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Field The present invention relates to a power

di stribution system and in particular to a "snmart
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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



-2- a second ac W busbar that are interconnected by
protective switchgear. Afirst low voltage (IN) to
busbar is connected to the first M ac bul bar through
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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
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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



particularly when they have different degrees of

har noni ¢ pol lution and when the disparities nentioned
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the shaft speed of the prime mover. In many cases, this will adversely affect the 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
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This component stress is exacerbated by the summation of the DCCB transient arc
voltage and the recovery of the SSDS distribution voltage 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.



system typically conprises an output current. baiting
re ul ator whose reference is output
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a zonal power distribution sub-system including:
a zonal power supply unit for supplying power to at least one electrical
load, and
a zonal energy store connected to the at least one switchboard of the
first service distribution system for supplying power to the zonal power
supply unit;
wherein the at least one power source is regulated according to a power source
foldback and stabilising characteristic and a power source starting characteristic, and
wherein the at least one electrical load is regulated according to a load shedding and

stabilising characteristic;
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distribution voltage by incorporating an appropriate transient response that is

superimposed on the steady state droop component.

When a low impedance fault is applied to the power distribution system, the action of
the at least one power source is eventually to cause the fault current to be interrupted
according to a foldback method. While the fault current interruption progresses,

sensors associated with the protective switchgear in the switchboard that is associated



for exanple) according to a particular | oad sheddi ng

and stabilising characteristic that causes |oad

current to be renoved in a nmanner that is coordinated

with the above- nentioned conet tation of the output
current of the at |east one power source. Wien the
protective switchgear is opened; the effect of the

renoval of load current is such as to allow the

out.put voltage of the at |east one r source to
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response of the electrical |oads. The above nethod
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processor, or by sﬁe I'c ectroni=c processor

c asrexaaiple) Aycoading thr @ padiculantcad sheddmd agl std¥ilising pieeiGeristic that
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nEass lopecussiiefo B S8R9 ¥edt inoh mePRirethnidiseortifated giihr tee above-
s

< HirBonGE Gt OO BELE Dt IE oftng E30k: A RN Rhpe, When
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an effective neans of co nication i s provi ded by i

t Fe fpeieet thyi cfrut Baltsesio dha it paeppver saufcep gecover according to
CARRBLM mP&bY S TRE r%é&%rgl%’f’qms %'uﬁ)tu'i kD1 dcORit BV HEMeC@Plication of
operate automatically nd aut ononously. However, |

séhrd ellectcioamiendsc atdooding $o prlowd dbetldite methdide Ppbevdrad shedding and

di stributign systemis capable aof benefiting; ff;o
PRt T T G OcC i ® BAIOHAL FORRien GePifafugnd current
C QR RbfeclRYthBupiiP Vb ESR th Bk sBpériipFRR@RANKe PBAdySstate response of
Power i's distributed through the power distribution

sylut deataead lgadsparticul ar to one or nore zonal power

di stribution sub-systeins that incorporate zonal

energy stores. These zonal energy stores are

| Mheradovd hedidakinenl@f bs URRAEd bPGtlieVReilskche@idaW@rare detected by
flow 3 he zonal energy stores may be charged from

t Iogher j seggors eird e @lestrenip URTOBRFSEy sATe Ry i FPecidicd elecirnic processor
pr.ovi | wer 1o .el echy I

FSSRERIST | RO BRMRE bR T RLaGRYs PR rRANIEE Bbterably
I pradiemohiabllerbybeuditabie wehisag€he iHowew distriiutien zgstam does not require
ener,giy stores may al so supply power back to the first |

p et cgpg{ullrp%llopdwt\g%k a[téeasgggq: PPWET SQEe, protective switchgear

SLAR! b 9B id DEad! ﬁ)t BEQ'H{@ 9&&‘694 td’i’%ﬁbutgd) lHlt‘%fligence and an

converters are preferably enployed to adapt the

oueffpctive méanalolf cpowemnicatbar tgsotided by the power distribution system itself.
All the component parts of the power distribution system can operate automatically
and autonomously. However, if serial communication is provided then the power
distribution system is capable of benefiting from increasing intelligence and

automation. Local manual controls may be provided for all component parts.

Power is distributed through the power distribution system and in particular to one or

more zonal power distribution sub-systems that incorporate zonal energy stores.



the appropriate do distribution voltage and to provide
fault current [imtation. This allows for greater
desi gn freedom and the optim sati on of power
generation equipnment. Al electrical |oads are also
preferably conditioned. by power converters, which
actively assist in stabilisindthe distribution
voltage and limt fault currents and smﬁtching

transi ents, The power .distrjbuti stem an
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parts are danmaged. The stability of the power

di stribution system neans that heavy pul sed | oads such
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vehicle (UAV) |aunchers, for exanple) can

mgqugpéqpnaqqqéc glrsgﬁmtlppdﬁ) tége p@%\g} p@wgwnfaggy cgﬁ'ynt limitation. This
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configurations. .The

t | t b
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tﬁ§ grgh ¢ tAn&igft@! Thé ?%%} LRHiRAYVR sygenehaf inoﬁhrﬁcﬁf?ﬁ'cthé Yrotective

y~“reduci ng insulation reqU|renents and
mawitol ghn glq@dwﬁﬂy densptimised Her opecattinopusofurtning powlersince fault

di stri but t t | t t but
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conponent parts are preferably intelligent and
aut ononous. The intelligence may be summari sed as
f dlhk pwer disgibuiine ysepaweterabby h@%a @glmbh reglgngant and reconfigurable

g r St ar.

G ot P EDGRH BaradaRhT B RERERLRHER e pover
| Hlstﬁlﬁltlloﬁss@staﬂ 8Wsad @ﬁ&iaﬁz@ldshlpdlblpwbrﬂe@infeﬁg\&erém @nust contmue to
associ ated protective switchgear detects this state of
r SERMI¢FROSVer 4o gritigad spdemy peenpb GRMPeF pats e damaged. The stability

ag@ltﬂg &)OQ’%IC lﬁEsﬁ%ﬁoﬁ {%ﬁl mbs tlﬁatclﬁeg g éJt is@? é@&% (su% as kinetic

transi IS speci |ed ou

a eB@y UE) @V@Eétﬂﬁdn@ aatasned Mai adhitleqrAENtaunchers, for example)
limted by the pow er source ol hack and s abllﬁi r&g
cliak Het@Ppigd- ¢ Thengroperire i .Weg PWRGAANY gHfcHicy! load may be

| QSﬁ)ﬁtﬁrﬁuﬁpdadjusted to optimise efficiency and facilitate “bump-free” transitions
between single island and multiple island configurations. The distribution voltage
may be lower than in conventional power distribution systems, with respect to total
installed power generation capacity, thereby reducing insulation requirements and

maximising power density.

The operation of the power distribution system is essentially automatic but may
incorporate manual reversionary modes. All critical component parts are preferably

intelligent and autonomous. The intelligence may be summarised as follows.



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 electrical |oads shed or revert to

zonal energy stores. The protective sw tchgear senses

that it is safe to open the aflfected output. Wen the

fault is renoved, all other electrical |oads being

shed or having reverted to zonal energy stores, the

out put voltage recovers according to the power source
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system preferably includes at |east one dc

dirgnsiispotts specHisslsanput sharegferistiong a di stri bution

voltage and a distribution current, and at | east one

swit chboard that includes protective switchgear with
COViieaCh Seriditeovdall croekgthestaalt ecuddent helizdpalbypheafower source
di stribution systemcan be connected. to the at | east
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supp rom t irst service distribution Syst
afficlfibackt el sebodisthgs eharaqtmscﬂucswusésutheonutpmstvehragel o réthuce All

ca e th ower djstribytion system rnms part of
fﬁﬁ}q%ﬁ ﬁ cg,cpa rebqrbﬁ(b |ngag RS h e&ﬁ? {or 1ve switchgear

f WEASRE that ﬁ(ié k’eﬁL@ tPopdnl the bfPEOPHLBLONMWHE YR ﬁﬁlﬂset@mo@ed all other
second propul S|on drive system a first propul sion

poleetricgk heda thicorg slyadt emhaviog udvartpdato thenenwestmmﬂle output

source and a sec ul si on ti,.0
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-11- a propeller that is driven by a propul sion notor

whose power flow is regulated by a power converter.

oater Btrreybbdin Ve R BALHTTE RaVEn s ggreraton
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a systérﬁllﬁﬁudlhg fat waaﬁf@ieeﬁow&iadouﬂ‘blftjﬁﬁlp@l)@ﬁ@ @t’)ﬁrbﬂt’o i Second service
supply power to a power converter. 'lhe f
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power supply input may be connected to the first
preparts; Oﬁ Wéaﬁ GereT étﬂeoﬂpéliﬁsﬁ RofeT §£%8{%\5¢1%§Q§}6m can be

S UBRhtddNB Yle TBAsPEne switchboard of the second service distribution system. In
this way, the zonal energy store can be supplied from the first service distribution

system and/or the second service distribution system.

