- 1 - Description DEVI CE FOR REDUNDANTLY SUPPLYI NG
PONER TO AT LEAST ONE LOAD The invention relates to an
apparatus for the redundant power supply of at feast
one | oad having a first converter, which can be
connected to a first AC voltage systemvia a first
connection, a second converter, which can be connected
to a second AC voltage systemvia a second
connection, and a DC voltage internediate circuit,
DescyhPERCBonnects the first converter to the second
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descri bed therein has a first pul se-controlled
converter and a second pul se-controlled converter, the
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voltage intermediate circuit. Each pulse-contreolled converter
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 link, 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 plat;_forms. 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 gso-called -
tHrusters. These thrusters are in the form of drives which can
be adjusted in terms of the rotational gpeed and the‘azimuth

angle, which makes precise positioning



thrusters. These thrusters are in the formof drives
which can be adjusted in terns of the rotationa

speed and the azimuth angle, which nakes precise
positioning 2 of the drilling vessels or drilling

pl atforns possible w thaut; any anchoring. A failure
of the power supply for nore than 45 seconds can | ead
to high costs since, in such a case, the drill colum
required for carrying out the drilling would need to
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power supply system can dlsadvantageously influence the fault-
free power supply system. However, this is undesirable. It is
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 lecad.



One object of the invention is therefore to provide an
apparatus of the type nentioned initially, which nakes
a redundant power supply possible. The invention

achi eves this object by the DC voltage internediate
circuit having at |east ong load connection for the
pur pose of supplying power to a load. 3 According to
the invention, the apparatus known, for exanple,

under the tern1back to-back link is no | onger used for
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of the AC voltage in said second AC voltage system. According
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 wvoltage 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



cl ocked, for exanple, in the kilohertz range by neans
of pulse- width nodulation, with the result that
correspondingly short transition tines are nade
possi bl e when switching over fromthe second AC
vol tage systemto the firg AC voltage system At
such short swi tchover tines, erroneous positioning is
reliably prevented. The converters in the context of
the invention are. in principle regulated as desired.
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of @xRedientako use= load, whose consumed power changes
continuously over time, it 1s therefore expedient to use
measuring sensors for the purpose of measuring the power
consumed on the load side. For ekample, 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 uged to measure the
power consumed by the locads. By means of regulation, the
negative desired DC power having the same absolute value is
.determlned from the consumed power measured and is used as the
desired value in the power regulation. The loads are thus
supplied with power by means of the gecond 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



nmeasuri ng sensors for the purpose of neasuring the
power consuned on the | oad side. For exanple,
calibrated voltage and current transforners are
connected upstream of the |oad connection, it being
possi ble for the output_sjgnals fromsaid voltage and
current transforners to be used to neasure the power
consuned by the | oads. By nmeans of regulation, the
negati ve desired DC power having the same absol ute 4 AC
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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
internmediate circuit and for the purpose of
simul taneously 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 internediate
circuit wvirtually wi thout delay despite the | ack of
power supply, with the result that there is no
noticeable interruption to the 4a power supply for
the | oads despite the failure of the second AC
vol tage system However, with this refinenent of the
invention, 5 a failure of the first AC voltage system
would result in failure of the DC voltage in the DC
voltage internediate circuit, which would rule out
further driving of the |oads. For this reason, one
further devel opnent of the invention provides for the
~ second converter to have second vol tage



regul ation for the purpose of regulating the voltage
in the DC voltage internediate circuit. Since, in
accordance with this further devel opnent, the two
converters regulate the DC voltage of the DC voltage
intermediate circuit, all of the | oads can be
supplied equally from t He & vio systens. Failure of one
system-—- whi chever systemit is - would thus not have
any lasting effect on the drive, since the
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milliseconds according to the invention. It 1is possible to
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 sc 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 qf, 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
pbranch, which may also be referred to as a power block, being
monitored individually and being protected by the DC

interrupters. A DC



6 interrupter then makes it possible to selectively
interrupt the respectively affected DC branch in the
event of a fault, w thout operation of the other DC
branches being inpaired. Each converter advantageously
conpri ses power blocks conpected in series. In
accordance with the prior %rf, such power bl ocks are
also referred to as power el ectronic building bl ocks
and are known as such to those skilled in the art,
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In accordance with one expedient further development in this
regard, each power block is cornnected 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 po_ssible to drive AC
motofs, in which case the drive frequency of the loads can be

adjusted as desired.



