \\.hut aclvancc\ in the tiiatcrr:il technology \\ould 
ha \c  to be m;ide to make i t  feasible. To  filcilit3tc this. the ~ i i~ds l i ip  sectloll  of;^ 
current stccl ship dcsign (all early \crsioli of N F R  90) of  1.33111 ill length \v:rs 
redcstgned \\,it11 c~lrrcnt co~~ipos i tc  t ec l i~ io log~ to :tllo\\ com\iarison bct\\,ecn the 
t\vo. T h ~ s  stud! indicated that the l;iilurc ~ncclianis~ii. \vlllch dominates tlic 
midship section tlesigli of a11 [:RP ship. is o\.crall b11ck1111g. 111 ;idditioll. ~vitli thts 
particular dexlgn 11 \\as lilund tlirit the hliip \\ould deflect 1 times more than tIl;\t of  
stccl sliip. ;rlthougIi tllc acceptability of  thih tlcllcction \ \ i l l  ultimntcly dcpclid tlpon 
the ti~nction ot'tlic \esscl. Finally i t  \vas concluded that str~lctural \vciglits of (lOO;, 

01' at1 ctlui\alcnt stccl sliip \\ould he a scasonahlc startiny ~ioint  during the initial 
sltlng ~ ~ o c c 4 ~ .  I t  I:, hoped that the tlicsis \ \ . i l l  lielli filturc students ~~ndcrtnking the 
ship d c s ~ y n  c ~ e r c i s c  \\-lth the latest guidance to the 11sc ol 'co~iil~ohitcs and otlicr 
rele\ant rckrcnccs that \$,ill  he of a\sihtancc. 

llaunclie\ arc ~1\un11y ilicorporatccl ill trimaran IiuII ti)rms to cnsurc t l i n t  tlic 
da~rragc stability critcr~a arc nict. The etlkct of Iia~lnches on sea keeping 
pufor~i iance.  ~~art lcular ly o n  roll dnli~ping. r c q ~ l ~ r e s  111odcI tcstillg ;is tllc ri\ailablc 
zcaliccplny ~ i rcd~c t ion  soti\s;irc assume that tlic ship 1s \tall sidecl ahovc tlic \\.atcl. 



I ~ n c  and Ilcncc cannot ~nocicl the clti.ct of linunclics. TIiik rcxcnrcli \vork is an 
cfli~rt to cstahl~\li the cil;'ct o i ' l ~ a u ~ ~ c l i  I~ ; I I . c  a~iglc  orr 1.011 tlanl[i~ilg. 

. \  \cr.ic of' roll tlccay lest\ \ \ere c o ~ i d ~ ~ c t c d  \\,it11 \\:ooticli and ti)am Iiar~nchcs at 
/cro s17ccd 011  ;I s111alI \c;~lc 11lodcI. ill1 energy 1i1ctI10ci \\;IS i l l i t i ; ~ l l >  used to ~ ~ r e i i ~ e t  
roll d;~lilpil~g cocl'licic~its ; ~ s s l ~ ~ i i i ~ i g  111ic;ir 111~1s c111adr;rtic damping model. N o  
s~yniticant clia~iyc in damping was 111.cdictcci ()\.er tlic range ol' Iinu~ich anylcs 
c o ~ i ~ i t l c ~ . c d .  I t  \ \as klt t l ln t  there \\.as n ~iccd to i~i ipro\c  the c.rpcr~mcntnl act-!~p 
and tlic nnnl>.sis proccclurc before niahing any conclus~ons. h4:\-I I I I S I  
~ ? c r t ~ u h ; ~ t i o ~ ~  expanxion \olution \\;as co~iscqi~cntly used ns nn ; ~ l t c r u a ~ i \ ~ c  to cncryy 
inctliod t o  see ~f i t  diflcscnt or better results. 'Tlic t\\o mctliods arc crit~cnlly 
;rli;~l! c d  nl~ri ;I comp;lrison is prescntcd i11 t h ~ s  report. 'The rc\ults of' M \ r l  I I S I  N ' S  

method \\ere lijund sirnil;~~. to tliosc oht;rincd 11si1ig cncrg! mcthotl. This Icd to 
error ; ~ n ; ~ l y s ~ s  and scnsiti\ity study of' roll d a ~ n p ~ ~ i g  l~retl~ction to tliff2rcnt 
17:rrarnctc.l-s a~iti  i ~ ~ i t ~ a l  cond~tionx. Noise \vnS ti)und a sig~iitic;~nt sourcc of error4 
and lic~iee tlic roll spcctr11111 u n s  ; ~ ~ i n l ~ s c c l  :111d 11oisc liltration tcclinicll~cs \vcrc 
cml~loyccl to irnpro\.c the cluality of the rccoriicti \ignnl. C'urvc fitting crptio~ts. 
z c ~ i \ ~ t i \ i t y  of  1.011 t iamp~ng 17retliction to ~nitial roll angle and  the choice of rlic 
lx)rtioli of'dec;~! sclcctcd tc~s ;~nalysis \\.ere also briefly studicd a \  these \\ere ibu~id 
to al'fcct roll da~nping  prcdicr~on. 'T'l~rcc nc\\. MAl~L:lt2 codes arc dc\clopcd arid 
o ~ i c  availahlc M A T L A H  cocic \\,as ~irodilicd Ihr the I ? I I I . ~ O S C  01' this resear~l i .  
Dc \p~lc  all tlic effijrls to i~iipro\.c xig~lal clual~t>. cspcl.imcntal set-i~p and a~ialysi\  
procct l~rc.  tllc small scale of  tlic  nodc cl makes i t  \cry- dilticult to predict changes 
i l l  dnniping coefticicn~ \ \ ,~ th  good I-clinhil~t>,. I t  is li)und tliat curre~lt csl7cr1mcntal 
act-rll? at 11C'I. is not \er!, \vcll si~ttcd to reco~-cl~ng \mall clialigc\ In tinmpiny 
cocl'lic~crit\. 

/l lot 01' prohlcms \ ~ , c ~ ' c  I'lcccl d u r ~ n g  1111s rcscarcli. Tlic rcsca~.cli looks illto the 
~ ~ r o c c t i t ~ r c  ndoptctl 111 the pa\t lijr tI1c a~inl!,si\ of 1.oII dlrt:~ a ~ i d  pso\idcs sc1111c 
guidclincx tiv I'11rtI1cr S I I I ~ > . ,  l'hc author presents liis :rnaly\~s 01' the source\ ol' 
problems and xuggc\ts ~ ~ i l p r o \ c n i c n ~ s  to tlic e~pcrirnc~rt :~l  s c t - ~ ~ p  and the roll 
t l a ~ l ~ p i ~ t g  prcd~ction tccl i~~~cluc.  This Ins> help early idcntilicat~on :~nti r c ~ n o \ a l  01' 
thcsc ~~rcrhlc~nx In a n >  liirtI1c1- nork .  

