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-1- TITLE Marine power distribution and propul sion
systens DESCRI PTION 5 Technical Field The present
invention relates to a mari ne power distribution and
propul sion system and in particular to a systemthat
can achi eve nmaxi mum power dendi-ty, efficiency and
stability and facilitates future technol ogy insertions
Qﬁgéfans of a nodul ar approach and standard

[ aces. 10 Back tround Art In conventional marine

PEHhe By R b A B T Corromt T

magni tude-tinme discrimnation is used to enable

f ' wi tchgear to interrupt over-current faults
[ r sub-circuits 15 whil st causing the
M &uhAéa! BeRCt i cal disruption to all other

sub-circuits. Such FEP systens are said to enploy the
""Paspresatt anveotioprélates pd @ 'maviner owdnelisitibation dnd prdpyibion system,
t he . power neratio apaci.ty that is on-1line. at

FANE P BRI Fh AL SYRRETY fh £8 AT PR Reverganyi: effiklgney and
adtaBilidtankdi A8l litaldd] fatd@ fechSlo8Y {R6itioRs bg%aﬁé of R9ndddlr approach
efficiency. The configuratron of such FEP systens is
n%\drﬁaﬂfld?rd)e/ime&hﬁﬁsed to sone degree by a power 20

managenent systemw th the authority to shed | oad and

start generators in a prioritised manner. Alternating
cBadkerdund Ardli stri buted t hrough the FEP systens at

medi um vol tage (W) to maintain conpatibility with

| Breprpertiomak rafiepowsh disiwimiion agfl nropwsive systemalthatmmploy full

S : o Fiaur . of 1. .

MSHEC Y aONTe 6P - Sy ARATAEZEE SMERARy P use

gmablegirotestive. switvhgearsto ipleyrupCovepeuaentt faulthia pdeffcidytsdubreircuits

t hrough a diumvolta e,(m{) ac, busbar systemthat is

e‘&ﬁ‘f%%@&l%t W@@trrrg%ﬂ% isepen o alfpthes sgb-sieyipe Such FEP

SWleRABAaiE RN BAPISG tiFd ‘;pbee} staflbie ﬁ(fi?lea%g%stﬁﬁ Gindted adapt the
e lgure | by the x

controls and are represented In
powss igener@pmmesapeahyvinat ison-1RE aasy pstidulaotimette teatotl tdad that is

e
CRRABEAEN bPsuchFHWsystendid nbBahalBY fltéihted BSsd¥Ye 88gree by a power

busbar systemis divided into a first M/ ac busbar and
management system with the authority to shed load and start generators in a

prioritised manner. Alternating current is distributed through the FEP systems at

medium voltage (MV) to maintain compatibility with land-based systems.

An example of a conventional FEP system is shown in Figure 1. A series of turbines
T and diesel engines D are used to power individual generators G. These supply ac
power to the FEP system through a medium voltage (MV) ac busbar system that is
equipped with protective switchgear. The protective switchgear comprise circuit
breakers and associated controls and are represented in Figure 1 by the x symbol.
Power converters PC are used to interface the MV ac busbar system to an electric
propulsion motor PM that drives a propeller. Filters F are also connected to the MV
ac busbar system. The MV ac busbar system is divided into a first MV ac busbar and

a second ac MV busbar that are interconnected by protective switchgear. A first low
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a second ac W busbar that are interconnected by
protective switchgear. Afirst low 2 voltage (LV)
ac busbar is connected to the first M ac busbar
through a first transformer. A second LV ac busbar is
connected to the second MWV ae2busbar through a second
transformer. The first and second LV ac busbars are

i nterconnected by protective switchgear. A series of

u\r@t@e@u(LVéoaCI busher andontastad toogks fichnVe a6 wsbarethreugh a first

o) b
i 5 B ESOR S AR, o BRPREPAY Sh e oo

ahfoughanecdnddrdnefotier. f THesfirsanid seenDVLaé basbdsisRaAh&rconnected
t hr ouq%h first and second m nor LV ac busbars Si x

g AT e tswishgeas o r Ansarigs i S nunspeeaiied drge vad FEPO&;I%Qdérﬁan be
I
BepSIRr e R R oSl oo thebBR SeSp Rl T @1 Bgear from
i Figemchtlat thd énatiloads arerahhaed evilesfirst-aid socanplle) at busbars
discrjm nation | evel rofective swtchgear is
Ith"é’é‘g%?r%é‘f‘%%cﬁn HE“W‘E@CEH%I’&E& and each of the
generators G In discrimnation level 5 protective

switchgear is |ocated between the W ac busbar and
esiz mnaylituctﬁetimb diserimifatiandevrdt afebe FERAsydbmace shosimaalompntiie right

ac onverters 15. PC. Protect

T sl o MR L Rl A b e isachrpr i LR sapirol in cach of
St:TS hdl@(frufﬂﬂﬁtlor{ rangs.or 1f Sexahidle, 2l di&%%lhﬁl(ﬁlo mé\%@t 6 t fiBtective
first and second MV ac busbars to the first and

sedishaearVs decalsdsisawesn thesy¥cad bedbyr andh eatihsef theigeaeratoms G In

LR Rl ISR BRSNS b

| gacklb$ tHel filtenaF iaqd bbmeeh the PIOLEblidbdearsiedch PRy pdveer converters
| ocated between the first 20 and second LV ac busbars

e Hewciare swidchegagis logated bstveendhaddl %“abﬁSb@f apgheach of the
F&Qﬁ?ﬁmh}ée{h&%‘?g BsddCto ttg)?mgg ﬁl’s\l/ aﬂ&: s? ?‘rM‘@' ac busbars to the first

dreermnats on Fevel ive sw c?wgear

iamd| sahddlYesovdasbdrs rﬁSpamdelsyecdnddﬂquramahons Havel anpfotective

t he aSSQCI ated parts of th nor V ac buysbars.
VGIPESA s loosted Befarecn eﬁ?}bf)gég‘} NS H‘ﬁaéﬁ Sirgspective LV ac

lReBied P %Is\éﬁﬁlﬂlatu%ﬁ 19%11 @rprb%écﬁee BURORES: ﬁqgcﬁ&FBet@fefn the first

the mnor | oads. hort circuit 1n any particula
dindcseconchaM oo bluehmiz aodi etahle of ERe dyrgt doadsuatd bcthem feech of the

assocj. at r ot cti.ve in t at .|l ev ut
TSRS Feab ol GRym PR peobBim et SerinRiban el 2, further
tﬂrbﬂ@ctn% %E@Hg'eéﬁelsf Riéht%d %&w&rﬁt ﬁlrs?‘éﬁh SseBrRl OOt 8¢ BusRes and the
enti rqu by supply rEedance and the protective

a

Arpacedierbaarty of il tnings| leVias bysbansr ukst dis¢remingtion levgh deprotective

(siwi%hgear is located between the minor LV ac busbars and each of the minor loads.

A short circuit in any particular discrimination level of the FEP system must trip the
associated protective switchgear in that level but must not cause any other protective
switchgear to trip. Protective fault current levels are determined entirely by supply
impedance and the protective switchgear is only able to interrupt the fault current (i.e.
the current flowing in the FEP system during a fault) well after the peak fault current
has passed. The fault current is therefore normally only interrupted at, or very shortly

after, line current reversals.



10

15

20

25

30

30 the current flowing in the FEP systemduring a

fault) well after the peak fault current has passed.

The fault current is therefore nornmally only

interrupted at, or very shortly after, line current
reversals. -3- The conventionadl FEP system shown in

Figure 1 has the follow ng technical disadvantages. 5

The magni tude of the fault current is influenced by

the nunber and type of generators G that are on-line

a partj.cul oint of . common.coupl.ing; .the.lower .

Chhe” eBRish A b ent PRBEGRREE R 36 AbErrolifile technical
fagddvatiggsent . Wde variations in prospective fault

current occur and protection equi pnent setting may

have to be continuously adjustable to guarantee fault
df'l%cn% 11%81: Hle fi tgll}?ekr)l qghﬁ%ﬁl Bg tﬁmrﬁ@eltjl hd%&)r o?generators
isin ease r |on VO

a@tthiat @k @yhh&en uq:rartmmar Pointd ld)fbamﬁlohrbotlblalg:lﬁlfé oyet €y comblned
Is reduced. As the tota %% nstalled__power rating is

eReFakos S SP O &k b BB FuT Rt Ageleivariptionsde BTOSP?Fé“’e fault

[ GRht | 'oQF%l o ald tprolfisif rk‘qugﬂ?ﬂ{ t“g)ﬁ%ﬁtﬁ% tn%‘é' g Gapalp! b yco%nuously

the avail abl e protective ium 15 vol tage
pdyustabth tetguatautee daulsdis¢renmanery have to resort to the
use of |oad step-down transforners and specialised

i nsul ation systens in order to allow a sufficiently

hl"fﬂ:hna?ht%ﬁé bpﬂk'ﬂi’tﬂt YRHdrRUEInERaRA MHIRTBRIARIESNE ¢. the voltage

protective switchgear limtations. The characteristics
oiamddebxgtén @AROUSI A h@slrmy inytheyF B} yele) iinredueads Asf theitetel installed

endenc udes; of ac
CERRDRBRL s O, BERS RPNl Sl g e gpauting ot
Regldheinay excRRE: apilgseliethvalatit proteat esdvdtchBéhr) Medium
Mor eover, these characteristics are greatly

ivoltRgRpewer GigtribpEon yyséerns meyi haue fovesed tp dh%gaq oklegdl seep-down
Qra%forrﬁmgrrsba{nagspgﬂaﬁs%ﬁ ift an%ysfcegggpegd&ocg RhG Jlguitﬁg?ently high

enerator an over ned

rcﬁgﬁbmmmag@memomcmbp@mctiw swit¢hpieid lanitions.
di sparities. Wien a 2b group of generators Gis
connected to a point of common coupling then

gf’h%%[dfatc e%%tlcsoéfttﬁgﬁ @H}% @ HRR RIR i el Hf"{ehhﬁ bk %IeXiependency

uring t e swtc paSS|ve clrcuits suc
fandt prak maghitudensf carcrmrdsdcam:drnpunenmg td @all ldaldasimnagt s(Automatic

@(ﬁ‘fﬂng %’E‘%gﬁ?g .Ats‘ﬁlg%)t gr?’eé%%gngﬂl tgg%drﬁélfléiﬁﬁl S Oi géosreg\]:er these
“chata@fiStics dtb breafly BHIEnBRYbP e PHNGTHi R hﬂ)@'@ltsr(ﬁfesél ngine D or

parallel to give a
turbine T, for example) that is coupled to the generator and their resultant coupled

governed and regulated responses may be subject to significant disparities. When a
group of generators G is connected to a point of common coupling then disparities
often become problematic, particularly during the switching of passive circuits such

as filters and transformers and during load transients.

The FEP system is often split into multiple points of common coupling that are often
referred to as “islands”. All islands may be connected together in parallel to give a
single island arrangement (e.g. for single engine running) or may be separated to

provide redundancy and graceful degradation of capability following equipment
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single island arrangenent (e.g. for single engine
runni ng) or nay be separated to provide redundancy
and graceful degradation of capability follow ng
equi prent _4  failures. Synchronisation and | oad
transfer between individual kdgl-ands is conplicated,
particularly when they have different degrees of

har moni ¢ pol lution and when the disparities nentioned
afbdvss.aPunqhremwtion apd kyaditeingter pefween instividuakeslangs dy eamplicated,

(;%%@%ulér!}g ?,JP] %‘e‘%/sh:!l é’igfg % %gl'clll gﬂegygph?nﬁ qqgﬁggﬂ&m%ygﬁf When the

Slibgarities vnenﬁo@dswolvb ke pfesaustf&frpx(léisaS;)awﬁh astorp@e rdraven from
usually derived fromth

dng dslands da e [gaPwHan d?}&ﬂbWObeY%%PD&J aml gthsr boads gan bg fed by
{

| SlBAER Yp AR DI CIARGREv R (STET NIRR BTy Bougly derived

| foard. thd/PdIEs  Pustbctbe disaimiietion andl elmlmpl & pdveer supply are usually

e atjvely sensitiv SSDS fr.0 otenti al
by eepep digsprehy dhat gxtpndy Ofrbﬁﬁgergﬁwera G down to the

p§n9£}éktsé19&nééi) l@ﬂu' MERRImES HeI'H?O\P @&l tcQdchifakhe relatlvely sensitive
electrical loads may require local high integrity

p¥IRS froguthip lpbeestidty hareiful affectswifithe wiadive actedt poveerand propulsion
conversion_.a ner. sfora equi pnent. in order to.
SR R B r e 18R o R by IaRfiER inteibiy power
Thi@pRed sTaRir BRVEVith SddRedkd v@érQ:oﬁfrér@iBn fd efdred stoPagdequipment
Zonal Power Supply Units (ZPSU) and their ener

slnaréej taetaipftherpqriseddegser elolegeuptingaionEties BYS s%p@slocal power
E@led ? 0%69%@ f‘rhg t(!: gsP 28 tf%r&}er %usglg 1’?sy (%P$@3%nd their energy

er o varla €S can ect IS

i Sﬁ@ﬂeydﬁ: dfietheefertd achdnagEnergy SepeN@ES) phas e angl e,
power factor, point in cycle swtching events, phase
i mbal ance, integer and non-integer harnonic

SBLON By  B6R0YS, b SaSHRLPDSEABISL O i i
| Teose tiradbhde inees ahiarvoltagy) é‘ﬂaqbﬁtcwﬁphase tangly, @owekr factor, point in cycle

i nt.e t| onal edanc s t hat, af fect ,such, a wer ., .
MFeR g P S 2@?@ balaES aifteger dnd( Forbinteesh qaﬂr%afag rigtortion.

(Becusd #1% 4 E@rﬁ%ﬂ%ﬁ Q¥ s?Jtem Ghg r8Cghtted ek 1tQ§R/Ef}/e(ﬁfﬁ2‘Xllttt9 @amp the

various ac busbars in the FEP systen) has béen chosen
tinevitabkd rssauiaht mgdesdictwednrtiayend enttnttmngbmedamnes that affect such a

t&gﬁ%oﬁ%{ﬁ?ﬂgongslrfsﬁaﬂ@lpé? QIL %ﬁe(ﬁ,ﬂﬂ lrl?botg:igg({]uep?ﬁ § %h%f I’requency of
any Qt Teh¥ntadabest by th% Wwiridfs adbusbaes RethE (FTEPBS’%@ngfhaB B8en chosen

generator _and the prinme nover. Wil st nost
cibery 8ng Wokh areaﬂszbspgt:@ths geherator hepadogicansplkimatelygplaces limits on

ﬁg gﬁéﬁ IR eh %?ﬁ'r oéN ogarle t 1@@ g‘a%z%( Qlﬁmlt] %dgérg’él{' aﬂg&ethe size

and performance of the generator and the prime mover.

Whilst most conventional FEP systems distribute ac current at medium voltage
(MVACQ), it is also known to distribute dc current at low voltage (LVDC). Although
these LVDC systems derive their dc current from MVAC current supplies via current
limited power electronics, they rely on dc circuit breakers (DCCB) to interrupt

significant fault currents.
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these LVDC systens derive their dc current from WAC
current supplies via current 30 limted power

el ectronics, they rely on dc circuit breakers (DCCB)

to interrupt significant fault currents. _5- For

exanpl e, an SSDS may use phasé&~controlled transformer
rectifiers to derive a LVDC distribution voltage from

a conventional MAC distribution system Parall el

rkod Loxarapte, fap IS nuiysuse; Iﬁxasecommlhewwndfogneﬂ trgtifiens to derive a

Y pE B RPN WORTREOSBalisRl AT SRR by paretl

Radindaht fe@dﬁ@di’étrﬁjﬁtd 168 DAY d Histi Bution tvaItRESThReh gh RGMHCABRAS that
power el ectronics and anti-backfeed di odes. Anot her

sophiaviaplt syarentrigiedf 3 Bs- Eaeh 4PEH ipdrskires-aygdwndsnt par of these
f.t
T TR 55 Y ML B SRAFGFed NP s

LVDC di stri bution voltage from a conventional MAC
distribution 10 system The Dgls di stributed usin
a“l?qﬂﬁﬁj PRIPH ey ;S‘F%\H’aa%fofféﬁrulﬁ%lla?? ybackderbasky puksg vidth modulated

tvo[t?éf go eh@r ﬁt Qeﬁs ﬁ/&\eﬁ}\f 'hﬁﬁl converters) to
Ioa In a conve t| ona ac current

cdesﬂve i thet LUDCs ylsdbntion sdeltaper fremt adcatventiortal avi VALY sdigtribution
wll n e rience reqular current. line reversals. .

FRSBOCES D PHUTEPERG U6 3 HRERTib{o PRUIGE TeddaRy then via
uleb@ednt TS Datipsab 2P SERUSH Rehef RERRASI0AR. OPen,

t hereby causing arc voltage to be generated betvveen

the contacts. The are voltage opposes a system

tage that | e sum of t.he. ply,voltage,. . .
SRR, h P huirtiob s, 8Nt JOBLBBVE P oY dsu P Sribution
i systait willehot elpdenad estukelchiaas lifatyvaiiaSEse BOXBs must therefore
reduction in the fault current. This allows the are

vlerraple fawdt cagerieby rbedtrgmochanivallyneausing eqniestsidp | gpep thereby
é:%g%}%gtdﬁcl 'yolﬁag% gcf Bc%!' g%nggértﬁd ﬁ&&e@ﬁ tl{1 g&)gﬁaé:?su r Jrc voltageI opposes a

sygtemi witage that isahs signof th&q;roea:s sugphatoltage Isamw tHao causes the fault
stress Cﬁrrpongnﬁs that are congecﬁa ed to the SSDS and . .
VITTER! Getiey and dhe inductivily grasrated voltags tabApROSEERRY reduction in

gp& %g%g{g%@e ihi Sl FRSthe §rce\?8'1’t9 é RAL&LNe Ea'&ﬁ cﬁH@H%‘d%?ntually

transient arc tage an € recovery o
_tdomp&?oﬂ@ idtestupt ut Aerthe (fdtulagmd:m adppro&as]n&st 8ndl rintmrmpéorp, Bhe arc
OWs in

interruption of the fault. curre I

oware $asROerrapt Aqen it etears Moy s sy @ gresp sppponents that
Sdr'é g&nﬁﬁfeﬁst@) ehsSseny 258 %ﬁ@ﬁ geﬁé?atﬁy @Ect?@ﬁ’i@énetlc interference (EMI).
distribution systens to uce the transient arc

vThls aQoponrant SEMs. is Iexaqesbaé@ds by Kkinoswmmatiers ef thebPCEBD@@Beent arc

?tageusa’lreld s %'Eclzo%se ~QF QﬁCtSPS%SC %n?nbuq}ono\r)ol%ge that results from the
interruption of the fault current that flows in the power supply voltage source. It is
known to apply surge arresters and snubbers to such power distribution systems to

reduce the transient arc voltages and EMI.