7 in accordance with one preferred enbodi nent, the
apparatus according to the invention has a first
paral l el converter, which is connected to the first
connection and the first converter via a first
connection branch, and a sgecond parallel converter,
which is connected to the second connection and the
second-‘converter via a second connection branch, the
first paraIIeI converter and the second paralle
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having correspondingly designed converters. The parallel
converters of the parallel back-to-back link are used in
principle for providing an AC voltage for the first converter
in the event of failure of the AC systemn, 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 1link 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
ig arranged between the first AC voltage system and the first
parallel converter and the Ffirst converter. The switch
provides, for example, the first connection. For normal
_operation, the parallel back-to-back 1link expediently has a

droop characteristic which is less



vol tage systemis latched with respect to the first
parallel converter, i.e. with respect to the paralle
back-to-back Iink. Latching takes place, for exanple,
by means of a switch, which is arranged between the
first AC voltage systen1an the first paralle
converter and the first converter. The switch

provi des, for exanple, the first connection.. For
normal operation, the parallel back-to-back |ink
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advant ageously has parallel DC voltage regulation for

the purpose of regulating the DC voltage of the be
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parallel back-to-back 1ink, which is envisaged for providing a
suitable 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 first connection 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 gecond transformer.

In this manner, DC decoupling



The first connection and/or the second connection are
advant ageously interrupting units. Interrupting units
are, for exanple, swtchgear assenblies or swtches,
whi ch are known per se and can be connected to the AC
voltage system The switches may be mechanica
swtches or electronic switches. The first converter
and/or the first parallel converter are expediently
connected to the first connection branch and the

eco L n C a Y, er danst 0B ovided
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possfﬁlé%ﬁ egal §opRessikile ligad heomonteksns ofot he connected to
vention for parallel |oad connections to be
a l° nected to the parallel DC voltage internediate
circuit, it being possible for said parallel |oad
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Lel 8 ﬁ%@ﬁ“ﬁﬁEh'%ﬁW@% idhge reppiiceaid emnner. The
VO1t%§) gg*e 7 U%P t he apparatus according to the e the
appllcatlon p0831b111t1es of the apparatus accordlng o]

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 whlch 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,



invention are therefore considerably increased. The
invention also relates to a system having a first AC
vol tage system and a second AC vol tage system and
thus to an apparatus in accordance with the precedi ng
clainms. Further expedientlgnpodinents and advant ages

~of the invention are the Subject matter of the
description belowrelating to exenplary enbodi nents
of the invention with reference to the figures of the
draw ng, in which identical references denote

functional |y identical conponents and in which: figurg, cy
1f shore 3 bahkwso-backchemktif atbbrabheb Wit pofpe?  further

prior art f(g}r{e B;agjﬁu RATR BimeGAUPb £ Nghewaph@ ratelst aecording
systens, figure shows a schematic illustration of
one exenpl aty thBeHABVABKECH t he apparatus according

to the invention, 10 figure 3 shows a schematic

illustration of a further xenpl brentsof at heurther
apparaeud acBEVEi ng ?Sh?ﬂgg%ﬁvekiﬁﬁﬁ?g??gﬁgg 2 shows. .

a schemat i Cebhipdbirgt ienbatimerdur ofiethee @RS according
enmbodi nent of the a %£ﬂﬁgﬁlaccording to the

i nvention, FPgifE 37 SFOWs A ‘schematic illustration of

a further exenplary enbodi nent of the apparatus

accordin t e Lnv ARt iandifllggre sk isowefa a further
SERohaETY | BRokEr plElklARc N

ustration of a, further X e cording
enbodi nment @ﬁqﬂm@qgﬁnﬁqﬁqglg%%Braﬁngier%gﬁﬁ?étus ac

to the invention, and

figure 6 shows a schematic illustration of a further
exemplary embodiment of the apparatus according

to the invention.