'1'111s cr-cat~or~ ol' co~iipcttcr cotlc lo cori\crt tlic :'' . STL lilc I;)rmat O L I I ~ ~ L I ~  f'so~ii 
Pal-amarinc illto the :!' . l N P  lilc lbr~nat  r c q ~ ~ ~ r c d  h>. tlic U('[_-created sea-keeping 
c\al~rntiori Ilrogralil 'ticl\kccli. I:sc' I S  ticscrihed. Tlic 111h11ilt ~ncshillg of' 
Pal-nm;tr~nc 15  cal>itnl~/cci u1?01i to try 10 cnh;r~icc llie I ~ n h  hct\\,ccn C'oniputat~o~l;~l 
I:lu~ti Dynn~r t~c \  (C'FD) and C'onlputcr Aided Sliip Dc\ign IC'ASI)). 
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The dcsign of  cruise s l i~ps  arc influcnccd by a ~iu~iibct.s of factors wliicli range 
ti.0111: 

Their 1.01c ;incl o p c r a t ~ o ~ l ; ~ l  capab~lit]v in ;I colnpctiti\,c conl~ncrcl;rl 
~iiarkct. 

Tlirougli l i t ?  costs. 

A ii,holc laird of tcclillic;ll rctluiremcnts sue11 ;IS ;rddl.cssing rhc 
\nrious snlklq issues. pro\.icling Iligll Ic\cls 01' comfi)rt ancl at the 
sanic tillic o]?c~'atilig as cn\  iro~i~ilcntally li-icritily ah possible. 

0 1 i c  of tllc ~n+jor  task5 i~ i \c~ l \ . cd  In the ~ic\ ign ol';r cl-uisc ship is to rcxcarcli and 
;rsscs\ the \ a r i o i ~ s  \afcty issue\ \\ l i icI~ I I C C ~ S  to go illto (lie dcsign and tllis can 
hcco~nc  ;I 111ni01- l5ct01- \\.Iic~i tlic la40~1t is Ilcilig allcrcd i~sillg tllc C O I I ~ C I ~ ~ L I ; I ~  

dchign tool SL!RI:('ON1( '. The fr~cto~.. v;llicll al'kcted thc altcralions 011 all tlic 
clcsigns. had to do wit11 the I'assclrgcr c\,acuatio~i and the fbmiation of  congchtion 
 oilit it\ ;it \ : l r i o ~ ~ s  points along lllc length ol'thc ship. 

Tlie disscrtat~on discu\scs the use of the Building Rlock Design Mcthodolog):. the 
corlccl~t~ral dcsig11 tool SIIRf'C'ON( . ilntl cl-uie ship clcign in  g c ~ ~ c r a l .  Scvcr;rl 
dihcussion points on various arcas of design are illustrated as n,cll: tllcxc include 
the pon:cring aspcct 01' dcs~gn.  the stability implicatio~ls ; I I IC~  o\cr;111 cI~sig11 
I~mitations hahcd on dimcllxivns. 

I:rorn tlie rcsulrant halanccd \hips. each of \vhicli \vcrc laid not so th:rt ~ l i c  
conycstiori prohlcm \\'ould be ir~oiclcil. i t  can hc sccn that n h ~ l n l ~ l c  (like thc onc 



i~scd  in this thesix or cvcn somclhing more co~iiplcs)  paskengel- c \acuat~ol l  
Ivogsanl can bc tied up \\it11 S U R F I ' 0 N ~ ~ -  at the early stagex of the clc~ign \vork so 
t11;11 tlic na\,al arcli~tcct can make xcnxiblc dccialons al>ol~t the \csscl In>out \\it11 

the \nfct> aspect in mind c:irl> on the dcsigli ~ w o w s s .  

Tllc hulk ol'tlic \\orJ\ ~rnci 1111ic tlint \ \ c~ i t  into this tlicsis \\.;I\ spclit gcttilig tiscd to 
tllc PARI\~I!IRINI.' ( and SI IRI:C'ON,( soli\\.arc p:~ckagcs nticr l i :~\ .~ng no prior 
h~lo\\Icelgc ol'citlicr ol'tllc two package. llo\vc\.cr. \\it11 111iic ~ l i c  1001 \\:I\ Ii>~111tl 
to I,c ~i iorc  Ilc.til,lc ancl at 3 later staye \vllcn :I t>\\ \.arialitx \\ere ~iiodclccl u\iiig 
SL!RI:('ONi . i t  \\,a\ rc:~li/ccl that ~t /ins ~iotcnti:~l li)r heilig :I Iiiglily tiscti~l cc~ticcpt 
clcxign tool. 

Sclect~on of n hull li)r~ii tIi;lt I:, the most approliriatc Ihr n xpcc~fic set ot 'custsmcr 
rc~lu~rcilicnts 111 tlic concept cicsigll ~ilia\e \\,ould in\ol\.c conductilig the :~ctrlal 
clc\igll ~lroccss lllcl~lclill$ l l l ~ ~  [{\c 0 1 ~ : 1  \i/ill$! \~lrc:lclsllccl, ~ 'o l l sc l ]~ lc l l t l~ .  \v1t11 tl1c 
csisting .;hip clcxlgn proccdurc. c\cry t~liic a stnlf' rccluircmcnt ia gi\cn. tllc 
tlcsig~lcr h;ls to t l l ro~~gli  tile h;~sie ili~tial dcsign xiling process. I t  is quite 
tcdio\~\  and I~I;I!, not nctl~nlly prcd~ct the con'cct li~111 ti)rm tI1:1t is hest suitecl to 
~iicct tlic customcr'x ol>cratlonal rccluirc~nc~it uriless rlic xanic ~iroccss 15 re~)e;~tecI 
li)r J~ffi.rcnt hull liwrns and a tlctailcd l?c~-tcjrmancc :~n:tl\sl:, ~~ndcrt :~kcl l .  

Tli~x tlicsix undcrt:~kcs a compal-ati\c dcsig~i  s t~ ldy  of three dil'krcnt hull t i rm 
tylics for I i~~l i - spccd  appl~cationx. I3cfore tllc actual li)rniulation of' tlic nc\\ 
~iictliod. n thorough stud!; of the dil'krcnt coliiparlson \tucilcs conductcci the \\orlcl 
o \ ~ s  \ \ a s  undertaken. Tllis \\,as to gi1.c an illsight into the ~iictliodolog! :tdoptctl 
;111d 111c ;ise:~s to he ti)ctis\cti 011 ill tlie\c stuclics. I t  wax concluticd tliat \~icIi a 
cics~gn xtutl>, to 1xoduc.c some gcner;rl guiclcli~ics to dcsign the hull lixm baxctl on 
the inltl:~l I I ~ P L I ~  11:1s 11c\.cr hec~i  dollc bcli~rc. t1e11ce the ;lilii of'tlic tlicxis \\.:I\ to 
c\.cnt[r:tlly c\tahlisli :I logical approncl~ I O  Iiull l b r n ~  selection \\itllo~rt the 
r c c l t ~ ~ r c ~ i ~ c ~ i t  01'  going tlirougll the concept clesigii stage initial ~111-c;idsllcct s1/111y 
allcl the iterations ~ n \ o l \ c d .  T'liis \iould result in the pred~ction of the right liu11 
li)rlii thnt \\'ould he the moht cl'licicnt gi\.cn a customer's operntilig ~~ccluire~i ict~ls .  

