POWNER SUPPLY SYSTEM This invention relates to a | ow | oss, high redundancy
power supply system conprising a 5rectifying bridge and inverter supplying
current to a systemincluding at | east two power consuners, especially a
power supply systemon an installation having a nunber of notors and a
nunber of power generators or power supq}ies. I n supplying power to
electric notors, e.g. in electric propul'sion systens or punp 1lOapplications
in offshore installations, it is commobn practice to utilize a rectifying

bri dge couplgwgroaupred skam@ENihr ee phase power supply through a
transforner, said transforner providing two AC supplies to the inputs of

the rectifying bridge. A nunber of such systens arc known, such as

descri bed in.i.nternational tent publicatjon No W2005/ 119892 descri bing a
aystem for Qi ER TG TRa IR Mo P M B R PR TS A8 PER e ng
the strainredtifying bfiggd Add B StdrRuppIPing ¥atr&Mto ydtamnarclidifs al leadt i powtich as
of fshore installations or ships the power supply systens used are | ocalized

at each nDICORSUGICTHEHRCIAEIY INONST SUNTAK FYHFTE e AR Visiablatieibhayinga Bymberoti n t he
supply and | 88'h8 % ndfbgs polv&%?ge@eQ%t%ﬁroLtlZ)tovJep%@gﬁ?sm)t or, and therefore
rTabl’e p

security 20systens and extra av wer O be available. It is
al so well known that when the power requiremmts reach a certain | evel an

increase in the voltage of the power systemis required so as to avoid to
hi gh short 18SYRRLYIPE PRYEY Lo SIRFHIGIMPINET S ekls I CtHe PEBEISIONGIYSICRS 0§ PUIBm  25The

obj ect |gf tagﬁ]id%ﬁ%‘ﬁsefﬁto 'sﬂ&%rlhét&lﬁatf'oﬁs,ti 420 ﬁlolﬁrpg?(d'tfé@té %%%%%&Yf h% tridge POVer
supply syst thus reducir,g the risk, of co etel:y, 005|na ov, ? fl
, re. on parbugingtdoaplicd st alkliret¢ ploase phwtesuablycghroadhiaitngsfoheernstegsafymey st em

voltage. This .is obtagined ysing a.system according.to the independent
1 ai . 30THEYHiAGENE Fiin o129 BALEHCAP S e 0y aE BedeRal SHMPECORSho or mer
unit, e.g. ;@S 8RUSPRA, such as described in international patent publication 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 require
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
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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

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



Il abovenentioned 'v11/02005/119892 vthere a transforner is used for

renovi ng harnonics in the power system by providing a phase shift over the
transfornmer. According to the preferred enbodi ment of the invention the
transforner unit is arranged so as to provide a 30 phase shift renoving
ith and 7th harnonics and conprises an, additi onal w nding renoving or
danping the Ilth and 13th harnonics. the transfornmer unit add an

addi tional inpedance tq the systemit. also reduces the Sshort circuit
current inSPREISRISVERE WhPEH a8 A CHO¥NE atNows3'8PISS MR GHREPPTHEWET suppl i ed
to the SyStgfihadihdite ¥Ghbafeor dihsipkk HUaRdand dMshiagui prent my be
used for higher power ?han wth the known sol utions. The invention is
described below with reference to the acconpanyi ng drawi ngs, 10illustrating
the invention, b of exanples, Figure la b jl]ustrates, |local sypplies
yst em wi ¢ vt s i AR Rt impeirotr b Salt d oS fses 1D st om
accordi Bg tsRork BRcUiNMBRht RNhEL SR, idcPad 4 Fdsk bRSWNEDr b MERY pbRE led
symmetric and asymmetric power generation. Figure 4illustrating e system
i mpl enent edo Wictsysttaat apoweoltages 1 bivgvay 1smidgudr 69051 ¢quippenamaydeanscdfarer nat i ve
to the systh(iar[#n fiIg[Harle ﬁhth':ei ur%sslltlaonand b illustrate two different LLC
t r ansf or ner & a\D/?‘ﬁ% M EnE A et Shd connecti on points 1,2 which in the
figures are connected to a drive unit and having a power generator G on
each side of the transfornmer unit. The LLC transformers are 20 adapted to
provi de a phadeveatpn is dsserifed belomewb AHfernrote the perognanying draygpgs: ng
frequengy i 3001 S,: i d 7th harnoni cs. These sol utions
are di ggus?@cfﬂlg% %teht%élll &ﬁﬁn%%@?f%@ p‘and i n Norwegi an Pat ent

Appl i cat i oFigyee 120808I1ixidbes odai adpphcesyiseal witkd Hietransbymessy of reference, and
al so provides damping of Ilth apd 13th harrmonics. 25 Traditionally the
pover supplyBYBF prd ‘ﬁﬁtféfl%aé‘}f@rm%i%}’sﬁ%%fﬁ?%faéhq IVEEat ed in figure
2a, where qagfc 98BCNiAtBatif e SR Gth (A iahg alihhetic Poa¥E BéheatBRL OF
connected through a transfornmef and a rectifier bridge. The systens may be
coupl ed t o Femrh4ot hellustiatiogigie sastsmiitnpleniantadlasich tove pofvet $ystegener at or s br eaks

down. '%5 dr q:\{\g'buarg 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.