Figure 1 shows a back-to-back 1ink 1 in the form ef 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 ?C
voltage intermediate circuit 4 comprises energy stores, il 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 ert, with the result that no further
details are required in this regard at this point. The
converters 5 and 3 essentially comprise a 6-pulse briege
circuit having power semiconductors, in this case IGBTs, whleh
can be switched off, a freewheeling diode which is arranged 1in
opposition being connected in parallel with each power
semiconductor which can be switched off. The converter 2 18
connected to a first switch 7 on the AC voltage side via a

first connection branch 6, said switch 7 acting as the



to the invention. Figure 1 shows a back-to-back link 1
in the formof an apparatus in accordance with the
prior art. The previously known back-to-back [ink 1
has a first converter 2 and a second converter 3,

whi ch are connected to oqg anot her on the DC voltage
'side via a DC voltage int Y%ediate circuit 4. The DC
vol tage internediate circuit 4 conprises energy

- stores, in this case capacitors 5, for the purpose of

conndBE LA NEQY theniXot ¥4t age. fﬂihsﬁc desi grodtaee system 8.

converters 2 and 3 is_well mnh?ur?%%ﬁse%2¥%%l ckdﬁbtlvely

trangferEet, @it hSt HRFPEkded t%%%
Couplgﬁglggg FArkRi s regard at this point. The converters
2 and 3 essentially conprise a 6-pulse bridge circuit

havi ng power sem conductors, in this case | GBTs, which
can be switched off, a freemheeling di ode which is
arranged in opposition being connected in parall el
wi th each power sem conductor which can be sw tched
of f. 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 loa connection for
connecting a first AC voltage system8. A transforner
9 is provided for the purpose of inductively coupling
the first - 11 converter 2 to the first AC voltage
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. Oning to the swtch 11 being
switched on, the second converter 3 can therefore be
i nductively coupled to a second AC vol tage system 12.
Expedi ently regulating the converters 2 and 3 all ows
~for any desired power [rg sfer fromthe first AC
vol tage system8 to the cond AC vol tage system 12
or fromthe second AC voltage system 12 to the first
AC vol tage system 8. In the schematic illustration,

the first and the seco e h L toh 7
convegﬁgE:@aﬁgb§%ﬁ“ﬁ%¥%%C#gn%§2¥ggﬁi%2s§?gggnﬂy%n the switc

is swhkohegabad schematically and whose wiring and manner

of operation is |ikewi se known to those skilled in
the art. Figure 2 shows a schematic illustratio :tch
The saeoaﬂemphaﬁyteéh‘@odi%rﬁk%flft%é’%b%ﬁ%‘?‘istﬁf Be8bna suite
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I'Tlustrate i kew se has a first_ canverier, 2: itched on,

conngeténg bEAVEH a0 -3 OWHIE HF Ard 1T %chc:c[ykgdi fob%ﬁlggaﬁg%ﬁgr

the QRdorl ddmwmattages stda hpexeDOreokeadadumnick ety afgupled to
circuit. 4. l&he fi rsttenfolrbverter 2 can be connected to

a segopd, &C X& Cadd Syt em 8 via a first connection
branch 6 and via a first switch 7, whereas the second

Qnventer. 3. can ceypl edbteArsesond AMfad golaldges for any
Expe ﬁsetngr}&lzré\?ﬁa a %g oRd oy Qn ra‘%?rg 10, and Lysten 8 to
desisedorepwan t thansfeThd yam vERE add T8)s s V8 5RH 17 6ach
the oY JQ@d’%rB%SQeDWteZ:upm yori Brbhi $heassee¢¢n£héc voltage
ormof a generator, and are env , gl Nt @héagchematic
sYStegy ]s%pb‘Pyit%‘& plovie? & ‘?‘g é"é’ié:ﬂqeed%)?%rust &rs 14, whi_ch N
i1lughgaprion deghéort inhe panposghe obepopft i GMIfREEETS 2, 2 Nave
capa%:}l(l}!&lr{cga% ngalrgqﬂ ?’f?lﬁﬁgkthﬁcfeg? diiHsldHing akessebnilg 3_11u€itrat€-Ed
gchematically and whose wiring and manner of operation 15