!2 set ol'1>1ot\ one c;lcIi f i ~ r  the u.asship and the first fkrr!; n.crc gcncl-atcd ni th  tllc 
help ot 'a ~iurnkcr 01' halnliccd tlcsigns.clnl~irical c\;pseas1otix fi-on1 data ol>tailicci 
lioln cxixting ships. [:or a \varsliili n monoh~ill trimasan l i r ~ l l  liwm hrrs lice11 ~ lscd .  
C'crtaill plotx do d~t'fcr bet\\cen the l i r ~ l l  1.01-ms I>ut the o\,csall sccluc~it~al design 
~ilctliociolop is tlic sallie. In order to create a cntani;ll.an hull d e s ~ g n  flo\\ ch:rrt :rn 
cl'li)~-t \ \as  made u\iuy tlie S1.S dcsign concept \\ltIiout tllc 1 1 1 1  l'alis coulilcd \v1111 

ccrt;ilri inputs ti-om tlrc lirst fi.rr>, clcxiyli. l.or tlic 1i1st li.l.ry elcsign only the 
moliohull catnniara~i hull li)rliix II ; IVC hecn used. The dcsign ~nctliodolog> used in 
the LIC'I .  trimaran l';lst li.rry J c s ~ g n  \\,a\ h:lsccl oli the trlnlnran \ \ : ~ r s I i ~ ~ i  C O I I C C ~ I  hut 
~rlco~'[iot.at  rig I hc 1iicrcli:1111 xli~p \ \~c~gli t  yro[~l>x. T1i1s l r ~ ~ i ~ : i s a ~ i  12r1.y clcsiyti t!icl 11ot 
sccni to lit 11110 tlic colleelit ol'tllc c~ is t i l lg  I;\st fi'l-ry dcsign. so tlic dc\ign ol';l 1;1s1 
tr~marnli I.:ixt Icrry \\:\h not nlldcrtnkcn. f.or pcrlirrliiancc c\,aluation. monoliullx ol' 
dil'fi.rcnt d~spl ;~ccmcnts  \\ere fcncsnted using softuarc P \I< \ \ I  \ I < I \ I  Vcr 3.1. I ancl 
thew \\ere the csyosted into PC' (iOI)I)I SS \'er 3.0 to undcrtnlic the sea kccliing 
:rnuly\~s. S l : ~ ~ n ~ i i i n y  I'rcclucnc),. MS1 and \'ertic:ll nccclcration\ \verc ana lycd  for 
Jifti'rcnt speeds. ~ n r y i n g  dixlil:rcc~iicnt ;11id 17101s \\CI.C d c v c l o ~ ~ c d  uxiliy \t;i~ldard 
cr~terin to c\nlu:~tc the spccd reductiolis c:ruscd clue to tlic xct criteria. The \;lliic 
~~101s coulcl l?c ~ ~ ~ c t l  f i x  :I Ir11ii:ira11 \\,1t11 cc r l ;~ i~ l  t~iociific:~~iol~s 1x11 t ~ o  :r~i;~lyxis I\ ;I> 

done ti)r a cntu~nas;~n as thc. c:rta~iiarari l1u11 l i~rm could not bc ~iiodellcd ill 1111s 
\ crsi011 of PC'( i .  
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Tllc lie\\ design mctlioclology had to he \.crificd to clicclc the cfkcti\.cncss ill tlic 
actual des~gns .  I-or this a nulilbcr ol'IJ( L ~varxliip dcsig~is I>otli ~i io~iol iul l  tri~ii:~rar~ 
~ ~ i c l u d i n g  that of the LC'S and existing I':rt fcrrics u c r c  r~scd to \.alidntc tlic dca~gn  
plots and  guldclincs. All tlic designs ohtaincd ncrc  \\it11 + 1OU0 of' the :rctual 
l i c c  l i s  o l c  g s r c c s l ~ c c t  1 l c 1 1 1 1 i o 1 .  ,,Ill tlic (fcsigt~ 
analysis had to bc u~idertrtkcn using the range s t ' a s \~~lnp t lons  ~~rol>osccl. 

I.ntiguc cri~ck initlation and c\olut io~i  ha\c  hccn the fi,cus ofrcscarch tiw \\.ell o \ ~  
a century. u.itli I ~ L I I ~ I C ~ O I I ~  in\,cstigatiolis into crack prc\,cntion and mc:lns of' 
prolonging l i ~ t i g ~ ~ c  lifc. 7.0 s~rpport t l i i h .  a number oI'stlrt.:~cc trcat~iicnts lin\.c hccli 
dc\clopcd. includ~ng cold rolling. \!.liicli introduces beneficial comprcssivc 
residual strcssc\ into the surthcc of the ~iiatcrial. The culstencc of tliesc rc4ici11;rl 
stre\ses is k110\\.1i to 1~r01011g tlrc littiyuc lit;' ~ ~ ' c o I I I ~ o I I ~ I ~ ~ \ ; .  

In ~.cccnt years an increasing acccptoiicc that C I Y I C ~ S  \$:ill o e c ~ ~ r  lias led 10 a gre;~te~. 
l i ) c ~ ~ s  011 early idcnt~ficatlon 2nd control of their dc\~lopl i icnt .  One such nrca is 
the concept of stitch cold rollilig. I)c\.cloped hy the NDI: ('cntrc at L'C'I.. \ t~ tch  
1.olling cons~hts of cold rolling In \\.li~cli r\ targeted area ol 'a  \llcclliicn is lcli uli- 
rolled. This h;rs hccli dcmolistratccl to Ihrce crack iliit~ntion In tlic un-rollcd region 
ancl to dircctl\, afti'ct crnch shape evolution. This ol'lkrs henclits in many 
;il>plicat~oni. ti.om draniaticnlly rcducilig the ;Ircas of a co~iipo~icnt  rccluiriliy 
monitoring li3r crack i~litlation. t1iro11gIi 10 (lie ~?otc~iti;ll tijr ' ~ l c \ ~ g n e r '  c~.;reks tI1;1t 

arc 1i)rcc.d to gr0\4 througli n componclit. causilig Icnh hcli)rc hrcak ;rx opposecl to 
catnstropli~c lhilurc. 