In the case where the power distribution system forms part of a marine power and
propulsion system then it may further include a first propulsion drive system, a second
propulsion drive system, a first propulsion power generation system including at least
one power source and a second propulsion power generation system including at least

one power source. Each of the first and second propulsion drive systems may include



connected to the second propul sion power generation
system and the third power supply input may be
connected to the at |eastt one sw tchboard of the
first service distribution generation system The
first propulsion drive system may therefore be
supplied with power by the frikt propul si on pourer
generation systemthrough the first power supply

i nput _and/or. by. the second propul sion power generatipn
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propul sion .drive syst IS operated in a regenerative
rr%LH’g’%f %%Vﬁerit? APRAR & ng%@%re used to supply power to the

first service distribution system The second

propul sion drive systempreferably has three power

S

Uppfigst prputsion driietpystee Rigfesahl v basdbres POB" SUNPRNIPEFS, gach input
s :
b EhE T B B Pk PR ERIRE of Tl BB Rtk G ¥ifer suitable
sthephsyof plationdyr engde)n eLieefirst powehaipplyriaputpneop bk sbarected to
power generation system . the second power supply. input
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i nput and/or by the second propul sion power ‘generation
sysvenuphlydopi antlioe b denedopbpropulsioppioyer gpreratioboiyetem through

can al so. be suppljed t he second propul.sion ..drdve .
S8 PR B Ereebtmt® s EPUrE ERaREe BealPo By b dipCoroputsion
t BFi O8I G tdnh Erobihe dirG¥RYice EstEBLYor HRtM thrdudhh@e SIEEDHEver supply
propul sion drive systemis operated in_a regenerative

- irput. A derefitsh erppiisianadri v sstene iueragated én 8 upgsingragigquatode then it
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oar 0 second Service
di stributions systens are interconnected or cross
| i nked then further redundancy between the two sides
ofl he fsecond guepulgips dFive sy stem @%raéalﬂ E‘%Eﬁ%ﬂ PR tealy mpgts, each

fir r | si ' : :
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l'inks or other suitable neans of jsolation, for
e%@qsbyr_op? onsRopAEr gﬁ%%tllons %Engp th%ts‘iﬁ?fld power supply input may be

connected to the second propulsion power generation system, and the third power
supply input may be connected to the at least one switchboard of the second service
power distribution system. The second propulsion drive system may therefore be
supplied with power by the first propulsion power generation system through the first
power supply input and/or by the second propulsion power generation system through
the second power supply input. Power can also be supplied to the second propulsion
drive system from the second service distribution system through the third power

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



may be connected to the first power supply input O

the first propul sion drive system and the second

power supply output nmay he connected to the first

power supply input of the second propul sion drive
system The first propul sion ?omer generation system

may therefore supply power to the first propul si on

drive systemthrough the first power supply output

and/ or_  t he secqnd. propul sion . drive s emthrough the, .. .
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| east one switchboard of the first service
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for exanple). The first power supply output nmay he
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t hay éeanansitgaploythp dive potver sl inpst of edjstl pbpudsidnidviee system
system through the first power supply .output and/or .
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ggﬁg{egﬁéﬂgﬁ %fglthﬂgeernHtﬁggé fglysitﬁ{i%r d powerpr%ppl yﬁout p%b?l t hlf(;)é1 Sy
i magethecfablsepplangbves toothadustedropolsidnedrte byséen throagh the first
swi tchboard of the second s rvicq.dis ribution, system d
¢ RRHO BB £Au G BE SEE AP OPHE S SYE DFiRBe secon
dp&El DWplPBugMet 8Mihe Bidt plojRuilRONRowet SEiidrii O¥tem has a third
system may be confiuured such that power can be .
snpwki sgphyoutpuidhatis sedectabbe sidie canrdcraddo thaot 1eaps prawitchboard
t hrou he at l.east..one sw tchboar €..0r I

bt Tl Pt SRBRAST Relih Mol RO R® SynlRito he first
t bgvedatrign@msyst@r e of the zonal power distribution
sub-system a propul sion drive systemoperating in a
regenerative node, a propul sion power generation

S e STele]l y

B bR BBy R LEwBP Yehcr R terf e ERNLEY Hs B Cang, second
c poskd ety @udew, eaclfbeingdsuietaaidy .(biTecaat dfemsyst@neof manually

ower squrce of the first power neration s em.is
Ep@m@p%ﬂ' & other suitable me%ns of is% ation, for exam%fes. r]l]he first power

supply output may be connected to the second power supply input of the first
propulsion drive system and the second power supply output may be connected to the
second power supply input of the second propulsion drive system. The second
propulsion power generation system may therefore supply power to the first
propulsion drive system through the first power supply output and/or the second
propulsion drive system through the second power supply output. If the second
propulsion power generation system has a third power supply output that is 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.



or nore of the fhllow ng: a diesel generator, a gas

turbi ne generator, a steamturbine generators a

conmbi ned cycl e gas and steam turbi ne generator, a

cl osed cycle (non-air breathing) diesel generator, a
battery, a thel cell, a flowcell, a flywheel

generator, a super-capacitorld-i.e, a capacitor with
extrenely high capacity and capacitive energy

density), and a superconducting nmagnetic energy store.

Thi s shoul d not be considered an exhaustive |ist and
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| ecgsneratiee Bile, chbopileion powhiegdiierasion sstecand a remote power supply
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meghli@kfde dedré€oiRbw@iahey.. The dcl'dc converter is
preferably polarised as a step-up chopper when power
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t e t :

aitde o B SR 388 oF n %) RAVG: 5ogBANER system is proerably one
pol afors eflthasfoHowingp a didssel gemboppen gakenbipewenerbifo@wssteam turbine
fromthe zonal energy Store of the Zonal powe

. . p r .
dieeReT MBS sl eXrit & Akt e BITPing GENQay; gglosed cycle (non-air
di j: bt i e T u
obT iRl o BUSEAR, 5 thfopy AT R s K3, LORR Mheel gpnrator, 2
f isosdr-caporer (ige mecaptéin veiyls temmdy gt eapabity and gapasttee energy
such.that .the current. flowis uni- directional, .
 dET hd e b i b Erettey Srke dhisSPat gl msidered
Vel taAssE0 liBCadd® wil W RhdidNuidrstb QB ehabYtheY Qbiv@dSources can be
setpoiint and a steady state droop conponent that is
pusgbrti onal to |l oad current such that the steady
state output voltage is in accordance wth a steady
state load line. Transient |oad current variations

abpt ot desst @AdYpoket Burde OFhBIfiRO pBIveP edc@sitalil YysCan S€ preferably
the output voltage to follow a transient |oad |ine

wisorrectegrta dhepit lepss one switelward plethg sl rticodistripation system by a
steady s load line. Steady state current is

pP§ g¥%@$§ﬁ%Tnited to a particular level. |E | oad

current transiently exceeds the steady state current

limt and approaches, but does not _exceed, a )

p él“ﬁ]pizggglaqalefgyaﬁgqeé}ftth% zonad ppwer distribution sub-system is also preferably

connected to the at least one switchboard of the first service distribution system by a
power converter. In both cases, the power converter is preferably a pulse width

modulated dc/dc converter.

