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LOW LOSS PROPULSI ON SYSTEM This invention relates to a
| ow | oss propul sion system conprising a rectifying
wheiodgessnd i nverter supplying current to a nORPOI/NORIWS/000192

rectifying bridge including two AC power feed inputs
as well as at |east one outﬁgt for supplying power to
said nmotor. In supplying power to electric notors,

.g. in diesel electric propul sion systens or pipe
E@&ELQ@SM%SIIQN ]S e installations, it is usual
to use a rectifying bridge coupling coupled to a three
phase power supply through a transforner, said

THig B0t dtErelabdsqy adbw gos‘s\p‘ﬁop%&@mmtdne&rhphsﬁﬁgia 'rercﬁf}ﬁﬁg bridge
t he rectrfyrng brrgge. Thi s solutjon does,
Hghiavedtep PeplERg paTe K12 vterhiegesiidyiag |bsﬁg%m°h@r@éwo AC power

th
N L S
wi ndi ngs, represents a strain factor on the existing

crrc ifry in the rectifying bri the re
PEINEE I 16 oS ol Sl ARG SFstems or pipe

ﬁeraaﬂg £>%réﬁ?sr in Jﬁ%@ﬁ&l@&%ﬁ@ 1ﬁ§ raesar & b arebiyRg btrrag& Beuphng
over harnmonic. In order to cancel out

@rupledrtol a‘rhrhe phase phwenspply through atteansfioemen, sqzdrtranﬁfom

pREATAT g PP AR 57 thelrReB P ReS PR sBfiGn coes,

lm?rer hdvelaSprablekREd t0thd g¥nsration ©NhoiecdrRpiNimy/ 6 e hafnonic
rovenent over this system Through a special design
vl agﬁewm@mcpmbgwé Mﬂi‘s‘h%%’rpelpad ewrdIt Hrguatt the tignsfpgmer windings,

{elg{(j%g{ts a Et?zﬁ% tf%c:h pgﬁlﬁﬂﬁgﬁ%&%ﬁw W thd ?ecﬂ%ﬁﬁ%i)ﬁfd%: the remaining

ced, nic -distort
hartvaik gndwarineysteé m)weﬂ losdiheough ske trasSfdrméd G e 4Botdbrm\is especially

an exanple of filteri of 5 and 7 harnonic currents
’Eeﬂ’r‘?fﬁtﬁgg%\g%aﬁﬂgﬂb?‘ﬁé a’%‘%ﬁ?ﬂ)‘h ng. A solution is
described in US 4,498,127 transforner coupling being

coupled to a frequency transfornmer. This patent
Incirderde canmcehowtahé Sthtand 7theovie? hpmhangc pvents theppipyt of the

transformers have been adapted to provide signals to the rectifying bridge having a
phase shift of about 30%. It is an object of this invention to provide an improvement
over this system. Through a special design of the low loss transformer, combined with a
small filter, the transformer losses will be greatly reduced, and the total harmonic
distortion on the total power system will decrease. US 5,446,643 shows an example of

filtering of 5 and 7 harmonic currents through a transformer coupling.

A solution is described in US 4,498,127 transformer coupling being coupled to a
frequency transformer. This patent relates to a variant of a 12 pulse power supply
transformer, dedicated to a converter in which the power is transferred through the
rectifier bridge. Thus, if this system is provided with a symmetric power supply the
first harmonics of the power is feed to through the transformer before the rectifiers. It is
an object of this invention to feed the first harmonic power directly to the frequency
transformers from the power source. It is also an object to provide reduced short circuit

current in a system using a transformer in an electrical distribution net.
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transfornmer, dedicated to a converter in which the
power is transferred through the rectifier bridge.

wabnes/119892 t hi s systemis provided with a symrerei/802005/000192

power supply the first harnonics of the power is feed
to through the transformer before the rectifiers. It
is an object of this i nventfon to feed the first

har noni ¢ power directly to the frequency transforners
fron1the pomer source It is al so an object to provide

AR SRl SH b Gt Bl laens.

objects of thls |nvent|on i s obtained as described in
t he acconpanylng¥clalns. The invention thus relates tq
epmb@mo@ﬂaﬁ rglpkas orp RARAVET N Btent Wherpirangransiormgt is caupled

