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-1- TITLE Power distribution systens DESCRIPTION a
Technical Field The present invention relates to power
di stribution systens, and in particular to power
di stribution systens that can be used onboard marine
vessel s for supplying power td- one or nore propul sion
nmotors, in addition to ships services. 10 Background
Art An exanpl e of a conventional marine power
o i bution and propul sion systemis shown in Figure
:@ow%mﬂﬁrﬁ ioflfsydi@sel engines D are used to drive
i ndi vidual ac “generators G These supply ac power to
a first mediumvoltage swi tchboard or busbar MAC
%@géggﬁgﬁgﬁgenediunwvoltage swi t chboard or busbar

di um 15 vol tage husbars are equi pped with
PrehsichliMgdsw t chgear that conprise circuit breakers
and associated controls and are represented in Figure
I Theypreseat iveytivnoklatd@oapowerdistvibntier sysR@saned lmgzadldudnr to power

face t i um.vol t age, busbars to electr
PR R s T a e id OFheE Pt BparrElcior Pdlying power to
mh@lolﬂ MoYOboPURIFAUBOBES irPdRitidH BIARR &SR by
protective sw tchgear. 20 Mst of the ships services
require low voltage and it is convenient to derive
tﬁ&ﬁ ghg@%mghe medi um vol t age busbars by using a

In the conventional nmarine power

dthshkarbplt:ldfm antiepriGl Insdrive Sovedr aIRtEB@h bt Eto%ﬂfsﬁ)nlsystem is
a first iow voltage. switchhoard or_ husbar LVA

SHANBADHENTS b hes RPHSY OhAHe rnEsIcs dgerpusyhio degvammlidaual ac
té%ﬁ%%?s a. f'['h%\ %EWT&W to % kirs"il%d rr? tvﬁlb%ge\églltchboard or busbar

SW t chgear ow voltage sw
MWI d.n‘d/&com me(hiluet:t/(flthgb thbld)oaﬁbmftdlsbmd\dUmGa)l Tiag@edium

ba AC2 throu second transforper T2 and
5}?%%‘?‘1 s 3 ?%H@&gﬁmﬁwet%w S%qhﬁs@égfg &%@F@e giFqit breakers

'aﬂa S SRAMEE LEHr Y aRl Qb€ ?éﬂré’s@cnéﬁ" 1&1@*‘1?91%‘% byAY § exr 's%ﬁ?&lf Power
unspecified electrical l'oads (| abe

canvdstercl necesed to mtcﬂfgzeltbwmdiunagdtdga é’.)bsbau;s to @étric propulsion

motors PM that drive propellers. The medium voltage busbars are interconnected by

protective switchgear.

Most of the ships services require low voltage and it is convenient to derive this from
the medium voltage busbars by using a transformer. In the conventional marine
power distribution and propulsion system shown in Figure 1, a first low voltage
switchboard or busbar LVACI1 is connected to the first medium voltage busbar
MVACI through a first transformer T1 and protective switchgear. A second low
voltage switchboard or busbar LVAC2 is connected to the second medium voltage
busbar MVAC?2 through a second transformer T2 and protective switchgear. The low
voltage busbars are interconnected by protective switchgear. A series of unspecified

electrical loads (labelled LVAC loads) can be connected to the low voltage busbars.

Although it is convenient to connect the low voltage busbars to the medium voltage

busbars, such an arrangement normally leads to problematic coupling of harmonic



10

15

20

25

30

Al though it is convenient to connect the | ow voltage
bushars to the nedi um vol tage busbars, such an
arrangenent normally | eads to problematic coupling of
harmonic n distortion, In other words, harnonic

di stortion in the nedi umvol tage busbars caused by

the operation of the propul sion notors, for exanple,

will be transferred through the transforners Tl and

Tistowsionhén pther wordsabampaghdistertionfin tieemedisot Ydlwge bhgharkscaused
onpected. to.the |ow. voltage.busbars r ire l.ow

PR i b Prswepiongno@Rh ek, by hfyssqtbd through the

StHRRIoYMERAS) dnd TR0 tHel ISwANtaEQbSHaROtIE M @bctAEAb&I¥Eonnected

with -heir normal operation. Al so, sone of the | oads

dorihedeedaliese heshasweasire dgw hmpaicsdigagtion Hemdehigh uality of
%%P&ge? Vaﬁ?ﬁlgg@lﬁ)?'tﬁ&? "l orga)% r&aﬁgge%&t? 1aY?ﬂrBﬂg$1(s) YRR at[l(?lr normal

ansterre Aroug e transforners
aperafidnt 0 Alldoe sor@di oimtheoldadgeohushal so tHO 10w wwiltdge Husbars may
suppress such harmpni ¢ distortion, |ar and

thy.
themegleesFeayse hABRARIF | PstorAnic thedlore Vpﬁgg%aih%?ﬁ?’ This will be
\épingf%%d *ag?g@% Sie tANSbARLs IRLLE 'T%ftg EheSHPROESD1 A8 blkBars.

ar noni c rtion 1s to use phase-shitting
transfornmers in place of the transforners Tl and 'T 2.
ot her marin

51 power. di stribytion and propul sion
3 st irdo SHeneR B RTBT s ston dershrgs Pas B By E P agrmally
| Bnh&i& ©ABEMIRNAIIIABIBIRALs. Shown in Figure 1 is
still applicable but the first and second nedi um

vol tage busbars MVAC 1 and MVAC ? sinply operate at

| pw vol tage. .This m ght be fhe case. ere the power o
Sk SR oD n TR P B BRS SislRE! s LBy RO Eip-shifing
ttenRihaRtin bhee s MedfandoffRes UMavgiiage ac  supply. It

is common for the propul sion notors PMto be supplied

with a different value of |ow voltage than the | ow

I e I I ovid . th l.oad
8, S8 BP s Sl R Ol S Gy s o
wipplgas ahplpsed anyiiaehisoedds theayrahgateera shéOnVins bjuky .1 is still

25 I.n _such | ow volt age Séster_rs it is go n for |arger
ARlifA0l Puicineciiet e SrooRReIatien valost REISTOMYAGL A MVAC?

P ERe ol B RABEE Thiso i by PE My MESrS TR Rlife of the
propuitien anotoal® & enssffmwent ds verang tbonse of @dmedium voltage ac
supply. It is common for the propulsion motors PM to be supplied with a different
value of low voltage than the low voltage supply that is provided to the LVAC loads.
For example, propulsion loads may have a 690 V supply whereas ships service loads

may have a 440 V supply.

In such low voltage systems it is common for larger auxiliary electrical loads such as
thrusters, pumps and cranes, for example, to be fed by the same supply voltage and
the propulsion motors. Although only propulsion loads are shown as being connected
to the first and second medium voltage busbars MVAC1 and MVAC?2, it will be

readily appreciated that other electrical loads may also be connected to them.
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to the first and second nedi um vol tage bushars MWAC 1

and WAC2, it will be 30 readily appreciated that

ot her electrical |oads may al so be connected to them

_3_ Moreover, in sone cases the propul sion converters

PC that are used to interface3t-he propulsion notors

PMto the first and second nedi um vol t age busbars

MYACI and MAC2, together with any other |arger

aMbeordoiver, yn edrec icases dhe padisionnepyerdtrs X Cthet amnged &i mgerface the
enal ty, 1incorpgrat ddi tional .technical feature

PRABUO mAE8 B ol 8RS aht ShSing SRR BlissCBiES My ACt and

Ty ASE tofetiserGhitalsl bihenRkod aeRiliasaélebtiodubfs, Wayl & a cost and

el imnate the requirenent %or the filters F. Wichever _

appt awaHlty, singegrate additionak declinigahoteriuresi shadrmindmise harmonic

t .1S..a si gni.ficant. size C I 0

S i R Tl G B R RE HorRERP alrts wouta

séiiingte TBe ragirv@kiita@e thebfilsdralrs WHAGEvangprds2used ¢d minimise

that a satisfactory Sis simlarly maintained on the
| pRmgBictdigartiopdherg b aveys waagniHeant sizaepd cosfrifaply & ensure that

ttﬁ@ dplfSV %%&iﬁ(&in@ﬁ%n%ﬁ _%ﬁﬁtan? %E&ﬂﬁii rHQdiﬁ&ev‘iﬁtagQ bAAIIEHYACT and
the problematic coupling o arnmonic distortion
nMeMACGhedclabov e satdfaptooy QRS i sipaluely ohagttaindlibn ahe low voltage
syste I S| hg: 15 first distribution busbar; a
é@@éﬁgk3§§ffﬁ Egéﬁ%busbar; a multi-pulse rectifier

having term nals electrically connected to the first

di stribution busbar; and a multiple output generator
] ) [ 1igecond gal vani cal |l y-i sol at ed stator

f]

