- | Power distribution systens DESCRIPTION Technica
Field The present invention relates to a power
di stribution system and in particular to a "smart"
power distribution systemthat can be used for marine
power and propul sion systensi-The power distribution
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busbar systemis divided into a first MV a¢c busbar and
-panagement 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 W busbar that are interconnected by
protective switchgear. Afirst low voltage (LV) ac

busbar is connected to the first M ac busbar through

a first transfornmer. A second LV ac busbar is

connected to the second W acjhusbar through a second
transformer. The first and second LV ac busbars are
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switchgear is located between the minor L'V 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. The conventional FEP system shown

in Figure 1 has the follow ng technica
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i nfl uenced by the nunber and type of generators G
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CUKd¢ @agnitmly ofXeefadlt cheert apaliiubndey byfthe hmnh&:rainkiaja;beeof generators
protective sw tchgear. Mediu vol t age

(<3 5% P-UHE Sy RO PR OB THUGIPITRG (1R dhg gombined
! &@ra%rqﬁlﬁg@é’fﬁc e ABREOLIR 3 QRdns PREIA drB86hs in prospective fault

ation systens in order to allow a sufficiently
hmghant dicstir idndt pxmmeotwht agéprhentbectisednso loveriolre continuously
protective switc li.mtations. The characteristics
WfPﬂ@ﬂﬁEHéPSFB?%g%fﬂﬁ§“WHPYOQndely interms of tine
dependency and peak magni tudes of ac and dc
conponents to aid |oad sharing. (Automatic Voltage
Régumapatsle(0AURspulicerrdgds gweﬁzﬂlSQdoaSaiI&trlb@tw whaes ﬁg: the voltage

Mor eo t hese act.er

T aLRe s B Ena PORESOF TS B E S al b s gprgpinsatid
Dp&er fathPiifencleasé®bn@¥RERutibhalblthge Gorghed, tige tdislting fault
generator and their resultant coupl ed governed and

@gmnat:w pespbihresipibifitbel Sisbjedibleraicgihve swisgngear. Medium
%Slﬁgéltptgl(\ﬂv%f gls\mﬁqmﬁ sygclél%l an_%heg/%qgr ?éo?trt% e u§e of load step-down

ol nt n cou
dtr&ﬂ@ﬁb’ﬂﬁdr@&nd qfebﬂns@iem@menm @ﬁl‘@ﬂiﬁiinl Grdepar dlimhauffwwntly high
during the swtching passive circuits such_  as
f fistrugon veltagedp e Wniép SVERAMg @rqt%wﬁ@y&cweahgmgﬁ&@w
The FEP systemis often split into multiple points of
common coupling that are often referred to as
" Tht almatscteristict of Ehleqmd& atvey Gheaycenpedtidg it oges o€ timiendependency

F 8t srflgreTaiine r tnthar oS bao Sebara Seig (Automati
ggg};c%?ﬁe | tgﬁ?&%g&%ﬁ?géﬁg Figsqngﬁédl odeQr afatd@An®) Moreover, these
characteristics are greatly influenced by the type of prime movers (diesel engine D or
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




failures. Synchronisation and | oad transfer between

i ndividual islands is conplicated, particularly when
they have di fferent degrees of harnonic pollution and
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di stribution system Once an ac distribution frequency
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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
(MVAC), it is also known to distribute de current at low voltage (LVDC). Although

these LVDC systems derive their de current from MVAC current supplies via current




For exanple, an SSDS may use phase-controll ed

transformer rectifiers to derive a LVDC distribution

vol tage froma conventional MAC distribution system
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experience a transient i ncr ease that is known to
stress conmponents that are connected to the SSDS and
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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.




contacts are opened following the interruption of the

fault current. Linear regulator dc power supply units

use a technique called "fol dback" to limt regul ator

power device dissipation during short circuit | oad
conditions. A foldback systep_typically conprises an
output current limting regul ator whose reference is

out put vol tage-dependant. If |oad inpedance drops
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a stabilising characteristic

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
foad, 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;




with one of (a) a fault that causes an excessively | ow

i npedance to be connected across the distribution

vol tage, (b) an overriding inter-trippi ng command t hat
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di stribution system and (d) an overriding
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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




the protective switchgear (optionally an off-Ioad type
swi tchgear) to open. A nunber of electrical |oads nay
be connected to the power distribution system and
these are all electronically regulated by fast acting
means (such as a power converger, for exanple)
according to a particular |oad sheddi ng and
stabilising characteristic that causes |oad current
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ecific electroni¢c proc nds, b thod .
0 he.m@té?mtersvwba@ar wpensg»p@steﬁeetf Ot e o b 1gad curtent is such
d%ﬁoﬁ‘ﬁ@w the ol 99(/&(5%@%% fhellY 184 SRRV dTREREe 1011280 RPWBLording to

ution sten1does not require serial
cmﬁﬂﬂhuﬁanﬂbmib@hm&@nwﬂhefénsbwpsuwﬂmgepnuﬁbs&@u&@gphamonof

protecti.v t chgear ct.rical in order, ..
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power distribution systemitself Al'l the conponent

pamdise@fecttthéh@&miy dblsge itbhe smnmm@ﬁw stqady atage response of
a to %‘??I ﬁ and autononously. However, if seria

& %8%i s provided then the power distribution
systen1|s capabl e of benefiting fromincreasing

intelligence and automation. Local manual controls
nra‘tze bloysr mothde dan elsodiel indisiqsiobie athep &rituge tpggRethal gre detected by

| H lraISbFliIS‘!:O?d atlgl]r’c%%ggeétpo%l %Jesg)l St q %}JV\EQ&% éC?%h%n gI'OCESSOl
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SUBnEMBdL Y a Mathol REakEEHRpaigZ ONHl aspeudy gl thetaetesd arcOpreferably
These zonal energ g stores are |nherentI¥ capabl e of
s DfsEermpRC by \iEpls memswether pasyier disiibug At &gy ot require
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p etk reldcarical écatdsl ﬁﬁb1deﬁ&d$0@®ﬁtﬁdﬁc&tﬂket distrivatedomadlliganerand an
effective means of communication is provided 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.




supply unit despite interruptions in the distribution

vol tage. However, the zonal energy stores may al so

supply power back to the first power distribution
systemto assist in the stabilisation of the

di stribution voltage. Power cgnverters are preferably

enpl oyed to adapt the outputs of all power sources to

t he approprlate dc distribution voltage and to provide
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or exanple) can
S l;hppd:huegitraﬂ'dnﬁmtsp r 6po pbwcmdletfrxbpbme systimavamdbg mrtycular thc protective
el ectri cal d ngé be. co tlnuousl adj ust ed
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jrd élﬂr?ﬁvncﬁ?f&_r WeRRiefisRe Bmitsd BRseiARIndMbt i pl e i sl and
n I gurations he distribution voltage may be | ower

than i n conventional power distribution systens, with

r ect t t i nst al | ower rati o [
L B anyer SabiiAge sedar v ERORENT + BRI BuliRi-e ARFRCHrgurabte
Mesploll St PrarQae bradempiiddtadatibs, qmﬁsr@tplaﬂﬁuﬁﬁ tlﬁ\%oﬁémﬂf the power
di stribution systemis essentially automatic but ma

y
| drsmh@l@pawstwmaallscc} en eeEdlghirsyornpderringy whereit el continue to
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assSocCl at rotect SW tC ear etects this state o
r eaglirmessy adjusted to optimise efﬁcxency 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.




and cl oses. The power source is safe agai nst backfeed,
senses that it is on-line and transits to its

speci fied out put characteristic. Wen a serious

overl oad occurs, the fault current is limted by the

power source foldback and stagbilising characteristic.

The protective swtchgear rapidly | ocates and

classifies the fault by reference to its sensors. |If

the fault persists, the power source foldback and
stabilising characteristic causes the output voltage )

t Wheadupewerpsdurcee(saeh @b calerieraels fethexhuanio)r Byitted; dts associated
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The power distribution systemmy further conprise a
second power generation systemincluding af |east one
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di stribution systemcan be connected to the at | east
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system, | n hi s , the.zonal ener tore can be
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case where the power distribution systemforns part of

aamhiti headpbegdinganl stphibpog shasecteissicamenteardi t may
further include a first propul sion drive system a
second propulsion drive system a first propul sion

PINE poBRN alidtib@ibnS %\,&te@m rhA€ fueticd Goatprise as becold op@ngieneration
source and a second propul sion power generation system
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suppl'y ‘power 'to a power converter
connected to the at least one 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




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 conpected to the first
propul si on power generation system the second power

supply input may be connected to the second
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power supply input ma e connected to the at | east
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PRI Fovh tP@peFegRned@di on system through the first
power supply 1 nput and/or by the second propul sion
power generation systemthrough the second power
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propul si an .power ,generati on St and [ .
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PEQPAL SOk eh eNRIppYeRaratd dre fHysdearitd distoibglion ¢yBensecond
power supply input. Power can also be supplied to the
second propulsion drive systemfromthe second
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e sl L TAPILY, BOUSE) 15, LR SSCOn SErLSS e gt
B Ha e BT P e U her *r eBEidane,™ ™
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Czsﬂ]pp%? it p&? \rgagf%%'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




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
isolation, for exanple). The first power supply output

may be connected to the first power supply input of

the first propulsion drive system and the second
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power supply input of the second propul sion drive

systeem  The first propul sion power generation system

may t herefore supply power to the first propul sion

drive systemthrough the first power supply output
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t hen power can al so be supplied to the second service
diesviee BigtitoHoB y¥i®m - 13- The power distribution

system may be configured such that power can be

supplied to the first service distribution system

t The yedvrdhgroptilsloaaséwangerewitioahbemnd phyferably bas fimdramd second
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SLaFEHRULIRD USSR ol OPULRIGN 1 Lignptn O, ot por
gepehatutgut syst dm caancetal tertbt sepomeposappipply 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.




system such as a shore-based power supply, for

exanple. This provides a considerable degree of
redundancy. The at | east one power source of the first
power generation systemis preferably one or nore of

the follow ng: a diesel generapfor, a gas turbine

generator, a steamturbine g€nerator, a conbi ned

cycl e gas and steam turbi ne generator, a closed cycle
(non-air breathing) diesel generator, a battery, a

fuel cell, a flowcell, a flywheel generator, a
sTipepowaphstiibaton sysem may apacifipredudh thattposreelcgn hé stpplied to

capacity and capacitive ener ensi t and.
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| east one switchboard of the first service

di stribution systemby a power converter. In both
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first power generation systemis preferably regul ated

st that the current flowis uni- directional.

