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DEVI CE FOR REDUNDANTLY SUPPLYI NG POAER TO AT LEAST ONE

LOAD The invention relates to an apparatus for the

redundant power supply of at |east one |oad having a
pcTfEpPsboegngerter, which can 1be connected to a first AC
200%¥Phbagewegatemvia a first connection, a second

converter, which can be connected to a second AC

vol t age systen1V|a a second connection, and a DC
DesgsipPhdeni nt er medi ate circuit, which connects the first
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frequencies, voltage levels, star point connections
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Suchug yBRaralsen. 1FoR1ERAAH dPOBh HFPTI Pltg 108s o0 §25 AL+ The

app QBaGﬁb'|H@%d@ﬁﬁéaﬂfﬁhei31ﬂl|n@sveasemsrsandpuﬁsﬁﬂqqptr01led

pl at f th f k
corbrtt Sl S SISERICLS A 2 O ROEIOKE pulse-

con@pel akHor®river s fosing oneundghedi ¢l Igneyanher ovia a DC
volg]aégflniféd th%haséeerﬁlrzngﬁe tEY st g3 sBLeohBrbigeBordBnverter
comprises a so-called 6- -pulse bridge ~circuit having power
semiconductors which can be switched off. Such apparatuses,
which are also known as a back-to-back 1link, are-used in the
power distribution sector for the purpose of coupling power
distribution transmission systems, it being possible for the
power distribution systems to have different frequencies,

voltage levels, star point connections or phase angles.

Apparatuses for redundant power supply are used, for example,
on drilling vessels or on drilling platforms Drilling vessels
and drilling platforms are therefore known which are not
anchored at relatively great water depths during drilling
. operations but are positioned dynamically by means of so- -called -
tMrusters. These thrusters are in the form of drives which can
be adjusted in terms of the rotational speed and the azimuth

angle, which makes precise positioning



be adjusted in terns of the rotational speed and the
azimuth angle, which nakes precise positioning
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free power supply system. However, this is undesirable. It 1is
also known for a drive, whose rotational speed can be altered,
to be connected to both power supply systems via changeover
switches, in place of a switch. However, such a connection »
takes time, which may result in faulty positioning during the

transition phase when switching over.

One object of the invention is therefore to provide an
apparatus of the type mentioned initially, which makes a

redundant power supply possible.

The invention achieves this object by the DC voltage
intermediate circuit having at least one load connection for

the purpose of supplying power to a load.



redundant power supply possible. The invention
achieves this object by the DC voltage internedi ate
circuit having at |east one |oad connection for the
pur pose of supplying power to a load. e
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under the term back-to-back link is no |onger used for

coupling second systens. Instead, the provision of a
Accofdmm@cbnnema(nnvemwu@m,|sheoaaeare@USohﬂﬂ¥HXZﬁQWtQﬁémPler

undefnéﬁgnngﬂlﬁagkrgg'Baakuﬁ E Egsﬁbthnégf ﬁggangéﬂtcoupllng

| oa be connected to
Secom@aéwﬁﬁrﬂéctﬂcﬁﬁt@d%h ‘éheaW@r"dﬁ}@r} sof t Rer’erast econneCtlonf

whicwaritd Cébﬁhlebﬁtébﬂ t@b! & Heor pensal ¢ fdé OlreR réddilaitiey circuit,

vessel s or [in atforns whic re equi pped,with
maked), PoSEIDlanCER CRFBER TR | FOPRT heop & e hieh can
be doviraidtatal tepeede aribddie coalz:iera!lttibnangseg:hswh appel@tus  1is

ther? Ogglk%%Fﬁgﬁbéég' v u?E%ﬁ ]Po? %?%g@g?ﬁ'Q$inerlllng
vessevas eprdeiptild ing pbanmugnm\shmhearﬁore%s@amﬁde W%IP drives,

whlcﬁo¥§ﬁ b&oa ?u%ﬂ@@lh%dﬂg%ﬂé“bﬂ(EHESf&ﬂﬁ@%&ﬁiﬂtépé@@ &Rd the

ernediate circuit_fromthe secon

aZlmW%Wt%@%l%ys$@ﬁ¥d®?|ﬁbe ﬁ%rﬁﬁ@lﬁﬁeFﬁFPﬁﬁer?hegBBMEPe purpose

of p&@@ﬁhbnﬁﬁdﬂﬁhéOaQS%DthgﬂéﬁﬁﬁlsCWf{dbﬁlﬂhagﬂpkﬁtﬂ&kms at
ta stem e event_of a fai
9rea567?%%€ $%P§%?d g%cbﬁdgﬁk?VB??ib %ys éﬁnggbr powes
to 4he thppliesht iton, thee toadert@wsn@qb@@léﬁllﬁiﬁav@c voltage
e c h € AW f hg
e et ot e AUt D L puring
normpe SWerefé@rof fthe ePOE’Ieé‘ck%‘éPP]FTbr texdrhft el Oﬁﬁ%ﬁ%@lng taken

over kb%rohﬁét % iraRgendYvdEgdSe Oéyﬁﬂéﬁelnwttﬂlfeh gy adff om, failure
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to the invention, the converters expediently have power
semiconductors which can be switched off, such as GTOs or
IGBTs. The power semiconductors which can be switched off are
clocked, for example, in the kilohertz range by means of pulse-
width modulation, with the result that correspondingly short
transition times are made possible when switching over from the
second AC voltage system to the first AC voltage system. At
such short switchover times, erroneous positioning is reliably

prevented.

