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WD 2005/ 119892 PCT/ N02005/ 000192 LOW LOSS PROPULSI ON
SYSTEM This invention relates to a | ow | oss propul sion
system conprising a rectifying bridge and inverter
vehBdRk/YioRg current to a notor, the rectifyin (ﬁhkﬂ@%mmum
including two AC power 5 f eed I nputs as mell

| east one output for supplying power to said nntor. I n
suppl ying power to electrid notors, e.g. in diesel

el ectric ul sion systens or pipe heating systens
ikaﬁE@ﬂ%gﬁo HESKIN BYBER¥. it is usual to use a
rectifying bridge coupling coupled to a three phase
power supply through a transformer, said transforner
mupmmtr@n mejatesdo aAG@y Sasp popelsion @y&tm comprising w’ecttfyuag bridge

r ha

St phi dfren] Y Sk thd A0 IRE g dBUEHEE DN fwer
oieedt inhats apweltas ay bastage sutyii fohsupplynigipedresiotshid tﬂworf ul I

| oad current through the transfornmer w ndings,

represents a strain factor on the existing circuitry

iIn sulb;éylngpdmééryd» eigctﬁdli mdwes, Elgh'ﬁ dri]&mra]élétitribg)' ro;fﬁfmimjrkteﬁt@ dr pipe
' ncr ease r. .thr t he transf.ar

el CFRRS TS nerRan i o5 whelatEtisihg Bidee Hopling
Cnoapleﬂ & dhfde Ghask Ij)oﬁéldﬁpplz ﬂuﬁﬁ@lﬁ‘eﬁt&ar@ﬁbhn&rhﬁlcﬁﬁ‘ﬁsﬁﬁﬂeﬂt h
over, .harmoni.c cufrents .t he out put transf orners
HEOWdIE 5¥o aﬁawaﬁestt%t ARRAI RS t@ rgﬁ'éf?@gﬁﬁasﬁ eThlsese[qﬂPy AAgs-
h{)mg? iﬁf%/dt blem rBlE@t& & 5B Féﬁeﬂfon%@ Abike cffprisink obét h?ﬁ%%n1c

ec i nvention to provide an inprovenen
Plupiss phichgEbisid Wik tis G lepd e akroughshe Rangtormpovingiges
| @ﬁr%se‘iﬁs%%ﬁ-faﬂrfﬁ&,on%ﬁ Bidiag ciNnIxﬁ‘:( fh thé fEEﬁi*y 'UriHEé’ thetlgﬁairﬁng

transforner | osses wll be red uce
trsfwark poug sroinergased pawes doss émo'eah the, garts&r@pr f{bmoblwsts esnecrally

Welated AS(HE B85Md 7ibver Bhofi¢3 Shows an exanpl e of
filtering of 5 and 7 harnmonic currents through a

. transfornmer coupling. 25 A solution is described in US

%n%&?&r dPchnddi Q@cﬁ%d ﬁg%@éﬂ' H&H@ﬁ% ag%ﬁﬁ&wé &{@%& Of fhe

requency tra ates
\A:mmfanners)hava bgeh qadaptsfétormmde sg:pqdﬂ tya thd tectifgifig bridge, having a

0 [

t'r an sS?}e FT e %P %u g 1?%1%&; o8t o w;sf m%ern IB? fdgﬁg‘.qdeﬁﬁfgfpr?vfemem
tdvesthsy;s:ttam Tlsonpghca\spdm:l desiphofthe yumbhsrt'ransﬁ)ﬁm; cmmmdywith a
t of .the po is fe ro u

(T, B RPN i il B B Focfec] S Qe
dlstortlon on the total power system will decrease. US 5,446,643 shows an example of

filtering of S 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.




