WO 2010/ 092113PCT/ EP2010/ 051708 1 POWER SUPPLY SYSTEM Thi s invention
relates to a |low | oss, high redundancy power supply system conprising a
5rectifyiwgbrd@gasand i nverter supplying current to a pystepivonsi7ugli ng at

| east two power consuners, especially a power supply systemon an
instal l ati on having a nunber of notors qnd a nunber of power generators or
power supplies. In supplying power to electric notors, e.g. in electric
propul sion systens or punp l1lOapplications in offshore installations, it is
common pr agigwertupti ¥ ik g vecti fying bridge coupling coupled to a three
phase power supply through a transfornmer, said transformer providing two AC
supplies to the inputs of the rectifying bridge. A nunber of such systens

k , h as. d ibed in i ti | patent publication No
V02008, 110895 thsSTiemar g B Syt i st ae P TapRE R 15 fbpRBein ¢ ne
net wor ks 15adidlyihgbritigslated iﬂgeﬁéif%u%ﬂyiﬁg Ruetntith @ st@ehiihdledifg bilchdews psivem On

| arge installations such as offshore installations or ships the power
suppl y systcengmess@spacelly gawics seppdy systanhonde gistalatippbsingdaguberol maki ng

the"]VUIne%ﬁg&ﬁﬁhga$&5ﬁ%§°%&“&9§P§#§B§%§?§93%§3255§k of e.g. loosing thrust

in one notor, thererore sec nd ‘extra avail abl e power
has to be available. It is also well known that when the power requirenents
reach a certain_level an increase in the voltage of the power systemis
required séN&RYNAPEYVEN OSIGFHEMMEIET: € L iy efttC PEpalSiongyaicms O PP @Asi ng t he
costs gfy t e, BuSHE &nQRihs, 9f is LhGR k 120Rci 51 0
providebregg%déh%fg@ﬁ%gﬁégpgﬁer %u%g{ﬁkgés%éﬁ?%%%g($g g%ﬁ%gct g&?#gﬁgof
conpl et el y chodsigngpupledes a ithreopleasp poverdfupplyghrongh alttaasfoonerwbiid gramfermer
reduci ng the necessary, system voltage. This i.s.obfained usi system
recordi b PETHEE PR aTe HGHES 1 G dPLspite ocHiDaR PAMES < BASBE Gitithe use of
a so-cal | edybbfs hicaMdhar SRK a¥Qbderib&d Br inRSnatoRSYpa&SHpublication No

WO02005/119892 describing a system for suppressing harmonic voltages in the network,

15  and for reducing the strain on the rectifiers in the system.

On large installations such as offshore installations or ships the power supply systems
used are localized at each motor or power consumer, making them vulnerably to errors
in the supply and the risk of e.g. loosing thrust in one motor, and therefore security

20  systems and extra available power has to be available. It is also well known that when
the power requirements reach a certain level an increase in the voltage of the power
system is required so as to avoid to high short circuit level, again increasing the costs of

the system.

25  The object of the present invention is thus to provide redundancy in the power supply
system thus reducing the risk of completely loosing power in one part of the installation
while also reducing the necessary system voltage. This is obtained using a system

according to the independent claims.

30  The invention is based on the use of a so-called LLC transformer unit, ¢.g. as discussed
in abovementioned W0O2005/119892 where a transformer is used for removing
harmonics in the power system by providing a phase shift over the transformer.

According to the preferred embodiment of the invention the transformer unit is arranged



i n abovenenti oned W2005/ 119892 where a transformer is used for renoving
harnoni cs in the power system by providing a phase shift over the

t ransf or meo.20mordi ng to the preferred enbodi ment of tireTiEPZ@OIOETNS t he
transfornmer unit is arranged WD 2010/092113PCT/EP2010/ 051708 2 so as to
provi de a 30 phase shift renoving 5th and 7th harnonics and conprises an
addi tional wi nding renoving or danping the 11th and 13th harnonics. As the

transforner unit add an additional inpedance f,0 the systemit. also reduces
the 5short it aﬂrp_v'garagé?ﬁp‘q%ﬁ shilrempE g A T thosgoBics BUFIMRIFHIE for a
hi gher po""%dﬁHR&l'WigginggeeﬁdlS'\]ﬁggXls&ﬁﬁ%iﬁg tie lll@vﬁnﬁql3tll€l’19ﬁn0ﬁ£§.s way standard

690V equi pnent may hi gher “power than wth the known sol utions.