It is also known to use hybrid DCCBs that use a series connected combination of
power electronic switching devices and electromagnetically actuated electrical

contacts such that the power electronic switching devices rapidly switch off, a surge
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30 power electronic swtching devices and

el ectromagnetically actuated electrical contacts such
that the power electronic switching devices rapidly

switch off, a surge b arrester and snubber noderate

the resultant voltage transiest- and the el ectrica

contacts are opened followng the interruption of the
fault current. Linear regulator de power supply units
ustester t andh priudpber eeddesade 'th@lrdsb&tant' gagq manswrg and the electrical

FASTRE BTGB E e R BT S YA CRRHE i a1

conpri ses an out put current |ini t| ng regul at or whose
reference is output voltage-dependant. If |oad .
|hlpé§a1i¢glélamf a@spwrosnpalypmltsl vsdl autechniqus ralled “foidback” to limit
i St
Ay g 808K ohPPafll (e o bk JoRBUbRfEns, *A'Bidback
rs@genet@tdauge @ﬁtpn@és b @utphe rcuesntt miting teghila®r Ozvﬂqseltreference is
current and vol t age o 10 suitable lLow | evel s
| FukPyt Yodges- Q?RS’Pd?ﬂgSwé logd yinpedamce drapsthelay 2 saries ﬂaﬂeshold the
tfiiak Qé&ﬁﬁtdtﬂ e T ‘ﬁ-gﬁﬁ‘é régﬂy RStk B0 cRisO YiedGRpidt ViRt %é% reduce,
power distribution an sion system conhpri si
lﬁllawbd byt rpganpratise actlmthaftesesges ltcelnnlltrthb oulipnycwrent and voltage to
pr opul tor haV| erc nduc i ng W ndi ngs and
asuﬁg@gi E?Ynggr@gllmlér pBP”Sb ?Vé?eo i generation
system for supplying power to the first propul sion
drive system the first propul sion power generation
i gener at or havi ng superconductlng
nd|n s.an converter 0
oDhePET TS ﬁngiflilpﬁ O BTt o B8 GnBiost b pBRRlap system
f@wnmﬁggplylng power to a first service distribution
systemthat includes: at |east one dc distribution
busbara f st cerepylsigs  drive seysteput inelydipg) @ageopudsien gmotor having
one sw t chboard.
i@iPﬁbggﬁéggfﬁ@%§§£§ zﬁégvomgbagé%trlbutlon system
i ncl udesiratpropdsion qm/epgwram syseem o suppdydig power to the first

current is rectified or naturally produces do current

THEPYFOpUTIEUTREHL the sﬁrﬁr%tpevla@pypqu% geagragjgn ssyglpm including a
e TRHN sﬁﬁ&e&lﬁétﬁ%@ ?OR&%E cor{\%ﬂeﬁ)éﬁ&ml e)
cording t ower source and stabl’l'i si ng

Char acd eﬁrstspowelt geterativint syssitény 1nclud1ng at least one power source for
supplying power to a first service distribution system that includes:
at least one dc distribution busbar for carrying a distribution voltage
and a distribution current, and

at least one switchboard.

In general terms, the power distribution system includes at least one power source
whose output current is rectified or naturally produces dc current. The output current
is preferably limited by fast acting means (such as a power converter, for example)
according to a power source foldback and stabilising characteristic that initially
causes maximum prospective fault current to be much larger than for a conventional
impedance-limited case, and that subsequently causes the output current to be

commutated in a coordinated action. The power source foldback and stabilising
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30 causes maxi num prospective fault current to be nuch

| arger than for a conventional inpedance-limted

case, and that subsequently causes the output current

to be comutated in a coordinated action. The power

source fol dback and stabilisiflg -7- characteristic

al so facilitates current sharing between

paral | el -connect ed power sources by incorporating a
sehagagieristiat @qu rﬁa@lﬂit&t@npmelrtt shavmge botaveen t Malylﬁdmnnected power

S fold and_s ing characteristjic also

RIS o? B e RO NP 3 e RRAHREL T MERBSRY the power

Vﬂiufc&gﬁldhﬁck REQ ISROIlBirgNehaddct EHEE Ao ALBitdtéA el $4bilisation of the

response that |s 5 superinposed on the steady state
igfhudephiaat . DWARGOTROIRIRNG mp@gerﬁeeatﬁ alipasidng repprnsethat is

| d propul si on
Sygﬁgﬁpa%ﬂgQgg?ﬁﬁﬁﬁgﬁh?Hﬁb one power source is
eventually to cause the fault current to be

errupted, according.to a fol dback nethod. While the
rWheR ' 4 Gowy medanGen Ak ipEpBlFd o dheseadne panehdistribution and

o ?L%l%h Q¥st¥int thet dMBoRLPHRCE lgﬁt oh hsafﬁleéguré o]slgrtﬁﬁaelly to cause

hboafd that 1 s associ ate
ftaglfault oure tto bandteaupiadsaocordhlgdo aef<ﬂ¢bacb mnethod. While the fault

oceg ? pget ect the fault and d r 'g}e&t hat . ) .
FOERE IR  RTAGSSSES irasor é‘SSOSb" BrOfgeLive sjitehgear in
rlﬁ& sWRENboaRt ﬂiﬁf iéthsﬁﬁlatéd‘\Wltﬁ Itlﬁécﬁaftﬁ’ BF Ehe%ﬁl? ERPQUt, and an associated
determ nes t hat his is the case and instructs the

pilenteonid precqswm dﬁg@tahe ‘(a@btamd rdatenylr@rthatfpfrotmta@ swwbgeax Buust be

A I R

phizpig| the @Asesyat BRiragsl tﬁdﬂpﬁﬁeowve sofifch@da ¢ ptmhERlah Yoff-load type
regul ated by fast acting neans (such as a power

cU¥iirbeeas) to dsp- exanpl e) according to a particular |oad
sheddi ng and 20 stabilising characteristic that causes

| oad current to be renoved in a manner that is
cmmudibaabfeellemﬁ:hi lbhds mbpbe camwctedrte dhe maritié pbwendisfribution and

the ut curr of hlé-ﬂ | east one ovver source.
bl ST ab Hhred wiia ERPIESY Hsatpbd Dt et asinggpeans (such
Odcs 1 RRwek %HVQ{erc’?orl %ﬁéﬁr E&Q}dlhg té%Baﬁi%ultap 184d Ql\ﬂéddmg and

the output voltage of the ‘at | east one power sourc
tstabilising eharactenstidi thet ¢amses fooll dbaekt tmebdmdlové’dhen a manner that is
ut .25 volta e.initiates

f.t t
GO S RecupOy e e e Tt G uret of the a
l1ead ofé peaENShursEt 1ok tﬂ@?lo't&ﬁ% Shadkleas istdifned, the effect of the

stabilisation characteristic al so causes a particul ar
treamnsdleiogdesiisntis suth asdadilowrthe autpwi vditage epdietat teasttame power

Ly, Vv Sup on the steady s
rsggﬁzgntgel%gé‘?e? €aced d%%% 01(?]%[2 dthog. e recovexXl ft ﬁns output
voltage initiates the re-apphcatlon of the electrlcal loads according to a load shedding
method. The load shedding and stabilisation characteristic also causes a particular
transient response of load current with respect to the supply voltage to be

superimposed on the steady state response of the electrical loads.

The above method can also be initiated by other failure modes that are detected by
other sensors and the electronic processor, or by specific electronic processor

commands, by a method of inter-tripping. All aspects of the method are preferably
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30 The above nethod can also be initiated by other

failure nodes that are detected by other sensors and

the el ectronic processor, or by specific electronic
processor commuands, by a nethod of inter-tripping.

Al'l aspects of the nethod are8preferably -8-

progranmabl e by suitabl e neans. The nari ne power

di stribution and propul sion system does not require
supgammebiahni sodeblo meses weBle nhigingtpavesa stistobgiquoenst propulsion

source protective.switchgear. and electrical | oads in
oY dogs Gtiediie el Shinruichlipg Hetager i 4 Fisp aRgRsug douree,
grorthiec bivitchgeransd electAMISIds 3 et So PHeratedBetadye Ul&ibuted
power 5 distribution systemitself, Al the conmponent
patelligeage apd apaefiiferdve drans difseqmputicaipn inproyidsgubs it power
S ; ! t i (o) B .
HSLEMAPRRAELEHE, AN RETEREG (BRE PRI Bonker gipgbution
remdi prepyisiorrsystiest carbupérate @ancmmicaiylahidoautorysivein | Slowever, if
capabl e of bepefjiting. fromincreasing intelligence and _
aﬁ?gg]rﬂ’(‘?%ﬂmc{tﬁ’élalﬁ prwa%%ﬁlee Shit Parige ﬁayy%élsmbagpla aad pgppulsion
o . .
IS FORTRRE oP Behtitnp MR b LR AL ipd avomation. Local
pnapal sintiols myw be proaikid ifor glbedmmueatrparts. one or nor e
zonal power distribution sub-systens that incorporate
zonal energy stores. Mre particularly, each zona
PRIARS 16l peterhBly i Bibutsd! PrSycht @ m Ml %@vlc‘ér is&Hidibon ?g&"%fopulsion

supply unit for supplying power to at |east one
glysteny anghin patidulan o one pomadre earlggovedr alisiribetigne sutesystems that

t.he at ] east,aone switchbqard of,. the first service .. . .
PPt o EEeTNGE S Prig ! BB o8 GoRbOR iswbusion
pRvEKstepiatlyidesiflizbnal THoeee sappls undnir gﬁplﬂgﬁl’gqﬁ)ﬂf @0 at least one
i nherently capabl e of supporting reversible power
z@%g

faleshiicat frady ahp zawal cggraytséire somsptadeo dhapigleast fone witpiegboard of
iy ety B i t .

Ay SERHAC B 4 o S S 0 A0 L B Pt
amita| THele panak enes g poyes ané inheeatdy tapable & suppértiog seviersible power
15t oo Hengonal S5y SiAGS iR BBAEKEA Gophdher b S GRaistribution

‘%%'%ﬁli RWrdRRo ?W(ﬁ:@onﬁﬁu&ﬁ?o%r tdelbfical 16dis | chRdctdNo Ye zonal

the distribution voltage. Power converters are
osfee rsapply wnptesped itwrapapts inhtheodistpibuBorofvobidde. pblasrever, the

sources to, 25 the apprapriate dc distpibution.valtage
R SRR alSP SC0RY G et P T oSt TS idiipyi ystem
ftoas Gt SRR stAbENalOn bf BEARMBAdntBGRagPt | M sation of

power generation equipnment. Al electrical |oads are

al so preferably conditioned by power converters,

Power converters are preferably employed to adapt the outputs of all power sources to
the appropriate dc distribution voltage and to provide fault current limitation. This
allows for greater design freedom and the optimisation of power generation
equipment. All electrical loads are also preferably conditioned by power converters,
which actively assist in stabilising the distribution voltage and limit fault currents and
switching transients. The marine power distribution and propulsion system, and in
particular the protective switchgear, need only be optimised for its continuous running

loads since fault currents and switching transients are limited by active means.
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whi ch actively assist in stabilising the distribution
voltage and limt fault currents and swtching

transients. The marine power distribution and

propul sion system and in 10 particular the protective
switchgear, need only be optifi-sed for its continuous
running | oads since fault currents and sw tching
transients are limted by active neans. -9- The mari ne
pTiwe magingt powernt idistrilaution parsh lplrtspmorswystem pred¢rablabhgs a highly

FPdutan! 3P4 Fer e oaB R ETRRY L BAR (BB | s s

| pER@Eul ARt inhfortahLif1TRE tAEin® 9Wér dis@ibuiibhdproptillion system is used
pr opul sion systemis used on naval shi

sQIbﬁ%l‘f B \H efubmarings hereol tySh ccoplinysy EJ\S;P@é“qSoB@Yeft*Q critical
rsrttggléégéveiﬁg ¥§1§1§gﬁﬁn?¥)§ﬁ faIe ﬁ %?Ie nni"héJ %Bl?lt}a{)? the marine power
ddisttibutdett b peospalgisro pystesn mueaayshaa rheamapalsed] axtadb e(awh as kinetic

pul sed | gads, (such as ki netic r ect
A engicstile and wupgnaed a 1&9&\75 ﬁ}cg%ﬂifh 3 unghgrs, 1 or Sxampl)
e n dof r
8%?1“% Eﬂ)})ph%& 'F’ﬁe r| Caf(ﬁﬂ §B@elpﬁf?ﬁ9f bl oR oéledﬁq?’ﬁ load may be

drawn any e cont I nuous
aaqnuaucmsl}t Od_]uﬁi'bd rt swptiefifd effmmmyaund faeiditdté {‘bomp- free” transitions

BhvEey USgle A0 Bpim ek RS CSRetidi B ABECn voltage

vigh{ 86 %wmalben b@ﬂ%htlémrf)obv'ér agmf&ﬂoh%wlemp OWRR respect to total
distribution systens, with resgect to total installed

pmteHecb enecngPrmatimpeanacyy, thispprpduciet disulption saqurdnamts and
ui renments and . maxi m sing power density. 15 The
0188 IOHTRE POV L 4FES I i ne power distribution and
propul sion systemis essentially automatic but may
i ncor porate manual reversionary nodes. Al _ critical
cbirgoeprs#iion efathegnaine pavesr clignpytiqonand prog@lmonggﬁgpem is essentially
%&H&@H@dﬁ ?ndogﬁo%tle'ngzﬁ{ﬁ%?rm (91?1 eﬁm ' %‘fldcnt?csal component
ol Tows. ower source as a generato
f partsexapielfeedbli mtemlgemteﬂd autosomsanCThd mtelligamee may be summansed
conv?rter regul ates the output voltage and ranps it to
Pllgt-ow a desired output voltage. The associ at ed
pr otective swtchgear detects this state of readiness
and cl oses. The power source is safe agai nst backf eed,
s@ses: péwer saurées (soph las megenethtor, famsxansple)oisi started, its associated
speci fi ed out put. chayact eri 25 Wen ser
B it Fpiulafendhg Bipt ol B (BdutPefons a desired
t WMdEE e TheolssRatkd BrRflectivaRinlitcBidad delaisafisedtats lof Geadiness

The protective sw tchgear rapidly |ocates and
and closes. The power source is safe against backfeed, senses that it is on-line and

transits to its specified output characteristic.

When a serious overload occurs, the fault current is limited by the power source
foldback and stabilising characteristic. The protective switchgear rapidly locates and
classifies the fault by reference to its sensors. If the fault persists, the power source
foldback and stabilising characteristic causes the output voltage to reduce. All
electrical loads shed or revert to zonal energy stores. The protective switchgear
senses that it is safe to open the affected output. When the fault is removed, all other

electrical loads being shed or having reverted to zonal energy stores, the output
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classifies the fault by reference to its sensors. |If
the fault persists, the power source foldback and
stabilising characteristic causes the output voltage
to reduce. Al 30 electrical |oads shed or revert to
zonal energy stores. The protkctive switchgear senses
that it is safe to open the affected output. Wen the
fault is renoved, all other electrical |oads bein o
syeliagorechars Aepording ka g power snvare Bhdhagl and sipbilising gharacteristic
t ve he power

S opd e B R R Rl ebed "
the | oad sheddi ng and stab|I|S|ng characteristic is

noved. The propul sion notor of the first ropu15|on
dThe\MOE‘ﬂ?PB mc&%oﬁo@e Y IreRetion dEYF BISHEN can boreguiagaccording

e I ti

SarE oy SRkl 3R Stifing SREAAIC] PR Prricylary, the power
pcronpmterlaf rthel first repuddienmdiise pystéreiaptoferadgukailatdd by aaregulator.

ul at The requl ator. control s .t ul si on

ot TR RORESIRamobE Trlche HAster SHRUFHT sifofe first
CBrbfflﬁs@M %lh%nsyﬁerﬁ U Buch ¥Ry 2S td ﬁle%tﬁb prdiRIPEORSIS 'o? 'Ehe marine
needs of the frarine  vessel but al ways subject to
reegsel rbstrelrwas’s csfubiehetd wdreghiectuémy ofer sradiibidding glnd.(stablhsmg
chara g practi | G si.on driyv 1 1

b rashiep P Pronyfion, BiPE EHPRHER grbriiiey o propuision

Hﬁ%[‘ aﬁ‘(Dﬁ' ﬁ@\ﬁ/éledon%ﬂtér Wil SBdd t®o dﬁ&bﬁ&&ﬁm@ﬂdﬂ‘(@@d 8emand signals
demand signals provided ectly fromthe

Smﬁvlkieci diresil fsor@ﬁhq mtrﬁhhmlé of Qsesr@m)nep‘f%wmrﬁgldma this response
\§ sfltpﬁ)oq Sdg%tagﬂléé thB N arﬁjlg E)Fgo?% lrlllsg'leoélflgﬁl aﬁ%éfogﬁltsﬂ)\%gggte ﬁxcept when
oths tdlisltxbblttio@nvolmlgé aga)w Suttows duthg aq)rdtlebﬂlﬂg fddback event or when

protegtlve f ol dback event or_ when_15 demanded | oad

pds lofderavest isnpateth ARVl 12aBIab G BRIFT geeErtion; gRacity, for
C&Qﬂl‘gré Y wiedl the & %eeof meﬁ}of) EiOfl n\ﬁ@ul&fdegtgﬁhse the marine
propul si on r|ve d destab |se mar 1 ne
cbwtarlmmnbmmnandi propplsioni gystesy Htee rrtst lloech wﬁlsprbﬁembly/\bé fregulated

p f er abl r | at ed. nd/ hed as
iR ebatrt pe el B SRt aR T oayetiSn The

pomer converter of the first propul sion pomer

generation systemcan be regulated according to a

p”fiwepovean wooeerfeo bl twdlkstandp@siabipbivsi gepestignasystem; O@n ibg regulated
ower converter r opul sion powe

SRR TONET e Rl pid P BB B ome or

both of the power converter of the first propulsion

drive system 25 and the at |east one sw tchboard of

tme powern caywenigrcel thesfinst Bmubwrspwgngenwoa@mm is preferably

ST, S 08 e R B W B
odndt the af 1dastt oreeswitah®ogtd sifrthd fikdt Garvigesdisthibution system. The power

converter of the first propulsion drive system is preferably connected to the at least

one switchboard of the first service distribution system.

The at least one power source of the first power generation system is preferably
connected to the at least one switchboard of the first service distribution system by a

power converter.
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The at | east one power source of the first power
generation systemis preferably 30 connected to the

at | east one switchboard of the first service

di stribution systemby a power converter. _11- The

zonal energy store of the zonHl- power distribution
sub-systemis also preferably connected to the at

| east one switchboard of the first service

dThst zanplienengy stpest efhthbyzonal powee distmiiontsgb-systembselso preferably

cases e. power .converter i eferably a l,se w dth

CRRERasd B AR sl Rbodid oP IR FhERrsf gBHHE R0 s$¥ichn by o

gﬁw ejontditerZ OmAbot@N@kEY t5d PbReP boteete? &N Blef@OMIa pulse width
istribution sub-systemand the at |east one

supduspdde/dc eonvierer-fi r st service distribution system

is preferably polarised as a step-up chopper when

power flows fromthe first service distribution

Shist éofild Bérvettbiebaora tlengingl esdrgy stoéd of the zaBlpovpavdistribution

di stribution sub 10 system.  an he do/dc converter is .

