WO 03/026111 PCT/ EP02/ 10467 1 DC VOLTAGE CONVERTI NG DEVI CE DESCRI PTION A
DC vol tage converting device is connected to a DC voltage source on the

i nput siwe.03@s1the out put side, the converting device supplliePs2/a46dnvert ed
DC voltage to at |east one electricall consuner. Such DC vol tage converting
devices are in particular used in fields where DC vol tages nust be
converted and/or stabilized. Typical applications are e.g. photovoltaic
installations, the autonotive industry, direct-current traction drives for
subways and streetcars, household drives for hair dryer, drilling machine,
or the like, teleconmunications and al so sem conductor technology. If a

hi gh DC vol tage i s presBGtVOhTAGBGE CONVERTHNG DEVICE espondi ng conver si on
into another DC voltage is difficult as a rul e because correspondi ng
conmponents of the converting device do not show a sufficiently high

br eakdown strength. Moreover, i of a high power to be
transmtted, the heat devel opedbﬁéemﬁimerti ng device may be

considerable even if the power loss is only 10 or 20% To be able to
di scharge the power | oss converted into heat, correspondi ng cooling neans
nmust bk DG roNage donviédrting aekies is kennectedrtbianCdmltiage sooree expleasiput and al so

| ar ger_.due_t th dditional cooling nmeans. It is therefore the object of
the prd %n@n%ﬂ%é’h‘ﬁ?ﬁﬁ"i’% therpPraverting BeviRs sURplies sreriverted Daepltagede at he

above-jgRet d ety coHSimthat al so with high DC voltages on the input

side a conversion Into another DC voltage is possible w thout any special
constructional efforts and high costs while conplicated cooling neans, or
t he Iié<e, %re avoi ded at the sane tjne. . o
uch DC voltage converting devices are in particular used in fields where DC
voltages must be converted and/or stabilized. Typical applications are e.g.
photovoltaic installations, the automotive industry, direct-current traction drives for
subways and streetcars, household drives for hair dryer, drilling machine, or the like,

telecommunications and also semiconductor technology.

If a high DC voltage is present on the input side, a corresponding conversion into
another DC voltage is difficult as a rule because corresponding components of the
converting device do not show a sufficiently high breakdown strength. Moreover, in
the case of a high power to be transmitted, the heat developed in the converting
device may be considerable even if the power loss is only 10 or 20%. To be able to
discharge the power loss converted into heat, corresponding cooling means must be
provided. This makes the converting device more expensive and also larger due to

the additional cooling means.

It is therefore the object of the present invention to improve a DC voltage converting
device of the above-mentioned type such that also with high DC voltages on the
input side a conversion into another DC voltage is possible without any special
constructional efforts and high costs while complicated cooling means, or the like,

are avoided at the same time.



WO 03/ 026111 PCT/ EPO2/ 10467 2 In connection with the features of the
preanbl e of patent claiml, this object is achieved in that the DC vol tage
converti ngodemeael conprises a plurality of DC voltage comegmPong4onits of
whi ch each is serially connected to tle DC vol tage source on the input side
and connected in parallel wth the cable connection on the output side for
suppl ying the corresponding DC voltage for the electrical consuner. Due to
the use of the converting units and the special wiring with respect to the
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respect. On the output side, depending on the design of the converting
units and with a corresponding wiring to the cable connection, it is e.qg.
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instance, if n is 30, each converting unit would only convert 200 V. The breakdown
strength of the corresponding components of the converting units is normally

considerably higher than 200 V, so that there is no risk in this respect.

On the output side, depending on the design of the converting units and with a

corresponding wiring to the cable connection, it is e.g. possible to provide a value of

300 V for the electrical consumer.

Of course, it is possible to use different numbers of converting units, the number
following e.g. from the high DC voltage applied on the input side, from the output
voltage needed by the electrical consumer, or the like. It is also possible that the
converting units are of no similar construction, but convert e.g. different amounts of
the input voltage per converting unit into a corresponding output voltage. However,
for reasons of maintenance and repair, it is of greater advantage to give all

converting units an identical design.