The invention is described below with reference to the acconpanyi ng

drawi ngs, 10illustrating the invention.by way of. exanples, Figure . la,b
st v ey he Rt Ruk 00y af Bp it p O R AETS oS e

2i | I ust sat ispgrt dirb@C@rrehtRRhY sPY&h 8MRigE 604 Fsig all Gwd PR aihiMRApORE: Fupplidee 3a, b
illustrating the systemw th symmetric and asynmetric power generation.

Fi gure 4il lte8ersastemegt 2 hew ypKageml hispyaymsanderd @d0Vhedquanmenp owerbesiped érs .

15Fi gure 5%khg§traghﬂglaq %khg%patiygk%p the systemin figure 4. Figures |la
and b illd&Fabe'ewo dW%Peren 8 PARisf or mer s having a first and a
second connection points 1,2 which in the figures are connected to a drive

unit and having a power generator G on each side of the transformer unit.
The LLC tr dhefidycrtps isglcscripd hglont with refeispes/fodbe acqonusayiggdravipgt ween t he

connecthon :pak.nt: . : i for 9”@ y being 30s, thus danping 5th and
7th ha#gnnfgg%g g%légﬁﬂpﬁgggggfgegls ggsed in detail in W2005/119892 and

i n Norwegi &igiPatl ebt iyxplatesdddabsupitics Y00 Btk Crrarslorakss. i ncl uded here by
way of ref?;enc , and al so provjdes danping of ' 11th and 13th harnonics.
igure llustrating a local supply system according to the invention
Figure 3a,b illustrating the system with symmetric and asymmetric power generation.
Figure 4 illustrating the system implemented with four power systems.

15  Figure 5 illustrating an alternative to the system in figure 4.

Figures 1a and 1b illustrate two different LLC transformers having a first and a second
connection points 1,2 which in the figures are connected to a drive unit and having a
power generator G on each side of the transformer unit. The LLC transformers are

20  adapted to provide a phase shift between the connection points at the working frequency
being 30%s, thus damping 5™ and 7™ harmonics. These solutions are discussed in detail
in W0O2005/119892 and in Norwegian Patent Application No. 2008 5145, which are
included here by way of reference, and also provides damping of 11" and 13"
harmonics.

25
Traditionally the power supply for propulsion systems is organized as illustrated in
figure 2a, where each generator G is coupled to a drive unit 3’ having a motor
connected through a transformer and a rectifier bridge. The systems may be coupled to
cach other through a switch in case one of the generators breaks down. A drawback

30  with this solution is that there is a short circuit current limitation in the system which
requires a rise in supply voltage if the supplied power is to be increased over a certain

limit.



25 Traditionally the power supply for propul sion systens is organi zed as
illustrated in figure 2a, where each generator Gis coupled to a drive unit
3' havi ngwe 20m@e116onnect ed t hrough a transfornmer and apceapdéio@s17bs i dge.
The systens may be coupled to each other through a switch in case one of

t he generators breaks down. A drawback, 30 wth this solution is that there
is a short circuit current limtation’n the systemwhich requires a rise
in supply voltage if the supplied power is to be increased over a certain
limt. WD 2010/092113PCT/ EP2010/ 051708 3 According to the invention as