ﬁb’ﬁtg@oﬁn§§h%a%]leé§§-°&8\mlt€m&gi9% s dHstosihase disirigigdon system is

f rgﬁ}atbg}epaﬁﬂ%d &'sthh- %@g@! wWhif pPMRIRRYESm the first service
I stribution sub-systeminto the irst service

ddigttibutioort systens yigtd éhe zdimd catrgly st odrike svndl pobeaddtrdfution sub-

the firs ervice distribution system preferabl 1

1St 80 SRE LB AV EF B HROeRarb . SiSheaEEsciop When power
PRWVEY frERNME LRI c£QBPSGE HOtht BBnAtpowee BRiri AN ROWSYstem into the
source of the first power generation systemto the at

| raisterdeedistsibutiombystanst of the first service
di stribution systemis preferably regul ated accordi ng
to a power source foldback and stabilising

chas act@ki ohe GwitthBodrieofathel Gattseprice eligEbutiod systasl pgréferably
preferably regul ated according to a | oad sheddi ng and

sinelydes rrptegtivans idehzesn with eontagis. THEE poweneenyerer ¢apaecting the at

glg:zgti fol‘ﬁ% L#O%V&V\goﬂl? §PthPhR t{?ogx?ealt getnr&fagg? iosS/Lt%mWR)e bhel Qte least one

lon Vvoltage an u n current

hanehberd of elttufisd séroicaciigpbainesysewelssprbferdbhe rebgullated according
i nteraction of power. source fol dback and stabjlising .
A S RRVTE SPICP éolamq?f Beestaprliging charagteriptic, aplathe ahlpagong slectric

36&@%&%&&@&1613} I‘Eg%]]hféﬁ%gé’d}?@%tt@ a l?@ad%ﬂ&iiﬂéﬁ% gﬁ’d A58iAsiHg tRfacteristic.

I'stributio t age, an overr
i Fitesgontactspyitgpotavhse swittheean ae avtdo nabpardily wien dreadigidibution

25 within the marine power distribution and praopulsion
SR A e SisTHRAIPR G PePeon PSS G ACoHRIANE [otrla DY the
| ifitePRAVALE ¥ pIRREERIrSS foNiBadk And RRLIRIH haRRWRIstic with one of (a) a
distribution and propul sion system "and (d) an o
ofeelt thaticanges ant excessivplavginpadanerdotbisaonnest satleridistribution
voltage, (b) an overriding inter-tripping command that is automatically generated
within the marine power distribution and propulsion system, (c) an overriding inter-
tripping command that is manually generated within the marine power distribution
and propulsion system, and (d) an overriding inter-tripping command that is generated
remotely. Moreover, the contacts of the protective switchgear are made to close only
when the polarity of the voltage across the contacts is such that any transient or inrush
currents will be restricted by one of (a) the power source foldback and stabilising

characteristic and the power source starting sequence, and (b) a load shedding and

stabilising characteristic.
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renotely. Moreover, the contacts of the protective

swi tchgear are made to close only when the polarity
of the voltage across the contacts is such that any
transient or inrush 30 currents will be restricted by
one of (a) the power source fWldback and stabilising
characteristic and the power source starting sequence,
and (b) a | oad shedding and stabili sing
characteristic. _12_  The distribution voltage is

ph%f ? Eﬁ%t.lt{?ﬁt’ (;8‘1? 15’ (f)gefg'ytblges&%b?if%g%g/k r%gen% lltgaﬁl hne functlon of a

cﬂnﬁmoy‘oefdesﬁ)lcrbaan dndytabillsing Elairacdristt andttsy @fllmledt@ﬁgef rate of
of load current function of the |gad shedding and

sthaBeq oldipad ekt grctipn ot the load shrdding pag st@lalwng characteristic.
generation systemcan include a plurality of

paral | el -connected power sources for supplying power

t 'Bhet fist powatgenemtion eystkins tan imetudon ;ﬁmﬁe/mf patedlebconniebted power
steady state current sharing of the ural.ity of power
SOUFERLOT SURRBPg; RRIYE fopipe eaftrst SEHS @ oution SBpem. Pwherein the

fyael Qite Q‘fun@ntp%hgsd}uﬂhﬁ &16:aliHPEE bowad s&ﬁ@é@' is &bftgnated by a

characteristic 10 of each power source, and where

tﬂt@d(yrsgate demop fumtmemf &petwcm@uocfe tOhtbaplt anélstablgnsmg characterlstlc
r,sources is c |natt§ltr A éraQ§|e ! Ne ity of

%atc'f‘ FRVST SPHESpBYel "8ty T8 ’| Bb SRS ‘%‘tgaB Ite PHG Y ©

Cﬁlﬁt‘@(‘sbﬁfcb§is EoRdin8RE byPHWaAsiSRUDEE lind Fen®idh Rftthe power source

vol tage and output current of the at |east one power

stoldbeex ard statulising sharacteristiowd cachanmsresPwhc-syst em can be

regul ated such that current flowis uni-directional. A

steady state output voltage is the sumof an off | oad

blise v@ptitagstagetapdicutpudrdrrantsémedyat 1edstbfe gowePsource of the first

conponent that is proportional to |oad current such

tIpAYeT BRReraiiLgyytest canebe rsgulated syel thapereat flawde upirdiggstianal. A

Wit A3y Ayapd &ﬁg% t WiAkEid tﬂgg uth! J¥€in o}:f R4 'bﬁs](/ollt&@(setg)ti{ﬂlg gﬁ]& a steady

vari ations out steady state [oadin ol nt
tdtete cludqputorvmintaigthat & ﬁropcbrtmnai t@Qoddr ansine mtch thadthlei sterdy state

whose adient is l.ess than th r adj he . st
S0 RS R hecCordfa yiie p sty S Rt lige] (Trrpsiei fepdspurrent
Pffati6hY ok &V&kady! taf e01%9dlﬁg' rdofdtt catuE@'ﬂ% 315\&{16’ vﬁt‘a%@etgsfollow a

the steady state Current limt and approac
dowsienbload kive wdioseaglpdment is tﬂsathantth%i@d@nt ofdhe stettdy sltaterilctad line.
out pu reduce

ritg?gdg’cﬁlgt? gurr?r}tés t-l ﬁtﬁ? g pgl\gllmguliaggaaafsfﬁ oag e tran51em'tl§1 Bxceeds

r6 a¥idyt Qatk h@irehe aﬂlndt shat @kaﬁed iBYe M€ ot N c&dde adYarticular
25 state current reduces below the steady state

cliansient cyrrapt {imif kevelg e antiput ewnttagowt!] Hasiently redyceaigisrespect to
tttﬂg tst%&cf}?&éfte%a%t 1fheSd dr\9 ﬂtreedv@ fd th@k tega(}‘; ﬁgt%%oémne when the steady

ar transien
state current reduces below the steady state current limit. If load current continuously

exceeds the steady state current limit, or exceeds the particular transient current limit
level, foldback is applied such that the output voltage and the output current reduce
substantially to zero according to a regenerative process (in some circumstances it
may be beneficial for the output current to reduce to a very low level (e.g. about 2 A)
to facilitate the sensing of the load impedance), and output voltage and output current

remain at substantially zero until load impedance has increased beyond a particular
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| evel , fol dback is applied such that the output

vol tage and the output current reduce substantially

to zero according to a regenerative process (in sone

circunstances it nmay be beneficial for the output

current to reduce to a very Ipnlevel (e.g. about 2 A)

30 to facilitate the sensing of the | oad inpedance),

and out put voltage and output current remain at

Sllabfsit éﬁﬂda&il inypezian@ im:réalsesl begabnﬂnqhed;am&cﬂllirak:vélnﬁleﬁalsedi voltage
ﬁ B rtlcu ar devel . If da edance .
ity oau el ey o rad s Eaed W9 BRI PREGAGE point

voI tage initially partially recovers and then is

ranped up to a desired operating point. The | oad

vbiie lagé veltagelsan bampepedyp todhc ﬁesn@é perating pemaaqcnghng to a time-

poi N385 di

P Bbic Bt el Lo i % it 3B el i e

Vm&ﬂrhd\pdm distflitida apa \wespulhisd $yskeut.i on and propul si on
system The power distribution systemnay further
conpri se a second power generation systemincluding

f :
SR A S N e -
sssteircichidater dtledst one pywtesoupcefoe rsap;blymlgrpblwed &S aakcond service

Iocfas,%) one dc distribution buskSJ‘f, Lor carry
ISFPPERR PRl tegRFCan Servise sHIptriBo, RSt mrﬁﬁ&ablmmludes at
Akads %ﬁé tc WL EMInCRRBA' fr Q:Qx?_%mg RCAiSEBSHA Qb1 aYlﬁ a (%1str1but10n
switchgear wth contacts e zonal energy
tdverenbnald poviesst dirst swisditioonl syt mwiuden metectu@n Bwﬁt@éar with
to the at, | east. one switch rd of the second.service
24T S OGS PR PIPCs ST hF 2ofeh PO Hrots BAIoL ARGy can be
SdoRhEctEPHd thE atSleRP bhé& kv ftEDOhddNT the §e§5nc§§';rr\\/1b§ Bistribution system. In
distribution system and/or the second service
cﬁﬂ§t Wi uhe ganalyeneegn stmnecambq mppb@d\érorm ithst firsbgenvine distdibution
gan ncl ude a second
Hﬁai‘ldg"ﬁ t%%/?se\(/:gn r}”ge Hlsﬁ?ﬂ‘l{‘an ﬁ§5t%{npr opul si on not or
and a power converter A 20 second propul sion power
ener ation system for supplying power to the second
TRENG ROWRY distriipdion and mspraiEpn pysters| qiadgrther include a second
r e
gﬁ&g&@hg rdggvg;ﬂs e gﬁ{lu(ﬁﬁé\é?érbﬁislswﬁ%gtop anti e b EPLorfiifter. A
preogel pesputsiat poser (yenmmoxbySyﬂtbxﬁ ﬁﬁfsm;@lymga pomep ub sthensecond
not or Alternatlvel% the}aﬁq (geﬁulsi on notors of the 25
FRIPRYISIGR drive B¥sHan predraPply;l PESNSTPLY RE 2 AV CheONY e
to drive a comon propeller (so-called tandem
propul sion drives). The propul sion notors formng a
t Baetd emﬁthepﬁrsp ahd bepond m’mpeﬂshaydﬂima systeaty mt e thebude segrapeltee that is

Bl Sl e ST P ORET L ShalL St e o
VRS§SAd §8ynd!fRpaRIon drive systems may be used to drive a common propeller
(so-called tandem propulsion drives). The propulsion motors forming a tandem
propulsion drive may be integrated or separate but will share the same propeller shaft
system. It will be readily appreciated that an individual marine vessel may use any
particular number and configuration of propulsion drives depending on its propulsion
requirements. The propellers may be of any convenient type such as conventional

multi-bladed screws or ducted pump jets, for example.
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particul ar nunber and configuration of propul sion

drives depending on its propul sion 30 requirenents.

The propellers may be of any convenient type such as
conventional nulti-bladed screws or ducted punp jets,

for exanple. -14- Each of thel4irst and second

propul si on power generation systens may include a

prime nmover (such as a turbine, for exanple) that

ddohest thheﬁméapbctcmnd }g‘ep@siahcpoweﬂgnpmtimulsgsitcms mretyoirslude a

of .the first .and s i,on.drive systens
rape e Sl i R T A1 £ €kenBr SR ermprator.
(HTS) w ndi ngs. I\/bre partl cularly, one or both of the
field windings and the armature w ndi ngs may be nmade
lemp@ablS@@ mptgpe sl ther fitgt nad smndextrowlmn d.lswe systems preferably

S Bty S TR RIS b v PRSI one o

(brghi of theSietd anckngnadalie adiahirk Wlf-ldin@x’lllhﬁy be Vrfaﬂy fﬂ‘(bhg&hbles tapes
current density) at_ npre than about 25 K).
fareyviesaforeien JEomi o1 inclpdingapny spigable @é&%@atﬂma% ﬂee Aomajerial that

b
PP AT SISt P el BPRRS o camy
oypy higheurrantrdengieaninoresthah sboypdsd)bl e. One or both of

the rotor and stator of the propulsion notors nay
al so include bulk HTS material and it will be readily

apRy ﬁélﬂ ati8din gg‘ il ttﬁﬁcalgl lg@fo%hte&”oﬁdthg IStor akd Hﬁaeéinﬂﬁfrﬁ;vﬂndmgs

shoul be takKen to i ncl'ude bul k HTS materi al that
nwil b@l@ﬂmfbeglﬂcetddlqn thecssator of ithe gropuilsich mupterat betr the opp031te

CRTroE BT IS elshapnsblee: B oy BPirirtBe bt ahd SRRt € brdbusion
Bhbiotssiay BRS eiiludiillk ¢AtY @RteR4iB3Halid with Sé eeaaﬂ,l/ Ay cletfed that the

magneti c material swtchabl e between

sear cyigdingsergrivsed dereie shand paceka, tof @ﬁlséﬁ zlm\gq HjTSw@atwgal that
|
e TR o BN GET i Ry ERARKE, Bl ol EfRodtc s

HhSerisltsy fdrm pait éﬁtesxqﬁﬁﬁndﬂiwng rﬁaignxéue Bgstéh ab desckiBedin British
and the stator _has_ super conductl ng wi_ndi ngs_ then the

ket Anplicpirne2 d Al & ithesm allaxes 9 erasnptie makiab |sw1tchable between

e 5
gg@[@%ﬁﬁ c QB&Q I?(ilﬁrgﬁ éllc,pfa%%g'l %tt% tf r%x%@éﬁ%hmgg thermal means is
vartangée tdlfflpdatadlykﬂatm\ptﬁnp A0magheandield tnlagnetiss er tdemagnetlse the

the ne ed tq use liquid heliumas the coql an
K &l Q1o e HERE )Y CHE(OT e HPST BB gHtor has
Cs%BeI%H&ilﬁhﬂg WandifPPREA MW EthedRRG MO Lok RHES B Qgﬂle? windings or
current density inhcreases as tehperature 1s reduced).

Teemanent magnets, for example.

In normal operation, it is anticipated that the HTS windings will be held at between 30
K and 77 K because this removes the need to use liquid helium as the coolant and
because the current density that an HTS conductor can sustain is temperature
dependant (sustainable current density increases as temperature is reduced). The
designed operating temperature of the HTS windings is therefore the result of a trade
off between desired current density and the practical performance limitations of the
associated cryogenic cooling plant. The use of HTS windings allows the propulsion

motors to operate with exceptionally high air-gap shear stress compared to
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desi gned operating tenperature of the HIS windings is

therefore the result of a trade 30 off between desired

current density and the practical perfornance

limtations of the associated cryogenic cooling

pl ant. The use of HTS wi ndi ngss al | ows the propul sion

notors to operate with exceptionally high air-gap

shear stress conpared to -15- conventional notors. The

pronkieritivanl betees. | The nriecipal dané¢fits recgreatde thepravesk pavearsiensity and

%Qﬁdegfficiency. The propul sion notors may be singly
dodﬂ?y fed by the associated power 5 converters of

the first and second propul sion drive systens. The

power electronics for the power converters of the

fThes propuisiage demiers prdp ubss istigly @i daubly Jedrhy dee associated power

f [ d. v t propul si on
TRERRIAIBRYE ptor ol eoh PR bl oS, £ 201y be
designed to nmaxi m se the performance of the 10

associ ate ropul sion notor and aid power distribution .
Sy RSt f‘gﬁftmntcy.lem}ée POV AT FISFFS (51D direit andgecpd propulsion

affleSSSRAY Ré AUt RBudy iﬁYlﬁ( Y08 mt@'cpw IAYE ndftors. The
el ectronic conmmutator circuit S1 ng static, %O\NEI‘
gloect rconverters Whld ppeferablys boresipnalr ® ofaxinhise fiha pérfandnce of the

secon ropul.sion drive systemw |]. normall 15 ..
e PRSP dAoh SEaTEh DA PGy e pebilty.  The
GR8x%I1Abh Yndt &S o eheOfirsP BB bcBnd PRpalsiOirive stBRNAIMAEASS have an
one de distribution busbar can be inplenented usi'ng
Flgséonisrroounutaigr cizel ysig satidnestsselecBomibs.

superconducting cabling may be made of cables, tapes

or sires formed from or including, any suitable HTS

Metearbllsior notbie cfehe fiast @hé s&ondl peoguldist dANEsyses®REll normally
propul si on power generation systens ﬁr ef erably have

Hraudg mEntorgnd atiatar gdthe eQiprganype copeialdy insislerpr @ptsidgdhe stator.
field windings and the an-nature w ndi ngs nay be nade
fromcables, tapes or wires formed from or
i The! atdiemsyy onande distribatibre bbibar wad éeiialplenfdiged ughgl superconducting
wi ndings will typically be |ocated on 25 the rotor. and
(Bl R bUTDr-viSHER ARSt qdvctv},gp?a&’imgyn@égf Geaseed Ghlepnigpes or
StiddsabrRld &5, oIRBRERLOKS, sulthblc NG MHRRASI t e
arrangenent 1s also possi'ble. One or both of the rotor
and stator of the generators may al so i nclude bul k

S materjial. .In the casge where only. one of the rotor
% ehitipd of' s e KL SREL PHRp oo R « SiSratige  Systems
Pr&RFabIENaVRAYES vARMIME! MG parfiePRAY, Mc"6H BHlIS oPthe field windings

per manent magnets, for exargal e.
and the armature windings may be made from cables, tapes or wires formed from, or

including, any suitable HTS material. The field windings will typically be located on
the rotor and the armature windings will typically be located on the stator of the
generators, but the opposite arrangement is also possible. One or both of the rotor and
stator of the generators may also include bulk HTS material. In the case where only
one of the rotor and the stator has superconducting windings then the other may have

conventional copper windings or permanent magnets, for example.
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30 -1b- The use of HTS wi ndings allows the generators

to operate with exceptionally high air- gap shear

stress conpared to conventional generators. The

princi pal benefits are greatly increased power

density and efficiency. 5 Thelgpower el ectronics for

the power converters of the first and second

propul si on power generation systens are

akheanse ag HdSsvipdings plowsthe geagraigraotaperabewije gegegtionadly high air-

e s?l%ne%t?eit,sgtr | O%Bre;qgt?) fqén&%ﬁtlona? §%§&§ ogs pp[%@ 311’1%0 alo RF%eﬁts are

cgaanytlaé@asealpbwf dendBY BEd sffikignGy.power eI ect roni cs. One
problem wth generators that enploy HTS wi ndings is
their relatively high prospective fault 10 current.