30 with this solution is that there is a short circuit current limtation
in the systemwhich requires a rise in supply voltage if the supplied power
is to be increased over a certain limt. 3 According to the invention as
illustrated in figure 2b two generators G and two propul sion systens 3 are
coupl ed together with an LLC transforngr, e.g. of the types described in WO
2005/ 119892 or in Norwegi an patent application No 2008 5145, 5between them
and without the transformer at the drive unit. As the LLC transforner

provi des additional inpedance to the systen1the supplied current may rise
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symetric si Fon where 1wo € systens ure 2b arc
coupl ed t ogethnalsystchathus hies dlkdﬁatgeareaéngmm sholntaoie utt tmecxﬁ*ar%%hds% shi ft,

i.e. arelatiye 30 phase shift he 25fi nnection points 1 and
second conhlt 1ﬁ%ﬁrg§oqnﬁfg§ i t%ﬁféade L@tsg‘an 1&&*@6 PreSHEs rMefoli ts arc

thus connecfi@fabl siRaffRhAG to the drive units 3.

15  During normal operation the system in figure 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,



In figure 3b only one of the generators on the right side of the systemis
in use and power is supplied through the LLC transfornmer. The left side

situation may be 30 symmetric, but this is omtted fromthe drawi ng. Thus
the LLC transformer transfers half the thrusters power and the drive units

3 may still be operated to a certain ngree Thi s propul sion system stil
have hal f the pomer |f one of the generators stops operating, 4 which may
be suff|C|ent e.g. a ship or rig in positjon. Alsqg, if the left side

systemis %H%@Piéae tS‘H“PWEt ? gg‘ﬁtal SO TS/ RN IOR A 1581 1A IhedRB Side sy¥tcBdwer
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the system 5Wien the rTght a left sides of the systemis connected the
ef fect of omewgamﬂﬂabmmnﬂys¢mmgrwkm¢Manqﬁwsyﬂﬂnless and also it should be
noted that a drive unit nmay be provided with connections with both the |eft

and the right sides of the illustrated system as is illustrated with the
drive upit wWhed A€ righOeldaeft 1AkHof theWyerftas LonnbBitsd Mel et fRnk SeAlRMot €d i N
e.g. adrill rig having four propulsion systenms where in essence the system

i |1 ustrat eghitting dewen és Sanbesssandbaprritehpuldobd muedithet ¢ duve wiiOney hagfayidedr s and
drive systensg with corresno djn Lators th en1|IIustrated
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ar e connectiggtratct Rvigothe @sipe aglit igthphagddeshi fts so that the first and first,
and second and 15second connection points arc connected to each other. Thus
a relative phase shift of + and _300s are provided if noving along the
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oscill ations opagat ing around t yste 20 The s utl nillustrated in
figure 4a éfﬁa&éﬁnﬁ én%re]%‘éwsmsw ﬁ‘?FBGtSP? Higz%fiﬂegaéorén% It%f‘esyé &} ens,
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restrictions in power supplies for ships and offshore |nstallat|ons and
ot her sol utcpmtetdayltlb@rmmremg pitae@l sHifis s@thiaethe dpgland ditrstomsl. sc@dd andf | gur e 4a

the right side re ents. red ndancy m separated in.t
i Sconfact B SERETEPRRET PSR SeGHHS COmAPG: M G OE B ar o &5
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sub system arc connected to
¢.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.



both sides 1,2 of the LLC transforners. If one of the generators G break
down the 30current may pass through the LLC transforner and the drive units
3 wll still be operated at a reduced capacity. 5 The left side PS of
figure 4a illustrates a system provi ding even hi gher redundancy as the
drive units 3 are connected to two suq§ystens bei ng connected to the first
1 connection point of one LLC transforner unit and the second connection
poi nt of the second LLC transformer unit. Thus .even if.the generators and
LLC transf or'fief™ tAt £ > 9b 18RS A doWHIAIE A8y Sl TP Y CHIE VR nk&n%rteﬁ@@aaa%abes, t he

drive uni t%hé‘@eres&%iﬂsb aﬁl@%&ﬁ%ét.@& v@&sﬁéyrs@é?ﬁkcﬁéing‘@cﬁﬁl%&twt@aetfﬂ?ﬁw can draw