L T ustrat e doBrdhd O e %Qelfll_tYL& BENEALQNR ﬁ%uge% MQ?ge%ﬁPd%L 8 A pystems 3 are

coupl ed together Wwth an Ctransftforner, e.g. of " the types described in WO
2005/ 119892 rayulsion fystomesgi @m cpeilechtogaibpt wabhin dh (NoarRGDdheh £45 of Biekigtaneen

them and wthout .t rger . the.drive unit. As t r ansf or mer
bt vl dos. adaieriognil WapRERBOTRt imosyiErel e B hPRNoCIPF S rmy 1 e
Wi t hout 5 exeeReHcA3hdnh &nd RATHoufthE GldhiforrhdFiat the UNS udit! AL BRILIROWEHsfo@erbe
provided to the systemat |ow voltage. This has the advant ageous effect of

al | owi ng t meodgestadditiopaluswellanss tethgensitmahpsuppickqureniher rivawithguia | ar ger

suppl i ed power.,. Anpt her. advant a us effect 10is that t.he shprt circuit
curPent i 5 oRShREaR: JREGPLRIER TS = Brk owtt? e Mo v BIRE il ¥ o
system thuswbRagdl TERMYER adneftgieoud effect BOAMovEhE €Y dyseBCidnSe leSs 64% 72% of
the discharge energy in the traditional system reducing the pressure wave

from a di sCRBYYECIRERFYICHRN Ravines Iagger sgpphisd pay clo poeticr ady anrecaipfiest i n

figure,gb fis ﬁé{ (1 REEL ‘tocr%ﬁé tf@QQ(RL"&L(?*oogb‘%}g%%g?tﬂgﬁlog{;&rcttﬁtacﬂﬁgﬂtr grer wi |

provi de a ering avoi di arnoni ¢ freguenci es as scribed in the
abovenent i ondiiopal syrtcma il itleadibaiagzed energylif a droet dfcuit lbecige vadddt-02% & fai | s

t he situation changes but. the propulsion systemw || get 20 power through
bot h i nput $hadis¢ &gmner&yrlaﬁ%ﬂfMn%xsre%é?fw%waﬁreé AHEYE M ad. This
principle H§wﬁgg@@ihﬂkﬁﬁgyre 3a,3b, wherein figure 3a illustrates a

symmetric situafl % where two of the systens illustrated in figure 2b are

coupl ed together so that the LLC transformers have the same phase shift,
182k el %I{I‘Ml% n%?mglhoapse?atisog Itl];et dyst%rsn 1Int}'1egure 2b provide power to the propulsion
system and the transformer will provide a filtering avoiding harmonic frequencies as

described in the abovementioned patent applications.

If one of the generators G fails the situation changes but the propulsion system will get

20  power through both inputs as the LLC transformer will act with an asymmetric load.

This principle is shown in figure 3a,3b, wherein figure 3a illustrates a symmetric

situation where two of the systems illustrated in figure 2b are coupled together so that

the LLC transformers have the same phase shift, i.c. a relative 30° phase shift, as the
25  first connection points 1 and second connection points 2 are connected. The LLC

transformer units are thus connected in parallel to the drive units 3.

In figure 3b only one of the generators on the right side of the system is in use and
power is supplied through the LLC transformer. The left side situation may be

30  symmetric, but this is omitted from the drawing. Thus the LLC transformer transfers
half the thrusters power and the drive units 3 may still be operated to a certain degree.

This propulsion system still have half the power if one of the generators stops operating,



25first connection points 1 and second connection points 2 are connected.
The LLC transformer units are thus connected in parallel to the drive units
3. In figuoeoBmeenBy one of the generators on the right perde2ei/o5ires syst em
is in use and power is supplied through the LLC transfornmer. The left side
situation may be 30 symmetric, but thu§ is omtted fromthe drawi ng. Thus
the LLC transforner transfers half the thrusters power and the drive units

3 may still bhe ope Io a certajin degree. i's prapul sj on systen]st|l
have hal f td° LWW 16178t o8- P, %&ﬂ&%ﬂ%@@ﬁé@WE dhedeitatgle syvigm