.,ndi ngs,. the first stator, . wndin ovi.din fir .
S R e esel B CHO Dz eloBlRPaiE] fiiofing ' 3t harmonic
capotneettnel RBo¥d hid pivides labpdw@iBHSRRIN system comprising: a
(optionally by nmeans of the nulti-pulse rectifier in i
tivst dptrdasien hebas; 8 hecond rdistribgfiagy bushar i ;omuliipWeg rectifier having
carli [,SLI1 but.i vl 0 y '

PR sl e BT R A o BB o bl oweput
agietah® e stSdndtsecond gathiangrallprisvlated Bigtod vaediagy the first stator
mul ti-please ac_output with w.. phases and bej ng

cWHHE Ravidge hirst guidtirabasgias ouimi (115 RlasBRrnG beiag pngeted to
n i St L j t ; . .
apeanenshel Bl Rpahane, Aeki5 88 e oy in
acsowthpet tharfestpdistsibutsdri bosbdr catbies eldatdistebutdort hadtaign) to supply a
ases of .the second a¢ outpyt.. Phase shifting the )
PRisCAiStsPutH Nakagedp Sbq Ut fisirhvbon Bz oad ﬂ&ﬁﬁegenﬁ staior winding

r§dWding 4 SecBndl GG IPhAR ad Suh@T WRRKLE Fﬁiéls% 9hd bOAg (BfindchR to the
reasons explained in nore detail below. In practice,
t4eeond distribution busbar to supply a second distribution voltage to the second

distribution busbar; wherein the n phases of the first ac output are phase shifted

relative to the m phases of the second ac output.

Phase shifting the first ac output relative to the second ac output results in a reduction
in harmonic distortion for the reasons explained in more detail below. In practice, the
second ac output functions as a reference output and the phases of the first ac output

are phase shifted relative to it.
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second ac output functions as a reference output and

the phases of the first ac output 30 are phase

shifted relative to it. _4- The first stator w nding

is preferably divided into two or nore subsidiary

stator w ndings, each stator4w nding providing a

proportion of the n phases of the first ac output. 5

The subsidiary stator w ndings are preferably

gﬁhw &irst cadtbry wilsbihgtie ¢préfermbiyedividedt imér twa ot mbmnsuhs'eiiary stator
nd st at or vvlndn first and secon at or
o = e st i erofRinest Prpogioreoh 18 o BHAEL Pl the firs ac
ther and are rrultl -phase (or poly-phase) stator

vvi ndi ngs. 'The line current groups 10 for the

mul tiple output generator will operate at different

ta and, harnoni. c di stordti hase r.el.at;i.onshi ps.
v fRRRRY M TERTes s RO kR B TS iyRE Hl Rpcn other
REMEYorh 86t REsnd sther wigdhases of the first ac output are

preferably substantially symetrically phase 15
shifted relative to the in phases of the second ac

Oﬁ{ep st e%@lltl(!l %tatoraw ﬂdﬁ R pl% hg g gﬁ}eﬁt{) g)f ncoﬂs connected

ases o rst ac output 1's ase
ptbg@ihér&fnﬁh am@dluhophdsle\(er BolgHpRasel eﬂaaatr iwdedihigs. t Tiee llihepnhﬁfeﬁs groups

of the cond ac out put an a second oportion of the )

%r tgfh P bepffate s %'ft?é“é’é quse@dogmomc
| I

a(LBBﬁQ)% OI?{ %g@%&ﬁg@g& {He &6 cﬁrreﬁteéraﬁpé e@e% shRBe élﬂ: at different

ases ac out put erm
nmvdrfan&orangl e 20 and the predeterm ned negative angle
preferably have substantially the same nagnitude. In
a first possible arrangenent the first ac output is a

SThe PRASRs ¥F AR tac ehult R pR&GMIY sﬁBst%faﬂ?tsym?ne@ncally phase
t hr ee- phase ac output. Three phases of the first

o fiadt rebatizre t@icph @seses of theewemd a pmtedtetﬁmw%lefda first pr0p0rt10n

Fitvhe  HFa@ESt G i@t thut & pndfs ARV LBty BRve et

eladiveeded or phaded onegatdcyed ap @Iutput agd at de¢énd Brdpbftion of the n
second ac output. The predeternined positive angle is

abeers ofi s ﬁéﬁégQCe@stp%rn@ phnee phidtedt by @i predetpegiaed pegative angle
i&}gﬁ aﬁi E(-?, Sﬁqbrggshasés 8&‘)?8 a-Ehoqlt}m{l tThep}S{Je(%&em{lﬁgJ b&lt?ve angle

rectifirer
and the predetermined negative angle preferably have substantially the same

magnitude.

In a first possible arrangement the first ac output is a six-phase ac output and the
second ac output is a three-phase ac output. Three phases of the first ac output are
phase shifted by a predetermined positive angle relative to the second ac output and
three phases of the first ac output are phase shifted by a predetermined negative angle
relative to the second ac output. The predetermined positive angle is about +15
degrees and the predetermined negative angle is about -15 degrees. The multi-pulse

rectifier is a 12-pulse rectifier.

In a second possible arrangement the first ac output is a twelve-phase ac output and

the second ac output is a three-phase ac output. Three phases of the first ac output are
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in a second possible arrangenent the first ac out put
is a twel ve-phase ac output and the second ac out put
is a three-phase ac output. 'Three phases of the first
ac output are phase shifted by a first predeterm ned
positive angle relative to thé-second ac out put,

three phases of the first output are phase shifted by
a secondefredetern1ned positive angle relative of the

SReshehited byiefust, pr?W@'@llmdaB@sm@fane cfative fo fhe sseansLac output
SH8 IR /L e B EE SRS S TMARARIBRHE posice

phigkeselaivetdighé secohd aic (mlt{hmuthrelzr phpbasptiwikt adoh‘putaare phase
sec eterm ned negative le.relative taq
@tfg%gbﬁe?% s@te%%edf G2V Aadledetiveiod 5&%@%1\?@ output, and
3tﬁﬂ3|ee;ghas§s @P% first 2 éutgﬁg i hastehﬁuﬁ% ggda 3econd predetermined
predeterm ned positive angle bout egr ees,
tiegative anglguekdiet ér tnenedbndeg amtpue Ehg fist peedetoonined ﬁoﬁtxve angle
degree , d.the se ond red erm ned ne atlv angl e

SR 2255 et e SecorRl iRl deO B, pigle s fabOy: +7.3
]&g?e@s PHE Fiest pesdetdringled d Qtﬁéaéiig‘l@fs BT 8Qefes, and the second

connected to the second ac output to provide a further _
rreedEenoned n\egﬁavwgmle i Rlgqub 22 Sndegmerst olhenmbliiepides ragtifier is a

e%FQPQ%%@Wi the nmultiple output generator. In the
pOSSi Ie arrangenent harnonic currents of order

greater than 7 15 do not benefit from phase
cancel | ation within the generator and harnonics of

ot d@paciiophepk trarPegcomgctidVie fpepdslc i PHEpyE to provide a further
GRMgEbhdh h%on&&dlgﬁft 23191?9 iRRSSLY lfeh x%ftétgﬂxg%‘y{ﬁ%[nultlple output

harnoni ¢ currents greater
@nerfatdr flm dre fipkias@ssibaarcmigbatntdmrmbhicicarreite of erder gieater than 7

and s of order Jower than 14 may hav
"ﬂ’p‘e‘?tf Bf‘fn ﬁotcﬁaeephaa% EIcE %tr%lnwﬂgmf@e g@ﬁ%ra@éeaﬁ damgponics of order

quivButhaf & Rgyoenes a Erﬂ%tl k)hz?sg EQRERIDHNY bt BR€ second possible
harmoni ¢ distortion. The action of the capacitor bank,

i anraggeremdtaronnic wiuttents e’ orderc picater dimoh 8l gtoit benefit from phase

[ N | ect hi

HRFTRRSS Al A% Eubohty SRuaM el e pRief SFPELAm fagRay have
Afrpetft& aphab@tchi@llafiod. he Teugcinel &Rbnd %thtﬁfe‘ dfSthe Uscerator will
that the filtration deviates fromthe ideal

cﬂ@ﬁ?ﬂ&bt'@fqggthﬁenom éxséirtlmel €he acthnhef the @amﬁlt@fbanheln conjunction

! henef
ﬁ’?l]‘ﬂ?rﬁ{aetrg%cﬁ&% %es st1 1mge el ah ﬁ% ?Fﬁ‘bnr?e%?t co(Sl%parable to

ahistr et dadiped siee@ﬂ] -rdePRYEIC ff'@t@f dut tﬁeﬂﬁ'aé’tﬁﬂﬁﬁdtthﬁbr otbx@8klectrical
al so. provides excitation of t he generator.

frosrdeh euh tairthe Hltravgn devietee froaptieiiden! Ch*ﬁ&?’ﬂ‘(ﬂsﬁicu Nevertheless,
AL 2 BRnRFERS S ﬁé&t({] bR BroPatY Bk f?dq lhaﬁ{l?ljﬂb If'ltf‘a}fulgg. By drawing a

perspective a e capaci tor

pnodensdneed choponent ws uerntras latledldlﬁg batvelofactor, the capacitor bank also
provides excitation of the generator. The fundamental MVAR rating of the capacitor
bank must not be excessive from a conventional stability perspective and the capacitor

bank must include provision for inrush current limitation.