1ikewise 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
gecond 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 .systena 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



operations in deep waters. As has al ready been
explained, thrusters are notors which can be altered
in ternms of their rotational speed and azi nmuth angl e.
Since even only a short- termfailure of the power
supply to these thrusters uld result in high costs,
a first AC voltage system& i's provided in addition
to the second AC vol tage system 12, which, during
nor mal operation provi des -t he power required by the

vessgglr 33:; rthﬁC \f%:feli nzlx nt 00 -Rei Ng; £ 0 ¢hRge MM tOdr:Llling

power supply 8 if require i ined,
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e result that no further details
are reqwred inthis regard at this point. The drive

For 'Wfét?u%ﬁlﬁeomﬁ%e B0 AGeldeageneeraediltter naifogit 4 is

curren avi desi red vpl t age,..anpl h
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DC-coohesged nter n@@?at@&:ﬁ%‘tﬁt C@n“ﬁﬁ-’é:l[‘i@ viifsgeta of the DC
volthfeul Ald Onddiate circuit 4 or to the negative connecting

line 4b of the DC voltage intermediate circuit 4. 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 is
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 vol,i:age,.regulation also makes it possible to regulate

the wattless power Q of the first AC voltage



i ndi cated schematically in figure 2 by the arrow

| abel ed Udc. The DC voltage, regul ation also nmakes it
possible to regulate the wattless power Q of the
first AC voltage 13 system8. This is indicated in
figure 2 by the arrow dengted Q The second converter
3, on the other hand, has power regul ating device
17, which is connected to neasuring units 18 (shown
schematically), the neasuring units 18 conprising

ol t age, transfor ch A ce
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current and/or the alternating current and the DC
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second converter 3. In the context of the invention, a negative
desired DC power is predetermined which corresponds, 1in 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 gsupply of'power‘to the
‘thrusters 14, without a substantial time delay. In this case,
degpite the failure of the second AC voltage system 12, the DC
voltage Ude in the DC voltage intermediate circuit is

maintained by the first converter 2. However,



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 tine delay. In
this case, desplte t he fallure of the second AC

vol tage system 12, the DC 4voltage Udc in the DC
voltage.internediate circuit |s mai nt ai ned by the
first converter 2. However, - inthis case it is

no | onger possible_for the wattl.ess t t
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it is no |onger possible for the DC voltage in the DC

voltage internediate circuit 4 to be maintained. The 8,
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ustrated, a parallel back-to-back link 19 is to a
certain extent connected back-to-back in parallel wth

FigukB€3 baslst @n@a'ékcelm;ﬂlarlﬁ erffasd inmst purpdsesnsufes skhe power
alle nverter i s._Lnduct I I f th
SUPPE]Yrg %lﬁng: anchegeg Yot iyl Yorouplsd £0i 1dfe of the

freans of a transfornmer £ th
firs8. a0n wdla: dfe vsljrsiagva 8i.dgn t[,h@ ﬁjxpgtplﬁgyaﬁu@odlment of the

1nveﬁ€§]¥ogré %%fa%e(&pnrheﬁgﬂaii’eﬁ 586R080-paERl henk 19 is to a

conver via d ew se blpolar paral |l e
certgpht a@vétéi!lhtlerfn@m%@ée@ RafE- 22 LAtk st oRF T @gg[\?ért yith the
backzéoLﬁacﬁonmﬁﬁkedléo therseeang cpugpcbeon brafthsto pgrallel

means of the second. tr ansf or nd r e ,
convggpfeggqueéuq| a{.? “c?bye Y comeg %o Pﬁé &q_l@é !:o%ectlon

branch 6 by meang of a transformer 2. On the DC voltage side,
the first parallel converter 20 1is connected to a second
parallel converter 21 via a likewise bipolar parallel DC
voltage intermediate circuit 22. The second converter 21 1is
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
prbduced 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 uged to latch the first
AC voltage system 8 with respect to the first connection branch

6. This makes it possible to supply power



t he purpose of controlling the DC voltage of the
parallel DC internediate circuit 22, which is
indicated nmerely by the arrow denoted Udc in figure
3. The first parallel converter 20 has AC voltage
regul ati on, which can be,used to control an AC

vol tage which can be proa ced in the first connection
branch 6. In this manner, the parallel back-to-back
Iink 19 produces an AC voltage in the connection
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the first AC voltage system 8. However, this is
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may be designed for any desired voltage ranges. In the
exemplary embodiments illustrated in the flgures, the back-to-
back link 13 is designed for the medium-voltage range, i.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,

which is designed for medium voltages.