2010/ 092 11%8@-40@32(9% @?&ZQ@ sf}?tm%ﬁé‘to%ﬁmlaﬁmsdﬁpfo%f 1i€d % eacR dfivQhip Or
rig in position. eft side systemis connected to the right
side systems mheamﬁcabrdmgbwmddmg rgdondancy tpiheisgderno each drive unit is

i ncrease accordi ngly addi ng redundancy to the system 5Wen the right and
| eft sides of the systemis connected the effect of one generator G
shutting doayRed the eigBNarldass sideer @bk %?stérh 1§$&Mbae@ae@@ﬁeadoﬂdﬁ@tgeﬁer%t e unit
may be provided wi th connections w the left and the right sides of
the il ust shetddg dywn éngveadess.sanid|alspst mw«jbamqttd thaea diriye/eniumpy be pravidsd

m ddl e. 10In fi 4a. b thi.s..pri a | i a dr|II rig
havi ng four 1tphrcopu Cs}og Wlthk{ ol th% whet edotihﬁ " §tsse1 éése fﬁﬁe 111§1§,tratt ys eln[hs'fltg rated in
figure 3a, bﬂmﬁaﬁﬁpaﬂﬂﬁédhoeUﬂ@humenh@&b,LLC transforners and drive systens
wi th correspondi ng generators. As with the systemillustrated in figure 3
t he connection points 1, 2 transforner units (LLC transfornmers) are

connect d SOLER i and
second gndwﬁﬁg%céﬁd) Bﬁ%ﬁQﬁgﬁb e %‘%@hﬁ%ﬁ%”%Qﬁg&g ? mg?ﬁ;gk hus a
rel ative pkdse: Slhslsﬁdnc@fhe-lsyﬁaﬁi 1Hus'£ﬁ’te$1 1arf%um3nm gedpafdedoy inctndalfonrd.lithe
connecti ons b ween t thransforner units, . as angequ nce of connecti on

points [1, é’]anf ormqrs prd giive systesgyith %WF@P%“d[ﬂ}g g*“é‘ﬁFaé%fé sWHD e m

i ncludi ng i, dybfeqtin & gﬁlfewﬁsrcoa{&@u&n BoihfE, f&&ﬁh@&ﬁfﬂe? OnROLT IS hraiPorfird) @raVoi d
osci |l l ations propagafting around the system

connected with corresponding phase shifts so that the first and first, and second and

15  second connection points are connected to each other. Thus a relative phase shift of +
and — 30°s are provided if moving along the connections between the transformer units,
¢.g. as a sequence of connection points [1,2] [2,1] [1,2] [2,1] etc (where [] represents
a subsystem including an LLC transformer and 1,2 the connection points) so as to avoid

oscillations propagating around the system.

20
The solution illustrated in figure 4a and 4b are essentially symmetric 12pulse and 6pulse
systems, respectively, where the two sides may be separated. This is due to restrictions
in power supplies for ships and offshore installations and other solutions may be
contemplated for other applications.

25

In figure 4a the right side represents a high redundancy system separated in two
disconnectable subsystems PS, SB, each comprising two generators G separated by an
LLC transformer unit, and where the drive units 3 in each sub system are connected to
both sides 1,2 of the LLC transformers. If one of the generators G break down the

30  current may pass through the LLC transformer and the drive units 3 will still be

operated at a reduced capacity.



The solution illustrated in figure 4a and 4b are essentially symetric
12pul se and 6pul se systens, respectively, where the two sides may be

separ at edvoBhissoem3due to restrictions in power suppliegcrtmprsbiopgoand

of fshore installations and other solutions nay be contenplated for other
applications. 25 In figure 4a the rig@; side represents a high redundancy
system separated in two di sconnectabl € subsystens PS, SB, each conpri sing
two generators G separated by an LLC transfornmer unit, . and ere the drive
anits 3 in10adef %16%93392 é‘lgmea‘%éﬁ%%&tS@&e@d)r%fiwgsqva%élg%?rzreg@n ey tLC
transf or Tehg, aie £ 30ke LOMOEE R AlALD R BECRInFQMCL 08 PR drfinent may pass