Moreover, it is ensured through the number of the converting units that, when one,

two, three or even more converting units fail, a complete failure of the voltage supply



Moreover, it is ensured through the nunber of the converting units that,
when one, two, three or even nore converting units fail, a conplete

fail ure owotoh®26iol t age supply WO 03/026111 PCT/ EP02/ 10467 PC3/HPO2/1(367

el ectrical consunmer need not be feared (redundancy). Instead of this, the
converting units that are still operative can receive nore voltage on the
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For instance, the converting units may be spaced apart from one another such that

they do not mutually affect one another in their heat development, and each

converting unit can thus be cooled separately.

Depending on the number and design of the converting units, DC voltages of about 1
kV to 10 KV and, in particular, 3 kV to 8 kV may be present on the input side. It
should once again be pointed out that even higher input voltages with a
correspondingly high power can be converted if the number of the converting units
or their corresponding construction is matched accordingly. Attention must here
above all be paid that the breakdown strength of the components of every converting
unit is at least so high that the amount of the input voltage to be converted by the

converting unit is smaller than the breakdown strength.

To be able to receive the DC voltages without any great loss or interference also
over large distances from the DC voltage source, the DC voltage converting device
may be connected via a coaxial cable connection to the DC voltage source. Even at

high DC voltages and high powers, such a coaxial cable connection may have a



converting unit is smaller than the breakdown strength. To be able to
receive the DC voltages without any great |oss or interference also over
| ar ge di swams@ss1ir om t he DC vol t age source, the DC vol t ag@CTEPWELWbTG
device may be connected via a coaxial4cable connection to the DC voltage
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excellent in production and operation at the same time, a corresponding DC voltage

converting unit may be designed as a clocked switch mode power supply. In
comparison with e.g. linear controlled power supplies, these offer the further
advantage that they show a small volume, a reduced noise development, reduced

smoothing demands and an increased input voltage range.

The switch mode power supplies are subdivided into primarily and secondarily
clocked or switched ones. To ensure an electrical isolation between input and output
of the converting device, the switch mode power supply may preferably be clocked

(switched) primarily.

If, in particular, high output powers are to be generated in the kW range, the switch
mode power supply may be designed as a push-pull converter. Such a converter is
further characterized by a lower current load of its semiconductor components, an
easy adjustability of the output voltage, high efficiency and a small transformer as the

transforming means.



of the converting device, the switch node power supply may preferably be
clocked (switched) primarily. If, in particular, high output powers are to
be gener awedsiomithe kWrange, the switch node power supplPgTrERg2/bE6Tesi gned
as a push-pull converter. Such a convefter is further characterized by a

| ower current load of its sem conductor conponents, an easy adjustability
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may béesigpat gresifilisorideiplisibpulligenpersdr- pul | converter. A switching neans
for correspondingly swtching the transfornmer of the switch node power
supply may e.g. be designed as a switching transistor, in particular a
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it is also posSibl'e to operate in the push-pull node with a clock ratio of
1: 1. MOSFREanSBIMESFBD! hisalsogassiple iratdhe switshingenearsh s doRigredast hr ough
alterngrt]i ns(;ll ﬁDfor the sane periods of tine. To obtain an output voltage
that PSN¥: oth as possible and has a relatively snmall anount of

har noni cs, the switch node power supplies of the DC converting device may
be cl ocked in synchronism This neans that all sw tch node power supplies
are bl agust-pull ¢cdnvedarnatdeasttwomvdtching iransisieseate vsedihatiapeiateny of t he

syst emeaSusr,w-yC:)nH?nsod%(.)i\%lvgllﬁfagvénobglyr, ?tslg %Fsto pt)c?ssible to operate in the push-puill
mode with a clock ratio of 1:1. This means that both switching transistors are each

switched through alternatingly for the same periods of time.

To obtain an output voltage that is as smooth as possible and has a relatively small
amount of harmonics, the switch mode power supplies of the DC converting device
may be clocked in synchronism. This means that all switch mode power supplies are

clocked at the same clock rate.

To increase a cutoff frequency of the system as much as possible with respect to
interferences of the DC voltage on the secondary side, the switch mode power
supplies of the DC converting device may be clocked with respect to one another in

phase-shifted fashion.