The converters in the context of the invention are in principle

regulated as desired.

In accordance with one expedient further development, however,
the first converter has first DC voltage regulation for the

purpose of regulating a DC voltage of a DC voltage intermediate



transition times are made possi bl e when sw tching over
fromthe second AC voltage systemto the first AC

vol tage system At such short sw tchover tines,
erroneous positioning is reliably prevented. The
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measuring sensors for the purpose of measuring the power
consumed on the load side. For example, calibrated voltage and
current transformers are connected upstream of the load
connection, it being possible for the output signals from said
voltage and current transformers to be used to measure the
power consumed by the loads. By means of regulation, the
negative desired DC power having the same absolute value is
determined from the consumed power measured and is used as the
desired wvalue in the power regulation. The loads are thus
supplied with power by means of the second power supply system.
The first converter, on the other hand, is used for the purpose
of maintaining the DC voltage in the DC voltage intermediate
circuit and for the purpose of simultaneously controlling the
wattless power in the first AC voltage system. In the event of
a failure of the second AC voltage system, the first converter
corrects the DC voltage of the DC voltage intermediate circuit
virtually without delay despite the lack of power supply, with
the result that there is no noticeable interruption to the



connection, it being possible for the output signals
fromsaid voltage and current transforners to be used
to measure the power consumed by the | oads. By neans
of regulation, the negative desired DC power having
PCT /BB &8s Ghsol ute val ue-iga determned fromthe
2005 PSR Pover nmeasured and is used as the desired
val ue i n the power regul ation. The | oads are thus
supplied with power by neans of the second power
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voltage in the DC voltage internediate circuit and
for the purpose of sinultaneously controlling the
wattl ess power in the first AC voltage system In the
event of a failure of the second AC voltage system
the first converter corrects the DC voltage of the DC
voltage internediate circuit virtually w thout del ay
despite the | ack of power supply, with the result
that there is no noticeable interruption to the
PCT/ EP2006/ 060264 4a - 2005P17301WOSG power supply for
the | oads despite the failure of the second AC
vol tage system However, with this refinenent of the
i nvention, PCT/EP2006/ 060264 - 5 - 2005P17301W0SG a
failure of the first AC voltage systemwould result in
failure of the DC voltage in the DC voltage
intermediate circuit, which would rule out further
driving of the |l oads. For this reason, one further
devel opnent of the invention provides for the second
converter to have second voltage regulation for the
pur pose of regulating the voltage in the DC voltage
internmediate circuit. Since, in accordance with this
further rther devel opnent, the two converters regul ate
the DC vol t age




of the DC voltage internediate circuit, all of the

| oads can be supplied equally fromthe two systens.
Fai l ure of one system - whichever systemit is - would
t hus not have any lasting effect on the drive, since
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systemto the other AC voltage systemis in the
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current regulators are therefore expediently designed
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prevent the converters from influencing one another owing to
oscillations in the DC voltage intermediate circuit by means of
suitably selecting the regulating parameters. The current
regulators are therefore expediently designed so as to prevent
overshooting or mutual influencing of the converters. Such

regulation methods are known to those skilled in the art.

In accordance with one expedient further development in this
regard, the DC voltage intermediate circuit has DC
interrupters. Such DC interrupters are in the form of, for
example, a conventional fuse, an explosive fuse or else an
electronic switch. The DC voltage intermediate circuit
advantageously comprises a plurality of DC branches, each DC
branch, which may also be referred to as a power block, being
monitored individually and being protected by the DC

interrupters. A DC




in series. In accordance with the prior art, such
power blocks are also referred to as power electronic
bui | di ng bl ocks and are known as such to those
skilled in the art, with the result that no further
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branch, and a second parallel converter, which is ,
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regard, each power block 1is connected to the DC voltage
intermediate circuit via an interrupter unit. This makes it
possible to replace a power block, without interrupting the
connection between the remaining power blocks and the DC
voltage intermediate circuit, which facilitates maintenance and

servicing of the apparatus according to the invention.

Each load connection is advantageously connected to the DC
voltage intermediate circuit via an inverter drive. Owing to
the use of an inverter drive, it is possible to drive AC

motors, .in which case the drive frequency of the loads can be

adjusted as desired.




second converter via a second connection branch, the
first parallel converter and the second paralle
converter being connected to one another via a
parallel DC voltage internmediate circuit. In other
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in the event of failure of the AC system, with the result that
a power supply can even be provided when the first AC voltage
system fails owing to faults. During normal operation and in
the event of failure of the second AC voltage system, however,
the parallel back-to-back link operates on no load. It is
essential that, in the event of failure of or in the event of a
fault in the first AC voltage system, the faulty first AC
voltage system is latched with respect to the first parallel
converter, i.e. with respect to the parallel back-to-back link.
Latching takes place, for example, by means of a switch, which
is arranged between the first AC voltage system and the first
parallel converter and the first converter. The switch
provides, for example, the first connection. For normal
operation, the parallel back-to-back link expediently has a

droop characteristic which is less
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In each case via a_first transforner and/ o a4
paraldel e par &P t RRCK ohbBEY eWhiighekSe FTEHEATP rﬁ%ﬁt%ﬁPY% ing a

suitddlé&e AC voltage supply in the first connection branch if
there is a fault in the latched first AC voltage system.