t hrough the LLC transfornmer and the e units 3 w stil e operated at
a reduced capzciioy poini¥ GRI0/Q 82sfGRCT LEP20d 6lcG8dot@g obnddien Ipefrt o§thde PS of

figure 4a illustrates syst em provi di even hi ghe undancy as the

ar e uni t oot B s vl TS it et eraut A LOR R B g e 11 r
1 connest i PReaRO BN Of o QM8 t&-5 Erd éﬁ&ﬁéﬁaﬁﬁgeél At d@%%n‘it@%a?%ﬁﬁﬂfé pORRAGHE ! oNn
poi nt of the second LLC transformer unit. Thus even if fhe generators and

LLC transf errpduccdninacBpretiky capdiw pargof thapower fzom theenaghboutieg subsytigas, t he
drive units may still be operated at a reduced capacity as they can draw
part of the power fromthe nei ghbouring subsystem Figure 4b illustrates a

syst em si mHigire 4P ilusghites a 4gsted Uimivdres Eglidetadibitwehcudiht driat @aniesedaed ca 6
pul se drive system 10 The nunber of subsystens in the ring may be chosen,
but an everl hRIHEFHIESYSiWsyst ens nust be used, especially in systems based
on LLC pransforner units having 30 phase shifts. 15 Even with the
abovenenti oned alternating connection of the transformer units sone

har noni cs My noimbetubiadudsystenishie tisystigniay ba chosde)but an ceduaaisirio€ul ati on of
3rd harnoni c, current ase to earth special precautions mmay be. requires
with r espeé’flbstYéteemn@ggwse&, ege Y IR e #@Eeé&?éelp trapgformgr UGy, E?‘H@g a
specially @@sggﬂgghﬁ@pedance earthing system consisting of a | ow pass
filter the 3rd harnmonic will be suppressed sufficiently to

15  Even with the abovementioned alternating connection of the transformer units some
harmonics may circulate in the system. In order to reduce circulation of 3™ harmonic
current phase to earth special precautions may be requires with respect to choice of a
neutral earthing concept. By introducing a specially designed impedance earthing
system consisting of a low pass filter the 3™ harmonic will be suppressed sufficiently to

20  allow the use of standard earth fault protection solutions.

The system according to the invention may be applied in a number of different
applications where redundancy in the power supply is advantageous, such as in
computer rooms or hospitals. In these applications the integration between the

25  subsystems may be even better as redundancy may be provided between the left and

right sides of the system illustrated in figures 4a,4b.

For offshore installations the system are classified as LV (Low Voltage), MV (Medium
Voltage) and HV (High Voltage) where the limits according to the IEC standard are

30 LV<1000V, 1000V<MV<17500V and HV>17500V, and a typical LV system may be
used at 690V. In the highest redundancy solution in figure 4a a breakdown, e.g. due to



20al l ow the use of standard earth fault protection solutions. The system
according to the invention may be applied in a nunber of different

appl i cat iwoowmeeras3r edundancy in the power supply is adpamreg@omsi7osuch as
in conputer roons or hospitals. In these applications the integration

bet ween the 25 subsystens may be even(petter as redundancy may be provided
between the left and right sides of the systemillustrated in figures

4a, 4b. For offshore_installations the systemare.classified as LV (Low
Vol t age), M&-(eBS aRhesPesygies AHH nekAteR hﬁwpwﬂpaabt)ham@wt%éompweﬁss

accordi ng t,0 RB\K}& i\ Egﬁ)}ﬁfela@%{ ﬁle%%hﬁQuﬂs\//g%&ga%ggig@@)é{éw&%ﬁﬁgE{rié‘égnit.