To produce corresponding harmonics only to a small degree in this connection, a
phase shift in the clocking of neighboring switch mode power supplies may be 1/n
each if n is the number of the switch mode power supplies of the DC voltage
converting device. Hence, the phase shift is such that the n+1th switch mode power
supply would be again in phase with the first switch mode power supply (cyclic

phase shift).



i nterferences of the DC voltage on the secondary side, the switch node
power supplies of the DC converting device may be cl ocked with respect to
one anot &P mBM261phase- shi fted fashion. To produce corresp®adiEPg2/MESTONI CS
only to a small degree in this connecti on, a phase shift in the clocking
of nei ghboring switch node power supplies may be 1/n each if nis the
nunber of the switch node power supplies of the DC voltage converting

devi ce. Hence, the phase shift is such that the n+lth switch node power
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responsi ble tor electrical consunmers supplied by the converting device with

DC voltage and may nonitor the sanme in their function and carry out the

cont r'(I)’lo #énitér,egghﬁgll and nguﬁaqg te r&%H@EESnding components of the DC voltage

converting device on site, a controller may be assigned at least to the DC voltage
converting device and the components thereof. However, the controller may also be
responsible for electrical consumers supplied by the converting device with DC
voltage and may monitor the same in their function and carry out the control or

regulation of the consumers.

To ensure an undisturbed transmission of a communication connection in this
respect and to scan the DC voltage on the input side substantially completely at the
same time, the clock rate of the switch mode power supply may be in the range of 10

kHz to more than 1 MHz and, in particular, in the range of 50 kHz to 300 kHz.

In this connection each switch mode power supply can e.g. be readjusted in its
output voltage via changes in the duty factor, in particular, in case of failure of

another switch mode power supply of the DC voltage converting device.

In the simplest case a readjustment of the output voltage of a switch mode power

supply can take place via a change in the duty factor of the switching transistor.



To ensure an undi sturbed transm ssion of a communi cation connection in this
respect and to scan the DC voltage on the input side substantially

conpl et elyoa/oediel sane tinme, the clock rate of the sw tclirCrIPe2/paeEr
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control l'er used according to the invention can be designed in its

moni t fiténscareftbus suficienich that it nmonitors e.g. the individual swtch node

power supplies, reports on the failure of corresponding switch node power
supplies and the location of said switch node power supplies within the DC

vol t agfe CRMRIIEF 18cd BEESRIIR D FRNAYeritibn GArAbE\JERRIRAENIIT megicordfg fai | ure of
a predeterm ned nunber of switch node power i

function such that it monitors e.g. the individual switch mode power supplies, reports

on the failure of corresponding switch mode power supplies and the location of said

switch mode power supplies within the DC voltage converting device and sends an

alarm message in case of failure of a predetermined number of switch mode power

supplies. The corresponding information of the controller can be transmitted via the

coaxial cable connection to the DC voltage source that is located far away, and can

be represented there accordingly.

An advantageous embodiment of the invention shall now be explained in more detail

in the following with reference to the figures attached to the drawing, in which:

Fig. 1 is a block diagram of an embodiment of the DC voltage converting device

according to the invention;

Fig. 2 shows a basic embodiment of a switch mode power supply for use

in the DC voltage converting device according fo Fig. 1;

Fig. 3 shows a full-bridge push-pull converter as the switch mode power supply



supplies. The corresponding information of the controller can be
transmtted via the coaxial cable connection to the DC voltage source that
i s | ocat edofeal2@way, and can be represented there accor diPQEIBPO2/A367

advant ageous enbodi nent of the inventiBon shall now be explained in nore
detail in the followwng with reference to the figures attached to the
drawing, in which: FLg. .1 is a block diagramof an enbodi nent of the DC

vol t age coﬁG@Wp”HbKHE%igéanaccording to the invention: Fig. 2 shows a basic
enbodi ment of a switch node power supply for use in the DC voltage
converting device according to Fig. 1; Fig. 3 shows a full-bridge push-pul
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according to Fig. 2; _and Fig. 4 shows a half-bridge push-pull converter as
the switchafeidingbieFidsdpply according to Fig. 2. Fig. | is a schematic