The dc/de converter is preferably polarised as a step-up chopper when power flows
from the first service distribution system into the zonal energy store of the zonal
power distribution sub-system, and the dc/dc converter is polarised as a step-down
chopper when power flows from the zonal energy store of the zonal power

distribution sub-system into the first service distribution system.



limt level, then the output voltage will preferably

transiently reduce with respect to the steady state

load line and will recover to the steady state | oad

line when the steady state current reduces bel ow t he

steady state current |limt. If |oad current

conti nuously exceeds the steéﬁy state current limt;

or exceeds the particular transient current [imt
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the out put voltage and the output current reduce to
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The distribution voltage is preferably stabilised by a transient load line function of the
power source foldback and stabilising characteristic and by a limitation of rate of

change of load current function of the load shedding and stabilising characteristic.

The first power generation system may include a plurality of parallel-connected

power sources for supplying power to a first service distribution system. In this case,



The el ectronic control systemmay also include a | oca
operator interface and a renote control interface,
The present invention further provides a nethod of
controlling a power distribution systemconprising: a
first power generation systemincluding at |east one
power source for supplying pdder to a first service
di stribution systemthat includes at | east one de
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supplying power to the ziixial power supply unit; the

nethod conprising the steps of -16 regulating the at
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ol&e elediromc icontenl -systelppnqgalsmmhldd atlpel operator interface and a remote
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system and td) an overriding inter-tripping
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system comprising;:
a first power generation system including 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 that includes protective switchgear with
contacts;
a zonal power distribution sub-system including:
a zonal power supply unit for supplying power to at least one electrical
load, and
a zonal energy store connected to the at least one switchboard of the
first service distribution system for supplying power to the zonal power
supply unit;

the method comprising the steps of:



wherein the contacts of the protective switchgear are

mad: to close only when the polarity of the voltage

across the contacts is such that any transient or
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The power distribution system preferably has a power source starting sequence where:

the off load bus voltage setpoint of the power source foldback and stabilising
characteristic is initially set to zero;

the at least one power source of the first power generation system detects a
need to start supply power by sensing one of (a) the presence of distribution voltage
resulting from the closure of the at least one switchboard of the first service
distribution system, (b) an overriding start command that is automatically generated
within the power distribution system, (c) an overriding start command that is
manually generated within the power distribution system, and (d) an overriding start

command that is generated remotely;



permtted. to attain any desired value out is always
subject to overriding regulator | unctions that:

limt the rate of change of | oad current resulting
fromdistribution voltage tralnsients; and oppose any
action that would otherw se cause |oad current to
exceed the current limit; ahd-where the current
limt: is adjustable up to and not exceeding a
particul ar value of éurrent const ant
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transients; and

oppose any action that would otherwise cause load current to exceed the
current limit;

and where the current limit:

is adjustable up to and not exceeding a particular value of current limit;

is held constant when supply voltage exceeds a load shed threshold,;

is progressively reduced as the supply voltage is reduced below the load shed
threshold and at all levels of supply voltage above an absolute minimum loaded
voltage;

is set to zero when the supply voltage is less than the absolute minimum
loaded voltage;

is set to zero when the supply voltage increases from a value less than the
absolute minimum loaded voltage and up to a particular value; and

is progressively increased as the supply voltage is increased.



openi ng the contacts of the protective sw .tchgear;
waiting for the partial recovery of the distribution
vol tage caused by the opening of the contacts of the
protective switchgear; waiting for the full recovery
of the distribution voltage caused by the application
of the power source fol dback-a#e stabilising
characteristic; and waiting for the re- application of
the | oad current causes: by the application of
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the load shedding and stabilising characteristic.

The power distribution system preferably has a general purpose protective or power
management sequence including the steps of:

detecting a fault condition or the establishment of any power management
condition that requires the contacts of the protective switchgear to be opened;

generating an overriding inter-tripping command;

limiting the distribution voltage by applying the power source foldback and
stabilising characteristic;

limiting the load current by applying the load shedding and stabilising
characteristic;

detecting a load current interruption;

opening the contacts of the protective switchgear;



suppl yi ng power continuously for any purpose,
supplying power transiently to assist in stabilising
the distribution voltage, supplying power transiently
to support other power sources that have a poor
transi ent response, providing isolation between the
zonal energy store and the fri8t service distribution
systemto allow the zonal power supply to operate,
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reference to Figure 2. It should be appreciated that
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Drawings

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

Figure 2 is a schematic diagram of a power distribution system according to the
present invention;

Figure 3 is a diagram showing the output voltage versus output current characteristic
of a power source forming part of the power distribution system of Figure 2;

Figure 4 is a diagram showing the load current versus supply voltage characteristic of
an electrical load forming part of the power distribution system of Figure 2;

Figure 5 is a schematic diagram of protective switchgear forming part of the power

distribution system of Figure 2; and



the -input;, outputs, termnals and interconnections
of Figure 2 are of double pole direct current tv:oe.
A first Propul sion Power Generation System (PPGS)
includes a turbine 1 that drives a generator 2 to
supply power to an output converter 3. Simlarly, a
second |' PGS includes a turbfe 10 that drives a
generator 11 to supply power to an output converter
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converter 4. Simlarly, a second PDS conprises a

pthepdfecesf igcanmleteilgaddthiedding Bshawpr opul si on notor 8
whose power flow is regulated by a propul sion
converter 7. The output converters 3 and 12 each have
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alThebagt coplaypyld mdzvéndistﬁhmtimlr dys@mnadcodiiing toBthe ghdsent invention

Road, Rugby, VArwi ck 1 1BU, . Uni Ki nad
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SRR Hhphidr Bh?ﬁ% tdgichls 28 NRERLRERHBRY oPFiduFPl2eiRNSedbuble pole
usl ng, Mbtor Grand Vitesse (induction generator

varednujrestuppd.i ed by Convertearn. Finally, for |ower
speed turbines and di esel engines the generators my
be i npl emented using the ALPHA, SETA. and GAMMA ranges

ofa fat PRIPuIRR Bovedt SHeAlioH SysRaNPRES) Sidbitlek @duﬂbyne 1 that drives a
Convertearn. The propul sion converters 4 and 7
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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 may be implemented using any number of different
components and the choice will normally be influenced by the type of prime mover.
For example, for conventional gas turbines the generators may be implemented using
the Two Pole Turbo range of solid pole synchronous alternators supplied by
Converteam Ltd of Boughton Road, Rugby, Warwickshire, CV21 1BU, United

Kingdom (hereafter referred to as “Converteam”). For higher speed turbines the



second SSPGS conprises a diesel engine 17 that drives
a generator 18 to supply power to an output converter
19. A plurality of zonal power distribution
sub-systens each conprise a Zonal Power Supply Unit
(ZPSU) 23 that feeds power into a conventional |ow
voltage (L V) distribution sygien1and draws power from
a Zonal Energy Store (ZES) 22 that is connected to a

first do/d t 2
kel oy SO L] 200 BRSely skt SORYEE! Sovcraor

SYBH SYPLBPBe BN LC oSN, Flal ROFSR I&K/erfsﬁh‘:‘&ftuﬁﬁﬁesbfﬁxdldﬁ@gl engines
in practice. The generators 14 and 18 may be
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di stribution hushas 25; 27 and 29, interposed by
sw tchboards 16, 26 and 28 that are described in nore
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s%ﬂ@bﬁbﬂpﬂﬂﬂlﬁﬂCmﬁ&ﬂﬁmﬂ.33 In Figure 2, the first and
second SSDS each conprise three smﬁtchboards, this
quantity being associated with the quantity of zona
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Tivecls eompdsd rapaonabchpmpﬁumlbrUI@br(ZBSUbﬂMthaé feeds power into a
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pro

C @Réeit %ré(Z%)CZZnﬂﬁCIseébrﬁl@ctbdlﬁ) ﬁlﬂrstt dd@b(ﬂﬂkﬂ@ﬂ‘ 21 and a second
swi t chboard 10 by interconnection 42.
dc/dc converter 24. “In Figure 2, three zonal power distribution sub-systems are

shown, but more or fewer may be used in practice.

The generators 14 and 18 may be implemented using the ALPHA, BETA and
GAMMA ranges of salient pole synchronous machines supplied by Converteam.

The output converters 15 and 19 may be implemented using VDM2500, MV7000 and
MV3000 ranges of pulse width modulated (PWM) voltage source inverters supplied

by Converteam.

The dc/dc converters 21 and 24 and the ZPSU 23 may be implemented using DELTA
modules supplied by Converteam Ltd.