The first connection and/or the second connection are
advantageously interrupting units. Interrupting units are, for
example, switchgear assemblies or switches, which are known per
se and can be connected to the AC voltage system. The switches

may be mechanical switches or electronic switches.

The first converter and/or the first parallel converter are
expediently connected to the firstvconnection branch and the
second converter in each case via a first transformer and/or
the second parallel converter is expediently connected to the
second connection branch in each case via a second transformer.

In this manner, DC decoupling



second connection branch in each case via a second
transforner. In this manner, DC decoupli ng

PCT/ EP2006/ 060264 - 9 - 2005P17301W0SG bet ween t he
apparatus and the AC vol tage systens is provided

PCT/éggd%§§dg5§égion. I't is_of course also possible in the

t the invention for parallel |oad
ZOOSéiﬂ%Q q%%s to be connected to the parallel DC
voltage internmediate circuit, it being possible for

betwerd deRar abbah-alkead Hannerti ais 9l hgsoppeeend tiz provided
| oad. Fur r advantages result _.if AC val.t.age dr.i,ves

\ tne
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co o BAFAITEr itk FoL MR e sat s, ViACary g Doind
possiide | Do saidnganaiiel opefdaciosmectonge ta fkg connected to
a lodfprallel converter and the second parallel converter

are designed for |ower voltages, |oads which are also
desi gned for corresponding voltages can be supplied

FurtH@ﬂha%@%ﬁta@ésaﬁkﬁﬁﬂﬂﬂaﬂf mennesltade dappescatieonconnected
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paralilmlentb@d absnerelianed st cul taisteménelngouingr $o Ade fact
that ;’ghéag%xgaﬁﬁteﬁm B 8 586080 AGHKOl 4508 SySt 6rtaRdly on no

apparatus in accordance wth the preced

n
load cfarimg RormRér cpgradiian. ehbobilfredtssinParRpiif g‘é%n‘gerter
and a%fhet h%éd@)\{'ﬁﬁbipl%&alqrelﬁ t Renvekiregt H&lét eﬂe@ﬁr}ghg.d for lower
escription below relating.to exenplary odi nen -
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applifcuanccitér(l) n%lols%i q%qtcll%%l &P ”‘%‘%{éenéﬁpé!é‘gthg V!Ec%‘fding to the

invention are therefore considerably increased.

The invention also relates to a system having a first AC
voltage system and a second AC voltage system, and thus to an

apparatus in accordance with the preceding claims.

Further expedient embodiments and advantages of the invention
are the subject matter of the description below relating to
exemplary embodiments of the invention with reference to the
figures of the drawing, in which identical references denote

functionally identical components and in which:

figure 1 shows a back-to-back link in accordance with the
prior art for the purpose of coupling two AC

voltage systems,

figure 2 shows a schematic illustration of one exemplary
embodiment of the apparatus according to the

invention,



figure 1 shows a back-to-back link in accordance wth
the prior art for the purpose of coupling two AC

vol tage systens, figure 2 shows a schematic
illustration of one exenplary enbodi nent of the

pCT/ gcording to t lnvention, _

2005% 060264 - 10 - 2005P17301W0SG figure 3 shows
a schiematic illustration of a further exenplary
enbodi nent of the apparatus according to the
invention, figure 4 shows a schematic illustration of .

further | ary enbodi ment t he apRar at s
ie'bo"fr?earn\? ET S i ﬁrlél%r &\%% a'éle a further
' schematr C idtempraty oambcbdaméutt bér thexeampargtus according

enbodi nment tog d£$ é\% according to the
i nventi on, i gure shoWws a schematic illustration

of a further exenpl ary enbodi nent of the apparatus

Q_ﬁlfg ng didde 4 NRiHdnitidl dunestrsta@wn aof a further
ac backlrnklrnthgformof an a%gélratusrn

accordance SR+ peTBPCLPEntTRE RSy grcording
back-t o- backo |t ind&sciorijrst converter 2 and a

second converter 3, which are connected to one

anot her on the DC voltage side via a DC volta

i fitaprmedi atshaws cu t sehelad iIDC iV dlusgge tilener ﬁ%di at efurther

circuit 4 Q%&Q@%?ﬁé%egﬁﬁgalﬁEHEe§f'ﬂhéiﬂﬁbaﬁéﬁﬁb according

capacitors e purpose of nmmintaining the DC

vol t age. Tl@o‘éﬁgrp‘ﬁmﬂ@co?%rters 2 and 3 is well

known to those skilled in the art, with the result

t fgugg)fL”éﬁgws a schematic illustration of a further
exemplary embodiment of the apparatus according

to the invention.