Hv>17500V, and a t cal LV system may I n the highest
redundancy solution in figure 4a a breakdown, e.g. due to WO

2010/ 092113PCT/ EP2010/ 051708 6 fire, ,i,n one of the sybsystens will, not stop
Che oper at FVIIF R AR S HET RS AP LEeny b ir ol ot LEE! Foatiatsdom  he

nei ghboyr systemiaor!iXirbainiie PN, TRis r&Riced thégiebdfdr -hig‘hsvdh*age poREL circuit
current is decreased the system may be used at higher generated 5 power
Wi t hout i nereriss agd theanstalladdrpesionhescapedicie deduges bree thictagof hetgigew o1 ltange

power suppl,es_and installed trapnsforner capacity. is.reduces.by a
Pactor of gt Sadfifed BicdlRal SEhaln, RS RO TRouchr PREMSY LGP RIS R 3 oo
reduces complieing the mebd Fdieably Sidigshynd|chbie térfgndtidas heedll hobtheddlxdidrpdder s and
cable term nations as well as other auxiliary systens, which in turn

reduces t héY¥paveviigbedrisAugendhesypaseraedps fo thisysisay e siscarpagpensi ve on
of f shorg | %§ﬁ@ﬂsl Fohod}szEJ%! iftsthifatidhs tHIPQ rabquﬂb %Y%@\Ea%%ge%ff i *}ﬁes%?@%{%h
system To summari ze the invention relates to a powe supﬁﬁy syst’em
conprising at least two drive units 3 having two power inputs and at | east

one power gener ator providing electric power at a chosen system frequency
and vol taggr.o SPHE“%&Z&&&N‘&?‘EE?“&%W it%goyel}i@pp&rﬁgptgmr@gnmﬁmg A LESHER ng a

first and g 9eepids RANREERES ?&Mhﬁﬁ@ artd £ IWREESR BwdrgRadraP e fbvilihgm are
connected to a power geherator G The two inputs of "each drive unit 3
electric power at a chosen system frequency and voltage. The system also comprises a
15  transformer unit LLC having a first and a second connection points 1,2 where at least
one of them are connected to a power generator G. The two inputs of each drive unit 3
is connected to the first 1 and the second 2 connection point of the transformer unit
LLC. The transformer unit LLC is adapted to provide a chosen phase shift between said
connection points 1,2 at the chosen system frequency and voltage and thus both
20 reduction in the harmonic frequencies and a redundancy is obtained as both drive units

may be utilized with only one operating generator G. In addition, as mentioned above,

the impedance introduced by the transformer reduces the short circuit current.

On order to obtain full system redundancy at least one generator G is provided on each
25 side of the LLC transformer unit, and for effective filtering of the 5™ and 7™ harmonics

the phase shift over the LLC transformer should be approximately 30°.

According to one embodiment of the invention at least two transformer units LLC are
connected in parallel relative to the drive units 3, the transformer units providing the

30  same phase shift between the respective first and second connection points 1,2, the first
and first and second and second connection points , respectively, being connected and

each drive unit 3 being connected to first and second connection points 1,2. This way a



is connected to the first 1 and the second 2 connection point of the
transfornmer unit LLC. The transformer unit LLC is adapted to provide a
chosen phaeeosiisttizbet ween sai d connection points 1,2 atrcrheelosens system
frequency and voltage and thus both 20 reduction in the harnonic
frequencies and a redundancy is obtained as both drive units may be
utilized with only one operating generator G In addition, as nentioned
above, the |npeda uced by th ransf or mer reduces the short
circuit curSY%ﬁIPWl flb?dcrﬁ‘@gaﬁ%ﬁ 1%)%1?%1Pﬁ PRFIC Qg OF BTG BehsFie &fd %Clheast one
generat or G StoRhAY LAEH O £3GNsdasd AeoRfis kgL C transformer unit, and for
effective fla|t8rl ng o? r% bth gng% hal? |acs t he phase shift over the
LLC transf a’mwrmmwl gebiel apprdon emtetf ehe/lnS@thcactnashqmg of said devemicd} aent  of