S e
THe PR, AR T o) Bt BB M6 F bl bropulsion
Positee penvvhatids sysransniaed advantagedusiph ﬁnibaintégtawﬂ widwére generators.

supply and a r distri utlonsstemstablllty
ﬁP%anraH)éS Ptgﬁnfﬁfztpaé’gepﬁe@&daﬁf@ﬁu ﬁlﬁﬁtpoij'@%: genergiioq sysigms may also
Ha9e léhsél&@roﬁf?:t &frﬁnﬁﬂgylr QYR ubThy stakR %M'éﬂ&%oﬁfc? One problem
extrenely conpact and |1 ghtwei ght and offer th

hivighn gemerabscthau caployddT$ ciiediogs 1satﬂnd1r|rnlat1mibllnﬁt pwspective fault
wth a otl ess armature,w ndi n r odu eIo Ieve

Gin; SHR T T PERFORE DY el Rty e ghe e

Sd&h‘eﬁlbinethf: %bwkéﬁ BistbuiBh ispfeMESH 8 tSmaintdidng ﬁnﬁ‘%}ﬁ eS8y of power
propu sion notors and associ at ed power converters W |

pupplyraagiaiditgpoveersagitibutsm sbtgmmgetdaer di stribution
stability and availability by a process of 20
programed power managenent and graceful degradation.

Thevip Geatadigruppedctitedthat Bencs@oBrahdpiropulkisn Qiﬁbt@l@vﬁ’(ploying HTS
generation Sé_ stemis preferably connected to ane

bBinings are cxpenely egRRast tandsligitweight sad gHter fhe dug@Sb glectrical
défﬁ(‘!l@lé{:}é ¥rd ﬁlr@o?rggnétf&ﬁ R alin 211 §88Lss %Hﬁarﬁ}g‘i &@Eg&gg&gﬁée ltomevels of

secon ervice stribution system
awiseeanidevibrafior. '€his exakesl tlmm)parhsmlaﬂy duitabde Ry sis@om nmrine vessels.
eferably connected to e at. ast one switch oarfd
erably be

% SrECREEH MIOREON BWLeS §fl ?Fﬁﬁflra POVESE EPRVERRTS WO
Céagé(tﬁét&f aﬁin% ?gwtaf rddtri DERRU BbARY PAVE LV ARBERRH0R process of

systemis preferably connected to the power Tcorver
afroghamnsdqomer prappganging andigiavefubgegratatiomhe power 310
converter of the second propul sion power generation
systemis preferably connected to the power converter

Ofhel ftfvdrichfberter P theSdebndpropelsENSIoRBr gedefation system is preferably
connected to one or both of the power converters of the second propulsion drive
system and the at least one switchboard of the second service distribution system.
The power converter of the second propulsion drive system is preferably connected to

the at least one switchboard of the second service distribution system.

The power converter of the first propulsion power generation system is preferably
connected to the power converter of the second propulsion drive system. The power
converter of the second propulsion power generation system is preferably connected

to the power converter of the first propulsion drive system.
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The first propul sion drive system preferably has three
power supply inputs, each input being selectable (by
nmeans of a system of manually connected |inks or other
suitable neans of isolation, for exanple). The first
power supply input may be coniiected to the first
propul si on power generation system the second power
supply input may be 5 connected to the second
pThmﬁmsspmpqug émﬁcratpirefnrab},yshae mlnreapdwcthselpplyi inputs, each input
ower Iﬁ%ﬁﬁlé}ing%% be c nect d to t east itabl
AN sl sl B ol P 0318?‘%}}38008?‘%5’ i} 068 er suitable
gaBaisafiiatfns f@exahpl) f mh%tﬁrarpwdr %hﬂﬂy QiU enaisd @fnected to
may therefore be supplied with b the first
pﬂﬂ@ ;ﬁymr@wkp@wpwgfea@wmoe BYSQt qrisepply igput may be
P d i .
i BLRE b SR pRHRIRG, Péﬁgﬂiﬁ?{@“ SRl dg B8 hird pover

ssupplyyinpBiphitry HEowemwah t(aklﬁdJaﬂJEaﬁ wpel sveicthboeart et the 8ét service
d{ glslon drive systemfromthe first service
ISEIPPERR REIFTAPS: WChr SOgHrtHECRHSiPR d&aﬁéwstglapram therefore be

g%@?féetzdeégfﬂll %)B@elf by file fﬂg%gﬁh@g gg%y ere¥ation ?1 throu the first

a regenerativ It ca
qsmbrtsop}zl)a ppiuy apdoeby the stémmdfpromiisise pcxwenegeﬂuesrtmn Isyﬂterm through
stem .15 The secand ul si on, drj S
& Ecagi B e bRy dEPW b e B 1S e Seplieg e st pgopulsion

s R sRheréYhdBAR §er9fce QistSHRE s9§teﬁafﬁﬂﬁgh Yh&t‘ﬁﬁﬂ @oWwefsupply
| inks or other suitab means of "isol ati on,

eirpwip lliethe ﬁrsteprbpmlslpnpimmrsystglppls yperatadt 1nrm§;egp@erat1ve mode then it
IR e B T A

connected to the second propul sion power generation
sﬁﬁhen] and the third power 20 supply input may be
gaepad) proapulsian diivg avstam grrderghlivt kasisbege dpogfer sheply inputs, each

C
Sl?e‘fr% lec‘c?a[b\fédfo%l mOWIt ad§y§1tefrf %hrﬁglll?%%éﬁé&ed-rqﬁis%? %%g suitable

system’nmay

Whedns pd\isilation, fdreexfampﬁd) ﬂﬂﬁrﬂrbtspdwer papsly iganeiat botonnected to
1:ﬁstemthr u h the first, power supply jnput and/ar by
t

& fiee JueRrIsiPR paves swefﬁé\%rsyaém%hgt %esw I}%W%Frﬁuf’hlﬁ’dﬁlglﬁ may be
tc!b%n?&&?@t}féo%&fmé ?P(ﬁd sidd) ngv g A8y st Wrfd€the third power
e second pro

supplied to t rlve dystem from
tsupplyeiopwtdngye be icomnadiedttoithe uu lﬁast oNe tswmhchlbuauh ghtltersecond service

third power. su t he. secqnd pro ulsio

ari ESpeBian SRBiste ABaRseRn, PISURET v SV THBdaeY HlssEfore be
| dupp R BB PoRer by Bfé firt ﬁﬁ?ﬂkﬂén%@%f gbferdtha @%&Wﬂrough the first
service distribution sys f "the swi tchboards
afowengupnly spub aetl/eelnihg ssemdiprepulsisn ppwer gqmnytlgy systerg through

b8 rer B VB RRLE efl FGESSsanaloGte SBlied Bl b Second proputsion
y

rbiter $y3téint Gidns Wisd SBofidReRecePdigribdaen system through the third power

supply input. If the second propulsion drive system is operated in a regenerative

mode then it can also be used to supply power to the second service distribution

system.

If the switchboards of the first and second service distributions systems are
interconnected or cross linked then further redundancy between the two sides of the

power distribution system can be provided.
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_1g_ The first propul sion power generation system
preferably has first and second power supply outputs,
each being sel ectable (by nmeans of a system of
manual | y connected |inks or other suitable neans of

i solation, for exanple). The f§+st power supply output
s may he connected to the first power supply input of
the first propul sion drive system and the second
power supply output nmay be connected to the first

ly.i t f tl d | si i
D By PRt B 5 Sl o ponar oI5 G B B e fesppd pover
nRyplyh@Itaitor @ck bekYseRemBle (b9 rhéifs foffasdysiOPtmim@Ny connected
drive systenwthrough the first power supply outpu

diftks oF othee sujtablsriacams op ifoldtien, far Examploks t Eie firbiragh senndy output

t . t [ ropul sion

AREDE sOhoRATE (LA Ko PR RBhY b RS HER DR 8 bystem

cunidpthié sécbad pbweseippBt @lipie ndytbd Soneedtad el td fire poler alpply input

Ieaﬁt one sw tchboard of the first service i

didhe pesgnd srprslsigredrivenwateplowbie Brthpropylsioneossp grresRfiansystem

: . i . . . _

B et SSiPH) HEuel T Akt BRoRHELE Brive o, BEGRA Yo fi

fpovetr sapply seiton cind/joower sesupd pyopaisiguisye eystdm llebagh the second

sel ect abl e ne of a system of manual |, )

BT LR s o Be Hir PR EDP e BT b Syt @ third

f @%@ Bhitputl h8t fsisbiREtaPIRWRA is SofRBNYd RIBYE 1ARYnB Switchboard

connected to the second power supply input of the

fafrtbe firgr sgpuire distrituition systigmt them powet kan glse diedsuppligst to the first

sy lé@x%tﬁft may be connected to the 70 second power

supﬁ?yl?H% OBYSIHE second propul sion drive system

The second propul sion power generation system nmay

t herefore supply power to the first propul sion drive

sihet sqeond msoRHsiPR PO er sgenpigiien sysispl predereplyt hagnfiysprand second

t ul si dri t u t ecpnd
st SRR, oRBAR t T sReUS E BRARTR s i BOEE Rfvany

genacadd bnkssyrséthen hambl thedns cfdsoletions dppéyanplé)puThd ARt power

is selectable 25 and is connected to the at | east one
SHPPYhBURYITBY b sorrschidatos e, Pecondi RAWSTHRPPEh Inpey o e first

t i gmaem_ﬁve Yhth SRd h% SSHRR! dReke 0 1y %gﬁ,% ﬁﬁg bR EbideRd to the

ribution system The marine po I'stribution an
peopul power syl e nmprdyotbthe cseabdind) prapoil Sorc kirivh atystemowdthe second

lied to the first seryice distribution
TerdoR nPGun EerEedet SEE B SEEIRR SUPSARU By (ore firs
YropEi6n QAriveNE/sieh] higvhd0 the At fowat RBYST odpReLRYdOMhe second

system the zonal energy store of the zonal power
direpulsiputdrivn systsms yhapegh the prcopdiipsiven sdpplyeoutgtst Ethe second

gogﬁlgetﬁéii%n? gﬂ\lﬁgg/%aetnrge %g%g&é{l s g?l%red pgwgrrs%ggllysoiu?pr{lt RS selectable

and is connected to the at least one switchboard of the second service distribution

system then power can also be supplied to the second service distribution system.

The marine power distribution and propulsion system may be configured such that
power can be supplied to the first service distribution system through the at least one
switchboard by one or more of the following: the first power generation system, the
zonal energy store of the zonal power distribution sub-system, a propulsion drive

system operating in a regenerative mode, a propulsion power generation system, and a
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_19- renote power supply system such as a shore-based

power supply, for exanple. This provides a

consi derabl e degree of redundancy. The at | east one

power source of the first power generation systemis

preferably one 5 or nore of-the follow ng: a diesel

generator, a gas turbine generator, a steamturbine

generator, a conbined cycle gas and steam turbi ne

gEmateapaer S&PBII}’CSS@QHTCWK @s @ﬁgﬂreéiased poeert supply) fodiesseple. This

r [ cell aflowcell a

g‘? dgg?wrés'?dee?%l%&e& Y gfreglglrdm&a?'pam tor (i. a

capacitor with extrenmely high capacity and capaci tive

energy density), and a_ superconducting nagnetic

ehst gfyleast OPe POTRY SoUsHORN e Attt N9aves BRRSTAGTESYStE Brpreferably one
{ I8 0 t

@g?@p&oﬁﬁ\geﬁ HiRkiARh bibsdllabheriSr LA il IGIAIAOT IR rurbine

t gemcaitor] e@sibmeé cpcles andi steemabrbittegdnerasdr, peled cycle (non-air

ene at n systemis_ a generator_then it
g‘a 3&5@%9%%%@%& 41&565 cothe Toveell eflyuhed geagator, a
t
egr éﬁé@&cﬁ atgdaPRuer wﬁﬁrk\k%ﬁl@%f l'ﬁ%g %ﬂgﬁﬁ’cyea ééhééftlve energy

ed wth the generator
sdransn‘ﬁgaadr a supgrdondiicivhg noigneti¢ endrgpstom Slias shouldo e egnsidered
busb

o BBstierith Ao Py baY S e pSRod dRubtreoaptar sources can be

Sidell Chn itlfe PAsefviicab iR #aBRE6hE 0\‘inr sdm%cedbfsﬁl@ﬂ}sttpmr generation
busbars. The at |east one switchgear is preferab

cOfteroly adzehgrats theredt mmqptlooaﬂ}r smplqys ) wmlnngs The power
a{i%ng)l 3 la%g ncL g?wer & OC SSI%EI% 8 eﬁlilp{ gra ed™With the

r9 Ui o B
ogdhgeikdty busbars, vol tage sensors of aII di stribution
busbars, incom ng busbars and outgoing busbars,
inter-trippi ng i nputs inter-tripping outputs and

' t
SIS $olOUP NP Tl RTPUTEIARIE FEDAIA. s

aoutgoimg dusteannt rAtl leagitaref eie@ronﬂa’ih@n%ﬂyngsuat& offrlead dosble pole
a schemati.c C ntlon mar i ne power )

divet lﬁaﬁf%ﬁ glm gﬁaa\aﬁ@ 9%%‘&455% Togat @9@ opgsyitchgear
6k 8l Bl PEQRMIRE Y z(d:gf’):broﬂ:b %ﬁ&ﬂsysfen@ t%@ hﬁ&@dés Gan_electronic
di agram of a mariné power distributi"on and propul sion

syecaspor, 8@rent consdi g allodisthibutperebesbarsj meemingbysbars and outgoing
busbars, voltage sensors of all distribution busbars, incoming busbars and outgoing
busbars, inter-tripping inputs, inter-tripping outputs and drivers for switch actuators.

The electronic control system may also include a local operator interface and a remote

control interface.

Drawings

Figure 1 is a schematic diagram of a conventional marine power distribution and
propulsion system that employs full electric propulsion (FEP);
Figure 2 is a schematic diagram of a marine power distribution and propulsion system

according to the present invention;
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-20 Figure 3 is a diagram show ng the output voltage
versus output current characteristic of a power

source formng part of the marine power distribution

and propul sion systemof Figure 2; Figure 4 is a

di agram showi ng the | oad cur+2v versus supply vol tage
characteristic of 5 an electrical |load form ng part

of the marine power distribution and propul sion system
ofigmieguiser dagreingshawéngsthie ougpus yhlkbagst vegsudioatpus guwént characteristic

prootective sw tchgear forpin art of th rine .
K POHEL ST PURG e b i SRERC RPueE AP oyt propulsion
aystenl (i 2t S a di agram showi ng the output vol tage

ut current characteristic 10 of a power

¥§é§r§§ ig ;mwgnﬁhwmfth@ Irad parreey opwRRSEPRIY yokags ahpiAteristic of
del&rtﬁ&llll :l(galtdgg%ig% ?)é]ﬁ ?f e xﬁé%rﬁw?er d.m}?LuZiog ggcli gIofp%Psion system

of 1 nconp dding 1's 'shown
tafjRagagR; of a marine power distribution and propul sion
ZI%St em according to the present inventi gn w |l now be
gUei s fahematiefivegmne af pitestiye switshgepy farpung parp gt thpgmarine
| : ' 0 uts, termnals
n e?ﬁ%sgﬁtg%ﬁhgg{lpgd#glsgffn%?ggiréemgé&grzé% doubl e pol e
diigeet6 sur diegramt shpwingtheiougiut Polbggel wiroms odtwe current characteristic

eration stem (PPGS) i.ncludes a turbj.ne, that .

" eews® Syt BP0k B e ke diHoYiRptd propulsion
CORERI dfatigde 25l Abedhd ¥ifecR 0P RCOMTIRIGRI sieddindGl URm. @
tarbine 10 that drives a generator 11 to supply power

to an output converter 12. A first Propul sion Drive

st.em (P i ncludes a propel.ler 6 that iis driven by ..
R PSRN o 8RR GrBee Fundor bl Sef SRR bysine t
ah peggettSheshtio B Mod bé descBbéd wath| réteréncs &€ BipairdDS 1t should be
conprises a propeller 9 that is driven by a propul sion

rappeciatgl tiabalk ob ke npyts.owtpws, rterginals aad fergopespoirsseidrigure 2
CaQQX?é‘L‘ﬁ’ ee;?ole Eﬂgctf%;rg tlg pnverters _+ 25 and 12 each

have ree sets of o ‘terminals and the propul sion

converters 4 and 7 each have three sets of input

termnals, all such term nals have |.inking i .

ot #’Jénﬁd’é?@ﬂilgn PowsE Ogpartioseystese F 1K) iNFlusioretuging fhat drives a
Gittor T GERAY FoRlef 1@ ol GEPLRRY N1 il atddhe pp

S percocgnductl gy I-IeTS arot olgu1 30 w nd?ngs an ’f‘a{]edd i

aotlpdes cwrbiee { @tftst driwsd gdeatar 1flud lsyppinpegeatbad onipuh converter

the electrical. chipes. | ther words, fthe .
o eR s roptsion TRV SREiry (R SLBEIuFS h orinelr g thayis driven by a
RRBBILsiof | BEF GNivhese FEWEF MR & HPuMGed By & BiPllsion converter 4.
wi ndings will have very |ow reactance and
Similarly, a second PDS comprises a propeller 9 that is driven by a propulsion motor
8 whose power flow is regulated by a propulsion converter 7. The output converters 3
and 12 each have three sets of output terminals and the propulsion converters 4 and 7

each have three sets of input terminals, all such terminals have linking arrangements

that will be described in more detail below.