The first distribution busbar (MVACI1) can carry an ac distribution voltage that is
provided by the first stator winding of the multiple output generator.
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30 The first distribution busbar (MVACl) can carry an
ac distribution voltage that is provided by the first
stator winding of the multiple output generator. -6-
The second distribution busbar (LVACl) can also carry
an ac distribution voltage that is provided by the
second stator winding of the nultiple output

enerator The first ac distribution busbar w_| I

rord distrbuiighbusban( LR Lirian glsosgery @may distribution|velfage that
H} 4}’\&6 pel&cﬁgﬁ? taﬂ)? QVntuhﬁ ofHE %{11 eq)'u@'ﬁf %Qfé}dt&n

ar w nor na ancrion as a Tow vo age
busbar Thus, in the case mhere t he power distribution
systemis_ a . marine powe dlst ution and ul si on
%fgﬁ%{ ag ﬂlétrabeﬂ%m?bpa@ b narae DL {etRn st 51 VEHASSUMY) or
Qsar%%gé (I.Wblgﬁaldén?lttﬁé baHoRE aatisHRALBE LA QM1 Y8k A8 function

to one or nore propul sion

daswb“sycﬁtagmbu‘sbaro ngius tingh¢ casstwlzre thespawdsdistobutiod system is a
busbar and | ow vol tage (.e.g. 440 to ships
JBF D RS PN PR GOBRUS A SYHeRh MMbui B spapted by the
Thelpe dut dptﬁ k8 atol flaly le AistERRe DR BEREhIdr taW W¥ltage (e.g. 6. 6 kV or
connected between the first distribution busbar and
p1989p M) $¢ ememt mpre propulsiney duy dysterash graugh thshBiese ac dlstrlbutlon
r ifie fo p a pover  convert e
S ol o ihs P20 e R OB SRR 4oL h3beond ac
aeligebuticiablsparconnected to the ac terminals of an ac
propul sion notor. If a de propul sion notor is used
t hen its do terninals may in sone cases be connected
PP, 81O TR R Lol Al i S i
dmsbz&remdmabﬁ)pofsmﬂ imetdmllhio{lﬁml\&&ds ebé infulephbye medie iy form

an i nterposing do/dc power converter, 20 The first )
&%&‘%l%ﬁ’t"‘f%ﬁ%%& ahalyo Wiy 3 Sl ad i Wergrhatis clectrically

VRLh&g&: tol e LB 't@mﬁﬁ:ﬂ@[}g%@gro LR nHblor - P ae Rropulsion motor is
rectifier 1s electrically c ected between t first

stsad drenvifsniti tegniodls nayen soint icpdee bowomerted electly orthadd terminals
t first distri. ut| bar to rectify the first ac.

o bt it Bt i YR et r b st bRT ot B inats of
tth@nullt$-peRE FdcBE Py h@@nsfdffa%tmtgﬁ)oglhgtd&ld’é%W@f‘c&ﬁ%ﬂé}r i's
derived directly fromthe first ac output of the

generator by the rectifier action of the multi-pulse

(i o oG BREGE sk ol SRR IERR AT Bl Bpgemen
caé mtilfigulsbeegiiee iflektirichly coihe¢RttiRpecdiBe BRst stator winding of
Ithz: %glflt(i)glgeo(iltt;u(‘z generator and the first distribution busbar to rectify the first ac
output. In other words, the dc distribution voltage that is carried by the first
distribution busbar is derived directly from the first ac output of the generator by the

rectifier action of the multi-pulse rectifier.

The power distribution system can include additional distribution busbars.
Distribution busbars carrying the same distribution voltage may be interconnected
together by protective switchgear. All components (e.g. multiple output generators,
power converters and low voltage loads) may be connected to the distribution busbars

by protective switchgear that comprise circuit breakers and associated controls.
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30 together by protective switchgear. Al conponents
(e.g. multiple output generators, power converters and
| ow vol tage | oads) may be connected to the
di stribution busbars by protective sw tchgear that
conprise circuit breakers and7associ ated controls. -7-
Each di stribution busbar may recei ve power from
additional multiple output generators. For exanple,
in a possible arrangenent the power distribution
e n I wt .
SRb Ty TRHohCBUES AP REesPP R Rl Dol moliplg oupu
f gensitatadts. s tok kuémple, Msmsml@pdrramgahém tht tpptvebelisagbution system
rectlfl‘?& by the nulti- puI se rectifier in the case
vIR®Y dndlpge 99 < Pt PIUHRIS oRtm steRpratoss ryhase af%é‘b ac outputs are
V,
g B B B AR R0 peha AR ARE mul
et iectafier power cadie stlrerd thei fonst dlystrtbanombyshap eagce avdctchstrlbutlon

various nunbers of power  distri "i sl an

VB SE asdoa % G 18 PRURSILOde SEo R drstributith busbar.
IRALhALRESR p é&e@mtﬁbhaaﬁ Isfgtaﬁsn@%ﬁe?ﬁ@ “Qme\ra@fbh@ﬁmﬁpéiﬁ%f power
nmust be car ef ul contro I'sl"ands may

cdistributied “ltSIagéet”h @nt simrivgr off pashllel cogheateda nmltmjb @ulslt gagerators

PHAROB: b o Shink RS B BPBUSHED B ledn dyensamy be

gffoﬁﬁ&ftéd togdBeF %@%faﬂ@l ef gﬁ@p@k@iﬂgﬂd ssldrl hresghent (e.g. for single
equi pment failures. Each nultiple output generator is

mrepléﬁlamrgot%gmnmgé@r yayabe epdead vamatré#mdua@cy and graceful
A/ e
BB TSA Bly "B EBRGH! D2, U Lot oup
pgeﬁpltahﬁ-l 1¢] rpraﬁtefblly eafulded egnneoheshtionalt Aatomaltlbl VpltdgeeR egulator
rectifier using an appropriate_ .interpgsing power

ik aceprdgigdo @éﬁltﬂée avalw o figitpb rnteq) ﬁ?ﬂwﬁzﬂ?&sqr@ﬁ?-
synchronous etc.) However, it will be readily
appreci ated that other el ectri cal |oads can al so be
28 peauieat edtdr@an bhe cnmﬂdctedpu tisempbepulfd srctifier usmgmr ggpropriate
The rrultlopulse rectifi beac ventlo

R N ataries apd, fin PR 28y ST Pt A% tiga. synchronous

C&Erpoﬁgﬂ%vérhﬁtwﬂllsbeefmhi@y %ﬁipr\éhhied'tﬁitl d{ﬁ&cﬁeétﬁ@al loads can also be
oper ational behaviour and capability of the power

diosnedteslitoi theymats pelss restified asukawited. duri ng equi prent
failures. 25 The nulti-pulse rectifier may have either
the standard series or parallel configuration and

eTHY @ultdpastecfied MYy bs b ofiventiohaleXausdtid - or lmharine type. The exact
thyristors are used then they will normally be

opEn&f dep eamnenenictha iaicrmpleysd atlﬂll igfperice thgpagetionpl balgyieur and
b
pérég?ﬁelggy 3% ﬁl%r&%fq% dlptgblgth D ys?e ag't J:lﬁgrl}'; (avﬁﬁg \éélglgment failures.