Further regul ation provides that a steady state out put

vol tage can be the sumof an off |oad bus voltage

s&hpat tashode poseeaoyrcs odtthe dirgopo s ngroretion tsiystem; & preferably

' I | pad cu h .
CraRgblship e 4 rRR FUHRO R il RRE SR R gyotem by

sthaler dopagtdrl ne. Transient |oad current variations
about a steady state |oading point preferably cause
the output voltage to follow a transient load |ine

”Ii B2 Gonal energy store of the zonal power 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/de 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/dec 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.




gradient is |less than the gradient of the steady state
load line. Steady state current is preferably limted

to a particular level. If load current transiently

exceeds the steady state current limt and

approaches, but does not exceed, a particular

transient current |limt level, then the output

voltage will preferably transiently reduce with

respect to the steady state load line and wl |

recover to the steady state |l oad |ine when the stead¥
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power distribution system.

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,




Is preferable controlled by an electronic contro
systemthat includes an electronic processor, current
sensor on all distribution busbars, incom ng busbars
and outgoing busbars, voltage sensors of al

di stribution busbars, incom ng busbars and out goi ng
busbars, inter-tripping inputs, inter-tripping outputs
and drivers for switch actuators. The electronic
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di stribution current, and at |east one sw tchboard

t hat incl udes protective switchgear with contacts; a
ZDR@lat peiseondisstitchipst imay snddudky siseivution | udbarg: inaomomgabusbars,

power, supply unit for supplying to at | east one
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distri ion system supplyl ng power to the zonal
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have been reduced to acceptable |evels by the

interaction of the power source fol dback and
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CORRRE t@Mprising:
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:




across the distribution voltage, (b) an overriding
inter-tripping command that is automatically

generated within the power distribution system (c) an
overriding inter- tripping conmand that is manually
generated within the power digfribution system and

(d) an overriding inter-tripping command that is

generated renotely; and wherein the contacts of the
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sitavilising ceeguMense; and (b) the |oad sheddlng and
stabilising characteristic. The dLstribution vol t age
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di stribution system "and (d) an oOverriding start
commentetistihand itke presmersaned stasting s¢qpence, #7d (Jpdhe load shedding and
to start supplying power, the at

Igﬁ§’$8ﬁgh%8a§?g§0urce is started and the off | oad

bus vol tage setpoint of the power source fol dback and
stabi lising characteristic is ra up to a desire
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source and the need to allow the at | east one power
source to progressively supply an increasing

PLRE BSQEP&stHEutHhesytst‘%ﬁ%refe‘?ﬁqy Gy d Werisgutrc@ SlaR¥&Equence 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;




di stribution systemto mnimse resultant voltage
transients within the power distribution system The
t oad sheddi ng and stabilising characteristic
preferably includes the step of regulating the | oad
current according to a curreniylimt such that |oad
current is permtted to attain any desired val ue but
i's almays subject to overriding regulator functions

that: hidH detddifig aateed of st@h%ﬁgﬁlyﬁfg doead thef RAst one power source
resulting fromdistribution voltage transients; and

owpsareedannyd thet 9frioach s woltage wineintiisibe Rowss spwisg foldback and
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particul ar val ue of current I|n1t I's held constant
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pFbRy hesdsYalaEy maydbe samees vinde SRfppesjred SPFEERS RS afading to a

bﬂn@%ahgﬁﬁl Qﬁg actE%t id %{eg %Qlagcoq&%#% i Aynhﬁl‘i’ceéa%a&ﬁlty of the at
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| ess than the absolute .m ni mu
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to a particular value; and i1s progressively increased
adistrhhatisnppitgm.vol tage is increased. -18- Al the
paranmeters of the power source fol dback and
stabilising characteristic, the |oad shedding and
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starting sequence are preferably progranmmble b
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paMRFiosl t8htF | buti on systen] the over current
protection sequence including the steps of: |ocating
the | olminfhedaitcel phange ofi lord sutrmed jseweng dost rdiw&yw@ﬁ voltage
é 15%93 ah&n1t|ng the fault current and distribution
Fkage’by appl yi ng the power
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.




source fol dback and stabilising characteristic;

limting the load current by applying the | oad

sheddi ng and stabilising characteristic; detecting

fault interruption; opening the contacts of the

protective sw tchgear; waiting for the partia

recovery of the distribution voltage caused by the

openi ng of the contacts of the protective sw tchgear;
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vol tage caused by the application of the power source
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for %%e ée-g&glica%iqgfof the l.oad current caused by

t e PESHRPly AE P gAME able hreAny SRR VEREH 9485 and st abi | i si ng
characteristic. The power distribution system

preferably has a general purpose protective or power _
bimeaygpervee i stelewf ierrysteinu b dibhghastrs orepyraf prajedti@ospaugnee in a
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AR 2 ARG TPBIER e Bt B e s R system, the
t H&r QSR Prot¥@ichWel thee alclidhdBe oRpHNSH; generating an
overriding inter-tripping comuand;, limting the

di st ri leaatingrthe bivt geedageedipplt yithi haeopendistrigpiereystem;
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Siciadd foribagk akhadAkdies tiakidteristiet ecting a | oad current
interruption; opening the contacts of the protective |
swi t chiysiting 1o logs evirnts iy applyingathy dead éﬁ%\ﬁé}gy ag¢ stabilising
t g¥g£%&ﬁgbution vol tage caused by the opening of the
contacts of the protective switchgear; waiting for the

full résesekyadf intdtipdbst ri buti on vol t age caused by

the application of tP@_pomer.source f ol dback and
st abi | PRENHRE (R SPHRGIRPT GEIPEOICHNG SWHFRSSE for t he
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applicatio oad sheddi ng and stabilising
c bpanaigs iths tomactThigthe pradetienewgyhgtior e of t he zonal
power grimstitnrgi obrIt ti:h%nﬁﬁlu t3écso g{tyer& TRY C{ig[&g{lt\ll(gl Qf%ﬂggre caused by the
application of the power source foldback and stabilising characteristic; and
waiting for the re-application of the load current caused by the application of

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;




from or supply power to, the first service

di stribution system The power is preferably

regul ated for the purpose of. re-charging the zona

energy store, supplying power to the zonal power

supply of the zonal power disigibution sub-system
supplying power to the first service distribution

system providing a bulk energy store, supplying

power &bl NdOURE YaftRE radtveBUbPese distiRpioyi NdtapewRtsed by the
transiently to assist in stabilising the distribution
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supply is subject ailure. Drawings Figure 1 is
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propul si Figure 2 is a schematic di agram of
ppmératdy segui doert fom the papem et oeaq:idzrgxgg, the 2dnel ensraswae, supplymg
i nvent i on,
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f plications, and in particular to a power
dlg)lgb r(ﬁrg(tt ?dgln%gyst emthat is highly suitable for naval

shi ps and submarines, it will be readily understood

that a siml ar
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




topol ogy and control nethod can be used in other sorts

of power distribution systens such as |and-based or
aircraft-based systens, for exanple. The basic

topol ogy of a power distribution systemaccording to

the present invention wll pey be described with

reference to Figure 2. It should be appreciated that

all of the inputs, outputs, term nals and

| PLoRFCO ML BlalbAns sifwilth S Qutgutdloftagd velowh BpiRQurent characteristic
direct current type. A first Propul sion Power _
Gehepaweospusys fosmingPPacsp! theatonds slisiribuiion; system ehBigure 2, where
dpi v a.ge . ower to an out put
c%ﬁ&%@géﬁk%xggﬂﬁ%%%F%?%&gﬁégg%ﬁgRPPGS i ncl udes a

turbine 10 that drives a generator 1 | to supply power
to_an oqut put converter A first Propul sion_ Drive

120 A on,
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converters eac ave three sets of input
termnals, all such term nals have |inking

arr angenent that will. be described in nore detail . . .
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USiiMgoRDE RNERRE with FhifébRlanFipGe P ANeusl B& pprB@ated that all of
choice wll normally be influenced by the type of

p thiemmprisy entputs Fearménadirphe intergpnreghomsned Sigare gage of double pole
tyrbines the generators nmay be inplenented using the
T§Baﬁ8P€m¥3w§% range of solid pole synchronous

alternators supplied by Converteam Ltd of Boughton

Road, Rugby, Warwi ckshire, Cv21 IBU, United Kingdom .

( RetisaProghisioasReryes Geperatian SpupdPPeaningludeps tysbighd that drives a
spee ' he -21- ge Y bes: .l u
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speed turbi nes and diesel engﬁpes he gen ratogs,ngy
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g%ﬁ(@)gll}siti(ggko?#{ﬁ WJRE NI RNQUSWTBE RE AR S WRPL gﬁ%ﬂ?ﬂon converter 4.

e propul sion converters 4”an may be
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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




The propul sion notors 5 and 8 may be inpl enented using
Advanced I nduction Mtors supplied by Converteam A

first Ship Service Power Generation System (SSPGS)
conprises a diesel engine 13 that drives a generator

14 to supply power to an outpdf_converter 15.