The first input of propul sion converter 7 is connected
to the second output of output converter 3 by

i nterconnection .46. Tilt second input of propulsion
converter 7 is connected to the second. output of

out put converter 12 by intercgnnection 44. The third

i nput of propul sion converter 7-i's connected to the
first output of swi tchboard 20 by interconnection 45.
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st on or' 5 were to be
The second input of propulsion converter 7 is connected to the second output of

output converter 12 by interconnection 44.

The third input of propulsion converter 7 is connected to the first output of
switchboard 20 by interconnection 45.

The output of output converter 15 is connected to the first input of switchboard 16.
The output of output converter 19 is connected to the first input of switchboard 20.
The third output of the output converter 3 is connected to the second input of
switchboard 16 by interconnection 47.

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.



operated in a. regenerative node than power could flow
through. interconnection 42 fromthe third i nput of

t he propul sion converter 4 to the first output of the
switchboard 16. The process by which current that
flows in a short circuit or ISM/resistance fault is
interrupted will now be described with reference to
Figure 3. For the purpose of this description,
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of6the output converter |15 and all O her regions of

the fol dback and stabilising characteristic are

derived fromthis. In normal operation as the |oad
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fault. However, it should be noted that the following description is equally applicable
to faults that may occur anywhere within the power distribution system and to any

power source that feeds the power distribution system.

Figure 3 shows the characteristic of output voltage against variable output current for
a power source comprising the diesel engine 13, the generator 14 and the output
converter 15. The 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



output current or it may conformto any other-

sui tabl e characteristic. By fast acting regulator
action, transient changes in the load current and the
equi val ent output current will cause the out put

vol tage to be displaced fromthe steady state | oad
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The output current is subject to a fast acting overriding transient current limit such
that the output voltage is reduced in order to prevent the instantaneous level of output
current from exceeding the transient current limit. Load current is also subject to a
steady state current limit such that the output voltage is reduced in order to prevent
the steady state average level of output current from exceeding the steady state current

limit. If the load resistance falls below that of the gradient of the steady state



| evel of output current will flowinto the | oad
represented by do/dc converter 21 through protective
switchgear in switchboard 16. If this switchgear is
opened and is able to interrupt the small, non-zero,
current level then the distribution voltage wl|
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case where no other load is present, the fault is
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an additional |oad is presented by a. propul sion drive
voltage returns to the level set by the setpoint.

In the case where an additional load is connected in parallel with the dc/dc converter
21, the foldback will not be released if the resistance presented by this load is less
than that of the gradient of the steady state foldback characteristic. When multiple
loads are connected in parallel, and they must be returned to operation after fault
interruption and clearance, it is necessary for them to shed load when the distribution
voltage is reduced below normal working levels in order to permit the foldback to be

released.



conprising the propeller 6, the propul sion notor 5 and
t he propul sion converter 4. This :Wans that the
dc/dc converter 21 and the additional |oad are
connected in parallel. A variable |load current flows
prior to the fault and the protective action of a
power source conprising the dé@sel engine 13, the
generator 14 and the output converter 15 is
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achieve constant propulsive power or to satisfy any other operational requirement, but

the constant power case serves the purpose of explanation of the load shedding and
stabilising characteristic well. [f constant propulsive power is drawn by the
propulsion converter 4 then its load current will be approximately inversely
proportional to its supply voltage. (A reduction in supply voltage is associated with
an increase in load current in order to maintain constant power.) It is known for
propulsion converters to have a supply current limit function that prevents the rated

current limit from being exceeded when the propulsion converter load is at rated



which it is considered that the distribution voltage
has coll apsed as a result of a fault and under

vol tage tripping occurs. Wien the under voltage trip
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state where its supply current is switched off by the
propul sion converter 4 and t hé&7 -propul sion drive
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propulsion drive, or any other load, to draw power from a supply, usefully, providing
supply voltage is within prescribed limits. The “constant reduced power curve”
shows how the supply current would be free from limitation until the supply voltage
was reduced to the point where the curve of load current intersects the lines of rated
current limit and load shed threshold. The “constant reduced power at permitted low
supply voltage” curve shows how supply current would be free from limitation when
a propulsion drive was operated at relatively low output power with a supply voltage

significantly lower than the range of “voltages for rated load”. The ability of a
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posetbutibst Kbledgei aihrioopied agabilddedfi queelodd bieldthy/ déd stabilising
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operatterisis olotespiestnt gayention thawtare msOvide thes nprswery means of
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regul ators of the dc/dc
employed in order to stabilise the distribution voltage. To the contrary, the terms
refer to classical control functions that mimic the effects and transfer functions of
equivalent passive components. The load shedding and stabilising characteristic also
facilitates the parallel connection of more than one load to a point of common
coupling and load sharing is effective over a wide range of supply voltages. When
groups of loads and power sources are connected in parallel, the total dynamic load

resistance that is experienced by the group of power sources is the paraliel

combination of the load characteristics and these may be programmed to achieve



converters 21 and 24 nost conply with the
above-nenti oned fol dback and stabilising
characteristic. Stepless bidirectional transfer is
requi red between these characteristics. Propul sion
drives may al so be given the ﬁspablllty for

bi di recti onal power flow Whén’a power source i s not
required or permitted to receive power from another
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i notFiegarse 1l ankddi4 mngasowdy withttheviidveeentiosed fobdivick and stabilising
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functionality wll be described w thout detail ed

reference to the exact circuit within any particul ar
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to the nunriber of switched. inputs and. outputs.
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termnals (nanely e | abel | 105, 108,
aRBPYEIROVEGTe Boadelinoadne drehas eedpégzcv?w af)swbtsh%ear foF the

olksPREmgY b Q:Iosgd‘ Bﬁfc') %éﬂ Stce R A LR HUD @ﬁffferﬁfcg ALK current or

power termnals those | abel |l ed 102
1®6tﬂ.unrﬂg)ﬂleaptdvétl§b)1r®rte leessobe abeghlan Wmchﬂmelsurmgaiarales normally

(- ol the direct curre stern.
GrbePRistoron radiec el GHER R The i1 st
busbar 103 is associated with the positive pol e of

the direct cu rent systemand the second busbar 104 is
aJdeeperation of the protective switchgear within switchboards 16, 26, 28, 20, 31 and

33 will now be described with reference to Figure 5. It should be noted that Figure 5
is shown in full double pole format rather than single line format used in Figure 1 for
reasons that will be described in more detail below. The functionality of the
switchboards 16, 26, 28, 30, 31 and 33 is in accordance with a generic process and
this generic functionality will be described without detailed reference to the exact
circuit within any particular switchboard. The detailed circuitry of particular

switchboards differs from that of the generic switchboard shown in Figure 5 only with



with. the negative pole of the direct current system
A nunber of individual |inks connect the power
termnals to the first and second busbars 103 and 104.
Hal f of the Ilinks (nranely those |abelled 113, 117
and 116) are associated with the positive pole of the
direct current systern. The offer half of the I|inks
(nanely those | abelled 114, 118 and 115) are

associated with t negati.ve pol of t h
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system The control systern’includes an electronic
processor 139, a first series of current sensors 129,
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pol e of the direct current system a |ocal operator
interface 140, a renote control interface 143, and
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respectively
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Speed Direct Current Crcult Breakers, suitab
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el et et mbe CuBe el 5 AR uc TR R o 1 iRfeg 414, 118

PAWET 15) 8¢ hdsBethica R}wﬁﬁ’tﬁé a83atitb boletor\ihd dirdee cipfit Spdtath ed
that these |links could be replaced by additiona

doubl e pole nmotor driven switches if desired. For the
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e Lonnect8a’Y
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to be connected to a | oad. The swi tehgear oEerat
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SRS KPS SEY gty Tt B8, 17, g w5
f asdotiaqgiomitls tHemelghtévd pae of fhaulitecceurreantystdnoyestifshsaies loé voltage
p%grllesi)rs 128, 121, 123 and 125 associated with the positive pole of the direct current
system, a second series of voltage sensors 127, 122, 124 and 126 associated with the
negative pole of the direct current system, a local operator interface 140, a remote
control interface 143, and two inter-tripping interfaces 141 and 142 associated with

switches 119 and 120, respectively.