regu ory ures.
The multi-pulse rectifier may have either the standard series or parallel configuration

and employ diodes or thyristors, for example. If thyristors are used then they will
normally be operated with the minimum practical firing delay angle but they can also
be phase controlled to provide protective or other regulatory features. Whichever
configuration and semiconductor power devices are employed then, in the case where
the first distribution busbar carries an ac distribution voltage, it is essential that the
multi-pulse rectifier control system, rectifier commutation design and dc link filtration

take into account the requirement for phase balance in all of the ac lines of the first
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configuration and sem conductor power devices are
enpl oyed then, in the case where 30 the first
di stribution busbar carries an ac distribution
voltage, it is essential that the nmulti-pulse
rectifier control system reeBi-fier comutation design
and de link filtration take into account the
ui rement for phase balance in all of the ac |ines
shistribtin usbar. g0t @RamploHhPbcIstisRa soriey canf laﬁfﬂtl@n is used then
Q
oL b ol Bl R Tl PRI ohite WRRe LTER 48 stator
phiagiggr oups of the first stator w nding. The
mul ti-pul se rectifier may be used in conmbination with
any conveni ent voltage source inverter types such as
'ﬁ’% lﬂﬁ?@lﬂfé Y\Q:’ulﬁgy ?Aag% ﬁ&d%%ﬂm%ln%ﬁﬁi aﬁf \éMlven‘%h@ voltage
t type for exanple. Subject 1o the
rsequoerievete typms sphlase IGBal-laisatetwmletvhbpalse wiidtb snodulathé (PWM)

flrs distri on bus pul se rectifi
thggetv g PN PR dORGKHEREon BT Bt . BT ofgh phase
Odél'lafn%é‘tm RUALC ﬁnésné{ﬁﬂfeeﬁrsﬁ&lsiribﬂ{’ioﬂ- Budtal aue Meiti-pulse rectifier may
converters. The inverter may formpart of a power
cabstv be vead nhenmbinatiandesth ather wiell khoyw cymenrtesspfde) igreréar de link
pt?%q:slgﬁ(g't %oﬁw?ﬁ%r\gre %fl]lﬁtll?\ﬁegfe{é I;I}Eltg | Zt zrnlt% %Ip?)xr}/elb i:’ldc’nrl/%rteraﬁglt fAcludes
aths triulBLHul RNrebiit&abr 6arbiL&l Betdh@en Cihétﬂ%stbdiﬁmﬁﬁtlon busbar and a
vol tage, for exanple. 15 Two or nore nulti-pul se
rEepylFIPBr Botanin i sAsfe dthsee tthe tiivet ﬁﬂﬁt%'?ut@rlsbvﬁbsmqamﬁs a de
dﬂﬁgﬁﬁuﬁfvdﬁgg%br e her mul ti-phase variabl e speed
Ives I Xed 'speed dri'ves and non-drive type
el ectrical | oads may be connected to the first
distribution busbar. In the case where the fir.st
Gl G0 P BUFS BRIBOBAFECERTS B8 DaFORRSCHSE RO diitripyfipn gasbar as
HQ «d 1s essential that their multi-pulse rectifiers
conpliant with the requirenent for phase bal ance
|n the ac lines of the first distribution busbar.

n- converter bas nul tj-phase.el ectri.c | cads may, .
APt e Bt Lau s PR FPGT Tou SR B Bt nomdrive type
hisdigéal 1443 e Bassinabied & tHeeridki diskibaiist bhwdf | dA the case where
busbar carries an ae distribution voltage then it is

ethe dinsti dastribhiinn busbanedrrips phas élsltrdatn@nafoétag%ﬂa@n iiistessential that

SRS sCRPURRAR BELapEnER b B8 appgee o e
vitgihes of iR Sirgidiaibhtesh tasbid - pul se rectlfl ers draw
power fromthe first

Non-converter based multi-phase electrical loads may also be connected to the first
distribution busbar. In the case where the first distribution busbar carries an ac
distribution voltage then it is essential that the multi-phase loads are compliant with
the requirement for phase balance in the ac lines of the first distribution busbar.
Additionally, when series connected multi-pulse rectifiers draw power from the first
distribution busbar it is essential that such non-converter based multi-phase loads are
compliant with the requirements to withstand the dc bias voltage that is experienced

between the individual phase groups of the first stator winding.
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di stribution busbar it is essential that such
non-converter based nulti-phase | oads are 30 conpli ant
with the requirenments to withstand the do bias voltage
that is experienced between the individual phase
;groups of the first stator wondi ng. -9- Draw ngs
Figure 1 is a schematic diagramof a conventional
marine power distribution and propulsion: system
F.D_mgsz is a schematic di agram of a marine power

strl ut| on,and ul si ste I n.accordance. .
V\}: f 15 Ac§C hg%tég e} ﬁ vrgpgw%r@itmz?rmfemwgn&lsmbunon and
Fplg,pﬁlgloﬁ sk§terd; detai | schematic di agram of a double

out put generat o!r;éé DOG having a six-phase ac out put
akiguee 3 rasehpmaiicediagramuatpumarii gyves distiibutipnged ewequlsion system

PRI PR IR e SAER AL o Pl oure S

i’ng a
t Figliee3 wwzaaaalaecma@utd@gmn ofQ doubly @ﬁpﬁthgmeraaﬁ (DOG) having a
output; and Figure 6 is a schematic diagramof a

nﬁ?‘THhéseﬁ’G\H@FPUél pad ¢ FIEQR'P]éﬂﬁe AHEUPFBpul si on system in
f\‘gﬁfed@fgca%cﬂ\éxﬁihcaddéﬁﬁrg H%%hﬁ‘o:ﬁtc ) setéﬁﬁ?é?faﬁéﬁm

ention wt ution architecture
AF tghoeugls a detaif ﬂihbmwlm@agmﬁcof PpDOEhhavdngl a teelveghise ag output and
i stribution %yst ens for marine applications,

pover di
aﬁgmg?eﬁp f 8¢ QUPYr 28 power distribution and propul sion
SY LRI Bis o sléﬁémﬁf@dlgéﬁm of aslﬂhﬁl?é)ﬁ(ﬁzvérQl'istﬁ&mra‘ﬁ'd?ropulsion system

vessel s, naval ships and submarines, it wl '
rmadcdoydamndewrﬂu oodetdndt embsdimientiroft theopwggnt amtetomt moth a de

can be used in. other sorts of power
g&&"?’l“ﬂ?ﬂ?r(‘i &"fég?ens such as | and-based or

aircraft-based systems, for 20 exanple. Figure 2
shows a first marine power distribution and propul sion

siEheush; the fobowimandscriptianhist dtéectﬂdetg)emoomv distrilpmion THystems for
{
ﬁé@éﬁ&ﬁ%ﬁ 191%[" Qng ? ?211910{1 a??o T ?lslorllﬁltlgeD(@ sﬁré?uefswn systems

vhcal |so ate I~ phas

wihatlid ¢sghle adtabkt at osmidenilalngsdeds, Rgval 2bips and eginestires) it will be
an i ndependent | oad. A main diesel double output ac

g@ﬁ@batwerm thaha srilarusopPioay yndicenp! aetisr eca@ lpepised in other
éﬁ 0%9 hisEBHioft %ﬁ%er’ﬁy gQéWasaﬁn@-%\Q&rd S%iedt-bakd systems, for
um'voltage swtc or

oar
example.

Figure 2 shows a first marine power distribution and propulsion system in accordance
with the present invention. The system uses double output ac generators (DOGs) that
have two galvanically-isolated multi-phase stator windings, each stator winding being

connected to an independent load.