Tlic aini of  this prolcct \\as to d c s ~ g n  nlid hr~ild a n  c-ipcrimcntal rig to carry out 
cold rolling in a controlled Iiialincr. 12 number of test \pcclmcns were produced in 
;I \:lriety 01' stitcli rolling conligurnti(is to \.erit) and  demon\tl-atc the 
c t i c i c s  l t i c  ~ r t r s .  S ~ ~ C C I I I I C I I ~  \terC st~l~icctcd to t i~t igt~c tcstiilg to 
in\cstigatc tlic cflkct 01' tlie stitcli I - O I I I I ~ ~  17roeess 011 cr;~ek sI1:11?e c \ . o l ~ ~ t i o ~ i .  A 
bf.\TL.!\R progr:~~ii \ \as  : ~ l \ o  dc\clol~ccl to in\cstig:ltc tlicorct~cal prcdict~on 01' 
cr:~cl\ shape c\-olut~on fbr direct co~lll?;~riso~l with the cupc~-lmcnt;rl results ;111d 10 
prcd~ct  the cl'fcct of di l f~rcnr  crack axllcct ratio\ o n  crack pro\ztli in support ol' 
tilturc stitcli rolling rcsc:~rcli. 

The oL>.jccti\c of shiphoard Damngc C'onlrol (DC') is to prevent damagc ti.oni 
occurring and to rcclucc tlie impact ol 'da~i i ;~gc tliat d o e  occur. If'dam:~gc co~itrol 
i \  succcssti~l then the likcl~liood of :I sliil~ not I i a \ , ~ ~ l g  a n  i~icidc~lt  and  completing 
11s ~ n ~ s s i o n .  or at Ica\t s111-\1vi1ig a11 I I I C I ~ C I ~ ~  ;]lid rctl~r~iilig 10 port. is 11111?ro\cd. 

b,lcrclin~it sliip DC' ~>liilosopliy is to make tlic ahip inlicrcntl>~ sal2 and I h c u e s  
1na111ly o n  actlnlls tnkcn in a d ~ a n c c  ot' a n  incident. \\.it11 the ~ i ia jo r~ ty  o f  tlicsc 
actions atfcctillg tlic d c s ~ g n  or cons t r~~c t io~i  of tlic s111p. Tile rcqtiirc11ie1its 01' ;I 

mcrcl~ant .;li~p design arc regulated h>  a scrlcs of Intcr~lational con\cntions and 
I-I:lg St:rtc regulations. Tllcsc intcrnntio~lal con\c~ltions. thc ~iiust important being 
tlic Sati.ty 0 1 '  Life At Sea (SOLAS) c o n ~ c n t i o ~ l .  ha \c  de\,clopcd over time basecl 
Inrgcly o n  technology chr~ngcs anti Icxsons Icarncd fi-0111 ~nnritimc disahtcrs. 111 

order to stay cun.cnt. the SOLAS con\,cntion has b e c ~  a~iicntlcd. recently c\  cry 0 
to 17 ~iio~itlis.  \\it11 1ii;111> of these ; ~ ~ i i e ~ i d ~ i i c ~ i t s  bci~ig rctro;~ct i~cIy :11y>Iic~1 to s l i i ~ s  
alrc;rd! in xcr\icc. The goal of this c o n \ c ~ i t ~ o n  is to cnsurc tliat alilpx have 
sutfic~cnt ~~ll icrcnt  \nf211 and Ilcsihil~ty to 17rc\cl.\c tlie sali.t! ol'lifk at scn. 

h:1\:11 ~11113 D( '  pliilosopli> :~ss t~~i ica  tli:~t tlic \liip \ \ i l l  l>c cu~~osccl  to grck~tcr tIi~-c;rt\ 
;rnil tllat daniagc is likely. Tllc got11 of'\\arsliip da~iingc control is to ~i iakc tlic s1111? 
less \ulncrnhlc to tllc threat. Icss s~~sccpt ihle  to damage. more ahlc to rcco\,er ant1 
ultriilatel~~ Io crisure 11i:rt t l~c  \%,ca[loris s).stcri~ 15 ;rl,le to i.criiain iri t1icatr.c aritl 
contin~lc ligliti~ig. A \\nrsli~p must nlho he i~lllcrcntly s n k  ancl must ha\-c an 
enhanced I l c \ ~ h ~ l ~ t >  to respond to any dam;rgc control prohlcm. T h ~ s  Ilcxil>ility I S  

;rcliic\,cd tl~rougli a grcatcr Ic\el of systc~ll control and redundancq. ;111d ;I Iiigll 
Ic\cl of ecluil>mcnt and  manpo\vcr ncailal~lc Ihr damagc control. 

T l l ~ s  paper rc\ic\\s the pliilosoplly that h:~s dc\clol>cd tliroi~gli the merchant ship 
~.cgul:rtion\ ti)r Snf2ty 01'  Lit; at Sea and looks at the 111il~;lct that tllc u~ i ic~ ld~ncnts  
to those rcgi~lntio~ls ;]re li:rc~~ig 011 tlic cxisti~ly ~iicrcIi;~~it Ilect. Tlic 111cr~11a1it ~11111 

DC' 11liilosopli> 15 co~ilparctl to the \inrsli11> ~?liilosopliy of float. Iiio\,c. figlit to 
idelltit) nrcns \\licrc tlic nl1plication oI'u.arslii1, pliilosopli~cs could enhance t i~turc 
111crcIi;111t sliip r11Ic dcvclol~~iic~i t  111 \ ic\\. oftlie 11icrc:14i1ig tJlre;~t. 

.\lotlc~lli~ig rl~itl R t ' t r l - f i~~ic~  Si~~ililtirio~i o f  (117 I~~tc:cr~.otc~tl I'r~ll Flee tric P~~oliiil \ io~l 
l ~ ' l l / ~ , ~ / l ; / l  

LII I I K!\ \  I C ' .  ItRI Ill,\ BN 

The aim ot'tlic pro.jcct is to de\,elop systc~ii motlcla based on the proposed Type 45 
destroyer ~ ~ r o l ~ ~ l s i o ~ i  s\,stcm usins approlxiatc computer ~iiodelling p a c k a g c  such 
as hllZTL~2B'SIMULINti Po\vcr S!rstcms Block Set and IIigh Lc\.cI L:rnguagcs. 
S o ~ n e  sub-s\.stcrn models arc already in esistcncc. s11cIi as  tlic LVR2 1 IC'R gas 
turbine and  propeller. from earlier sti~dies. so i t  will bc possible to li>cus on the 
 nodc cl ling 01' tllc electric componclits. \vIi~cli arc the main ancl no\el part of' tllc 
system. 



OIICC a s>stcm model has hccn dc\elopcd. studies \ \ i l l  he undertaken t i ~  a number 
of scenarios xucll as: 

The fi)llo\iing tasks will \,c carr~cd out: 
1 . I.atahl~sliing tlie kc!. go \c~ .n i~ lg  equations ibl. propiilsion dcaiyn. 
2 .  1:stahlisliing ccluation\ fbr the \;rrious cclu~l>me~lt u ~ t l i ~ n  the 

propulsio~i xyslcni. 
3. klodclling the propul\ion systc~il using compLltcr lx~scd tool\. 
4. Undcrtakcn ~>crfbrmancc anal>.sis in steady .;tatc. 
5. C'o~npxi'ing pcrlilrmancc ~vitli dcclarcci results in the literature. 