The electronic processor 139 may be implemented using a PECe microcontroller
supplied by Converteam. The switches 119 and 120 may be implemented using
proprietary motor driven moulded case and chassis type High Speed Direct Current

Circuit Breakers, suitably interfaced to the PECe microcontroller.



termnal 112, through the distribution busbar 103, out

of the power termnal 110, back into the power

term nal 109, through the distribution busbar 104 and

out of the power termnal 111. The circuit is

conpl eted by the double pole switches 119 and 1 20.

The control systemis able tdldeternine that the

fault has occurred in the load and facilitates a
protecti ve sequence by opening the double pole switch

119 only when zero current flows in this swtch. It
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offes 1kt oY utapieed R3Sl dhoecsetna e dvom isches if
MAYifg reliant upon the resunption of power flow from

t he power source following the interruption and
clearance of the fault described above. Sone of the

benefits provided, by.the control,k syst i1l .ngw be .
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SBEPbRScl® §F@\ﬂ@ﬂ SHubRNAH Joedr RYmEHAls' @9tand 8096 Sondid8red to be
to 138 and vol tage sensors 121 to 128 with. a
sedrrceied it # paflast response to enable the nature of a

fault to be deter rained, A low resistance fault has

been described and the presence of this fault, and
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and detection of fault current is perfornmed before the

f ol dback process becones regenerative. and fault
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is safe to open a sw,tch .and, sw.tc 19 i s opened.
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processor 139 is aware that other |oads were being
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Some of the benefits provided by the control system will now be described.

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



faults may cause asymetry of current flowin the

positive and negative poles of the direct current

.system For exanple, it is known that a ground fault

woul d cause current to flowin only one pole.

Simlarly, asymmetry in voltages woul d occur during a
ground fault. It is therefore %ecessary for the,

control systemto be able to cause the fol dhack
characteristjgc tq be exercjsed at. tinmes whe ower

SORTRE SEhoRul 6 ddr it BT 4% opSnetE vl SRR Rbsary 123 and
pes4 ONYBIEnPYs FPERSRESan@f dekdttiBh oF FFhRP bient 1§ pbfiSrmed before the
el ectroni c processor 134 determnes that it is
nédésshrpyodess bpeemearnpgpwrativeuhrd fanlii eustent ishiserrupteds the current

carrying current .and. di.stributiaon,yolt.a IS, Qr.esan

Pt kie AR ol A YRk 9Bt 1 O 6 oldback
| RAse beddmdd Rédederstitd)i ALE dfdenands It2n anRrdp@t catdechet @istribution
such conmmunication with the power source connected to .

t Bolingadias callapsethtp approximately Ao, he glpclonindreeasard 39 determines
t gr m 1 .09, ti |y, : :
RELTET ARG USRS R erd] A iy sove
powith $0URMmRld hadnally leosneed éd ptadereesamonadischl 1221 ifahel electronic
111 nmust_have its fol dback characteristjc af%ected,,
aREPCERT bAtk e Uy ofherdoadsarerp pergeupplicdevp papvet peor to the
0 ; g A :
SHERE nl Fh, Shic RRORS, 5F AN oal AR RLtcERATy Fasing loud
weurt@n ising tsersetsr i29pi 31137 n1 30hi 31 aakB8.t he recei pt  of

an inter-tripping signal 141 would be interpreted by

the el ectronic processor 139 as being a need to

| RERIT B bRAERENRONER af QUEEBnitShBEestdtel JIARN cdhiprBdBEe array of
out put 142. - 33 In other cases, the electronic
prosesswould 38 abky tgdetestat widentaage of iogpsr ngpesefuient @ad ithat these
response to other co nds i ncl udi iner alja |lpca
oFBRSIRR edrmanaung el airtat MRy hipaulic Slkigptiypoles of the
| atrestf @agenl distand Eort &anpld, it G ReGvAE eltht GO BFTRAE Sfault would cause
communi cated by the renote control interface 143. It
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S Qalise@Be dldbdeR dhereferichiSto bdekdroiBedsysiraes wheb@ower source output
inter-tripped. It will also be a&greciated. that the
SEPE e are1ned exeRgsiYo andrifis i fogmeth DY Burpess PY 1 ripRgge. If the
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may he initjated by neans of, an earl reak copnt.act,

o BRI Bl 1 r NUER RN Diehas| 21 %/rﬁf 487 rf%dw%eﬂ to such
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a large power distribution systemaccording to the

pl@slectinnected to terminals 110 and 109, respectively. If an inter-tripping signal is
output to interface 142, the power source that is connected to terminals 112 and 111
must have its foldback characteristic affected, and foldback must be initiated by the
receipt of the overriding inter-tripping signal. In another case, a serious fault
condition in a load may be such as to warrant inter-tripping. In this case, the receipt

of an inter-tripping signal 141 would be interpreted by the electronic processor 139 as

being a need to inter-trip the power source using the inter-tripping output 142.



i nvention may incorporate many sw tchboards of this
type. The power distribution system may be physically
extensive and with significant capacitance between
positive and negative poles. Practical |oads nmay al so
have capacitance between posi ﬁve and negative poles
and their | oad shedding may be’inperfect.. It wll be
appreciated that the foldbaek and stablllsing
gerstc MFU Péﬁe rence to, Figd 3 .
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di stribution system first power source being
cUﬂﬂ&ﬂl@jwbthemecmonwtprswsscu’hboar d by the first power
converter; a zonal power distribution sub-systearm
i ncluding: a zonal power supply unit for supplying
PaWeTll bePapbréditsd tidk @Gkt GBlvel @REHbutBA Gyderd ARBrdBIREOINe present
store connected to the first sw tchboard by a second
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C aith @edatitle holek h@rddticsitloady e aka rlﬁvbyba@cttﬁhded)emrposmve and
converter; wherein the first power converter of t

f negativp pales age thsimlops sheddinsemay de irpgtitdt duvdtes @ar?rﬁ@ated that
Aol bAEE aﬁ@ Q{aﬁﬁlafngl G0ACkRAY a8 ABEY With@ference to Figure 3 does

C aracteri s
not take these issues into account and the practical characteristic is shown in Figure 6.

In this practical characteristic, the locus of voltage and current when foldback is
released indicates the presence of the current that results from the recovery of the

distribution voltage after the fault has been cleared.



power source starting characteristic, and wherein the
third power converter that connects the second
electrical load to the first switchboard is regul ated
according to a | oad shedding and stabilising
characteristic; wherein the, power source fol dback and
stabilising characteristic includes regulating the
out put voltage and output current of the first power
cLapagerter of the first power generation system such
that: current flowis uni-directional a steady state
1. out purowepilisuipatips systean semposingn of f | oad bus vol t age
set pQj St e t. .00p conponent that is
pr o%gl#st? %%rgi;&? dﬁg%quglég%y%%r?rl Igcr%g&lgg'ch that the steady
stat e oui piwdt swilchB@ed itlatiifclad&oprdadtee witthgear &ithadyitacts,
state load |line; steady state current is limted to a
parti cul @ | evel ; ~33_ if load current transiently
exceeds [ hpsie ﬁ%&ﬂﬁl‘ﬁ% SusHir’ ebtbdtd B first switchboard for
approaches, but does not exceed, a particular
t r ansi entarging ®distributivt voltedeaind atdistriotiopuwirrent t age
will transiently reduce with reSJ)ec to the stead
ot at AITMOBRIVE SRSCIRHAR PP, WEHARE B ol BOWFasRIyeS Al @ first
pow@adnldhe fof%?lytiﬂ?p&%&qg ¥he ik SerGite @ObERAUS SR D BhOMYst
the steady state current |imt; and if |oad cCurrent
poveayisbunge beisk yomectdds theharsssvasapost dydhe first powerl donriverter;
or exceeds t §.]gatrti C%| arttr.anlﬁhent current limt
| ev®FORY BPY B AR P SHEH Y at t he out put
vol t age aRshal Bewerkupply il fof Blippl AE 66wérto Z&ir8t déctrical load,
approxi mately zero according to a regenerative
process; aherein the contacts of the protective
sSwW t cbgear e e n I
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converegrand that is automatically generated within the