Simlarly, a second SSPGS conprises a diesel engine

17 that drives a generator 18 to supply power to an
OskirREHtor§ OYE bk Elinplénered ludingl Moyorofiranan®llteRO@iduction generator
distribution sub-systens each conprise a Zonal Power

Svasising supplied(brrSuvertigam h Kinatluelgs loyespeadiu@ings and diesel engines
ti | : . Ut
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| 6f osmaoledntioonodsi mathime/sdgpliedbyeldneert@inand a

second do/dc converter 24. In Figure 2, three zona
power distribution sub-systens are shown, but nore or

f - he ' aet.l ; :
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r any &4V adols adrigentof palle sydtb hmoddaed n®sViM) eslsgppbined inverters
by Cﬁg%erteanl The out put converters 15 and 19 may be

i FRPERE RY S4NYRICAR VDMR500, MV7000 and MV3000 ranges

of pul se wi dth nodul ated (PWW) voltage source

inverters supplied by Converteam The dc/dc

chhy gropisoR nco 24ndnd mde bZASigl@semedy upleg Advanced Induction

I ppl enment ed ,usi DELTA nodul es supplied by
CEEV@P§ eﬁﬁaﬁggégﬂmﬁb -22 Afirst Ship Service
Di stribution System (SSDS) i ncludes dc distribution

busbars 25, 27 and 29, interposed by sw tchboards 16, .
26 fdSip Sehace RowerdeaneritivadysiemniSod Gie campysesiediow] engine 13

Si,m |.arl a _Seco SSDS j ncludes dc distri IO L
oliebafsedp a3 1% 35 SR EoBTR g Mbl HtlALT T Sierty. s
3decand S3PGY Bordthi@ek & diesdlhanglier 51 tiandirses angbnSGE¥ 18 to supply
each conprise three swi tchboards, this quantity being
apewel tataacpuiut Forvsater bdnd RIyrabty ofzzonal pyReistribution sub-systems
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t GorvehiGad 1Gw pRItygo® (L Y tisathiien tsgste@BandTH@we grovwen Srom a Zonal
conmponent parts of the power distribution system ar

i Fheigy oneiedEs) 34 thqtdmcg%qcted to a first de/dc converter 21 an% a second

de/de 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 4 is connected

to the first output of output converter 3 by

i nterconnection 41. The second input of propul sion
converter 4 is connected to the first output of output
converter 12 by interconnectign.43. The third input of
propul sion converter 4 is connected to the first

output of swi tchboard 16 by interconnection 42. The

fPthEEt $Hip $ervide Pisafiutioh Gyseani@STIYindudes dealingbited habars 25,
the second output of output caonverter 3 b o ,
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converter 13 I's connected to the first input of
smviattideb dastore QupplyTBfeistdonnebtaip puhosfsuppie ovtpup oenverter 38.
converter 3 is connected to the second input of
swi tchboard 16 by interconnection 47. The third out put

ofhd DEiAMIRHPoRARVRKE OF tH2pbBerCARNBEi@dskRnt AR BReQMected as
i nput of swi tchboard 20 by interconnection 48. The

siplog: termi nal s of do/dc converter 21 are connected

to, the secand. output of sw tchboard. .l The

B Gt bR o Somr 8 S0 G ARERSY BBl of outp
SesBHeiolb pitter®dnnestdd £hboard 20. -23- The cross

linking termnals of switchboard 16 are |inked to the

cT b second kg of erapbiznsconyprigig tscaompeates othpyrirstrasdrut of output

I &%/ ﬁg’rlzgﬁfin?eﬁ-g(ﬁﬁe&io'ﬁk@ng termnals of swtchboard 26

are [1nke O the cross Tinking termnals of

sth¢ ahboanguBbf yropulsiss tdnnket@64 Bndotnecteletootiteptitst output of
term nal s of output converter 38 by shore supply Iink

3ywitebrindahd By InishgonepBiards 26, 28, 31 and 33 are
gﬁE@g@% t%g)rr% O PRGN A AR [ PMREcted oStk B Bhtput of output

converter 3 by interconnection 46.

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.




Simlarly, swtchboards 28 and 33 are connected by

cross link 40. It wll be readily appreciated that the
teens "input" and "output” refer to the nornal

direction of power flow but it may be the case that

power will flow out of an inppf.and into an output in
certain circunstances. For exanple, power wll

normal ly flow through interconnection 42 fromthe
leﬁeséros)M‘iﬂklﬂﬁ RiminhAR Fwivitchtkaat b 1@ linked tetht biase linking wérminals
of the grog S|on converter 4. However, if the

pefoiicpenid RBbyciass sk 85t 0 be operated in a
re -e&SESGﬁAkY fjﬂfs s ard: % {04 d tﬂ% gl’kﬁp linking terminals
[ on e t he

n erconnec rom I'nput” o
peogeeitchbedrd GorvyetrdBink 3t60arid1m the ostpuotetipinklsaff citpait converter 38
sw t chboar d 6., The process by which current that
£ Powore spRlskdr 47 .circuit or |ow resistance fault is
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igure-’3 e purpose of this description, a
f@zaﬂrﬂ)utxsnmdmystbmsed to occur within dc/dc converter

21. Avaria rent fl rior,.to, the fault
aé’ﬁmﬁﬁ‘i}@ f)”?”é‘f Gfuld\?gg 3‘&‘%%?\16&@“5“8 Cr%sl}f'r@(é; %onpri si ng
di esel engine 13, generator 14 and output converter 15

is considered to interrupt the fault. However, it
shoullcbebmadibyt anprtchaﬁd tﬁae tlfeotietrowi‘inguid esd ppﬁppbnef@s to the normal

AU BPMBSER! Gl ok B U TR Gt

SRS G dutdlt fhegdgid bRcRewaIccd Sﬂdileﬁ:ldhllp{m owet el normally flow
Figure 3 shows the characteristic of output voI

aéﬁﬁ“ﬁ&tlﬂ@%“@@t@%‘&& pam derfiehputpat of Hepuiiehd @:rk%eto the third
nB{)ﬁf gﬁgpro%u \(C)/iré r% rt%ggl ov}egi‘eié Sig ﬁlegﬁgﬁlﬁggg é'n(}tér §rwere to be
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any conveni ent rotational speed. The, generat
i ﬁoae%@ fraxdeiapuyotahe propvisinn icomartend @ Hgdiret oysny ag@e switchboard
R;%ul ator (AVR) and generator output voltage is set
- to any convenient |evel. The output converter 15
is regulated by a regulator (not shown) according to

a_fol dback and stabilising characteristic
FT@@, PEOegss by vdichoparest fhat %giwsdn kﬂe?hr?& g{p&gtognp}vaqepﬁtance fault is

et R(Qw tb@%e?&fbb@ Raterd: Qﬁ;e%’ @‘Ygﬁl% B 0'?’@1 the purpose of this
gov rnor and AVR Any convenient type regul ator nay

bdesesiptor, mrfatthas qms;de&é tofoccuregithintdeig CDh@rwuthutA variable load
converter 15, bu r ogr taI ul at or .
wtirer s visndor i e dp RL GEBRUAT§ ot B 6P gamorising
Sf@k?t%'éﬁ%n&t e ocRR4BP1 Mand olipuPESMicHBd3 & dnsideRaub ahtefrupt the
0] e
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




out put converter 15 and all other regions of the

fol dback and stabilising characteristic are derived
fromthis. In nornal operation as the load current in
the do/dc converter 21 is progressively increased,
the output current in the OUI%MI converter 15 al so
progressively increases and the output voltage of the
out put converter 15 reduces according to a steady

Stoad®y tAREnichNRVINI The QuRRP oM N18SIPe6Euldted bher regulator (not
setpoint according to the steady state droop. The
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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




current limt, the output current will rapidly

increase until the transient current Iimt action

causes the output voltage to collapse. Fol dback is

then applied and the fault is said to be interrupted

when the output current and the_ output voltage

approach zero. The practical toldback characteristic

is such that the mininumlevel of transient current
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connected in parallel with the de/dc converter 21,

the fol dback will not be released if the resistance
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f ol dback and stabilising characteristic of the present
invention is that protective swtchgear is called
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di lv%ﬂfé’qut%n{sxg ‘aﬁe 181 @&V%Pé Qé{é&xﬁtc‘ since the respective

source acteristics may be controlled
by fast acting regulator functions and power

In the case where an additional load is connected in parallel with the de/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.




el ectronics. In this way the natural inpedance and
response characteristics of disparate generator types

can be decoupl ed. The associ ated | oad sheddi ng and
stabilising characteristic will now be described in

more detail with reference todigure 4. For the

pur pose of this description, the sane fault as was
previously described with reference to Figure 3 is
CAhe@rFdhd Dldaed and WabilisihgdGh@6tcHONY 6F the hroddat iWdnkiSh is that
an additional load is presented by a propulsion drive
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ntrol s the propuIS|on converter 4. The
propul sion drive |oad nay be regulated to achieve
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and stabilising characteristic wel I f constan
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I @SSR tHeHrepdIRk 6, VIR bdPalsich R6@OGI @aldethe WrbfulsidM converter 4,
increase in load current in order to nmai ntain constant

pSisrmyanst thpts thiendsific PoRverisy gpuansi Bie aidiinaet drad e deapested in
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curren rom excee
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supply voltage . is reduced bel gw the rated m ni num

FeQjlyeaeil s garsidaspdle integrpede Hullsuppl y vol t age and

| oad current when at constant power. The upper nost

constant power curve is specific to "constant rated

pbyier to th dedulriescd aftthe Saitia the ddide benviertere®l, die swpedturrent of the

current limt and m ni vpltage for rated | o | f
t PRIV IRF Ol A dRe Fm Rl Bt B8 auE e st e converter 21
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(gﬁ \?é:d:gastant ropu sive power or 5 sa 1sfy any other opérational requuement but
the constant power case serves the purpose of explanation of the load shedding and
stabilising characteristic well. If constant propulsive power is drawn by the
propulsion converter 4 then its load cuwrrent 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




shedding is said to be applied and the | oad current

deviates fromthe known rated current limt and is

regul ated according to a first supply vol tage

dependant current limt. This neans that the

propul sion | oad power is reduged according to a higher

order law than proportionality with supply voltage.