Il lustration show ng an enbodi mrent of the DC voltage converting device 1
according to the invention. The converting device 1 conprises a plurality

of DCRignvierd setgernaiid Blustratioh BRovigrarmémbodirhert sfaHe Oweltageppl i es 8.
These are wired one after the other on the input side and connected to a

DC volcoayertisg gleyicep argorging tathal inkgmiod. connection 6. The DC vol t age
source 2 may be arranged at a renote place; the length of the coaxial cable
connection 6 may here be several kiloneters, for instance 50, 60 or nore
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converting units 5. This nmeans filters, in particular, a frequency range

neede@Witsh moceop@war supplins 8.clmsenareorirachondaftectiapthegendbeinput ziderhe
filt era'nﬁ%o(r)lecr:t%hl 35 B?:yv&tacbe goeurgg1 i& g coaxial cable connection 6. The DC
voltage source 2 may be arranged at a remote place; the length of the coaxial cable

connection 6 may here be several kilometers, for instance 50, 60 or more kilometers.

A filter means 7 is arranged upstream of the DC voltage converting units 5. This
means filters, in particular, a frequency range needed for a communication
connection to the DC voitage source 2. The filtering operation may e.g. be carried

out within a frequency range of up to 50 kHz.

The DC voltage converting units 5 and the corresponding switch mode power
supplies 8, respectively, are wired in paraliel with one another on their output side
and connected accordingly with a cable connection 4. The cable connection 4 leads

to at least one electrical consumer 3.

Such an electrical consumer may e.g. be an actuator for a means for controliing a
fluid flow into a fluid line or within the fluid line. Such means are e.g. valves, shut-off
devices for emergency cases, such as leakage, pipe breakage, or the like, throtties,
pumps, etc. These means and the actuators assigned to them are possibly disposed
in rough terrain that is difficult to reach. The means and actuators may also be

arranged underwater. The fluid can enter into the ducts at a high pressure and be



out within a frequency range of up to 50 kHz. The DC vol tage converting
units 5 and the corresponding switch node power supplies 8, respectively,
are wiredwprspaiial | el with one another on their output siaeT/ERndi@éennect ed
accordingly with a cable connection 4.9The cable connection 4 leads to at

| east one el ectrical consuner 3. Such an electrical consumer may e.g. be an
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renmote place. A controller 17 is assigned at least to the DC voltage
converting device | for nonitoring, controlling and regul ating the
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also monitor, control or regulate the electrical consumer(s) 3.

For the transmission of corresponding data to the remote DC voltage source 2 and
means further assigned to said source, a data coupling/decoupling means 16 may
be provided. This means is arranged upstream the filter means 7 between filter
means 7 and DC voltage source 2. Corresponding data signals can be coupled and
decoupled, for instance, by the controller 17 into and out of the coaxial cable
connection 6 via the data coupling/decoupling means. A communication connection
is thereby established between DC voltage source 2 and the means assigned
thereto and also the DC voltage converting device 1 and the electrical consumers 3
supplied by the device. The communication connection is bidirectional, so that data
can be exchanged in both directions via the coaxial cable connection 6 and with the

controller 7.

Fig. 2 is a simplified illustration showing an embodiment of a switch mode power

supply 8 for use for the DC voltage converting units 5 according to Fig. 1.



means further assigned to said source, a data coupling/decoupling neans 16
may be provided. This neans is arranged upstreamthe filter neans 7

bet ween fwbtoan26imeans 7 and DC vol t age source 2. CorrespomdirEpoziaier si gnal s
can be coupl ed and decoupled, for indbance, by the controller 17 into and
out of the coaxial cable connection 6 via the data coupling/decoupling

nmeans.__ A conmuni cati on conne(r:éi o&. ia theregﬁ/_ e@t abl i gheg ge.t ween DC
vol tad—@_es%k@e’@d%rﬁ’@“ﬁﬁéuﬁﬁﬁ’ ISIENG &Y @ PH-BHD CORYEHPy '_ Ad bc vol t age
converdhihngds !s%ﬁairg%ﬂﬂn%&%d%ﬁ? rief u%—%ﬁﬂ[&%ﬁ?leﬁe%ssb'rﬁ’lﬁk'iﬁ&t@déf&ﬁ devi ce.