R U G R EEE R .
regRRAVRI acdbfidd RUL i8R ed ¥BEMfoldback and stabilising characteristic and a
power source starting characteristic, and wherein the third power converter that
connects the second electrical load to the first switchboard is regulated according to a
load shedding and stabilising characteristic;

wherein the power source foldback and stabilising characteristic includes
regulating the output voltage and output current of the first power converter of the
first power generation system such that:
current flow is uni-directional;
a steady state output voltage is the sum of an off load bus voltage
setpoint and a steady state droop component that is proportional to load
current such that the steady state output voltage is in accordance with a
steady state load line;

steady state current is limited to a particular level;



and (d) an overriding inter-tripping command that is
generated renotely; and wherein the contacts of the
protective switchgear are nade to close only when the
pol arity of the voltage across the contacts is such
that any transient or inrush currents will be
restricted by one of (a) the power source fol dback and
stabilising characteristic and the power source
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di stri bution voltage and a distrjbution ? rrent;. and. a

auteralisally gsieRted aridiafhieoto ey LR Y08 EfFHg (G 28 VBt Ing inter-
tnpg&gefonﬁﬁﬁ{fﬁlaﬁmmﬁnuﬁlg%&lgr V\@fthi‘ﬁotﬁkl Polver dfsﬁ{bunon system,

plying power to t second service distribution
ands{} dreayerritling istecuippinpowermsuithatds geianged ommeelypahd o
t he eercél% tgle %(\%t%gtg ?) e%rc? ctgvréesvx]fcltcﬁééag 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 characteristic, and (b) the load shedding
and stabilising characteristic; and
wherein the power source foldback and stabilising characteristic further
includes regulating the output voltage and output current of the first power converter
of the first power generation system such that:
transient load current variations about a steady state loading point
cause the output voltage to follow a transient load line whose gradient
is less than the gradient of the steady state load line;
when foldback is applied such that the output voltage and output

current reduce to zero or approximately zero according to a

regenerative process, output voltage and output current remain at zero



power converter; wherein the zonal energy store of the
zonal power distribution systemis connected to the
second switchboard. 3. A power distribution system
according to claim2, further conprising: a first
propul sion drive system &csecond propul sion drive
system a first propul sion power generation system
i ncluding a power source; and a second propul sion
power gefteipphd:@Mals L& it 18l RbplaReRes $OASHE; beyond a
wherein the first propul sion drive systemhas three
pover supplisplirdpisl;sindeach i nput being sel ectabl e, and
the first po ' ' e '
propul st SrCRbMEPERREE Yt B Us3oREPRERERLURE IOF shir Sbad
suppl y iwnitage istigipnpeataledrdcovert had siegoindappapup $é anlesired
power generation system and the third power supply
i nput | sOPSEVHAPEtEd to the first switchboard. 4. A
power distribution systemaccording to claim 3,
wherein the second propulsion drive systemhas three
2. powemposapisyributiputystene acordieg trgelsiel eciehdreompnding3"” 7.

wherein the first. power supply j.nput is connected to

t he? $5°PR S%Y%ﬁﬂﬁﬁ"@‘ﬂ_‘"béﬁé‘?‘g“ﬁi‘ﬁt?gti on system the
second POVRLN®MPRNbohAR ihQuelHEEEBR shirchfir $8BQBtacts,
propul si on power generation system and the third

power supply input is connected to the second

swi t chboar d. ) .power dj stribution t em aceor di
Lo b o o sSond e iR hRbht CotineOftn 1 S RBRE S lifibara
pover geRetatyifp a distirimonaslthgd &id Adistribet@neirpavwand

supply outputs, each being selectable, wherein the
fi rsseqeoderovaumsngragen suttensinglydingct secons RONer isprige and a
wer u r - dr
B Uy SRS S B8 BRSO En e,

the GRESIRICh@lert Dutdeebding Sénreose rto sthip Regonid ryitchbdard g the fourth
second propul sion drive system 6. A power
POVRTSPORY ion systemaccording to claimb5, wherein the

T T She@CRI 54,00 en%?ﬁgto&.ew bl L QAL S BidiEButfont Hsteth is

power supply out put at is selectable and is
connectad ot thd sé@nt keitthboatd. swi t chboard. A power

di stribution systemaccording to any of clains 3 to 6,

wherein the second propul sion power generation system

3. hasafjohat dRAhuSIBR derR QU diB B RPEMIm 2, further comprising:

a first propulsion drive system,;

a second propulsion drive system;

a first propulsion power generation system including a power source; and

a second propulsion power generation system including a power source;

wherein the first propulsion drive system has three power supply inputs, each
input being selectable, and the first power supply input is connected to the first
propulsion power generation system, the second power supply input is connected to
the second propulsion power generation system, and the third power supply input is

connected to the first switchboard.

4. A power distribution system according to claim 3, wherein the second

propulsion drive system has three power supply inputs, each being selectable, and



out puts, each being sel ectable, wherein the first
power supply output is connected to the second power
supply input of the first propul sion drive system and
the second power supply output is connected to the
second power supply input_ the second propul sion
drive system 8. A power di'stribution system according
to claim7, wherein the second propul si on power

whéenefiat ian ppwet & dﬁ@smﬁutt i EshnRenag rioStBPinét PrpRisiont Badver
is selectable is connected to the second

gengrative hiysteny. the, seqop@vp@rwedu Bopiybinnubris sspanediedde dheli segond
pro?ﬁlg %IQ 2 eCeenera on sagtl 10, A Vg]t?lr ?llupd €&¥\§r suP#)]I?r 613%’.{% E)Jt %oglgeétgd to

erV| Ion system

thekédontl sewilisdakbard by one or nore of the foll ow ng:
the first power generation systen the zonal energy
store of the zonal power distribution sub-system a

5. pr 0 LHO%J Hlsﬁ{ﬂu\ﬁ%n% SLETORENLBL Rih B & d&HE]) SFHREdiY Bhe first
g s

a propuf'sion powel generation system an
propulsmﬂqioe/ep @ersaratsanppistenslyst fest anli()secé’n&mmr sttippltyrdutpmg @ach

system accordi.ng t receding claim e
b P RS Tah et Pl SHORle oS AP CC b st Govwer
S e ey nr e B e e Sl it
is conmdsiaded thpylilsepgyas sapply stpwant thersbiond pgenwdsien dnive syatem.

cl osed cycle (non-air breathing} diesel generator; a
battery; a fuel cell; a lowcell; a flywheel

6. 9ENRIMRRE distributidR @yst&ﬁ@@é‘dr&@g to @l&ﬁn 3, SUBRICBB it tpkdiilsion
magneti c energy store. 11. A power di stribution system

poveRs cgangiatign tsystamyhasr @ St pepven sHPPlY Ar@piethat iheelectable and is

connected to the first switchboard.

7. A power distribution system according to any of claims 3 to 6, 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 supply input of the first propulsion drive system and the second
power supply output is connected to the second power supply input of the second

propulsion drive system.

8. A power distribution system according to claim 7, wherein the second
propulsion power generation system has a third power supply output that is selectable

and is connected to the second switchboard.

9. A power distribution system according to any preceding claim, wherein power
is supplied to the first service distribution system through the first 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;



first power converter that connects the first power
source of the first power generation systemto the
first switchboard is a pulse wi dth nodul ated dc/dc
converter. 12. A power distribution system according
to any preceding claim wpﬁgpin the second power
converter that connects the zonal energy store to the
first switchboard is a pulse w dth nodul ated dci dc
CONY BilopElkion pdweg@eion@y&tmi Bt i on system accordi ng
to claim 12, wherein the second power converter that
conhEstose poeerAupRlly sEHeRgy store to the first
switchboard is polarised as a step-up chopper when
power flows fromthe first service distribution system

10.i nt A gdwer digrBhticdnss@h sécrdn®to hg pzapbding pbaier wherein the
di stribution sub-system and the second power .

PO §OwEe af thedIrpgIoXter SaeralionsYLems aRmpY @ﬂ@pﬁ‘fe fRHeying:
powefiefd J&pm the zonal energy store of the zona
power di Stribut’i on sub-systeminto the first service
di s4 gastutbirengenygsiteem -39- 14.. A power distribution
systen1acc§rding?to any preceding claim wherein the

| 0aUSGHT UGN ed” up to the desired operating

PO NEoRGIRES & dModsQind stehMBuMAkd &kbfitorf amp rate that is

specified to mnimse resultant voltage transients

wi t helnsedmycledner-air dresthingudiesehgengstenn 15, A power

di styibution system according to any preceding claim

whet 81" ¥he distribution voltage is stabilised by a

tr apgicesdll;l oad |ine function of the power source

fol dback and stabilising characteristic and by a

| i nd flawicslh; of rate of change of load current function

of ing and stabilising characteristic.