Load shedding is applied until the supply voltage is
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ﬂ&@@%%¥VW%§%%%M¥?%$ﬁmW%tersects the lines of rated

current limt and | oad shed threshold. The "constant
reduced power at permtted |ow supply voltage" curve
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"absol ute m ni mum | oaded vol tage" in the present

invention is beneficial in allow ng the power source

f Bhelblaek sheddieg r dlacmsedtic pdeveiididngbotre is beneficial in allowing a

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




protective switchgear is instructed to open in order

to clear the fault. Another aspect of the |oad

sheddi ng and stabilising characteristic is the

regulation of a load to mnimse the rate of change

of load current that may arisgin response to a

transient variation in supply voltage or other

perturbatlon within the drive system In this case,
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Za8r

poiEBibuey r ke @a”@@h%@ctséa@ﬂisﬁd)pa?b? | lepd %bﬁ@dlf’ét 5’!1‘? stabilising
g%lg%%gt(%%sluggt\%\jfeth% %r%%@nﬁveenhgﬁtthéréfo?%( Q)‘?(f\h@ ﬁ;g Il?é(:egsgﬁl g}eans of

urces | inatio
t Bissulingdha hBhanicelohd redsaards tshﬁ“maenttwaﬁge pitbgegreneth dynamic
to achieve -29- stable gperation wt he max

JEAI SRS @PFam BISYEUPRIPER I RIEe fa@%w iaeRieved. It should be
CH@@@ "El&zﬁ Cig&%’[\ﬁn% ‘YO GESoffcE BY& el Anli h‘@yﬁ’dn‘?& ribzm"f'ésf%fhnce” do

net wor ynam ¢ source resistance Is réduced and
shathirply thatreetgal r]:daympetihesmmroeamd coanudnmabpnmq:r dissipation must be

glax%tg@?%:irlé %gaetI 3& Q%E}/Sﬁ.é[) lubru%on votltage qjodt%e 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 parallel

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




routinely called upon to operate as |oads for part of

the tine, and as power sources for the renmai nder of

the tinme. Wien charging a ZES 22 and/or feedi ng power

to a ZPSU 23, the regulators of the do/de converters

21 and 24 nust conply with ths above- nentioned | oad

sheddi ng and stabilising characteristic. Wien a ZES 22

is feeding power into a SSDS via dc/dc converters 21
adighl2 dperhiién re@Uth@@kingh debigndCddamic eputes toslstn2d, Arbarallel
24 nmust conply wth the above-nenti gned fol dback, and,
staabEgtedipayer chacas et addedc to g drsiiution gagteerk; ¢lygpmic source
tran L ' : t racteristics.
e 5 BT R M RS bR T T Ty o

bi directional power flow Wen a power source is not

required or, permtted to receive po from anat her
pbviee Pewe Geribptien WRPIOZK QL ﬁf%‘é‘?}lzﬁrtg@\ﬁ%c GPIVEHESE ]| A Akmay be

%gfzﬁéigghlllééﬁﬁﬂbﬂ t& %ﬁ%@&ta%rlé)ﬁfsif& patOM¥Re tiheFA@US 0% el Sources for
enployed. By this ans, a pre-existing supply voltage
may raeaindanifebd eohet Wihdnecharginuie Z&S 22 povwefesing pevartd a ZPSU

its output voltage be ra u ntil th .
L7 LBl 40 T PECATRST AR Bl ol ity e
apdnd HRARONB hIAHCEHd AMiRUES CRAMBEristh. DRNehia 7BE hR feeding
anti - backfeed function is that switchgear for the

SER&rneyo heSEP8sed dvdo canvsgwesr 2k aud i, dbe pegulatbtsholuthe de/de

suffering.inrush current or, .requiring.th [ -
S EReT &1 10 S mE b e b B sabitising
NEK ARk dr¥btic ASEPRsabReketdnl @hdsedi RPtc B bitivedt these characteristics.
di stribution systens. The operation of the protective

stiopolsigeadtivigb tiay alsoietai tasdhe erpabdity fig bidigctiom] paweifien.
33 will now be described with reference to Figure 5.
It should be noted that Figure 5 is shown in full

douhen poker fane@is adt Retirddan peiniigh® td rfeivkofovedr fusadinother
in Figure 1 for  reasons that w | be descri b,ef,d, in L
BPESIROUEICH tseAnSabackFred Fegich i06 fa folghask apatabilising characteristic
S y 8, : n 3.k Sl re
UKAoLkl may
f ohmettedad itieyomplit ofhepaescoitve dindiitshowput deitagd mdy be ramped up
reference to the exact _circuit wthin any particul ar
stnttlchp satackied graioh PeirecriRErfarsyic df C%ﬁ%@i the power source

Sy rds fifdehis of bRMdelck@leat REESNRN st switchgear for th
s%@gﬁmﬁ s‘ﬂol{/vn f|=1n0Fi gure SConIey vvi%h - 30- t%th%e‘zgeaI of the
nBADSrmayf bsvickahedtoianmvis samde outputivstholt sufferihg berush current or

appreciated that a respect, swtchboard cauld be !
D P T 5 10 G B 1B FRBER Sé’flg'lrﬂ‘ﬁ}ﬁﬂf‘% apRgratus normally

OYLBLiLSd witthBtcaeRat cGrreMAehbaandyabmki gure 5 includes

a plurality of power termnals. Half of
The operation 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




the power termnals (nanely those |abelled 101, 105,
108, 110 and 112) are associated wth the positive

(+) pole of the direct current system The other half

of the power termnals (nanely those |abelled 102,

106, 107, 109 and 111) are asgpciated with the

negative (-) pole of the direct current system Two

di stribution busbars are also provided. The first

bk RRAf 10183 AusntRs SPGhALRY Wphf ankiNRPAST Ui WAL POlafpreliated that a
the direct current systemand the second busbar 104 is
assitbibatrd gouidibetprodused withtany gopenenbhumber afiikpigt and outputs.
current system A nunber of individual |inks connect
the power termnals to the first and second busbars

16 adidrid Qdvitchilatd of Filcbe 5 lnchldss ﬁ@ﬂﬂ"@lhty,/ dfpeser teadelalse Half of
113, 117 and 116) are associated w the(£05|t|ve

pfdﬁle@owﬁr tetlh@lam(ﬁ@ntimlamﬁéahellgi/é%ﬁ%ﬂr% bthard Ha) pregpsociated
amah ;ﬁnks agfj‘ \B% e.hlc?f? ﬁlg dﬁ%gta 41€egt %;%sllg’em ; h]ai]fs(%f the power

Cléfrhials (ﬁMﬁbl@rﬂlos'Eh@beSMﬂ tiohbaes; doT,niciouckds! lﬂy\/@rect@krb:lmed with the
pol e notor driven switches 119 and 120 and a contro

s?@ﬁéﬁq(Tﬁ@e@éﬂﬁﬁbﬁmh9gﬁﬁhﬁ$ﬁﬁ1udes an el ectronic

processor 139, a first series of current sensors 129,

137, 132, 134 and 136 associated with the positive

poOlve diftribinidn isb@stare ulso @nividadst Elng fiest bestend 03 és hseciofed with
current, sensors

g 138, 131, 13 ?nd 13€ ssg@£ated d
wiherposiye Relsafite dgt susentsHcrand (b ssrPPE RSy Ly asgociate
T iR tns &k @eﬁ?lé’ OF 408irech ecﬁl%@ﬁtssy%t?eﬁ} W2 bumigSoendividal links

assocl at e the positive polé of the direct
ceormecttthe pysteryminalsec drdisermdescalid hoband®3 seddb#.s Half of the

1 124 d,1l [ th th ti .

o Grmpidfonedaeet§ N7 Sag PR iptak RS pitve pole of
' %Qﬁfe@@&r&ﬁps sferd. €TRE BtheCRAMN 60 iRke (Haak®) dbde 1aBBIkd 114, 118
two inter- trlpplng interfaces 141 and 142 associ at ed

watichl 159 aie ashasatad &ith il 12etive padpetthievtest, cumgat system.
el ectronic processor 139 nmay be inplenented using a
PECe m crocontroller supplied by Converteam The

Sih¢ SRRSHbLED RBRddLEyvIBYbREpIERAR M @M dwdiches 119 and 120 and a
proprietary notor driven noul ded case and chassi s

Hegptirobpeséem DI he eent@l sysem inaGides gh elepirenik @Fecesseq il %%tﬂ fgfst series

f aced .
s e e
balrt® dutrbikSstehat seo@ldl Rrithef cusat sédoissAlal 88 Siéidt il ®hand 135

of the power distrjbution system but it wll
appeedicdrath hraegattregle ¢f thﬁélr%mlbrewew@m aé"%r sgyjes of voltage

3g%S§ﬂ33Q%l 18048k &,R9bS IRLLEL it B St &NRie bf 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 Convertcam. 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.