part of the power fromthe neighbouring subsystem Figure 4b illustrates a
syst em si nicbamection poigtioontd,L ® transtbreree uhhiend thiewecamli dognatienlpasedf e a 6

| dri | 0 .Th ] f t i i b h ,
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on LLC &ramsdaRt GB%n W tde ey fiRdodfiRetiamges Md drdve vhdEYRY sMIthR dpb@ited at

abovenenti oned alternating connection of the transformer units sone

har noni cs ragdusicd cutagity ap ey isen dipst pamt ofj the pewerrfram theerhighbouiing sibayiton. of
3111 harnonic current phase to earth special precautions nmay be requires
wWith respect to choice of a neutral earthing concept. By introducing a

speci al |y degirg nedldsff@@ﬂa@fﬁerﬁarnﬁimrﬁ@ﬁgm@mmamé% RIgiveinids 4roWadsh
filter the 3rd harnmonic will be suppressed sufficiently to 20all ow the use
of standar @ GeRHtrdfgUEYHeHr ot ecti on sol utions. The system according to the
inventijgn may be applied in a nunber of different applications where
redundancy in the power supply is advantageous, such as in conputer roomns
or hospi t alThe numbeheS@bsyppinisciatthorisg e be chexgn diut an chat neeatser ofie

subsystems must be used, especially in systems based on LLC transformer units having

30° phase shifts.

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



25subsystens may be even better as redundancy may be provi ded between the

|l eft and right sides of the systemillustrated in figures 4a,4b. For

of fshore installations the systemare classified as LV (Low Voltage), W
(Medi um Vol tage) and HV (H gh Voltage) where the limts according to the

| EC standard are 30 LV<1000V, 1000V<N¥§17500V and Hv>17500V, and a typi cal
LV system may be used at 690V. In the highest redundancy solution in figure
4a a breakdown, e.g, .due to 6 fjre, in_ one of the subsystens wi]l not stop
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conpri si ng liatitihg#ftncbiviordablé @addaistahd Fabla térigndtivas POWEN ai Bfbst suxaigly at | east
one power generator G providing electric power at a chosen system frequency
and vol t ageystyRe véyieh Birie auess M sraesnegdad for Aistysiche AswRta UsEETShavi ng a

first gpd t] nhs. 1,2 .
connect Uy SASERLLEFIRE AR Sof R o R ST
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 phad® URIM1ZE dhsauention;rglates ta eeV ghsupBlyrpstem eonpyrisinget IRsid®9® syst em

frequency apde YRk REKiRDEVE PSerlRplls and at least one power generator G providing

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



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
addi tion, as nentioned above, the inpedance introduced by the transfornmner
reduces the short circuit current. On order to obtain full system
redundancy at | east one generator G i% provi ded on each 25side of the LLC
transfornmer unit, and for effective filtering of the 5th and 7th harnonics
t he phase shift aver. the LLC transformer shoul d be approxi mately 30.

Accor di ng tS%'BHSVERHSATTRYATAGY 11 ARANRY BRETCENC A MERST RIS tPanstor mer units
LLC arc coRpabffnd tapakalid @ &8t Kooy bhgaglti ve units 8, the _
transfornmer units providing the 30 Ssane p%a e shift between the respective
first and seconmidhgomnmpetinlommipgiimens of {IR, invémiohiat Enstamd of baid trimdniset ared and
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and LLC transforners may break down as |ong as one is operable. According

to a speci dfangdptyodiunepbeiog prdedddivigne swriclabetiveersthemntheatrivs aing thirsibeenguni ts 3

are connec%g%ﬁ%e Rh% fi&ﬁtiﬁﬁnn§1&192%£°&ﬂ}w of a first of said

t ransf or mer uni EL@T’aﬁ% § heVsees ERESt i on point 2 of the second of
said transfornmer units LLC2, the transformer units being provided with a
switch between them the drive unit thus being connected tq both even if

t he swit chIp &rgirsegamean sarbodimenheibe nypaiiEy s weihipgtsosistingpf ¢ Heg of
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LLCI, LL n even nu transfornmer units I's necessary to
have the caecssponahag thetatdspendimpstatshiphtss shifs.i.c the ssmpeclagdatiave phase

shift being, connected to the nei ghbourin ransformer unit, and the drive
units 3 havhiigPMecompeied Ene AR a BT B e s P Ty s 3 having

LLCL, LLC2, lohEhub- 64 cachdI€orith@RFEHRE ubill £ECITRY (Re 1Gofnpeyed to at | east
one power generator G and at |east one drive unit 3, thus constituting a

subsystem and wherein at |east one drive unit in each subsystemis
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one drive unit 3, thus constituting a subsystem, and wherein at least one drive unit in
cach subsystem is connected to the first and the second connection points1,2 in the

corresponding LLC transformer unit in the system.