Figure 1 shows a back-to-back 1link 1 in the form of an
apparatus in accordance with the prior art. The previously
known back-to-back link 1 has a first converter 2 and a second
converter 3, which are connected to one another on the DC
voltage side via a DC voltage intermediate circuit 4. The DC
voltage intermediate circuit 4 comprises energy stores, in this
case capacitors 5, for the purpose of maintaining the DC
voltage. The design of the converters 2 and 3 is well known to
those skilled in the art, with the result that no further
details are required in this regard at this point. The
converters 2 and 3 essentially comprise a 6-pulse bridge
circuit having power semiconductors, in this case IGBTs, which
can be switched off, a freewheeling diode which is arranged in
opposition being connected in parallel with each power
semiconductor which can be switched off. The converter 2 is
connected to a first switch 7 on the AC voltage side via a

first connection branch 6, said switch 7 acting as the




details are required in this regard at this point. The
converters 2 and 3 essentially conprise a 6-pul se
bridge circuit having power seniconductors, in this
case | GBTs, which can be switched off, a freewheeling
PCT/§5§@@6 &?643 arranged iy, Qpposition being connected
2005¢ib§§§ W th each power sem conductor which can
d of f. The converter 2 is connected to a
~first switch 7 on the AC voltage side via a first
conn&dNest i iy braamsiedtirgai d siiteh 7A@ctvolrape t lystem 8.
PCT/ EP2006/ 060264 05 30 onpect
tran grrg%%nectllnsg & rTOVl]cféadACf\%/% tgg}fé séwpggs% %% H'HauCtlvely
couplingstle nBir9tis provided for the purpose of
i nductively coupling the first PCT/EP2006/ 060264 - 11
- 2005P17301W0SG converter 2 to the first AC vol tage
system 8 when the switch 7 is switched on. The second
converter 3 is |likew se connected to a second switch
11, as the second connection, via a transforner 9 and
a second connection branch 10. OMng to the switch 11
bei ng switched on, the second converter 3 can
therefore be inductively coupled to a second AC
vol tage system 12. Expediently regul ating the
converters 2 and 3 allows for any desired power
transfer fromthe first AC voltage system8 to the
second AC vol tage system 12 or fromthe second AC
voltage system 12 to the first AC voltage system 8.

In the schematic illustration, the first and the
second converters 2, 3 have capacitances and
i nduct ances, which are only illustrated schematically

and whose w ring and manner of operation is




i kewi se known to those skilled in the art. Figure 2

shows a schematic illustration of one exenplary

enbodi ment of the apparatus 13 according to the

invention. The apparatus 13 illustrated |ikew se has
per/EpdddSlosQdwprter 2 and & second converter 3, which
2005%§j§ ted to one another on the DC voltage side

a oltage internediate circuit 4. The first

converter 2 can be connected to a first AC voltage
convetsdem SoViBearf kst ACORRAGICRN Hisaedh & wineh Vilee aswitch 7
, first switch 7, whereas the second converter 3 can be
1s SW&ﬁﬁh b a second AC voltage system 12 via a second

connection branch 10 and a second switch 11. The AC

vol t age h Lcate r switch
The i oTiTeRer chalt | rREie inder el LM o bt e
11, as ethavésaged, connectabha, Vilgr asipRnALRIsanet apg @ second

connet®k: &3 [18EL A kY U erSwildy ¥hi €he 26w PERVidedeing $hiftched on,
pur pose of p03|t|on|ng§$é¥w I|n%E$CT/ P2006/060264 -
|

the gecondoEERYTIBENORGCHES e RF i HHTHF Vashe  Crgpled to
a sedbiri@kidnc sbie | dydgem oper ati ons in deep waters. As

has al ready been explained, thrusters are notors

whi ch can be altered in terns of their rotationa
Expedimmetdl andegri atit hgardiee. c@ivert evan20@nd a3 sRadewst kg any
desi;éﬂlpéﬁegft. & JFUULT £ SUPPL Yt G bhRSEnd NyYsEtEESE lkém 8 to

resu I'n hl% costs, a first AC vol tage sys eqé S 1t
the preondedC Voliddier iBFPRIN the QBcEXAMAEHFOIFSARNS AT eliPLtage

syster, w\hit%h,t,rcgig EDBst R@CWOI&@@@té}?ﬁte@L evi des die schematic

, ower, require y the thrusters t he i nte 0

11lusgferaigl a0y cl’ig‘ﬁg %’{r%tr F‘Bgsa' fFFg?ng\C?%Wea%teergépp\%ér 3 have

capasitpptyed i dndeqihtedraBoest hi shiwhposese t henC vblingerated

schendl £ TP ata%‘xd‘i.I ek 4yl §in§°n§]§<§t %lar?]rpef W Ogfleration is
connections. The connection~“between the

likewise known to those skilled in the art.