For the purpose of this description the power
termnals 111 and 112 are considered to be connected
to a power source and power term nals 109 and 110 are
considered to be connected to a | oad. The sw tchgear
operating process will now bejdescribed wi thout
detailed reference to the control system This w ||
be described in nore detail below Wen a | ow
resistance fault occurs in the |oad, fault current
flows into the power termnal 112, through the

dTke Hilut i3en | hu!sllﬁari 14,088 andt 1 5fare mﬂnp@l\}ue poltes il éhat enable the
110, . back, in LM na

Gt 19 BtieoR eisd A TR RE: pivlb PP diffeigeed tha

1hbse Tihes 6bulg Wet repface® My fidebry dbligle dRUbhetPotigven switches if
switches 119 and 120. The control systemis able to

déesgeddi ne that the fault has occurred in the | oad and
facilitates a protective sequence by opening the
doubl e pole switch 119 only when zero current flows

| Poit e puPokd 6fthisl deswkptionhe p@x@ﬂgﬁhﬁlﬁﬁﬂs tihatand b (B2 geudhsdered to
pole switch 120 could also be opened when ze

che sa@mectﬁqi Ui PO PO e e SOV ieenmakﬁd@%aﬁflé 1§ arergopsidered to be
pg&ﬂg&e ef other |oads are connected to the power
source the distribution busbars 103 and 104

because these | oads may be reliant upon the_resunption

power, flow fromthe r source, f Wi ng t.

i ’ﬁh@ Pwuﬁ}aeempgﬁadinapé%@a%@ﬂg?@ﬁé epetne Wl 3?*%2@5 referance to
[V Bntr §I‘%?$eﬁf THiew REReddstSbdar iR YhdHe deta bEﬂ%%x control
system w nOMI e described. The el ectronic processor
139 repetltlvely sanpl es the signals gener at ed by
c r.rent sens ﬂ to 138 vgl age senﬁﬁrs 1 1150

i 4 Hpa PSRRI TAHE pjeEdy E’ﬁ nEWR GIICRR HRPE 1R e power
naewr%l of2 %rﬁagﬁ theldstiButdatiRkpa-ned, od&olf&w ﬁo@@r&ﬁﬁﬂ{hﬁlo back
fault has been described and the presence of this

f et the rmebr tergiinnk 469, thepvgh ghe digubdtionebusiant G4 anécpubyf the power
-32- . 136, 434, 4,4 j
Bt | B o aRgar e st iespe i g s 14g apgdgo. The

asodthf $6Rsl NJaBe dodedeeiinonhaf thk aalik Ha@rdcfaﬁired Sn the load and
performed before the foldback process becone

r éegelﬁ@tﬁ&mpef@tecta\msenamcﬁ uppeEts the dq*alb@rw%tswch tl4 only when

¢ ug }rentsffso | thlE ?wﬁ&ﬁ fi llft%hﬁ L Féc%gélg&gﬁ%tfe t}l’? gp%bl% 8?(16 switch 120

I nc Ion an ocatl1 on

ha@l@%@%n& begrderikdn ¥@o duaeht flows tleptghhdss Bedoh, but this is not
interrupted and the distribution voltage has

c Bratepsenhen olspreads e éaogznezcéfidoto theePAr & ctoptsiii Ry the distribution
pf)ﬁfoﬁﬁlﬁsﬁr} da%?t%@' @%&%g@ fEse loﬁ&aﬂh be bedias@fon e RRGApt n of power
swtch an 9 Iy

SWtcC I's op ened ~As hentioned brie
aflowefrom the power source followmg the interruption and clearance of the fault

described above.
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




switch 119 would normally be opened in preference to
swtch 120 if the electronic processor 139 is aware
that other | oads were being supplied with power prior
to the inception of the fault. The presence of other

| oads woul d be detected by sefising | oad current using
sensors 129, 132, 137, 130, 131 and 138. It wll be
evi dent that such an el ectronic processor 139 and

CARNEH@RSIsVIS 62N BAY! 38 andS EYFS B Sorljidtion hathatdieigt @ensors 123 and
detect a wide range of other types of fault and that

t s eAsflong as theesensing ead seipstiet o fat eurronk i perfasiger fpefore the
t Sitiv ' pol t dj.r: r ant

DEEREE bt BERC LR 5 Bl SR B
vwbidp ¢asigBciemun idumtify hefiheaption andlogatioreofpthb dault. Once foldback

Simlarly, asynmetry_ in voltages woul d occur guri ng a, .
grasubrFomguragenqrEtives frple raifishl e bedts dptgrryRipd (e the distribution

gﬁcg{ragg Lhasc‘ X&Ia?gédt ) z@gr(ﬁkﬁ]ngtehpzer&ad@ @16&@&1%\#‘&@%5 139 determines

errstrc to exerci'sed at tinmes when power
sthur it ¢ @i Puipen aswitehtisd awecndlY Bxpeassi Ve madidnkid brie8y above,

gf’f%g } gfﬂd@gékdgfgg‘égl ?%%38;68? téf a{e%éécghg%wtlp{lllégﬁf .the electronic
2}2‘6@&%@ V3d R QRLOURAPBHRAISAIS W bWk sGhblicheih bbwhSprior to the

rryitng current and distribution voltage is present,
i incepismn dfithsfaubadde premstese oftathgpoady waukd B¢ detegsedby sensing load

inter-tr.ippin i.gnal.s .14 ngd,,14 e dedicated to
STHEFPN B RS @ﬁ?gnﬁ%%%%hﬁﬁg’ggﬁg Eggurce Lonnected to

termnals 112 and 111, and the | oad connected to
termnals 110 and 109, respectively. If an )
i Hitveitl- e pgem ghatisgefahn iekectronie puecesdt i 1AP énfl gegprelwnsiyparray of

power sour, that, i s connecte 0 1 nal
PSR BR o JePaRnEReCab ol EDELARES of RRACI that these
apalith Hagacie ayHindss dfiiuticat Bew By tlichssithveaat pleg@tfvetgodes of the

overriding inter-tripping, signal. In another case, a
s@irecs ErRRUFYStent o T teamPlon itals| ey mihpt Bezrewrd fadt wguld cause

ant, i L=t ripRi I Nt hir s : ' .
P g S e Kl B
t herigl egidumdi faulpr dceshaefcldeassarp e omeddystom to be able to
inter-trip_the power source using the,inter-tripping

oftYsether ippdback :‘?gam?tﬁﬂ%ﬂcht@rbec%i@é%s,edtéﬁ iy RN g et sotiree output

PEACETS Ve rnhd Sx (RN vIRNEHA & ﬂe%ﬁfl%f by %mgsssﬁ%f‘é%@ﬁpihg! If the
udi ng

response to other conmands ‘i nc nter alia |ocal ‘
oplectadric poeassandso deneniatediat bys tdvessagcal opgpenatperticular switch

interface 140 and external.ly generated commands o
B Lt GHBIE BT &g BHBIW BB DL 5 Heor T AL B st fause inter
W dnide QHDFig&leaB,e%térhﬁbpﬁgCQ @l 84 eCiiOM X ardd UOHERSEP to such
139 °coul d al so be equi pped mn%h a gl oba

i peremunicepi wathithe @pwac eouwreratonmocted to tcamsmisal 12 padvéi 1, and the

isﬁ{%rgfc%fslpﬁi:cg%tgfteﬁow% ﬂi()sgnrd. P(&g,irgs%egt}/vseiy?%%g irkl)t%ptripping 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.




{ also be appreciated that the switches 119 and 120

must not open spuriously and that they al so nust be
inter-tripped and interlocked via el ectronic processor

139. Such switches may have a manual reversionary
operating node and inter-tripging my be initiated by
means of an early break contact, a nmechani cal

interlock and suitable interfacing with the

ahefhdrQakd, HeQS&HSalc prbteskir! 130082 pRieaE attedtiphily Rquences in
| arge power distribution systemaccording to the

prepossg to otheeermimendydpclndiasdriper atie larghgpaait eompBapdsgenerated
f this e, Tl ' j [ :

oy bPage! RS TR D8 o A LHLBH) BRr YL SR, Byt
gt WeeRmdas tdrittod intarisbenbgiat fveilpbt eppreBlardt thataduch amddectronic
may al so have capacitance between paositive and

nEgershard 3gsrul asdoe srainped syt & slobal lgr-HrRpipginterface that would
i i |1 i g . .
ELpE B el ot M BAPECELEbGR Milom P pRec0BRE. 1 wil
refebengrediaefitigutie Svitkdes ! [ hand i akentshesteopes speasoustit and that
account and the practical, characteristic i s shown

R ABO GRUSt 145 DTS e AT TSt BRSKR LT, PIORSS oL Such
Of.y; : o
o B R i P 3 Rl 8% Rlpoing may be

f ingimtddhey mesov exf yanofartyhbreakli cotitactyut imgphangdat agferladit amd suitable

t he ault.ﬂa? bggn cleared. -34- CLAIMS 1. A power

JE e g B he PEPRORIE BIASFTSE 'ng: a first power

generation systemincluding at | east one power source

for supplying power to a first service distribution

skp stilirhetdpateciatas] thaes large pdwersdistolhetietosygfest pedsrdingfp the present

busbar for carryi a distribution:.voltage n ST
Eeop o E IR o S B UE Be YRL B8, TRD By istribusion
t §atend MY BE PRy RED &EdnYiOe MM LIS fiddnt BapaCiitabti®iced Fositive
zonal power distribution sub-systenllncLudlng: a zonal
p?;wemeggmjﬁlppg,le% nPractienl [eags phapi #lep pavkerapegtance petwsen gpgtive and
el ecl.r ; r . e .
CLEHL 50 AP NPT P AT GBS R
dihetfoidbadk anl sysitieing chirasiogicyddaagripaiveith refetdnee zoRRJure 3 does

power  supply unit; . L -
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.