The generators 2 and 11 employ high temperature superconducting (HTS) rotor
windings and the output converters 3 and 12 are fully integrated with the electrical
machines. In other words, the generators 2 and 11 are provided with integrated power

electronics. Generators using HTS rotor windings will have very low reactance and
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-21 this would normally cause conplications if they
were connected to a conventional ac power

di stribution system These conplications include high
prospective short circuit fault current, high
prospective short circuit faudllt-torques and hi gh
admttance to distribution voltage distortion, all of
whi ch woul d severely constrain the design of 5 such a

daiseratlé normppllyesaape campliqatiprsyif dhayowgrewernastascto rwygntlonal ac
|

AR YR REUR) MRS IR St AOH logbod 8 Tor

pfwlp Wwusdent) higly pt@pectblel shomatiraigt 4t eeqdsi aalt highsadmittance to

nL'oned bove, and givjng the generator designer
;Ef Bhiory f@éﬂﬂs Aisteion: Ak 03 Sdlig Wﬁ%ﬁ?vgrﬂy songteyr the degign of
at c i
ggﬁfgr gt?rgtor gl%g}e'v&atﬂe‘m%g %Jr‘f?%re trBBﬁE Egg%levgly (}_egouple the

tgeneqamraal ang Ef fioai dwcx;estamﬁjthleehamm powsr, dlBtal[bu'lll@l amd propulsion
con5|de t.ion the safe.warKki

ng of cr o n|c s
THE e ft P?ﬂ”é Carfi™p l‘ia“ﬂ%?yﬂgﬂﬂ?w %l ?%Ft ggnerator
Wsinan #EAGH MRIMISMC ORIt O desigh r&sﬁsirala%l ragso%Ia@éd Gwith those
power electronics that provides the designer with
qroeptlientidrise i sithtiony ofl Bietgonératorea sed pémay banpienisdhaith respect

guer Iec oni cs r,.and ful

08 er PR SRS RN, Mt SRR R working of
systefis] | ary systens, structures and encl osures

to achieve a high power density. The output converters

3 and 12 are regul ated according to a power source

f 13 i i .

d’@ge%élﬁgﬁg)rlg% aﬁ%?éﬁ{ 3?3{1}113)65}? a%ﬂ@%_ﬁsg!itﬁ% tvv‘?t;ﬁ 6ailﬁlef'e%tromc commutator

redaait asiog setictpbeegeloetratiarthatpravideslthb designdrivatl geger flexibility

anpunt of energy that is stored in the

roto .
WP rigfFLas T (RACEPBICE A% 14 uf%eand fully integrated
&"ﬁl@ ERcirRalMhbkR ysh‘éuqn Q@ol n%‘gstﬁ{%ﬂlss Hﬁ&y&ly%‘ggﬂeﬁﬁs, structures

qui c to protect the po ronics o

mslcmclaslﬂds tocghjpue adnngh/[gmaﬂsnﬁtyand 12 in the event of
a serious failure, node. This nmeans that 25 al npst al

serious failure nodes will result in permanent danmage

WHbitphth@neerss Badd1 2 UtRiilaee '&%@(&Hﬁl@stothn @\ﬁ& source foldback
addltlonal protective neans are enpl oyed ach out put

codveipbibiging @ﬂmcmsmwswﬂgmbadr 0 e uiﬁéaﬂabnl@wwberﬂ@f low fault

eacgaq:cg f%lgg gefen%tléa%?rs?h a%(%(tilﬁg?rgg rE]lfenﬁ)lag e?t{%r s %&t 18 stored n
tthe HTSUopdit wig@inge fricahs that tebulphit FBladeeo fIBs pamestotsis anlikely to
manner that provides graceful 30 degradation

fs1 redupady suftieicads japckiaite pretesipilie spowep zlectronics of the associated
output converters 3 and 12 in the event of a serious failure mode. This means that

almost all serious failure modes will result in permanent damage within the associated
output converters unless additional protective means are employed. Each output
converter 3 and 13 may therefore include a number of parallel connected channels
each one being protected by a fast acting fuse, for example. In other words, the
output converters 3 and 12 may be designed in a manner that provides graceful

degradation following successive failure modes.
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The turbines 1 and 10 can he steam or gas turbines,
for exanple, operating in sinple or conbined cycles.
Gas turbines may he single or nmulti-spool types
operating in sinple or intercooled and/or recuperated
cycles. It will be readily apireciated that diese

and hot air engines could be used in place of the
tur bi nes depending on the 5 partlcular ci rcunst ances.

Tﬂ@ tpﬂnmﬂ s pnsh 1 Grearobessteara g 285 @wlprl@sy mesam% pperating in simple

Fon e LA OB PRMRL Ry ST TIE 7 Bl B8 dpl Speratng in

afifaple ovoihekBcoolddngndisrofeulisrated BPEles. S [tSwHhbe 8eaﬁt1§% appre01ated that
pnovide with integrated power. el ectronics, 10
rfl@fij bAt AbteasEes cad by e lﬁé’lqc@&a&t@a twbmﬁ depgding on the
L\‘l’e[rc'iﬂaﬁmgtﬁﬁéege vessel (i.e. an in-board
ropul si on notor dr|V|ng a propeller via a shaft line
with a stern gland), in a pod that is suspended bel ow

t hul | . of the Vess provi de

5 BRSPS e i P RO BISAI Y S0dineto ich sy grapulsion

QonPerttd ABI MCare FiBy RItORMEE WA ML cical nAkRinSs. TRYothEr words,

configured with thelr rotors coaxially inside or

dbe prapalsi¢reimotass 4t andsy amsprExmiﬁd atithomtegfated eowctopla«ttmrms The
not or,s 5 and Y, be i m

CRRPUToR glie S 9o ARG SEih bp MEERETRG mieflpg vessel . an

qﬁ%bﬂﬁﬁ@f)ﬁl@lﬂntnﬁtﬁoﬁéﬁ\ﬁng\@ rﬂf(bpféﬂepﬁa aCsih}dﬂ gﬁi@ lvﬁthsé/ Ste@NEand), in a

Thetgropu sioni ,otors 8 may e oy an "active"

sr08t that igisugpendeddbebew ithsningl O‘Qﬁledafmﬁﬂ ‘éaS@ﬂl t pravide baik prapulsion

st at r ro h

ol SerB A oy BAY DR b th Rt M TR ANy motors 5

pedes nedyelsd caitlguigedavéth rthein Iratorsacuchxiallyi 1hk1yle ion toagpidet #hdir stators.

within the electrical machine, sharing cooling

xsitatign of fhe |prapyjsion yeeters > &1d §cmay aﬂfamESﬁ@%%rr%@ect to
t e?a‘ﬁlﬁgeé’fﬁc% %‘ 9t QQIY%EH fh?u{aél mtgg:oﬁgiﬁereﬁ&p WSt 'sﬁ@ working of
5 an t C

tors are regu cording to a
shreajgnivgsyaeohs. st abi | i sing characteristic as descrlbed
in nore detail below A first Ship Service Power
Generation System (SSPGS) conprises a diesel engine 13

THRt pbLNRS RoBRNST A0S ridy LRAPRHPA YadiRwe rstatt& ﬁﬁh an electronic
output converter 15. SlnllarL{ a 30 second SSPGS
ehtx

conpRitgles circdit aisalg sialdt mewey pnigs |theésprawgeen dreadesigner with

18 t.o supplh: wer to a gnverte 9.. A

e fEGBP BoRGreadnoRiely] dREMAT L leolpupt g modotar and
el iaQERtdd vithir AR leldCaal nﬁd:ﬁﬁiey shiitilg c&dPld) sy&entid)adncillary
feeds power into a 23 conventi onal IOM/voItage (LV)

diysteris hiifucBiiessApdtcaioawas 1y aplievp ewigh Pavsndanstynal

The propulsion motors 5 and 8 are regulated according to a load shedding and

stabilising characteristic as described in more detail below.

A first Ship Service Power Generation System (SSPGS) comprises a diesel engine 13
that drives a generator 14 to supply power to an output converter 15. Similarly, a
second SSPGS comprises a diesel engine 17 that drives a generator 18 to supply
power to an output converter 19. A plurality of zonal power distribution sub-systems

each comprise a Zonal Power Supply Unit (ZPSU) 23 that feeds power into a
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Energy Store (ZES) 22 that is connected to a first

dc/dc converter 21 and a second dc/dc converter 24.

In Figure 2, three zonal power distribution

sub-systens are shown, but nore or fewer may be used

in practice. 5 The generators23l4 and 18 may be

i npl emented using the ALPHA, BETA and GAMMA ranges of
sal i ent pol e synchronous nachi nes supplied by

Comverttomahiosf voBagegli\gndiRoiddtioRegieym ddrdmek phivee from a Zonal

21 17331. nit ed Kingdom (hereafter  referreq to. as
beeriaalnns) 4 B PBRCELda Grob e CPateelt hand Hsecond
thedgensreatons. 1th aighrd 9, ll%eg%nﬁl_ﬁ_&w&edi's!mhﬁ&? RLBLystems are
using el ectrical machi nes having S rotor w ndi ngs
ashgvor bT®rs oafayrermiaydiernged depreetiieng on the particul ar
requi renents of the marine power distribution and
propul sion system The output converters 15 and 19 nay

bEhd wpheaent ed dndi N8 nvAVB2 Oth] ey D QisinkSthanA LWMM3)0BETA and
es of pulse wdth nodul ated (PWM voltage source

ran
i GOMYI4r sangeyphbsalicat pyle cypdepr@gmaghingy; supplirsd by &@nygrteam of
(.8 t h . CO t . .

TPRURE e Rakod (W AMRIG CYST B0, i RipHorHhrreatier

| fegdad aed“Godviertedin”). Jewtlt b madilyl dpproaclatdd tha theldeerators 14 and

do/dc converters 21 and, 24 and the ZPSU 23 may_ be o

i InSpp)él be nglﬁ@e@gimmgng%p% na3ehpIes é@vw I—yITS rotor windings
r . / . . . . _

(LIRS Het ] il Spal i 8% AL R HE i marine

(et ldistailyutioptand pedpulsidresyistepl. enent ed using FI TS

cabling or busbars), 25 interposed by sw tchboards

16, 26 and 28 that are described in nore details

bﬂheowatgﬁ Bnveféry 1 53anderP Hﬁ¥%%%ﬂlé}ﬁéﬂt9&§siﬁ§ ryaDMZSOOO, MV7000

di stribution bushars 30, 32 and .34 (whic

y
opdi YR30 tragespf andsst witlth shodplagd @OV rpliege source inverters

CUSRRLEhy R o S P 8 A s 1

tdide ) syt ikobaidplenichted i@Uauch ial WaPek Ng basmgiiafegfited with the
with the quantity of zonal power 30 distribution
sefperass dgnd hdwn, but nore or fewer may be used in
practice. A shore supply 39 is connected to a shore
supply output converter 38. _24.  The various
Chinpdidntonpartérs 20fand Ré and theEP $I0 BB rma)i lsd impdethéraed asiflg DELTA

prog%lsion_s stem are interconnected as foll ows:
modules supplied by Converteam.

A first Ship Service Distribution System (SSDS) includes dc distribution busbars 25,
27 and 29 (which may optionally be implemented using HTS cabling or busbars),
interposed by switchboards 16, 26 and 28 that are described in more details below.
Similarly, a second SSDS includes dc distribution busbars 30, 32 and 34 (which may
optionally be implemented using HTS cabling or busbars), interposed by
switchboards 20, 31 and 33. In Figure 2, the first and second SSDS each comprise
three switchboards, this quantity being associated with the quantity of zonal power
distribution sub-systems shown, but more or fewer may be used in practice. A shore

supply 39 is connected to a shore supply output converter 38.
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The first input of propul sion converter 4 is connected

to the first output of output converter 3 by

i nterconnection 41. 5 The second i nput of propul sion
converter 4 is connected to the first output of output
converter 12 by interconnecti®n 43. The third input of
propul sion converter 4 is connected to the first

out put of swi tchboard 16 by interconnection 42. The

f Thesvarionp aempdnept pptd &fi the muoing @ewer diztribytion amd propdlsiam system
the. second out put. of output 10 converter 3 by
ﬁﬁ%%ﬁ%%%ﬁ%&?ﬁ&ﬁﬁﬂgﬁwﬁhe second i nput of propulsion

CIHRV st @ipuf off préfulies ehverer uhie Basaiel aUtheUirsObutput of output
out put converter 12 by interconnection 44. The third
iGopuertes hyrivtsitonnemioaddverter 7 is connected to the

f4l.S ' 0. ' r [
chieaid Rty S progfiif P8RRtE K13 Mpddth GIRDREL o8t outpur
tdoavérter 42 biyriptetcoafiecsiohd8hboard 16. The out put of

oyt put. converter 19 is connected to the first input of
obhiel EHpbAFRAt 208 Propulsiarh PRSI phitis ofonpged ie pihe frst output of

[ . o the second i nput of
Cs%béﬁ%a‘%& 1§ bﬁm&%ﬂf?&hsﬁ 45!

swi t chboar by 1 nterconnection 47. The third out put
oOfhet fiwst mpupof propulsenteenvdRrisisconmetddetd the stdoad setpandf output
i nput of . 20 swi tchboard 20 by interconnection 48. The
sﬁ?ﬁ?ﬂ?‘?@&yﬂf‘w&‘f(’?ﬂ%“fuo&cpdc converter 21 are connected

UThel fiRoSEGHNA AUSrBHIsiBh cobVert PR EShnkeed HBEhE WBRINY output of

termnals of dc/dc converter 24 are connected to the

et gomverteul2 by intergpnnsitboraf4l 20. 25 The cross |inking
term,nal s_of switchboard 16 are,l.inked to. the,crgs

e B! Sl Rk UROL ot Rfhar o 267 R dReHEl ART ot of
ThetcEb@Bs 20 by kitegohiciibnabs of sw tchboard 26 are

linked to the cross linking termnals of swtchboard

shheutpyt 0§ sutppigonzerterdids snneried suiths firsttispytioh givichifoard 16.
. i 7
AR PR Lot 00 S ARG RUBEIL b sfenound 20

Chirenthiddedutbot afldhé icatpat coanater piercontkicsddr tdotiid e¢tond input of

sub- syst Simlarly, sw tchboards 28 and 313 are
é&ﬁﬁﬁﬁqa@@fgyyws&n@qc Rn 28,

The third output of the output converter 12 is connected to the second input of
switchboard 20 by interconnection 48.

The supply terminals of dc/dc converter 21 are connected to the second output of
switchboard 16.

The supply terminals of dc/dc converter 24 are connected to the second output of
switchboard 20.

The cross linking terminals of switchboard 16 are linked to the cross linking terminals
of switchboard 20 by cross link 35.

The cross linking terminals of switchboard 26 are linked to the cross linking terminals
of switchboard 31 by cross link 36, and to the output terminals of output converter 38
by shore supply link 37.

Similarly, switchboards 26, 28, 31 and 33 are connected to additional zonal power
distribution sub-systems.

Similarly, switchboards 28 and 33 are connected by cross link 40.
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25 It will be readily appreciated that the terns

"input" and "output" refer to the normal direction of

power flow but it nay be the case that power will flow
out of an input and into an output in certain

ci rcunstances. For exanple, pwer will normally flow 5
t hrough interconnection 42 fromthe first output of
the switchboard 16 to the third input of the

propul sion converter 4. However, if the propulsion

- ;a8 e )
T8 B, B e SRS, porn
tdieectibn bfipowgrdlowobuttib@apbe il case)trhacmmm fatil iflodv 610 off Be input and

first output of the switchboard 16. 10 The proqogess b
V\Wﬂoc AR &H‘FFR% AR GeHAN firumstaniess £i9pcramplec Py el P’Vlﬁ dwﬂnaﬂy flow

?ﬁ?coﬁﬁé@tﬁon' B frbft @15 rehgt &R{)%Y‘ 3 thBQWifdRb ?&3 Ci%' tB &fe third

erence to Figure 3 e purpose o
depmrcbfrrhe pmpulsidracdntvertsr €0 hkmé&eleaif the pwc;mlslommtdtoms were to be
dc/d onverter 21. A v i abl e Ioa current flo
ottt B ¢ RERerafte siec e B ettt dou i ajngpieitonnection 42

PR thSI GEput 8 el prdilflsid® calivassl 4 font% Fi@st bRipud 61RE 3hAEhboard
14 and out put converter 15 is considered to'interrupt

te fault. However, it should be noted that the
foll ow ng description is equally applicable to faults
that may occur anywhere within the mari ne power

diled probessiyNwhiRH cueMPbs1oWs S atshoH anduit @r Aoy rBE¥Rice fault is
sour ce that feeds the marine power distribution and
patspupedonllsipst bedessgbed withaetsregige (psFighee 3. For the purpose of this

C&@Erﬁf&o‘ﬁr h%&dlfls Q:{)nﬁﬁlérgél‘ Eo X@éu&‘ %\gﬁllﬂa&g’hg %n\)é?tg:f ff.l R variable load
rent for a power source conprising the
chue&ﬁt flemgprier th3he falnk agé tiey protectitdadivd offagoduet potirce comprising
rter i? The di esel engine 13 is govern

y a
?ﬁf" FREIBNAP, GETEFTOLA zg}gidoqtgutscanvqu ]rsu‘ﬁ CQPSIE?WE to interrupt the
Cataly. eH'o%‘JéLexf ﬁtsﬁtgﬁl@ RahoRReR4- thTT &é%E <an15 eiually applicable

regul ated by a 25 convention tlc

Reg tdudts otha( AWER) caad geywenar ow1tlmlnt phﬁ manint:agewcls dsstibution and
to any. convenie | evel . The o erter 508, .. ..
BaEH B Y e d ar sl AoSe LS Bechrars Aows gstribution
fRlddhaslisionsystdnabi | 1 sing characteristic shown in

Figure 3; this characteristic being substantially

|ndependent of the actions of the conventiona

urgaggshfo sq{l A\ﬁalcr)%cﬁ‘% séiéogv e{}'ﬁ??él&%ﬁ\é glegfu]%%t \{aﬁg&g &Eﬁt Whtent for
caapweﬁ edurdé colptisifg Pho dicdsnalite dB giHeagene@et B84 @hd the output
V\g)lrjllvgrtek;el 5t h1"(?1e diesel engine 13 is governed by a conventional governor and is set
to run at any convenient rotational speed. The generator 14 is regulated by a
conventional Automatic Voltage Regulator (AVR) and generator output voltage is set
to any convenient level. The output converter 15 is regulated by a regulator (not
shown) according to a foldback and stabilising characteristic shown in Figure 3; this
characteristic being substantially independent of the actions of the conventional
governor and AVR. Any convenient type of regulator may be used for the purpose of
regulating the output converter 15, but a programmable digital regulator would be the

preferred type.
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preferred type. -26- An off |oad bus voltage setpoint

(the "setpoint”) is provided to the regul ator of the

out put converter 15 and all other regions of the

foi dback and stabilising characteristic are derived
fromthis. In normal operati-@ -as the load current in

the dc/dc converter 21 is progressively increased,

the output current in the output converter 15 also 5
phogffclogd bus yoltagersstpody (Hred “setpeind Ut ipurovided togeabgulater of the

T AN R T R ——

Seé Paivd fréie ¢k dili Gotn@al toperasibe ag Yhesload euké@ R thelddc converter
st eady state droop may be proportional to output

cr sepogesssively nigreassdf drroupubsyrenthiar theyeytag) eonverter 15 also
I St t ] e t clli

RGREELAY Hdseltnd B oBPAL Btuade PO AR Qip i BBter 15 reduces
egtordalgetot aostégayt std@ oud riert whidhl deaps evittheespadtpist the setpoint
voltﬁge to. be displaggd fromthe steady state ] oad
|FeRIInErto the stead e dale GPaR-e TAGSIAGE S HoeP gRasopt praportional to
Gt Qhﬁ@rﬂ%ﬁ? Ha?g:%nﬁﬁﬁ Blank Rh S BRM e %hﬁia&eri;lbtf&a%? Bast acting
point shown in Frgure 3, and transient perturbations
otgwatbp uctionyr rastenocbanges abothe Ibhé cstrestdynds tlxt equivalent output

| oadi ng..point, the output volta 1 L1 confor h

Rl PeRure g onmb Vaigses BraRfanbiem ety bod tine. 12
|tR@ dicRdy E’tﬁ{enévera;_ggevahfe@r@ﬁio%fﬁut lcgAent! dndevdifgd are at the steady state
represented in Figure 3 by the dashed arrows extendi ng

deadiag hoigt deasviofn Figures3.candytransieat pertwhetiong g wiukut gpdent occur

gl el 3058 R BE AR, L Bien

tibah sih€ Abowetht Wxbapicosteadyr sthie 108ding @ofrer MHeOtraivnt load line is
ot her suitable characteristic. 20 The out put current

irgpresgstascin Figurg ¥ by theydashad agows raxtandiget abrth sies of the steady
. Lim ; ) i
RS Qe B B e PR R MR AP R e

abistrrent bd propoeioagiadiontput berdnt anssienttpetturbagod, o ity conform to
Load current is also subject to a steady state