Figure 2 shows a schematic illustration of one exemplary
embodiment of the apparatus 13 according to the invention. The
apparatus 13 illustrated likewise has a first converter 2 and a
second converter 3, which are connected to one another on the
DC voltage side by a DC voltage intermediate circuit 4. The
first converter 2 can be connected to a first AC voltage system
8 via a first connection branch 6 and via a first switch 7,

whereas the second converter 3 can be coupled to a second AC

voltage system 12 via a second connection branch 10 and a
second switch 11. The AC voltage systems 8 and 12 each have a
dedicated power supply, in this case in the form of a
generator, and are envisaged, inter alia, for supplying power
to so-called thrusters 14, which are provided for the purpose

of positioning a drilling




DC voltage internediate circuit and the | oad
connections takes place by neans of | oad connection
i nes 15a and 15b, which are DC-connected to the
positive connecting line 4a of the DC voltage

C|rcuit 4 or.to_the negative connecting
pcT/ §5§6 9& e DC voltagel%nternediate circuit 4. Two
2005 %%; Q% e

rters 16 are connected upstream of the | oad
connection and are designed for converting the DC

vessdpl tage igMo apn AL1YaLt agfagsdhe dii vaudduraidieirsy 16d@$111ng
such are thus also very wel | nomn to <£PS% skille

operatiene At  dFePh WRESEEs | P51 RS NG e &8 a?T‘Qlalned
thru@tf@ré eguer &ﬁbﬁcﬂrsﬁ hiwvhieRgajah abet ra:l&qmdntm Therdsi wef their

inverters 1 uce, an, AC volta er }
rorat {HTEhT SBRa0; RUh GELTTE JUECEge ST (BAED phade ¥ Short
term arfglid wared bfequhacpoweﬁwe sﬁmppéiy c'ooveifheﬁe 2'C|h§llstel”S would
resu Long.fxohl gﬂ %é@an&‘) {&ngt %?ta@%glg}%{ﬂé?rn .8 Wk CBrovided

usts desired predet er m ned
in aédlt:h@ndé@l ttde \egernd ohCt ﬁ@iﬁégm SSEEM 4P ¢ Hehighy during

normdPl & §atﬁ&ﬁr”§§b@&§e§lE%@lboﬁefnﬁé ﬁéﬂtﬁwethe thrusters

regulation, is _inpdicated schematica b

FHe LT I B PEITIES CHRAIBIOYST: B3eSF eguf of Ponal gitage
powenbak@Sply Pob8i béguivedegul ate the wattl ess power Q of

the first AC vol tage PCT/ EP2006/ 060264 - 13 -

2005P17301W0SG system 8. This is indicated in figure 2 ,
For IyitsheparposedertdteedDO. vaHeage cdngexoeddater girgpit 4 is

conn%é?%ﬁtegrtW@“ﬁo£@Sc§n99@€ionéeg@h@“dﬁhﬂ@@ﬁﬂ&h]B%tween the

I'sS connected to neasuring units 18

DC vetheaat tBaPFPdiehe FEASHNGTGhite 1@%&??&?%@10% takes
placé’olb*}'aﬂéahéaaﬁf QbEEr %dﬂﬁe@tlwmd.lm%sammtalm shlignavhich are
po-cENAS ) SASD SATEL HEPOLLALNAL.AP IRl GECToe che nc
voltaugs t ageearmélimatéc adofdwige éndr sto sahrpl Gdaggtlafe connecting
1ine SEPIdANIcHAT S0y 38r L9 ORI R Ry IRIRd ¥Aluest aRd Two drive
inverters 16 are connected upstream of the load connection and
are designed for converting the DC voltage into an AC voltage.
The drive inverters 16 as such are thus also very well known to
those skilled in the art, with the result that no further
details are required in this regard at this point. The drive
inverters 16 produce an AC voltage or an alternating current

having a desired voltage amplitude, phase angle and frequency.

The first converter 2 is controlled by means of DC voltage
regulation, which adjusts a desired DC voltage, which 1is
predetermined as the desired value for the regulation, in the
DC voltage intermediate circuit 4. The DC voltage regulation is
indicated schematically in figure 2 by the arrow labeled Udc.
The DC voltage regulation also makes it possible to regulate
the wattless power Q of the first AC voltage



converted into digital DC values or DC vol tage val ues
by neans of an analog-to-digital converter. The DC
vol tage regul ation also has a paraneterizabl e desired
DC power, which is used as a desired value for the DC

volta egul ation, on t basis of which the power
PCT/%Pe%ﬁ%%ﬁ%{&%g% s, inthis i(;]Z%e_the | GBBTs, of the second
2005RIMAMRFIG 3 are triggered such that the power

predeterm ned by the desired DC power is transnmitted

hery, second, ripp: contexd Lfrdbedenoted Q.
SYSt%vge'n?rl%lns,e %glﬁlérgcgwas%é&d%@ifrie%%%ezpo%r IS i snote
predet erm ned which corresponds, in terns of absolute

The \Gddéhd t @dhieRuer whi ¢ | $heonsumed bjiahBe has a power
thrusters 14. In other words, ow r‘]ﬁ%ét%rthe negative
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the first AC voal tage stem 8, is, no |on

) SY It el
predefEYIRA f Y tThe DEeFoFedgdS np?H%rDé%oF’faolﬁgmltted by the
secondt@siiRshed e TJ ronithd donbextrad it ehaethvdhei poywea negative

desiggfpﬁg %gwer is predetermined which corresponds, in terms
of absolute value, to the power which is consumed by the
thrusters 14. In other words, owing to the negative desired DC
voltage, a power flow is provided in the direction of the arrow
denoted P from the second AC voltage system 12 to the thrusters
14. The first AC voltage system 8, on the other hand, is used
for maintaining the DC voltage Udc in the DC voltage

intermediate circuit 4.