Figure 4 showé 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 being connected
upstream of said parallel load connection. In addition, a DC
voltage motor 25 is connected directly to the parallel DC

voltage intermediate circuit 22.



may be designed for any desired voltage ranges. In the

exenpl ary enbodinents illustrated in the figures, the
back-to- back link 13 is designed for the
medi um vol tage range, i.e. for voltages between 1 kV

and 52 kV, whereas the parallel back-to- back link 21
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arall’el  DC vol t age
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n
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failsuppl yThgst 8ir28 oand second AC voltage systems and the
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 detalils are

required in this regard at this point.



the AC voltage side via an energency switch 28. A
further enmergency converter, which is connected on
the DC side to the DC voltage internediate circuit 4
and on the AC voltage side to a further energency
power supply systemor to the sane energency power
suppl y system 29, is not i ustrated in the figures
for reasons of clarity. The emergency power supply
system 29 or the emergency power supply systens

further reduce(s) th robabi |ty of .the uppl ;
For ERASHS | RdSaTFRY| Ae THE Mka BB RS Bdcuit 4
has Vdlritegersysdens wids hezoenetgenthepoveresppplry  embodiment
. syst Ss) have . any desire e  of 133eS
lllu?%ﬁ@ gﬁden{@%}g%f 1&&?%#&%%1?, ﬂmﬁlﬂgﬁeéctl,_or'lztaextE}g‘ire £ Fg current
flowi huehhioRC Fodtrges isitewsnes faie terr axdidnpt drg be interrupted
in tq{g)og}/gﬁgt ’ r%gé(:hfa‘ﬂséein# al li’n@é’ff derfie & heo are, for

exenp e iments illustrated in figure 2, but in

exampheehfvhessecedpatednyemisches |9%kdlisd #He: DC vol t age
regul ation, which is independent of the DC voltage
regul ati on of the first conﬁgrter 2

. In this case
Figuffe 7t SHEMSC GriferPETBLaTY PRECOLRBRN SORVEr OBt Ty 6 bue
in wheghl atedddit iprmaEnnsdrslitél t batkt ho-benkedtioks 12 arhich is
- 3. ar revented from_ inf i Ng r
connfls 8, BBHEDLEHLO LSS PISGUNAR sof e purgose
of suppéyiBdi Rbweri Fouismal leThd asi et erdd 2 adt3 LHaves 4. The
convéﬁlﬁgﬁéa@gl Zif 8t s dest90pabf Nave PpyekrBl &kfulated as

ep 1o S€ eLss 1STer S8 Ko as poter ol SC LB per pnown in
figuk8osn amesuphrh@1eNosgacikibledckn Liek any, ikt reghdaced as
expl%tg%%{ig ifx%lg %{oﬁz‘% cl;}glrc%{ﬁ ?vgjit ot gfulas e%re%plra%%u 'ern%%di%éﬁy Sgshown in
figure 4, in which case an emergency converter 27, which can be
connected to an emergency power supply system 29, 1is again

provided for both back-to-back links 13, 19.



For reasons of safety, the DC voltage internedi ate
circuit 4 has interrupter units 30 in the exenplary
enbodi ment illustrated, these interrupter units 30
causing the current flowin the DC voltage
internmediate circuit 4 to be interrupted in the event
of a fault. The interrupteri@nits 30 are, for
exanpl e, fuses, electric switches or the like. Figure
7 shows the exenplary enbodi mrent shown in figure 6,
PatBHt claimis Whi ch an additi onal parallel back-to-back Iink
19, which is connected back-to-back in parallel, is
provi ded for the purpose of supplying power to