AR OEMY syifakle charactetisst the out put vol tage is reduced

in order to prevent the steady state average |evel of

out put current from exceeding the steady state current

ZFBhel utput. curfent fsesubgeat] to e Sagtagtice of efridmghtedswnt atrersflimit such
the gradient of the steady state foidbac

i Be PUPHSYqlase froRdps AR e P%?Bﬁ?t@tgii !HS??magewalﬁ%el O Guipyit
tddentt REm! &xRBSH i€ theOkinRisht cérddrlt 8ibit.! ILBAd clierdt 86 HBE Gubct to a
a level that is output voltage dependant, this

deqadn state yurrdnéilimgjt suabhthaistheougn seltagreisrredieasdrintordeas to prevent
n_.of ounﬂyt

BN R Bl D BPY B B st ot Plrepad e curen
aithiput Ifctie riead résidladcBefalls below that of the gradient of the steady state
foldback characteristic then foldback is applied. This means that the transient output
current limit is reduced to a level that is output voltage dependant, this dependency
being such as to cause the regenerative reduction of output current and output voltage.
The regenerative action converges upon a point where the output current and the
output voltage have been reduced to approximately zero. In practice, when a fault is

applied at a time when the steady state output current is approaching the steady state

current limit, the output current will rapidly increase until the transient current limit
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30 out put vol tage have been reduced to approxi mately

zero. in practice, when a fault is applied at a tine

when the steady state output current is approaching

the steady state current limt, the output current

will rapidly increase until i3 transient current

limt 27 action causes the output voltage to

col | apse. Fol dback is then applied and the fault is

satidn causbe thervuéput ypltegt tatveHariske Foldbpek isahen eppliedadd theefault is

out put, vol ta approach zero. The actical .fol dback
S B PP ERETRR Yt Cmert i MhE B ke laGp SPF0Sch zero,
t TN piadfital fOLIbAEN ChArhfetisticSisAsutiBihbs tHORMRTn 1&RY &) transient
for reasons that will now be explained. 5 At the point

virietent lrmitfigy pmalb nopeero, ieys! s eeaspasdbat widl noy be explained.
interrupted, a small, non-zero, |evel of output

current will flowinto the |oad represented by dcidc

cantie pbat whin thehfaoly ghrrgit dlaebédnvga&wallg hg&@diptéd) a small, non-zero,
switchboard 16. If this switchgear is opened and is

dpvd efooytptesyrispt Wil etlawgnto, thﬁg‘ﬁa‘% aersescaledr pdeidg gopverter 21
t LStri i on ' . ine : .
R Bl RS i Sk BB 16, 16 is NGRS is ppencd and s
rablotchetertuphdhd smat, asmntero,tduerchialeive] then kinodastribatibe voltage will
cleared when the _distribution voltage increases.

eSS eVt ¢ ebpsload sPTeseat i nereased beyond that of

the gradient of the steady state fol dback

characteristic when distribution voltage 15 increases,
tinghe egpervereat no other ddadnis piestite tHeofadlb ackndven toebaelsadd when the

and the distribution yolt returpns tpo the level se
AR lson AR e B8 ToAErB N BReb i Presh TG tat of
| the G@aNI@Rt & tHeNstealyaktaRl foMiBakt dRrdedidic Govmediks@ibutidd voltage
the toldback will not be rel eased if the resistance

pReseses.ethepiggenaraiveozaiionsof] tesfoldhpck Hamelesgd aptl theedistribution
' t f ol dback characteristic.

%@%@%ﬁ@goﬁggegiggﬁeghﬁ%egstﬁﬁ,& ed in parallel, and

they must be returned to operation after fault

interruption and_clearance, it is necessary.for them
t18 theepe|iae oimadditipeal doad isicapseind nysrallghithdhe defde eenverter

| rki S: e Bt :
o SHE, SRl R 18 e RRSIE e itk PR by 15 load is less
ahah gtaabof Hiesgmdieahaf thet seddytstate ¢fldbivk gmesemistic. When multiple

invention is . that tective switchgear is called
U 175 Dpareted it pardlich 554 B MRt Terume doeralige afer fault

GRREupHANSnd EIBMEnRY 16 hé’&sia\?\ﬁ {01986 119 sBRPLRY when the distribution
conventional sw tchgear in ich
voltage is reduced below normal working levels in order to permit the foldback to be

released.

A benefit of the foldback and stabilising characteristic of the present invention is that
protective switchgear is called upon to operate at near zero current - zero voltage
conditions, thus avoiding the need to employ conventional switchgear in which
complex arc control apparatus is used to oppose direct current. The foldback and
stabilising characteristic also facilitates the parallel connection of multiple and
disparate types of power sources since the respective power source output

characteristics may be controlled by fast acting regulator functions and power
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conpl ex are control apparatus is used to oppose direct
current. The fol dback and 30 stabilising
characteristic also facilitates the parall el
connection of multiple and disparate types of power
sources since the respective Z80wer source out put
characteristies may be controlled by first acting
regul ator functions and power _28 el ectronics. In
tehgosroniey. thhethn:amyathe. nyeté niswedmter egbaespense characteristics of
r ristics of ra enerator types can be
G‘P g aﬁ% %Perafﬂrtyg%ss%lgl t%ggoqp:l)eaddgsheddl ng a%g
st abi I i sing characteristic will now be described, in
a nore detail with reference to Figure 4. For th

pthepissesiged dondshadding iapd sehilisingechatacieristia il ngy b@a@escnbed in
Rh&Y! ﬂﬁll 061t? eStetehbef %g{n%l 4 ek&f @%ﬁg{foge t‘ gler gefgnb\ioq tltle same

consi ered 0 occur n dc/ nver
dauladsivtas prediowshpdescsibpd evithnteetelne @ Fipmpuld & @msidetedeto occur

CO| sing the pel |l er 6, the propul sion tor 5
WQP ;slmcgwmteg 8ﬁ i{st pn additigpgl OWE%HEFS?‘HQ‘?EY ﬁ@r%wfw drive
Ris 18 the :br@A&‘fllef @et@d&bﬁmmﬁlm&@@@ eﬁaﬁ%e %ﬁgﬁ%&&i chiVerter 4.

al’l el vari ab [ oad current ior to
Thas ﬁmﬂhs thatdthe his/dor ottne'cttelvél antli the adﬂ1t@nalp1mé rarg @onoeEted in

bt bt BB A Rt B9 Bt b Pl P i Blrdetgf acion ofa
Wefr Ahice Bithsidd thd1EiQBCHIANIS, Be LBRrBHNL il HCoutpu
c

dc converter 21, the output current ofthe
conperter dSnyeansigleretiBo interryiet thefaublf t he | oad currents
drawn by the do/dc converter 21 and the propul sion
drive. The propulsion drive load is regulated by the

rre{titatier odctidénce@dniid LB il e qdydednSeddt 20 0théayut@it clerent of the
The propul sion drive |load may be regulated to achieve

OB £ARVESIEH A IS Fhﬁé%ﬂéfhedpad SUIEERT drayngbiy thetdegde converter 21
Ll e

aodtrall th¢ phipulstomcpmbkacatt dhe qiromﬂswﬂx driveé toadansy hategulated to
bk SonsCt Bt RONEr i 19 S8 BB gal recitement, but
LY 85I poRfeP Q&ret ée%@lthe guﬂpt)sce §P%l%aﬁ8ﬁ to?@l?e lo(ad\ sheddmg and

reducti on |n supply voltage I s associ at ed
istebilesee characastic wvelbnt Ifi nomstadé r propulsieve npwevr cﬁordsavantby the

.. [ | { t
TRy St Y T PR BTt e aRpOX e Hversely
bial Gulis Qlibply I bithgd | QUYRRLAG AXGRAHET NI biSciated with

propul sion converter load is at rated power and
QupFiEascoin loge qugrenbuue@i@r e e taiecangtant povver minis known for

ﬂr%ﬁﬁon cggfe% %e acstih gp - uor}c‘en§ ‘1‘881 ﬁ.ﬁl\é&&& ﬁ%? Qev?,nts the rated

curren en a con
current limit from being exceeded when the propulswn converter load is at rated

power and supply voltage is reduced below the rated minimum. Figure 4 shows three
curves of supply voltage and load current when at constant power. The uppermost
constant power curve is specific to “constant rated power” and this intersects with the
lines of rated current limit and minimum voltage for rated load. If the supply voltage
is reduced below this intersect then load current is initially held constant at the rated
current limit level and propulsion load power is reduced pro rata with the supply

voltage. If the supply voltage is reduced below a load shed threshold then load
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constant power curve is specific to "constant rated

power"” and this intersects with the |ines of rated

current limt and mninmmvoltage for rated |oad. If

the supply voltage 30 is reduced below this intersect

then load current is initiald29-held constant at the

rated current limt |evel and propul sion | oad power

is reduced tiro rota with the supply voltage. If the
sihpidipg vobaidde biesapplicdiced thweload curtentadedites] %mm thehiglogvn rated
then | pad -2.9- shedding i,s said.to be applied.and.the
S5t fear BaroROREY Frhutifen® & b0 PP SRl o ARRe Surrent
lirfit! T mesing @@t liat gdp@siondidigower B reilticell asb@BINg to a higher
vol t age dependant current I|imt. This nmeans that the

préerlay it prepertipaaldy with supply velage: cleradishedding i appligseyntil the

I h r [ LY W : I
5t AS R RERY b RSt BRI, YOlhE SBhage, below
rvelaiule éds iconsidqped tha¢ tHealistebsttdn i @tage hasrootldpeaidach result of a fault
voltaae, ?elomL which it is considered that the
dAndiunfealtgae FIRPIERSCHES col | apsed as a result of a

fault and under voltage tripping occurs. Wen the

under voltage trip occurs, the propul sion drive

a¥hamte endeonditagel teig aratsethelffopuisior drive assyppdsya controlled state

current i s switched, off. th rgpul si on.converter 4
el sebphgrniscrviinent Bo Hadieobigh purerg 4 and the
eieplISioR dHAP t&ndifs SHRE Lo §o EAINIE a 6P td- 680 Sncéfaflt conditions
cl eared. The propulsion drive remains in this

cueclegtdde dThe arapulsien Hrivéeensaipp ity thiy eputegjtedrsiage until the supply

increased.to a rticul ar level .where |oad..shedding is
BTGEE RS’ ietboPeb® hotieBlar JET RS ki FRERE S PR Bna e
1108d e@séht ¥ péititdibtot iAcrRaatondinpUon Yecwid @@ty voltage dependant
dependant 15 current limt until normal (non current
| quepidémit wetiknaigal gopesyrapdimited woskigs shesemery
characteristic described above is beneficial in
allowing a propulsion drive, or any other load, to
drimwl@@wshedditgm chasioepbtyc  desafbed! yhover v itdheficials ippllowing a
voltage i.s within prescribed limts. The "consta L
rREERIEEAN FEErOr Al Eer loxd., %@fm RASYGT Foen 8 awm% l@sﬁlﬁléfnmowdmg
; LAt ati Nripl, & 0 »
b Bl o8 S A b L PR oS P curve
chowe hbwi tht engEy esrretevduld be Sresffromtimtitation unghthel supply voltage
and | gad ,sh threshol d, The "constant reduce ower
e dty bolnt Bl e Gune s 2ont Gtrat SRERETHBR fhes of raed
SHBRhY/1i6 141208 Ndad Ml Shréghold. €€hé FQRstahiMddaéddosbwéi @ perdhitted low
propul sion drive was operated at relatively | ow output

popely veltege acusvpgiopsvioive supely? Gursing miofuld b freg foowkmitation when
t han the range of "vol for,rated |l oad". The

APy g PR g RERu YO8 oGl BBV il Srappely voltase
Sidni fieumit1p Ao wet! Bidny theafah pg of O'veR&feadt or frited1dad”. The ability of a

medium voltage drive with, for example, 5kV nominal supply rating to operate from a

SSDS power supply with a nominal supply voltage rating of, for example, 750V is
permitted by the present invention and provides a distinct technical advantage over
conventional marine power distribution and propulsion systems. Furthermore, the
load shedding characteristic below “absolute minimum loaded voltage” in the present
invention is beneficial in allowing the power source foldback to be released,

providing the protective switchgear is instructed to open in order to clear the fault.
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SSt 3S power supply with a nom nal supply voltage
rating of, for exanple, 750V is permtted by the
present invention and provides a distinct technica
advant age over conventional marine power distribution
and propul sion systens. Furtd#rsyore, the 30 | oad
sheddi ng characteristic, below "absolute m ni mum

| oaded voltage" in the present invention is
beneficial in allomﬁng t he power source fol dback to be

h ' .
S0P PR E RN et a1 5T B ERRRTS lagtaion ofa
Apad bemigishiss theGhtet dfecHangd o hrd djufgnandt ﬁiaﬁkhlrﬂsé $h B&ponse to a
characteristic is the regulation of a |oad

rifasiens artaten ih supphy Velngs g oBter perarbatigny ‘éﬁhmtth%\tinmwstem In
r.

SB35 P RISRGke  SRRA A L Lo SR ot
[woltagt bétseermgenimuim and nxadmalsleoﬂe}atdj sugplgtvolthge ﬂﬁotﬁz{t‘ﬁine occur,
st eady. state |l gading pint" (at a supply volta

bté? N ehitsatrill camaten SR PeviIg JPORITH HEHSpH will adopt the
V%lahag& 1;,41&1%@?3@9 BRarfE Weady LB 1bRARS BT Hhe &\mgbd reader will

deviate fromt constant pomer curve Wi adopt

theeaware ithat she ntinirosua dynaneicdbard tesstmnnp ltheat shue el yappliat ® a power
| oadi n oint".. The skil.l ed reader

(R TR BYHSPECTTO® SRuPE FRRPE e Rk fpine instavilit, is

aPRht§sh $fAh& dPANRE sdBcS RYIsERce '(?H P @yrAnRe dald ¢&iddnce is too low,
d(%nam C source resistance, W t hout i1 nhcurrin

gribwtian typltage caanqitu et siehilised)t HBhedylpathi sdslegtbmg c@d stabilising
ance, (| res
EARET o st st VAR, AP BELRASI AR alfig B pgeans of
| epgghirgh ede dpgantiodosd edsistanae Mg sufElbiRhAg 8L SkitE ré@eéth® dynamic
present .invention therefore provides the necessary

ROHFES revistanagsioransgrethat disgyhiioncyoltagistplabifysi aﬁa@qus It should be
Sﬂ{)ftéd ﬁl'a? Me %Hll@n am% tsﬂ.lrf:gg&?s%nc ’oaﬂé’ - ghlég%aﬁoﬁéglgﬁnce” do

resistance, to ensure f stribution
sﬂoahlhb]iytthati atuat bhysi@itl resistansé and dortsequamﬁhlepbvtrdﬂ aissipagon must be
ter C souyce reS|s nce" igt c | oad

[

g}t'eéin%)gor goto g “F?rf)l}ey is tlglatvlg pgeph g contrary, the terms
rr%Fe'r §b %!h%ﬁcﬁn&n%[‘ $EHHEH 'tl?a't nﬁl‘fﬁ’i@ thd kst %& Angfes furlons of

enpl oyed 1n order to stabilise the distribution
vagubvalpet pasivelvemponentar Yhe tdad sheddisg andeftebilisiog charactenstlc also

T ERBHETtoe RS o Foon B v bt Spadbias @ Boint of Kommon
CRUPRHE AP load NBadi QA SRREWUE BYerddidd ARizh i0f 'sﬁ}libly voltages. When

characteristic also facilitates the parall
cmpwiscafi lordsofndnparvecrtsarsed e ¢asadeted imparallelt thwftotab dmarmlc load

g.and. | £t ve over a W
rgéégg{eﬁ%f t}%t plsl Q%R/enl%?%él eg 9 We%r gr Su ppso of TOAdS gn (Ehe pasziicl
Fl@WRiin&@hF(ﬂEﬁleElb@d chaneetiltsi ahdpied) bl bet p@gtadidéd to achieve
nam c | oad  resistance that is_experienced by t he
gs}/qhﬁ)opﬁrawfth dumasgnym degigngdadigamag source resistance. As parallel

connected power sources are added to the distribution network, dynamic source

resistance is reduced and stability margins will increase.

In the power distribution topology of Figure 2, the dc/dc converters 21 and 24 may be
routinely called upon to operate as loads for part of the time, and as power sources for

the remainder of the time. When charging a ZES 22 and/or feeding power to a ZPSU
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25 conbi nation of the |load characteristics and these
may be programred to achieve stable operation with

t he maxi num desi gned dynami ¢ source resistance. As
paral I el connected power sources are added to the

di stribution network, dynam<3keource resistance is
reduced and stability margins will increase. 30 In the

power distribution topology of Figure 2, the dc/de
cohvbe regudators ofribie 24/deespniperters dlitanded4y myall ¢aaplypwith the above-

oper at ads. for part..of the ti as . :
RN R Tand SRRl ShFalike. “WneR R Gy Feodine
apdfied At ansios Jfigalidigcdivrerst Dl and P, B regifators N&f the de/dc
regul ators of the de/dc converters 21 and 24 nust

cemyegerad [And Bé musboeuplyprith tisahoyorentensddpidgackmnd stabilising
AR 0OSRREBFL ) s 81340 o WD
r Brgpllaioardsived mapalsd be given clansapabiditys fo2 bidiredticidl porsér flow.
conmply with the above-nenti oned fol dback and

stabilising 5 characteristic. Stepless bidirectional

EWaRS faeholer oRpld fseibt k}@ﬁﬁlﬂ%g%lt g&ﬁﬁtt&h% ACERE| R From another

propul sion drives nmay also Iven the capability for
bpavar soticonthe anovieckfebdvegionhe theafoptback asdstabidising ahatacteristic

requi red.or permtted,tq recei ve power from anqgthe

e 8 5uire 35 Fmblaved. B dRFGutit aEp G tiof P M aliagemay be
adfhnddtadtd thel didpu RATFSARE IsStirc€ aRd itS Rt vB1tdgedHEP bd rarfiped up
enpl oyed. By this neans, a pre-existing supply voltage
nienil kiée aglohpddewtragion plethguihpractesistia ip elseted sodrtbe pawer source

ia(th %P%Eg@ﬁ"fefv% tb% eeﬁt”c?tyt(})]?eatn{t‘igb gﬁ%ﬁi@g&ﬂ)tni is thzli}eswiltcélgﬁ%r dfor the

eed Tegion Frrstrcis ¢

as8D$ heayiw\Elbseddite @ podidt BotirSe patper witholreséfetihg @frusth@urrent or
anti - backfeed function_ is that switchgear for the

Ispgringyhe #OEEL ST Have Hrvermelek syRchsenipng appaREanormally
S&é@é&&b&‘&nﬁ%ﬁ%‘&gﬁé‘&&%‘i dfribltioh SHILAL N the power

source to have the’co ex sync I'SI'ng appar at us
normal |y associated with alternating current

jstributio stens. The operatjon of the protectjv
SUiH% SN Q%tﬁ%l’ﬁﬁ’t%ﬁ EWidEcs W iBin sygichben dSZiZPO Ka, 31 and
33 Wil how W desered GhiftPeetkrde o 'F?u%z g.n _‘i@shtoeld%%t@df lglla% Figure 5

It should be noted that IEI gure i's shown I n
dis shown pofidl danbieapole &irtvat ratieathai siggle link dernfap nsmlt indSgde 1 for

in Fi e l.far reasons .that w.l|. descrj bed in e
ddsar Y 5 Vo SSRERET ibriore Yo TRV e CHBHPREDS of the
1&vitchBoard$ 16,386, 231 38n4l 3Rd BS ik h AEQRIAHBO GEhM %&heﬁp process and
generic process and this generic functionality wll
bdisdganeric duectionahiyuwilibe slieswibed erigaih slstailed refereagaée the exact
Cl. t.withip an rtjicul.ar sw tehboar.d.. The. .
déel{cia;llﬂl é’at\ﬁ%nl Flg i ?arry}ag iy S‘évr ?}illz:o& (g ; T (96%&1%(1 mré?mtry of particular
switchboards differs from that of the generic switchboard shown in Figure 5 only with
respect to the number of switched inputs and outputs. It will be appreciated that a

switchboard could be produced with any convenient number of inputs and outputs.