In the event of failure of the second AC voltage system 12, the
first AC voltage system 8 takes over the supply of power to the
thrusters 14, without a substantial time delay. In this case,
despite the failure of the second AC voltage system 12, the DC
voltage Udc in the DC voltage intermediate circuit is

maintained by the first converter 2. However,



the thrusters 14 is then interrupted. Figure 3 shows
one exenpl ary enbodi nent whi ch ensures the power
supply to the thrusters 14 even in the event of
failure of the first AC voltage system8. In the

exenpl ary. enbodi nent of t invention illustrated, a
PCT/F{?{frogajq&goooa%‘k-to- back I'|n124el'9 is to a certain extent

2005RJoha QS back-t o-back in parallel with the
back-to-back link 13. For this purpose, a first
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converter 20 is connected to a second parallel
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22, which is indicated nerely by the arrow denoted

Udc in figure 3. The first parallel converter 20 has
FigumkC cthenge ongjuexemphary vimeedtbenpeviykely 22Se5RE rbfe power
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the Wikt hehealded fabhireirBethe20 is connected to a second
parallel converter 21 via a likewise bipolar parallel DC
voltage intermediate circuit 22. The second converter 21 is
connected to the second connection branch 10 by means of the
second transformer 9 and has parallel DC voltage regulation for
the purpose of controlling the DC voltage of the parallel DC
intermediate circuit 22, which is indicated merely by the arrow

denoted Udc in figure 3.

The first parallel converter 20 has AC voltage regulation,
which can be used to control an AC voltage which can be
préduced in the first connection branch 6. In this manner, the
parallel back-to-back link 19 produces an AC voltage in the
connection branch 6, which makes possible continued operation
of the first converter 2 despite the failure of the first AC
voltage system 8. The first switch 7 is used to latch the first
AC voltage system 8 with respect to the first connection branch

6. This makes it possible to supply power



first AC voltage system 8, as indicated by the cross
in figure 3. However, it is inportant that the switch
7 is open in the event of a fault in order to
decouple the first AC voltage system8 fromthe first

PCT/E?&U]%C drﬁod‘bg and thus fr the first converter 2. For

€8s nornmal operation it is also necessary to
2005RL430INQRG t hat the droop characteristic of the
vol tage regul ati on by neans of the first parallel
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e for low voltages are lower than for the

ack-to-back link 13, which is designed for nmedi um
vol tages. Figure 4 shows one further exenplary

The FIPOT]EENbagk-tBebadRPREAKUS 926RE dieg Harko-back link 13
ey WY BLSNindd LN parall Lok o COIRECILN (10 zn  ene
exemgn]aatmlefhbcdimemts 2211aspaaabdellndrtlhee fiiguaraser P3e floack-to-
back fH g#i Q§Qdégl§%éd'Pgraehédﬂé&i&m§$019§ge2%a§§épgl.e. for
voltages between 1 kV and 52 kV, whereas the parallel back-to-
back link 21 is designed for the low-voltage range. This makes
redundant driving possible both for relatively large loads or
motors 14 and for relatively small loads or motors 24, 25.
Merely for reasons of completeness, reference is made to the
fact that the costs of a parallel back-to-back link 19 designed
for low voltages are lower than for the back-to-back link 13,

is u

which is designed for medium voltages.

Figure 4 shows one further exemplary embodiment of the
apparatus according to the invention, in which a parallel load
connection (not illustrated in the figures) is connected to the
parallel circuit 22, a parallel drive inverter 23 for the
purpose of driving an additional load 24 Dbeing connected
upstream of said parallel load connection. In addition, a DC
voltage motor 25 1is connected directly to the parallel DC

voltage intermediate circuit 22.



upstream of said parallel | oad connection. In
addition, a DC voltage notor 25 is connected directly
to the parallel DC voltage internediate circuit 22.
PCT/ EP2006/ 060264 - 16 - 2005P17301WOSG Figure 5 shows

' npl ary enbodj gent of the apparatus
PCT/ﬁbi&é%ggéo %Ethe |nvent|o%gemhich | argely corresponds
20058 5

npl ary enbodi nent shown in figure 4. In
this case, however, the parallel DC voltage
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converter 27 on the DC vol de vja DC vo %ﬁ to the

accordied 56a W QEBeth@nenééﬂgﬁb tgPr§?588 §

exemEDaRge Cé@BodiRend éﬁbWﬁ|EQQENQMﬁQH4m)Innﬂﬁgxmgapemehowever,

9 on e _AC.v a a. an

che SaERLYRYSC R ERaS8 1APFRTRLRLe J0EBURE 228 connected to

an emgrgéndcy comvected 7 ohetEE:ECd@Olbagﬁe81@E:VéPtEQeV01tage

lined n?@én%gldatz%ﬁ' r’&l’féteﬁ]iei"ggne? RevACLYR t30epsikle E8nnected

urt her ener'gency power supply systemor to the same

to a@néﬁgm%tmawm@ SYREIHSY, PPYCRoFUPPLY st 2° oo
the it tb@ltageur@ﬁié 0W1bea§ﬁn9en€éfrg“érﬂfyt$w1Ehh en®r gencyurther

u 9 or the energenc
emer §Ouee BORE e heR! Mo (S TR STRRanoR EBS0EG I Veo the
DC v@bvese simpéymédiatdecipadst 4aahdngn The ACrs@laage side to

o SEERRY "GpIELLAO0 SYSLEPT ERLLD® pTEERAY POMCTene sane
emermﬁspowmrep@mm'l pystesne BnotRernot nithusesptedy in the

figuPds t By | P¥EALHAN. of gﬂlra@clféySho'ﬂﬁea é%ﬁé@{cﬁxme&f Ysupply
enbodi nent, which essential corre