the invention a st.two tr nsfor mer ar e.connect in rall el
ol at vt GOPGID O it souna TR R R B RSB REL g ¢ b0 sane
phase shi f&h@@k&ﬁ?ébnh@&dn%ﬁ&ﬁ%dﬂfﬁe §dcbad ot eARAIHheE AMRECt CPNhPOi Nts 1, 2,
the first and first and second and second connection points , respectlvely,

bei ng conné@nefdrrafrrdmetabhme mravadadnivith 8 sdehbeteeemdieme thetdsiveiungtthusrigingecond
connection §O|en gthe'l;h ftl’{’aé a 1\/\4!318%0&196/&)e 2113PCT/ EP2010/ 051708 7 system
wi th high ¥ I&Illjﬁcf ;? i's”G6btal hed ?/9{1 ne-or nore generators and LLC
transforners may break down as | ong as one is operable. According to a
speci al errboclil ment tof theﬁlaan%/lent%ofgbat Ietast orheeq%il s(gl d d{l veﬁunl tsz are
connect ed tI® large systpgs ag siRedineaholgse Hiventig my bejutidipedgonsisfipg o %ﬂ%&@ mer
units C1 I

t ransf gpmrﬁﬁﬁoﬁg&ﬁﬁgii?ﬂg“%rdg ?%?an“ertrz'p%h:% %g@ %%Rér%%}%\ﬁ/&g‘q’gerq{nﬁtg a switch
bet ween t hewteskdre tahiweaheioortespbrubindeilniyc phaveshifed. o fhemeﬂnh relei@ve pHas¢ he
switch is djsconnected n |ar systens an enbodi nent of the vention ny
be utili ze&hli‘fol?e%mnﬁacteé tothe P%gfﬂeﬁu% o slAET G iy aRihihe grve units 3 having

LLCL, LLC2, loh%ﬂuk%eac%m&vmh@&m%&? uﬁﬂf@@ﬁ@?ﬂ[@@ U3, BLLg, necessary to
have t he correspondl ng rel ative phase shifts i.e. the same relative phase

shift be| ng connect ed to the nei ghbouring transfor mer unit, and the drive

units ha i nput, on each si of the transforner units

ULS, Fahang- oS LIS, o0, Sach e 9Ty KNS L anstouR LS ient | caay
one power @RaRariad Ahit & BhdcaktiBAsh sARS sl ¥ed Whkdeindat 18RUSHCRRBNitUAT NY a
subsystem and wherein at |east one drive unit in each subsystemis

connect ed teach ywbsystem is conacaterbtodhe Hrd aebisseedndropaichips pomtsly mHbe
cor respondigg. oGk A% QAR miPLtic bt Uiyt om

20  Alternatively at least one drive unit in each subsystem is connected to the first or second
connection point 1(2) in the corresponding transformer unit in the system and the
second (or first) connection point 2(1) in a neighbouring subsystem so as to increase the
reduncancy and making it possible to operate all drive units even if the generators

and/or the LLC transformer unit in one subsystem fails.



20Al ternatively at | east one drive unit in each subsystemis connected to
the first or second connection point 1(2) in the correspondi ng transforner
unit in tweyeermsand the second (or first) connecti onppwiprRo1B(i)708 n a

nei ghbouri ng subsystem so as to increase the reduncancy and making it
possible to operate all drive units even if the generators and/or the LLC
transfornmer unit in one subsystemfails. W 2010/092113PCT/ EP2010/ 051708 8

Clains 1. Paower. supply systemconprising at |least two drive units having
two power ﬁi#u@sLéHdiat | east one power generator providing electric power
at a chosen system fggQu v @RenY 04k g §NEasP RS BN CAMMHaSind 9o

transfornmer unit having a]%irst 5and second connection points, at |east
one of whi powbeinpgtscodatlchsdnt powcpganeratgemevidingrelccwiverosyon at iehdseww | nput s
of each drive u iS co nﬁﬁted to the first. an tgﬁ)secon onnection