Special considcr:~tion \ \ . i l l  he taken d ~ ~ r ~ n g  tlie modelling 01' tlic Advnnccd 
Indr~ction blotor regarding the rekrcncc fi-a~ne to bc 11dol7tcd. Tllc ust1:1l 'clcl' 
rcfi.r~,ncc ti.;l~ne i111plifies the s1n1rrlntioli. 1x11 I c a d  to imprccise c\alu;r t io~~ of 
pliasc current\ in the cnsc ol '~~nhalunccd \,oltnyc supply. Altcrnati\c ~netllocix of 
modclling \vitlio11t tllc 11se of' r~f 'C~-e~iee transformation \viII he :~sscxscd. ; ~ n d  tlic 
result\ ;111;114'4ctI. 

I.inall! tllc rccluil.crnc~rtx tiw real-time simulation \ \ i l l  bc dcterminctl. 
C'omput;tt~o~i;II ~iiodclling ancl s ~ m u l : ~ t ~ o n  ol' c~iginccri~ig xystclns arc \ er! usual 
\\.n\,s of dc-risking nc\v prc?jectx. and generally ~rcql~ircs :I largc amoilnt of 
s ~ ~ c c c x s i \ c  ' r ~ ~ ~ l ~ l i i l g s '  ~ I ' C O I I I I ~ L I ~ C ~  ~iiodcls. i l l  orcICr 11) ;ldii~st illid 1c5t p;rrariictcrs. 
and to gcncl.ntc the ~nauilnum amount 01' o11tput data for li~rtlicr annlyscx h! 
specialist tca1114. 111 additio~l control nlgoritli~n\ arc hcing cuncntly designed 
~ ~ i e o ~ . l , o r : ~ t ~ ~ i y  co1iil2~1tatio1i;rI ~ ~ i o d c I \ .  M llicli gc~ic~.ntcs data in order 10 calculate the 
'error tlay' allcl dclinc the control action. I:or thcsc reason\ the real-linlc 
\i~iiulntion is ;in Important I \ ~ L I ~ .  and \\:iyh ol' rcciucing the s ~ ~ i l l ~ l a t i o n  timc 
tlit.ol~gli soli\\ arc or liard\varc upgrade\ 1 1 1  he :~sscssecl. 

l'oda!.. ~wl \ rncr  gears arc sclcctcd o \ c r  steel in ccrtaln ;~llplications o t fe r~np  
:rd\ ;intagc\ s11c1i ;I\: 

Silent opcrntlonx. 
Min~~i la l  cost. 
L()\\ \\clgllt. 
East ol 'man~~t':~cturc. 

Ilnli~rtunatcly t h e ~ r  u\c is limited to posit~onal and lo\v po\\,cr trnnsmissio~i 
xystcnls. The alln 01' t h ~ s  atl~dy \\,as to cli~antil\, current l>olyncr gearing 
pcrthr~iiancc. and i~l\cxtigntc ~>ossiblc methods of impro\.ing their copahility 
rclati\c to stccl gearing. This entailed the crcatlon ol'n numhcr ot'analytical and 
finite clemcnt ~nodcls  to colillJarc the pcrfbrmance of  hotli steel and polymer gcirrs. 
The results illustrated firilurc modes of bending and contact In poly~iicl- and atecl 
gears res~~ect i \c1y.  This lead to tllc designing of a composite gc:lr concept. li)rmcd 
li-om a numhcr ol'punchcd stccl platca. scparatcd hy stccl spaccrs and encapsulated 
i t  I i ~ i .  After ti~rthcr i~i \ut igat ions concerning ~n:~tcrial selection and 
co~nlxlsitc i;tructrlrc Iiclla\lotrr. i t  \\.as pro\,cd that Phenolic. ;I thermosetting 
~wlymcr.  \\.ot~ld he idc:rlly suited to tlic gear tooth loading cliaractcristics. Furthcr 
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tllcorctic:il atlnl!\is of'tllc ~~ropo\ccl colilpositc gcilr ~ ( I I I C C I J ~  ~II~~strirtcd ;I ~lotclltial 
loacl carrylrlg cnp:rbil ~ t y  greater tlla~l :I di~~rcnsiorinlly idc~lt icir l pllrc stccl gc:rr. 
collihined \ \ ~ t l i  :issoc~atcd reduction5 i l l  \\tight and cost. 

In  rlic c;~rl!; I9tjO'x. 111 order to compete \\1t11 tlic cost clli.cti\c operated l l c e t  ol' 
flags ot 'con\cniencc ancl the hca\ ily suhsidiscd 1:astcl-n hlocli countries. shilJpinp 
co~np;r~iics in I:uropc and .I;rprui startcrl 10 implement shil3honrci automation to 
rccitlcc tlicir operating costs. 

Since 1970'\ automation has hccn continl~ously iritroduccd on heal-d ships and 
co11see111~1111~~ fi'\vcr I J C O P I C  :rsc c~npIo!~cCI 111 ;I typic;11 I I I ~ I - C ~ I ~ I I ~  slli1-1 than \\.as thc 
case I W I ~ ~  to t l ~  ~niddlc of'tlle t\vcnt~cth centus!.. Tlic dri\,c tonurds smaller crc\\s 
15 1101 3 nc\\ phenomenon. ho\vcvcr. In the lattcr half'of'thc ninctcc~ith century 
man! sailing vessels u.crc rigged. or re-r iggd.  hccausc such arrangci1lcllts 
required ti.\\.cr men tha11 tllc lilll-nggcd ships that c o ~ ~ l c l  IIO longer cornpctc wit11 
the i~~crcasingly cco~loniical src:r~ucrs tlicll entering scrvicc. 

No\vadnys tllc automation l~roccss lias rcaclied n peak \v~tli the ~ntroduction of' 
'periodically unattended mnchincr> space\' and 'integrated bridge coritrol 
s>,xtcnls'. \\~Iiich I1:1\.c cni~hlc 'one 11i;rn \\ atcl)' operation\ to 1x2 cluitc posxiblc. 

I-hc pr(>,lcct aims to inlestigatc. li-om tcch~licnl and ccono~nic v~c\vpoints. the 
Ii.as~bility ot 'a totally ar1to11iatc.d. un~nan~rcd  mcrclrant \hip as  a n  o p t ~ o n  to xol\c 
cconomlc ancl nrnnpo\\,cs ditlicultic\ at sea. 