30 an object of this invention to feed the first
harmoni ¢ power directly to the frequency transforners
fromthe power source. It is also an object to provide
reduced short circuit current in a systemusing a
transfornmer in an electrica distribution net. . . 2

In ab&brBGRE mﬂpfﬁrs%gﬂ%cfaoff thé E}(fe%ﬁq Cetrmgf ere 1\€ér§;fﬂ%g a(}ﬂw loss

I nvention ere’l1s prov OSS

pro;pdsmen pswppduppBysybem comisisg mﬁacaf)ﬁﬁ@bmﬂgﬁ sﬁl@pmmgj@ﬁmm toa
p \E/e ﬂ?ﬁur[ not or, vvherelntherectlfy ng
mmB% P@E Ip fﬁﬁﬂfsaﬂgt%ig&@%@wg twe - powsertfsedinpiksias vedl as at
teasBbne DB 5P AR b b spidRL D RMEn b ST s tormer s
coupled helerees agid s tssid YRitchn¥oOrhenbshorising a sﬁiﬁﬂﬁd deltgimling,
d tar n%ﬁ&fPlalt?a i ndi ng and. bei.ng adapted to provide
an ﬁmg.&ﬁ? °59) apREpsimatl 10° phpseshitbrelaiverie th o
fundatREQINEBY @incl bEIKHEA §%d BRIME G SAefbid HRYSsfoRRE: M@t? [rRldes a
the transformer also includes a second star wi nding
second star vgodiaagt @ 156° @ngleffeorﬁlthfsﬁrssmarwmdmg ng. The
exanpl e enbodi nents relate to a propul sion system
’Ihewhanpierenﬂmdimans fedatents a poputsiarpdyeténbehwernaskatformer is
_ iln g salg transfarrrer conprising (but not limted
couglgy befwepn paid ippuls) ahif AP g CORRESIBE atp e sarand
delt@ﬁvﬁiﬂn% afif) b@lﬂ@%@ﬁﬁt@fcﬁﬁr}évfﬁg Hrﬁggﬁ)xﬁaéttefg 3P g?i ée‘vﬁllﬁ Qelatlve to

he chosen fuRdarental” frequen
the Chﬁ)ﬁ@ ﬂmslammtalﬁretqwncy etiveemsaidninpiuts Thisywdyethe éth:aid aﬂ

st S S consi derabl e, d
harnini Sy BF bosR e e Soas R o e e thsise. ssaing to o
preféied &Bbddimeat BE PBivel* RBUS S A BaSfOTRE s S0 sHﬁ?ﬂem@ Qo that
current at the damental frequency, passes’through
no cppantiat glfwsﬁlgdamntal‘lfmuenm pa$sos theoughhbe tramstfermaerf The er

LC Funrt her,. accordi ng to anot her
tran;fﬁ%n%\{ﬁ&s{k [l%r f%f HV%H}aFBﬂmFﬁe syst em t r ansf or ner
cqnd star, windinhg at a 150 angle

F““ﬁ%?ﬁff)rfﬁﬂg Hé{% Hes Q?% Igentign t@mmgm@wf also
compfsks b3 Borl Bt iRind R g%ft al136e 8440 orrht-ﬁg‘fil o%mlﬁdmg $0 as to

: enbodi ments providé a syste ws f
suppiresgrldtisad L3¢h barmomies of she sigealequi pment by reduci ng the

- short circuit level in the net. The invention wll be
The gﬁamplekmnbdhhhemfs pravide £EBien atidhoalfdwe oMY IIEF low
ra S

voltage equipment by reducmg 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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illustrating the invention by way of exanples. Figure

1 illustrates the known art. Figure 2 illustrates the
invention Figure 3 illustrates a preferred enbodi nent
wih 2608g10ks3vention Figure 4 illustrates an eq%dﬁﬂdﬂ%ymmwz
circuit corresponding to the invention. Figure
illustrates a generator or power feed P coupled to a
transfornmer 1 for providing two inputs to a

rectifying bridge 3, e.g. for providing power to a

ndvt 18 illuvtratédbinSigatedlthe pheas iftvBhtfongelatet tod soliion @M evhich WE

BB Erp b enbptARL R e B isise 16

i &dnusmatdedce B pfdvgibﬁ%eﬂv&iﬂ mew ﬁﬁﬂ@ﬁavh@%%ﬁﬂ/@ﬂtar(?‘]ﬁkﬁﬁdmg
to a sdanﬁw whi ch . AC PA, PB are
t

eebre ) ﬁralf:aawr@fldlv&é 39 é@?frefs}?}ﬂﬁ ol sompling iaper
tkndna R aA® WilDRE be Bedclib@Hey. ded bet ween these inputs
having a Star/Delta (YD) wi nding structure,
preferably a DOY1l structure, providing a 30 phase
SKispecific Hah
Secific HAhFosRe Wmcﬂ% eo%n&%n a&ol;dﬁ&v@ ﬂ%rIECaJégtoY\’Fljo'up B,