16.£§§%%%ggm%$§?gibution system accordi ng to any

pr egafengalcadbrandvherein the first power generation

systemincludes a plurality of parallel-connected

powR PUPSEORERLINS AN FINEhYower to the first

service distribution system wherein the steady state

current sharing of the plurality of power sources is
11.cooAdiavalr elistbutionstystedy astoadieg do @aop préagdingi dmmpfwitehan the

ower source fol dhack an tabilisin haracteristic ..
firs PO RHSG T SOUECES, P! WREFEIRER 15 RGP aHe eendration
sysfert! f08RE 18084 1tBboafd i APuRk Widdhi hyduRitcPAVWBE cHRWFHEES | S
coordi nated by a transient |oad |ine function of the

power source ffoldback and stabilising characteristic

of each power.source, 17. A.nethod of control.ling a.
12.p Ov\grpoaytgtcﬁﬁgg?tfo syg’)cfg[} 'él?ﬁos%lﬁ% rt? any d):recegmg claim, vgnerem the
second power converter that connects the zonal energy store to the first switchboard

is a pulse width modulated dc/dc converter.

13. A power distribution system according to claim 12, wherein the second power
converter that connects the zonal energy store to the first switchboard is polarised as a
step-up chopper when power flows from the first service distribution system into the
zonal energy store of the zonal power distribution sub-system, and the second power
converter is polarised as a step-down chopper when power flows from the zonal
energy store of the zonal power distribution sub-system into the first service

distribution system.



a first service distribution systemincluding: a first
swi tchboard that include protective switchgear with
contacts, and a first de distribution husbar
connected to the first swtchboard for carrying a

di stribution voltage and Q¥g|str|but|on current; a
first power generation systemincluding a first power
source and a first power converter for supplying

14.POVEI pdvier tdiribuiticit syRRhY héRrdlhs tté lakypr@RdinY A AM, WHkin the
first power source being connected to the first

load wpkt@gﬁ:b@ aanapqslyun tcethﬁudpgtedpmmtmgmm erendingdp g tane vitble
rang)ul\él% tha Sts[rpefl 5] n‘?iqur)m gllfgnlt Q,g% téil%l t?%gisw ts ﬁﬂﬁl tﬁg §‘§&1er

dmﬁ@&ﬂmng&&ﬂL 40- a zonal energy store connected to the
first switchboard by a second power converter and to
the zonal power supply unit, the zonal energy store
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5 SO 0P BRI 10 SO ROUSh SRR AR
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characteristic and a power source starting
characteristic; and regulating the third pomer

conyerter connects the,second el ectr t.o
T G A R G K A P M
ﬁrssp@\béﬂ detibibok Bk @R LRideh b GluraVh Tt hrallEIN@nRENET p&PdisEerces

ol dhack and stabilising characteristic includes the

for §t1mismgfpomgm thei gt sareice disprilutips|sysiga, ahgreduthsuteady state
curfent ghea%1 %ff e pqul](ail{syS £ p%w 501.1%8{3 éo?ﬁmat%fi bg' Qes efa \/\5’ State droop
power &ferati on t'em’suc .ocurrent o 'S

funttiérr of E}&de)maiqur@ follétady asd &t&ﬂmﬁgwliarméﬁsag efi eacli pewer
sum of an off | oad bus voltage setp0|nt and a st eady

souggen pd Whets Bwripmsisat cyrrat Sli‘%mﬁr‘lfﬁb‘? plugaigy of goygiagpurces is

coordinated by a transient load line function of the power source foldback and

stabilising characteristic of each power source.

17. A method of controlling a power distribution system comprising:

a first service distribution system including;:

a first switchboard that include protective switchgear with contacts,
and

a first dc distribution busbar connected to the first switchboard for
carrying a distribution voltage and a distribution current;

a first power generation system including a first power source and a first
power converter for supplying power to the first service distribution system, the first
power source being connected to the first switchboard by the first power converter;
and

a zonal power distribution sub-system including:

a zonal power supply unit for supplying power to a first electrical load,

and



current such that the steady state output voltage is

in accordance with a steady state |oad |ine; steady

state current is limted to a particular level; if

| oad current transiently exceeds the steady state

current limt and approaches, but does not exceed, a

particular transient current limt |evel, the output

voltage will transiently reduce with respect to the

steady si abfulledaghyl ithre @nbeddd to fRCAMEEWItGhEORRI BY @adyond

state load line when the steady state current reduces

bel ow t hRovegreqavyertar and te therzonel POWe supplyritnit the 2988l energy

current t I urrent

i o OB e B B Sl Bo R RN B
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vol tage and the output current reduce to zero or
CoOnyBi¥oxi mat el y zero according to a regenerative

Pr 0G8S$Suth }ﬁh%hﬁege cts of the protective

swi tchgear are made to open only when the

di stegilbting ohe \fobtt popeeracshvehier df she iflvstt powerc genestion hgwem

been reduced to acc ble 41 _l.evels by the
acoPiily AEi BIVET SRE BONEEK B TebiSh B erigte and a power
sousdcairdih S tiGaglipiaCiRyr i stic with one of (a) a fault
that causes an excessively |ow inpedance to be
conregelatng thedhiod powhrecogivertarithaitcoomeoisothe aegond elytrigal load to

rri.di.ng_ inter-trjppi ng .cammand ,t hat,. i s e

the oA B §ReGfibd LR AT Bllish e phemetetiots on
sysaeein( & pdvePVQUrtd €ildgick iafl 8tabilisingdfhangt@R e dudes the
that is manually generated within the power

steRf @ﬁﬁeg'aiatﬂmaaﬂﬂe%t% rreltagerand( QRtp W reug Rl @hp @F digst power converter
' -tr L ppi - s generated renotely; and

Of%ﬁgﬁgph&%ﬁgI%%ﬁ@ggggagfﬁﬁﬁ%m%rotective swW tchgear are
made t o alrmmeflowliyumhdrectioddl;e pol arity of the voltage

across the c&gtacts is such that any t ansigp} r

inrush EdlrShs@igPPpub¥oliageris the sHMpY! B! a@%ustwétage
power so f LS ar [t 4

End T he PO Gl oL i Car e o ot fPaen o (oo
t he | oadcwteatislichghatdinlstsadyizitdte suipgt vhtgadt @racsdrilace avith a
wherein the gye&Paﬁgrpe t bl dback and stabilising
char act eMFalSEe P includes regulating the output
vol t age aBgiyQu®blrr&i i 18Rtedb o figtidularIbvdponer

converter of the first power generation system such
t hat : if load current transiently exceeds the steady state current limit and

approaches, but does not exceed, a particular transient current limit
level, the output voltage will transiently reduce with respect to the
steady state load line and will recover to the steady state load line
when the steady state current reduces below the steady state current
limit; and
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 to zero or
approximately zero according to a regenerative process;

wherein the contacts of the protective switchgear are made to open only when

the distribution voltage and the distribution current have been reduced to acceptable



transient load current variations about a steady state
| oadi ng point cause the output voltage to follow a
transient | oad |ine whose gradient is |less than the
gradi ent of the steady state |load |ine; when fol dback
is applied such that the opytput voltage and out put
current reduce to zero or approxinmately zero
according to a regenerative process, output voltage
lev@l§®yQhé Ritbrabtidn’ Nthel R Roddce Z61dBadk arRPRABIKIAR tcBAtcteristic
zero until | oad inpedance has increased beyond a
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clains 17 to 19, wherein the distribution voltage

chagactaistic sedl theypawerrsanise streting elehradterestie.uanst (bd theofoad lsbeddlng
mupg £.SO rcetfokdba%k and stabilising characteristic
SN ERIF oW %f rate of change of |oad current
funghdrein t1Rf pbier Isoade shedhatiohndnetabilisiig| tigirfgeristic further
characterlstlc 21. A nmethod according to any of
inckydey segulatng élezoltpwévitegmanwwr@ﬂem@he figd heat petyerter
ty..of parallel-connected
mxﬁgﬁh&gé%ﬁf Ogsﬁ%%%§+§Vﬁg power to the first
serorarrs&nd l(mtlrdubneht' Oarisipas ehout\mgeaeliyrstdth éoxlirgapyinstate the
current sharing_q Iur power sources i s
cootHPHatodasn P @lﬁ)%aavnglﬁla 4#186 pvh% Braicgh1solesy than the
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V%C%H%f&gﬁgt% urc 51&'&@ §V\/ner ein the transient
curwhcﬂt fcslﬂbaqknxg afplicth esuplh uhail the youmput pml@ge siod rcme}suti ®rrent
coorﬂinahfd by a trans oad (ﬂ uncti on of
powEH Solfr €8Ot Ui EIEPJB’E“EE“&Y 810 B‘f‘ﬁof 1) do &15%8‘&%?‘( Pﬁ"&ess
of Sagh RAMBE adPY V\%ﬁt ciérfent AerBh N GeRCEOLIHHGmhRIARFo @htil
claims 17 to 21, erein the power distribution
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bus. val t.age set
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initially partially recovers and then is ramped up to a desired operating point.