The communi cati on nnection 1s bidirectional, so that data can be

exchangeeésponding inplitrterhinals26 aadi2é Thepusalpulbedrvertarthearnprisessarand wi t h
the controller 7. Fia. 2is a si nl)lified illustration shog 'B%,an
enbodilMRACapRCIEOTE A arfFrrRsTEBNR 24 Whish gregvired agerdingly Wi tBE INkit age

converiin | c ' I 0) - DC 10467 10 The
SW t cﬁéﬂ%agg?oévéqéggpg%q@ﬁgg&& oér? fed c%lgp r}éégguas?ﬁﬂﬁﬁ})} %yi’%@ﬁﬁ?fé 9. Said

conv ersegbndsry SAhiidlg that arsnesised wadhetivalh ahepprshapuivindiogisecdrerestath its

i nput side to corresponding input termnals 26 and 28. The push-pul |
converif gardlet withthe épEcapagpor 22apaci tor 25 and a transformer 24 which are
wired accordingly with the input termnals 26 and 28. The transforner 24
conprises a primary wi nding and a secondary w nding that are coupl ed

magnetiHeAbrinary Miediid iSedontiliediama ¢|§cmmemgly Viaraswittitihg widamst e i nput
capacitor 25. "The primary winding is controlled and clocked accordingly via
a swi taf ihepustepul converser 9 hSaiguasvitabing mesns drltis formedshy @NORAMSENERR) neans 11

is formed, by one.qr several wi_t,chi t 1,ansi.sto . ' . nd 4.

Pr of or Sy MBI oR FaT g € Aael Eraeredy. okt B RuieEbt e Roseer

Bl MOSRfgkigied! 44 boler MOSKFETh 8IMESIESE oPfhyristor. For the purpose of
simplification Fig. 2 shows the switching means 11 symbolically by way of a switch
corresponding to four switching transistors and two switching transistors,

respectively, in the embodiments shown in Figs. 3 and 4.

The secondary winding is wired via a diode 20 and a load 21 to an output terminal
29. The load 21 may e.g. be an inductor 23, see Figs. 3 and 4. A smoothing

capacitor 22 is connected in parallel with the secondary winding.

The output terminal 29 and the corresponding output terminals 29 of the further
switch mode power supplies 9 and the push-pull converters 9, respectively, are
wired in series with one another and connected to the cable connection 4; see Fig.
1.

The further output terminal 30 on the secondary side of the push-pull converter 9 is
wired with the also further output terminals 30 of the other push-pull converters in

series with ground 31.

Figs. 3 and 4 show two detailed embodiments of a push-pull converter 9.



sinplification Fig. 2 shows the switching nmeans 11 synbolically by way of a
switch corresponding to four switching transistors and two sw tching
transi st owe,03/0e@dspecti vely, in the enbodi nents shown in FiPGI/EPB2/am67 4. The
secondary winding is wired via a diodet120 and a |load 21 to an out put
termnal 29. The load 21 may e.g. be an inductor 23, see Figs. 3 and 4. A
snoot hing capacitor 22 is connected in parallel with the secondary

wi ndi ng. The out put term nal 29 and the correspondi ng output termnals 29

o roshiaPHyTRy! Sk ERCREEAELD FTS s BReidng8 Se FuPBIRE BlanBAlea 1 o' he

cabl e camveeeriion 4; see Fig. 1. The further output termnal 30 on the
secondary side of the push-pull converter 9 is wred with the also further
output termnals 30 of the other push-pull converters in series with

donver PabisSriaries, B8 evieP neDs oS Mee By e Relchith rieBiils Fd,
accor di 14 andit 8. Twol of tHE SWaBRRMAFarsidtytd aﬂéﬁe@ﬂécﬂﬂk&%g@ﬁdine&%§éﬁv@r 10.