be descri bes here speci fic transfornmer w nd

cHHrbERYs BRveackdoPlnse shift beyeen theove windings s cm@pcmmtgd in IEC
Wiokth TBE &Y $hib %hase%ﬁhfpﬁ Sed ¥ thd z& Cfukln el E%!:}@eé&)‘l"?f;ﬁnnauy 50

wi ndings, as Is ocunent in |

l'D

- 30 6P iks & Gpulsarestifier eoraeeted tog 3-phasé voltdgersoureel will introduce

fl{aﬁ‘%‘}?@&ﬂrem@ ‘i’ﬂtme st?rg thgg ?oraﬁgcp 'ﬁ% hf:@-; mcoclfmségt in this Fﬂstomon

rectifier connecte ase voltage source

iwill bg uzén1{arhdai.Q. currents into the system V\,hen

| oaded. The harnonic current in this distortion wl|l
be I md=6nl (n=1,2,3...). These harnonic current
c'ﬂm{ﬂilwmbrﬁc gurtent dvanpenents eilthave amadditidhakbghasdshift, whidh cah be

: 15 cal.cul e fundament al phase, shjf
a0 e BB P BpliEe RS BB practlo adaivion
phasimseamgleafdie $ad ™ hamishicdwill Mak@Th @R oppbdite diroéRhe"

in the opposite directions. It is a well known fact

~that the 5d' and 7'" harnonic conponents wll have a

tIpks alweflk@s®n fehihhf the 5™ AR07™ IEALEE cdifonkh8 Mgl BAVER tetal phase

.S shown in the follow ng equations:
E ft otJ 1§0° tﬂrough the transformer. This i lsgshovgn in the following equations:

©5™ = ¢ + 5, = 30°+ 5-30° = 180°
¢7" = g, - T-p, = 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

IRy = 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.




20 rp5th = cp, + 5-(p, = 30"+ 5.30 =180
cp70' _Bpi-7cp,30-7.301 -1801 Using these concl usions
the equivalent circuit illustrated in figure 4 can be
weyRk®Red for the system anal yses of the prgsaitdacesmoneio:
invention. In figure 4 the xd" and xd" the 25
followng definition will apply: IR = 5h or 7a
harnonic current fromrectifier no. 1 IR2 = 50" or
7th harnonic current fromrectifier no. 2 ZT = shaqrt
Xeed t i thesublransicptreadtance in@eneratos? clated torthd 5t ad T'charmonic
the 5u" apg4tl" 30 harmonic. Xd" 1 = the
subtransi ent reactance in generator 1 related to the
S= and 7Harrhenierourient induJrG eansford® 2005/ 119892
R Q0 Xd"2 = 1he subtransient reactance
Igréde}ﬁé’r a?( %& (gelfm?it o) g(ener?tﬁ}e 5d' and 7d' harnonic
5 current. = Fhrnnnlc current in LLC transformer 1Ig

?59%@?1“’“?5&@ fp i omy o B e inerhem e e

Cequatiomsrwilt 4pply:ol | ow ng  equations will apply:

ﬂg} HT¢391 1) IR2=IT+lg2 2) 10 Xd;l -IgI - ZTIT +
131+ 813) Sol ving these equations!hill give the

figh Faw-gg result: Xd"1I R +Xd"2I R2 %)

10 Xd7y -IgI —Zrly +Xd> =0 k)|

Solving these equations will give the following result:
_ Xd"-IR, + Xd", IR,
T Xd"l“l'Xd"z"'ZT

4

15 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
pm ot 5)
2Xd"+Z,
2Xd"
Ig,=lg,=Ig=1I,—I, =I|1-—=2% 6
8 =iy = I8 =1y — g R[ 2Xd"+ZTJ )

20
- The voltage distortion Uggy from each individual component measured at the generator
terminals, will be the harmonic current introduced in the generator multiplied with the

subtransient reactance

7

25 U,,,d=Ig-X"=IR-X"(1— 2Xd J

2Xd"+Z,
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Xd", +Xd"2+Zr 15 For a symetrical systemin which PA
and PB in figures 2 and 3 are symetric Xd"1=Xd"2 and
IRl =IR2 the equations may be si rrplified as foIIovvs