The C'a~lad~;r~i  coastline i \  hordered o n  thrcc sides hy thrcc cliffcrent oceans. Thcsc 
~ncludc the Atla~itic and P:rcitic on tllc F.ast allcl West C oast. In tllc 1101-tli lies tllc 
i~l l rosl~tablc  nlltl Ii.o/crr Arctic Occarl. \\-li~clr 41111~ allcl clicscl srrh~nnl.inc \.c\scl 
tl.:iftic 1 %  L I I I L I I I I ~  to t1.:111sit f i ~ r  the ~ii:~,iol.ity ol.tl~c 1ei11., For I l l i \  re;1\011. C ' ~ I I : I ~ : I  II:I\ 
hccrl ~~r iah lc  to axscrt Ilcl. xoicrcrgnty o \ c s  this p;rrt of' I ~ c s  dolllain s~rlcc 
conl'ctlcsat~on. 

C'anada does not possess all!. nuclcar po\vcrcci 411i1-14 or s~1hli1ari11cs. I 1cr 11;i\> il\cs 
only tsnditional tcchnologics such as air brcnthing gas ttlrhincs and diesels engines. 
In the latc 1C)SOs thcrc \vaa great Iiopc 2nd the natlon \ \as  close to a c q u i r i n ~  ;I tlcct 
n ~ ~ c l c a r  ~ ~ r o l ~ c l l c d  suhmarincs. Thc choice Iiad hccn narro\\cd to tllc R N  
TI{ \I \I (I,\I{ c lass and the I:rcncl~ R I  13) class. I lo \~ ,c \c r .  this acquisition \vns 
cancelled in IOXS due to li.ars li-om the general ('anadian population \v110 did not 
\\is11 to \cc C'anacla go 'nuclens'. Sillcc tli:rt time. the ('anadian n:l\.y has hccn 
exploring non nuclcar altcrn:~tl\c sub~nnrinc propulsion technology \\.liich u o ~ ~ l d  
:rllo\\. lilnitcd patrols Canada's tllircl occnn 111 tllc north. 

Tllcrc arc non ulr-brcatlling :~ltcrnat ice\ to tlle nuclear. option. 7'licsc arc as 
toll0\t 5: 

SSn \vhich uses a small reactor to conduct low speed opcl-atio~is and 
trickle charge the batteries. 
Fuel cell technology is past the stage \vhe~.e it is an intellectual or 
rcscarch curios~ty The appl~cation of this technology to tlie 111;rrinc 
~ndustry and more spccilically to Vlc'rol{l 2 class suhmar~ncs will he 
i~l\cstigatcd and assessed in this papcr. 



St~rl ing C'!clc - This report \ \ l 1 1  in~cst igatc  the applicability of tllc 
Stirling cycle c~igilic to tllc \ ' l ( '  1 ( ) I <  I \ c1;1ss s ~ ~ h ~ l i a r ~ ~ i c .  
C'loscd C'g,clc Diesel tcch~iology \\liicli uses a trati~tionnl riicscl 
cliginc and carries its o \ \ n  oxygen ill tanks. 
T r ~ c l i t i ~ l  c s c l  I I  I ~ i r o  c 1 1 t t c r c  Rcec~~tl!~. 
Rolls-Roycc 1'1>(' (OK) Ilas de\clopcd 21 liigli densit)' long In\t~ng 
hatter! k~ lo \ \n  as the /cbra 12atter\, \vliicli ol'lkrs o \ c r  ti)ur t1111cs the 
ellerg! dcn\it!. of'traditio~inl lcaci acid hattcrlcs 

Tllis report \ \ i l l  sur\c! the currc~it state o f  the art \\ it11 reyard to ,Alp systems and 
h;ltteric.s. Tliis \vill he done \,ia I~tcrature s~irvey ;111d il~tcr\ic\\s.  I~itcr\ic\vs \ \ , i l l  
\,c condi~ctcd \\.it11 suhmar~nc oftjccrs and t';~ctory rcprcsc~i~nti\cx. Tlic r c \ ~ ~ l t s  \\ i l l  
be ~>rcsuitcd ; I I I ~  co~iiparcd \\.1tl1 regard 10 5 1 7 ~ .  cwt .  01~cr:1tio11;11 Oc~iclits ;111d 
K,\h,l. 111 the end. a rccsmmcnciat~o~i nil1 he m;tdc to See \\,hat IS  the beat option 
fix ;I succc\sfi~l 1:nginccring ( ' l~nngc fix the ('an:rdiali I:orces Vlc 1 ( ) 1 < 1  \ cl;lss 
s~lillll:lrillcs. 

Tugs nlicl barge\ ha le  opcratcd for hundreds of' >c;~l- anil in ,4mcric:1 nloni, 
tilgboats. to\vhonts and hnrgcs m o \ c  1110rc tl1;111 X 0 0  ~ i i ~ l l i o ~ ~  t o ~ i ~ i c s  ot 'c;~rgo ever!, 
!.car. Ll'ltliin 1111s licld. the last 30 ycari ha\c  seen more and Inore oLvncrs and 
operators t i ~ r ~ i  :I\\aF fro111 Iiav,scrs and hcalq to\ving gear and Iiiove to\\arcls 
11uslii1ig hnrgcs at sea. The l>cnctits o f  p ~ ~ s l i ~ n g  barge\ arc nllliierous but 
csxcnt~all\, i t  impro\es salkty. rcdllces cap~tal  and opcratilig costs and allows 
tlcsign and configuration i lcxihi l i t~~.  To  this cstent. 'p~lshcr'  tug hargc unlts arc 
not onl! rc l> l :~c~~ig  to\ved hargcs hut cncroncliil~g on the con\,cntional sl~ipping 
market. 

.l\ tlic I?cncfi~\ of' puliirig Iia\ c I>cen rc:rl~sccI. \ . : ~ r i o u  ~iietliocl\ of' con~iccting Illc 

tug to the h:lrgc h a ~ e  l ~ c c ~ ~  dc\clopect. niost notably In the US co;rstnl tr;idcs to 
.Ial1;11i. Thcsc s!,stcms I-angc from \.:rri:~t~o~ls of \ in~plc  rope l a s l ~ ~ n g s  to complex 
mcclinnical 1111kagcs ticsigned 10 citlicr rigidly connect the units or allo\\ thcln 
ti.ccdoln in one or more planes arcs .  Most motlcrn s \ . s tc~~is  utili/c ;I s ~ ~ e c i ; ~ I I y  
slial>cct notcli :I( ~ l i c  h;~rgc'x stern \\.li~ch 11iatc.s I\ it11 tlic tug's ho\\,. .An art~culatcd 
I~nkagc then connects the t~1.o \csacls. pcrniitting them to pitch independently of 
cacli otlicr \\ l~ilst ~ i ~ a i ~ i t a i n ~ ~ i g  a positi\ c connection. 