A main diesel double output ac generator DOG1 and an auxiliary diesel double output
ac generator DOG2 each supply ac power to a first medium voltage switchboard or
busbar MVACI from one of their multi-phase stator windings and supply ac power to
a first low voltage switchboard or busbar LVACI1 from the other of their multi-phase
stator windings. In a similar manner, a main diesel double output ac generator DOG3

and an auxiliary diesel double output ac generator DOG4 both supply ac power to a
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busbar WAC, | from one of their multi-phase stator

wi ndi ngs and supply ac power to 30 a first |ow voltage
swi tchboard or busbar LVACl1 fromthe other of their
mul ti-phase stator windings. In a simlar manner, a
mai n di esel doubl e output ac ldenerator DOGS and an
auxi | iary diesel doubl e out put ac generator DOG both
supply ac power to a - second nedi um vol t age

serandipesivg V@#tagmw@ﬁh‘ﬁm onbpshar Y 8ke fesrm ppe pf their multi-phase
sr%l é%ljn dﬂ{aﬁ%gvo t ag@g’ a I{agdh oar gon%lbig lﬁgi%@bp afd 6 busbar

tIlVeA G2 héomothet dthérr of thidit uliHphse sthiak (Wmnhnlgdl niy swilll be readily
will ber d|| reciated._that each stator winding .
gPvessutedigbicach a&%ﬁ whhRg &f sActh [daubla R Bt secEeraos pRides a
Qﬁff&‘éﬁboébt o&?l!rl]tt\%gtﬁéé fe. ng 6. @k@’ &M 434@)dV 440inUhOkasel VVhérQ fhe medium
case where e nmedi unt vol tage busbars carry a
vwolteggle)sb&® @avy ahelv 44Bagd) 69T NeandedQivhenent for a
transfornmer between the nedium and | ow vol t age busbars
is elimnated, thereby inproving efficiency of the
OMRY dbhirdHidnt B8r R eMBSfofth&t BdtRedd ﬁ{é B8 um1hdPIoRPW18ige busbars is
\ﬁﬁ/stemwhlle at the sanme tine reduci n<I:1 noi se,

iprimated fheralpcimprevipg efiptienvy adrilek ereesall nmmrine pewendistribution and
\é)(%éé Efsqe bu%t%%\r/%/l gg;tyt aesrgerr(;el ) vo %@ 'L_xi)’\%g v1%5atlgp,e machinery
a@wrﬂ@a;ﬂ Mhdsh protective sw tchgear. The protective
15 switchgear conprise circuit breakers and associ at ed
controls and are represented in Figure 2 by the x

ey P@;n)d fﬁ%

i nter colﬁﬁlec gh %Mr}%)ic%g a\%ggvm %g( AW ug[)ﬁ voltage
rlegdbloykdppo did) &tnddarb Fegiippb w1ﬂE1:i1roltm:tlve Iswaglegdau s e sprotective
MAC 1 and M T. AC2 rrBy arry any convenl ent vdglta ge
CIAChERdT REmRTFORT! Pregeere 2gd agtsaled Wﬁq% ycytig iEprgpented in

Sk HARGERRONLB 1O ni%ﬁlung Qol@ééehélﬁb&rg %V%@Hearﬁif MVAC?2 are
the. present invention. The main and auxiliary diesel
dmu@tdoencmRQO by @rotegine satitchgeaDOdt, wilOB2 =madily @appreeieteddthat the

| Seble, R R DR oan BEPRRS S O oo, vl
62({51@1[%%? hilgw Yottags @lg. BODDLY e Ul pUhd akatdQBE R @%eme@@q%mum be

L are connécted to the second nmedi um vol f age
brigiha thengaes of thy prssentagtantien. swi t chgear. Al t hough not
shown, the nmedi um vol tage busbars can be divided into
two or nore separate sections that are interconnected
Ihep e Gl VAuxSINry Cigedr doubRe output ac generators DOG1, DOG2 are

connected to the first medium voltage busbar MVACI by protective switchgear. In a
similar manner, the main and auxiliary diesel double output ac generators DOG3,
DOG4 are connected to the second medium voltage busbar MVAC2 by protective
switchgear. Although not shown, the medium voltage busbars can be divided into
two or more separate sections that are interconnected by protective switchgear. The
separate sections of each medium voltage busbar, and the first and second medium
voltage busbars themselves, may therefore be selectively isolated from each other
under certain operating conditions. Single and multiple island operation of the marine

power distribution and propulsion system is therefore possible using an appropriate
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separate sections of each nedi um vol tage busbar, and

the first and second : Tedium voltage busbars

t hensel ves, may therefore be selectively isolated from
each other ,30 under certain operating conditions.

Single and multiple island opdration of the marine

power distribution and propul sion systemis therefore
possi bl e using an appropriate - |Il_ nunber of double
(mbeg|ofidouble (ot mpitiplak oyt pageneratorse dnadivm ololtagee busbars and
q&%gg&%mﬁ%g bul bar sections. First and second

propul’sion drive systens each include a power

converter PCthat is f used to interface the nedi um
vol t age busbars MVACI and MAAC2 to an ac propul sion _
o tsh ANPMPRA PTRUsiRE dBv s ¥sisany eeh inghederyppver ¢swester PC that is

: but i . . | )
les o Wil 30 mPAER TR SUSRACMYREL B METACE o an o
tgropigsion mator P shys tdrives ncprogeldera Phaverarimie mosver efistRiution and

that is used tp interface the nedium vqltage bushar
NARRASIgR @ystem WReI i s AP U PAGT GV fvicRtl, Lk thrustr
QTriv\é_esc}'sénil-Qlcﬂfdalﬁ)%gf)&ﬁer (ﬁﬁl@@rtf}oﬁ@ lth&OfR Vil &6 15%1'1]%{}%\&1{& medium

in Figure 2 includes a 12-pulse rectifier,
amdtagn bushaey MY ACHoavely MVACH tanamah¢ ¢hmater \neotor TM that drives a
t, and.

arrangement. where the fi econgd. propul si.on A
i R BB BGOSR g2 puise rectifie,
Y ed @1d APtV Stet NEIBweOAC th ROUREMHBRVEFdn@EmEfe Whdr the first and
only include a 12-pul se rectifier. 15 The main and

Sasend preyulsipe dave dotheinelrdpde Parpudserematass st thoster motors then
[ conne d..to.the,first, |l gw val.tage bushar
SORErOhY sRERREFIC Gt ARl o b MERREPE e
the main and auxiliary diesel double output ac
ener at ors DOG3 are connected to the second | ow

vioie ayen s barkiliany adipsehydquble eetruy eac goirapge ROGIFHROG2 are
| b i .
SR BORDHRL 17 A v O o LALSECIREEL S 1

LSiAAG] manckr] WeAGRincand ywdlisrgwlivel tdagele ()t @cgenerators DOG3,

[stribution voltage (e.g. ,440 V, 60 Hz) and nupber )
33?8@’#; péc PPIngeff JRdthes afing slove pjseges g eV A B Srotective
AhgichbOp! 1P th@ff%e( baels £YAlMALd 230802 3FE interconnected by
conneCted to the |l o 5 vol tage busbars by protective
prptectingesaviichgére. t echni cal features of one of the

doubl e out put ac generators (DOGS) wi Il now be
described in nore detail with reference to Figure 3.

TR ¥ fatgd hebas (NACSHAWNLVAC2 carry a low voltage (LV) ac
distribution voltage (e.g. 440 V, 60 Hz) and a number of unspecified loads such as
ships service distribution systems (labelled LVAC loads) are connected to the low

voltage busbars by protective switchgear.

The technical features of one of the double output ac generators (DOGs) will now be
described in more detail with reference to Figure 3. The DOG has a rotor (not shown)
that is driven by a prime mover such as a diesel engine, for example. A first stator
winding includes a plurality of coils (not shown) connected together and defines a
first ac output having six phases. A six-phase stator winding has all six phases wound

in a manner that gives them a specific operational relationship and this is true even
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that is driven by a prinme nover such as a diesel

engi ne, for exanple. A first stator 30 w ndi ng

includes a plurality of coils (not shown) connected
together and defines a first ac output having six

phases. A six-phase stator wilH ng has all six phases
wound in a manner that gives thema specific

oEerationaI relationship and this is true even -12-
tthowgihtheHast stptor vandingris Wivadadnito er icprmeeates iy sysidiary stator
[ rat.es t el Lndi n g
GoELERR B e LRiaRY ko 3hth Bah MARGY DRkl sty stator
swingingl moyidss dire¢ phasien dif nige firsd \ac drsput khéen fpoasdE sutsidiary stator
the first ac output and second subsidigry stator L
VWWG}WTBY@% e riRpeeolghadiey agouime e dirstad seopdsubsidiary
Thgof %rﬁﬁn%%llsﬁgﬁgﬂy ﬁgpébﬁlcu%eﬁ reat ARk hndVhiadH at¥ilith loads
typrcally "have anced reactances and nust operate
vthithhdve daganced fitndhmestab alraents hafooawent@b acd furelatrental power
har noni c .currents d fundanental,k power . factors for

RGP 15E BEPraes A5 BBAse SAREIRGY Brbd periratipHepier yfhe first stator
ef il #RuldTRrdibleShe SRt Rally WeSiZhad a8 Quhdrithar®f @usly with
be specifically designed and constructed to conply

whede opetatioral gpprizenientsal requi renments. 10 A second

stator winding includes a plurality of coils (not

shown) connected together and defines a second ac

OAltsBétind b M@iddi e cRidas 8 plurditg Jfichis (1 Gh&@odkinected together
stator_ windings are galvanically isolated from each

cilledefingd resqsand jag uarutyhavingethses: phses. s taeofirsivepdiisprpnd stator
: . e S