1. BPPapral RIUP e radtimalifpbitel SOHOIT of ot ISt o@SAN | ) having
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an _emner gency converter whi ch can be connected t
¥Altage inferrediatmeircuit (), whishs cennedis the firgrenverter (2) to the

eijer e
REPUhaSnldHertd) Bn REDC Pablfd sk Rardblonzda in fl |
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§66 PEERcts, S bR lin R, 1a 7 1690 L5 and fhih speond gorverter (3)
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second AC vol tage system ( vi a second connecti on
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tdoas utried tEOaN/oflmgeadmterrredl ate circuit (4) has at
| east one | oad connection for the purpose of
supplying power to a |oad (10) and the second

2. Cihw epp@atds3ds 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 second voltage regulation for the purpose of
regulating the voltage in the DC voltage intermediate circuit (4).

4. The apparatus as claimed in claim 3, characterized by
DC interrupters (30) arranged in the DC voltage intermediate circuit (4).

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

each converier (23) comprises power blocks connected in series.



has power regul ation for the purpose of regulating the
power flow via the second converter (3), the power
bei ng regul ated to a negative desired DC power, whose
absol ute val ue corresponds to the absol ute val ue of
the power consunmed by all of the loads. 2. The
apparatus as clained in clbggm 1, characterized in that
the first converter (2) has first DC vol tage
regul ation for the purpose of regulating a DC voltage
6. Phe bppardtuy 95 CRfReHh BIFRY, Aharadtefizdd in(that 3. The
apparatus as clained in claiml1l or 2, characterized in
each power blanknid coomesiedeto (he) DRakoitageointermsidiatgecircuit (4) via

I lation for the purpose of regulating the voltage
?ﬁ%ﬁﬁuﬁ'mﬂpﬁtage internmediate circuit (4). 4. The

apparatus as clained in claim3, characterized by DC
interrupters (30) arranged in the DC voltage i .
7. The anpadrtis g iclaimed ipgne of the pragsingclaimss chpeacigrized in
iHatone of the preceding clains, characterized in that
each converter (23) conprises power bl ocks connected
each doacesonnel@ionds cbneeeiedatoathesDGsvaltagenivterimedidtaiaincuit (4)
char a teri.zegbé)n that each power block is connected

4
V3 FHEVEReTEIYRE®)i nternediate circuit (4) via an

interrupting unit. 7. The apparatus as clained in one
of the preceding clains, characterized in that each

8. ThePrPgFRiE BSRIMediBANetidhe PEetelingelaypp  eipracterized by
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paratus as clained 1n one o e precedi ng
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another via a parallel DC voltage intermediate circuit (22).

9. The apparatus as claimed in claim 7, characterized in that
the second parallel converter (21) has parallel DC voltage regulation for the
purpose of regulating the DC voltage of the parallel DC voltage intermediate
circuit (22).

10. The apparatus as claimed in claim 8 or 9, characterized in that
the first parallel converter (21) has AC voltage regulation for the purpose of
regulating an AC voltage in the first connection branch. |

11.The apparatus as claimed in one of claims 8 to 10, characterized in that
the parallel DC voltage intermediate circuit (22) has at least one paralle! load

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



the second converter (3) via a second connection
branch, the first parallel converter (20) and the
second parallel converter (21) being connected to one
another via a parallel DC voltage internediate circuit
(22). 9. The apparatus as clainmed in claim?7,
characterized in that the-ggcond parallel converter
(21) has parallel DC voltage regulation for the
pur pose of regulating the DC voltage of the parall el
12. Hle ‘é?gé%@l‘i‘s I3t ﬁéﬁ‘ﬁé’d 3 BneCbf Hé prdcéding &kiméheharacterized in
apparatus as clained in claim8 or 9, characterized in
thhbt the first parallel converter (21) has AC voltage

equl.ation for t ur pose. of eg LR .

&M orrRclih andlbcthe SR bontaiidh e Mefnfllo units (7. 8).

apparatus as clained in one of clains 8 to 10,

characterized in_that the parallel DC voltage ) ,
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P , 25). -20- 12.The apparatus as clained in one of
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penngdtien krandh (18 via apecapd MRRSIEEEEd®k 0 the first
connection branch and the second converter (3) via a
first transforner (9) and/or the second parallel
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