SYSt%ﬁen%?ar9renB%%ln%ﬁ?%geFFYusP WeEd ?HBPfﬁurﬁyﬁte%ﬁt fHrther
redu&@(@h the %ﬁ%%ﬁbﬁpmwﬁrbér&helpb&&rS%dppﬂﬁXiomtEmm loads

|on whi ch LS i nde 45 I €and the
£ai {311 AN T Ano P < PO RBer Ter P 1HS iy SEel@an
emergency power supply system(s) may have any desired number of
phases, independently of one another, in the context of the

invention.
Figure 6 shows a further exemplary embodiment, which
essentially corresponds to the exemplary embodiments

illustrated in figure 2, but in which the second converter 3
likewise has DC voltage regulation, which is independent of the
DC voltage regulation of the first converter 2. In this case,
the first converter 2 and the second converter 3 are regulated
in a manner such that the converters 2 and 3 are prevented from
influencing one another, for example owing to oscillations in
the DC voltage intermediate circuit 4. The converters 2 and 3

have, for example, a modular design and have power blocks,

which are also referred to as power electronic building blocks.
Power electronic building blocks are known as such to those
skilled in the art, with the result that no further details are

required in this regard at this point.




the first converter 2 and the second converter 3 are
regulated in a manner such that the converters 2 and
3 are prevented from influencing one another, for
exanple owing to oscillations in the DC voltage

PCT/¢555%§F gZCIrCUIt 4, ng converters 2 and 3 have,

vgﬂg > a nodul ar design and have power bl ocks,
2005Fh{ 34+ also referred to as power electronic
bui | di ng bl ocks. Power electronic building blocks are
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2005P17301W0SG Patent clainms 1. An apparatus for the
redundant power supply of at |least one |oad (14)
having a first converter (2), which can be connected
to a first AC voltage system (8) via a first

pCT/gpgagg hefok4) . a second ggnverter (3), which can be
2005§g gé@% to a second AC voltage system (12) via a
C %nectlon (11), and a DC voltage internedi ate

circuit (4), which connects the first converter (2)
Pateh®© &hgiggcond converter (3) on the DC voltage side,
characterized in that the DC voltage internedi ate
circuit (4) has at |least one |oad connection for the »
1. pmpa@@a@tatsmppﬁgdr nghpowedundant! gaowéd Opupp2y Hfe at least

one ta]ﬁooaa at lii)ash\%\ef?flgr dri\ |2)rk Crlsag cgmv(é%?: ?‘Ct ?5 Zeq/vﬂfbﬂh%an be

i r'st”‘con as first
conneegeflation d orfitet AL posd teige egmsé:teinhg (a?)DCV\?-@i t ggefirst

conn@Ee 188 P& vobt %%%o ity RRdicale @3 r cuitid) cas- bgh@onnected

appar at us’ as cl alned inclaiml or 2, characterized
to g psegaRd RE s¥ebRAIE o rfMETHES 6%? ha\élapoa/erS% afPgRection

(11) f oan&ihe porpeseagef ihegunatiaget berpower (&) owwhiiaht hennects
d converter

che RERSE centeetrey B0 piterne hRBeEndaRaNseE al () oR che D

voltageres@ends to the absolute val ue of the power

b f the loads. 4. The apparatus as
Chargggéyﬂ%g?n¥%?g#%?1 or 2, characterized in that the

the BEcyed tegey dmtaries)iate ebeowit véfi agesr &ful wadsh ppe 1load
conndB€ioRUEPLSERET pliggytat bNJstipglyohgagewed tbBeaDload (10).

vol t age
2. The apparatus as claimed in claim 1,
characterized in that
the first converter (2) has first DC voltage regulation for the
purpose of regulating a DC voltage of the DC voltage

intermediate circuit (4).

3. The apparatus as claimed in claim 1 or 2,

characterized in that

the second converter (3) has power regulation for the purpose
of regulating the power flow via the second converter (3), the
power being regulated to a negative desired DC power, whose
absolute value corresponds to the absolute value of the power

consumed by all of the loads.