2Xd2Xd"" +Zr 6) 20 The voltage d| stortl on Uthd trom
each individual conponent neasured at the generator
terminals, will be the harmonic current introduced in

t he generator nultiplied with the subtransient

r Bae1 38 fhednputs-to therecfifying biige arp parxiliel po Jargeeinounts) of ppwinevill
%Q%Jflﬂé%rd%%e% 1314&0(9&81% 30 }iEFH"T?mﬁ o) & filg JuPt

to the rectif bridge are para no | arge anoun %
ovuppresidhe $ith pn 7tb atﬂnmft)éthe@nplwdrpowsr tigral.t r ansf or ner,

but the 30 phase shift will filter out and thus
suppress the 5th and 7th harnonics of the applied
pBwembedigreat of the ifientionpe tliusteattd infligt hthui proeides @ solation thh an

d i | ut th

Ry 7 85 ubinetord e B RS BnRoR bl Joihil
hgznerator. cAcnordmgmshet preferrgd embmlimes péthatimventicdicthe paiwrg‘eddds
t f d d t t
e SRl o AP 86 R of o hpfrp T Pt (0 SPANRD iow
fthtgd@ﬂﬁamb tfaneﬁmﬂapand( fs(bnljZl))sslé& tdusdd Manﬁgmg ugfentstemain,

trans as.o osses cause
h ?ynﬁ?]fg “Ceﬁrtﬁr’ri@f %@?"e‘#ﬁoﬂ“nagbgﬁ ey are reducedyto 10 -

20 % of nom nal |osses. Also, voltage distortion from

h an 7th. harponic reduced to, Ie s then 3% |f one
d%ls? Haitags distorpion fra a?meﬂnd% % sducsdin 8% hens%-oad

VI bhe (fﬂtl%’bdufbi' %éﬂ@arﬁ st bpgfrox. 50% of the load will flow through the LLC

transformer. At asymmetric feed, only a small increase in THD will be observed.

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 D¢/Y11/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.
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transfornmer. At asymmetric feed, only a small increase
in THD will be observed. 15 Figure 3 illustrates a
preferred enbodi nent of the invention in which a third
winding is introduced to the systemfor suppressing
the 11th and 13th harnonics. The transformer thus
providing a DAY, 1/Y5 vector group and a phase shift
of 150 or 180 for the third Swinding in relation to
the main w ndings. The theory for this is essentially
the sane as 20 above and will not be el aborated here.
T e Lnents of the invention described above are
baltse‘elﬁg_gfh)‘q%”n%stem usi ng 60Hz, 690V power feeds. The
adapt at i on Lot lossgeepuiricreprates ssprlysystans tompdisingSereb6fying bridge

cQnsi t b Vji.0us t.o a rson. skilled in th
C SIRE Bl 10 PoRE i M Betilg R incf g e AG gower
6 fee ihpugss as welbaslat ldastwint 08puPiod PLphying pPOVRD s&H PR, and wherein

Sys copprisin tifying bridge . supplying L.
ot Ve et dgpted fpemraiapracti Y Drignpbragecomprising o
| Brat atdi defia indGUiAE; s BEihg bddpRdo pRIVIdeSarbdppYdithat8ly 38P phase shift
Iezasl on&eoHtgut for suggl i ng power to said motor,

afftFr A &R BETRo%R BYery AR Y hebwenupidbiappa and ahersin the

| RHsfcrmeb albdlin¥lddes ansbal é’@’fwinﬁﬁ’lgﬂf h 350 hnle B thed I star
de|lta w ndi ng, and bei ng adapted to provide an

a}ﬂB&dH% mately 30 phase shift relative to the chosen
fundanental frequency between said inputs, and wherein

the transfornmer also includes a second star w nding

at- a 1501 EAvgr eupnivniistertagepiding teckaims 3, wherdinsgid 2C power feeds
Pzgg\%tmﬁg@;gly system according to clains 1, wherein

said AC power feeds are synmmetric. 15 3. Power supply
system according to clainms 1, wherein said YD =

t4 ansf or I L Y, rogroun,.t .
V\:/l{ndi_ ngs ﬁgi;cmg‘; chleg)té ﬁgacggns gltgs g a%qawgﬁfl?fil/d\?@s transformer
\aspstinteg &gﬁ{ 11 vector group, the windings as a whole thus constituting a Do/Y11/Ys

vector group.