DisdRlal 3P, LB YELR BORTHIA b, SMPPRaRBERRG, he socond

fdtatet wihdih@rs Wavdnicglly Aoldiedidlont hiee fiasi mdpsecaei phtesliaf stator

har noni ¢ phase cancell ati on and phase shifting are

vBINdings bias Fogether I peiae firet SERIENEREf t i ng that is used

within the present invention requires further

detail ed explanation as follows. As shown in Figure 3,
t Akhdugh thhbesc plnpbks ®f graoupsc phateheantéliatibn aod phageuthifting are

ar hase shifted. s tricall about .t he .second ) )
Crb&npRAS eaapea%tcpéﬁase BHNE it Sciied, YhiB P dwesent invention
RREsies MfthdMRidilel Skp@RatRIAtRUbIISRAL AREROWPIHOMbERSB, By two three-
thé first subsidiary stator MAndlng are shifted by -15

deyse goupebhtheviérst ec ovtput arephest shited hymemetpisaléesbayt the second

the second ac,_output and the other .thre hases of .th
riiFesoTACe B Opatt « Hisre BPECBTv: BE miptndl BEdg e oo That are
B&ided 8k XhSfinst Qlibsidingi ftgtoRvendiild hieashifhdd by?2®15 dégrees relative to
egrees relative to the respective three phases of the
stee aerireettveghirgguthases of the second ac output and the other three phases of the
first ac output that are provided by the second subsidiary stator winding are shifted by

-15 degrees relative to the respective three phases of the second ac output.

The phase shift angles are applied with respect to the fundamental components of
stator voltages and are specifically selected to cause the 5th and 7th harmonic
voltages (i.e. the harmonic orders 5 and 7) of the first three-phase group of the first ac
output to be in anti-phase with the respective 5th and 7th harmonic voltages of the
second three-phase group of the first ac output. There is a 30 degree relative phase

shift between these fundamental voltages, a corresponding 30 degree “plus” 5 x 30 =
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The phase shift angles are applied with respect to the
fundanent al conponents of stator voltages and are
specifically selected to cause the 5th and 7th

harnmonic voltages (i.e. the harnonic orders 5 and 7)

of the first three-phase grouof the first ac 30

output to be in anti-phase with the respective 5th and

7t h hannonic. voltages of the second three-phase _
grOugemte phasershifl betasenthpbth harmonis Yaltagesandie gomesponding 30
relative shi f tween t nd I . .
v(gﬁg?é a9 engl,n Hg’a’zgéro es blogg)a‘%% %’ffe a%ee%ﬁég’e{%ﬁeﬂgﬁggﬁ% aggonig yoltages;
1H36s dedresnpdtaiedhtd teriebeRgmnsidiaatal Withahenasdtive sequence or
vol tages and a correspondi ng 30 degree "mnus" 7 x_%o

the 158% hgeype yoHase aathithe ppativespduchies of thaZinbamenic voltage,

V o B M i " . r i:
AUARAET LR MR AP TS 200 A0 R4 SRR Gt
haigimaie o thel12ayésedoat ditvalgpoBbitiviesethsequelree-phiisetdreupstdf the first

har noni ¢ .vol t age,. 5.respectively. Sinc he harnonj c
v"&! ‘}“é@’é v 1&‘{’&“ ?Orgﬁlpgﬂg in-t‘b H’&s‘@f"r aY IP%B&Pﬁgﬁﬁ%g)@ﬁ e & ﬁ‘lggRJt"H%ttdegr ce.
o5} Beidt faddd HRfndidc) § wlteglg%%e_cw& w8 hdiet AGGR %ﬂ;glgtﬁrst ac

two three-phase groups o irst ac outp
coupiti argl dsrt wsulhef their dackwifredinplgngoiftat the rdPOGs theseeorsii ac output is

a0 R B AL SR E Y S Bl "
and as a result of their lack of coupling into the

rotors, the second ac output is 10 not coupled to the _
fihase caneelbaiiopuind gpupling ®nlvedndherenplamedovithorefasencage§igure 4 in

1. d i be f
vaﬁ?ﬁ .t}?ea@r%%\.{bﬁltdiragg %t?{e(])ﬁ évgr?(?lgg E‘llr(],lg Br?og/{]dfs i%}]e i t eeLe qhﬁ%es of the first

explaine

fdcr stitpstuBsiabeldgdy asSadt@r 1M el 1@ tdvahd BubsdidBs sfati® winding that
first three phases of the first ac output is |abelled

dgogdas tie serondafirermiesesedidhel fistimsiogint ys bbelehaswitaigr Ag- The
thadndlRaBF Wﬁcﬁg‘% él‘fa? ggﬁgcgeggﬂe tng’oﬁ% /ag T&ﬁ%ﬁlﬁ isof;flbgl deIs' $tilor 2. As

ac output 1Is { at or econ
steatribvedvdbiode,ntie tSttating 7ty haemnidreol sgeo ndcdate dntaptitphh s between

| abel l ed as Stator. .2, As describhed above, the 5th_an
408 %rﬁaﬂﬂ% ATOnS Syksiay sa%mnatn@s Sheink f% Qg‘éorblé%-v@@h irst and
tRordd Lsidg ﬁggpnﬁinhg@]g'ﬂh@f yuﬁtﬁhostamén%n&% mhelefly well

1/1 and Stator 1/2. T irst and second subsidiary
soapled becade nesstist thayrdefihg thanrsEstatosrwindidgar@nsequently, there is

i nherent .y wel co d beca t oget her. the L
GBS Eaeer BF b b AR HPG VS CHHS TR (e Y e pdnding and
ithe sétoRll @ﬁkor'vﬁﬁ&i@%%teﬁ&r 3 ARt pEJViRR Ehe/ $dRoR@RABMbEL. The simplified
voltages into both the rotor winding and the second

single phegentirmghast kaeorused tindtigye oy fetersasdre ofedaniy. abowever, in
SHAES T, LGS it RGBSl 5 SRSy s
windings Stator 1/1 and Stator 1/2, the second stator winding Stator 2 and the rotor
winding will each have three respective phases and the phase relationships for the
respective first phases that are shown in Figure 4 will also be maintained between the
respective second and third phases. The angles shown in Figure 4 are applicable to
the stator fundamental frequency and the skilled person will understand that the

equivalent physical angles will be dependant upon the number of rotor poles.
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practice it will be readily appreciated that the first
and second subsidiary stator 2 5 windings Stator 1/1
and Stator 1/2, the second stator wi nding Stator 2 and
the rotor wnding will each have three respective
phases and the phase rel ati onkhi ps for the respective
first phases that are shown in Figure 4 will also be
mai nt ai ned between the respective second and third

pHessitst acTpiEPRrg cernesisgip ajsik-Phaga meedipm veltagedrusbaihat cap be the
t a ill.ed:

5031 25k HTAATEDNA SR I SIS il . v
thyﬁétﬂﬁl}i, anghediun Mbltdpe Hspandelntesup first taoeusharteC] ofirrying the
rotor poles, -14- The first ac output is conpected, to

dhese, g af H@dﬁﬁﬁnascwraﬁe&% SOV Ma] ByahopusE HpSidary stator
fi ' .

SR TS K O bl SRt ac o
vibhtt &g erdniticaaby ihecsagdsd sebsfdinrytstaior uskeg. ACEigosr 3 yhengedium

th three ses , of i rst tput that .