The generic switchboard of Figure 5 includes a plurality of power terminals. Half of
the power terminals (namely those labelled 101, 105, 108, 110 and 112) are associated
with the positive (+) pole of the direct current system. The other half of the power
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25 switchboards differs fromthat of the generic

swi tchboard shown in Figure 5 only with respect to

t he nunber of switched inputs and outputs. It will be
appreci ated that a sw tchboard could be produced with
any conveni ent nunber of inpW2s and out puts. The
generic swtchboard of Figure 5 includes a plurality
of power term nals. Half of 30 the power termnals

(tmmealy (nanesde thOébéahqud 1@2_1, 1000807, 108 ,and 101 nard agspriategr with the
te 6 ) pole of the direct
‘?@r?a( )5‘501 thh e otﬁ% t?’?l of the power - 32
term nal s (narrel y t hose Iabel |l ed 102, 106, 107, 109
and 111) are associated wth the negatlve -

I f
t o distrehution puslass awsalsepovided. dihst ﬁﬁsbbt‘ﬁbéh ésggﬁsgcigted with
%@R@J@% ﬁ(ﬁg Y)T ddlre-gpgurFénE §$st$ﬁ §H§Eh61&§0ﬂ(§b1%§§1°fd4alts eclgsocwted
e positive pole o rect current s
amh theeneppdongokusthte difddt Caras sgctemt ed numnlicn dfhﬁleldual links

atlve ole of the djirect cyrrent, s A nupber
Sonnerd; RS t%@ﬁ?g&anaﬁscwmﬁé an i A L0F oHalf of the
tlﬁﬂ’(S tﬁa‘h%ly ﬁ‘f(‘)ge pBeRa 1@“5}??5&1 ilfbg afsbsdQdted W?thfth@éosﬁtﬁ% pole of
l'inks (nanely those |abelled 113, 117 and 116) are
dbs direchtcenenty Skatemh elpoghdrihalf gfdhelinkfs (namelycthosedabelled 114, 118
cur,r ste ther half of.th i.nks (namely
0] B BFoR e Pegobary ol oty Sispes BiSey SRy
with the negative pole oithe direct current system

The swi tchboard includes two double pole notor driven
shhersevitebbaard ingherdes 20 loubls podwymoras| driyps tswitchephld 9 and 120 and a

C%H{r{BIOJ S X‘lStﬁpé] rﬁ?r'oP%%? chfddgg !ir[ %Q?o@é%%%%gf 13]19333’&& series

eries cur sensors

afduidft 8asS0E m 43732 18hend 036 hdsveiaed vettothe tpbﬁtlflzépole of the
direct current system a_second series of curren
bgslopwrensgystamaa secgnd sqries of farrentssengars déPal F 1€ml,t 33 and 135

S
FAERGELNEOA B0pl b1 S5 CEERUSHL S s ot
asscs 2&d 20 128 bk 1 Jfosdsbeinted patlethefpokitiee ghioteesft the direct current
current tem a.second seri vaol t age sensors
Fystemy 5 secopd peniinol ltaER SERPSt B R el 1l gaqciped with the
Rie ﬁl\%f pdl@ Qrdhd @ﬁ&ct%ﬁ%ﬁp%ys%t@mcapo%&%{ iRBgER o, 3 remote
i nferface 140, a renote 20 control erface 143, an

tomtrolnmeerfaw ilppi angl vt entdrefuippingdatesfaces1Ul amlsb¥l asecdated with

119 d 120, ti ly. Th
eglwétc?P?S l\r:{lgca“gelgge‘fg%e% ey rrayrgzp?ﬁp: \e‘rareﬁt ed 5si ng a

PECe m crocontroller supplied by Converteam The
switches 119 and 120 may be inpl enented usin 25
prhspelretanisy prasessor diPvieay suindementisd sing & RASsi micrggaatroller

?@ eﬁ gg: &t%% gﬂe%iflécrhogg :)l;i?r orid] Ef(?lﬁ% Sbe %xﬁi)lteﬁ”l@n%d using

proprletary motor driven moulded case and chassis type High Speed Direct Current

Circuit Breakers, suitably interfaced to the PECe microcontroller.

The links 113, 117, 116, 114, 118 and 115 are manually bolted links that enable the
user to isolate sections of the marine power distribution and propulsion system, but it
will be appreciated that these links could be replaced by additional double pole motor

driven switches if desired.
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The Iinks 113, 117, 116, 114, 118 and 115 are manually
bolted |inks that enable the wuser to isolate sections

of the marine power distribution and propul sion

system but it 30 will be appreciated that these

i nks could be replaced by adiiti onal doubl e pole

nmotor driven switches if desired. 33 For the purpose

of this descriﬁtlon the power termnals | | and 112

af s thoppaty eldhisslestiption irceaveat teraninalpdhk And bl are cangidered to

g%‘;]\%)ég%gé rha}ka&Y&ggur%g gq.(f}é&v@rr t?n'r%lgglg'rlgg plg(? }a[ @ alg%onmdered to be
pronaesal wid lbadow be descri bed wit hout det ai | ed

reference to the control system This will be
described in nore detail below. Wen a | ow resistance

A Sth%géHrﬁ)ﬁg{éﬁ%g grdcg 111f1ﬁdu/ he QHLiBRY vvflﬂh&\{‘fsdell;1 i sg g%i%?ence to

power , roug e distribution

1108 corvral sydterh h@hjsovidlrbetdesaribedlin inb@e désait kelowO i nt o t he
power term nal 109, through the distribution busbar
104 and out of the power termnal 11.1. The circuit is

CWRBH 8t 186 R¥istahBe @ﬁﬂtbb&u%oineth%%ﬁ& hﬁﬁlt Je%lﬂ'eﬁnﬁova@ tho TH@ power

control systemis able to determ ne that the fault has
deewingleld 2i threugh the digtrébution bughar il @Htoas ofithgpowerteimimal 110, back

TN T T

reeeoigal Sed Theakrchit & cerdéted Bk MbleChbld gRitdies ¢ w hﬁid 120. The
al so be opened when zero current flows through

s%rltreh sy%fml isble it detrmingr Byag the daylhdas ocpered uadlse load and
ESUBP AN RO o LS PAGbESell SULSPLH Gy v

weoncurteat flews l'fpﬁlllsoswmil powEY be tfeb@gmid‘clahattth@dmlb‘l@pole switch 120
SOU{Ce followng the interruption and cl earance of the

214 alsy de qnehet vgBvAsTo Srrasi fovst thrpteghythisepyiich, but this is not
_ﬁ’d’r@[’él‘rg&2 dyiy $ehe faRs LRl ¢ &Xx%%t%m 9 thb rq&\?)gr QSulqgsb fh@e(ﬁstrlbutlon

he el ectroni c processor repeti y sanple
shugbrcas $03y et Gt lmd;alhsp thase leads maydreseliant 1RGN the ré@@ipt@nadf power

nsors 121 t sufficient f ast
o 3 Y DOUEr e dolinfuh i ReBibion i £lelphee of the faul
dﬁ%@ﬂﬁﬁ@@QWLA | ow resi stance fault has been descri bed

and the presence of this fault, and its exact nature,
woul d be identified by current sensors 136, 134, 133

iheofng BrrE PR S Br et BB BT B B TP

current is perfornmed before the

The electronic processor 139 repetitively samples the signals generated by current
sensors 129 to 138 and voltage sensors 121 to 128 with a sufficiently fast response to
enable the nature of a fault to be determined. A low resistance fault has been
described and the presence of this fault, and its exact nature, would be identified by
current sensors 136, 134, 133 and 135 in conjunction with voltage sensors 123 and
124. As long as the sensing and detection of fault current is performed before the
foldback process becomes regenerative, and fault current is interrupted, the current
sensing is sufficient to identify the inception and location of the fault. Once foldback
has become regenerative, fault current has been interrupted and the distribution

voltage has collapsed to approximately zero, the electronic processor 139 determines
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f ol dback process becones regenerative, and fault

current is interrupted, the current 30 sensing is
sufficient to identify the inception and |ocation of

the fault. Once fol dback has beconme regenerative,

fault current has been inter+ipted and the

distribution voltage has col |l apsed to approxi mately

zero, the electronic processor 139 determ nes _34

tthagit istsafestonaee aswitel and awideli t1ohis anencdwiAsonentivaed briefly above,

RS TR U7 RS 8 A 338 1 Geroni

eprocdssa@ni3® is praeetanothtShals warabeing bagpliet eith b@ﬁé}':‘pnor to the
were bein supglled wi th power Erlor to the inceptio
oncentienioatie fauttnd hg PEESEHET GFhes (s Waplihke dasenter bsensing load

Q%E% : o] e I ng sensors 129,
1 2,ﬁ%%g@?%g%%Qi%%ﬁg%dﬂ%%g3&ﬁpl%ﬁﬁﬂ§gé evi dent t hat
such an el ectronic processor 139 and conprehensive

ors would be able to d a w de range
ot ot W&revf‘fﬁﬂéi“a&is“‘fha‘éﬂ Eleciiomt RACCTNES) and gomer gsive array of
CRHSBs a@am@é b¥1eab ettt ‘ﬁrufldfelr%e' O &ther Bped bf va%nam that these
negatl ve po es o- the direct current syst em For
efraltpimey causelasymm Otf I¢atre1a fbmundlefmitnvemda ndgativa peles of the

HSE PR odth o bR RS dr Bind sinf RUTVHUA couse

tdieietf & EloReRESHIH dnd Pole! NSintilily! @byrsdelr e ih tvaltREsaRb®d occur
to cause the. fol dback characteristic to be exercised

aturingrregrolnd feowkiris dhsuefers erpepaty fasithe epntepl systemap be able to
e(?élfl Vfgldﬁgg( (t,lllalréfct%risn@?éfb %}S%% Iagtlg‘lr ggg‘:: ?)ngéource output

otelhenm alﬂeﬁott dméssnte angd thsciepsﬂmyndddoyommcasswf@ﬁtei-t@ph@ If the
swtch, when it is carry g current and distribution

\R;q:qtrggg: Brecespskt detqqn1lpﬁ§§ atfif iSRecessaydoiqpe Ay particular switch
t -
90 g o LB 00 L0 el
papgeingsolir Fégwe i eateedrippng esrgnah;allé;l hihd Bi2d ar]:ldcdlamﬂ to such
the |oad. con. eﬁled to termnals 1

rcé’gﬁ’é‘&‘}‘?%}’é’r“ RO HSOPLErGOBRFSY © tfﬁa}nail lléfoallsiu%]p‘utand the
t18ad @&rﬁfef:t%GQO JE@I%unﬁlE‘Ql@%Yi@rlogoi’gsﬁgctitvgﬁft if §n ﬁﬁ&“&‘ﬁbﬁ@ signal is
to termnal s must have its fol dback

chdpu de entcsfaqecl 4éf ﬂmcmbr sawnge ftivdt dp eotnentgd tto brminals 112 and 111

bR o e e Ahoven, oL ust by ipitated by the
fraedipt of GReliohe@Ming) iRet-RBPidRYighS. SU haﬁhe‘r Ocad@ll h afdtious fault
inter-tripping. In this case, the receipt of an

i qendition in gpashmay g ahch ast toiarant irser-inpie: dnglistopse e receipt
F(Jrﬁaglﬁlﬁt?{] I{rg)p?rgéﬁ %%3\2?11 gkg%}%%e 1n% ?—%}%?e{dnt% t%ﬁ {ége(rég(t)ﬁlg Brocessor 139 as

(ieirpLet nebd 20 inter-wiphke powsadurde lmemgltmtmarthpplng 0GB L2,
139 may generate inter-tripping sequences in

In other cases, the electronic processor 139 may generate inter-tripping sequences in
response to other commands including infer alia local operator commands generated
by the local operator interface 140 and externally generated commands communicated
by the remote control interface 143. It will be appreciated that such an electronic
processor 139 could also be equipped with a global inter-tripping interface that would

cause all power sources in the marine power distribution and propulsion system to be
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response to other commands including inter alia |oca
operator commands generated by the |ocal operator
interface 140 and externally generated commands

communi cated 30 by the renote control interface 143.

It will be appreciated that sifch an el ectronic

processor 139 could al so be equi pped with a gl oba
inter-tripping interface that would cause all power
sigtardarpedn It wgl alae baepprevieted dihas the Hvitdhes 1 Ehand 120 must not open

j temto be -35- .inter-tripped, 1t wll ;
ChSBHLE) Y8 AP Ll BAeabuch U peronie
nerbcadpenl 39s pSudhaiwdtcheandly thagé atrh@abteyersingty SRrating mode and
inter-tripped and interl|locked via electronic

pRsEddRng My, beuritiatedi e meannal apaspelyabregln gamtact, a mechanical
r ' ' We -1l ppi ng may be
P B P R Bl WA BlokbE "2

mechanical 5 interlock and suitable interfacing with

the .el ectronic processor, It will be appreciated that

& vl g mr?w?éécﬁm.a et PaTHIsY P%ﬁé%ﬁﬁfﬂ Hgsupad Bippulsion system
Séé%&ﬁmght_@(iﬁ@ﬁx‘éhéfﬁ ihRnfiie (R LSSERna leﬁ‘ﬁggs'd?@u}grﬂg‘riﬂ@%r eRample)
naval ships or submarines, for exanp may

i meymgorpatate many seatichiodabdsarfdbisafpd. hiTke mpdee pdwer distribntion and

power, .di stribution, and 1t ropul.si on ,system be .
SRR Eh MR it 08 Hielodil s By R e aiih AR egecitance
bRt WeRN PRV hv® ndRtivReSRbd. v PrceE loads akdy 6RO Ha98dBpacitance
may al so have capacitance between positive and
rRejaeanposisior @sd apgptiva @ples podthesHeatishegdimgyndyebe imperfect. It will
[ 1w e, appreciated,.that the fal.dbac
SRl Lhie SaPEARR BB Bl Rl oo B reference
rtefRg@a Gedock ot taletResd iskaesini®bcdoaliLatd@serid@izbleshatdttRistic is
account and the_ practical characteristic is 1 S shown

i SHOrngnfdswe 6 nln Hispiseteal chanacterigicadiekacys pE yolags and current
I S L i

RS RpalOl RIRLAN R TRE protbifD JeRRERATL ot s rom the
rresvetysoffthe distrivetion eobageraftenthetfhat Hasshieen bleatedn vol t age
after the fault has been cleared, -36- CLAIMS 1. A

mari ne power distribution and propul sion system
conprising: a first propul sion drive system i ncl udi ng

a propul sion notor having superconducting w ndi ngs

and a power converter, 5 a first propul sion power
generation system for supplying power to the first

propul sion drive system the first propul sion power
generation systemincluding a generator having
superconducti ng wi ndi ngs and a power converter; and
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a first power generation systemincluding at |east one
power source for supplying power to a first service
di stribution systemthat includes: 10 at |east one dc
di stribution busbar for carrying a distribution
voltage and a distribution €3¢fent, and at |east one
swi tchboard. 2. A systemaccording to claiml, wherein

the propul sion notor of the first 15 propulsion drive
sgbﬁiﬂﬁis regul ated according to a | oad sheddi ng and

S cordi ng | n
ol ar m Tt SR BSLERYDR e plp GORESER GERFEPEGY ¢ e

first progulgopilsipanwarivgesnsteat i i@tludigt ampkdpul@ei! @b0e having
according to a power source 20 fol dback and
STURBTCPNEICHES BHRGIARS A1) apqwer canvertey st em accor di ng t o

any pr [ -] LN

I rESE ROl TSR ARG SHBNREE 0 o e i
conpdsibedirive systenpahe tirstopropultien mfwer tdeaerations tsystem including a
propul si.on. drive system 25 5. A system according to
SR BYng g eI aTCUpRVEIdinas Rad ABRMIET EUYGEPT 8Rd of

the fif sfrstPp@pe! §érfé?e|1tfb%"\@}';st&ﬁ rlﬁélﬁ&ihg E%tsbé§%e%§}é ?ﬁ\ger source for

connected to the at least” one swt oar
f yupplyingromar ¢o alifisst servigeidastrisytDheyste@ah@. indludasst em

accordi ng tqQ .an recedi.ng cl aj erein.the power,
convert er 04% le*lsﬁ 8 H? %Fs(ﬁs%ﬁ%t&ﬂaé%ﬁr%i GEYEEST élﬁs\n?y@tlon voltage
connect ed tgdtdhEstabuli®p&lre@n@ngW t chboard of the

first service distribution system - 37 7. A system

accor di ng ta lepstonerssdisibergdcl aim further conprising a
zonal power distribution sub-systemincluding: a
zonal power supply unit for supplying power to at

| 2ast Angsteheatdordiag to tckailmoadwhaRth shez proplls@e@Yor of the first
store conpected to tree at | east one sw tchboard of

tiyepulsipp rivgeyysicae i ragulatash aecsrling 4@ enlopd rsheddipg ns gtabilising
RPUEL Qs he zonal power supply unit. 10 8. A system
according to claim?7, wherein the zonal energy store

of the zonal

3. A system according to claim 1 or claim 2, wherein the power converter of the
first propulsion power generation system is regulated according to a power source

foldback and stabilising characteristic.

4. A system according to any preceding claim, wherein the power converter of
the first propulsion power generation system is connected to the power converter of

the first propulsion drive system.

5. A system according to any preceding claim, wherein the power converter of
the first propulsion power generation system is connected to the at least one

switchboard of the first service distribution system.