wherein the at | east one power source is regul ated
according to a power source foldback and stabilising
characteristic and a power source starting
characteristic, and wherein the at |east one

el ectrical load is regul ated fagccording to a | oad
sheddi ng and stabilising characteristic; wherein the
contacts of the protective switchgear are nade to open
ofl xyvwken the distribution voltage and the
di'stribution current have been reduced to acceptable

| Bvel sAlppwehedisirivudpasystan conptisiegipower sour ce f ol dback
and stahilising characteristic w.th an f (a . i
fault R Ba0ge EORRGRC Rutin dpg i, frfafantstby B, gouree for
COPPBaLLEbwaes 0 3Bstisbeiddi Bdtfiblign Wttemohitdgeuddsb) an
overriding inter-tripping conmand that is, o

aut omat i cal #tylegit pae dicedisiiiputiembeshar Fuvisr ydigst dishiytion voltage
system (c) s ri:dl ng.d.nter- tripping command t hat

IS nanualIymgg%§¥§®g%aaﬁgﬁ?ﬁgﬁﬂe power distribution

system angl (¢d}t ane awétchbehirdghamnietudes | apicotdvec ownalngbar with
that is generated renotely; and wherein the contacts

of the prot®if4%¥% switchgear are made to close only

when I & Ve QF 4 V. rQss the contacts

IS suc%gﬁﬁg?bgﬁyh¥Pgﬁgﬁgﬁ?Eggkﬁﬁgﬁgﬁmgburrents wll be
restricted byomhpowtr {uaplytinit foowaplsowpoectftolad rastlongretkctrical
stabi lising éharacteristic and the power source

starting seEﬁ ﬁ@@, and (b) the | oad sheddi ng and

stabi | i si ng, GhR1aGERK! 8k Gonhdeted B9the at RaROMRY switchboard of the
di stribution systemaccording to claim11, further
conpri si ng frss ewvivd dispowsion gestem 4o sopplyinstremier bethgdiong power
at | east onqu?men,source for supplying power to a

second ser vi¥RGFUEr i buti on system that includes: at

| east QREredOtheiablehitPUE @R eDIsRASis FpulfaT d¥bidghgito a power source
di stribution voltage and a distribution current, and .
afoldtugk tind sabyisir gatetistinand p pevayesirgsy Baiag icheracteristic, and

PBPENORC o M ong SRR ond PR BIRed SRRl FLRMheading and

caameasihedhdractthgicat | east one switchboard of the
second service distribution system 3. A power
di st ri Bheiehntheper@pts A& sy RIPIFEi YOS veldigrar e mgee Heppen only when

C&fgpdlétﬁbﬁ]tgon v&tafg.% T o QRIERHOR it GaSy Bb& Meduced to acceptable

levels by the interaction of the power source foldback and stabilising characteristic
with one of (a) a fault that causes an excessively low impedance to be connected
across the distribution voltage, (b) an overriding inter-tripping command that is
automatically generated within the power distribution system, (c) an overriding inter-
tripping command that is manually generated within the power distribution system,
and (d) an overriding inter-tripping command that is generated remotely; and

wherein 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) the load shedding and

stabilising characteristic.




a second propul sion drive system a first propul sion
power generation systemincluding at | east one power
source; and a second propul sion power generation
systemincluding at | east one 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
pr.opul Aipowepdiseibugemn eymm accosdisg englah €, Sietbenengoiserg a second
supply input is connected h@ t he second opul i.on
ptsz&r ggRsiaton HSITTSSIUgE 3 st e RONISF OB pifg power fo a
%%ﬁd dePyicE QRNBELEH sfsferd Hﬁt Rlclddg@st one swit Chboaf d of
the tirst service di'stribution generation system 4.
A power di s:ttrleztsutonemlcscysnbmncacb@bdn fig daoryuigad disgjbution voltage
wherein the sec ul sion.drive system has three
pover suppl 34 ﬁ?@u g t § selectable, and
wher ei n t hegf {eh§t oROWRItcEBIRARL WhatNRidtudeS HORBGES afitkizear with
the first propul sion power generation system the
second powe¢ongagppl y i nput is connected to the second
propul sjon. p wer neration_s he and th
e SR OB A0 S o o bt shgp e i
S¥irnehbP ey e af 1e§§ﬂ @n8 SR REHbOSEN i thEs RN Eer dllcé Histributib®Bystem.
system -36- 5. A power distribution system according
to claim3 or claim4, wherein the first propul sion
p wer gener .0 f .

stippl y fwﬁg g&ﬁ)élgé g)?sg&m @&01&1}%@0 ag% §e§1ﬁgn?ree%§¥b?{§mg

first @ﬁﬂ@pn@umnhyhnwm@uan;s connected to the first
power supply input of the first propul sion drive
syst end &84 BEPYBIEBHIVEREE s uppl y output i s

connect efﬁstI gfogjm:schrf ﬁ%elp WelratRHP @s\ferﬁ nIB\l?‘\%l?ileg §MRast one power

second prop I on d Ive stem

disired; bad | on systen1accord|ng to cIa|n15 wherein the
first propul sion power eneratlon steﬂ1g ?1 third
pover $EpHINY HHP‘B&‘P“tH‘Pé{‘te iB§Ngad 1%?%?6 goipg at least O“e powet
cohpected to the at [ east one sw tchboard of the first
servi ce distribution system 7. A power distribution

syst enwheweor @i dgsttppoansiontirivt ayshen Bat turd pawarsspplytihguts, each

Secoggglgrﬁgspg%wéfnﬁ}gﬁﬁ fgrgtﬂgé\%%rl sour]})éwgyyﬁﬁpglglgg:%nnec esd to the first
SplopalsRR d&wd{\@%ﬁ@rbﬁoﬁ Bexednh, raé s&%%rpo&lépﬁhﬁblﬁhﬂﬁwﬁs ténnected to
connecte the second power supply input of

f thessecqndoprapelsion ngmiev gerayaitoanvaiet. tane thfé&@tidopowel Suppiy input is

connected to the at least one switchboard of the first service distribution generation

system.

4, A power distribution system according to claim 3, wherein the second
propulsion drive system has three power supply inputs, each being selectable, and
wherein 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 at least one switchboard of the second service power distribution system.




power supply output is connected to the second power
supply input of the second propulsion drive system

8. A power distribution systemaccording to claim?7,
wherein the second propul sion power generation system
has a third power supply outpyf that is selectable

and is connected to the at | east one sw tchboard of
the second service distribution system 9. A power

3\%‘ stri Qubivepdsyhesh @fsﬂ‘z&ﬁ Qb&ﬂdﬁlg t@BMirR e MR, GHRbdi the first
erein power 1S Supp ied to t first service

dirspulsibutpoorr ggretasiont dysteugimstiiret and Jeeerst poyrs supply outputs, each

sW.t chboar of t.h

L oeiL o0 e S L L DS v
Ogupbf}%lﬁﬁrlﬁlth@ﬂm roébussidn Mikd SRtesUMdBMHS seddnd pwer supply output
propul sion drive system operati nﬁ%gl n a regener ative

nis drennegtogto tisl foblar wrswepp! g et af the sewpd perpulsaeigdrivg system.
renote power supply system -37- 10. A power
di stribution system according to any preceding claim

wher ei A goher afstribu€ias bysee ap@iing soulaie Spfvhédem thé fisdt propulsion
power generatlon systenlls one Or nore

f ptwesvEengratian gy eem| hageh Bkt poWerasupaY @@pgq }lpét is selectable and is
ggorll] E&%@{o  th@ 2SR ThE %R&%%algiedﬁﬁ@ﬁﬁ[ 6 rfick gﬁmﬂﬁﬁgn Gy,

Steam turbi ne generator; Tose cycle
(non air breathing) diesel generator a battery; a

fuel cell; a flowcell; a fl eel generator,; :
Shiper - Sapiter Kerteibuioe sl as<oblite & A ﬁﬁ%ﬁ@% Pé(&éﬂ&ﬁem the
S{QbE 1o ALY RS V8! EMAREPSEINE p&v 1
any préﬁéﬁy |nggwhgféinygﬁé at ° béver supply
outputs, each bemg 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 at least one switchboard of the second service distribution

systeri.

9. A power distribution system according to any preceding claim, wherein power
is 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 remote power supply system.




| east one power source of the first power generation
systemis connected to the at |east one sw tchboard

of the first service distribution systemby a power
converter. 12. A power distribution system according

to claim 11, wherein the powei;.converter is a pulse

wi dt h nodul ated do/de converter. 13. A power

di stribution system according to any preceding claim

WIEer ei § doher d&eNakioRReItEN 8tatRgab ahfprecedial cR@vEwherein the at
di stribution sub-systemis connected to the at | east

olgest S tROMSH &P ercefof tthe first rmofves eenqratéond pyfem bipno Rt more of the
system by a power converter. 14. A power distribution
s%@?gﬁ¥%ccording to claim13, wherein the power
conver§ @iesd] gedermot;se wi dt h nodul ated dc/ dc converter.