In this converter, the switching neans 11 is forned four sw tching
t r ansi ItRAIS teBUPPh3thelinpehwligie from tbe DG wokage shincg 2 tathns wircay ar e

respectivel y.conbi ned and serve .in pai.rs to,s ly,the input vo]tage from
t he DCM%%%J%G ealy 8gs‘2'ﬂ9|3'ngﬁéarfﬁj‘7t9§?§/elw ﬁ&pﬂﬁﬁg‘ﬁ)ﬂitrﬁaﬁ)‘ﬂg“gf’hm chi ng
tr ansi @ pasBUNMERMIRS f8cd Bubh R Us'aiy! factP ¢ th shs py! de
t akes pl age rlgﬁch that the Fguty %‘Jactor of We %:wo pai?gb(?g%:i ggc%ad}?i me. A
pul se BMdul ati on means 18 is provided for the cl ocked control of the
swi t chi ng

A pulse modulation means 18 is provided for the clocked control of the switching

transistors. This means supplies a sequence of pulses that are variable in their width

and/or height and/or frequency.

The pulse modulation means 18 is realized by a corresponding electronic circuit that

is known per se.

It is possible that the duty factor is changed on the primary side and thus the
corresponding output voltage. This takes e.g. place whenever one or several of the
push-pull converters 9 have failed. Despite failure of a number of push-pull
converters the desired voltage can still be supplied on the output side by the
remaining push-pull converters through a corresponding control of the duty factor
and an increase in the output voltage of the remaining push-pull converters. To
regulate the output voltage, said voltage can be tapped continuously at the output,
possibly amplified and supplied to the pulse modulation means via an optocoupler

for electrical isolation.

In the further embodiment of the push-pull converter according to Fig. 4, said

converter is designed as a half-bridge push-pull converter 19. In this case,



transi stors. This means supplies a sequence of pulses that are variable in
their width and/or height and/or frequency. The pul se nodul ati on neans 18
i s reali 2&0 By2@icorrespondi ng electronic circuit that i CHmPom1I@EeTr se. It
is possible that the duty factor is ckanged on the primary side and thus
the correspondi ng out put vol tage. Thi s takes e. g pl ace V\/nenever one or

several of the push-pull converters have, fail ed. Eesgi h?l?)l ure of a
nunbetes§¢nf;bilblﬁwﬂﬁwlt°r@§rﬁférf9€ﬂ§dPM@ %}’é@qm’&ltr@B?F e TRERE S "% suppl i ed

on th gh a

cor r odp B dbgo e by EREp ShEEhtiBly '“H%‘ngﬁ*?‘ﬁ{d@?;%“‘% RoRhe ot put

vol t agrefbppitg FASHBANTRE cbh%@p@ﬁdilhgaﬂm orettee olitput siEguarEtaisohe out put

vol t age, sal d voltage can be tapped continuously at the output, possibly
anpl i fooaduatine nuglisirnaiing tashien.pul se nodul ati on neans via an opt ocoupl er

for electrical isolation. In the further enbodi nent of the push-pull
converter according to Fig. 4, said converter is designed as a half-bridge

push- ptHd traQRsTsRRérEs4 éﬁerdtés Wihoutc apest ARPBbezaldd oPEE SPORLDa67 12
essentially two switches are forned by a switching transistor. These switch

the mperatign. ihislihayaver isoninhg caes tfét@O&I peredy Phieswie L%h pul | node

and n over |l appi shi on si de
are atgnsRERABRoLty e rode. I BEARGATb ey fGTonR dfespebams B O
Wi t houds o] Sgtthé:Hﬂlrs%%o@Lﬂ‘éﬁHﬁ n&dnd 18 OMRS RbtcsHowrd veFigisi rand#hics,
however, is he case if the ON perlods of the switching transistors
are exbembketdﬁelrmamat@m s can be acconplished through a corresponding

control by the pul se nodul ati on neans 18, which is not shown in Figs. 2 and
4 for



the sake of sinplification. WO 03/026111 PCT/ EPO2/10467 13 CLAIMS 1 A DC
vol tage converting device (1) which on the input side is connected to a DC
vol t age swoOres®2q12) and, on the output side, supplies a com¢ermPezi1B@e
voltage to at | east one electrical cobsuner (3) via a cable connection,
characterized in that the DC vol tage converting device conprises a
plurality of DC voltage converting units of which each is serially
connected to the DC voltage source (2) on the input side and connected in
parallel with the cable connection (4) on the output side for supplying
the converted DC voltage. 2. DC voltage converting device according to
claim1l, <characterized in that a DC voltage fromthe DC vol tage source in
the order of about 1 kV to 10 kV_ and i articular 3 kV - 6 kV is applied
on the input side to the DC volﬂﬁgegdéﬂ rting device. 3. DC voltage
converting device according to claim1 or 2, <characterized in that the DC
vol tage converting device (1) is connected via a coaxial cable connection