4. The apparatus as claimed in claim 1 or 2,
characterized in that
the second converter (3) has second voltage regulation for the

purpose of regulating the voltage in the DC voltage

intermediate circuit (4).




internediate circuit (4). PCT/EP2006/ 060264 - 19 -

2005P17301W0SG 5. The apparatus as clained in claimd4,

characterized by DC interrupters (30) arranged in the

DC voltage internediate circuit (4). 6. The apparatus
pcT/B526b@) HBS26R one of the pgeceding clains,

zed in that each converter (23) conprises
2°°5%oa%€f@$%%ks connected in series. 7. The apparatus as

claimed in claimb5, characterized in that each power

5. bleskapsasepagciedcigihbe Do ¥Dhimge,internediate
rcujt é%yvla an interrupting unit. 8. The apparatus

c
charaaterif n one of the preceding cl ains,
DC iahearacpeerzsed(30) t hatargel lioadtkenDEctvalitage intermediate
s onn ed to the DC voltage internediate circuit (4)

CIrcé%g.S%}inverter drive (16). 9. The apparatus as
claimed in one of the preceding clains, characterized

6. bin@ LhpstaPasablellSPRNE 18 che0ds WhECBréSe@ORgeEl 88ims,
to the " first connection (7) and the first converter

chargetexizeqd iRr&hatconnecti on branch (6), and a second

each padrabéete €0V By t €dmppPilges pbweh biockaneshrdctedt be series.
second connection (11) and the second converter (3)
via a second connection branch, the first parallel

7. COnwerppard203 amdclhibmsdcomdcpaiml el converter (21)

charé%ﬁé%ﬁf&@nfﬁt@ﬁaﬁp one another via a parallel DC
~ voltage internediate circuit (22). 10. The apparatus _,
each gpowpEi RiPdk tPacerBected to the DC voltage intermediate

circuit (4) wvia an interrupting unit.

8. The apparatus as claimed in one of the preceding claims,
characterized in that
each load connection 1s <connected to the DC +voltage

intermediate circuit (4) via an inverter drive (16).

9. The apparatus as claimed in one of the preceding claims,
characterized by

a first parallel converter (20), which is connected to the
first connection (7) and the first converter (2) via a first
connection branch (6), and a second parallel converter (21),
which is connected to the second connection (11) and the second
converter (3) wvia a second connection branch, the first
parallel converter (20) and the second parallel converter (21)
being connected to one another wvia a parallel DC voltage

intermediate circuit (22).

10. The apparatus as claimed in claim 8,

characterized in that



characterized in that PCT/EP2006/ 060264 - 20 -
2005P17301W0SG t he second parallel converter (21) has
parall el DC voltage regulation for the purpose of
regul ating the DC voltage of the parallel DC voltage

PCT/ERbevspdsabeacircuit (22)2011. The apparatus as
20056t abheAogl claim9 or 10, <characterized in that the
first parallel converter (21) has AC vol tage
regul ation for the purpose of regulating an AC
the \sddaye parbAdefli rsdnvennect i @il) bhaschpat@l1§he DC voltage

regufﬁ@?&ﬁtfgraﬁggl?dﬁ?éééwé¥“%é§ﬁ¥gfﬁ%%:%&ﬁoDélvoltage of the

aracteri ze at the t age
ParalhﬁérﬁﬁdV@lEagﬁréUFFrWQQ}a ﬁscéfcpéﬁsﬂzzbne paral | e
load connection for connecting an additional |oad
The aggara us as clalned |n one of the

(24, 25). 13.
p%%%eﬂ?%@rﬁFﬁFni? ctRiPget LR $LA1Pn7t REt 1Phe first

charsovaette@niandhat the second connection are

the £F£§£r éfgefnléﬁyé teg)ézé? hIQeAépggiégﬁé ?égulatign for

TR one G arac
the purphae @ﬁereguéata;ngventéﬁ (fQ}taga @hethErﬁtlrﬁﬁr gphagpction
brané@nverter (20) are connected to the first connection

branch and the second converter (3) via a first
transfornmer (9) and/or the second parallel converter

12. (PHe appepapestgd tDaihedsesopdecennetains sbtanth,
via.a,second transformer (9). 15. The apparatus

16%
Char%%t FAFR2d PRk of claims 9 to 14, characterized in
the phméllel DC voltage intermediate circuit (22) has at least

one parallel load connection for connecting an additional load
(24, 25).

13. The apparatus as claimed in one of the preceding claims,
characterized in that
the first connection and/or the second connection are

interrupting units (7, 8).

14. The apparatus as claimed in one of the preceding claims,
characterized in that

the first converter (2) and the first parallel converter (20)
are connected to the first connection branch and the second
converter (3) via a first transformer (9) and/or the second
parallel converter (21) is connected to the second connection

branch (16) via a second transformer (9).

15. The apparatus as claimed in one of claims 9 to 14,
characterized in that ‘
the DC voltage intermediate circuit (4) can be connected to an

AC voltage-carrying emergency power supply system by means of

an emergency converter.




the DC voltage internediate circuit (4) can be

connected to an AC vol tage-carryi ng energency power

supply system by neans of an emergency converter.

PCT/ EP2006/ 060264 - 21 - 2005P17301WOSG 16. A system
PCThBEPR0g6A06DREE AC vol tage gystem (8) and a second AC
200¥plvagewsyst em (12) and having an apparatus as clai ned

in one of the preceding clains.

16. A system having a first AC voltage system (8) and a second

AC voltage system (12) and having an apparatus as claimed in

one of the preceding claims.