WV ipatibiroay RifTRd AL e Mat aipayiSSa Pl Bitouteif s ifikide g be used
a0 SBENY Poder BURTHRILsiOFdAVE Hstethd) I H 82 18 fediifies@se &dnnected to
the Tirst ac output that ‘are provided by the second

sthb ghetliamyvatage dyushvrnly megans of Rirgigetevedswhiehgsani dmfirst ac input

| i s, | abeld ed ' b
BB BT 2-aon 3886 200t s, R 3¢ Ml a an o

Peopndl 8¢ AfpulrtbvEngly st edvh. 12-|:P@1sé2:e@iﬂe8 gs lcBfutdcfddetostharsecond ac
connected to the nediumvoltage busbar by neans of
prusb&AFYe switchgear. A first ac input 10 terninal of

each 12-pulse rectifier is connected to the first ac

busbar AC.1 and a second ac input term nal of each
1Paepld-pelse extifibisebrh pat @inke pepulsont dne thes@ndriae systems. More
busbar AC2, The 12-putl,g5e rectifiers formpart of the

propilae thadd-nufeusttdiery ars an dyfesralpart pb e pawer converters PC
Ssglﬁ)%dngiplf?ﬁ.l\r)é’z T d2tdmiees 5?94§hf1'2ﬁﬁlﬁs@fe€tiﬂ& dr@tc&%{e@{ed to the

e power converters PC shown in Figure
Tassodlated ec piapalssoromoadM kad paltsmster otoidri Byl tyrmeans of a dc link

connected to the ssoci ated ac propul sion notor PM

a"ﬁ@aa P F"(Jg’t"%‘?err{ﬁi?toﬁ?‘owf‘ﬁM by means of a dc link and
a 12-pulse inverter (not shown). 20 Figure 3 shows a
12-pul se. series connection but it will be readily

apigniscl shaves a hatpubse spaesa¢dnakctiaanbpiddt walh be aerddlly sppiseiated that a
useol The S{i]h and.7t.h harnoni c vol tages that are drawn
RATeled Cqmesion an A PG Y¥Els iy culate  through the DOG
according to the well known phase shifting principle

that is
The 5th and 7th harmonic voltages that are drawn by the 12-pulse rectifiers circulate

through the DOG according to the well known phase shifting principle that is
described above and this means that the rotor of the DOG does not experience, to any
significant or problematic degree, the adverse and problematic effects of the 6th
harmonic voltage that are associated with three-phase 6-pulse rectifier systems.
Higher order harmonic components do not benefit from phase cancellation and the
rotor of the DOG will therefore experience the effects of the 12th, 18th, 24th...

harmonic voltages, but these are not considered to be particular problematic.
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25 descri bed above and this nmeans that the rotor of

t he DOG does not experience, to any significant or

probl emati c degree, the adverse and problenmatic

effects of the 6th harnonic voltage that are

associated with three-phase 6tpul se rectifier systens.

Hi gher order harnoni c conponents do not benefit from

phase cancellation and the rotor of the DOG wi ||

Theejcedst e @utperis eprectehéo efffreephaseflow eltage ysbarghgf can be the
I qoni I , r

rCareratUPisTRB st SPE: HAGA IRE B e, Atthough the

SREHIacEeutPuttvpillt confir Mivigal st 4nd 7ah hivhesn PhEitge howresult of the

vol t age busbar that can be the first or second | ow .

vhepafatth hsthad SthyAdh, 19th; B3rdes harpeipc ivaltegeg iFe present since they
. C Cp;.QU W Lm0

S "B oteh in SRCRREAATK QB! ho AL e HefiRimts may be

shoddrated Tiyh empBiying #itkdb, bridehrec2ferd. and brrin@nasing the six-phase

vol tages are prese ince they 5 are also present in .
RER datng rarhniars e bkt Ef:f“ff%eéégewlﬁﬁﬁ% r@qelaﬂﬁgﬁgmcgpamwr
Bk REay HOESERERE 1D YhEERbRY b BuphORCoE! BO80VRE bl blvesas filter
and by ‘i ncreasing the six-phase commutating reactance

ofsptonee DO@mbinafion whidr thatsixepheat ito thries-phesguieakage trbastange of the

i t,or . bank . e connected to.the caond ac .
T3BG iRFetar R ViTEbor GBS | UBALL o] TURT, BB nbgrmonic
| ddNERABME SO aWapdtitoh 8arfkd %-sBBREEn IFerly 2@ndBas@ would provide
| eakage reactance of the 10 DOG thereby providing the

dwsptiaal dateesnsdiion of hi gher order harnonic
conmponents. Such a capacitor bank is shown in Figures
2 and 3 and woul d provide beneficial stator

egiiea slws the phae: &nsélRVIGN tfhearphlastatbangainbaheanvieds the first
an alternative arrangenent where the first 15 stator

Vit#en W dsie oaraph BOSES ddmenadiry agjopgut Bavigg tvpilve plaspnglhe first

tagby uﬂﬂﬁg (?% divg@c% ftd $hyr SHaURLy YRl &gld?l s,d k¥dnd&ek providing
into four Subsidiary stator w ndi ngs, each ©ohe
phoeei ghasgs dfhthee fiphaseugfut.t h@hei fost sabsidiaty utatorTiwendings are

four suhsidiary_.stato i ndj pgs ar al vani cal

| BOY2E YR SO BehererTRES $%08 gl g %ﬁb?(??ga SEonG a8
defhResvehSBEQNEhAREs. TUERHE: ARV IQEnd RIE& R ﬁ%’%-aré— %ﬁlvanically
first and second stator w ndings are galvanically 20

i iselhtst dobnf eanin wberh Motegartiovbrly, parsetandl statbywindireg is galvanically

SBSE P BE P B PA  LE a s

twdfdgt st stator wi nding. The four three-phase groups
of the first ac output are phase shifted symetrically

The four three-phase groups of the first ac output are phase shifted symmetrically
about the second three-phase ac output. More particularly, three phases of the first ac
output that are provided by the first subsidiary stator winding are shifted by +25.5
degrees relative to the respective three phases of the second ac output, the three
phases of the first ac output that are provided by the second subsidiary stator winding
are shifted by +7.5 degrees relative to the respective three phases of the second ac
output, the three phases of the first ac output that are provided by the third subsidiary
stator winding are shifted by -7.5 degrees relative to the respective three phases of the

second ac output, and the three phases of the first ac output that are provided by the
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25 about the second three-phase ac output. Mre
particularly, three phases of the first ac output

that are provided by the first subsidiary stator

wi nding are shifted by -i-25.5 degrees relative to

the respective three phases -df6 + he second ac out put,

the three phases of the first ac output that are
provi ded by the second subsidiary stator winding are
Jhwth subsisjary ptaorgeigdingsire ghified b -2%5 degreesaspsive fo/de respective
t f the s d ac 30 output, the three

6 ggggggggfﬁgg‘Fpgﬁcgg%%gtput that are provided by the
third subsidiary, stator winding are shifted by -7.5
degrees relative to the respective three phases of the
sEgreseat inyghtin campel syrectialy oxtpaded toany kenvenjest nymber of

t t i : -6 r{h:.s 1.di-
bl LA BAGH fifthn Mo sifes SR wh AT MOl ber and
twherd Bamespe otdeve in thy agieplsasied 10113 tupetos eNend bagefit from phase
out put. The present jnvention can be symetrically _
srneshgben. t dowayercib il seasellnbadiapraghical & ¢ipgibuty acqowen@ith an
fl ..Aac u ht hi.n sefl: 2. e [:

L Bea bR Il 06 ST RES, Mealuly o o
SinréhdonabBy laped muntét &t hebasiedrs tnd swivlpbagscts within the distribution
cancel |l ati on. However, it will generally be

iS¥HFEctical to distribute ac power with an excessive
nunber of phases because this would i npose a

requi renent fbr an unreasonably |arge nunber of ac
Bugbrar & shnw's smistodndc ontriact gowdrt Histrittubien darsit prdputsicn system in
10 system. Figure 6 shows.a second mari ne, power .
FERTHMSEL ViR BT SPUp UV ERIAR- o) B8 IR 15aKeBRGHL e dhgf fqwn in

tHgurB D&PEA trohn MR Fhdt Mt (HNGrsBXSERPUL provid&lb} ARl firkiQtdtd@inding
shown in Figure 2 apart fromthe fact that the first
at canht POG igrensifigd dymymultiepulse roetifserdy befovd betiggpppBedfo first and

each is rectified | T, ctif.ier
SR 2ot R Bl VBT U B E Gl e busbars
WV DRy eardusiVary 2 WEXEbreaprebdiPabosdibR dedlbtibuNéd drdBi€ecture. By
busbars WWDCI and MLYDC2 thereffbre represent a

FEREBRSMyHi-gilse Fach{ieisdhand bhibEtuting dc Bpwee iy bspichly of phase
bR SR SSRLEDS 20 YL A0t BB HEROA o ve
ahy eohngniéh enuinibies tof splakear withowti ingudihg etée pehddy b6 divaviaiting ac
20 any .conveni ent nunbper oé phases wi thout incurring