(6) ta the DECvebliRBecsVRHi® (@)ice 41) WRichadr tednpotnside is bgnidested éo accor di ng
to any one of the preceding clains, characterized in that the DC voltage
conver ti ng DI@wiolegé spurcerd) esdsom the puiput sisken suprlies @ 6aRverted Dipst r eam
thereof on vtol %géqg lé& Ie%'sgghe electrical consumer (3) via a cable connection,

characterized in

that the DC voltage converting device comprises a plurality of DC voltage

converting units of which each is serially connected to the DC voltage source

(2) on the input side and connected in parallel with the cable connection (4)

on the output side for supplying the converted DC voltage.

2. DC voltage converting device according to claim 1,
characterized in
that a DC voltage from the DC voltage source in the order of about 1 kV to
10 KV and in particular 3 kV — 6 kV is applied on the input side to the DC

voltage converting device.

3. DC voltage converting device according to claim 1 or 2,
characterized in
that the DC voltage converting device (1) is connected via a coaxial cable

connection (B) to the DC voltage source (2).

4. DC voltage converting device according to any one of the preceding claims,
characterized in
that the DC voltage converting device (1) comprises a filter means (7)

connected upstream thereof on the input side.



WO 03/ 026111 PCT/ EPO2/ 10467 14 5. DC vol tage converting device according
to any one of the preceding clains, characterized in that the DC vol tage
converti rgownioze1{b) i s designed as a cl ocked switch node PooEPO2/804pDly (8).
6. DC voltage converting device accorthi ng to any one of the preceding
clainms, characterized in that the switch node power supply (8) is

primarily clocked. 7. DC voltage converting device, according to .any one of
the prxcedilig OItR0RELONVERRGAQVESS 2EPTHING IRANY: Pree Qwﬁﬁﬂe%g'ggﬁg rsuppl y

(8) is desi ggﬁg . h-pul | converter (9). 8. DC voltage converting
devi ce accor mS@&feéﬁy'sone of the preceding clains, characterized in that

the sw t ch tRadgePDBEolRYRRIoYvERIhg ity iigaesighedasfaitiocked dgitchusddeul |
converter (10). 9. DC voltage converting device according to any one of the

precedi ng qawverssuppinhé)act eri zed in that the switch node power supply (8)
as switching neans (11) conprises switching transistors (12, 13, 14, 15),
in particular power MOSFETs or Bl MOSFETs. 10. DC vol tage converting device

accor @ ng tHCaytagBPleftifg RVRSEHtaIdHgoNny ofdIaf et sretagigidlainizat t he
switching transistors (12, "13, 14, 15) are clocked in push-pull fashion
characterized in

that the switch mode power supply (8) is primarily clocked.

7. DC voltage converting device according to any one of the preceding claims,
characterized in

that the switch mode power supply (8) is designed as a push-pull converter

(9).

8. DC voltage converting device according to any one of the preceding claims,
characterized in
that the switch mode power supply (8) is designed as a full-bridge push-pulll

converter (10).

9. DC voltage converting device according to any one of the preceding claims,
characterized in
that the switch mode power supply (8) as switching means (11) comprises
switching transistors (12, 13, 14, 15), in particular power MOSFETs or
BIMOSFETSs.