1c§1ﬁgﬁits %aﬂf;'irg{lsféﬁﬁé? éJggfiﬁﬁﬂ%Sgﬁgnotqmd dté D&al Ydldelta

not imte ar and ing, el ng
wmdmgeahd leeipg adaipthel tapravider mxappm)einytewthae shift feflative to the

B0 R R T A 0 DB o

&é eaﬁbh@@ox% 1@& Jﬁﬁ%seﬁlé%h@%&%gle ngfees wiemmgqo a preferred
degree. According to a preferred enbodi nent the power

¢nateafiément thérpowerdesstsait thertransformer lap@ts Qsﬁrﬁmmtuc sodhat mgtcurrent

Len the fundanental ,fre c
qﬁ‘i’ ﬁ'ﬁ %gtffea?ﬁgl?cgr R&pes ougP rt%ens or rrr%llre Tt uest%?ncs gmgr thus

dctd 4 Bherffof o@¢ BarmiaiggNi cs. Further, according to
anot her enbodi nent of the invention the system
transforner al so conprises a second star winding at a

Futhe?8lb& { (ﬂ.ﬁi étn%bﬁt%igfl&ng r?lf ‘éﬂserlg%}ﬂﬁﬁ?h s{ef'h trarxhsformer also

suppress
camverises a)BBObhdJ stapwmdmgeat aal 50f shgdenfrohi thh fiadt Istawsvifiding so as to

i ncreased u | ow v.ol t age equi pment by reducing the
LRBFEES *tgéﬂﬁ?tlg‘lfhé\?gpo?lﬁs ?ﬁge ﬁ'ﬁ?“ﬂ The invention will be

descri bed below with reference to the acconpanying
draw ngs, illustrating the invention by way of
Eheaimpéndion thaproeides a bystesn whichsalows fmvma@dtus of low voltage

equipment by reducing the short circuit level in the net.

The invention will be described below with reference to the accompanying drawings,

illustrating the invention by way of examples.

Figure 1 illustrates the known art.

Figure 2 illustrates the invention
Figure 3 illustrates a preferred embodiment of the invention
Figure 4 illustrates an equivalent circuit corresponding to the invention.

Figure 1 illustrates a generator or power feed P coupled to a transformer 1 for providing
two inputs to a rectifying bridge 3, e.g. for providing power to a motor M. As stated

above this solution is sensitive to loss over the transformer as well as to over harmonics.
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Figure 2 illustrates the invention Figure 3

illustrates a preferred enbodi nent of the invention
woe@anesd2 i | | ustrates an equivalent circuit PCT/NO2005/000192

corresponding to the invention. Figure 1 illustrates a

generator or power feed P coupled to a transforner 1

for providing two inputs to3a rectifying bridge 3,

e.g. for providing power to a notor M As stated above

AdisSllsstlatddiiffigufe BB Prdsementention3elatey & a §dietion in which AC
transfornmer_as well as to over harnmonics.,As is

pavres §eeda P AP B Arersugplicd to theyvasinguts of theredHyng bridge-afes
thgls%n%gll ﬂ’é\h&r}ﬁ gfbvmd%tv%énqﬂ [H;e SRR ife s S8rPefta &Y]g) wiAnding

supplied to t nputs o rectrtying bri
dtruatusé, preferablyea/DEY, Isﬁuqlnmypmwlﬂgea 9egrhaschehste. | Thpwbapling is per

having a Star/Delta D), wi nding structure, preferably
@OMT%YMDEFQ“CE‘PE%}W?W a 30 phase shift. This
coupling is per known art and will not be describes

here. A specific transfornmer w nding connection
Aopcmﬁn wapsfarmien ewmcmig vmdnorgaccuqﬂlmvlheﬂm vécter greysDoY 11

A Ty AT OF Bt i RESnt (o MBS 8 ¥fivpin tec

ﬁcﬁinalma 01“H1§1 SO"fplﬁﬁélﬂﬁﬂﬁﬁlela‘tdmumlﬁmdmﬁémmeﬂréqneﬁ@ @6rmally 50
pul se rectifier connected to a 3-p

QrcﬁOtIé eAM%eeresmﬁqr cpprectsdie @ 3rﬁ}aﬁ%mlaage ewrewsll irmoeuce

| o ort 2o %P ﬂ% %%ﬁldwg‘gﬁ ?@Jdl%q?ﬁmiﬁl@ @ﬁrrélrﬂ ith HiSdistortion

wHl beolgyeoreir(neh?,3copponent s wi Il | have an additi onal
phase shift, which can be cal cul ated as the
fundanental phase shift nultiplied by the harnonic