it C
poi nt of tﬁ@“?fi“gjﬁ@fl%“rc%@f‘l JAMEES, h5aY e PPRSHS T WHY MY "SoBttd t o

provi desa Gh@aaBcdAlassntibh holal YEBakt 93¢ 6f WRRHbeinglohMRtcdNe 2wy St em
frequency and volta System according to claim 1, conprising one

e. 10 .
power generganmtoenwg@r@in th¢ theo ofputshnd caehadrafeormtals comrierted t@thedystamhthe cor di ng

to claim1, wherein said a hift between the first 15and secqn
connect i on “Fargico BB Bof 8 Br P hatbrit iy o Pl RGP Aeg,
Syst em accaep giovitctaochok@i fhade shift GetieichGaidtinh@asitthé Wosk ayysdn® (idGlicndPatis bei ng
connected in parallel relative to the drive units, the transformer units
provi di ng tRE2%ane phase shift between the respective first and second
connectpon points, the first 20and first and second and second connection
points , respectively, being connected and

2. System according to claim 1, comprising one power generator on each

side of the transformer unit.

3. System according to claim 1, wherein said phase shift between the first

15  and second connection points of the transformer unit is in the range of 30°s.

4. System according to claim 1, including at least two transformer units

being connected in parallel relative to the drive units, the transformer units providing

the same phase shift between the respective first and second connection points, the first
20  and first and second and second connection points , respectively, being connected and

each drive unit being connected to first and second connection points.

5. System according to claim 4, wherein at least one of said drive units are

connected to the first connection point of a first of said transformer units and the second
25  connection point of the second of said transformer units, the transformer units being

provided with a switch between them, the drive unit thus being connected to both even

if the switch is disconnected.

6. System according to claim 1 including at least four transformer units being
30  connected in a ring so as to have the corresponding relative phase shifts i.e. the same
relative phase shift being connected to the neighbouring transformer unit, and the drive

units having one input on ecach side of the transformer units.



each drive unit being connected to first and second connection points. 5.
System according to claim4, wherein at | east one of said drive units are
connect edwbaotome2fidr st connection point of a first of sacd/Bre@0®songrer
units and the second 25connection point of the second of said transforner
units, the transfornmer units being provided with a swtch between them the
drive unit thus being connected to bot'h even if the switch is di sconnected.
6. Systemaccording to claim1l including at |east four transformer units
bei ng 30connected in a ring so as to have the corresponding rel ative phase
shifts i.eq the samsghAldy iR iBsin, WhoRe BRAGRANBELEL: s thihocted

nei ghbouring transforner unit, "and the drive units having one I nput on each
si de of t heo trlams boe pewengentstor aDa2OdD b0O IISEGT HHER20M4 91t O ig7D81b8y std,

System according to aim6, wherein each transfornmer ynit i s co cted to
27| east ofbd bl gE g it gl reh SEouhET s CoBRro s RER  tuti ng
a subsyst eRpcoad@omitRrieh Pofts ih@RSEorRRFordling/@arkdrinet thifRCHe SRsystem i s
connected to the first and the 5second connection points in the
correspondi ng transformer unit in the system 8. System according to claim
6, wherein geach trangfopimer il ol RubANRELET IR BhobEAS L QNS ROVEL,
generator and at le Steone AT Cdmi Y PGS e B TRy S BS ysteﬁ1 and
wherein at tb e@lsdst 0REpekrv@netaidr ahd a€idgd ofIBSYSIEME confiietigedsiboydidie, fir st
or second 10 connection point . in the corresponding transfornmer unit in the
syst em and ahthavhsesin i lcpgrong diige ynig fheask spbiysissl s conmected fe theHbsfiuarisagpnd
subsystgm | i i - e] I earth
throughia FomosidEbE AORELHaBal nE i Mdner IREHEHE FRLRAnG LB G TH o
syst em f r edinghcyhnection point in a neighbouring subsystem.

9. System according to claim 1, wherein being coupled to earth through a

low pass filter adapted to suppress 3™ harmonics of the applied system frequency.