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 the systemand the second (or first) connection point 2(1) in a

nei ghbouri ng subsystem so as to increase the reduncancy and naking it
possible to operate all drive units even if the generators and/or the LLC
transfornmer unit in one subsystemfails. C 1111 S Power
supply system conprising at |least two drive units having two power inputs
and at | east one power generator providigng electric power at a chosen
system frequency and vol tage, the system conprising four transforner units,
each transfonngr; ypid having a first and a second connection points; at

| east one oOf which being connected to a power generator, wherein the two

i nputs of éach dri v&owni supply syommewingutising at heast twostrivanaits havisgoend

connecti on oirnt qf tcget trﬁnsforrrer unit, and.the Transfornmer unit being
adapt ed t oPPYEVIEES AN JEhOMHRALET grNgratop prQyiding elgrticiPRYEE & 260084 chosen
syst em f r egysesne frequitthcy ahd Adlerge,ARE sydReR BbMpaahg flr tlaBFSImdrQUlts lehdISt br mer
10units_are connected in a ring having a chosen sequence of phase shifts in
t he conhectRBHOIBIT il hianga disst dad g lseroueicapnactiom peiotsialleash prgsofaviinly t he

ring. 2.Sygd: i i , 1Sl . [ .gener.at or on each
i da of cachig v amepedidPpboaicbfob, VHERY IR iR AR ABFERIL wher oi n
sai d phasecahiéted rethesien and chefsecstd candesion @oiht obthiecihsform@ainid sndthet he
transforrrE{ upnit is .in.the range of .30 S 4. 2?Sf.ysé’%t?accordi(ﬂig toclaiml,
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phase shift between the respective first and second connection points, the

first Hhd yiissre epgecedbyriing brdrtdakpsen psendeor phasermhifls indbpeaanptisiny,
bei ng_conngftes deaidy BERdrnt G obm Bl ofRRIRLLEE L0 First and second

connection points. 255°Systerm according to cPFaim 4, wherein at |east one of
said drive units are

2. System according to claim 1, comprising one power generator on each
side of each transformer unit.

15
3. System according to claim 1, wherein said phase shift between the first

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

20  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
and first and second and second connection points, respectively, being connected and

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

23 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
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 closed.

30



connected to the first connection point of a first of said transforner
units and the second connection point of the second of said transforner
units, the transformer units being provided with a switch between them the
drive unit thus being connected to both even if the switch is closed.

6. System according to claim| wherein said at |east four transfiuner units
are provided with the sane rel ati ve phase shift between the nei ghbouring
transfbrmer unit, and the drive units having one input on each side of the
transforner units. 57,System according Po claim| or 6, wherein each
transfornmer unit is connected to at | east one power generator and at | east

one drive Gnit, thuSyganatdidrdingngclaims WbsesdieBaid an@awisiatdhsfimbe@sts one
drive unit in each sggﬁé§ten1is.co nected to the first and the second

connect i on®HérAt! ed _ SE‘_B‘FF%‘%B aﬁ@ﬁﬁé’ﬁ%@ﬂr‘r@r“ﬁi@h@“ﬁﬁg tresfeyeerem 8.
Syst em acCfifliaf@ tHeQirfe @ity halhg Bne WRE Gi &cﬁ@lﬁi@ of Elﬁr}gngfo%{er %{”st S
t I've unit, thus

connected to at | east one power generator and at |east one
constituting a subsystem and wherein at |east one drive unit in each

subsystem 4 s connec the first. or second connectiaqn point in the
correséﬁnd?ng trans$§§%%§uﬁHﬁPghﬁaﬁﬁbi8951% r?ﬂﬁaQSFﬂ§%§B@6HB“C%r first)
connect i onconaeditd fort deaBIr@POOKE LR rABPENS: BFkt or-drR¥TnfRMhas EH R0 cl ai m
|, wherein each of the two power inputs of said drive units are coupled to

earth t hmiy systauy And yderein |of leastang drivg upts iseasp suksys@misisanmstidds tlef  t he
appl i ed symtemdith@sue8RAE Yonnection points in the corresponding transformer unit in the

system.

10
8. System according to claim 1 or 6, wherein each transformer unit is
connected to at least one power generator and at least one drive unit, thus constituting a
subsystem, and wherein at least one drive unit in each subsystem is connected to the
first or second connection point in the corresponding transformer unit in the system and

15 the second (or first) connection point in a neighbouring subsystem.

9. System according to claim 1, wherein each of the two power inputs of said
drive units are coupled to earth through a low pass filter adapted to suppress 3"

harmonics of the applied system frequency.