'Pﬁe@@ hanﬂdhl@aﬂ'fetn't E0mpdRnRRANGa 28 8 SddHiord ﬁhzﬁe Rh) dvh?éhrban be

har noni cs w | ‘rotate" in the o p03|te |rect|ons
¢adcudatovbad thi ﬁammmat phase shifttmaulsphedabpdthg harmhenierorder In addltlon

PR PR RRER o RO R haprefics W xS bpgle directions.
foIIovvl ng equations: f5th =f1 +5 -f, =30 + 5-30 =

It is a well known fact that the 5™ and 7™ harmonic components will have a total phase
shift of 180° through the transformer. This is shown in the following equations:

©5" = @) + 5:¢, = 30°+ 5:30° = 180°

7" =g, - 7-¢, = 30° - 7-30° = -180°

Using these conclusions the equivalent circuit illustrated in figure 4 can be developed
for the system analyses of the present invention. In figure 4 the xd” and xd” the

following definition will apply:

IR, = 5" or 7™ harmonic current from rectifier no. 1

IR, = 5™ or 7™ harmonic current from rectifier no. 2

Zr= short circuit impedance in the LLC transformer related to the 5% and 7%
harmonic.

Xd” = the subtransient reactance in generator 1 related to the 5% and 7™ harmonic

current.
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f7L = fi - 7 -f, =30 - 7-30 = -180 Using these
conclusions the equivalent circuit illustrated in

wo cyanesd2 can be devel oped for the system anal BESENEOG05/000192

the present invention. In figure 4 the xd* and xd" the
following definition will apply: IRL = 5th or 7th

harnmonic current fromrectitier no. 1 IR2 = 5th or 7th
harnoni ¢ current fromrectifier no. 2 ZT = shoft " )
Xdheui t i thpeddraosientreadianceliCgencaater Drakased tosthafednd @ harmonic
the 5th and 7th harnonic. Xd' = the subtransient

react ance ¥ yenerator 1 related to the 5th and 7th

har noni ¢ Barkdoaid cufEninr L LO erafisfbinhé@nsi ent reactance in
generator_2 related to the 5th and 7th harnonic

lgurndlgeT™ Harmonigeursnt i gaiefatdit in LLC transforner 1gl

and 1 g2= Harnonic current in generator. Using

Kirchoffs Iaw on the current |loop in the equivalent

Usiag Kachoffhiawf el the wurrentdostaini therequivdlént apgpram, th&following

lgl.1) IR = IT + 192 2) Xd" -1gl - ZTIT + Xd"2 = 0 3)

W\W‘ﬁg‘“ﬁf@gg:equati ons will give the follow ng

Sl XV TR Tt = -1 Xl Rip 4) tXd L
Zt FO|g a symmetrical systemin which PA and PB in

Mygukreslg?2 and 3 are symmetric 2)

Xd” ‘Ig1 —Z7lr +Xd?, =0 3)

Solving these equations will give the following result:

_ Xd"-IR + Xd", IR,
" Xd"+Xd",+Z,

4)

For a symmetrical system in which PA and PB in figures 2 and 3 are symmetric
Xd”1=Xd”; and IR=IR; the equations may be simplified as follows:

_2Xd"-IR

= 5
T 2xd'+Z, )

2X " j 6)

Ip. =g =lg=1,-1.=I,[1—-——m—
8 =18, =18 =1z — 1y R( 2Xd"+ Z,

The voltage distortion Upg from each individual component measured at the generator

terminals, will be the harmonic current introduced in the generator multiplied with the

subtransient reactance

2.Xd" j 7

U, =lg-Xd"=1,-Xd"1l-———
md =18 R ( 2Xd"+Z,
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Xd" =Xd"2 and I R1=IR2 the equations may be sinplified

as follows: _ IXdT -IR 1 T - 5) 2Xd"+Z The voltage
wale@sorgsdon Ut hd from each individual conponenPCT/NO2005/000192

nmeasured at the generator terminals, will be the

harnmoni ¢ current introduced_in the generator

mul tiplied with the subt randi ent reactance ( 2 Xd" i

um- .ja -i, . XA - -\ 7)Thus, as the inputs to the

Tlaust a5 the frpubsy to dereaifyinghridgeare pasaliel ngdargermannts of power will