10.  DC voltage converting device according to any one of the preceding claims,
characterized in
that the switching transistors (12, 13, 14, 15) are clocked in push-pull fashion

at a clock ratio of 1:1.



at a clock ratio of 1:1. WO 03/026111 PCT/ EPO2/ 10467 15 11. DC vol tage
converting device according to any one of the preceding clains,

char act erwoed/oza11t hat the switch node power supplies (8) @®CTHPE2/DE6VOl t age
converting device (1) are clocked inlsynchronism 12. DC voltage
converting device according to any one of the preceding clains,

characterized in that the switch node power suppli (8) of. the .DC voltage
convertli ng Rfevptiage (CQ)"V%’F'EQQGU%QOW'BS\QE@-WF&% %@ﬁﬁgﬁf’%wni? é’l?%{msve to one
anot her. 1 converting device according to any one of the

precedi ng %hgll?gh%?/e%%eﬁg@act erized in that a phase shift during the clocking

of nei ghborhathevdwitdh mede ppreesupplisepis)es ti&DC solldge eavertifg deviset he
nunber of the switch node power supplies (8) of the DC voltage converting
devi ce (1) .(1)1are gocked irngchsRnNisM i ng devi ce according to any one of the
preceding clains, characterized in that a data signal coupling/decoupling
means i s arranged upstreamof the filter neans (7) in the direction of the

DC volfage @ WokBgé Ebnvéftingdevicd demedipRtoainy dite detheqresedingdilains; o any
one of the preceding clains, characterized in a controller (17) is

assi gned atcharasterized ime DC vol t age converting device (1) and the
conmponent s .t her eof .

converting tﬁ%bﬁh@évﬁgbmgﬁﬁg’bwgr éﬁg%%%(%%&{ﬂﬂ%%& é@&glqﬁaori\?%prﬁé %’eng vol tage

(1) are clocked in phase-shifted fashion relative to one another.

13.  DC voltage converting device according to any one of the preceding claims,
characterized in
that a phase shift during the clocking of neighboring switch mode power
supplies (8) is 1/n each if n is the number of the switch mode power supplies

(8) of the DC voltage converting device (1).

14. DC voltage converting device according to any one of the preceding claims,
characterized in
that a data signal coupling/decoupling means is arranged upstream of the

filter means (7) in the direction of the DC voltage source (2).

15.  DC voltage converting device according to any one of the preceding claims,
characterized in ’
a controller (17) is assigned at least to the DC voltage converting device (1)
and the components thereof (5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16).

16. DC voltage converting device according to any one of the preceding claims,

characterized in



characterized in WO 03/026111 PCT/ EPO2/ 10467 16 that the cl ock frequency
of the switch node power supply (8) is within the range of 10 kHz to nore
t han one woMBt2@md, in particular, within the range of 5@CKHP2/W4800 kHz.
17. DC vol tage converting device accotding to any one of the preceding
claims, characterized in that each switch node power supply (8) is

readj ustabl g _iLn. 1 oI e -' rticular |Iure of
anot her sw f‘@k%%@cgg@ﬁggé{ﬁ @%ﬁ\m cﬂ’bm%%e R%Y%réé'gpg'o@é? Wc{hﬁ’ &vi ce (D).
18. DC vol t g@fyeCOmMEKIHL i@ nitey iiksh 866 arMiH2Sarid nﬁﬂértmﬁerowlthnﬁth@rr@ﬁgéIdﬁg
clains, characterized in that the duty factor of the swtching transistors
(12 to 15) $Q@kbtartoafl0ekilar readj usting the output voltage of a switch node

power supply (8). 19. DC vol tage converting device according to any one of
the preceding clainms, characterized in that the switch node power supply

(8) fof7thepg m@;@ SeF g Bbvisd e id sy aﬁé%r(eléaec%am &i8pss @ pul se
nodul ati on nmeans whi ch’ out puts a sequence of pulses of a variable
wi dt h and/ ochmcghtlzednm or frequency for clocking.
that each switch mode power supply (8) is readjustable in its output voltage, in
particular in case of failure of another switch mode power supply of the DC

voltage converting device (1).

18.  DC voltage converting device according to any one of the preceding claims,
characterized in
that the duty factor of the switching transistors (12 to 15) is variable for

readjusting the output voltage of a switch mode power supply (8).

19. DC voltage converting device according to any one of the preceding claims,
characterized in
that the switch mode power supply (8) for the clocked control of the switching
means (11) comprises a pulse modulation means (18) which outputs a
sequence of pulses of a variable width and/or height and/or frequency for

clocking.