18. A method according to claim 17, 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 power distribution system.

19. A method according to claim 17 or claim 18, wherein all the parameters of the

power source foldback and stabilising characteristic are programmable.



characteristic is initially set to zero; the first

power source of the first power generation system

detects a need to start supply power by sensing one

of (a) the presence of distribution voltage resulting

from the closure of the fjyst sw tchboard, (b) an

overriding start conmand that is automatically

generated within the power distribution system (c) an
20.0VeATh&dhdPacebidg to%ﬁ?"@@ﬁnﬁi"ﬂ tol ), Rk thé deRBUtRhedItage

within the power dis buti on systen1 and (d) an

is siakehwddbhgt tr@raﬁqnt dowrdrding fuhetioni ef genpeweredoyreanededcy; and
stal?1|f)§1§g %a \%:g?ns%l L?Pg E)e dl1r{112%t130tr1faortI ras%@%ilyr{ 1%t Qgéﬁe{u‘rrehbﬁlnctlon

gener a

of thY §dadFhédlirgl Aidt Ehilasme &Hmcta‘rfsnb.oad bus voI t age
set point of the power source fol dback and stabilising
characteristic is ranped up to a desired operating
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| oa age 1's 0 the desrr oper at |ng
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resyl t ant volta trans thin the
souffesehy BeteGh ity BRsia S RsiRRsH Tt BurlitgT PBve SoHe i
coofdin®ed Wyah Nradientieddelife dhhctioACoP A PBWE Sowte tfh@back and
power source starting sequence are progranmable. 25. A

stalrising gharedenisdicod cadh power spured.ai ms 17 to 24, wherein
the | oad shedding and stabilising characteristic
i ncludes the step ofregilating the |oad current

22.accantdéthed d@orling W &8Nt dldifistl 7901, Whekin thagoser distibution
gm\germtted to attain any desired val ue but is
sys RAVH 8@YICE SfapingsequsinagWhe§ul at or functions that:

rQh'é é)tfpl%aa %h? Vglfta I(}?ﬁrgglet Qf tﬂ@@v&%@ﬁﬁ@tfoﬁﬁﬁcﬂ ﬁﬂdnﬁablhsmg

stribution tra ent's oppose
chaamitermncushattla\lwlsbuioabﬂmervm se cause | oad current to
exc ed_the current and where.the curren

|
TSl POYYT FOYEB1 thfp fifsh PRHGr AGHereiateRaHY a§ets a need to
stax@ @ﬁﬁﬂl? BhREr HPsdhSin@Tont WF(HNhe bleMddce of distribution voltage resulting

from the closure of the first switchboard, (b) an overriding start command that is
automatically generated within the power distribution system, (c) an overriding start
command that is manually generated within the power distribution system, and (d) an
overriding start command that is generated remotely;

upon detecting a need to start supplying power, the first power source of the
first power generation system is started and the off load bus voltage setpoint of the
power source foldback and stabilising characteristic is ramped up to a desired

operating point.

23. A method according to claim 22, wherein the load voltage is ramped up to the
desired operating point according to a time-variable ramp rate that is specified

according to the dynamic capability of the first power source of the first power



is held constant when supply vol tage exceeds a | oad
shed threshold; is progressively reduced as the supply
vol tage is reduced below the | oad shed threshold and
at all levels of supply voltage above an absol ute
m ni num | oaded voltage; ig;set to zero when the
supply voltage is |less than the absol ute m ni mum
| oaded voltage; is set to zero when the supply voltage
genleRi0A 3586 fah@ Metheé@kd Al dve &R firftafdwieh Sourab®rbfressively apply
| oaded voltage and up to a particular value; and is
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cu&d&ﬁbﬂgk and stab|I|S|ng characterlstlc and wai ting
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is held constant when supply voltage exceeds a load shed threshold;

is progressively reduced as the supply voltage is reduced below the load shed
threshold and at all levels of supply voltage above an absolute minimum loaded
voltage;

is set to zero when the supply voltage is less than the absolute minimum
loaded voltage;

is set to zero when the supply voltage increases from a value less than the
absolute minimum loaded voltage and up to a particular value; and

is progressively increased as the supply voltage is increased.

26. A method according to claim 25, wherein all the parameters of the load

shedding and stabilising characteristic are programmable.

27. A method according to any of claims 17 to 26, wherein the power distribution

system has an over current protection sequence in a situation where a low impedance



system has a general purpose protective or power

managenent sequence including the steps of detecting

a fault condition or the establishnent of any power

managenent condition that requires the contacts of

the protective sw tchgear_ 1P. be opened; generating an

overriding inter-tripping command; limting the

di stribution voltage by applying the power source
fauft QceRaGK A ?ow&t aRirlbuEibN GySEAT Bfet GFeck Tutrent profctibm Jedulice
~ lead current by applying ¥he | ead sheddi ng and
inclydigithe gppspt: characteristic; detecting a | oad current
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contacts of the protective switchgear; waiting for the
soufeg) fpldbagkoand sjabilisingehagaciaristibut i on vol t age caused by
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charataspit; cati on of the [ oad current caused by the

applicati on of the.load shedding and stabilising
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f r owpitiog foupd ipesiapoemveryoof thehdistringionsenliage ecaused by the

di stribution s em . the power being regulated for the
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transiently to support other power sources that have a

poor transient response;

28. A method according to any of claims 17 to 27, wherein the power distribution

system has a general purpose protective or power management sequence including the
steps of:

detecting a fault condition or the establishment of any power management
condition that requires the contacts of the protective switchgear to be opened;

generating an overriding inter-tripping command;

limiting the distribution voltage by applying the power source foldback and
stabilising characteristic;

limiting the load current by applying the load shedding and stabilising
characteristic;

detecting a load current interruption;

opening the contacts of the protective switchgear;

waiting for the partial recovery of the distribution voltage caused by the
opening of the contacts of the protective switchgear;

waiting for the full recovery of the distribution voltage caused by the

application of the power source foldback and stabilising characteristic; and



providing isolation between the zonal energy store and
the first service distribution systemto allow the
zonal power supply to operate independently when the
first service distribution systemis subject to a
failure; or allowing the fj4st service distribution
systemto operate independently of the zonal energy
store when the zonal energy store or the zonal power
Supwhiying SorSthbjreapplicatian of #id Ik current caused by the application of

the load shedding and stabilising characteristic.

29. A method according to any of claims 17 to 28, wherein the zonal energy store
of the zonal power distribution sub-system receives power from, or supplies power to,
the first service distribution system, the power being regulated for the purpose of:

re-charging the zonal energy store;

supplying power to the zonal power supply of the zonal power distribution
sub-system;

supplying power to the first service distribution system;

providing a bulk energy store;

supplying power continuously for any purpose;

supplying power transiently to assist in stabilising the distribution voltage;

supplying power transiently to support other power sources that have a poor
transient response;

providing isolation between the zonal energy store and the first service
distribution system to allow the zonal power supply to operate independently when
the first service distribution system is subject to a failure; or
allowing the first service distribution system to operate independently of the zonal
energy store when the zonal energy store or the zonal power supply is subject to a

failure.