15. A power distribution system according to claim 14,

wher ei heasirodyy gfeerainverter is pol ari sed as a step-up
choppe fromthe first service
distri%ﬂ%@gﬁmggéﬁéﬁé%ﬁfg the zonal energy store of the
zonal powebinad stdlé pastandsteambrurBiBd: gesigst@m and t he

dc/dc converter is polarised as st ep- down chopper
when pi‘)9\1@Fedr‘fyl‘;{?v%‘o?'la’é’M’?%“&o‘ﬁ%ﬁeﬁ%ﬁ‘&: Y store of the
zonal pgwek..di stribution sub-systeminto the first
service di s¥’ri bution system 16. A power distribution
system &etorilli ng to any preceding claim wherein the
out put ﬁoltaﬁe and output current of the at |east one
power 808F¢&E of the first power generation systemare
regul aj edwasgRehdiabs; current flow is uni-directional;
a steady state output voltage is the sumof an off

| oad basupeoicepigdoserpoi nt and a steady state droop
conmponent t hat isn Rr op%{.ti oenal téﬁ% | oad current such

t hat tﬁéupeéﬁoggwl StRTE 6%%[5%”/ tage is in accordance
with a steady state load line; transient |oad current

vari ati ons about a steady state |oading point cause .
the  odtpseer vitrbugiontsysten acequdingtte ARY PEseding glpip; yygerein the at

radi 1S t .adi.ent.. :
055, 5 04h P o BB e
| bt $veiebhboard of dfetfirsilearicd divteibutidif sylsteadby wpoeat converter.

transiently exceeds the steady state current limt and
approaches, but does not exceed, a particular

EME?.”Si ﬁn&)o&&r rdfsﬂtxbdti'gdmcgeyste%y Slecordit® RHEREh 1VOWLERS the power

| transiently re W th respect to the steady
statverttioad puiskaevidthdneduldted de/de converter.

13. A power distribution system according to any preceding claim, wherein the
zonal energy store of the zonal power distribution sub-system is connected to the at

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

14. A power distribution system according to claim 13, wherein the power

converter is a pulse width modulated dc/de converter.

15. A power distribution system according to claim 14, wherein the dc/de
converter 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-




recover to the steady state | oad |ine when the steady
state current reduces below the steady state current
limt; if load current continuously exceeds the steady
state current limt, or exceeds the particular

transient current limt |eveljgfol dback is applied

such that the output voltage and the output current

reduce to zero according to a regenerative process,

afi@ten Uinduthe e dcagavanet Bupqiatised uisr £Bteprdeml chopberz ethon power
until | oad inpedance has increased beyo

yond a .
pBews Eamathe zagad lenerg gtore of BrdropaiRoNsEHh @&t‘iﬂﬂ’&o@ gulrgystem into the
b t he. 1.cul | evel then | oad vol tage
iﬁ%?ggYégﬁggﬁﬁ%gﬁ#?ﬁ%%bovers and then is ranped up to
a desired operating point. 17. A power distribution
system accordjng to claim16, wherein the |oad volt% e .
10 R RS RS AeCosEE 40 iR DRRA LB of frgen the
t QutBudd \?(ﬂﬁ?fgé’ ahd BlbE: L@t bAUR dthadst bse pSP&SLERDiRe first power
m ntmse resultant voltage transients within the power
disterdtioutsygem asysgealated-s8eh thaB. A power distribution
system accor.di ng t.o,.any preceding claim wherein the
df st i BUEPOAOYAT PAigEEolabi | i sed by a transient | oad
l'i ne fugehdpaabutphevpewens BRULEEf Malfikag buaisltage setpoint and
stabilising characteristic and by a limtation of rate
of stsaangrtefdrdapaehbmpancpie Hiat fisipeenostirnef te head) egent such that the
sheddi ng and stabilising characteristic.. 19, .nower
aneem e POR G T A SRS UB §hoF sidiong B m
wher ei fatdi@it [dddr GirreROVBatDBR @ba DRec&sitem lbalthy geimt dause the
plurality of parallel-connected power sgurces for ,
soprtyYaigep snellopor fansiond doaeling whosgi gadipm s fegh than the gradient

S o dhe. steady state current sharing of
HERE T SR S

power sources is coordinated by a

st eadysteddit Ratd oot if litnitéd ora gdtitiia lpaaer sour ce
f ol dback and stabilisan characteristic,of each powe

sourcell &fd HBFHI fraptientht £reednt theusicaht SHar PHEOf fimit and
t ?{ﬁjr%cﬂéglquﬁ Yo n&%‘ﬁ?éed,sg%ﬁﬁcﬁ}a'r ?ﬁg&%ﬁr&h@ﬁg B8litQ¥% @ the output

transi en oad |1 ne function o ower source
f obldizackilbmdnsistiybicliied mithcleapeat te tis steadyoftagamhd doweand will
source. 20. thoq of ..cont r ol

d}'@qurﬁgttg%ﬁté ST Wq W ﬂb !:he;srt]%d?ssfa?%lglg%qm reduces below the

g@@&hﬂ&&e@u§%§QQﬂhincluding at | east one power source
for “supplying power to a first service distribution

syst emiftlhat cimat gagsuonsly lesessds threesterdydiase elpant iliont, or exceeds
btlsebpaarrticf:u o t?éanrs{eﬁ rc]:grrgntd]lnﬁltt rliext/)elll,t %o(l)&a\c{lglist %g;ﬁied such that the output
voltage and the output current reduce to zero according to a regenerative process, and
output voltage and output current remain at 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 power distribution 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 power distribution

system.




and a distribution current, and at |east one

swi tchboard that includes protective switchgear with
contacts; a zonal power distribution sub-system
including: a zonal power supply unit for supplying
power to at |east one electrigal |oad, and a zona
energy store connected to the at | east one sw tchboard
of the first service distribution systemfor
suppl yi ng power to the zonal power supply unit; the
nmet hod conprising the steps of ;. regul ati

th
| Bhst ér@vtﬁgvggs,‘.tu Wi Y Sas 3qupirq1]1§gtt@, agy rﬁ’éﬁ?ﬁ%ﬁ%i‘&?% wherein the
" oL eRa6s, v@l egg @ﬁbllhséd Gﬂa%l%ﬂgl@ﬁ:ttigﬁd ﬁﬁé fundfish @f @ﬁﬁﬁrwer source

source start aracteristic; and -40- regul at
t foddtatk Iaeastabd'rsm@t}mﬁ:aqtersab ahdébd( ahmﬂadomgf taje af Ichatge of load

sheddi ng and t abi | ch eristic; wherein the
cﬁme&&f@cﬁ?” f’f}%’ E %8%418%6 t%hfy‘}é\%f;haé?cé e to open
only when the distribution voltage and the

di stribution current have been reduced to acceptable

| el sAbpodehstnbetmm:systﬂm @{:cqrdnegﬁ@\my mowding dloidbaekein the

£ i Do ot ial e SR BBl o e Ui o R pfeer sources

CRINAEHICheasd & Stol N ErdlisslvidebUibrBOti MO kjREE, whBkinathe steady state
overriding inter-tripping command that is

agtrommthasmiz|of tepeplurakitseef pavch oRreess pordinagr ot e SEﬁé‘ﬁV stgte droop

gunﬁ%% 8? %l)me g(gwgr\r/gc{ugaedtaqgﬁcfgtaf ﬁestap‘%lls?rpg % &gg?i ft&%h power

Sk’(ﬁirﬁnand Mﬂérdllﬁj)heaﬂﬂar@iéﬁf cirednn gharbigest-the pmpalng of (pﬁwansburces is
that is generated renotely; and wherein the contact

ofocriaaistl oredt irgesianhi lpech é@ﬁrfuaf@tmraa dhg éowpfo%urswfyldback and
m@gﬁhsé]ag%hﬁ%t@ﬁét cyof%facﬁ éﬁvé{%bﬁﬁge across the contacts

nrush currents wll be
restricted by one of (a) t he power source fol dback and

stabilisin characteristic and. .the power source
s€@rti Agn tga@efq%f&ltro Htga(fafaw%gtmfaﬁ@ﬂsw%&ﬂalp&ﬁ*&g

stabi | ggifn@? S??«%e?;‘éﬁﬁﬁﬂuﬁ{ IsGsterft Lin 1cﬁdff§pgto%aﬁc 6L %%t Burce for

claim conpri sfng t s of regulating
t hepplpng powetolat fagteseamick disttiputiorcsysteenthatficlubes: at | east
one powver Soufe%set oorfe &chgzs&ib{ltslgn 83{%{- 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:

regulating the at least one power source according to a power source foldback

and stabilising characteristic and a power source starting characteristic; and




generation systemsuch that: current flowis

uni -directional; a steady state output voltage is the

sum of an off | oad bus voltage setpoint and a steady
state droop conponent that is proportional to |oad

current such that the steadyssptate output voltage is

in accordance with a steady state load |ine; transient

| oad current variations about a steady state |oading

poi Nt @ausend e atolhPuinevidtdtage 1bal haokding do tarland iskfiding and
|l oad |ine whose gradient is |ess than the gradient of

t he stwehilisisg ghasagtersidic] i ne; steady state current is

limte

transi Aper 0 Salh@ bRlbe oo it B SHLRER] 1o onen grly when
afpp rdeatihesn wildagel emis thmaizstahﬁmdcur&enpaatre b&:elna'reduced to acceptable
transi ent current | evel, the

wievels Oy dhis iRRFYOR @’8 gl@epWﬁtrrﬁowég pfekd@a% ah ét\églélé@gfhamcterishc
ogg eqnle a anﬁu N Waliles HECRUSSVAP 16 QW@E&Q{&( t§tb%t &)nnected

i ne en t e steady state currtent duces
tditeosssﬁmeadiytnbuadne wvoltageenb) lannmbterrididg - intel-tdipaolg cmrmmnd that is

IR eGP ot B SHEA o bt e
| ﬁ"l ?lng éd?lergbiﬁphlat 5 ARRLAISd: kG Redt \Qﬁﬁmt A€ pRWkPHistribution system,

and the output carrent reduce to zero
aamb(ldai BIM gvetmdmgmetgetreupatg appalcthats's gmatf:d)mnpmi% and
vol t age, and ﬁ%t cu zer

pedanbaetabe R peSBLAR oG i Bhed o Y toyf R only when

afh@ ;Soflallt?atﬂ“ théﬂi/%ﬁé%kc gerb@iCihRa®mtcReodh tthe H9r farshabr inrush
| evel then |oad voltage initially partially recovers

andrantrewill derrasipetdd by ets of dedhe eawepaswed Fgdipskrnd stabilising
hod di
ch}falr%cé%lsglg %P%ﬁlgggfgw&ns[%mc% A p%e?qﬂnen %(f“ Qplthg ?oagiosﬁ dding and

0 tThe

ageBilisihg ghdrctaridtice- var i abl e ranp rate that is
specified to mnimse resultant voltage transients

within the power distribution system 23. A nethod

aggor di qgeth&% 9 CI?]) %go 851119&@'15&]%6% ’c%@ﬁ&gg %egsltépstd??egulatmg the

paraneters ower sourc

sbabid Vitapg anhau@at evrrsit o€ tlar @ lprsognapowbl @urdf the first power
nmet hod, according to any of clains 20 to 23, wherein
tE@Kﬁﬁ@PﬁVﬁﬁpﬁéalv@Ttage is stabilised by a transient

load | |06k WoGtik QRi-@fectiBgupower source fol dback and
stabilising characteristic and by a limtation of rate
of chaageadf sthteadtmetivoleape if thestinost 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;
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;
steady state current is limited to a particular level;
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;




of the | oad sheddi ng and stabilising characteristic.