ower W LI
l? téan§83rr5:ﬁ ggro%gm ﬁ{ﬁggﬁfrﬁ& bﬁtt%g 36 L}{hgge %11?%1‘1 Whggé‘}t eaggtthus
\.Epreﬁi the atdardd Tth harmari¢css thé apiphied ppwei signgbower si gnal .
The enbodi ment of the invention as illustrated in fig.
2 thus provides a solution with an approximately
% erfiBadi e&m@ﬁav&{tianfhg\ il t%dzﬁ i f@g{ﬁ@ gkd‘v §ddrd rsgmn with an
roug ne gener at or ccor |ng {8 ferre
@]imdmmm ~H-83%eeductiemdf the Stthé& Phhemdnéechrients through the
t f .the f
i LIAC;:CE g ¢ )tﬁwqe&]e%ng\%b(oﬁ%%g hf ﬁﬁéﬁ\f_{n&og deaprgewer ?eed is
Nnﬁﬁé&l@ bBREr, 580t nd SuRéttYof HRFEAGn S @féqugqsamm Gill flow
currents remain, they are reduced to 10 - % of
ﬂnmnghahe Lb@s@@sfomsro and; @b pakydosseseaysed hhdrmenicsiureatsdemain,

e AR S0 PO ARNPETSsLECt o e 1 ona wi 11

flow through the LLC transfornmer. At asymmetric feed,
only a small increase in THD wi ||  be observed Fi_gure

Alsoj yoltpee distastion Fomr 4h a7 Gnhaonisredused o lest figa a¥h-on
OpE R BP0 e L

trassfiariner. rMasyllnnE:trm foed,diniyga sméldin¢rebsd MsTHBovitrbegrbeerped

and a phase shift of 150 or 180 for the third

Figure 3 illustrates a preferred embodiment of the invention in which a third winding is
introduced to the system for suppressing the 11th and 13th harmonics. The transformer
thus providing a Do/Y1/Ys vector group and a phase shift of 150° or 180° for the third
winding in relation to the main windings. The theory for this is essentially the same as

above and will not be elaborated here.

The embodiments of the invention described above are based on a system using 60Hz,
690V power feeds. The adaptation of these parameters in practical use is considered to

be obvious to a person skilled in the art, and will not be described in any detail here.



winding in relation to the main w ndings. The theory
for this is essentially the sane as above and will not
wheooshsisor at ed here. The enbodi nments of the i NRENINO2IVS/000192
descri bed above are based on a system using 60Hz, 690V
power feeds. The adaptation of these paraneters in
practical use is consi dered®to be obvious to a person
skilled in the art, and will not be described in any
Cetai i mese.C |1 ai ms 1. Low | oss propul sion power

! s i fying brid Lvi 0
Bup e Mo BUBLIRCR ) AR5 F BB D8
Jupplyiid duerehi@ aARotoEWetlerdift @ik rebtifiting taRigweddludifg Blo A€asdwer

one output for supplying power to said notor, and .
faprbingits 2a veltps gf KA Oae REIPYL T SuRRLYiag PRWENOSAIdIHPIgr, and wherein
. . r . .

5 PP REht Y aTSREdEhia FRR, 1R 7D Sayiidinel Wmprising o
spndXehatvildng @nd being addptéd torpeddtie meapppoxihmtadyn 88%phase shift
fundanment a] frequency tween said inpyts. 2. Power
sl §p By Soesen SELBRENRD FEG BPEPRRCE SR UHUIS oo d AC
power feeds are synmetric. 3. Power supply system
according to clainms 1, wherein said YD transforner
Zonst i t utReve sopply system @ctarding toclpimsl, whengin said pdT power feeds

10 sf\‘/stem %ccor ding to claim1, wherein the transforner
AF SYUE1%des a second star winding at a 150 angle
fromthe first star wi nding said w ndings thus

constituting a DO Y 1 /Y vector group. L.
3. Power supply system according to claims 1, wherein said YD transformer

constitutes a Do/Y1; vector group.

15 4. Power supply system according to claim 1, wherein the transformer also
includes a second star winding at a 150° angle from the first star winding said windings

thus constituting a Do/Y11/Y s vector group.