This ~.cport cletails tlic dc~c lopmcnt  of ~ ~ l s l i c d  barges. t l ic~r current uses and 
t I isc~~sse\  11icir general and cconoliiic at{\ arit;iges o\,cr ~,ullccl barges ancl 
c.o~i\cnrio~ial sl~ills. Tlic hasic l i ~ i k a y  types arc c r l~ la i~ ied  and descriptions glvcn 
01' llic Inalor connector s>stc~iis currcnlly in scr\ ice. The rcqu~rclncnts of a ne\\ 
c'onlicctor system arc the11 dcli~ied. concepts propoxcd ancl dct;lils of tlic tiual 
clcsiyn solution ~ l r o ~  idcd. 

\Vcltlcci 'sockets‘ arc 3 co i i i~ i io~~ly  c~iiployctl f;lbric;ltiori tcclitlicli~c fi)r tllc 
assembly ot' ' ; r l l  \\,cldecl' high pressure systems. The use of 'C'upro-Nickcl' 
sockets and pipe \vork in the construction of Iiyd~iulic Yystems is coliimonplncc. 
\i ~ t h  ;I sockct or s lcc\c  conncc t io~~ beirig 11sc.d toloin ~,rcf'ahric:~tccl cct iol is  rn situ. 
l , a~ lurc  01' tlic closilrc \\:clrls in these :rsscrnhlics is hot11 costly and difficult to 
repair. Ic;ldi~ig to a n  crtcndcd period ot'systcm down time. One s~ lch  sockct \\.clJ 
fit~lurc u n \  ~iscri as tlic [laxis thr the pro,jcct. 
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'The xt~hjcct \veld Iiad failed \\,it11 n through tl~ickncss dcti'ct Icaciing to a liyd~.aiil~c 
Icak. Tlic \\cld \\;IS rcpnircd. Iio\\.c\cr. suhsequcnt n o n  dcstrricti\c examination 
rc\calcd a second defect oli the other c1os~u.e \\'cld. The azscmhly \\,a\ r e r n o ~ c ~ i  
;lnd tlic gcomctr! ol'tllc nc ld  proiilc rc\c;llcd by sectioning. 

Tlic rcnio\cd asscllihly \\.as used in co~i . iunct~o~i  \\,it11 the \vclci spcc~tication to 
construct a tinitc clcmcnt mcldcl. Tlic model \\a\ then manil>ulatcd to cstahlish the 
stresses around tllc clrculnii'rcncc of tlic \i~spcct \veld. Tlie results ttom the t in~ tc  
elcmcnt analysih \\ere the11 employed \vithin a fi.actl~rc mcclia~lics fhilurc analysis 
l \ ) l lo \v i~ i~  tlic guidoncc prcscrihed hy tllc British Standarct (13S7010). 

The ~woceclurc \\,as c~lcompassccl into at1 llvccl sl>rcadshect co~istructcd to pl.cdict 
tllc l i l i '  ol' si~cli n \vcltl. and si1ggest a suitnble Inspcctlon in te r~nl  hased Llpon 
geometric dcviat~on li-om the sl~ccificti pipe;sockct clearnncc. 

The Iicat lon~ls nitliin a \ \arsIi~p arc a coliscclllcnce ot'opcration i~ncl \ \ , i l l  depend 
up011 ~ii;~cliincry load. amhicnt co~iriitions and location. Mallaging lieat Impacts 
upon arcas that arc cr~icial to sir~tairiirig uorldi\  ide opctxtions ~ ~ 1 ~ 1 1  ;IS I~;~hit;~Oili(y. 
\\cnl701i and ~ , r o l ~ ~ l s ~ o ~ i  >!stern pcrli,r~iiancc. 

The ;Ilm of this thexi\ \\:is to ~ilidcrtr~kc a \\hole I i i p  ; ~ s s c s s ~ i ~ ~ ~ l t  01' hc;it 
managcmcnt In clcctricnlly propcllcd \varships. To identify \vhcrc Ileut loads 
occu~-. dctcrminc \vlierc losses can he reduced or rcco\crcd and in\,cstigatc energy 
clf ic~cncy rcchnlqrics. 

I.\cry user o f  cncrg! will ha \c  a n  inipnct upon heat slid 111~1s \1.1101e shil? 
~i ianage~ncnt  cncompasscs a great mall): disparate arcah. Yet licat \\:ithin a ship is 
currently \,ic\\.cd as an issue simply to he niitigatcd. Failure to address licat 
~ii;tnage~iicnt at tlic early cicxigli stage li~ils to o p t i ~ i i i ~ c  the platlijrni. reduce energy 
consumption 2nd ulti~iiatcly dr i \c  do\vn cost\. 11eat will Oc of greater significance 
to n;rl.sIiip that cmplo! integrated clcctrical propulsion and de\.cloplncnt ol' n 
tlicr~ii;rl modcl \\ould hcncfit ti~trll.c ship design>. 
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A thcr~nal model 01' ship has been de\,clopcd using sotiu.:lrc that .;iniulatc\ tlie 
thermal pcr1i)rmancc of  buildings. The main applications of the program :ire in 
assessment 01': 

fin\-ironmentnl pcrthrmancc. 
Vcntilatio~i analysis. 
Prediction of energy consu~iipt~on.  
Plant si/ing. 
/\n:ilyhi\ of'cncrgy co~iser\ation options. 
I:ncrg! till-gcting. 

The I ? ~ O ~ I ' ; I I I I I ~ ~ C  uses ciynaliiic silnlllatlon to   nod cl the thcrlnal response of' a 
structure o \ c r  n set pcsiod, llcnt loads \\ere h;i\ed ~ ~ p o l i  the nc;lpoli : I I I ~  

~ > s c ~ l x ~ l s ~ o n  hyhtc~il\ 01'111~ lioyal Na\!'s l.ypc 45 dcxtro!es opcniting n t  till1 load in 
the Pcriinli (iulf'. Tliis ~?ro\iclcd all :isws\mcnt 01' the ship's ~ ? c r l h r ~ n a l ~ c c  I I I ~ ~ C I -  

slwclticd conditions and enables tlic 111ipact ol'the tlicr~nul processes \\-ltIiin a s h ~ p  
to hc calculated. 'The hcnctits 2nd I ~ ~ n ~ t n t i o n s  of' using bui ld~ng ~>crfi)snl;u~ce 
soIi\v:irc :IS t l ~  h:~sis o f a  s l i ~ p  tlicr~ii:~l ~lioclcl I S  ciisc~~s\ccl. 

To tlicsis l i ; ~  also csplorcd the potential o f  energy cfticicnc! option\ ~nclucling: 
Waste heat rcco\ery. 
:\ltcrnati\cs to rcli-~gcrated heat \inks. 
Variable specci tlri\cs. 
Solar hllicltls 
Tlie use ofcl'ticrc~it c lec l~ .~c  niotors \ \  i t l i ~ l i  sliil?s. 