25. A nethod according to any of clains 20 to 24,

wherein the first power generation systemincludes a
plurality of parallel-connected power sources for
supplying power to a first sefvice distribution

system wherein the steady state current sharing of

the plurality of power sources is coordinated by a

st eadyif $dadt @r@hoemtinhioty eotcdd thelheappwarte Qotshc Bmit, or exceeds
fol dback and stabilising characteristic of,

s ] : | Eac thoowelf1
stharmegticulis drappiehie ek dinit Jevel datdbacly errplieh prth gragihe output
th it r I [ r.di
PR} ettt cROUR o SRURE B eor B98N T W BRIt Process, and
f eltplinacitagnand sttpbi tursinhgencdiamaetrerinsit laadafpedaioe hasvarcreased
source. 26. @‘gfthod according to any of clains 20 to
Joeyopshd PRTSURREVRORRY di stribution system has a power
sour Ce;rShaf tix'nPQda%@& YERERMBBISHA 1 2parliBRaCidvel GRE RYS voltage
vol tage setpoint of the power source fol dback and
sinétbillyipaitiagly redvaeacing thaptis canmpsdiupi to iaalebiyedsmteratiog pemo:;
the at | east one power source of the first power
generation systemdetects a need to start supply
POYEr RV SERPLRGr@RE P i) 1, MR BREVEE vOltage is ramped up to the
distribution voltage resulting fromthe closure of
t tesirad opemsng point sicerdhigotar d tiofe-vénmbia ragp gase viiagds specified to

di stribution system_ (b) an.overriding.start co nd
RS TR TSP Ut p AR op SO

di stribution system (c) an overriding start comrand

that is manually generated within the power

d2%t ri Bunstbed espetding toarlainy &) onelaigy &%.rvifreig all tthg parameters of the
command t hat, i r Ve i.ng a
TR Tb R AR SToR S TR HEBR G ARICT, 2
source is started and the off |oad bus voltage

setpoint of the power source foldback and. stgﬁil

) Jdsing
chfar actanethed ccpedinginme ofislaines 40 Hesl: MEWGp Ercatifgntion Voltage
PR g&bih%@l' b@ ﬁ%ﬁ‘s‘?gltalgﬁ(? rlgl'en@lnﬁt‘i)onc flgg égwew@&[r@é BoldBfck and
| 6ad voltage Is ranped up to the desir oper ati ng
pstilfitisiag charditagsticaand tyl anmitatioradd] retercfropamget of lodiaturiest function

specified accordjng.tao the dynami c capability of the
a?f&§5§@35 ‘ﬁbﬂﬁbﬁgﬁh?ﬁ%pﬁﬁﬂ%@ﬁﬁcneed to allowthe

at | east one power source to progressively supply an

i ncreasing proportion of the total |load current in

t & powemethodt adcbutingno syt ahrlaionn2 i tri 38 wheeint tuat first power

vol tage transi.ent mﬁthfn the power, .distri

B, Qytion
Sg,esqe‘ on system includes a plurality of" parallel-connected” power sources for

supplying power to a 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 the 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.

26. A method according to any of claims 20 to 25, wherein the power distribution

system has a power source starting sequence where:




28. A nethod according to claim26 or claim 27,

wherein all the paraneters of the power source

starting sequence are programmable. 29. A nethod

according to any of clainms 20 to 28, wherein the | oad
sheddi ng and stabilising chagacteristic includes the

step of regulating the |oad current according to a

current limt such that load current is permtted to

at t ai ntharyf @es buedolvakwetpbitit of she pdwayssust Fplebickt:amd stabilising
overriding regulator functions that: limt the rate of
cohmrrgeerishic Isgadiallyigetdmecioesul ting from di stribution

vol t ag h j ; Y, [

ot her vpigd (GRELATb AN APPORE BPDAG RRebIR ¥t botects o
| hawdtty sandsuphBr @vdidycensiegind bfiid) the g®serics odditishadvinevoltage
up to and not exceedi a particul ar val ue of rrent

| e g framp dée%}ﬁ%tﬁfhevﬁfe 13U pF ySWW%?@@ @ iso et gervice
! éﬂ@gilb'ﬁﬁ&g Sj%sl@é'lﬁ,s_ 0l.d ;ovbﬁi(@ﬁ%ﬂﬁﬁ%&n\‘ﬂnﬁ th@4Y G8@ndSickiNe generated
supply voltage 15 reduced below the | oad shed ‘
t Wwithimh tled pawer dist@hutionevystan,ofc) suppiverridolg atpet aboweindnthat is
absol ute m ni num |.oaded vol.tage;, is set t ero when.

Ry pHperpiat W TS Pewe TIRER oL Saith i Ok he R Rling star
| Q2R8G9 Y @hi @G8nerhiSd $&kotkly; Z€ro when the supply vol tage
increases froma value |l ess than the absolute m nimum

| oadedupa deseptinarachea te otag spaplyinguioarer b geleagimyeipywer source

LR VRN Bl SR SRS e
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stabilising characteristic are programmable. 31. A
nmet hod according to any of clains 20 to 30, wherein

of bt ootiprtadisoRiibe REc1aRL 26 AR R PEit Bfoed up o the

ot ecti on ‘sequence
| fpadangRratingupdinoacddiding Ntot Meaimevwatabld stinp buatd dat is specified
system the over current. prq%ection sequence
i eridnslp helysumscaprbilibeek hRgt teae Meworiep Rt and the need to

UM AT ATy A i

t bethpovtel load current in the power distribution system to minimise resultant voltage

transients within the power distribution system.

28. A method according to claim 26 or claim 27, wherein all the parameters of the

power source starting sequence are programmable.

29. A method according to any of claims 20 to 28, wherein the load shedding and
stabilising characteristic includes the step of regulating the load current according to a
current limit such that load current is permitted to attain any desired value but is
always subject to overriding regulator functions that:

limit the rate of change of load current resulting from distribution voltage
transients; and

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

and where the current limit:




source fol dback and stabilising characteristic;
limting the load current by applying the | oad
sheddi ng and stabilising characteristic; detecting
fault interruption; opening the contacts of the
protective switchgear; waiting for the partia

recovery of the distribution voltage caused by the
openi ng of the contacts of the protective swtchgear;
wai ting g, j%tabl% i |al|1d ﬁ&m\vz@ercﬁfngoi pdrfieulgh &lud duduirent limit;
vol tage caused g application of the power source
f ol dbale %eidrmngwmhansmn@ydﬁHa%mx(@w@tau 1@ad %bﬁé thigsholdig

for the re- an cat f | g
the apPPTearT RELSRULED Rt Ynel 08 s RALGANAG o "ﬁélload shed

clhakReltiedridsht §ll levadts oB82upply netthgs amfeoard iahgpltite Iamymofn loaded
clains 20 to 31, wherein the power distribution
sy8taefh has a general purpose protectlve or power

manageen| (5 %%gﬁfﬁgnr 'tkﬁi EM%JSI, g'%h isSTe&P aﬂf the IBL&GLd AShimum

a faul't conditi ment o any power
nahdgerstiage; condi tion that reqU|res t he contacts of

the protective s ear to bhe opened; enera [ a
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st abi | racteristic; limting the

| oad cisrpirmtssbzpi}appieysedgxsthﬁ%dppbfdfoﬁhg@dumgean@
stabilising characteristic; detecting a | oad current
interruption; opening the contacts of the protective

Syg t Chgeﬁlrétho@adc%brﬂ%g Qf cldhe ;pgir Whébin' §¢ e p¥ra@fctdrB&f the load
di stribution vol tage caused by the openlng of the

curtldiog sndbtabilieingchtrectetiste aopragigeanblenai ting for the
full recovery of the distribution voltage caused by
the application of the power source fol dback and

stabi | ASh&@o& B@bﬁtﬁﬁ%fd &byl & clald 20ab Bonghéein thB@ower distribution
re-application of the |oad current caused by the

apslanE hes ANOSE CUlreRs DrefaeHPhisausneg (A §iieatiapi Whess Adow impedance

Cpau ta(?ctc%rsl :%ttﬁlg power distribution system, the over current protection sequence

including the steps of:

Jocating the low impedance fault within the power distribution system;

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

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

detecting fault 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

waiting for the re-application of the load current caused by the application of

the load shedding and stabilising characteristic.
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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

waiting for the re-application of the load current caused by the application of

the load shedding and stabilising characteristic.

33. A method according to any of claims 20 to 32, 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;
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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.