6. A system according to any preceding claim, wherein the power converter of
the first propulsion drive system is connected to the at least one switchboard of the

first service distribution system.
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power distribution sub-systemis connected to the at

| east one switchboard of the first service

di stribution system by a power converter. 9. A system
according to claim8, wherein the. power converter is
a pulse width 15 nodul ated d¥7dc converter. 10. A
system according to claim9, wherein the dc/dc
converter is polarised as a step-up chopper when
power flows fromthe first service distribution system

L0, RSBl A, BRABLS OB e o pover

pdiftabits@osubssystestiapludiogn chopper when power flows from
the zonal energy store of the zonal power .
di stri but i dhzeghpreyertsaply g toraiplying payesnip @kleast one electrical
distributiqg(gxﬁ&en1 11. A system according to any of
claims 7 to i , Wherein the at | east one power source
of the firstzopmhenergeseratcomeckydsd ehe hsleasironeciwddhbaard of the
the at |east one .25 sw.tchboard qf thﬁ first seryice
di st ri but i HFSSYEVERTISYIDLIRN fstery S vupRlying ppyer i@ %9 gonapower
accordi ng tQunehaintp 11, wherein the power converter is
a pul se mﬁdtﬁ nodul at ed dc/dc converter. 30 13. A
system according to claim11l or claim 12, wherein the

| east _gne switchpoard aof the.first service
st r iRaeER Al Rrapiuds Wb PuiCiiTenges of the zonl
Viohwer ARRiG0R subRedteh is EhiheBoWes tHeQR V&KL Sife SARNBELH B9 the first
the at | east one power source _38_ of the first power
genasediptBRuEgLysien by & hewear cAnserder- one swit chboard of
the first service distribution systemis regul ated
according to a power source foldback and stabilising
char acA eystahiaccording tofutdigi 8) wikgeiatthd pasér @aCeddras Tagj'ul‘se width
Iogg}is regul ated according to a |oad sheddi ng an
dt lﬂPéﬁﬂgcﬁﬂﬁwﬁﬁﬁeristic; 5 wherein the contacts of
the protective switchgear are made to open only when
the distribution voltage and the distribution current
héve beaspsteradiecadingatoadaap®,abhareinl thy dekiclegntdrter is polarised as a
i nteracti on of a power souyrce f%thack and stabilising
SR YR PPPER 1V erhpg‘ﬂer s gpm( thy tustysepi¢e diRigbution swlem fto the
SHARISHMS] York BMHTRRLARGE URRRLARIEST 86 ARIIARS d&/BE converter
distribution voltage, (b) an overriding inter-tripping
de podarised: dsa stersdemn chertpier awhey pa@egtiores fvmatheizorl energe store of

R e T

generated within the marine power distribution and
propul sion system and (d) an overriding
ildt er -4 BYPEn rnpgcordlng to any of claims 7 to 10, wherein the at least one power

source of the first power generation system is connected to the at least one

switchboard of the first service distribution system by a power converter.

12. A system according to claim 11, wherein the power converter is a pulse width

modulated dc/dc converter.

13. A system according to claim 11 or claim 12, wherein the at least one
switchboard of the first service distribution system includes protective switchgear

with contacts, wherein the power converter connecting the at least one power source
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conmand that is generated renotely; and wherein the
contacts of the protective switchgear are nmade to

close only when 15 the polarity of the voltage across

the contacts is such that any transient or inrush

currents will be restricted -8 -one of (a) the power

source fol dback and stabilising characteristic and

the power source starting sequence, and (b) a | oad _
s dladifitsypewmet geserabpn pysteny tethgehleagirongsitchuard gf tha first service

SHASICHSH, Ao FEE, ROSBHEL Ut RABER s Siioms

| chad cletistee, fald Giticdéin Qfe at RaWEIneSaettEe 1dadok dbaditedndeording to a
stabilising characteristic and by a limtation of
rlgadeshgddipg apdyatabilising sharaeferigist f unction of the | oad

sheddi [ hd Sd .55

yat er st B CAMck] 8 80 pRBRE Gl sreipdcio oy paly when

fthe distribotion volyegecarat thenlissibitem cunehubas weeplreduwked ty acdeptable
aral | el -connect ed.power sources.fqr supplyin ower . .

Revait by reaercans pLooaT et stistp ack andcAbLighag ehebactistic with

U8 3FYa) St BLIE thaf BAUsENn SOREINGy Riw [hiSedRh& 8lelc¥nicted across the

power sources 1s coordinated by a steady state droop

fdistabutom wiltage,pdhen ceuidieg finedbapingasemsnadithat 3§ agtomatically

char act.er. Bt [ %I%Of each Eovver %% sour ce and 1v\,helr el n

(SRS SiBHE O PERE BRYFT SFUSTOR AN HARTIPGT gpysiem, (©) an

RV 8P WhteLfippig ¢ORhAhA ahedisdihadudilyaBeheited | widtdn | theemarine

function of the power source foldback and stabilising

dieareacdietriputione apfl pehlspawsysteaurae. (d) 14 oyetridig yateehipping

accor di t.o edi | aim wherein the out put

VO "é\ad'éﬂgaﬁ‘ds g%lgaﬁg({l%&og‘%lggﬁn%of the at |east one power

sour ceylgdreih fife ddntfits PO Hraeotiee alvitoNgeay steanadead@lose only when

regul ated such that: 5 current flowis . .

uhe palaribe of draroltagesacengythe cantacts gs sueh Wt aaydrangieptar inrush

SRRt A 6f testifah By%n]\éoclf{ @9 ?nesg(‘j\p&' %r@énfé)ldtﬁcﬁtag&‘%i/abilising

state droop conponent that 1S proportional to I|oa

atharaetetistieiaind theapowdresousdeestalying tsadquenoe)t audt (by @l badyshdédsling and

in._accordance wi.th a steady state load |ine; transient

| SRR TSP at | ons about a steady state | oading

poi nt cause the 10 output voltage to follow a

transient load |ine whose gradient is |ess than the

griadi ehsystoh atdvediopéadyy preatding clain,fwiessin shediglyibytien eoltage is

Cslflarbril?sréa blysa tlrallnryletn? Poatdqin% fﬁggtfolncolfl aapgod'e%vsce)lln’.ce foldback and stabilising

jon

characteristic and by a limitation of rate of change of load current function of the load

shedding and stabilising characteristic.

15. A system according to claim 13 or claim 14, wherein the first power
generation system includes a plurality of parallel-connected power sources for
supplying power to the first service distribution system, wherein the steady state
current sharing of the plurality of power sources is coordinated by a steady state droop
function of a power source foldback and stabilising characteristic of each power
source, and wherein the transient current sharing of the plurality of power sources is
coordinated by a transient load line function of the power source foldback and

stabilising characteristic of each power source.
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if load current transiently exceeds the steady state
current limt and approaches, but does not exceed, a
particular transient current limt |evel, the output
15 voltage will transiently reduce with respect to the
steady state load Iine and w39- recover to the steady
state load |ine when the steady state current reduces
bel ow the steady state current limt; if |oad current
conti nuously exceeds the steady state current limt,

r. exc t rticular_transi rrent |im
foer KRS RemREo ML K2V R FHECG b B gotiage and
valthagarramndoft the ap lapdneCpiwe toufce dfale St poaet paldrationGsystem
zero according to a regenerative process, and out put

Vo Fesylatedigchfiabut current remain at substantially

zero ' ;T has i ncreased beyond a

parti ?&Fglrlt 1:l(se}}se l;n{la@}% [ ’oad i npedance i ncreases

beyond dtéelypéaté butphiavoltage & the kemn df aadfivlohd barevoltage setpoint and
initially partially recoyers and then is. r ed up to

£ FE8% 8¢t Patw{y%smn al F5prpportignal i izt PRy that the
:sﬁeeaﬁ!y gtaie JfputWRGHE! 8 i R&otPAde mhtaa%ge%dy StafABREHAnUP tO

esired operating point according to a
t i me- veansigbl ad anpentr edretivhaitbdus asypercliyfstatel loasting point cause the
m nimse res ant volta t,ransi.ents wi.thin th .
TS hates ahEF a st SR foatd MR it ettt o lebfon gop eradient
-AQhe k&adyAtsy Ba@Mnaccording to any of clainms "I to 13,
further conprising a second power generation system

i ncl udittagy atatq @ueent isdienigrshie e pegiauiss leveh suppl yi ng
wer . d ' ' i hutj .
et udbo ot SRERE RRICHEC oeBl i) SRR RE TR timie anc

Cpbfosche, Butddsek mobukdead, v phrtiager trhnsidid carrehtSirhit Destel,ahe output
current, and at | east one switchboard that includes

prodiage tYil} drapgientdn gedtoewivith respselt e ths, stogder €ptq lopd line and will
20 er BBl Weagl Qe Radlille \;%atth RN sﬁlestgtfrfelﬂyh%igg?sdbelow the

systemis connhected to the at east” one swtc
afteatlh etageaoredt Bwityi ce di stri bution system 10 19. A
Syst er?f ?oca%iocrmqrierrl]tgcgn(t)ingcln?s. }En e)g'cse'edsf tlfllrets{]e%(riy %t(&)lt crllr?eint %nit, or exceeds
the particular transient current limit level, foldback is applied such that the output
voltage and the output current reduce substantially to zero according to a regenerative
process, and output voltage and output current remain at substantially zero until load
impedance has increased beyond a particular level; and

if load impedance increases beyond the particular level then load voltage

initially partially recovers and then is ramped up to a desired operating point.

17. A system according to claim 16, wherein the load voltage is ramped up to the
desired operating point according to a time-variable ramp rate that is specified to
minimise resultant voltage transients within the marine power distribution and

propulsion system.
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a second propul sion drive systemincluding a

propul sion notor and a power converter; and a second
propul si on power generation system for supplying power

to the 15 second propul sion drive system the second
propul si on power generation s4ktem including a

generator and a power converter. 20. A system

according to claim 19, wherein the power converter of

the sedowstempacsprding & appwéclaimpel it il dnfusthet epmpasing a second

: Iq: .
TR Rt e AR P YA S Rk MR B R pt e power o
Cdeadmd skBvios distribirtiv Oystenh draeingludee power converter of
t he second pr.opul sign power  generation systemis_ .
connect ed tfg I?EF?E ogg¢ de éggfv%ﬁbtﬁél tr’1‘§9\1R1i"rt ERraEYHIZ0 disfibution voltage
second servjQe diétﬁ%ﬁﬂi(f}%dr&ﬁt sygtem 25 22. A system
o

according to any o ainms 19 to 21, wherein the power
converter oft lepdteosecwitdhipraopuhai owcheles yeoteytitee switshgear with
connected to the at | east one switchboard of the

second ser % C%’r stribution system 30 23, A system

accor diRdeihOthdl naPln&bfi fMdve It 1R Zoal WOGEL ANt RRion system is
power converter of the first propul sion power

onaeaied torihe gideastroneswitehbeanded theserpnsl poviee distiiution eystem.
of the second propul sion drive system -41- 24. A
system according to any of clainms 19 to 23, wherein

tite pomsystenaveriap ttlaich 18, BREEWnPHRRI Si on power
generation systemis connected to the power converter
of t HeSqcPRE Propulsinn diivhsitany ancdyding mprepyision majgtsanshg power
zp‘?)ﬁ%rgé'rn&dt o claim19, wherein the first propul sion

rive systemhas three power supply inputs, each

I nput Det¢cogd gebpdiiabl gyweangkntfadofi i stystemp éoxesuppligy Yower to the

I nput_is connegted to the first propul sion power .
gssg%ﬂapmﬂf)sws@ém sy Hems o SECOBEWRIPPULS IO pPYV ST BRIETEtign System

qeaﬁ@ag%%eh&a{ohlﬁnésg)ewer 98K ST on power generation
system and the 10 third power supply input is

connected to the at | east one switchboard of the first

rvice distribution generation system 26. A syst

For ok ReED Aoraie iR e i RRerRE BECBHAT GPOBIFE Ppfe second
Hrbyifsidl HRER generation system is connected to the power converter of the second

propulsion drive system.

21. A system according to claim 19 or claim 20, wherein the power converter of
the second propulsion power generation system is connected to the at least one

switchboard of the second service distribution system.

22, A system according to any of claims 19 to 21, wherein the power converter of
the second propulsion drive system is connected to the at least one switchboard of the

second service distribution system.

23. A system according to any of claims 19 to 22, wherein the power converter of
the first propulsion power generation system is connected to the power converter of

the second propulsion drive system.
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has three power supply inputs, each being sel ectabl e,
and wherein the first power 15 supply input is
connected to the first propul sion power generation
system the second power supply input is connected to
the second propul sion power g#neration system and
the third power supply input is connected to the at
| east one switchboard of the second service power
di stribution system 20 27. A system according to
im l.ai wh in t fiy St propul sion
her 53l BiToedo gl RE St DFrold SngRiR BB converter of
sthp pdognd pidpulston @aedn gbedrigon Seleacis @bhiactedhe Hal pbvidd onverter of
first power supply output is connected to the first
ﬁb@\éPSt PEQRYISIQN drHSURYSISM. t he first propul sion drive
system and the second power supply output is
connected to the first power supply input of the
s¥condA pysigulascarding o ¢kimyl9t etereRbthe §irstAmomysidve drive system has
according to claim27, wherein thﬁ first rg@g%gion
PO SHBRIY JAPUTSy GAch HPsbeing Relpdat] {ypower supply
GHbRY ' ' ROSG t
e e B PPl R FBRREE ol KREsRbnd power
chiugplyi ibputiip nomgsted o tiB0se2Ond Propylsioaraoscee @eukratiprt ystemy and the

. clainms 25 .to 28,. wherei he secon r opul si on
ToinE YRR Pt drly s ! b s St Beo it SRR of the first
SepteydigHbRidSgeneAtion RedteE, sel ectable, wherein the
first power supply output is connected to the second

power -42- supply input of the first propul sion drive

2451 L S0 GC A5 ROUCES SRR 6B i v e

ses ahde podyeu lsapslpn idputy,cessli et seléflabléd) ssthBidhein the first power
according.to claim?29, wherein the second propul sion

PRl 1BPU dheanaerisd te hetfam pragulgiopmongr geserticgyypteyn. the second
%Wytsuéfg?gr\lgu? ci:ig(lnﬁl%&%@lt@t Qecbﬁdﬁ st‘f neg%wérogehgﬁtigﬁ system,

"'east o oard of the seco ervi

dindtthé thitd poweyssippliy infit. is Aosystednoahe at thastgpriewdttitboard of the
precedi n clain].wm§rein ower is supplied to the

SerYE S s’??ﬁrto@veaidm WBeRis¥He@y st em t hr ough the at | east

one sw tchboard by one or nore 10 of the follow ng:

the first power generation systeny the zonal energy

HKlor e Mofsysthm 2anuling tovstaindi 35 1or lpleino26,swhersips thenfirst aropulsion

propul sion.drive systern operating in a regenerative :

RS ORI STER Bt GEACFE IO ROYSE SRy U, Cach being
selectable, wherein the first power supply output is connected to the first power
supply input of the first propulsion drive system and the second power supply output

1s connected to the first power supply input of the second propulsion drive system.

28. A system according to claim 27, wherein the first propulsion power generation
system has a third power supply output that is selectable and is connected to the at

least one switchboard of the first service distribution system.

29. A system according to any of claims 25 to 28, wherein the second propulsion
power generation system has first and second power supply outputs, each being

selectable, wherein the first power supply output is connected to the second power



10

15

20

25

30

15 a renote power supply system 32. A system

according to any preceding claim wherein the at | east

one power source of the first power generation system

is one or nore of the follow ng: a diesel generator;

20 a gas turbine generator; a%teamturbine generator;

a conbi ned cycle gas and steamturbine generator; a

cl osed cycle (non-air breathing) diesel generator; a
baPpkyyipputad the figs propwilsion drve sysigntand the geganghiteasr supply output
: X - ' : rconduct i n

S e Rk ot LR ARG YipuPRENE BT PERENGLAAE pystem.
to any preceding claim wherein the propul sion notor

0 the first propulsion driye system has high )

t%QTper t THSETY FSENEBd e 1k €94 Wéﬁfelwthﬁisﬁﬁ@. gropalsion power
[ i lal j e

L S 102 T ERBEE M BT HEEHRL Pd Ronnceted

ftortlee atgeaspohsivatchtinand ef hesseeondaseevicadiegibati@dsystenh t he

propul sion notor. 35. A system according to any

preceding claim wherein the propul sion notor of 10

the fiASystBhRbraingtothly ettt RiRA MR heG LS RUfplied to the
commut ator_circuit usi nngt ati ¢ power electronics.
Iost wreige distritation sisteny theough yhepatdeastiong switelitmardibie pré nr more

t gfo‘ﬂ%Wiﬁc’i'on nmotor of the first propul sion drive
sys?em i’S fiounted within the hull of a marine vessel .

15 3T the fiyst ewedgmefationgydtémany of claims 1 to 35,
wherein the propul sion notor of the first propul sion
dri ve 8¢ genahenagysior eldhe ronel pewerotistabutien swb-sysisme| |

a propulsion drive system operating in a regenerative mode;
a propulsion power generation system; and

a remote power supply system.

32. A system according to any preceding claim, wherein the at least one power
source of the first power generation system is one or more of the following:

a diesel generator;

a gas turbine generator;

a steam turbine generator;

a combined cycle gas and steam turbine generator;

a closed cycle (non-air breathing) diesel generator;

a battery;

a fuel cell;

a flow cell;

a flywheel generator;

a super-capacitor; and

a superconducting magnetic energy store.
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38. A system according to any of clainms 1 to 35,

wherein the propul sion notor of 20 the first

propul sion drive systemis nounted coaxially outside

the hull of a marine vessel. 19. A system according

to any preceding claim wheredh-the propul sion notor

includes a rotor and a stator and wherein the rotor is

coaxially inside or outside the 25 stator. 40. A

st enfd Aystemdicaerding taranymrereditignaist, avhercindties populsios motor of
I t - IL.Sstrd.bution S .S 1.l enent.ed.

e SRS proRBal, rflens ) hAG hIA° BBl SRR bling )

swaikdargs. according to any preceding claim wherein the

generator of the first propul sion power generation

system has hi gh tenperature superconducting (HTS)

 din an . . . —
o m e cedmes oKy bR AR Sl A in Y pB LR for
dbepemtee rcoofertdneoff thesfirsp poppull s niriveveystege arer aitégrmed with the
system are integrated wth the generator. 5 43. A
s‘%}/'g[’"gf‘hog&oé‘?rdi ng to any preceding claim wherein the
generator of the first propul sion power generation
system has an el ectronic conmutator circuit using

Sat i cA spyamracedrdiigrtorfiny preceding claim, wherein the propulsion motor of

the first propulsion drive system has an electronic commutator circuit using static

power electronics.

36. A system according to any preceding claim, wherein the propulsion motor of

the first propulsion drive system is mounted within the hull of a marine vessel.

37. A system according to any of claims 1 to 35, wherein the propulsion motor of

the first propulsion drive system is mounted in a pod of a marine vessel.

38. A system according to any of claims 1 to 35, wherein the propulsion motor of
the first propulsion drive system is mounted coaxially outside the hull of a marine

vessel.

39. A system according to any preceding claim, wherein the propulsion motor
includes a rotor and a stator and wherein the rotor is coaxially inside or outside the

stator.

40. A system according to any preceding claim, wherein the at least one dc

distribution busbar is implemented using superconducting cabling or busbar.

41. A system according to any preceding claim, wherein the generator of the first
propulsion power generation system has high temperature superconducting (HTS)

windings.
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42. A system according to any preceding claim, wherein the power electronics for
the power converter of the first propulsion power generation system are integrated

with the generator.

43. A system according to any preceding claim, wherein the generator of the first
propulsion power generation system has an electronic commutator circuit using static

power electronics.