Rccclit c x l ~ c r ~ c ~ l c e  Iias. 111 a dramatic \ \ay  demonstrated that there is a need to 
i m ~ ~ r o v c  the hydrodynamic design. construction and operation of 11S(' (Fligli 
S l~ccd  ('rati) n - ~ t h  regard to snfit?. Tlic s;1fi' operation of' high spcecl cl-ati in 
congested waters and harbour :Isens reqtrires impro\~cmcnts in onboard 
Inanagclnclit. rnaliocu\ring and handling control. na\igation and hasic k~lo\vlcdgc 
of crati pcrfi,rm;~ncc cliaractcrlstics. 

I h c  to 115 \ c ry  nature. Irigli \pecd na\.igation set5 de~naliding rcq~~i~-cmcnts  fi,r the 
csc>n.. I;:~sr t'crries ofiell ol7er:llc 111 :lrcas of Iligll tr;~tfic density and ill rcstrictcd 
\v:~tcrh. thetors that make the stress o n  navigators Iiigli. I(no\ving the limitations ot 
the man-niach~nc hystc~ii and  kno\\,ing tlie ctfccts of human and technical h ~ l u r c  i \  
ahsolurcly \ ~ r ; l l  in order to cnsurc safe *stem handling and operation. i\ highly 
nl~tomntcd working procehs. \vhicIi can hc found on modern high speed crafi. is 
marked b y  a n  cspccially h~gli  demand ol ' l~~lrnan inli,rmation processing and ah i l~ ty  
ol'tlccixion-1n;lking. 

'Tliis pr(,Jcct ;ittc~nl)ts to iclc~itif'): tllc optio~is li)r reducing risk \i,ith~n a littoral 
cn\~iron~iicnt and h(>\\ tcchnologich arc being cxploitcd to assist 111 the 4nti. 

opcl-a[iorl of  tlic \csscI. I:~iijlli;~s~\ is gi\.cn i l l  tllc use of  n:r\ igalionnl dcc~sion n ~ d s  
such as ;\utomat~c Identification Systc~ns ancl n o ~ c l  \ cssel control ~iictliods. 

P;irt~cul:tr studic\ arc focused on the ~~itcgratioli  01' ~i;r\igatio~inl aids and 11ic 
Iiun~an-~iiacliinc interti~cc uhcn  operati~ig at h ~ g h  spcccls n~id  Iio\\ d ~ f k r e n t  control 
wrl:~cch niny I>e used to cnrr). out tlic control function. 
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I'c~i.i~rtiirc~ii/ \logiic,r .\ltrc.liiilc~\ fo r  rlrcj Noi.til .Vtrl.r 
L.II 1 r l  N I ~ I  K. Lf'\i k l \ \  R N  

\t'itli the rcccllt dc\elop~iictits In ~ lo \ rc r  clccrrol~ic co11rcrtc1.s sue11 as tlic PM'kl 
and i ~ i ~ l x o \ c ~ i i u i t s  in rare c;rrth magllctic material ~~ropcr t ics  (lie PM Sy~ic l i ro~io~is  
Motel- Iias undergone a rc\.i\-al \\.it11 nl;r.ior inanl~t'acturers ~nvcsting in  the 
tcclinolog!. This has 1,ccn c\  idcnt in tlic dcvclopmciit 01' the Sicmcns Pcrmaxyn 
and the . 4 f 3 H  Podded Motor dri\c.  tlo\vc\cr. tllexc Inofor\ arc 'ollc-ol'f\' desiyicd 
fiw ;I y c c i t i c  application 15-licrc. slxice :rnd \i:e~gllt arc niore inlportirnt illan tllc coat 
ol'tlie motor itself. Tliis s ~ u d y  colicentl-atcs on 51iiall to mccliuni si/c motors and 
\t~ldics the feasibility of' rcjll;rci~~g the tr;~ditio~iaI ; ~ s ~ ~ ~ i c l i r o t l o ~ ~ s  1iiot01. \ \ ~ t l i  ;I PA,I 
sy~ic l l ro~io~is  oilc. 

This report logicall\.. flows through the tlc\.clopment 01' PM ~i iatcr~als .  
conccntrnting o n  NcF;cl< 2nd SmC'o using respcctivc dcrnaglictisatiw curves 1 0  
disct~sscs the adkantagcs and disad\al~tages of c;~ch. Radial and ,\sin1 I:lu\ 
mncliincs arc tlicti in\estigatcd n.ith the cmplias~s on ~ l l c  role their possihlc use 
onboard. Tllc report :11so ut~lizcs opt iml~at ion methods to discuss optimal motor 
sire \\.hen considering cost \.eraus 11lateri:rl of  PM \.cr\~is e o ~ ~ ~ e r  \',.i~id~~igh on tlic 
rotor. T l ~ c  stild!. 111~11 I ~ ~ C I I ~ C  on tllc direct co1i1lxlriso11 bct \ \cc~i  t o r ~ ~ l c .  po\\.cr ; i t i~ i  

slrc co~isi~Ict.;i t i~~is ol'tlic ; ~ s y ~ i c l ~ r i ) ~ i o ~ ~ \  :IIILI PM syiichronous nlacliinc. 

To complclc the study ;I S i ~ i i l ~ l ~ ~ i k  1110~1~1 is d c \ c I o ~ ~ c d  () ( ' ; I  I'M S y ~ i c l i r o ~ i ~ ~ i s  11iotor 
using ficlcl oriented control. The  oriels o u t p ~ ~ t s  ; I I . ~  tlicn colnparctl agninst tlic 
~.cs~i l ts  01' :ill asy1icl1r0110~1s motor to \nlid;lte aa\umption\ on ~icrf i>r~i ia~ice.  i\ 
sl/ilig tool L I X ~ I I ~  Fxcel 1i;is ;11s0 hccn dc\clol~cd and Iias also hccn \.nlid:rtcd using 
tlrc Simulinh ~ n o ~ l e l .  

I;inally. the rc\ults of tlic study :\re ~ i ra \ \n  tc?gctlicr to establ~sli tlic rclc\uncc of I'M 
~iiotors in onhoard applications. 

The li~ll reports arc held n t  the I l n ~ \ c r s ~ t y  ancl li~rtlicr inti>rmntion In;\); hc ohtaincd 
fi-om: 

l \l<, l ' l ~ l l c~ ,~ l l  111' h ' l \ ~ l l  \ l ~ l l l t k ~ r ~ l l l L ~  
N,I\;I~ , \ ~ c l i ~ ~ c c t u ~ c  ;111d h1;1111ic I  II~II\CVIIII: ( l l ' l i ~ ~ ~  
l~~llllll l  l 0  
I )~~~, I I I I~L~I I I  II~'\~CCJ~~IIIIC~II 1 11:1111~~~1111:1 
l l l l \<I \ I I !  ( 0 l l c : ~ c  l 0 1 ~ 1 1 ~ 1 1 1  

I l l 1 1  l l lgt l l l l  I'ILI~L~ 
1 011~1011 

\ \ (  l 1  711 
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