PRY CHBHRS FY CHACSHYSAHTRROf REASEE  power usi ng an

excessive nunber of phases. In the arrangenent of

Figure 6 the nulti-pulse rectifiers replicate the
le thd driapgethemtexf iFogure 6 the multi-pulse rectifiers replicate the rectifier function

of each power converter PC shown in Figure 2. The rectifiers R are preferably
located in close physical proximity to each DOG. Since dc power is distributed
through the first and second medium voltage busbars MVDC1 and MVDC?2 only an

inverter I needs to be used to interface the ac propulsion motors PM.,
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of each power converter PC shown in Figure 2. The
rectifiers Rare preferably 25 located in close

physi cal proximty to each DOG Since do power is

di stributed through the first and second nedi um

vol t age busbars MWDCI and MMOG2 only an inverter t

needs to be used to interface the ac propul sion notors

PM 30 -17- CLAIMS 1. A power distribution system

epV8i ng:  a first distribution busbar (MAC 1); a

econd, di b QU | : i); 3. a multi-pul se
?léct i fég?ahé@?tn%%hﬁge]? r?ﬁgﬁéaﬂ?éonéﬁ%sc ‘ically connected to

t he fid st didiridutiobbidban(Mvalgd);, (M/ACL, MWAC2); and a

mul tiple output generator (DOE) having first and

second HEPH F@QP’P?Q"‘F%’BI 0 bat or wi ndi ngs, the

first StafehueNAbRGePhQh S iithifalf idctridlt ERBASE 18Che first
out put vhmﬁ%ﬁpﬁ phakszggeran%mkl)%i nglconnectré %o%he first © e
dligttibutinnt bushatiMBAC] ( MXYACCD)) and 10 supply a first

di stribution voltage to, th . rst distributjon byl bar .
(MWACH Tiiple e sty Qe Do i B Sfsegt sgiivanically-
senoRd bt wiRliase e MW Rbfor Wihink NpBYRISRS adfmd: nhgliPlase ac
connected to the second distribution busbar (LVAC 0
sopitywith 5 phasaslandibeing corertod to bietfagfedistobutihen busban@VACL) to

430 PSR S AP RN o

| SecontdstRBAHeRdiRE ptdi8ding GOfRdoRL mAU-Phidse ad. ofpNOME m phases and
di stribution systemaccording to claim]1, erein the

. .ading,
fheing cenngesd towihedpasgnd slidribytipadbushen (FYWéCdp tRofupply a second
S i.di: 0 i, Dl : i{Rdi ng
EEP ARV Oh S MR BEAEU AT, o
out putwhe2findhe A phavsrofcths tiest ubumput agesprene alkiciod delatgve © the m
claiml or clajm 2, wherein the n phases of the first
aRNagesod e wrenGHAYtBWt i al |y symmetrical |y phase
shifted relative to the in phases of the second ac
output. 25 4. A power distribution systemaccording to
ahy pragedvenglisttibitmon systereiaccadinigr ot claim 1, wherein the first stator

winding is divided into two or more subsidiary stator windings, each stator winding

providing a proportion of the n phases of the first ac output.

3. A power distribution system according to claim 1 or claim 2, wherein the n
phases of the first ac output are substantially symmetrically phase shifted relative to

the m phases of the second ac output.

4. A power distribution system according to any preceding claim, wherein a first
proportion of the »n phases of the first ac output is phase shifted by a predetermined
positive angle relative to the m phases of the second ac output and a second
proportion of the »n phases of the first ac output is phase shifted by a predetermined

negative angle relative to the m phases of the second ac output.
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proportion of the n. phases of the first ac output is
phase shifted by a predeterm ned positive angle

relative to the in phases of the second ac output and

a second proportion of the ii phases of the first ac
output. is phase shifted by alffredeterm ned negative
angle relative to the mphases of the second ac

output. 30 -18- 5. A power distribution system .
atcor divigwep distréiusion sysibrarasperdingeto slasaiet, svhereie ghe predetermined
posi.tj.Vv d tedet er m ne e Iy n

G, B PP iR el R SRR BBE, he same
dinggrifuldet i on system according to any preceding claim
wherein nis not equal to m A power distribution

system according to any preceding claim Fvherein the.
first Ut S Lt i X- R .
Sond it ittribich syRich RUBREE b Bibaflf ol yhergin n s
powequadits b | buti on system according to claim?7,

wherein three phases of the first ac output are phase
shifted by a predeterm ned positive angle relative to

the  SEOQRM: AstIMIRIL 53Rt %U'o?(ﬁng h&Shy éceafﬁg J1AifS twikfein the
out put are phase shift'ed by a 15 predeterm ned

négyhu¢ vetpangl esikglhasd seowtput drel hececmhdazs ouipyus.a Breefphase ac
power, di stribution system according to claim8,

viEPYi h t he predeterm ned positive angle is about -15
degrees and the predeterm ned negative angle is about

-15 degrees. 20 10. A power distribution system

atcor dit rgwepdiginipugpn eysigmrgcrdiagdo clafa e wierelethree phases of the

I = se rectifier-.is, a 12-pulse rectifier. Jt, . A
ok BULEF st SUEHT acPHERERE S Eeblreilivg o e
tRcond wheyueiud dndethre2bphdses tof alie dlibtobd oufud are phase shifted by a

t wel ve- phase ac output and the second ac output is a
t FfedetegHARdEnagativagght felative to iemgernd agisdnuthut i on
system according to claimH , wherein three phases of
9. A power distribution system according to claim 8, wherein the predetermined
positive angle is about +15 degrees and the predetermined negative angle is about -15

degrees.

10. A power distribution system according to any of claims 7 to 9, wherein the

multi-pulse rectifier is a 12-pulse rectifier.

11. A power distribution system according to any of claims 1 to 6, wherein the
first ac output is a twelve-phase ac output and the second ac output is a three-phase ac

output.

12. A power distribution system according to claim 11, wherein three phases of
the first ac output are phase shifted by a first predetermined positive angle relative to
the second ac output, three phases of the first output are phase shifted by a second
predetermined position angle relative of the second ac output, three phases of the first

ac output are phase shifted by a first predetermined negative angle relative to the
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the first ae output are phase shifted by a first
predeterm ned positive angle relative to 30 the
second ac output, three phases of the first output are
phase shifted by a second predeterm ned position angle
relative of the second ac outPfit, three phases of the
first ac output are phase shifted by a first

pr edet er mi ned ne%?tlve an%le relative to the -
swedbacaRutRft st thregrphasesiidle firshaegutppt arg @hﬁersgtﬁeéé)y a second
et erm ned

ﬁ&e%(g#%r\rllgﬁ%ing e §e %{;‘Htlé 1E/ezaﬁilt‘}c‘;mt) essggoglg %8 Oﬂf,p%gut put. 13. A
power distrlbutlon systen1according to claim12,

erein the first, 5 predeternin positive angle is
st Rop0ery tdagiont ﬁzést%cawardg% o bt b Wherein the first
PRSadit BN PbsitilvS ABRUES Zlb?u tdegs & e@egréegetﬁe' rs@éond predetermined
predet erm ned negative angle is about - 7.5 degrees,
am.ltmwngboo aboy & dedegredsnihe fmﬁgmedemnmmgl r@gatsveazb@ln is about —

14 A di stribut . t
L8 PG ang iy ePdplrinifeq ey NEan e T HRO T " degrses.
toId ti-pulse rectifier is a 24-pulse rectifier. 15. A

power distribution systemaccording to any preceding
cldai m Afpgmeh distritediop sy gemgceordimgde ianp of blatks &b édtwleprein the

he -secon 16. A power distribution
sys#%%ﬁ%?@g?%mjsa?gp§#§r%%g%edlng claim wherein the

first distribution bushar (.i4l1VA .Cl) carries an ac

di stribution voltage. IT A power distribution_ system
a]cscor it nBOVY QIsHILANPB, SYHFER edcKOIdHIE (| Any- p{ﬁcg@ng claim, further

t th
rErir i Ol bafl BB e OO S BB CPEC, 1 e
| oad (e.g. a propulsion notor). 18. A power
dj stribution ysten1accord|n .0 any of C|§JHB [

T R TRETF (PR DY oy SEFTS BPBMIOE o IBY SRR ARGy, Jwherein the
O &1§§1bﬁt191§bﬁj§b§1t (YU 19RavRL hRGEaRRTBuLBE VOl - pul se

rectifier Is electrically connected between the
first stator MAndlng and the 25 first distribution

bﬁs.barA(powe)r %1s:l'1)1b1}t%nr sey% elrr]1c ccorcﬁng to almC16 wth%reln the multi-pulse
rectifier (PC) is electrically connected between the first distribution busbar (MVAC)

and an electrical load (e.g. a propulsion motor).

18. A power distribution system according to any of claims 1 to 15, wherein the
first distribution busbar (MVDC1) carries a dc distribution voltage and the multi-
pulse rectifier (R) is electrically connected between the first stator winding and the

first distribution busbar (MVDC1) to rectify the first ac output.



